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SURGICAL DISEASES AND WOUNDS OF THE
PELVIC AND GLUTEAL REGIONS.

By CHARLES H. PECK, M.D., New York City.

As fractures and dislocations of the pelvic bones, injuries and diseases involv-

ing the pelvic viscera, and gunshot wounds are fully treated in other articles, the

present description will include only such injuries and surgical diseases as are

peculiar to this region.

Deformities of the Bony Pelvis.—Pelvic deformities may be congenital, or

acquired as a result of injuries or diseases

—

e.g., fractures, dislocations, inflam-

mations of bones or joints, osteomalacia, echinococci, tumors, etc.

Among the numerous types of deformity recognized, the following may be

briefly enumerated :

—

Variations in Type of Purely Obstetrical Interest.—These are: the simple flat

pelvis, with conjugate diameters all shortened; the rachitic flat pelvis, with

shortened conjugate, increased trans-

verse diameter and jutting promontory;

the obliquely narrowed rachitic pelvis

due to scoliosis; the infantile type of

pelvis; the masculine type of pelvis in

the female; the justo-minor and dwarf

types of pelvis; and the pelvis with

abnormal inclination, either too great or

too little, causing dystocia.

In addition, one recognizes the fol-

lowing kinds of pelvis :

—

Spondylolisthetic pelvis, in which the

lower lumbar vertebrae project forward

into the inlet of the pelvis. This form

is usually congenital, but may follow

injury or (when rachitis is present at

the same time) overloading.

Kyphotic pelvis—a funnel-shaped pelvis approaching the infantile type, and

associated with kyphosis.

Osteomalacic pelvis—a form of pelvis which is caused by the weight of the

superimposed body in combination with the countcn-pressure of the limbs.

The distortion is often extreme and the deformity com})lex.

Transversely Narrowed Ankylotic Pelvis. (Roberts.)—This form of pelvis is

due to bilateral ankylosis of the sacro-iliac joints and defective development of

the upper part of the sacmm. (Fig. 1.) All transverse diameters are greatly

3

Fig. 1. — Bilateral Ankylosis of Sacro-Uiac

Synchondroses, with transverse narrowing of

the pelvis—so-called "Roberts pelvis." (From
Waldeyer's "Das Becken.")
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narrowed, and tlic saci-uiu is ahiiornially dec]) and shows convex instead of con-

cave transverse diameter.

Obliquely narrourd jH'lvis—a lui'in of pchis which is (hie to defective de\-el()|)-

nient of one win<z; of the sacrum or to unihiteral ankylosis, citlier conficnital or

seconchirv to sacro-iliac <hsease. (Fig. 2.) Tlie tiuc conjugate (hametei' is

longer. l)Ut aU other (haiuctcrs, and especially that of the exit, are shorter.

Scoliosis of the spine is usually i)r('seiit as an ehect of the lu'lvic deformity.

Co.val(jic pelvis—a form of pelvis which is due chiefly to tuberculous coxitis.

(Fig. 3.) The i)elvic half of the affected side becomes atrophied and is more in-

clined than its fellow. The condition i)roduced is nuich like the preceding.

Fici. 2. Fig. 3.

Fig. 2.—Obliquely Contracted Pelvis from .\rre.steU Development AffectinK the I.eft Half of the

Pelvis, with Ankylo.si.s of the Left Sacro-Iliac Synehomirosis. ( I'roin Waldeyer's "Das Hecken.")

Fig. 3.—Coxalgic Pelvis; Defective Development <jf Left Half of Pelvis, associated with Tuber-

culous Coxitis. (Tillmanns.)

Split pelvis—a deformity which is due to congenital al)sence of the symphy-

ses or to diastasis of the same. In high degrees the dcfoiinity may be associated

with ectopia vesica*. In some cases the ju'lvis is otherwise noiiual.

Double PromonIory.—This almormal condition is commoner in the male than

in the female. The .second |)r()montory is located between the first and second

sacral joints, below the ti'ue i)romontoi"y. The deformit}' is of ol)stetrical

inteivst.

Acute Osteomyelitis and Periostitis of the Pelvic Bones. Acute osteomyeli-

tis and acute jieiiostit is of the bones of the j)elvis are of compai'atively infre(|uent

occurrence. They occur esj)ecially in adolescents, generally in the second decade,

occasionally in younger children, and rarely after the age of twenty-five years.

The j)arts most commonly involved aiv the epiphyses, where spongy bone tissue

is most abundant, the region of the acetabulum, tln' saci'o-iliac synchondro.ses,

the s|)ines or the crest of the ilium, the lateral masses of the sacrum, etc. Of these,

the ilium is mo.<t frecjuently affected, the saciiun less commonly, and the i)ubic

arch or the i.schiuin very rarely.
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The disease may be priniar}' in the jjelvic bones, or it may be associated with

osteomychtis of other bones of the body: the foci may be single or multiple.

Not infrequently the source of infection may be traced to a suppurative focus

in some other jjart of the body, or to some infectious disease—as, for example, a

furuncle or an abscess of the soft parts, one of the exanthemata, typhoid fever,

a severe cold, etc. ; or it may be one of the manifestations of a general septicaemia

or pya?mia. A preceding trauma may be of etiological significance. The in-

fecting organism is most frequently the Staphylococcus p3'ogenes aureus, less

frequently some other form of the Staphylococcus (albus or citreus) or the Strep-

tococcus pyogenes. Rarely, the typhoid bacillus is responsible for the process,

and, still less freciuently, some other organism—as, e.g., the Bacillus pyocyaneus,

the B. pyogenes fd'tidus, the B. coli communis, etc.

The local and constitutional effects vary greatly according to the type and

virulence of the infecting organism and the power of resistance of the patient,

as happens in osteomyelitis in other parts of the body. The staphylococci

produce the greatest amount of local suppuration and necrosis, the streptococcus

the more severe and fatal constitutional symptoms, and the tj'phoid bacillus the

chronic, slow-forming abscesses or inflammatory areas.

Pathoix^gy.—The pathological changes in acute osteomyelitis of the pelvic

bones are exacth' the same as those which occur in osteomyelitis elsewhere.

(See ^'ol. III., Part xii.) The process may remain localized, the mildest types

producing non-su]:)purati\'(' i)eriostitis or osteitis, or later a sclerosing osteitis

without necrosis. In the more severe cases there may be localized abscesses,

with more or less necrosis, or the sui)piu'ati()n may irn'oh-c a wider area, causing

separation of the perio.'^teum and extensive death of bone. In streptococcic

infections the general toxa'mia may be so great that death occurs before local

destruction is marked; on the other hand, typhoid infections are so chronic and

indolent as to simulate tuberculosis. If the process begins in the region of the

acetabulum the pus is prone to break through into the hip-joint, causing a sup-

purative arthritis. Statistics from the Tuebingen clinic show that this occurred

in eighty-six out of one hundred and six cases in which the disease developed in

this region. Spontaneous dislocation of the hip takes place in many of the patients

who recover. The sacro-iliac synchondrosis may be affected if the disease orig-

inates in the adjacent spongy bone of either the ilium or the sacrum. Abscesses

may form in the pelvic cellular tissue or may perforate into the pelvic organs;

they may also fomi jjrimarily beneath the gluteal muscles, or the pus may

accumulate there after burrowing through the sacro-sciatic foramina. Pus may

follow the muscular planes of the thigh or may collect extrai)eritoneally in the

iliac fossa. It is only rarely that the disease originates in the sacrum, but in-

stances of this have been observed by von Bruns, Chipault. Gross, and others.

This event is most apt to occur in younger children, and the prognosis is

grave, ten out of sixteen cases collected by Gross having proved fatal.

Marked deformities from destruction of epiphyses and interference with

growth are apt to follow recovery from osteomyelitis of the pehic bones. In

cases resulting in ankvlosis of the sacro-iliac or the hip joint the affected side of
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the pelvi:? becoim'S much contraeteil and narrowctl—the ()l)h(|uely contraeletl jx'l-

vis. (See Fig. 4.) If sacroiliac ankylosis is bilateral, both sides are narrowed,

causing a general diminution of the transvei-se diamater—the so-called RolxTts

pelvis. (See Fig. 1.) Some of the deformities obser\ed owe their origin to

the pressure exerted by the weight of the body ujjon bones which, by reason

of their being softened by disease, bend under the pivssure.

Sy.mi'To.ms.—The symptoms, charact(>r of the onset, and course of the disease

vary with the site of the primary focus and with the severity of the proce.><s. In

general, the onset is sudden, the attack beginnhig with a chill, high fever, and

deep-seated pain over the affected bone.

If the region of the acetabulum is

affected the ])ain is increased by j)ressure

over the gi'eat trochanter or on t lie sole

of the foot. The slightest motion of the

hip-joint is painful and the patient is

confined to bed from the onset. In tu-

berculous disease, from which the present

affection must l)e differentiated, the on-

set is more gradual, the ]iatieiits usually

being able to go about limping for

months before they are finally bedridden.

Tenderness on pressure over the affected

site is an early and constant sign;

sw(^lling and boggy ( rdema appear later,

when the inflammation extends to the

perio.steuni and the adjacent soft i)arts. The constitutional symptoms may be

mild or of any grade of severity uj* to the violent types of streptococcic infection

in which death occurs from the general toxa'mia before local symptoms have

declared themselves. Abscesses or suppurating sinuses leading directly, or more

often deviously, to necro.'^ed bone are often ])resent when the i)atient first seeks

surgical i-elief. Among the changes which are observed may be mentioned

irregular thickening of the bones, especially the ilium, loose secjuestra, and bone

that is denutk'd but not yet ready to separate. Small encaj)sulated foci of infec-

tion may remain dormant for varying lengths of time and then break out afresh^

as hapj)ens in osteomyelitis elsewhere. Abscesses may form in the pelvis and

break into i)elvic organs, or they may break outwardly, leaving fistulous tracts

behind. Thei'e are on record cases where shaip se(|uestra have ulcerated through

into the bl;id<ler and lia\e formed the iiuch'i of calculi. Careful examination

by icctum or vagina should always be made, especial care being taken to explore

the region of the acetabulum and of the sacro-iliac synchondrosis. It is possible

in this way to di.'^tinguish localized (eiideinesses, boggy swelling, or the presence

of abscesses or fistulous tracts.

Di.vfixosis.—The diagnosis is made by a careful consideration of the symptoms

and signs above j)ictured. The suddeimess of the onset, with a chill, fever, and

deei)-seated boring pain, which is increased by picssuic, and which at first is not

Fig. 4.—Healed Osteomyelitis of the Left

Iliuin. (From Albert and Kolisko.")
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accompanied by .swelling of the overl}ing soft parts ; the history of a preceding

trauma, of a severe cold, of furunculosis or of some infectious disease; the

information obtained by careful palpation of the peKis both externally and in-

ternally per rectum and per vaginam, will usually suffice to exclude other lesions

with which the osteomyelitis might be confused.

Progxosls.—The prognosis of acute osteomyelitis of the pehic bones is in

general not good, especially where the site of the primary focus is near the ace-

tabulum or the sacro-iliac synchondrosis. Osteomyelitis of the sacrum has proved

especially fatal. Death may be caused by acute septicaemia or pyaemia or by the

exhaustion of chronic sepsis. Extension of the inflammation to the membranes

of the cord has been observed; abscesses may break into the urinary tract; and,

in the non-fatal cases, there may be left various troublesome conditions

—

intractable suppurating sinuses, marked pehdc deformities which have resulted

from arrest of development, ankylosis of pelvic joints, or distortions that have

been produced by pressure. There was a mortality of 24.5 per cent in the series

of one hundred and six cases which were collected from the records of the Tue-

bingen clinic,—cases in which the acetabular region was involved.

Treatment.—The treatment of acute osteom^'elitis of the pehdc bones consists

in early incision down to the affected site as soon as the diagnosis is established.

Resection of large areas of affected bone has been advised, especially by A. von

Bergmann, who advocates, in certain cases, excision of the entire ilium, with the

acetabular cavity. This is accomplished by a deep transverse incision (down to

the bone) below the iliac crest, sejiaration of the periosteum, and chiseling through

the bone in its entire length, the attachment of the muscles of the back and

abdomen to the crest being left intact. Then, by means of a raspatory, the bone

is freed from periosteum on its inner and outer aspects, and its connections with

the sacmm behind, the pubes in front, and the ischium below, are di\ided, the

head of the femur being left free in the wound. Bone regeneration and restoration

of function may, it is said, be confidently looked for if the broad periosteal surfaces

are presented. An operation as extensive as this would rarely be justified. In

the more chronic stages, when there are sinuses leading down to bone, the sui>

purating tracts must be laid freely open, all sequestra removed, and any areas

of necrosis that may be discovered curetted and freely drained. It is c]uite

possible that, with the increasing use of Bier's hypersemic treatment by means

of suitable suction cups, a more perfect control of the inflammatory process in

pehdc osteomyelitis may be obtained, and that in conseciuence, as has happened

in the case of inflammatory lesions elsewhere, the destruction of tissue -^-ill be less

and the need for extensive incisions done awa}' with altogether. In general,

however, early incision with osteotomy and thorough drainage of the focus of

disease, especially when the site is such that an adjacent joint is endangered,

must be our main reliance.

Tuberculosis of the Pelvic Bones.—^Tuberculosis of the pehdc bones occui-s

most frecjuently before the age of thirty, and generally originates at or near the

centres of ossification

—

e.g., in the ilium near the acetabulum or sacro-iliac

synchondrosis ; in the lateral masses of the sacrum ; and near the symphysis pubis.
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Tulx'i'C'ulo<i.>< of the ischiuiii is very rare. In lalci- life tlie secondary centres, as

the crest or spines of the iliiini, are occasionally iii\nlved. Ivxcejjt in cases in

which the disease is confined to the pei-iiilicial portions of the ilium (as the spines

or the crest), tul)crculosis of the ]ielvic hones is of surgical interest chiefly as it

occui-s in three important locations. \iz.. (1) in the region of the acetabulum;

(2) at the sacro-iliac synchondrosis; (3) at the symphysis pubis.

Although the disease is of fairly fre(]uent occurrence in the first of these

locations and is certainly of great im])ortance, it is, nevertheless, so intimately

associated with and so fiv(|uently causes

t iib('i-(MiI()sis of the hip-joint tliat a de-

tailed description would be out of place in

this article. (See Vol. III.. ]i. ooS.)

The treatment of acetabular tubercu-

losis by the very radical methods that

were practised by II. ISchmid, Barden-

licuer. and others in former years, would

rai'cly if cnci- be considered justifiable at

the present lime, when such brilliant re-

sults are being obtained by early and

(•()nsei-\-ati\'e orthojx'dic treatment.

Tuherculonis of the Sacro-iliac Syn-

<-ho)t(lwsis.— Tuberculosis of the sacro-

iliac synchondrosis is most common in

adolescents and young adults. It is

I'arely seen in chiklren and not often

after tw(>nty-five years of age. It some-

times follows trauma and has been ob-

seiA'ed as a complication of lumbar

s])onil\!itis (Ridlon), being then ])rob-

ably secoiidaiT to the spondylitis; but

in the gi'eat majority of cases no cause

can be traced.

I^athology.—The changes are similar

Fici. 5.-RiKi.t Sacr„-niar Disoas.-, witi>
^^^ <l^"-^<' observed in tuberculous ar-

Luinbar and Ciiuteal Cold .Vb.sces.ses, in a Ciri thritis elsCwhcre. TllC pHmarV foCUS, aS
nine Vfars of aitt'. (Orifiinal.)

i
•

i

a rule, is located in some ])ai"t of the

adjacent ilium or sacium, the disease involving the joint jiioper and the

syno\'ial membi'ane (in the rare instances in whicli it is present) later. The

tyj)e may be that of a diy ailhritis (caries siccaj, but more commonly there are

an exudate with the formation of a cold abscess later), jx-rforation of the capsule,

and bunowing of pus in various directions. Perforation mo.st fre(|ueiitly occurs

anteriorly where the ligaments are weakest, the abscess forming in the |)el\-is, or

it may burrow behind the pel\-ic fascia along the coui'se of the saci-al neiAcs oi' the

J)yrifonnis niu>c|e and appear in the gluteal region aftei- escaping tlu'ougli the

greater oi' the lesser .sici'o-sciatic foi'anien. (l^'ig. T).) 'i'hisisthe most common
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site, the pus following this route in about one-half of the cases. Gravitation

abscesses may follow the curve of the sacrum behind the pelvic fascia into the

ischio-rectal fossa and come to the surface in the perineum; they may follow the

psoas muscle and appear in the thigh or above Poupart's ligament; or they may
perforate into the bladder or the rectum. Occasionally the perforation takes

place posteriorly or in an upward direction, the abscess pointing superficially near

the joint or higher up in the lumbar region. As the destruction of joint surfaces,

bone, and ligaments progresses, the joint becomes loosened and disability increases.

Rarely, both joints are involved, either simultaneously or one very soon after the

other; in such cases the sacrum may be almost entirely destroyed by caries.

Symptoms.—The onset is usually very gradual, the first symptom being pain,

either in the region of the joint itself or in the distribution of the sacral plexus, the

sciatic, or the anterior crural nei'ves. Pain in the early stages is often mistaken

for sciatica, but is not so constant in position. It may be over the sacro-iliac

joint, in the region of the anterior superior spine of the ilium, in that of the flexors

of the thigh, along the anteiior surface of the thigh, or in the gluteal region. It

should also be borne in mind that the pain which accompanies early involvement

of the joint is increased by walking, standing, prolonged sitting, or any movement

causing strain upon the joint. Direct pressure over the joint or lateral compression

of the iliac crests elicits pain, as does palpation of the anterior aspect of the joint

per rectum or per vaginam. It is in this latter site that tenderness, swelling, or

abscess formation is often first detected. With the onset of the pain there are

characteristic attitudes or changes in gait ; the weight is borne on the healthy side

;

the affected side of the pelvis is tilted downward and slightly forward, giving rise

to apparent lengthening of the limb on that side with compensatory scoliosis.

Rarely, tilting in the reverse direction, with apparent shortening, has been observed.

The scoliosis and apparent lengthening or shortening disappear on lying down.

The gait is somewhat waddling ; bending forward and straightening up are painful

movements ; and the weight of the body cannot l^e supported on the foot of the

affected side for any length of time. Patients therefore find it difficult to put on

their shoes and stockings; w^hen in bed they lie preferably on the sound side.

The pain may continue for several months, or even for as long a period as two years,

before the local swelling and the tenderness elicited by direct pressure over the

joint posteriorly, or by palpation of its anterior aspect per rectum, indicate the

presence of an abscess. Compression of the iliac crests causes pain, and, while

hip-joint motion is not limited, flexion and outward rotation of the thigh are

sometimes painful. Fixation of the hip or lumbar spine may be due to a gravita-

tion abscess following the course of the psoas, but actual tuberculous involvement

of these structures should always be suspected and excluded. Pain may diminish

with the formation and rupture of an abscess. Some atrophy of the buttock and

thigh on the affected side is commonly present. When abscesses have bun-owed

and burst spontaneously, fistulous tracts, usually tortuous, lead by roundabout

ways to the joint. Spread of the disease to the spinal cord or its membranes is

rare, but may occur. Constitutional symptoms persist for a long time, and are

due to the continued pain and the prolonged suppuration. Secondary infection.
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at'comixaniod 1)V more active 8ei)sis, or the presence of tuberculous disease in some

other jiart of the body, may hasten a fatal issue.

Diagnosis.—In the early stages the diagnosis is not always easy, the pain

being frecjuently mistaken for neuralgia—for sciatica or for lumbago, for example.

Later, when an abscess has foiincd. it must be difTerentiated from spondylitis,

hip disease, acute osteomyelitis of one of the pelvic bones, or one of the various

pelvic suppurative processes, especially of the female generative organs. If

sui)})urating sinuses are ])resent, they nnist—unless they can be traced directly to

the joint—be differentiated from those which are due to osteomyelitis or which

owe their origin to intrapelvic sujjpuration. Careful considei-ation of the accom-

panying symptoms—viz., the peculiar gait; the tilting downward of the pehds;

the apparent lengthening of the limb on the affected side; the tenderness on direct

pressure over the joint jjosterioiiy, on palpation of its anterior aspect per rectum,

and on transverse pressure on the iliac crests; the i)resence of a cold abscess in

one of the characteristic locations; the slow course of the disease, and the fact

that the ])atient's age coincides with that at which the disease occurs oftenest

—

will usually result in a correct diagnosis being made. An j-ray examination

should not be omitted, as it may give valuable information when the bon(^ involve-

ment is wellniarked. Primary sarcoma of the sacrum or the ilium in the region

of the synchondrosis is a possibility, but it is extremely rare to find a sarcoma

in either of these localities.

Prognosis.—The jH'ognosis has l)een considered very grave, many surg(>ons

taking an extremely gloomy \iew of the outlook. Patients with sinuses which

have existed for a long time, who are weak(»ned by prolonged suppiu'ation, or

who are septic from secondary infections, may succumb to a septicamia or a

pya'mia, to an amyloid degeneration of the various organs, or to disseminated

tuberculosis. In those cases in which the ])atient comes under observation (>arly,

where jjrojx r fixation a))))aratus is emj^loyed, and where a suitable climatic,

hygienic, and dietetic regime is put in force, good I'esults may be obtained with-

out radical operative procedures.

The unfavorable character of many of the statistics jjublished is i)robably due

to the fact that most of the cases rejxirted w(M'e (omi)li('ated by secondaiy infec-

tions and burrowing abscesses.

Treatment.—In the early stages immobilization with orthopedic apparatus,

such as a double Thomas hi]) l)race (Whitman), a strong pelvic girdle attached

to a spinal l)race (Ridlon and Jones), or a plaster s^jica, may be employed.

Extension by weight and pulley at night when the patient is in bed may be

used in connection with the ambulatoiy treatment. (Young.)

If, in the coui-se of the fixation treatment, an abscess forms, it may be asj^irated

alone, or first as))irated and then treated with iodoform emulsion. Incision and

drainage should be employed w illi cnution. owing to the great daiigei' of secondary

infection. As a ruk', such interfeivnce should be axdided. except when ;i t horough

ladical ojx'ration is attenijAed.

If, despite the conservative measures em])loyed, the disease continues to make

headway, a radical opeiation may be performed. Tiie joint is e\j)osed by free
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posterior incisions, the diseased bone is thoroughly removed, and all tuberculous

granulation tissue is excised or removed by means of the curette. If a cold abscess

is present its contents should be evacuated, its walls should he thoroughly excised

or curetted, and, if i)ossible, the entire wound should be closed without drainage.

It is safer, as a rule, to take the chance of having to do a secondary operation for

some overlooked or recurring tuberculous focus than it is to run the risk of second-

ary infection in a drained wound. If the operation is done subperiosteally, it is

practicable, in advanced cases, to remove quite extensive portions of bone and

yet have regeneration of the excised tissue and restoration of the functional power

of the bone as a whole take place. Bardenheuer has, in a number of cases, resected

practically the entire half of the pelvis, from the sacro-iliac synchondrosis, behind,

to the symphysis pubis, in front, removing the head of femur at the same time.

Operative procedures as radical as this would rarely if ever be justified. Extensive

tuberculosis of the sacrum renders thorough removal of the disease very difficult

if not impossible ; but, where the lateral portion is involved to only a moderate

degree, it is sometimes possible to reach and remove the diseased portions during

the excision of the joint. IntrapeKdc ab-

scesses, which are so often present, may
require removal of a considerable portion

of the ilium before it becomes possible

properly to expose and treat the disease.

Tuberculosis of the Symphysis Pubis.

—Tul^erculosis is of comparatively in-

frequent occurrence at the symphysis

pubis, the age of predilection being ado-

lescence and early adult life. Among
the cases reported both sexes appear to

have been equally often affected.

The process may originate in the bone,

or in the fibro-cartilage of the symphy-

sis. The pathology of the process and

the variations in type are the same as

W'hen tuberculosis affects other parts of

the pelvis. When abscesses form they

are usually located above and behind

the pubis, spreading laterally toward the

inguinal regions, seldom dow^nward toward the perineum or inner aspect of the

thigh. The abscesses, as a rule, lie in the suprapubic pre-fascial space, between

the muscles and the transversalis fascia, and not behind the transversalis fascia

in the space of Retzius. The mid-region above the pubis is usually free from

swelling, presenting rather a depression between two lateral swellings, owing to

the fact that the abscess lies behind the insertions of the powerful recti muscl(\s.

(Fig. 6.) There have been reported cases in which an abscess has been mistaken

for an inguinal hernia and a truss has been worn. Rarely, through involvement

of the descending ramus, an abscess may spread downwai'd to the perineum.

Fig. 6.—Tuberculosis of the SjTnph3-sis

Pubis, with two typically placed supra-sj-ni-

physeal abscesses, in a woman fiftj'-seven

years of age. (Von Bungner.)
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Spontaneous riij)tuiv, with the formation of a sinus, is most ai)t to occiu' in the

inijuinal region, less frequently in the pcriiiciim or the inner asju-ct of the thigh.

The bone is most fre(|uently involved on its upper and jjostcrior aspect.

Symptoms.—In the early stage the symptoms arc: ))ain over the synqjlivsis

or in the inguinal region; a tendency to stooj) foiwaid in walking, in order to

relax the recti muscles and so to relieve the strain upon the symjjhysis. At

fii-st, the local signs may be slight, but, upon careful examination, tenderness

will usually !)(' elicited on direct i)ressureover the symphysis or on paljiation of its

deep surface per rectum or per vcujinam; or theic will be pain over the symphysis

when the iliac crests are compressetl. The course of the disease is slow and

chronic, and, after the lapse of a certain length of time, the appearance of a

swelling at the site already mentioned announces the formation of an abscess.

Through carious destmction of bone the symphysis may become so loosened

that mobility can be detected; but this is often obscured by the fact that in

front the jDubis is covered by strong nniscles and fascia, and behind by the

thickened transversalis fascia and by tuberculous tissue. As a rule, the differ-

ential diagnosis is not difficult. It is imjiortant to remember the possibility of

neuralgic conditions in the early stages of the disease, and of inguinal hernia

when an abscess forms on one side of the pubis. An x-ray examination should

not be neglected, and careful palliation of the pubic arch, both externally and

per rectum or per vcujinam, is important. Tuberculous lesions in the lungs or

other parts of the body should also be carefully searchetl for.

Treatment.—Tuberculosis of the symphysis pubis should lie treatedl)V radical

operation as soon as the diagnosis is made. The upi)er and posterior surfaces,

where the disease is usually located, are easily accessible and are favorably

situated for thorough removal of the disease. The affected bone, even if the

disease should iin-olve the entire horizontal ramus and parts of the descending

rami, should be resected subi)eriosteally through a transverse incision. In the

ca.se of a cold al)scess the contents should be evacuated, all granulation tissue

should be thoroughly removed, and, if i)Ossil)le, the wound should be closed

without drainage. If drainage is employed, the greatest care must be taken

to avoid secondary infection. When it is found necessary to resect large portions

of bone a strong pelvic girdle or some suitable pelvic support should be worn for

some time or until bone regeneration has taken i)lace.

Sjrphilis of the Pelvic Bones.—Sy])hilis very rarely affects the pelvic bones.

Localized i)eriostitis oi- osteitis, associated, in the earlier stages, with mani-

festations of syphilis elsewhere, is occasionally seen, and in such cases the

diagnosis is not difficult.

In the later stages gunnnata may develop, or there may be a sclerosing

osteitis, associated with thickening of the bone or with the formation of osteo-

phj'tes, which, when they occur in the region of the foi'amiiia, may press upon

nerves and thus give ri.^e to distressing neuralgias.

Rarely, necrosis may take place and an abscess form—conditions which may
ea.sily be mistaken for lesions of tuberculous disease.

The treatment consi.sts in geneial antisyphilitic medication. Local inter-
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ference is contra-indicated, as a rule, unless necrosis, with abscess formation,

shall have taken place; and these conditions should then be treated on general

surgical j^rinciples.

Echinococcus of the Pelvic Bones.—The rarity of this disease may be

judged from the fact that only twenty-odd cases have been recorded in the

literature. The course of the disease is slow, and the extent to which the bony

structures may be destroyed is at times very great. Thus, for example, in a case

reported by Fischer and Mertel, the entire half of the pelvis, together with the

head of the femur, was destroyed.

The diagnosis and treatment are based upon the same principles as those

which govern the diagnosis and treatment of echinococcus disease in other parts

of the body.

Tumors of the Pelvic Bones.—Chondroma and Osteoma, Including Exostoses.—
The chondromata consist, as a rule, of hyaline cartilage with the admixture

of some connective tissue. They are of either the large-cell or the small-cell

variety, and the}' arise ordinarily from normal cartilage, but they may also

spring from any portion of the osseous tissue. Although they are essentially

benign in character, they sometimes form metastases. All sorts of retrogressive

changes may be witnessed in chondromata, and they sometimes become con-

verted into sarcomata.

Osteomata consist either of pure bone or of a mixture of tissues, cartilage

being Cjuite frequently present.

Exostoses (enostoses), which are also known by other names, grow from the

surface of a bony structure. At times they consist partly or vrholly of cartilage

(enchondroma; ecchondroma). The strictly osseous exostosis may be either

ivory-like in density or of a spongy nature, containing perhaps true bone marrow.

The types of tumor mentioned above show great variation in size; the growth

may even attain so great a bulk as nearly to fill the pelvic cavity.

On the whole, osseous tumors do not often develop in the pehds, only about

one hundred cases having been reported in the literature. In the majority of

these cases the ilium or the sacrum was the part affected: the pul)is and the

ischium being \'ery rareh' involved.

If thetumor is accessible and if it gives rise to symptoms, it should be extir-

pated. Some thirty successful operations have been reported. (Tillmanns.)

Fibroma.—A fibroma may arise from the periosteum of one of the pelvic

bones. It occure in several transitional forms—as, for exampl(\, in that of a

cystic fibroma, a calcifying fibroma, an osteo-fibroma, etc. AA'hile a fibroma

often occurs as a tumor of the bone, arising from periosteum or from the point

of insertion of a muscle, it is more often encountered as a tumor of the soft parts.

The fibroma grows slowly and is benign in character; the symptoms to which

it gives rise being mainly those which result from pressure.

In accordance with general surgical ])rinciples the j)roper treatment is

extirpation.

Sarcoma.—Sarcoma occurs in the pelvic bones in a variety of forms. ^^ hen

it originates in the bone marrow it may be highly vascular and may even pulsate.
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Fig. 7.—Rudimentary Tail-Formation in

a Five-months-olil Hoy. (From Hart els and
Werner.)

The niixed-ccll myelogenous form is the most common: mclano-sarcoma is rare.

The ilium is the most common seat of the growth, the .-^acrum coming next in

order. Of all the .-sarcomata which occur in the pelvis, a large percentage origin-

ate in bone, comparatively few in the

soft parts (11 in 127 cases, according to

Tilhnanns).

The diagnosis must be made on gen-

eral principles. The intraj)elvic growths,

it must be borne in mind, may easily

be confused with tumors of the pelvic

viscera. The treatment is early extirpa-

tion, when such a measure is possible;

and the prognosis is unfavorable.

(\ininoma.—The i)riniary occurrence

of a carcinoma in the pelvic bones is

something unknown, but secondary

growths have been observed.

Endotheliomata and other rare tumors may occur here as in other i)arts of

the body, but they require no sjK'cial descri])tion.

Congenital Deformities of the Sacro-Coccygeal Region.

—

Rudimentary Tail-

Foruudion.—The (luestion of the formation of a tail in human beings is one of

the oldest in medical literature, and in ancient times many authors gave credit

to the most exaggerated accounts of tailed human beings and of entire tribes

of people with tinU. such stories being most frequently brought by travellei*s and

travelling merchants from Africa. Asia, India, and the islands of the Indian Ocean.

When critically examined, these stories were found to originate in th(> fact that

certain barbarous or semi-civilized trilx^s in Afiica, Java, Sumatra, etc.. wore,

at religious ceremonies, fetes, etc., costumes of animal skins with tails

—

i.e.,

costume tails. During the Middle Ages, these exaggerated reports were given

even greater credence, but recently the careful researches of several investigatoi-s,

notably M. Bartels, have finally placed our knowledge of the occasional occur-

rence of rudimentary tail-formation in human beings on a scientific basis. That

such formations do at times occur is a well-establisiied fact, and the ex])lanation

is reached through a study of the development of the cauilal end of the embryo.

Normally, from the fii-st to the third month of fcrtal life, there is a distinct tail-

like projection, beyond a line drawn from the thirtieth vertebral segment to

the memljrana analis. The number of rudimentary vertebral segments in this

projection is normally four or five, re])resenting the coccygeal segments; but as

many as nine of these segments have been observed.

Between the third and fourth f(etal months the projection becomes a tri-

angular hummock covered by skin, and this in turn di.sappeai-s as the gluteal

mas.ses develop and the coccyx (toward the ninth month) takes its normal curve

or bend fonvard. I^artels makes several groups of the authenticated cases of

jjersistence of the tail-formation, but ei^sentially there are only two varieties

—

those which contain bone and those which are composed entirely of soft parts.
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Fig. 8.—Human Tail, in

Recruit, twenty-six years of age.

Orn.stein, of Athens.)

a Greek
(From

First \'ariety.—The tails which contain bone are: first, those which have an

actual increase in the number of vertebral segments, as in normal vertebrate

animals; second, those in which the projection contains the normal number of

coccygeal vertebnp, which, by abnormal

gro\\-th of vertebral bodies and discs, are

increased in length.

Second Variety. — The tails composed

wholly of soft parts are: first, the persist-

ence of the normal coccygeal, triangular

hummock ("Steishocker") of the third to

fourth month of ftptal life; second, the

conical projections of skin and soft parts

into which the bone does not extend ; third,

the pedunculated lipomata, fibromata, etc.,

which occur in this region and form pseudo-

tails.

There have been recorded several cases

of three-sided, skin-covered elevations in the

sacro-coccygeal region— elevations which

were limited by distinct lateral grooves

and which terminated in a point in the region of the anus, but which,

at the base or upper part, merged with the skin of the back without distinct

boundary line. These are the so-called ''angewachsene" or adherent tails of

Bartels, and they represent persistence of the normal fcetal coccygeal hummock
of the thirtl to fourth month—the " Steishocker." No part of this elevation

forms a free or tail-like projec-

tion from the body.

The position of the elevation

is in the median line, but it may
be to one or the other side of

this line, as in the case of Bartels

and Werner. (Fig. 7.) Many
authenticated cases of free-

hanging or projecting tail-like

formations have been observed

and recorded, some of them con-

taining coccygeal vertebral seg-

ments, as in the case of Braun

in which the last three coccygeal

vertebra^ could be felt, or in

that of Ornstein (Fig. 8) in

which slight mobility of the coc-

cygeal vertebrae, both in the projection itself and in the two vertebra^ located

above its base, could be felt beneath the skin.

Finally, one meets with the pseudo-tails or pendulous tumors (lipoma, fibroma,

Fig. 9.—Pseudo-Tail or Pendulous Lipoma in an
eighteen-year-old Boj'. (From Bartels.)
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etc.), ill the coccygeal region—tumors which in no .s^nsc ivi)resent defective or

abnormal development of the caudal structures. (Fig. 9.)

This entire group of cases possesses scientific rather than surgical interest,

and. for a careful or thorough study of the subject, the reader is n^ferrcnl to Bar-

tcls' exhaustive researches in the Archives of Anthropoloyij, Bd. 1.").

Fig. 10.—Jones Twins, bora in Tipton ("u., Iiuliana, on .lunc24tii, ISSi); died on i't'b. lUtliand

2()tli, IS'Jl. (From Gould an.l I'yle.)

Double or Bigerminul Teratomata {Doiih/c Monsters).—Double or bigerniinal

teratomata or monsters are formed l)y the joining together of two separate

embryos or individuals during the very early stages of embryonic life, \\hich join-

ing can assume many different forms, ^^'ell-authenticated cases of joined twins,

with symmetrical development of the two individuals, have been observed and

rei)orted in the literature a numl)er of times, as have also cases in which one

indi\-idual has developed more or less

jx'rfectly while the second is simply an

attached ]>arasite, or fcetal inclusion.

The caudal ctid of the body is especially

apt to be affected, although many differ-

ent types have been illustrated in the

repoifed cases. The entire subject is

fully dealt with by Ahlfeld, whose Atlas

contains illustrations of the majority of

tlie authenticated cases on lecord. In

tlie classihcat ion of the congenital sacral

tumoi's. some of those which contain

rudinicntary oi'gans, limbs, maxillary

bones, etc., 1I1U>1 be coiisidcrci 1 :is t I'Ue

fo'tal inclusions. Besides these, there

are tumors which contain only tissues

or organs noniiall\' |dcsciil in the sacro-

coccygeal region, which have probably dev(>lo|)etl from detached islands or rests

of em})ryonic tissue that have gone on to abnormal growth, and are strictly

monogerminal in character.

In the well-known case of (leoffrev St. Ililaire, the ioin<'d twins Helena and

Fig. 11.— Pelvi.s of a Case of Joined Twins
similar to that of the .lones Twins (Fig. lU)

(Case of Levey, ([uotcil hy Tillmainis.)
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Judith were bom October 20th, 1701, and lived to the age of twenty-two years;

they died within three minutes of each other, on Feb. 8th, 1723. The autopsy

showed that, from the second sacral vertc^bra downward, the sacrimi and coccyx

were single. Both vagina' terminated in a single vulvar orifice, and there was

a single anal orifice for the two rectums. Millie and Christine, the negro sisters

born in Columbus Co., North Carolina, in 1851, were observed and reported by

many different authors, and are said

to have lived to be twenty-three

years of age.

The Jones twins, who were born

in Tipton Co., Indiana, on June 24th,

1889, and who died on Feb. 20th, 1891

(Fig. 10), represent another type of

symmetrical development. In this

type the umbilicus is single, the an-

terior body surface presents no dis-

tinct division, and the lower ex-

tremities are undeveloped and lie at

the side. Fig. 11 represents the

pelvis of a similar case, reported by

Levey. An example of bigerminal de-

formity of the parasitic type is seen

in the case of Joan Baptista dos

Santos, who was born on Sept. oth,

1845. This case was reported by

Acton in 1846, and a picture of the

monstrosity (at the age of twenty

years) was first published in Ahlfeld's

Atlas. A complete lower extremity, containing two joined thigh bones and

provided with a double foot, was attached to the body in the coccygeal region.

(Fig. 12.) There were two well-formed, functionating penes, each with its

urethra; the scrotum was single.

Congenital Sacro-Coccygeal Tumors and Cysts; Mixed Teratomata.—
Congenital tumors of the sacro-coccygeal region are divisible into two great

classes: those of bigerminal origin, or true foetal inclusions; and those of mono-

germinal origin, or defects of development in the caudal end of the body. The

latter class may contain tissues that represent organs of the pelvic region,

—

e.g.,

post-anal gut, spinal cord, etc.,—but never organs of distant parts of the body,

as for example, portions of an upper extremity, maxilhe, etc. ; such findings always

represent a bigerminal origin of the tumor. The differentiation between very

imperfectly developed true fcrtal inclusions and teratomata of monogerminal

origin, containing a variety of tissues all normally present at the caudal end of

the body, may at times be very difficult or impossible. It is thought by many
investigators that developmental anomalies, in the shape of nests of embryonal

tissue, derived from some of the various structures at the caudal end of the fd^tus,

VOL. VII.—

2

Fig. 12.—Accessory Lower Extremity; Joan
Baptista dos Santos, nine months of age, born Sept.

5th, 1845. (From .\cton and Ahlfeld.)
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are responsible for u large number of the congenital sacral tumors, which have

been described as true fa^al inclusions.

In many cases, however, the evidences of a bigerminal origin seem conclusive.

The well-known case of the Schliewener child (Fig. 1.3), born in 1S()4 and reported

by \'irchow and von Langenbeck, is an interesting e.\ami)le

of a tumor containing nuiscle fibres, cartilage, and bone,

and having a kind of contractile motility. A similar case

of a girl, two and a half years old, was reported by Stolper.

(Fig. 14.) In this case the tumor had a contractile move-

ment, but was partly cystic, a clear fluid having been

drawn by {)uncture.

In some of the cases the tumor undoubtedly arises

from the remains of the neureutei'ic canal oi' of the post-

anal gut.

The successful removal of these tumors has occasion-

ally been accomplished, but care must be exercised in sep-

arating the deep attachments, which may be in direct con-

tinuation with im-

portant structures,

especially the si)inal

canal.

Post-rectal Der-

moids.—The mode of

origin of this grouj)

of tumors, as in the

externally placed dermoids of the sacro-

coccygeal region, is somewhat in doubt.

They may arise from infoldings of the cuti-

cle of the perineum during ftetal develop-

ment, but it is more probable that they

arise in the remains of the ectodei-inal por-

tion of the Wolffian botly or duct, ])()ssibly

sometimes from the post-anal gut or from

the neurenteric canal. They differ from

ovarian dermoids which originate as aber-

rant growths in ova, either fecundated or

non-fecundated, and from true teratomata,

although they have been found in close re-

lation with tumors of the latter tyj)e from

which a distinct pedicle leading to the

spinal column has been traced. They may
also be associated with the type of con-

genital tumoi-s which are due to superf(etation, f)r f(etal inclusions, but, as

l)reviou.sly stated, they usually occur as simple dermoids. Nearly all of the cases

thus far observed have been in females. Of tliirtv-two ca.ses collected from

Fit;. 13.— .Sell lie

wener Child ;Contractil(

Teratoma of Sacro-

Ck)ccygeal Region. (Af

ter Virehow.)

Fio. 14.—Sacro-Coccyn<al Tiiiiior. tlic

Sizi- of ii Cliild's llcail, in a Cliilil two and a

half years ohi, otherwise liealthy. (.\fter

Stolper.)
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literature by Tillmanns, only three were in males. As they are of very slow

gro\\1;h, as a rule, varying in size when first discovered from that of a pigeon's

or hen's egg to that of a man's fist, being rarely as large as a child's head, they

have been usually first detected in adult life, either from interference with child-

birth or from suppuration of their contents. If suppuration occurs and is followed

by spontaneous rupture, the dermoid may discharge into the rectum, the bladder,

or the vagina, or through the skin of the perineum. The position of this variety

of tumor is between the sacrum and the coccyx, behind, and the rectum in front,

either in the median line or to one side of it, most often to the left. The rectum

and bladder are pushed forward, the latter often upward against the symphysis,

in such a manner as to cause interference with urination and defecation. The

vagina is flattened and pushed forward and its lumen may be so diminished that

a digital examination is impossible. The perineum itself bulges downward.

Pathology.—The cysts may be single or multiple. There have been re-

ported instances in which three or more lay in a chain in the hollow of the sacrum.

They are comparatively immovable, and seldom rise above the brim of the pelvis,

differing in this respect from ovarian dermoids. They are usually situated above

the levator ani, but may be below it. Their walls consist of firm connective

tissue lined usually with pavement epithelium, sometimes with cylindrical

epithelium. Glandular structures are seldom found in the walls. The contents

of the cysts are a grumous material and a yellowish-brown, gruel-like fluid, with

bundles or balls of hair. Under the microscope there will be found fat, epithelial

detritus, hair, etc.

Symptoms and Diagnosis.—The symptoms vary according to the size and

position of the cysts; they may be attributed to pressure upon and displacement

of pelvic organs, with consequent disturbance of function, or to the occurrence

of suppuration, with or without spontaneous rupture. The perineum bulges

downward and the bladder and rectum are pushed forward and upward.

The consistence of the tumor is doughy; it pits on pressure and sometimes

there is a peculiar feeling of crepitation, due to the character of the contents

(hair mixed with grumous material).

Differentiation from ovarian dermoids is seldom difficult, and is made by

noting the bulging downward of the perineum, and the immobility and the dis-

placement forward of the rectum. As before stated, the tumors are rarely

recognized until attention is called to them through interference with childbirth

or by the occurrence of suppuration in them.

Treatment.—Treatment consists in the removal of the tumor through a

perineal incision, the position and extent of which depend largely on the site,

size, and degree of bulging of the tumor. The choice lies between a lateral or

median perineal incision, a para-sacral incision, and a transverse retro-anal

incision.

Removal of the coccyx may be of advantage in obtaining sufficient exposure.

Complete enucleation of the cyst wall should be done, if possible, but, if this is

impracticable on account of adhesions following suppuration or for other reasons,

as much of the lining membrane as possible should be destroyed and the remain-



20 AMERICAN PRACTICE OF SURCiERV.

dor of tho ca\ity packed, with the idea of obtainin*]; heahn*!; by granulation.

Occasionally, in large tumors, the abdominal route, either extra|)eritoneal or

transpcriloiical. may be necessary, or the abdominal and perineal methods may

be coml)iiied.

Pilo-nidal Sinus.—Syxoxyms: F()m:.e .SAtKALKs; Sacuo-coccygeal Dimples

OR FovK.E. Sinuses, or Cysts.

Description.—From twenty percent to thirty per cent of all infants examined

at birth ])resent. in the sacro-coccygeal region, either a distinct dim]ile or depres-

sion of the skin or an actual orifice which may vary in size from a jiin-jjoint to

an ojiening large enough to be mistaken foi' the anus. Of a large number of

adults examined, between four jx-r cent and five per cent pr(>s(>nted a similar

condition. This condition is always congenital and, as a simple fo^'ea or de-

.FiG. 1.").—Photograph of a Sacro-Coccygoal Fovea of tlic Groove Tyi)c, in a child foiirtei ii months

of age. It ocnirrod in connection with spina bifiila. (Original.)

pres.sion, possesses no surgical interest. But when the infolding of the skin is

of a sufficient dejith to form a sinus, or when the deeper portion becomes .secpies-

trated ami forms a cyst-like cavity filled with epithelial detritus, hair, etc,

infeetion is prone to occur in it, and there is then produced a condition which

necessitates .surgical intervention.

The fovea' or .sinuses may be as.sociated with other congenital deformities

(Figs. 1.') and H)), Init, as a rule, they occur in individuals who are otherwi.se

normah

Pathology.— During the process of development, in early hetal life, the

intestinal and neural canals are continuous around the end of the notochord, the

U-shape(l poi-tion which winds ovei" the end of the coccyx being termed the

neurenteric canal. At about the end of the third month of iu-tal life the struc-

ture, beginning at the ajiex of the cuiac, undergoes a i)rocess of obliteration, the

I)f)sterior portion becoming the liliiin terminale of the cord, and the antei-ioi- limb
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of the U being represented for a time by the fa*tal structure known as the post-

anal gut, which in tvn-n disai)pears soon after the union of the proctodeum with

the rectum proper,—a change which completes the anal portion of the lower

bowel. Some observers believe that the fovese and sinuses represent unobliter-

ated portions of some part of the neurenteric canal ; others attribute their forma-

tion to a simple infolding of the skin at the point where the filum terminale is

adherent to its deej) surface, and in individuals in whom the mesoblastic tissue

is late in forming and scanty in amount. Still others believe that it is simply an

evidence of imperfect closure of the medullary groove. In any event, the struc-

ture of the sinuses and cysts, and the character of their lining membrane and of

the contents, would seem to indicate that an epidermoid infolding is the basis of

Fig. 16 -Photograph of a Sacro-Coccygeal Dimple or Fovea, Occurring, in Connection with a

Spina Bifida, in a Male Child sixteen months of age. '(Original.)

the pathological process, rather than a development in the neurenteric canal

or the deeper structures. Careful examination of sections made through the

sinus wall will ahiiost always demonstrate the i)resence of the pavement epithe-

lium of the cuticle at some point, though it is usually imi)ossible to find sebaceous

or sweat glands. The contents of the cysts consist of a cheesy or grumous

material which frequently contains Inindles or balls of hair more or less mixed

with the grumous mass. Under the microscope, epithelial detritus, fat droplets,

and fat crystals are seen. Infection, which is prone to occur, converts the tract

or cyst into a suppurating sinus or abscess. The sinuses lead down to the pos-

terior surface of the lower jjart of the sacrum, and, if a cyst-like dilatation has

occurred, the doop portion of the cyst wall will be found intimately adherent to

the periosteum of the sacrum. The cysts should not be confused with the true

teratomata, as they never contain bone, cartilage^ rudimentary members, or
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oi-ojans: they arc of an entirely different oi-it^in. There is usually one opening

in the skin, exactly in the median line, and from one and a half to three inches

posteriorly to the anus

—

i.e., about at (he sacro-coccyg(>al junction. Tiiere

may. however, be two openings (Fig. 18) or even several ojjenings (Fig. 19), or

th(> original opening may
have closed and a new one

have formed as a result of

supi^uration, in which case it

is often located to one side

or the other of the median

line (Figs. 20 and 21).

One nuist distinguish

several degrees of the proc-

ess: namely, the simple

grooN'e or depression (Figs.

1") and If')): the tleeper tract

or sinus lined by ])avement

epithelium derived from

the cuticle; the sinus lead-

ing into a dilated sac, simi-

larl}' lined, which still

communicates with the sur-

face (Figs. 17 and 18);

and the completely seques-

trated sac, which does not

comnuuiicate with the sur-

face (l(>pression.

Borst, Tillmanns, and

others distinguish between

true dermoids, the lining of

which shows the true struc-

ture of the cuticle {i.e.,

hair follicles, sebaceous and

sweat glands), and epidermoid cysts, th(> walls of which consist simply of connec-

tive tissue lined with j)a\-emeiit epitlieliuiii.

Symptoms.— There aic no .symptoms, except the presence of a fovea or a

sinus opening, until the retained epithelial detritus, etc., form a cyst or tumor.

or, more commonly, become infected and form an acute abscess. If this is

allowed to burst spontaneously, as is fre(niciilly the case, a sinus ))ersists, or the

opening heals and a secondaiy abscess forms. This process may l)e rep(\at(Ml a

number of times befoi'e the patient seeks sui'gical relief.

Diagnosis.—When the opening of the suppurating sinus lies to one side of

the median line, and the .site of the original fovea is closed or indistinct, the con-

dition may be mistaken for necrosis of the sacrum or coccyx; or, if the opening

is situated low down, it may even be mistaken for a fistula in aiio. Tuberculosis

Vie. 17. —Sacro-Corcygeal Cyst in a Man, twi'iity-iiiiie

years of age. (Original; drawn from life. ) Note tlie shining,

pearly, epithelial lining of the sac, closely adherent to the

periosteum of tlie sacnnn.
Su|jpviration occurred in the tiiird week of a se\-ere attack

of typhoid fever. The swelling was incised under cocaine aii-

ffsthesia, and the opening was allowed to heal by granulation.
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or syphilis may be suspected, and in certain cases of decubitus, with a small area

of necrosis in this region and a large infected retrosacral subcutaneous bursa,

one may confuse the condition with an infected congenital sinus or cyst. In the

case shown in Figs. 17 and IS the reverse error in diagnosis was at first made,

the extremely low, typhoidal state of the patient suggesting an ordinary bedsore.

Necrosis of the sacrum or coccyx is easily excluded by the absence of bare

bone, as well as by the usual appearance of the openings which are clean cut, and

into which the epithelium

of the skin seems to dip.

(Fig. 18.) Where the

opening is an aberrant

one, as it is apt to be

after the bursting of an

abscess (Fig. 20) or after

a previous incision for

abscess (Fig. 21), the

original median depres-

sion or dimple in the

usual site may often be

found.

Tuberculosis and syph-

ilis are excluded by the

usual methods, and by

the fact that a single

lesion at this site, unless

due to diseased bone, is

rarely observed.

Fistula in ano is easily

excluded by the non-fetid character of the discharge, by the direction followed

by the sinus, and by the fact that it never terminates just beneath the rectal

wall as a blind external fistula does.

In bedsores that occur in this region, in patients suffering from some pro-

tracted and exhausting disease, it is well to bear in mind the possibility of a

pre-existing cyst or sinus which has become infected. The clean-cut character

of the opening and the firm, well-defined wall of the sac or sinus are features

which contrast strongly with the flabby, necrotic subcutaneous fat and under-

mined skin of a bedsore.

Treatment.—Thorough excision of the wall of the sinus or cyst should be

done to prevent recurrence. Simple as this treatment is, it is surprising how

many cases are inefficiently treated by incision and drainage, the peculiar charac-

ter of the lining membrane of the sinus or cyst causing recurrence of abscesses

or a persistent suppurating tract.

An elliptical excision should be made around all sinus openings and the dis-

section should be carried through the normal subcutaneous fat, well outside the

lining membrane of the sinus. In its deeper parts this lining membrane lies in

Fig. 18.—Sacro-Coccygeal .Sinuses. Note two distinct openings
in tlie skin, and their position about two and a half inches above
the margin of the anus. (Photograpli of the case shown in Fig. 17,

before the incision was made.)
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close contact with, aiul is usually adherent to, the periosteum of the lower jmrt

of the sacrum, and care should be taken to make its removal complete. The

wound may then be closed by suture, with or without a small rubber-tissue drain

inserted at the lower angle it is important that am])le gauze pads should be

placed over the wound and secured by broad strips of adhesive plaster, in order

to obliterate dead spaces and prevent sliding or lifting of the flaps.

Even in suppurative cases it is often possible to obtain healing by primary

union, if the ]nis is evacuated and the cavity thoroughly swabbed first with pure

carbolic acid and then with alcohol or ])eroxide of hydrogen, before the dissection

of the sac wall is undertaken. If, for any reason, complete excision of the sac

wall is found to be impracticable, the

cavity should be laid widely oi)en, curetted,

swabbed with jiure carbolic acid and alco-

hol to insure destruction of the sac wall,

and then packed with sterile gauze. Re-

curn^nce does not take i)lace if the plan of

coinplctcly excising the sac or the sinus

wall, or of destroying it thoroughly, is

strictly followed.

Incised Wounds.—Incised wounds of

the ix'lvic and ghiteal regions differ in no

way, as regards symptoms and treatment,

fi-om those of other j)arts of the body,

except when they involve viscera, vessels,

or nerves

—

e.g., wounds penetrating into

the pelvis through the .sacro-sciatic or ob-

t urator foramina or alongside the rectum in

the ischio-rectal region.

The things of chief importance^ are

these: Examine carefully in order to as-

cei'tain whetiiei' any injury has been in-

flicted upon the rectum, the bladder, or

one of tile important blood-vessels or

nerves; ()l)serve strict asepsis; and i)i-o-

vide \'ery fi'ee drainage, especinlly where there is danger of infection in the

intrapelvic connective-tissue jdanes. Injvuy to the ghiteal artery, with resulting

ha-matoma or a traumatic aneurism, is of special moment, and will be more fully

described.

Injuries and Diseases of the Iliac Vessels.—Injuries and aneurisms of the

common, extei'iial, and internal iliac x'essels, although of great im))ortance. need

not be considered here, as they will be fully described in the special article on

"Wounds and I)isea.ses of the Heart and I'lood-\'essels." We shall theivfore con-

sider here only those branches which sui)ply chiefly the jjeivic and gluteal regions.

Injuries of the Gluteal Artery.—Injuries of the gluteal artery are of compara-

tively infrecjuent occurrence, owing to its deep situation, but they are of great

Vm. 19.— Sc\(T;il Sacro-Coccygcal Si-

nuses in a Man thirty-two years of age.

The drawing, whic-li i.s a copy of a photo-
graph, shows fo\ir <listinct openings, alllead-

ing to one siip])urating tract. This tract wa.s

e.xeisetl in its entirety under ether anaesthesia.

(Original.

)
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practical importance on account of the serious consequences which frequently

follow. The artery leaves the jielvis through the great sacro-sciatic foramen,

above the pyriformis muscle, immediately after its origin from the posterior

division of the internal iliac. Sometimes its inferior branch lies below the

pyriformis in the foramen, but more frequently its di^^sion occurs after the

vessel has emerged above the muscle.

Among the different causes of injury may be mentioned: stab wounds, gun-
shot wounds, fracture of the pelvis, and subcutaneous rupture from a severe

fall, from a blow, or from the kick of a horse or man, without fracture.

Fig. 20. Fig. 21.

Fig. 20.—Saccro-Coccygeal Sinus in a Man twenty-four years of age. The drawing, which is a
copy of a photograph, shows the healed opening of the original sinus in the median hne, and to the
right, but somewhat higher up, the opening of a still suppurating .sinus. (Original.)

Fig. 21.—Sacro-Cocc>geal Sinus in the Case of a Man fifty-two years of age. The drawing, which
is a copy of a photograph, shows the external opening through which the abscess discharged its con-
tents: the site of the original fovea cannot be recognized. The entire fistulous tract was excised under
cocaine analgesia. (Original.)

Traumatic Aneurism of the Gluteal Artery.—Of the cases reported in the

literature, about two-thirds have resulted in late traumatic aneurism, or in an

immediate false aneurism with diffuse ha^matoma beneath the gluteal muscles.

The ha-matoma may become very large, causing swelling of the thigh, pressure

on the sciatic nerve with its associated pain, and interference with locomotion.

Pulsation and a thrill or murmur may be present. The patient may actually

bleed to death in this way, if j^rompt and effectual ligation of the wounded vessel

is neglected; or he may die from sepsis if the hematoma ruptures and the cavity

becomes infected. False aneurism has been mistaken for simple abscess, and

an incision made with the expectation of evacuating pus has been followed by
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severe hemorrhage. Puiieturecl woiiiuls of the artery may l)e followed by appar-

ent healmg. and then, aft(>r weeks or months, a true traumatic aneurism develops.

Fatal secondary hemorrhage may oeeur from sucii an aiieuiism.

If both artery and vein are wounded an arterio-venous aneurism may
develop.

Erosion of the aitery in the wall of a tubeiculous abscess, with severe bleeding

on evacuation of the abscess, has been oliserved.

DiACiXosis.—In the case of a wound in the region of the great sacro-sciatic

foramen, injury of the gluteal artery shoukl be susjK'cted whenever there is

severe bleeding, or when, at some later date, secondary hemorrhages develop.

Such an injury should also be suspected if, after a kick, a fall, or a contusion, a

swelling makes its appearance in the buttock and upper part of the thigh, whether

pulsation, a thrill or a murmur can i)e detected in the swelling or not. If the

case is seen for the first time after the swelling has develoj)ed and after the sus-

picion of an abscess has already arisen, it is well not to overlook the possiliility

of a hirmatoma or a false aneurism, the result of an injury inflicted upon the

gluteal artery. The sudden enlargement of a cold abscess in this region is also

significant of the possible erosion of the artery, or of on(> of its branches, with

hemorrhage into the abscess.

Treatment.—When the injuries are of recent date and a suspicion has arisen

that the gluteal artery is damaged, the wound should be freely enlarged by an

incision along a line drawn from the posterior sui)erior iliac spine to the trochan-

ter. The fibres of the gluteus maximus should then be separated and strongly

retracted, and the artery should be exposed to view as it emerges from the fora-

men. A double ligature of catgut should be placed around the vessel on each

side of the bleeding jjoint; or, if this is impossible, clamj)s may be ai)j)lietl and

left in place for forty-eight hours or longer. The introduction of a sterile gauze

tampon may be found necessary if the i)atient is in poor condition, if the bleeding

is i)rofuse, and if the ble(>ding point cannot be easily identified. A short incision,

which extendetl into the peritoneal cavity, has been made through the rectus

muscle, and digital compression has l)een successfully applied to the common
iliac or the aorta as an aid to the ligation. Excej)tionally, it may be necessary

to jK'rform trans] u-ritoneal ligation of the internal iliac itself, esjx'cially in cases

where a large ha'Uiatoma or a false aneuiism has been incised inadvertently,

and when identification of the bleeding i)oint in the wound is ini|)ossible. Under

the.se circum.stances a temporary tamponade is em|)loyed while the iliac vessel

is being secured.

Spontaneous A7ieuris>n of the (Ihiteal Artery.—Spontaneous aneurism of the

gluteal artery is also of rare occiu-rence, i)ut some thirty or more cases have been

collected from the literature. It is probable that many of these cases are really

traumatic, and that a subcutaneous injury from a blow, a fall, or a kick is the

real cause. In other cases the cause is undoubtedly disease of the .-irteiial walls,

as in sj)ontaneous aneurism elsewhere.

Sv.MPTOMS.—The symj)toms and signs of gluteal aneurism are the ai)i)earance

of a fluctuating, pul.-;ating swelling in the gluteal region, with sometimes a thrill
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or murmur; pain localized over the swelling or radiating down the sciatic nerve;

and interference with the function of the limb.

Diagnosis.—Differentiation must be made from an abscess, a cyst, or a soft

pulsating sarcoma. Pulsation, murmur, and thrill may all be absent in aneurism,

if it is of small size, if it has very thick walls, or if the overlying soft parts are

very thick; and fluctuation may be simulated by the thick gluteal muscles and

overlying fat. The aneurism, especially if it be of the spontaneous form, may
project some distance into the pelvis, through the foramen.

Prognosis.—As in aneurism elsewhere, a spontaneous cure occasionally

takes place; or the aneurism may remain stationary in size or may increase very

slowly. Often, however, the increase in size continues until rupture, with severe

hemorrhage, occurs. The false aneurism or the hsematoma may run a rapidly

fatal course in the absence of proper surgical intervention.

Treatment.—The treatment of gluteal aneurism consists in exposure of the

sac and the ligation (both proximal and distal) of the main artery, if possible,

and of any branches that enter the sac. Or the sac may be laid freely open and

the clot evacuated under compression of the aorta or the common iliac through

an opening in the peritoneum; after which the vessels should either be ligated

or closed by suture according to the method of Matas. If, for any reason, it be

found impossible to expose the gluteal artery, or if the examination -per rectum

or per vaginam shows that the aneurism extends into the pelvis, it may be neces-

sary to jiroceed directly to extra-peritoneal or transperitoneal ligation of the

internal iliac. This ojx'ration, however, has been attended by a considerable

mortality (about forty per cent of published cases) and should be avoided if

possible.

Technique of the Operation of Ligating the CJluteal Artery.—The patient

lies on the face or well over on one side, the thigh being rotated inward. An

incision, from 12 to 15 cm. in length, is then made on a line drawn from

the i)osterior superior spine of the ilium to the upper border of the trochanter

major, the centre of the incision being at the junction of the upper and middle

thirds of this line. After the skin and the superficial fascia have been divided,

the gluteus maximus is split in the line of its fibres and strongly retracted, thus

exposing the pyriformis and gluteus medius nniscles and also, in most cases,

large crural branches of the artery. The pyriformis and gluteus medius are

separated, and the gluteal artery is thus brought into view as it emerges from the

great sacro-sciatic foramen above the j^yriformis. It is ligated as near the fora-

men as possible, as it sometimes divides into its two branches (superficial and

deep) close to the point of exit or even inside the pelvis. Care should be taken

to avoid including the superior gluteal nerve in the ligature. The ligation may

be greatly facilitated by transperitoneal compression of the common iliac.

Injury or Traumatic Aneurism of the Sciatic Artery.—Injuries or traumatic

aneurisms of the sciatic artery are less frequent than those of the gluteal. The

artery arises from the anterior branch of the internal iliac and emerges from the

great sacro-sciatic foramen below the pyriformis muscle. According to Fischer,

aneurism of the gluteal artery is three and a half times more frequent than an-
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eurism of the sciatic artery. In some cases it has been inijjossihle to tell which

vessel was affected, and in others both have been involved in the same aneurism.

The symptoms, diagnosis, and i)rognosis are practically the same as for the

gluteal artery.

The treatment consists in ligation through a gluteal incision. The d(>tails are

as follows :

—

Technique of Ligating the Sciatic Artery.—A line is iliawn from the posterior

superior spine of the ilium to the outer ])urt of the tulx'rosity of the ischium.

The point of exit of the artery is at the junction of the lower and middle thirds

of this line. An incision from 10 to 12 cm. in length is made parallel to the

fibres of the gluteus maximus, its centre being at the above-mentioned point.

The fibres of the gluteus maximus are strongly retracted, the spine of the ischium

and the lower border of the pyriformis are identified, and the artery is found

lying ])()steri()ily and externally to the intei'ual i)udic. as it emerges from the

great sacro-sciatic foramen below the pyi'iformis muscle in company with the

bundle of sciatic nerves. The nerv(>s nuist be carefully avoided in placing the

ligatures. Ligation of the internal or connnon iliac may be found necessary.

Injuries or Traumatic Aneurism of the Internal Pudic Artery.—Injuries of

this artery are of coniparatixch' rare occurrence; the\' are pnxluced by the same

causes as those which are responsible for the injuries to the gluteal and sciatic

arteries. Fractures of the ischium or its ramus are among the more frequent

causes. So far as the peripheral part of the artery is concerned it is apt to be

injured when the perineum is wounded.

When the artery is injured in the region of the great sacro-sciatic foramen,

the symptoms and treatment are practically the same as when the sciatic artery

is the part injured, and the operation for the exposure of the latter artery is the

same as that which is required for th(> exj)osure of the internal pudic. The im-

I)ortant point is to remember the course of tliis artery after it emei'ges fi'om the

great sacro-sciatic foramen. It i)asses below the pyriformis nuiscle, crosses the

spine of the ischium, and re-enters the pelvis through the lesser sacro-sciatic

foramen.

If the wound or the aneurism is in (he ])ei'i])hei-al part, whei'e the artery passes

forward, in close i)roximity to the ramus of the ischium, to the j)erineum, it is

best approached through a jn'rineal incision along the ramus, with the patient

in the lithotomy po.sition. (\'ide \'ol. I\'., ]). .")12.)

Injuries or Traumatic Aneurism of the Obturator Artery.—The obturator

artery may be injui'ed by fractures of the jx'Kis, especially those involving the

horizontal ramus of the jmbis and the margin of the obturator foramen; by stab

or gunshot wounds, especially those which affect the artery after its exit fiom

the pelvis; and by wounds accidentally inflicted in the course of surgical opera-

tions—those, for exam)>le, for obtui'atoi' hernia.

.\neuri.-iii of the obturator artery, either traumatic or spontaneous, is of rare

occurrence. A significant symptom is obturator neuralgia, due to i)re.^sure on

the nerve.

Th(! ves.sel may be expo.sed Utr ligature, at its exit from the pelvis, by an
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incision which extends from the inner third of Poupart's Ugament in a downward
direction, and divides skin, fascia lata, and the sheath of the pectineiis. The
operator should be careful to avoid wounding the internal saphenous and femoral

veins. To get them out of harm's way they should be pulled outward. The
obturator externus muscle is exposed to view when the pectineus is retracted

inward. To expose to view the obturator vessels and nerve in their groove at

the upper margin of the obturator foramen it is necessary to di\'ide the sheath

of the obturator externus and to retract its upper border downward. To
expose the artery in its course in the pelvis, the extraperitoneal or the trans-

peritoneal incisions employed in exposing the iliac vessels, will have to be made.

(VideVol. IV.,p. 507.)

Abscess of the Gluteal Region.—Abscesses of the gluteal region may arise

from many different sources, both extrapelvic and intrapelvic.

Furunculosis is common in this region and particularly distressing; but it

presents no other features that call for special comment here.

Cellulitis and h/mphangitis occur in most cases as extensions from ischio-

rectal infections, but they may also develop from a variety of other sources.

Deep-seated gluteal abscesses may be due to osteomyelitis, to sacro-iliac

disease, to intrapelvic suppuration which has extended through one or the other

of the sacro-sciatic foramina, to pyaemia, etc. Careful rectal or vaginal exami-

nation, for the purpose of determining the possibility of intrapelvic disease,

should not be omitted. The .r-ray is of use in detecting or excluding disease of

the bone.

Cold abscess in the gluteal region is very common and is frequently due to

sacro-iliac disease, but may arise from disease of the spine, hip, sacrum,

or ilium.

The treatment is that of the cause, if it can be located, and of abscess in

general. A word of caution against the possibility of mistaking traumatic

aneurism of the gluteal artery for abscess is perhajjs not amiss at this point.

Diseases of the Pelvic Bursse.—The bursse of the pelvic and gluteal regions,

especially the subcutaneous group, vary l^oth as regards their number and as

regards their size; the occupation of the individual appearing, in many instances,

to exert an influence—as in the case of the bursa sub:'utanea trochanterica in

hand-organ players, in that of the bursa subcutanea sacralis in chimney sweeps,

in that of the bursa spina? iliacae in weavers, etc. The principal sites in which

these inconstant subcutaneous bursne occur, are:

—

(1) Over the lower sacral and coccygeal region. (According to Luschka, the

bursa in this locality has a diameter of from 1.5 cm. to 2.5 cm.)

(2) Over the great trochanter. (Waldeyer.)

(3) Over the anterior iliac spine.

(4) Occasionally subcutaneous bursa* are found over the tuber ischii.

The writer has seen a large subcutaneous sacral bursa become infected and

slough in a case of prolonged decubitus from chronic rheumatism.

The suix>rficial bursa,' mentioned above are of surgical importance only if,

as a result of an irritation of some kind, they become the seat of an acute or
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chronic bursitis, or if. in conscciuonco of a contusion, a htrmatoma forms in the

sac.

Of the (l('c])i'r bursa', tliat Ix'twccn the gkitcus maximus and the trochanter

major is one of the hirgest in the human body. The most connnon affection of

this bui-sa is a chronic hygroma {e.g., occupation bursitis, as in organ grinders).

The swelling is sometimes veiy large, cases having been reported in which it

reached downward to the middle of the thigh, or upward to the iliac crest.

(Chas.saignac.) Tuberculous bursitis in this site is rare, but has been ob-

served. (Wieting.) Another l)ursa lies between the gluteus maximus and the

tuber i.schii. To enumerate by name all of the deep bursa' which lie between

nniscles, tendons, ligaments, antl bony surfaces, would require much space, as

the list is a formidable one. Special mention, however, should be made of the

bursa subiliaca, which lies between the iliopsoas tendon, the hip-joint, and the

horizontal ramus of the pubes. This bursa extends down as far as the

trochanter minor, and usually communicates with the hip joint. Many cases of

bursitis sul)iliaca have been rejjorted. They vary much in type: simi:)le acute

bui-sitis (hygroma), chronic bursitis (hygroma), gonorrho'al bursitis, tubercu-

lous bui"sitis, syphilitic bui"sitis, etc. On account of the fact that the bursa

subiliaca fre(iuently communicates with the hip-joint, the treatment of inflam-

mation of this bursa is of special importance, and every precaution against

secondaiy infection of the joint nnist be observed. In general, the bursie

ai'c liable to the following diseases;

—

Acute bursitis, inHammation with serous effusion (hygroma); chronic inflam-

mation, or chronic hygroma: tuberculous inflammation; syphilitic inflamma-

tion; gonorrhd'al inflammation; sup|)urative inflammation: hannatoma.

The tuberculous, syphilitic, and gonorrhceal forms of bursitis are cjuite rare.

Ha'Uiatoma is caused by bleeding into the bui*sal sac, the result of a contusion

or of some other injur^^ Suppurative bui-sitis (or acute abscess) may arise from

infection of the .sac in the cour.se of any of the al)ove types of inflannnation.

TuKATMKNT.—Inflammation of the bursa subiliaca may be efl'ectively treated

in the following manner:

—

A vertical incision is made from Poujiart's ligament in a downward direction,

between the femoral artery and the anterior crural nerve. Then the ilio-psoas

muscle is pulled to one side or its fibres are ."^plit apart until the .sac is exposed to

view. The sac wall should be completely excised, if possible, and then the

wound should be closed. If this is not feasible, the .sac wall should be desti-oyed

by other means (e.(j., by curetting, or by the use of carbolic acid and alcohol)

and ample |ii-ovision for drainage should be su|)plied.

Bui'sitis trochanterica may involve one oi' more of .several dif'fei'ent bunsa^

—

c.(j., the subcutanetnis, subfascial, the anterior or jjosterior bur,sa' of the gluteus

medius, etc. The type is most often that of an acute or a chronic hygroma, and

many ca.ses have been reported.

The treatment of this form of bursitis, as well as the bursal inflammations in

the region of the tuber ischiiand other sites, is the .same as that a li'eady described

foi' inflammation of the subiliac bui'sa.
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Tumors of the Gluteal Region.—Except for the congenital forms which have

already been described, tumors of the soft parts of the pelvic and gluteal

regions differ very little from those found in other parts of the body. Nearly

all of the various forms of benign and malignant gro\\i;hs are occasionally

met with.

Lipomata and Jibro-Upomata of the pendulous type occasionally spring from

the buttock and they sometimes attain an enormous size; but in other respects

they have the same characteristics as the lipomata encountered elsewhere in the

body.

Lymphangioma and angioma are occasionally seen in the gluteal region; they

extend upward from the lower limb.

Elephantiasis may affect the gluteal region.

Sarcoma rarely originates in the soft parts of the gluteal region. Out of one

hundred and twenty-seven cases collected by Tillmanns there were only eleven

in which this occurred; in the remainder the disease originated in bone.

Carcinoma or epithelioma occurs very rarely or not at all in the gluteal region

except as a secondaiy growth.

Other forms of tumor may occur in this region, but they call for no detailed

description.

Neuralgias of the Pelvic and Gluteal Regions.—Pain in the area of distribu-

tion of the nerves of the pelvic and gluteal regions may be traced to many causes.

It may be due to a wound or contusion or other trauma of the sacral plexus or

its branches, or to pressure exerted by a tumor, an aneurism, a callus, a misplaced

fragment of bone, or an inflammatory exudate. It may be secondary to an

inflammation of one of the pelvic bones or one of the joints, or to some affection

of the male or female generative organs; it may also result from one of the

various constitutional conditions, as anaemia, malaria, rheumatism, syphilis,

arteriosclerosis, diabetes, a severe cold, habitual constipation, etc. Venous

hypersemia, producing pressure on nerves that pass through osseous or fibro-

osseous canals or foramina, is one of those causes of neuralgia in general to which

many observers attach great importance. Such venous congestion of the pelvic

and gluteal regions is of very common occ^jrrence, for many different reasons,

and may be of considerable importance as an etiological factor in the neuralgias

of this region.

Coccygodynia.—Coccygodynia is the tenn applied to a painful neurosis that

affects the ano-coccygeal branches of the coccygeal plexus. Such a neurosis

may be caused by an injuiy or by disease invohdng the coccyx or the neighboring

ligaments or soft parts; it may develop secondarily to disease of the rectum or

the female generative organs ; or it may occur as a pure neurosis. It occurs most

frequently in women, especially after injuries associated with child-birth. Trauma

—as, for example, difficult labor, a fall on the buttocks, an injury inflicted by

horseback riding, the passage of hardened fieces, etc.—is the most frequent cause.

The injuiy done to the bone may be an actual fracture or it may be simply a

contusion; one of the sacro-coccygeal or intercoccygeal joints may be dislocated;

or there may be tearing, laceration, or contusion of the adjacent ligaments or
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soft parts. In falls ii])()n tho coccyx the force is ajjplicd from behind, and the

bone is forced forward or the posterior ligaments are injured, while in difficult

labor the opposite is true. Fracture or luxation may be followed by union of

the parts while in a faulty position, the lower fragment sometimes projecting

forward almost at right angles toward the rectum, in which case defecation is

esiMH'ially painful; or tlie displacement may be backward, so that, when ankylo-

sis occurs, the rigid coccyx projects direct 1>- downward from the sacrum, and the

patient then feels as though sitting on a nail. Again, healing may be accom-

panied by abnormal mobility, or a false joint may be formed; in which case

the pain will be tlue to this rather than to ankylosis.

In many cases of traumatic origin, in which the neuralgia is decidedly severe,

no injury to the bone or joints can be detected. Under these circumstances we

are forced to assume that the injury was originally inflicted upon the ligaments

or other soft jjarts, and that these injured places have imperfectly healed or are

still the seats of painful cicatrices.

Pain simulating coccygodynia may be secondary to an inilannnation either

of the coccyx itself (caries or necrosis) or of some neighboring structure (such,

for example, as a fissure or an abscess of the rectum, inflamed hemorrhoids,

inflanunation of the uteiiis or adnexa, etc.). In these cases the cause can usually

l)e discovered by careful examination and the symptoms relieved by appropriate

treatment of the primary condition.

There are many ca.ses, however, in which no histoiy of trauma or other cause

can be found, and which must therefore be looked upon as true neuroses.

Thus, Simpson has rejjorted a case in which the pain followed exposure to cold

from prolonged sitting on damp ground; and there can be no reasonable doubt

that rheumatic changes in the coccyx or its joints is a ])ossible explanation of

the pain in some of these cases. Again, in the so-called idiopathic cases the pain

may be the result of slight unnoticed tiauma, especially when the person affected

is a hyjx'rsensitive woman of neurotic tendency. (Tillmanns.) Cases have

been reported in which there existed an abnormal mobility between the first and

the second coccygeal veitebnr, and a subsefjuent examination showed that the

intervertebral disc was thickened and disi)laced; and yet the jmtient gave no

history of cither childl)irth or trauma. (Hirst.) After due allowance is made
foi- all those possible lesions there still remain a considerable number of cases

which must be regarded as jjiu'e neuroses, and in which the most careful exam-

inaticjn I'cveals no cau.se for the jjcrsistent pain.

Sv.Mi'ToMs —The chief symptom is pain, which is especially felt on sitting

down, on rising from the sitting posture, and on defecation. To avoid strain

on the coccygeal muscles and ligaments, patients, when they ri.se, place their

hands on the chair or seat, and. in a stooj)ing posture, they ))U,sh them-

selves U|).

Slee|) iiia\' be distin'bcd by pain caused by some mox'eiiieiit which throws a

.strain upon the coccygeal ligaments. Defecation may be |)ainful and diHicult

and the after-|)ain severe. The pain may be increased at the time of the men-

strual period and be slight or absent in the iiiterval. It may disappear for a
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period of several months and then reappear with increased severity. The course

is chronic, the i)ain often pcrsistin,ii in \'arying degree for months or years.

Dl\gxosis.—The diagnosis, as a rule, is not difficult. Palpation, with a

finger in the rectum and the thumb making counter-pressure on the outside,

enables one thoroughly to examine the coccyx and to detect an ununited fracture

or union in mali)osition; an unreduced dislocation; abnormal mobility; in-

flammatory swelling, or simph' tenderness on pressure without other changes.

Careful examination of the rectum itself and of the ix'lvic organs must not be

neglected.

Prognosis.—The prognosis is good. The milder cases often recover spon-

taneously in a few weeks or months, while in other cases recovery takes place

only after the proper treatment has l)een em|)loved or after the removal of some

discoverable cause. Finally, the most obstinate cases rarel}- fail to be cured

by extirpation of the coccyx.

Treatment.—The firet and most important thing needed is to treat properly,

or to remove radically, any condition to which the coccygodynia may be due,

as, for example: a fissure in ano, a perirectal inflammatory process, an existing

disease of one of the female generative organs, etc. Constitutional treatment

for antemia, lues, or neurasthenia, or psychic treatment for hysteria, may be

indicated.

Local antiphlogistics, rectal irrigations, and antineuralgic or sedative medi-

cation, if carefully employed, may prove of benefit. Electricity and massage

a})plie(l. l)()th externally and per rectum, have effected cures. In the early stages,

conservative treatment should be given a fair trial, unless the pain is especially

severe or unless there is demonstrable injuiy to the bone or the joints.

Excision of the coccyx w^as first performed by Xott, of Alobile, Ala., in 1832.

Later, it was taken up by Simpson, whose careful studies of the disease are well

known, and afterward by many other surgeons; and at the present time it is

recognized as the best method of treatment for all obstinate cases.

Technicjue of the Operation.—A median incision is made over the coccyx,

from tip to base, and is carried down to the bone. The soft parts are freed on

all sides with scalpel or periosteal elevator, especial care being taken, on the

anterior aspect, not to injure the rectum, and disarticulation is effected at the

sacro-coccygeal joint. The \\(jund is closed by sutures, with or ^^ithout a small

drain at the lower angle ; or, if necrosis or suppuration be present, it is allowed to

heal by granulation. A cure is practically certain after this procedure. Either

general or local anaesthesia may be used.

Subcutaneous division of the muscles and ligaments attached to the coccyx

laterally has been practised by several surgeons, but the procedure is neither so

safe nor so surely effective as the open operation. The fomiation of an extensive

ha-matoma and failure to cure the pain have both been observed after this

procedure.

Sciatica.—The most common of the neuralgias of the branches of the sacral

or lumbar plexuses, with the possible exception of lumbago, is sciatica or pain

in the great sciatic nen'e and its distril)ution.

VOL. VII. 3
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Etiology.—Sciatic i)aiii may \)v traced to a ^rcat variety of caii^^es. Ainon^

them may he mentioned the following:—trauma, with (Hrect lesion of. or pressure

upon, the nerve either in its i)eripheral distrilnition or in its course through the

vertebral canal, an intlannnatory process in some neighboring structure [e.g., one

of the pelvic bones, the sacro-iliac joint, or one of the pelvic organs); pressure

from a tumor, an aneurism, a callus, the gravid uterus, uterine fibroids, impacted

fa'ces, etc.; some constitutional disea.se, such as rheumati.^m, syphilis, diabetes,

influenza, etc. As examples of infrecjuent etiological conditions there have been

reported cases where the cause jji-oved to bc^ a ha'matoma which was located

within the vertel)ral canal and which pressed on the cauda ecpiina. In still other

cases it was found that the sciatica was caused by a tuberculous pachymeningitis

in the region of the cauda, the inflammation having developed secondarily to

sacro-iliac disi'asi>. Thi- neuralgia may be due to general neurasthenia or to

hysteria, or it may be a symptom of a lesion of the central nervous system. The

writer has observed a case in which ])ain in the distribution of both sciatic nerves,

without other symptoms, persisted for months, finally proving to be due to a

metastatic tumor of the l)rain, secondary to carcinoma of the breast. After

all of these po.ssible etiological factors have been excluded, there still remain a

consiilerable percentage of cases in which no cause can be found, and in which

the affection must be considered a i)ure neuralgia.

Symptoms.—The chief symptom is pain in the distribution of the sciatic

nerve,—a pain which varies in severity and constancy, and which is sometimes

combined with disturbances of sensation

—

e.g., j)ara^sthesia', such as a feeling of

cold, prickling, numbness, etc. The pain is usually increased by moving the

limb. The characteristic points of tenderness on pressure are: (1) at the exit

of the nen'e from the great sacro-sciatic foramen; (2) at the lower border of the

gluteus maximus; (3) in the popliteal space; (4) behind the head of the fibula;

and (.5) at the external malleolus. In cases of long duration, in which the

affected limb becomes weakened, various other changes may be observed: there

is usually muscular atrophy; contractures may develop, with limitation of

motion; and there may be lateral scoliosis due to the effort to favor the affected

limb. The character of the scoliosis varies, the cui'vaturc being sometimes

toward, sometimes away from, the affected limb.

l)iA(;\()sis.—The diagnosis is made from the localization of the jiain, from

the characteristic j)ainful j)re.ssure points, and by exclutling the various condi-

tions, already mentioned, which may cause ))ain in the sciatic distribution

—

i.e.,

by examining for disease of the ])clvi(' bones or joints, for tumors, for inflanuna-

tory exudates, etc., which may cause pressure upon the nerve, and also for

proce.s.ses within the vertebral canal, especially those affecting the cauda e(|uina.

Hi|) disease and spondylitis must also be borne in mind.

.V diagnostic sign of some \'alue is that known as " Lasegue's phenomenon."

The test is made in the following manner: When the knee is flexed, motion in

the hip-joint is ])ainless, but if the knee is extended and the thigh is strongly

flexed, so as to ])ut the nerve on the stretch, scNcrc pain is caused along its coui'se

and especially at its exit fi-om the great ^acro-sciatic iKttch. .\nother test, which
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is known as the '"crossed sciatic phenomenon, "" ur the Fajersztajns sign, is to

lift the sound limb {i.e., the limb on the side opposite to that on which the sciatica

exists), with knee extended, high in the air; by which procedure pain is produced

over the exit of the sciatic nerve on the opposite or affected side. This phe-

nomenon is explained b}' the fact that traction of the nerve on the sound side

exerts a i)ull, through the dura of the cord, on the roots of the affected nerve.

A differential diagnosis is to be made from hip disease, from hip-joint neu-

roses, from iho-sacral disease, from spondylitis, from psoas abscess, from muscular

rheumatism, and from pain due to the pressure of a tumor, an aneurism, or an

inflammatoiy exudate. A careful rectal or vaginal examination should always

be made, by digital manipulation, to exclude an}1:hing abnormal in the pelvis,

either in the \'icinity of the roots of the nen^e or in other [jarts.

Sometimes sciatica is very accurately simulated 1)}' malingerers, even to the

typical tender pressure-points. A careful examination, as indicated above,

together with electric muscle tests and measurements for atrophy (which is

almost invariably present in prolonged cases), will generally make it possible to

reach a correct conclusion.

Treatment.—The treatment of sciatica is at first medical. Constitutional

affections such as rheumatism, syphilis, and malaria must be relieved, constipa-

tion must be overcome, and general sui)porting and hygienic treatment should

be emploj^ed. Absolute rest in bed, combined with the use of w^arm baths, hot

packs, and the local application of heat by poultices, by hot-water bags, or by

electric heating pads, is often beneficial. Mud baths, sun baths, and, in the

later stages, clcr'tricity and massage may be tried. Baking in hot-air apparatus

has sometimes proved very effective. Antineuralgic medication, especially by

means of the salicylates, aspirin, or the antipyrin group of coal-tar products,

is sometimes effective. Hypodermic injections of antipyrin, and, more recently,

of alcohol (seventy to eighty per cent), into the tmnk of the nerve, have been

tried with vai-jdng results.

Bloodless stretching of the nerve by flexion of the thigh with the knee ex-

tended has been used with good effect, either alone or combined with, some of

the measures already mentioned.

Intrasjjinal injections of cocaine have been claimed by several writers to effect

a permanent cure, or at least to afford temporary relief, of the pain. High-

freciuency electrical currents and the violet rays may be used as in other neural-

gias. The galvanic current, interrupted at stated inten^als by the method of

Le Due, is also advised.* If medical and non-o{)erative measures fail to give

rehef, open operation and nerve-stretching should be resorted to.

The technic{ue of stretching the nenT is as follows:—The patient is turned on

his face or well over on one side, and a vertical incision, about 10 cm. in length,

is made midway between the tuberosity of the ischium and the great trochanter,

with its centre at the gluteal fold. After the skin and fascia have been incised,

the lower border of the gluteus maximus is retracted upward, and the nerve is

found lying along the outer border of the biceps and slightly beneath it. It

*See Le Due's article in La Pressp Medicale. 1907, xv., 129.
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should 1h' i^rasped bctwcrii the thunil) and forefinger and stretched by pullmg

in l)otli tUroetions, peripheral!}- and centrally, until it drops back distinctly

relaxeil. It is estimated that the nerve can safely bear a pull of thirty pounds.

To the stretching may be added direct injection of various remedial solutions

(from si>venty to eighty per cent of alcohol, one per cent cocaine solution, five

])er cent anti|)ynn solution, or a one-half per cent to two per cent solution of

osmic acid) into the trunk of the nerve.

In certain intractable cases exposure of the nerve at its exit from the great

sacrosciatic foramen is advised. The steps of this procedure are as follows:

—

An oblicjue incision is made from the posterior inferior iliac spine to the posterior

mai-gin of the great ti'ochanter; and the fibres of the gluteus maximus are sei>

ai'ated in the line of the incision, thus exposing the i)yriformis muscle as it

einei'ges from the great sacro-sciatic foramen. The nerve lies at the lower border

of this muscle, resting on the sacro-sciatic ligaments. Traction is made upon it

at this i)oint and the finger is swept around it at its point of exit from the pelvis,

to iuak(^ siu-e that there is no pressure and that no adhesions exist at that point.

Then, by passing the finger on through the foramen, palpation of the sacral nerve

roots can l)e made nearly or (juite as far up as their point of exit from the anterior

sacral foramina. The more radical procedure of opening the sacral portion of

the vertebral canal for direct examination of the sacral nerve roots has been done,

but it should be reserved for cases in which there is direct evidence of an intra-

.^pinal lesion.

Obturator Neuralgia.—Neuralgia in the upper antl inncM- part of the thigh, in

the di'Stribution of the obturator nerve, is usually due to pressure on the nerve

at or near the obturator foramen. It is of especial importance as a symi)tom of

obturator hernia, but may also be caused by a fracture, by a tumor, by an

aneurism of the oljturator artery, by an inflammatory exudate, or by disease of

one of the neighboring bones. It rarely occurs as a pure neuralgia, and its treat-

ment consists ciiietly in the s(>arc'h for, and relief of, the primary cause.

Neuralgia of the Symphysis Pubis.—This form of neuralgia, in which the

l)ain i-adiates out toward the inguinal regions, is occasionally observed, but is

usually due to actual disease, injury, or abnoriiMil mobility of the symphysis

itself or of the adjoining bones.

Neuralgia of the Internal Pudic Nerve.—This variety of neuralgia is observed,

in women, chiefly in connection with displacements or tlisease of the generative

organs, while in men it is a.ssociated with disease of the bladder, the prostate, or

the seminal vesicles. Its treatment is that of the exciting cause. Division of

the internal i)Uilic ner\-e has been atlvised in intractable cases.
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Ischsemic Myositis, or Volkmann's Contracture.—This serious condition is

seen usually following a fracture, most often at the elbow or forearm. Because

of the use of too tight bandages for the reduction of the fracture, or by reason

of a rupture or thrombosis of the blood-vessels occurring at the time of injury

or exposure to cold, the blood-supply of the flexor muscles of the forearm is

impeded to such a degree that there results a profound ischa^mia of these struc-

tures. This leads to their marked shortening, with flexion of the carpus and

fingers and with some hyperextension at the metacarpo-phalangeal joints. In

many cases the nerves are involved as well, either })rimarily or secondarily.

This causes motor and trophic changes, such as temperature disturbances and

ulcerations on fingers and hand. A majority of the cases have occurred in

children or youths.

Once established, this condition is extremely hard to remedy. The methods

of treatment advised are of two sorts: (1) mechanical, and (2) operative. In

the first method the muscles are gradually stretched by specially fitted and

adjusted splints of tin, which are applied first at the fingers and are then grad-

ually extended above the wrist to the elbow. The extended position thus

gained is maintained until all tendency to contract has disappeared. This pro-

cedure should be combined with massage, electricit};, and Zander exercises.

The second method, which calls for an operation at the seat of the contracture,

aims at freeing and separating the muscles, and pays special attention to freeing

all nerves involved. If jjossible, these nerves should be displaced to some

smooth fascial space or plane. Other operators, finding it impossible, in the

more severe cases, to overcome the deformity by these means, have resected a

sufficient portion of the forearm bones to allow extension of the wrist and hand.

Whatever method be used the outlook is only relatively good. Function

may be somewhat improved, but only in the milder cases can any approach

to a complete restoration of it be hoped for. It is therefore of the greatest im-

portance to insist that in all injuries to the extremities, especially fractures,

* The purpose of the present article is not, as one might infer from the title adopted, to

furnish a comprehensive discussion of all the surgical diseases and injuries to which the upper

and lower extremities are liable, but simply to treat of those minor disorders which do not fall

under any of the headings which have been adopted in the previous volumes of this series, or to

which only a casual reference has been made by the writers of the different articles.

—

The Editors.
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the first drcssinii should never interfere with the cireulation. Careful watt'h

should l)e kept. and. upon the appearance of any evidenee of hlueness in the

fiiigei-s (for in.>^tan('o. after the ai)i)lieation of ai)i)aratus for a fracture of the

elbow). th(> dressinjrs should ininKHJiately be loosened. After the first dressing

iTood circulation should be maintained by frequent ma.ssage and passive motion.

Ossifying Myositis. -There are three types of this disease: (1) myositis

ossificans progressiva: ('2) ossification due to constant irritation, such as the

'•cavalry-man's thigh": and (3) myositis ossificans traumatica.

In the tii-st type the process is an inflannnatory one involving whole inus-

cles. and taking origin in the coiniective tissue. The process may stop in the

fibrous stage, but, as a rule, calcifi-

cation and ossification take place.

Apparently' the heteroplastic bone

formation is a product of the

connective tissue, the muscle being

in\dlved only secondarily. The

etiology is unknown, and the

disease is quite rare.

The second and third types are

of greater interest to surgeons.

Here the process is a localized

one. and alwavs of traumatic

oi-igin. The biceps and brachialis

anticus of the arm, and the (juad-

riceps and adductors of the thigh,

are the most common sites of the

bony growths. In the arm the

commonest cause is a previous

backward dislocation at the elbow.

.Fig. 22.)

There is still consideraljle dis-

cussion as to the origin of the

new-formed bone. In a recent

article* Simmons states that the

most generally accepted methods

of origin are: (1) that a bit of

periosteum is torn off at tiie time of the injuiy, and. becoming misplaced, con-

tinues to form bone; or (2) that, also as a result of trauma, the fibrous

connective tissue, or even the muscle fibres themselves, undergo retrograde

changes which ivsult in bone-like foi-ination. This last method depends on

the now known pathological fact that, when the neci-otic tissue of an inflam-

matory focus is not absorbed, it usually becomes calrjficd. .-iiid this deposit of

calcium favors the formation of osteoid tissue.

I'm;. :.'_'. l!;i'l:i>;.;r:ii.h ..I ( >s-jfii'il An :i in tin- I'riMloii

of tlio Bracliialis Anticus .Mu.-cli-. ('mnplotc recovcrv
followed ojiiTativc niimval. (Patient of Dr. (\ ('.

.Simmons, i

* Siiniiions, C C: "Myositis Oasificans of the lirachialis .\iiliciis,'' in Ho.ston Med. and
Surj^. .Jour.. I'.td't, \k ."»1,S.
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When symptoms exist they are those of mechanical disabiUty, or of pressure

on nerves.

Knowing the possibiHty of such a condition, the surgeon will find it easy to

make the diagnosis with the aid of the x-ray.

The treatment, in those cases which show disabling symptoms, is excision.

In other instances, even when a bone tumor may hv shown to be present, delay

should be the rule, for such deposits have been known subserjuently to become

absorbed. In any event, operation should be delayed for a reasonable time or

until the tumor has ceased to grow; if the symptoms demand earlj^ operation,

a sufficient margin of healthy tissue should also be excised in order to prevent

recurrence by extension. With these precautions, operation will be followed by

relief of the condition.

Chronic X-Ray Dermatitis ; X-Ray Burns and X-Ray Carcinoma.—A very

important as well as unfortunate result of the use of the a-ray is the occur-

rence of dermatitis in those parts of the body which are exposed to its action.

This is not at all infrecjuent among those working constantly with the rays,

and in many instances it causes great disfigurement of the hands as well as

great discomfort. Moreover, this process may go on to the formation of ulcer-

ated areas which are exceedingly painful, and which, if allowed to persist, may
become the seat of epithelial cancer.

The clinical appearance of these chronic x-ray dermatoses suggests a prema-

ture and extreme senilit}' of the skin. Microscopic examination also shows

the most extraordinary changes, always of a degenerative character, unequalled

in their severity and chronicity by the effects of any other agent. The skin,

usually over the backs of the hands, forehead, etc., becomes dry, eczematous,

and atrophic, and is frequently accompanied by the formation of telangiectases

and l:)y atrophy of the sweat glands. (Figs. 23 and 24.) Among the

other changes noted may be mentioned the appearance of keratoses, warts,

and fissures. The nails are atrophied, dry, irregular, and striated in a longi-

tudinal direction, or they are sometimes lost. Sooner or later, often as a result

of some slight trauma, though not necessarily so, there occurs an ulcer which

is exceedingly painful. In some cases there appears to be an almost complete

vasomotor paralysis, the tissues becoming remarkably vascular. Frequently

small hemorrhages occur in the skin, and these are often the starting points of

subsequent ulcerations.

Treatment.—For the atrophic conditions of the skin and the telangiectases,

nothing can be done. Hypertrophic changes, keratoses, and warts may be safely

treated in the usual manner. Quite recently there have been several instances

of the successful use of liquid air for these lesions. If such treatment fails,

excision, with or without skin grafting, will probably relieve the pain and

result in a cure.

Too much emphasis cannot be laid on the great danger of all persistent

x-ray ulcerations, especially those which have followed, after a few years'

interval, the chronic skin lesions of the early operators. In a paper published

in the Annals of Surgery for November, 1907, attention is called to the not



40 AMERICAN PRACTICE OF SURGERY

inl'r('<iiu'nt occurrciu'r of cpidcnnoul (.'anccr in sucii pcrsistrnt ulcerated areas.

In a more recent collection * there are gathered the records of forty-seven

cases of un(loui)ted carcinoma, of which nine (twenty-five per cent) have been

already fatal. In all of these, except two, death was clearly due either to a

failure to recofjnize. sufficiently (>arly, the malignant nature of the ulceration,

or to refusal on the ))art of the jtatieiit to pei'init adequate operation. In two

of them—nuiltiple ei)itheliomata of the body—it is hard to say whether proper

treatment would have brought about a cure. In view of these fatal cases, and

of the success which has attended early ojjeration and skin-grafting, we think

such treatment sliould be unhesitatingly (>mi)loyed at an early stage of all

persistent .r-i'ay ulcerations.

Techni(iue of Excision and Skin-(J rafting.—Before the ulcer is excised a

tourniciuet should be apitlied. if possible, l)ecause nuich of tlie work must be

Fig. 2.3.—Haml <if A'-ray ()|>('rat()r Sliowinji; Telangiectases and Keratoses, with Marked Senility

of the Skin. Tin- results of .several amputations and skin graftings for area.s which had become can-

cerou.s arc well illustrated. (Original.)

done with great care, especially wlieii deaHiig with a suspicious ulceration over

an aponeurosis oi- tendon sheath. .Vfterthe lesion has been excised, firm press-

ure should be made for ten minutes In* means of gauze api)lied to the raw

surface, and the hand should then be exjxjsed to the air and held aloft. No
grafts shou 111 be ajiplied utilil all bleeding has ceased. So far as jiossible, an

attempt should be made to be\-el the edges of the wound, after the gi'anula-

tions have been shaved off. in oidei- to get a smooth surface. The I)ase of the

wound is next examined foi- \-asculai"ity. as u])on this depends, in some measure,

the thickness of the graft which should be used. While a thick graft, if it

attaches itself successfully, is most desirable, healing may undouljtedly be

jeoj)ardized by attempting to place a thick giaft upon a very small spot or upon

one wliei'e the tissues are as coiu|»ai'ati\'ely blooijless as on the backs of the lin-

gei"s. Under such conditions, therefore, thiimei' grafts should be used. In oj)er-

ating on the hand, the whole forearm should be fixed by adhesive i)laster to a

*"Tlie Siir;;ic;il rrcilniciil of .V-Uay ('arciiiiiiii.i .iiiil ()llicr Severe .V-Ray Lesions," by
('. .\. I'orter. .Iniiin.il nt M.d. KeseaiTJi. v.. I. \\i,, .\<.. ;{. p. :r>7; OoIoIkt. 190!).
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well-padded jialniar splint, liefore any of the grafts are applied. If this plan is

adopted, it will not be possible for a sudden movement of the patient or of the

assistant to brush off grafts newly laid on. They should be so cut and arranged

that they do not overlap either the edges of the wound or each other. If the

spot where the grafts are applied is on the back of the hand, they should be

covered with a i)iece of rul)lM'r i)rotective tissue which extends not more than

one-eighth of an inch beyond their edges; if it is located on the fingers, narrow

strips of this tissue, arranged in an imbricated fashion, should encircle two-

thirds of the finger. A small pad of abso'-bent gauze is then placed over the

protective, and direct downward pressure is applied by means of a piece of

gauze or bandage, tied in a surgeon's knot on the palmar side of the splint.
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The grafts slioukl tlicn he covcivd by a cage made eilluT uf wire screen or

of tin and allowed to dry exposed to the air. Whenever possible, this plan of

treating the grafts should be continued during the ensuing week. Often, however,

the sensitiveness and pain, after a half-hour's exposure, become so great that the

whole surface must be covered with ointment. Almost without exception,

the pain of these ulcei-atcd areas lias ceased from the time of opci'atioii.

Treatment of Burns Following Exposure to the x-Rays.— In the acute and

subacute stage it is advisable to delay interference until the end result appeal's

to have been attained; the only indication for early oj)erati()n is extreme pain.

In general, too early operation—i..^., operation' at the end of two or three

weeks—is apt to result in the excision of too much tissue, whereas delay for

five or six weeks may leave a wound in the edges of which subs(Hiuent necrosis

may occur. At the end of three months, if the i)ain can be borne for this

length of time, excision, with a margin of tissue extending an inch beyond the

periphery of the lesion, will be found satisfactory. Immediate grafting may
be done, or one may wait until granulation has established itself and then resort

to the api)lication of a Thiersch graft.

Splinters and Nails in the Feet or Palms of the Hands; Blank-Cartridge

Wounds.— In deciding upon a i)rop('i- course of treatment for these eoininoii

injuries we are iiiHuenced. Hi'st. by tile danger of tetanus, and, second, by that

of ordinary i)yogenic infection. Until within the past ten years, the danger of

tetanus from blank cartridges was not recognized, but recently, owing in a

great measure to the agitation of the Journal of the Ainerican Medical Associa-

tion, even the laity have come to realize the extraordinary fatality of such

apparently trivial injuries. For several years ])ast, at the larger hospitals, all

of these patients have been etherized and thoroughly oj^eratinl u))on. The

same holds true, to a certain degree, in the sul)url)an towns in which there haj)-

pen to be active surgeons, but there still occur many accidents the victims of

which are either treated at home or at an apothecary shop. There can now
be no doubt that the best established surgical princijile is that, in blank-cart-

ridge wounds, the i)atient should be etherized, a tourniciuet ai)i)lied. and all

discolored tissue thoroughly excised. If a tendon sheath is opened, it should

be drained, and, if the tendon is mangled, the injured portion should be ex-

cised and sutured. All of the crannies of the wound are to be thoroughly dis-

infected with pure carbolic acid followed by alcohol, and i)acked wide open

with gauze and rubber protective: the latter to be in contact with the tendon

or its sheath. \\'hei"e ])ossible. cuHures should be taken. If these pi-ove to be

negative for tetanus bacilli, and if oi-dinary infection is not present, the wound

may be allowed to clo.se (|uickly. On the other hand, if cultures are ])ositive,

the wound should be kept oju'ii and proj)hylactic injections of anti-tetanic

serum made. Many ca.ses o{ this character have been treated at the Massa-

chus(>tts General IIos])ital within the lai^t ten yeaiv, and, although in two in-

stances cultures have been positive and no serum has been given, not a single

case of tetanus has de\('l()|)ed after thorough surgical cleaning. The <|uestion

as to whethei- sei'inn should be gi\'en at the outset in blank-cart I'idge wounds
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nuist be determined by experience. Certain!}- it would be safer to use it thus

and at suitable intervals thereafter for a couple of days.

In regard to wounds from rusty nails which have penetrated deeply into the

hand or the sole of the foot, much the same treatment applies, although, as

the tissues are less damaged, the excision should be less wide, and the packing

smaller in amount.

In relation to splinters, the treatment must depend somewhat upon sur-

rouncUng conditions; also upon one's capacity to do a clean operation and not

divide important anatomical structures. In view of the frecjuently innocent

nature of this accident, it is hardly wise to use anti-tetanic serum except in

special instances of possiljle infection, and probably, if the sliver is small and
if it has not penetrated too deeply, conservative treatment, until infection

has developed, will be adequate. If, however, a nail or splinter has penetrated

deeply into the foot or into the hand, the writers are convinced that, after

removal of the infecting agent, vertical incisions and the introduction of rubber-

dam drainage doicn to the bottom, facilitated by retraction of the borders of the

wound, will prove conservative treatment in the long nm. In no other way can

the risk of burrowing infection, with subsequent remedial mutilation of the hand

or foot, be avoided. The pads of fat in the palm of the hand and in the sole of

the foot rapidly fill up the wound, and a jiuncture through the palmar or

plantar fascia quickly heals, leaving the infection pent-up and ready to burrow

in various directions and possibly without producing easily recognized signs.

The number of bad cases of infection in the hand and foot from this cause,

which go rapidly from bad to worse, is sufficient e\ndcnce of oversight and the

undervalued significance of these wounds.

Ingrowing Toe-Nail.—The appearance of this common affection of the nail

is so well known as hardly to need description. The chsability brought about

by it is great and. when the condition is neglected, the amount of suffering is

very considerable and out of all proportion to the simple character of the lesion.

The treatment is of a threefold character—protective, palliative, and radical.

On careful inquiry, it will be found that, in general, ingrowing toe-nails result

from the attempt made, when the pain is first felt, to cut away the side of the

nail in order to prevent pressure. The cutting is repeated and each time it is

done farther and farther back, until the sharp edge impinges upon the granu-

lation tissue.

In chiropody it should be the rule always to cut the big toe-nail straight

across. Owing to tight shoes or to the natural formation of the big toe, plus

local irritation, there frecjuently develops exuberant flesh, especially at its

outer side. Then follow, in succession, infection, maceration, and, finally,

granulation tissue.

Palliative Treatment.—The palliative treatment consists in the adoption of

suitable foot-wear, in cleanliness, and in antisepsis. The application of alco-

hol and careful packing of absorbent cotton to push aside the tender skin,

until the nail has had sufficient time to grow away from the infected part, is

admirable treatment. Exuberant granulations mav be removed with curette
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Fig. 25.— Incision through Nail and Nailbed.
The matrix inc-hidcd between incisions is to he
thoroughly extirpated, and tlie redundant tissue on
the inner side is to be removed by a wedge-sliaped
excision carried down to the bone.

or hv caiitorization. Adhesive plaster, if properly applied, will tend to keep

the pulj) of the nail on the jilantar side.

Operative Treatment.—In the acute forms, in which marked infection is

present, the least radical operation is evulsion of the nail, which may readily

be done under cocaine; the nail to be split in the middle with strai^dit. sharp

scissoi'S. and the two hah'es <r\)a-

rately evulsed. The raw pulp is cov-

er(>(l with a piece of rubber protective

tissue, and, in a few days, the patient

will be able to walk with some degree

of comfort; and if. in the mean time,

the toe is firmly bandaged, there

may be no trouble u])on subseciueut

growth of the nail. If. however, it

is obvious that there is excess of

tissue on the side of the nail, the

following opei'atioii can he liiuhlx'

recommended. It consists in carry-

ing an incision ujjward on the

afHected side, throuuh the skin on

the dorsum, almost to the joint. (Fig. 25.) From a (luarter to a third of

the nail bed is extirpated, the nail having first been divitled parallel to its

long axis, and evulsed. A wedge-shaped piece of tissue is then removed and
the lateral flaj) sutured with a few horse-hair sutures. A i)iec(> of protective

is placed between the flaj) and the nail bed. (Fig. 2().) This is done under

a tourni(iuet,and a dressing, with firm

pressure, should be applied before the

rul)ber tube is removed. If the ])a-

tient is confined to bed or lounge for

a few days, healing will be very satis-

factory and a recurrtMice of the con-

dition rare. If the patient, however,

persists in walking about, healing

may be slow, occui)ying from two to

three weeks.

Bursitis Subacromialis, or Peri-

arthritis of the Shoulder-Joint.- Vu-.. 2i; rpp.-r an.l I.nwer I,uisi„ns lonsdy

I'lldei- this heading. Codllian has ''^'•^"•ed wiil. llorse-hair. Shaded i.orti.)n repre-
sents small piece of rubber tissue (placed for drain-

desci-ibed * a most im|)Oltant lesion age) between mill and iiiii.r flaj) an.l extending

c t\ I II 111 I
down to bottom.

of the shoulder, one which has been

but little consideicd. It is from his adiniral)lc papci-s on the subject that the

following description is taken.

Anatomy.—The subdeltoid bursa and the subacromial bursa are usually one

and the .same thing. Subacromial bursa is really the better name, for, with

Boston Medicjil and SuiL'icil .loiirii;d. Mav .'id, VMW).
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the arm in abduction, t\w whole bursa is subacromial. The subdeltoid por-

tion is that part which, in abduction, lies beyond the edge of the acromion
under the fibres of the deltoid. The Ijase of the bursa is firmly attached to

the top of the tuberosity and the tendinous expansion of the supraspinatus,

while its roof is firmly attached to the under side of the acromion and the

coraco-acromial ligament. (Figs. 27 and 28.)

Motions of the Humerus.—External rotation is tested by rotating the fore-

arm outward while the elbow is flexed and held to the side. Normally, the

axis of the forearm will stand in the sagittal })lane. Internal rotation is tested

in the same way, but with the

hand placed behind the back.

Abduction is accomplished by

raising the arm from the side of

the body in the sagittal plane.

Because of the shape of the head

of the humerus, abduction in in-

ternal rotation cannot be carried

within a considerable number of

degrees as high as it can in ex-

ternal rotation. The supraspi-

natus and the deltoid act together

to accomplish abduction, the

power of the supras})inatus fur-

nishing a fulcrum for the power

of the deltoid. As the lines of

force of the two nuiscles ap-

proach one another, the deltoid

is able to obtain a fulcrum on

the glenoid. In normal action,

the glenoid bears all the weight,

and the power of the su})rasi)i-

natus keeps the tuberosity from

seeking a fulcrum on the acro-

mion and coraco-acromial liga-

ment. The function of the bursa

is to prevent friction at this point.

Soreness in the region of the bursa or in that of the tendinous insertion of the

su]:)raspinatus, throws the latter out of action, and the deltoid alone cannot

perform abduction. (Figs. 29 and 30.)

Pathology.—The important point in the pathology of this affection is that

the spot on the greater tuberosity where the tendon of the supraspinatus is

usually found damaged, is the point which acts as a fulcrum on the acromion,

when the su^jraspinatus is not doing its work. Partial rui)ture at the insertion

of this tendon may occur from muscular violence alone, during the period of

abduction when the burden of overcoming inertia is suddenlv thrown on the

Fig. 27.— Uiagrani trc;ni a 1-rozen Section. (Dr. E. A.

C'odnian.) Notice the deltoicl and its origin from the edge
of the acromion. Notice also the subdeltoid or subacro-
mial bursa with its roof made bj' tlie under surface of

the acromion and by the fascia beneath the upper portion
of the deltoid. Its base is on the greater tuberosity and
the tendon of the supraspinatu.s, which separates it like

an interarticular fibrocartilage from the true joint. If

the surfaces of the bursa between the points A and B
were adherent, it would be impossible for the join^ to pass

into the position shown in Fig. 2S.
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supraspinatus. Unless this nmsc-lc is on the qui vive, the i)o\voi-ful contraction

of the ilcltoitl tends to force the tuberosity to gain a fulcrum on the acromion,

and this jams the tendinous exjjansion of the supraspinatus between the two

bones. (Figs. 31. 32. and 33.)

Symptotns.—The clinical picture may fall under one of the following three

types: (1) Acute or spasmodic tyi)e; (2) Subacute or adherent type; (3) Chronic

or non-adherent type.

First Type.—The symi)toms of the first or spasmodic form are:— (1) Local-

ized tenderness on the point of the shoulder, just below tlu" acromion process,

and to the outer side of the bicii)ital groove. (2) In a small jjortion of the

cases, this tender point being on the base of the bursa, it will (lisapi)ear beneath

the acromion when the arm is

abducted. When it occurs, this

sign is almost pathognomonic.

(3) ^^^len attemi)ts at abduc-

tion or external rotation are

made, the scapula is locked by

sjiasm after a certain point,

and moves with the humerus.

About ten degrees of motion

can always be obtained without

moving the scapula. In mild

cases, the spasm may be mo-

mentar}^ and occur only just as

the tender point disappears be-

neath the acromion, or just as

it reappears from beneath it in

the descent of the abducted ann.

(4) In certain mikl. early cases

in which there is but little

spasm, the patient alleges that he

cannot, unaided, raise the arm to an abducted position, ])ut will allow passive

motion. Oftentimes this is not a real inability to abduct, and the patient

merely means that he cannot raise the arm without pain. This j)ain is ])rob-

ably caused by the unwillingnes.s—if we may use such a term—of the supra-

spinatus to start the i)ull on its sensitive tendon, (o) Pain is felt in the

region of the |)oint of the shoulder or down the outer side of the ai'ui, even ex-

tending into the hand. Pain at the in.sertion of the deltoid may be the only

symptom. At night discomfort and i)ain are i)articularly annoying, and the

patient cannot sleej) on the side of the lesion. ((>) Occasionallj' effusion in the

bursa is demonstrable, and fi-e(iueiitly puffiness is felt upon i)alpation.

Second Type.— In the second lyi)e, adhesions exist between the roof and

the floor of the bursa, and there is an al)solute mechanical limitation to abduc-

tion and external rotation. There may or may not be active inflammation as

well. (1) Localized tendeiiiess may or may not be j)resent. according to the
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degree of existing inflammation. In recent cases it is usually present; in

old, quiescent cases it is absent. (2) Since the tuberosity cannot be made to

pass under the acromion, the point of slipping tenderness is not found. (3) Ab-

duction and external rotation of the humerus are limited to a greater or less

extent, usually so much so that the tuberosity will not pass beneath the

acromion. The ten degrees of free motion in which the function of the bursa

is not called into play, persist; if they do not, the true joint is involved.

(4) Beyond an arc of about ten degrees the scapula accompanies the humerus in

SuVACftovilDuvs.

Fig. 29. Fig. 30.

Figs. 29 and 30.—Diagrammatic Sketch of a Horizontal Section tlirougli the Head of tlie Hu-
merus, to Indicate the Lateral Extent of the Bur.sa, and the Necessity for its Existence to Allow the

Greater Tuberosity to Rotate Beneath the Deltoid. Notice also how (Fig. 29) the tendon of the

infraspinatus is stretclied around the head of the bone in the internal rotation, and how the tendon of

the subscapularis is stretched around the head in the opposite direction in external rotation. (Fig. 30.)

This stretching occurs, not in the tendons themselves, which are very short, but in the muscles, which

by their construction take up the slack of the capsule of the joint. It can be easily imagined how a

simultaneous spasm of these muscles would lock the joint. (From Dr. E. A. Codman.)

all its motions, whether active or passive. (5) The pain is often in the same

distribution as in the first type, and freciuently occurs in the neck also. In

the severe cases it closely resembles the pain of brachial neuritis. In some

cases it may prevent sleep. In other cases there may be no pain whatever.

(6) In severe cases there is sometimes inability completely to extend the elbow.

Third Type.—The essential characteristic of the third form is painful motion,

but the full arc of motion persists. The trouble is due to slight irregularitic^s
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in the contour of tlic l)ast' of the huisa, usually at the external side of the bi-

cii)ital groove, so that the motion, instead of being smooth and free, is interrupted

in its coui-se as the irregular point pass(>s beneath the acromion. (1) Local

tenderness may or may not be present; it is often absent. (2) If local tender-

ness is ])resent. the point of sli|)ping tenderness is also found, for this can pass

beneath the acromion. (3) Abduction and external rotation are but little

if at all limited, but at .some i)()int in abduction acute tenderness is experienced,

which disappeaiv! as soon as the tuberosity is safely beneath the acromion. In

lowering the arm. this sensation is again experienced. (4) The scapula does

not accompany the motions of

the humerus; the motions may
be jerky and uneven. ('>) There

may be considerable pain, es-

pecially after use.

Differential Diagnosis.—The
following are the only i)atho-

logical conditions with which this

affection is likely to be con-

fused: tuberculosis of the head

of the humerus; fractures of the

tuberosity and of the anatomi-

cal and surgical neck of this

bone: deep-seated axillai'v ab-

scess; acromio-cla^•icular arthri-

tis: paralysis of the circumflex

nei've; and inflaniination of the

sheath of the biceps tendon.

Tuberculosis of the head of the humerus is best differentiated by the use

of the x-vRv. Besides, the atrophy of the muscles and the fixation are more
j)ronouiic('d. and the ten degi-ees throughout which motion is always free in

subacromial bursitis are .sometimes, though not always, lost in tub(>rculo.sis.

Fractures of the tuberosity and of the anatomical and surgical neck might

be mistaken for this affection, but lieic also the .r-ray gives a crucial test.

When deep axillary abscesses are small and are situated high uit under the

pectoralis major, their most marked symptom is fixation of the shoulder-joint.

Careful examination will show, however, that the i)oint of maximum tenderness

is under the pectoralis major instead of at the point of the shoulder, and an

examination high up in the axilla reveals induration.

Acromio-clavicular arthritis is differentiated by a decidetl thickening about

the articulation of the acromion with the cla\icle. and by localized tenderness

at this j)oint, but not at the point of the shoulder.

Paralysis of the circumflex nerve is (|uite rare. If present it is made evident

by al)sence of contraction of the fibres of the deltoid, when the effort to raise

the arm is made.

Inflanimation of the sheath of the bicejis tendon may be confused with a

In;. Al.— I liafiriini .Sliowiiij; hicisioii I'scd for Dciii-

onstratiun of tlio Bursa. I''()r ciilarfioinoiit of the saim
<oc I'ifT. :V2. n-"rom Dr. I',. A. ("odmnii.)



SURGICAL DISEASES OF THE EXTREMITIES. 49

subacromial bursitis, but accurate localization of the i)oint of tenderness, and
the fact that, when the tendon sheath is involved, the ten dc-grees of painless

motion are lost, will usually be sufficient for the differentiation.

Proy)wsis.—In the first class, that of the acute cases, the prognosis is very

favorable if the course of the disorder is not interfered with l)y misdirected

treatment. A middle course between fixation and exercise will usually result

in a cure of the condition in a few weeks. Too long fixation or too violent ex-

ercise are both to be avoided. The prognosis in the adherent ty})e of cases is the

most serious, but it is fair to say

that even without treatment the dis-

ability seldom lasts over two years.

The prognosis in the chronic type of

cases is, on the whole, good. The

symptoms may abate or may disap-

pear at intervals, to return again after

several months. Some cases have the

same elusive quality that is exhibited

by cases of fringes in the knee-joint.

At times there is no trouble, and again

a synovitis of a subacute character

starts up and the symptoms reappear.

Treatment.—In treating the acute

cases there are two indications: the

patient's comfort and the pre^'ention

of adhesions. The position of the

arm is of importance. The i)atient

may be seated beside a table and the

arm laid in abduction on a pillow on

the table. This position relaxes the

short rotators and deltoid, and allows

the tender point at the base of the

bursa to avoid contact with the tip

of the acromion. At night the arm

is supported on a pillow placed with

its long axis at right angles to the

patient's body as he lies on his back.

When the patient has to be about, a

sling may be used with the utmost

caution. He should be instructed occasionally to take his arm out of the

sling, and let it swing by his side, or, when possible, to let it rest on the table

or on the arm of his chair. A \'elpeau bandage should never be used for more

than a day or two. Massage, applied not to the region of the bursa, but to the

surrounding muscles, is of value. Counter-irritants are of little avail.

What has been said in regard to the treatment of th(^ first class of cases ap-

plies also to the more acute cases of the second class—so long, at least, as the

VOL. VII.—

4

Fig. .32.—This Figure Shows the Appearance

of au Incision into the Normal Bursa. The ex-

tremely tliin superior layer of the bursa is caught

with sutures and the smooth shining base is

seen in the middle. The base can be moved
by rotation of the arm without moving the

.superior layer. In the lower portion of the

wound is seen one of the "nictitating folds."

(From Dr. E. A. Codman.)
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adhesions are still more or less plastic, ^^'h('ll they have become organized

and firm we have to deal with an actual mechanical im|)ediment to motion,

instead of spasm of the neighboring muscles. Freciuently both factors are met;

sometimes one predominating, sometimes the other. In the severe cases treat-

ment falls under one of tiic following tlu'ce gciici-al plans:

—

A. Gradual stretching.

(1) Leaving improvement to natural use.

(2) Massage, passive and active exercises.

(3) Manipulations by physician without anaesthetic.

(4) Zander exercises.

(5) Baking, electric-light bat lis, etc.

H. Rupture under an anaisthetic.

(1) Manipulation under an anaesthetic without incision.

(2) Manipulation followed by fixation in abduction.

C. Division.

(1) Incision into the bui'sa and direct division of adhesions.

(2) Excision of the subdeltoid portion of the bursa.

The first group of methods, while sometimes adequate, more often is only

palliative and at best merely shortens somewhat the duration of the disability.

I % '^ \
S\AV^ai\)\TiaXu.S

-^k-Wtiu o^"2i'\seYS

Fig. 3.3.—The Figure Ulu.stratcs the Condition Found when tlie Tendon of tiie .Supraspinatus

i.'i Tom. The head of tlie luimeni.s is seen from the outer side with the tendons and portions of the

niu.scuhir bellies of the .short rotators still attached to it. There is a .small tear in the tendon of the

suprasi)inatu.s near its insertion on the greater tuberosity. The rupture is not complete beeau.se the

Y-shaped expansion of the tendon still holds it in fair position. As explained in the text, this le.sion

i.s at the point where the shoulder is most ])rominent.

In the outline draw ings (on tlie right) are shown, above, the smooth contour ma<le by the tubercsity

and the overlying tendon when the eonditif)n is n<»rmal, and. below, tlie irregular contour found where

the tendon ha.s been ruptured. (From Dr. K. .\. ("oilman.)

In some cases rujjture of the adhesions under an aiuestlictic undoubtedly

shortens the jx-riod of convalescence by many months. There are two main

objections to it: it may tear the normal joint structures more easily than the

dense adhesions in the i)ur.sa. and thus rupture the atr()phie(l and stiffened
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supraspinatiis or the other short rotators; or, in those cases in which the adhe-

sions alone are ruptured, there is a tendency for them to form again, since the

soreness incident to manipulation starts scapulo-humeral spasm once more

and leaves the raw surfaces in contact.

The third form of treatment—that of open division of the adhesions—is

carried out as follows :—AMth the elbow flexed to a right angle, and the humerus

at the side in a position midway between internal and external rotation, a ver-

tical incision two or three inches in length is made over the external lip of the

bicipital groove. Separate the fibres of the deltoid till the underlying cellular

tissue is clearly exposed. Lift up this tissue and incise between forceps, in the

same manner as on entering the peritoneal cavity. Enlarge the incision and

clamp the edges of the serous lining on each side. Holding these clamps as

retractors, have the assistant rotate the humerus so as to make the base of the

bursa pass to and fro beneath the incision. Then pull down hard on the arm

so that air may fill the subacromial portion. A finger may then be introduced

into the cavity of the bursa between the tuberosity and the acromion. All

adhesions should be freed either with the finger or with scissors and forceps.

Exostoses and roughened projections should be removed with rongeurs. Drain-

age should be provided for by suturing the skin incision only. The patient

should then be placed in bed with the arm held in abduction by strapping a

forearm splint to the head of the bed. Passive motions should l^e begun early.

Codman feels that, when the pain is great, such an operation will afford

decided relief; but that, where there is no pain and where the disability does not

interfere with the patient's occupation, the cure may be left to time, assisted

by massage, exercises, and manipulations by the physician. He sums up the

subject as follows:

—

(1) The subacromial bursa and the supraspinatus muscle are of essential

value in abduction of the arm.

(2) Lesions of the subacromial bursa and of the tendon of the supraspinatus

are the common causes of stiff and painful shoulders.

(3) Many cases w^hich pass under the diagnosis of contusion of the shoulder,

neuritis, periarthritis, circumflex paralysis, and muscular rheumatism, are in

reality due to lesions of these structures.

(4) The final prognosis of these cases is good, but when pain is severe

or disability is great, relief may be obtained by a simple operation of

little danger.

Ilio-Psoas or Subiliac Bursitis.—The ilio-psoas bursa is situated beneath

the combined tendon of the psoas magnus and iliacus muscles, and in close

proximity to the anterior crural nerve and femoral artery and vein. (Fig. 34.)

It often extends a short but variable distance above the pelvic brim superi-

orly, while inferiorly it not infrequently communicates with the hijvjoint.

Inflammation of this bursa is therefore of special surgical impoilance.

It may be involved in osteoarthritic processes and in suppurative or gonor-

rhoeal infections. It may become secondarily involved in diseases of the hip-joint.

Symptoms and Diagnosis.—A single or double swelling may be present at the



52 AMERICAN PRACTICE OF SURGERY.

top of the tlii^li anteriorly. \\ hni douhlc it is clue to an cnlar^cnient on

both sides of tho psoas tendon, and Huid can bo pressed from one side to

the other. Fhictuation is nsually present, l)ut this may not appear when the

walls are too thick or the tension within

tlie bursal sac is too^reat. Pain, radi-

atin<i; to tlie knee, is often severe*, the

(]()S(> ivlationship of the bursa to the an-

te rior ci-urjd nerve explaining how this

can occur with cnl}- a moderate anioimt

( f swelliiiu'. The thigh is held in a posi-

tion in which there is the least i)ressure

on the tumor. This is usually that of

moderate llexion, abduction, andexternal

I'otation. The corresponding nui.scles are

ill contraction, so that movements of the

liij) are jiossible only to a limited extent.

By keeping in mind theaccurat(doca-

tion of the bursa as well as the relations

of thegreatertrochantertoNelaton'sline,

one ma}' usually exclude such conditions

as femoral hernia and hi|) disease, with

disl(;cation. Since the bursa often com-

municates with the joint cavity (in about

sixteen per cent of the cases, according

to Lund), the jiossibility of coincident

invoh'ement of bursa and joint in dis-

ease of eithei' should be borne in mind.

Treatment.—In a valuable paper on

this subject Lund* has described his

ex])erience in three cases. In all in-

stances incision and drainage gave im-

mediate relief. He advises a vertical

incision just below Poupart's ligament,

the point of the knife ])assing between

the anterior crural iiei-\-e and the fem-

oral artery. The ilio-psoas nmscle

may be di'awn inwaid, or its fibres

may be separated by bhiiit dissection

in the line of incision.

Post-t^jKrutive Trcatuient.—Such simple drainage of the bursa until its cav-

ity has become obliterated will sufiice for a cure in uncomplicated cases. In

cases where the infection involves the hip-joint as well, extension of the leg

and othi'i- well-recognized orllio|)edic measui'es should sujiplement the drainag(\

* !•
. li. Luml: "'I'lio Ilin-l'soMS li\irsa. It.s .Siirfz;ic:il Iiiiportaiioi', ami the Trpatincnt (if It.s

Inflainrnatorv ('(niditioiis," in tlio Boston Metl. and .Surg. .lour., Sept. 25tli, li)()2.

I'l... ;i4. — I li.- Aiiatoiiix .., in. ni«)-P.soa.s

Hiir.>i:i. (,Froiii \)v. 1'. li. 1 mid ) .1, Poupart's

ligament; /i, autciior crmal iktvc: C, ilio-

psoas bursa; !>, femoral ar*. e:y; K, femoral

vein; F, sartorius musel •.
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Infections of the Fingers and Hands.—Though the mortaUty due to infec-

tious processes starting in the hand—more commonly referred to as septic hands

—is not very great, the morbidity due to crippling of fingers or hands, or to the

loss of either, is, however, exceedingly large. Such infections occur most fi-e-

quently among the middle

classes—that is, in those who

are dependent in the largest

measure for their livelihood

upon the use of their hands.

This high morbidity is not

by any means always due to

the fact that the patient goes

to the surgeon too late in

the disease to get the best

result of his treatment, for

bad results are also seen

with unfortunate frequency

in those who apply early for

treatment. Could the harm

resulting from ignorance, pz'

from the present general use

Fig. .3.5.— Diagrammatic View of the Anatomical Rela-

tions at the End of the Finger. (From Tillaux.) Note the

close relationship between the matrix of the n.iil and the ter-

minal j^halanx ; also the relative proximitj' of the joint cavity,

the capsule of wliich is derived from the extensor and flexor

tendons.

of poultices, ointments, antiphlogistine, and tlie like, be done away with, and

the rule generally adopted that all hand infections d(>mand immediate opera-

tion, with the exception of some mild forms of i)ustules, etc., the hands thus

annually saved from partial or

complete disability would do

the work of a city. In no

domain of surgery is the inter-

dependence of operation and

after-treatment more marked

than in the instance of septic

hands. No amount of subse-

quent care can overcome the ill

effects of an improper or an inad-

eciuate operation, and a good

o})eration may easily be rendered

useless by careless and poor after-

treatment.

Anatomy.—In addition to the

general anatomy of the hand, there are several important features which have

so direct an influence on the outcome of septic processes, that they must be

reviewed here.

The bones and joints of the wrist and hand offer nothing of special note

with the exception of the teraiinal phalanges. Thes(> differ markedly from the

others in being intimately associated with the finger nail on the dorsum, while
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the hony structure ou tlieir paluiai- aspect is rou^h antl sponj:;y, and closely

luiiteil by Sharpey fibres with the jx'riosteuni and connective tissue of the i)ulii

of the finger. (Figs. 3') and 36.) As will be shown later, these two charac-

teristics have an imjwrtant bearing on infections of the ends of the digits.

Tendon f<.—The tendons of the flexor muscles of the forearm, after passing

under the annulai' ligament, are inserted into the fingers in the following man-

ner: the tendons of th(> superficial Hexor split at the beginning of the proximal

phalanx and are finally inserted, in the form of an aponeurosis, along the sides

of the second phalanx. The tendons of the deep flexor pierce the sujx'rficial

one, and jmss on to be inserted at

the base of the terminal phalanx.

The vascularity of these tendons is

iiotabh' slight, the blood-supply re-

ijuii'ed for their nourishment being

minimal, and, if this be destroyed,

the tendon inevitably sloughs. From
the muscles at the proximal end,

th(^ tendons receive some few blood-

^essels, as also from the tissues about

their insertion. In their course

through the hand and fingers, how-

ever, the sole blood-supply is through

small irregular vessels running in

the delicate meso-tendon— the so-

called vincuUe. These are prolonga-

tions of the ])arietal synovial sheaths

of the tendon over it as a visceral layer. These small vessels enter the ten-

don on its dor.sal surface, and if, by oedema, thrombosis, or operation, they are

destroyed, the tendon over the area supplied by them must perish. (P'ig. 39.)

Tendon Sheaths.—The flexor tendons are surrounded by synovial sheaths

in two j.ilaces on their way to the phalanges: a, in the lower part of the foreaim

and hand; h, over the fingers. At the fingers, each jiair of tendons is enclosed

in a sheath which begins 1 to 1.5 cm. proximal to the corresj^onding metacarpo-

phalangeal joint, and ends at the base of the tenniiial phalanx. In the palm

and at the wrist, the tendons of the long flexors lie in two large syncn'ial sheaths

—a radial and an ulnar, often called carpal or palmar bui"sa'. The radial bui^sa

encloses the long flexor of the thumb and begins 2 to 3 cm. above a line uniting

radial and ulnar styloid processes. M its lower end this bursa is contiinious,

in the large majority of cases, with the sheath of the thumb tendon by a moi'e or

less narrow j)ortion, just above the metacai'|)o-j)halangeal joint. The ulnar bursa

covering the flexor tendons of the fingers corresponds to the cubital jxirtion

of the ))alm and wri.st, and, like the radial, extends a greater or le.ss distance

up the forearm. In many instances, it communicates with the tendon sheath

of the little finger. Corresponding to the movements of a larger number of

t<'ndons this bursa has a larger extent than the radial bui'sa, which has but one

Fig. :57. — Diagram .Sliowinp; the Meso-tendon
Carrying the Arteries to tiie Tendon Proper.

1. Flexor tendon; 2, meso-tendon or vinoula;

.3, tendon sheath opened on its dorsal a.spect.

(From Tillaux.)
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tendon. In the ulnar bursa the tendons lie in two layers—a superficial and a

deep: so the synovial sheath sends a process between these layers. The bursa

is thus unilocular in the ulnar portion, while in its radial portion it forms three

chambers. In a large number of cases these two bursse, the radial and the ulnar,

communicate definitely, or at least i)otentially, at a point where the flexor

tendon of the thumb closely approximates the deep flexor tendon of the index

finger, just distal to the lower border of the annular ligament. (Figs. 35 and 36.)

Fig. 3S. Fig. 39.

Fig. 38.—Diagram Showing the Usual Arrangement of the Sheaths of the Flexor Tendons in the

Fingers and Palm. Xotice the communication between the sheaths of the thumb and little finger at

the wrist; also the distance to which these sheaths extend above the annular ligament. (From Tillaux.)

Fig. 39.—Diagram Showing a Rather Less Usual Arrangement than that Pictured in Fig. 38.

(From Tillaux.)

No detailed description of the numerous anatomical variations of these bursae

need be made. It is sufficient for our purpose to remember that pus starting

in the sheath of the litt'e finger can spread to the tip of the thumb, or vice

versa; and that pus starting in either the little finger or the thumb sheath can

easily infect the palmar bursa^, and thus extend into the forearm.

Palmar Fascia.—The importance of this dense fascia is marked in that it

prevents the occurrence of the usual signs of infection, such as swelling and

redness, from appearing on the palm, though the infection be located there.

Instead, swelling of the back of the hand occurs verv- quickly after the onset
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of (loop siii)iiurati()n. the (udoma siJi-oadiiiu diffusoly over tho wliolo dorsum.

This is a vorv common occurroiico in all acute infcH'tions which lie beneath

this fascia, and should lead to no mistake in diaiiiiosis, l)ecause this dorsal

irdoma is nowhere sensiti\'e to i)ressure.

Fascial Spaces.—The excellent work of Kanavel has called attention to the

inijMrtance of these loose connective-tissue spaces in infhiencin^- tlu> spread of

infection in the hand, when it lies outside of the s}-novial sheaths. They arc

di>scrihed by him as fallows:— 1. The doi-sal subcutaneous si)ace, which repre-

sents an extensive area of

loose tissue without definite

boundaries, allowing pus to

spread over the entire dor-

sum of the hand. 2. The
doi'sal subaponeurotic sj)ace,

which is limited on its sub-

cutaneous side by the dense

tv-ndinous aponeurosis of the

extensor tendons, and upon

the deep side by the meta-

c.irpal l)ones. It has the

shaj)e of a truncated cone,

with the smaller end at the

wrist and the broader at the

knuckle. Laterally, the apo-

neurotic sheet shades off into

the subcutaneous tissue. .3.

l^ie hypothenar space, which

is a distinctly localized one,

lying in front of the hand be-

neath these muscles. 4. The
thenar space, which occupies

ajjproximately the area of the thenar eminence, as far as t;) the flexion and ad-

duction crease of the thumb, but not extending to the ulnar side of th(> middle
metacai-jial. It licsdee]) in the pahn just above the adductor transversus nuiscJe.

."). The middle palmar si)acc. which, with its three diverticula lu'low. extends
along the luml)rical muscles. It is limited by the middle metacarpal bone upon
the radial side, is ovci'lapped by the uhiai- binsa uj)ou the ulnai- side, and is

sejjarated from the thenar si>ace by a partition whicli is very lirm everywheiv ex-

cei)t at the proximal end, where it is rather thin. A small isthimis can be found
leading from the i)r()ximal end of this sj)ace under the tendons and ulnai- bursa at

the wi-isi, up into the forearm. Infection of these spaces, though im|iortaiit. is

not nearly so grave an event as when it involves the tendon sheaths and bursa-.

Xerves.— It is always important to remember the jjosition of the lateral

digital ner\-es, in order that cocaine may be properly applied to theni in o|)era-

tions on the (•]]({< of the fingers done under local ana'sthesia.

1 II ;. -iO.— PI lot Offra| ill >SlHi\viii<i I'ixuliciant * ! rami lath ins ami
Septic Blister lollowiiip; Paronychia in which Xail has not
been Romoveil. (Original.)
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The motor branch of the median nerve, which supphes tlie muscles of the

thenar eminence, should also be borne in mind. This branch supplies the

abductor, opponens, and the outer head of the flexor brevis pollicis. and is given

off from the main trunk just after this has passed the annular ligament. It

should always be avoided in opening the palmar bursa'.

Etiology axd Types of Ixfeciiox.

The infecting organism is usually a staphylococcus or occasionally a strep-

tococcus. One .should always bear in mind, however, the possibility of such

rare infections as anthrax, glanders, chancre, chancroid, and diphtheria. In-

fection of the hand may develop subsequently to trauma (cuts, slivers, punc-

tured wounds), and on the l)ack of the hand it may find an entrance by way

of the hair follicles. The largest numlDer of cases, however, occur without any

external evidence of infection.

Infections of the Ends of Fingers and Dorsum of Fingers and Hand.

Since any infection sj^reading through delay and neglect may cause an acute

phlegmon of the hand or arm. we naturally find all grades of extension and of

severity; one form gradually merging into another of a more severe type.

The clas.sification of the different fomis is therefore somewhat difficult. Such

teiTiis as "whitlow." "jiaronyrhia," and "felon'' can scarcely be defined with

absolute accuracy. In general, the terms whitlow and paronychia are used to

describe an infection about the side or base of the nail, while felon designates

an infection located

deeper in the pulp of the

finger. The firet form is

called a "run around."

This may start just under

the nail fold of the skin,

and the pus held l)y t\w

adhesion of the nail is

pent up and burrows lat-

erally to the sides or round

the base of the nail, under

the lunule. Such infec-

tions are prone to become ^
Ttg. 41.-Photograph showing Paronychia with Oranulations

' The proxnnal portion of the nail over the hinula has been rcnio\ed

chronic lUlderfauIty treat- by a transverse incision, thus aflording adequate drainage.

ment, with the formation <

0"?i^=^i- •

of exuberant granulation tissue and subsequent loss of the nail. (Figs. 40 and

41.) Usually the nail grows again, unless the matrix has been destroyed. In a

felon, the infection may be either in th(> fatty pad of the finger tip, in the

tendon sheath, or under the ijeriosteum, or it may take the form of an osteo-

myelitis of the terminal j^halanx. Occasionally the process appears to start

primarily as an arthritis. The tendon sheath is frequently involved, either



58 AMERICAN PRACTICE OF SURGERY

jiriinarily or secondarily, and. the infection spreading upward, there develops

one form of deej) ])ahnar abscess.

Infection of the hair follicles on the back of the hands or first i)halanx is com-

mon. Here, with the usual signs and symi)toms of a furuncle, there occurs a

small or large greenish-yellow slough, very painful and fre(iuently accompaniinl

by definite lines of lymi)hangitis running up the

arm. (Fig. 42.)

Subcutaneous infections caused by trauma

or arising idioi)athically may develop anywhere

u])on the dorsum of the hand or fingers, but,

owing to the absence of definite tendon sheaths,

they are not so liable to extend as arc infec-

tions in the palm. (Fig. 43.)

Particular attention is called to a not un-

common lesion caused by a blow of the closed

hst against a man's teeth. This naturally occurs

ovci-thc knuckles and almost always results in

infection of the joint, with a complete or i)artial

sevcM-ing of the extensor tendon. Spread of

the infection to the palmar side of the joint

is not rare. As the majority of these acci-

dents occur on Saturday night, and are not

.'^ecn until Monday morning, infection is well

under way at the time of the fii-st observation.

The whole hand is puffed and extremely sore, the

finger cannot be extended, and the wound is

usually gangrenous.

Treatment.—After considerable experience we

ha\'e come to consider these cases as most

seiious. They should be radically treated at

once. The gangrenous area should be excised,

the wound well laid ojH'n, and thorough drainage

of the joint instituted on both sides of the ten-

don, with rubber dam inserted into either side

of the joint. Only by thoi-ough (h-ainage can

j)almar infection be prevented. \\\{\\ the hand

innnobilized on a ))almar sjjlint, the joint may

be washed out once or twice daily, and occasion-

ally healing will thus occur without neciosis of the cartilage. If divided, the

tendon can only be united by secondary suture. In these cases, when seen

immediately, no attempt should be made to secure primary union. It .should

always be borne in mind that an occasional com] )Iicat ion of such an injury is

the development of a chancre.

The treatment of a |)aronychia in its early stages should be by passing, on

the flat, a thin-bladed knife between the nail fold and the nail proper. This

Fici. 42.— riiotograpli Slu)wing
Line of I.ym]iliaii}ritis Hunninp; from
I'liniiicli' on Dor.-^iiin of 'rinmili

to Epitroc'lilcar l.yin|ih .Nmlc

(Original.)
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will usually evacuate a drojj or two of pus. and. uiitler a moist dressing or the

application of some bland ointment to favor discharge, healing rapidly occurs.

If there is any tendency to hackin.i: up of ])us. a iian-ow strip of gutta-percha

tissue, inserted into the cavity, will allow free drainage and prevent all pain.

These infections, if untreated for two or three days, involve the matrix of the

nail, and extend under the nail itself, as can Ix' seen by the yellow discoloration

of the lunule and by the fluctuation elicited by pressure on the base of the nail.

In such cases the treatment consists in freeing the nail from the nail fold entirely,

by evulsion: or. in some cases, a transverse incision, separating and removing

the proximal from the distal portions of the nail, may be made. (Fig. 41.)

When once the nail has been separated from its bed by infection, another nail

Fig. 4.3.— Pliotogra])!! .Sliowing Sejjsis uf .Miildle Fiiiaer Re-^u!tiiig in Infection of the Sheath of

its Flexor Tendon and Subsequent Pahiiar Abscess. The photograph al.so shows well the characteristic

flexion of the fingers and oedema of the dorsum of the hand. (Original.)

must fonn. and palliation is usually unsatisfactory, most often resulting in

prolonged suppuration and the formation of exuberant granulations. The only

objection to complete removal of the nail is that the matrix thus exposed is

rather sensitive to pressure. Pain can be prevented, however, in a large part,

by covering the nail bed with a piece of rubber tissue. Where a portion of

the old nail has been left, the new nail appears to grow less well, having to

push the fonner nail downward.

In the treatment of hair-follicle infections, the skin should first be disin-

fected and a longitudinal incision made, under cocaine, through the base of the

slough. This may then be remov.ed with a curette or with forceps and scissors.

The resulting cavity should be cauterized with carbolic acid. If this latter

precaution is not taken, there will not infrequently follow an ascending infec-

tion through the lymphatics to the epitrochlear or axillary lymph nodes, from

a lesion which before operation was entirely local. Occasionally abscesses of
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these nodes are seen (lev(>lopin^ a sur])risin<^ly lon^; time after the primary

infection.

Sejitie hhsters occurrinji on the doi'suni or under tlie thickened skin of the

pahn. should have theii' covering- ('om|)Ietely removed, when they may be

dres.sed with ointment or chy gauze. Caicful examination should always be

made for a jwssible pin-point communication with a deeper process.

More Severe Hand Infections: Deep Polmar Abscess.

A characteristic pictvu'e of fin<i;er or hand infection is the following:—The

finger is swoIUmi and tense and shows reddening of varying intensity. Though

the swelling occurs throughout its whole circumference, it is more marked on

the dor-sum; the finger is held in a markedly flexed jjosition in both the j)ha-

langeal and metacari)o-phalangeal joints; both active and i)assive motions are

painful, and along the anterior surface of the finger sensitiveness to pressure is

very marked. Further than this, there are the usual general symptoms of in-

fection, such as fev(>r and increase of jiain when the hand is in a dependent

position. (Fig. 43.) In g(>neral, redness and swelling are of little significance

in localizing the infection. The mo.-t important sign is pain on palpation.

The fiexed {position of the finger does not necessarily mean involvement of the

Fi<;. 44.—Case of Palm.nr .Misooss. Tlio ])hotojTra|>li sliows incisions nrcossarv fur ailc'iuato

(IrainaKc. 'I'iic aiimilar !it;;!inent has not l)i'(-ii cut thnuijrli. (< )riirinal.

)

tendon sheath, for it also occurs when infection is only around this. Such a

j)rocess is oft<'n .seen to have started as a felon, or it may be at times rather

difficult to detect the central focus of inf(>ction. The most reliable method of

detei-uiiiiiiig tliis is by touching the finger with a probe in N'ai'ious jijaces, cai-e

being taken to keep in mind always the anatomical points which liave been

mentioned aljove. In such cases as this, operation should be resorted to

immediately. (Fig. 44.)

Occasionally. Ikiwcmm-, the story is somewhat different. Starting with a

prick or small wound, or |)Ossil)ly without evidence of such, there may develop

a supeiiicial streptococcus lymphangitis, which involves the hand, or possibly
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the hand and arm. Such an infection may terminate in recovery, or it may
change to the phlegmonous variety with the formation of pus. Such cases

should be treated for from twenty-four to thirty-six hours by the apj^lication

of hot poultices and by immobilization and elevation of the hand. A most

successful form of treating them is that devised by Gamgee, which depends for

its success on graduated tight pressure beginning at the finger tips, and extend-

ing as far as the elbow. The dressing is applied over a palmar splint, and is

most satisfactorily made of oakum laid over diy gauze. After several layei*s

of oakum have been applied, tight pressure, greatest over the fingers and

graduclly diminishing upward, is made by l^andaging. The arm is put in a

sling. r,nd the patient ke])t quiet. It is often surprising to see what such a dress-

ing as this will accomj)lish in twenty- iVjur hours, both in the relief of pain and

in the removal of clinical evidences of infection. However, should the condi-

tion persist longer than thirty-six hours at the most, operation (consisting of

inci-sions over the most suspicious areas) should be undertaken.

The treatment of all other conditions than those already mentioned should

always be by operation, under general anaesthesia. It is impossible to over-

emphasize the importance of a tourniquet in such operations. This apparatus

should alwa3'S be used, so that the field may be free from capillary oozing, which,

when present, makes an intelligent dissection absolutely impossible. In operat-

ing on a felon, for in.stance, with the patient under ether and a tourniquet ap-

plied, the surgeon should make an incision over the distal phalanx, on its side.

Median incisions are objectionable, and should not be used unless unavoidable.

If the infection is found to be in the fat only, the slough should l)e removed,

and the wound treated with carbolic acid and a mbber-tissue drain. If there be

a question as to whether the infection is subperiosteal or within the tendon

sheath, these membranes should be opened, provided adequate cause for the

symptoms has not already been discovered. If adequate cause has been dis-

covered, however, and there be no tenderness at all in the palm or over the ten-

don sheath, the wound should be loosely packed and its behavior observed until

the following day; because more hami would probably result from incising an

uninfected sheath through this septic area, than from mere delay. If, how-

ever, the sheath appears distended with fluid, it should be opened up to the

interphalangeal joint, either laterally or in the middle line. Its edges should

then be retracted gently by an assistant, and downward pressure made on the

palm of the hand and over the proximal phalanx in order to determine the pres-

ence or absence of tur})id serum. In cases where the serum is merely turbid

—
i.e., in the early stages of an infection,—a second incision should be made

over and through the upper part of the sheath in the palm of the hand. Through

this opening in the sheath salt solution should be injected downward, and a

rubber-tissue drain should be inserted at either end of the wound. But if the

infection has persisted for two days or more, or if the contents of the sheath be

found definitely purulent, drainage should be more free—either by two lateral

incisions along the finger and one in the i^alm, or, less preferably, by three me-

dian inci.sions made in such a manner as to avoid the points of flexure. Since,
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:is inciitioiu'd in the anatomical I'cniarks, tlic integrity of the tendon dejK'nd.s

ui)on its rather precarious l)l()()d-siii)])ly, great care siiould he taken during

()})eration that no instruments or drains be passed l)et\veen the tendon and its

posterior sheath. In like manner a single long median incision, with the hnger

in a flexed position, allows the tendons gradually to draw^ away from their pos-

terior attachment and to assume the i)osition which the string bears to a bow.

This point is of vital importance in the management of th(^se tendon-sheath

infections: in other words, never interfere icith the blood-supph/.

The next process to he considered is where the infection has reached an

advanced stage, one in which pus has reached either or l)oth de(>p palmar bursic,

or in which, as in eases that have been still more neglected, it may have passed

upward above the annular ligament and then, after rupturing the bui"sa, have

forced its way among tlie nuiscle planes of the foreanii. In op(>rating upon such

extensive infections as this, the jioint of attack is best made in the region last,

and therefore least, infected. In the presence of swelling, redness, and tenderness

above the wri.st, an incision should be first made just above the annular ligament.

This should open the bursa, which should then be washed out from this point

as thoroughly as possible. Next, the palm of the hand should be opened; and

here, in accordance with the evidence already gained, the incision should he

made either along the inner side of the thenar eminence, or, if the infection

has spread from the little finger, just beyond the median side of the hypo-

thenar eminence. (Fig. 44.) It has never seemed necessary to the writers to

split the annular ligament, as is advocated by Forssell; sufficient drainage can

usually be obtained by the use of a small fenestrated rubber tube. In such

severe cases as the one under consideration, all possible pockets should be

thoroughly cleaned by washing, and then drained with gutta-percha tissue.

The length or nuiltii)licity of incisions is of small importance as compared with

the crii^pling after-effects of sloughing tendons. Of course, in making these

incisions, the surgeon should keep constantly in mind the anatomical points

already mentioned. In such operations as these, particular stress should

be laid upon the importance of following the infection as far as, or even a little

beyond, the infected area, as the tendency is widespread to stoj) somewhat short

of the necessary point, thereby not only allowing, hut inviting, an extension of

the infective process. Cases are constantly seen in which a neglected Hnger

or hand has been incised several times, the operator each time failing to grasp

the real extent of the infection, or in some respects falling short of the necessary

radical operation. (See Plate C.)

The use of the hypersemia method of Bier has been of value in the hands of

the writers only in i)artially preventing the general absorption (with high fever

and chills) which occurs in the severe tyj)e of cases. Its effect on the area below

the bandage is had, since it makes the tissues (rdeiiiatous and boggy, thereby

obscuring the picture, so that new foci may be overlooked, and lowei-s local

resistance. Under no circumstances should this treatment take the place of

operation, and in general, except in the intermittent use for the purpose men-

tioned above, it is to be condemned.
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After-treatment.—In the after-treatment of these extensive infections it is

very important that the general health should receive attention. Further,

since in the beginning the parts must be dressed at least once daily, if not tA\ice

daily, pain should be avoided in every way possible. Drainage by rubber dam,

with the copious use of some ointment such as boracic ointment, is much pref-

erable to the use of gauze, which should be reserved until the wounds have

begun to granulate, or used only in the more superficial parts of fresh wounds.

Following an adecjuate operation, prolonged hot soaks in antiseptic solutions are

unnecessary, or even bad, because they obscure the field. Each dressing should

be undertaken only in the most methodical manner and with the aid of an

assistant. Instruments and hands should be sterile. The patient's hand should

lie on a table, beside the bed, and, after removal of the previously moistened

dressings, the wounds should be washed out with salt solution, or wiped very

gently with dry gauze pledgets, while their edges are carefully retracted by the

assistant. Pressure from the periphery toward the centre will demonstrate the

presence or absence of any extension of the process. Fresh rubber tissue and

dry gauze should supplant the old. Continuous immobilization on the spHnt is

important, and care should be taken, as soon as possible, to extend the fingers

and oppose the thumb, as one not infrequently sees cases of prolonged suppura-

tion in which the fingers are i^ermanently flexed, the hand flattened, and the

thumb approximated to the forefinger in the same plane. Since the flexors are

much stronger than the extensors, adhesions in extension are much more

readily overcome later, than are those which occur in flexion. After three or

four days, it is wise to bend the fingers passively at each dressing, as adhesions

rapidly form, not only in the tendon sheaths, but in the joints as well. Wounds

at the wrist, owing to the swelling of the tissues, will be found to separate

widely. These may be closed by secondary suture during the granulating

stage.

A\Tien such a hand is healed, the after-treatment is by no means completed.

Neglect at this point not infrequently leads to permanent disability. Active

and passive motions, massage, hot and cold douches, must be pushed; tenden-

cies to contract must be corrected by the use of extension apparatus. Pains-

taking thoroughness in this respect often makes the difference between an

impaired and a perfectly useful hand.

Sloughing Tendon and Bone Necrosis.

Two prime causes of failure of these wounds to heal kindly are sloughing

tendon and bone necrosis, the latter being quite frequently overlooked. The

length of time required for the complete disintegration of a tendon once thor-

oughly infected is often surprising, and, if the process is left to nature, many

weeks may elapse before the wound becomes finally clean. The practice

of conservatism in dealing with these tendons, in the hope that some portion of

them will remain functional, has probably been carried to an extreme. As a

rule, little is to be expected of a tendon once thoroughly infected. The d(\ad,

yellowish-white appearance of a sloughing tendon is sufficiently characteristic
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t(i ho promptly rccognizt'd. Ulu'ii this condition has resulted, nothing is to

l)«' expected a.s regards future usefulness of the part. It is then a great saving

of time to t'le itatieut to remuxi' the dead jiortion of the tendon in toto, care

Fig. 4.">.— Pliotoprapli Sliowins; Siipi)ur:>tivi' \rtliriti.-< Fo'.lowinu: Xetj'oftcd l-"i'lon. The joint

cartilaiH' was fminil free, .surroiiiKlc-il hy fiiiif;;>iis firamilatiniis. (Driginal.)

being taken not to encroach on the uninfect(Hl portion, which can usually be

distinguished by a fairly sharp line of demarcation. Even when this has been

done, a sinus will fref|uently persist at the two ends of the wound, where the

I'k;. JC..— H..III- Sjim- aliir i >1,1 liiffrtl.ui i.f .loiiit of Mi.lillr 1 iimcr. I lie I', rsisi. -irv Krinp Due
til tlic SloimliiiiK .\rtic\ilar CarlilaRi'. (< >rigiiia'.

)

remains of tiie tendon are still present and the sloughing is g(/ing on. Some-

thing may here be done by eantions paring of the end to hasten the i)focess of

|)ennanen( healing.
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Where bone necrosis has taken place, the conditions are somewhat similar.

The necrosis is commonly observed in the terminal phalanx after the typical

more or less neglected felon. If the periostemii has been destroyed, penna-

nent repair is impossible. When, therefore, a doubt exists as to the extent of

the damage to the bone, it is generally wise to cocainize the part and explore the

region carefully. The phalanx will often be found cjuite detached, as a seques-

trum, when it should of course be removed. Where only a portion of the bone

is bare of periosteum, radical measures should not be taken, as these portions

may heal either by the separation of a thin sequestrum from the surface or by

the ingrowth of a new periosteum generated from the edges. These pieces of

necrotic bone are frequently covered by a mass of easily l^leeding, exuberant

Fig. 47.—A'-ray Photograph Showing Reformation of Terminal I'halanx in Thumb after Sub-

periosteal Resection for Osteomyelitis Following a Neglected Felon. (Original.''

This patient had an osteomyelitis following a felon of the terminal phalanx of the thiunb. As
he was to be a dentist, the wound was thoroughly drained for six weeks, then the whole of the necrotic

terminal phalanx was removed subperiosteally, and the thumb was placed in a position of slight

flexion. Ankylosis of the adjacent joint took place, but there was sufficient reproduction of bone to

make a useful thumb tip. As operation was performed through lateral incisions, there was no painful

skin over the ball of the thumb.

granulations which may appear sufficiently healed on the surface to give rise

to the belief that the parts beneath have healed. Investigation ^Ith a probe,

however, will reveal the real condition. In many cases, especially among the

lower classes, the element of time is of considerable importance to the patient,

and over-prolonged delay in removing these causes of chronic suppuration is

a distinct waste of time. The tendency, on the whole, has been to delay too

long, and we are inclined to advise careful watching of these wounds for the

occurrence of these complications, so that, by the early removal of necrotic

bone and sloughing tendon, convalescence may be greatly shortened. If the

terminal phalanx be at fault, and its entire removal becomes necessary, a very
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usrful and not vi-ry unsightly Hngrr may be obtained without doing an ampu-

tation. If the sequestrum be removed on the palmar surface or by a UUcral

incision without disturbing the nail, the shape of the finger will be partially

preserved, though the tendency to the formation of a "parrot-nail" is marked.

An aminitation should not be done immediately for necrosis of the terminal

l)halanx. but healing should be allowed to occur, and, if then the deformity is

great or the scar sensitive, a subseciuent amputation can be done at any time.

True conservatism in dealing with infected tingei-s lies in the prompt and com-

plete treatment of the infection without removing any uninvolved tissue.

The points of special importance, in the treatment of hand infections, may

be briefly summed up as follows:—A thorough knowledge of anatomy; complete

<)I)eration as early as possible; care in avoiding injury to the blood-supply of

the tendons; ade(iuate drainage by rubber tissue; complete immobilization;

the use of retractoi>; in dressing the wound and gentle manipulation; avoidance

of all i)ossible pain; active and i)assive motion ])ersisted in most faithfully;

and, finally, observance of the maxim that, in hand infection, palliative treat-

ment with antij)hl()gistine and poultices should always be condemned.

Infections in the Wrist-joint.—Pyogenic infections (gonococcus excluded)

of the wrist-joint are always serious, from a point of view of future disability,

and they are sometimes dangerous to life. Judgment as to the proper treat-

ment is extremely difficult, owing to the number of comi)artments into which

the wrist-joint is divided and to the danger of bringing about a sccondarv

infection of either the dorsal or the palmar tendon in making drainage. This

matter is, of course, less difficult to decide upon when the wrist-joint infection

is secondary to that of tendon sheaths or to a deep palmar abscess. By search-

ing with care for points of greatest tenderness, an attempt should be made to

decide whether the infection is located between the ulna and the carpus, be-

tween the radius and the carj3us, or among the intercarpal bones. Ulnar

infection is best drained toward the outer side of the forearm; infection between

the radius and the carpus, posteriorly, a little to the ulnar side of the extensoi's

of the thumb, or, in deep palmar abscess, in the median line, on the radial side

of the median nerve. If disorganization of the joint is sufficient to require

through-and-through drainage, rubber dam will be found to be far superior to

tubes or gauze. The wrist should l)e slightly flexed and immobilized upon a

splint which cxIcihIs uj* oNcr the shoulder.

Axillaxy Adenitis; Axillary Abscess (from sepitc hands).—Pyogenic in-

fections of the axilla are either primary, or secondaiy to suppuration in the

breast, the thoracic parietes, or any part of the upper extremity. Primary

infections are superficial, starting about the hair follicles and leading to a super-

ficial absce.ss. Unless they are j)roperly treated, there are apt to be, in the

proximity of the i)rimary infection, multiple foci similar to a crop of furuncles.

The axilla should be shaved and then washed several times a day with cor-

rosive sublimate and alcohol (1 : 3,0(X)), the frcMjuency depending upon the

severity of the funmcle or abscess, which should be opened and drained and
then covered wilji dry di'essings. The deepei- \-ariety of infections undeiMieath
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the axillary fascia are often overlooked in their early stages, and may result in

large and even dangerous abscesses. The patient often complains of simple

stiffness in the shoulder, and if, as frequently happens, the original source of

infection upon the fingers has healed, little attention is paid to the axilla.

There may be in the beginning palpably tender lymph nodes, or, owing to the

stiffness of the shoulder, all that can be felt is a vague sense of resistance with

slight tenderness on deep pressure. There may be fever and leucocytosis, or

both may be absent. If the disease is allowed to progress, the arm-pit becomes

tense and swollen, motion at the shoulder in any direction is painful, the pec-

toral fossa is distended, and, if the collection of pus is large, it may burrow

between the pectoral muscles, and even upward into the supraclavicular fossa.

The pain may be severe, depending upon the purulent infiltration about the

brachial plexus, ^\^len a brawny condition exists, early operation is clearly

indicated, even long before fluctuation can be made out. The arm being placed

in a position at right angles with the body the axilla should be opened either

by a vertical incision or by one carried along the posterior border of the pec-

toralis major muscle. A regular dissection, with a broad base above, should

be made downward, and, as soon as pus is found, an effort should be made to

break up all of the lateral openings, the finger being used for this purpose with

care, in order to avoid tearing the vessels. If the abscess is chronic, bleeding

from the granulating surface may be free, even alarming if a vein is torn.

Thorough antiseptic douching; and, for the first day or two, light gauze pack-

ing are the measures required. If the inexperienced surgeon is tempted to

make a small opening into which he inserts a drainage tube, convalescence

will probably be slow ; the better plan is to make a triangular opening with the

apex at the top of the axilla.

Axillary adenitis secondary to severe infections of the arm or forearm.

—

Under these conditions, if no enlarged and tender lymph nodes are discoverable,

and particularly if the infective agent is the streptococcus, some surgeons advo-

cate a clean dissection of the axilla. With this teaching I am not in accord,

for I feel that the lymph nodes are valuable, not only as sieves, but as germicidal

agents; and it seems to me that it is especially in streptococcus infections that

the opening up of large lymph spaces is inadvisable. Such infections in the

axillaiy lymph nodes, before pus has formed, should be treated conservatively,

with rest in bed and quiet, the chief attention being paid to the source of the

infection.

Carcinoma of the Ends of Stumps.—As a result of continuous irritation

by the artificial leg, or more frequently as a result of irritation from too tight

a cicatrix, carcinoma occasionally develops in amputation stumps. This may
show itself as a continuous open, granulating wound, with or without pain,

and clinically the condition can be determined only by the chronicity of the

sore or by the unusual induration of the edges. Occasionally the ulceration

may be seen to progress, involving parts where there is no tension. In such

instances the diagnosis is easier. The two illustrations (Figs. 48 and 49)

show, in one, the first type, in which the diagnosis except by microscopical
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oxaniination wouKl hv cliHicult : in the other, the second type, in which it

would be easy. Microscopically, the characteristic squamous-cell epithelioma

is found, and, in general, this type of carcinoma, Uke that in Marjolic's ulcera-

tion, is relativel}- benign. In this development of malignant disease we have an

additional argunu>nt for amputation or a plastic operation at a sufficiently high

level to remove any tension of the soft parts over the bone.

Brachial Paralyses.—In spite of all warnings, the temptation to place a

rul)lK'r tt)urni(jut't al)out the middle of the arm, in operations on the forearm

or hand, seems insurmountable. In many climes there occur, every year, a few

examples of this easily avoided accident. One finds frequently that an attempt

to avoiil injury is made by covering the arm with a towel or sheet wadding

before the tourni(iuet is api)lietl. The real cause is not to be found on the out-

FiG. 48.—Epithelioma Developing in Unhealed Amptitation Stump Tliree Years after Operation

(Original.)

side, but should be attributed to pressure of the musculospiral nerve against

the bone, for it i.s the musculospiral nerve which is far more frequently involved

than the othei-s. In a case in which the t()urni(iu('t had remained in position

for an hour, there was comjjlete paralysis of all nerves (musculos])iral, median,

and ulnar), which pei-sisted for a year. Inasmuch as the o{)eration was an

excision of the elbow, the flail-joint, i)lus the absolute paralysis, was nothing

less than a calamity. In another instance in which a tourniquet had re-

mained in j)osition for only three-cjuartei-s of an hour, in an operation for

Dupuytren's contraction of the ring finger, it was six months before the paraly-

sis had disappeared. Some surgeons, for this reason, have refused to use a

tourni(|uet on the ui)per arm. The rule should be, never to apply a tourniquet

about the middle of the arm. but always to i)lace it in the axilla, with a i)ad

over the clavicle, and then to cany the tube in Jigure-of-8 fashion around the

op|K).site axilla. If the tourni(|uet is held away from the root of the neck by

the hand of an a.ssistant, no jjaralysis will ever occur. In operations u))on the

hand, a tourniquet may be placed at the junction of the lower and middle thirds

of the foreann, without danger, if it is not tied too tightly.
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Injuries to the Brachial Plexus.—Injuries to the brachial plexus may result

from direct or indirect violence and from pressure and traction, or such definite

crushing or severing trauma as occurs in gunshot wounds, fractures of the

clavicle, and knife wounds. There are several varieties of post-aneesthetic

paralyses or pareses which develop as a result of pressure of either the clavicle

or the head of the humerus upon the plexus. As these almost invariably re-

cover, without operation, they are merely mentioned here. Although birth

paralyses in their etiology are the same as those which result from traction in

adults, they will be considered later. (See page 71.)
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asunck'i- of the nerves can he tlenioiist rated in some cases, the lesion, in the

majority of instances, consists of over-stretching and laceration of certain parts

of the nerves, with hemorrhage into their substance. The siibsetiucnt develop-

ment of scar tissue fonns a knot of fusifonn enlargement and destroys the con-

tinuity f>f the axis cylintlei-s. Rarely, one finds that the whole plexus consists

of a mass of cicatricial tissue in which the sei)arate trunks and cords are indis-

tinguishable. Occasionally the lesion is found entirely within the nerve sheaths,

but usually there is marked perineuritis binding the surrounding tissues to

the plexus. In many cases, there is immediate total paralysis of the whole

l>lexus. In the coui-se of time the functional power returns to a greater or less

degree: complete recovery' taking place in some cases, while in others there is

jM-i-sistence of the motor, and, to a less extent, of the sensory paralj'sis. In

traction injuries, especially, there is found involvement of the sympathetic cord

in the neck, as shown by slight pseudo-ptosis and eno])hthalmos. The pupil

is smaller and does not dilate when shaded, and the cilio-spinal reflex is absent.

The affected side of the face and of the upper extremity often does not sweat.

If the sympathetic is injured, the result is almost always permanent and irreme-

diable. In general, coexisting sympathetic changes mean injury of or near the

nerve roots, and give an unfavorable prognosis for operati\'e repair. Sympto-

matically. the commoner traction injuries result in complete paral5'sis of the

whole plexus, of the Erb-Duchenne or upper-arm type, or of the Klempkc

lower-arm type. The nuiscles involved and the sensory anjBsthesia may be

determined by the usual methods. Especial attention, however, should be

directed to the presence or absence of paralysis in the muscles supplied by the

sui)raclavicular nerve.

Xon-operative Treatment.—Inunediatcly after the injuiy a careful neuro-

logical examination should be made, tests being applied to the nuiscles and

areas of epicritic and protopathic sensibility. The paralyzed ami should be

jjlaced in a sling, and, as soon as pain and tenderness have disappeared, massage,

douching, etc., should be employed. At the end of two or three weeks the mus-

cles should be carefully tested for the reaction of degeneration.

Operative Treatment.—While it is true that the earlier the operation, the

better the prognosis, the exact time at which to interfere is difficult to decide.

Sherren advi.ses operation if the reaction of degeneration is ])resent at the end

of fourteen days. He states that no case of perfect recovery, after late suture of

the whole j)lexus, has been recortled, nor do I know of a completely successful

ca.^e. even after early suture. In gunshot and cutting injuries, immediate

operation is deariy indicated, and an endeavor should be made to restore

the i)lexus to its original condition.

Kxi)loration at an early date after tlie injury is not dangerous, and if, at

operation, an actual tearing apart of triniks, cords, or roots can be demon-
strated, immediate .suture is deariy demanded; but if no definite solution of

contimiity of the nerves can be made out. it would seem more conservative

singery to close the wound and wait until time has determine<l what portions

of the plexus are pennaiiently damaged. I'>xcision (tf one or two inches of trunks
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or cords of the brachial plexus, with the usually resulting tension, seems unjus-

tifiable, unless it is certain that no natural repair can take place. In a number
of the cases which have been operated upon at periods varying from four months
to two years after injury, absolute paralysis existed from the beginning, and
the whole plexus was found to be so inextricably fused with the surrounding

structures, through the medium of tough connective tissue, that amputation

at the shoulder seemed the only proper course to pursue, and this operation was
accordingly perfonned. If only a part of the cords or trunks are injured, the

decision in favor of excision or lateral anastomosis to sound nerves must depend
upon the conditions found in the individual case. From the time of the acci-

dent to that of operation, and for years afterward, it is of vital importance that

the nutrition of the muscles should be maintained by regular treatment with

massage and electricity. In a case of my own, improvement is still taking

place three and a half years after operation: none could be demonstrated until

after a year had elapsed.

I wish to advocate exploratory operation and suture of obviously torn

nerves, at the end of three weeks. In case nerve stretching, with hemorrhagic

infiltration, is the only demonstrable lesion, the wound should be closed and

operation postponed till a future date.

Brachial Birth-palsy.—AMiile for many years the exact explanation of this

not uncommon condition remained in doubt, it now seems quite clear that in

the great majority of these cases the paralysis is due to tension and laceration

or rupture of the nerves, exactly as happens in the traction paralyses which

have just been considered. This subject has been exhaustively discussed in a

very valuable paper by Clark, Taylor, and Prout, published in the American

Journal of the Medical Sciences, 1905, page 670. Obstetrical paralysis seems to

be due, in brief, to two causes: the damage done by direct pressure upon the

brachial plexus by the forceps or fingers, and that produced by traction. The

fonner occurs less often and is much less severe than the latter. Traction in-

juries occur in both breech and vertex presentations, in which, during confine-

ment, the shoulder is depressed when the head is hyperextended to the other

side. Rotation of the chin away from the lesion increases the tension. In the

paper quoted above, which has a complete bibliography, the various cjuestions

in etiology are thoroughly discussed, and the authors seem to prove convincingly

that tension is the cause of almost all of the severe and permanent obstetrical

paralyses. In their anatomical investigations, and in seven cases operated

upon, the authors found that the lesions consisted of two sorts: actual rupture

of trunks or cords (infrequent), and rupture of the perineurium, with hem-

orrhage into and beneath the perineural sheaths and infiltration of blood be-

tween the strands of nerve fibres. The results of actual rupture are self-evident,

but organization of these hemorrhages and partial dismption of the nerves

result in subsequent cicatricial contraction and the development of neurofibro-

mata which permanently interfere with the function of the nerves. These

birth-palsies differ in one important respect from those which, in adults, are

caused by injuries inflicted upon the brachial plexus: if untreated, they are
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foUowoil by iiioiv or less lack of development of the limb, with contractures in

after years. Unless proper treatment is carried out, so nmch degeneration of

the nerves and muscles takes place that a cure becomes impossible. Under

proper orthopedic treatment, however, and by the breaking up of adhesions,

the retiuction of the frequent backward dislocation, and the employment of

electricity and massage, considerable and even great improvement may now

and then be brought about. Almost always, the chief injury is located at the

junction of the fifth and sixth roots, though lower nerves may be involved.

There may be temporary complete paralysis of the upper arm, which sooner or

later improves, or entirely recovers, but in the severer cases there are left per-

manent lesions in the muscles supplied from these two roots.

The (|uestion of treatment is partly dependent upon the danger of operating

in young infants, (,'lark, Taylor, and Prout do not advise operation earlier

than at the age of one year; others advise it as early as at the end of three

or four months. The danger of operating naturally depends upon the extent

of the lesion. If only the upper two cords are injured, the operation is less

severe than when, in order to gain proper exposure of the whole plexus, the

clavicle nmst be divided. So long as tenderness over the plexus shows the

existence of a traumatic neuritis, all treatment should be limited to passive

motions, slight massage, and the protection afforded by a sling. \Mien this

tenderness subsides, more active treatment, of which electricity forms the most

important part, may be mstituted. The muscles may be satisfactorily exam-

ined after three months for their electrical responsiveness. If, at the end of

ten months or a year, there is evidence of a persistent lesion, an exploratory

operation should unquestionably be done. Actual rupture of nerve trunks

recjuires excision of both ends and nerve suturing. If a definite knot of fibrous

tissue is felt anywhere in the plexus, this must be excised until normal nerve

bundles appear at both ends of the excised part. Suturing should be done,

if jjo.ssible, with fine catgut, which should be passed only through the sheaths.

If the extent of the damage is so great that end-to-end suturing is not possible,

either lateral anastomosis or suture h distance is necessary. The nerves should

be wra))pe(l with Cargile membrane; or some form of temporary splint, such as

decalcified bone, should l)e employed; or a nerve graft may be used. The
suprascapular iicivc, which supplies the external rotators of the shoulder,

nuist be sought for with great care and connected by suture with the main

trunks. Sherren states that spontaneous recovery has taken place at the end

of three months in about seventy per cent of the cases under his observation.

All that has been said about persistent and thorough after-treatment of

braehial-plexr.s injmies applies with even more force to brachial birth-})aralysis.

Baseball Fingers.—Owing to the frecjuency with which the game of base-

ball is played in America, the resulting injuries to the fingers are extremely

common, and, as a rule, they end in a permanent deformity, which sometimes

amounts almo.st to a distortion. The reason for this is obvious: treatment is

carried out for only a few days, and then, as soon as the early tenderness has

cea.sed. the ])atient resumes ball-playing. The injuries are of two sorts: a back-
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ward blow on the palmar surface of the finger which results in a dislocation.

with some laceration of the ligaments , or, more commonly, a blow on the end

of the finger, the force being transmitted to one of the three joints, usually the

second or first interphalangeal. X-rays have shown that fissures in the bone

are much more common than would be expected. There result swelling, tender-

ness on flexion, and pain, and in a few days a fusiform enlargement develops

about the joint, with, occasionally, lateral displacement or rotation from lacera-

tion of the ligaments. If the force has caused flexion, not infrequently the

entensor of the finger is ruptured at its insertion into the terminal phalanx.*

Aside from the question of the advisability of stopping play, the surgical

treatment of the injury consists in reducing the deformity, in making slight

dorsal hyperextension, and in applying a grooved palmar spHnt, which reaches

up to the wTist. The finger should be immobilized for a week or ten days^

when soaking it in hot water will be found valuable. Massage tends to irritate

the periosteum, and results in increased bone formation. After a couple of

weeks, a piece of rubber dam about one inch wide is wound around the finger,

from the tip to the knuckle. The moderate pressure thus continuously exerted

causes absorption of the exudate. After a certain length of time, motion may
be allowed,—first passive, then active,—and, when all tenderness has disap-

peared, massage will be found invaluable. In all baseball fingers an x-ray

photograph should be taken for the purpose of determining to what extent the

bone has been injured. But, even if a negative result be thus obtained, the

surgeon should never forget that the deformity results more from periosteal

bone formation than from even a fissured fracture.

Haematoma of Quadriceps Extensor Femoris (" Poop ").—While this very

characteristic injury may result from other causes, it occurs most frequently

in the modem game of football; much more frequently in the past, when the

thighs were unprotected by guards, than at present.

The rupture of portions of this muscle may occasionally be due to tension^

such as kicking the ball, but most commonly it results from direct violence

applied to the front of the thigh, either from a kick or from a low tackle in which

the shoulder is forced against the thigh. Only the second variety will be con-

sidered. Naturally, there are all grades of severity, from a slight bruising of

the muscle to almost complete laceration of its fibres, or even tearing of the

fascia lata. In the severer cases there is at once marked extravasation of blood,

which sometimes may fill and make tense the whole fascia, the circumference

of the leg being from three to three and a half inches larger than that of its

fellow. As a rule, there is little pain when the muscle is at rest, but there are

great stiffness and disability. Running faster than a "dog trot" is impossible.

Within two or three days, there is almost invariably some effusion into the knee-

joint.

The pathological condition is a crush of the muscle and fascia between the

* Baseball players are subject to two other lesions which are designated by them as "Glass-

arm" (an overstrain of the arm experienced by pitchers) and "Charley-horse" or "Charley-

bone" (knee-joint trouble).
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fcMiiur and tho striking body. Now and then, nnniediatcly aftor the injury, a

definite hollow can be felt where the muscle strands have been parted. This is

soon hlletl up with blood clot. Occasionally hemorrhage takes place under-

neath the jX'riosteum and causes extreme pain for a few days. A football

player who receives such an injury early in the season should be considered

unfit to take part in the game for the rest of that season, or for at least a

month.

Treatment.—In my experience, massage is injurious. The patient should

be kept at rest in bed for the fii"st few days, and baking and moderate bandag-

ing should be employed. Both active and passive motion may do some good,

but not until the acute soreness has disappeared should massage be used, and

then it should be begun with care and gentleness. The effusion in the knee is a

secondary phenomenon and is due either to settling of blood or to lymphstasis,

and does not require active treatment. As the swelling subsides, there can be

felt more and more clearly a muscle callus, which may or may not be attached

to the bone. One or two cases have been operated upon in the fear that a

sarcoma had developed, and at operation it was found that there had been some

proliferation in the bone from the irritated periosteum, and that a small cyst

luul formed. The swelling refjuires months for its subsidence and not infre-

cjuently leaves behind a permanent callus, with some atrophy of the surround-

ing nmscles.



SURGICAL DISEASES AND WOUNDS OF THE
ABDOMINAL WALL.

Bij J. D. GRIFFITH, M.D., Kansas City, Missouri.

I. ANATOMICAL AND EMBRYOLOGICAL CONSIDERATIONS.

In the transformation of the primitive into the completed abdominal wall

the protovertebral masses or segments, situated on both sides of the dorsal cord,

give rise to the two muscular plaques which penetrate forward toward the

central line of the abdominal wall and eventually unite to form the linea alba.

Thus, it may be said that the contents of the abdomen are completely enveloped

by a muscular pouch, in which at first there is normally only one point where

the Avail of the pouch remains open, viz., the umbilicus, through which pass

the umbilical vessels—^the hypogastric arteries and the large umbilical vein.

After birth this space between the recti muscles is closed by a sphincter-like

band of circular fibres the contraction of which causes the integument to be

drawn inward. At a still later period the ring becomes obliterated, partly

through cicatrization.

The large umbilical vein, which occupies the upper segment of the imibilical

opening, afterward becomes the round hepatic ligament; it is feebly united to

the scar and frequently adipose tissue intervenes. At this pomt the peritoneum,

which rests upon a layer of fibrous tissue (Richet's umbilical fascia), not unlike

the transversalis fascia of the inguinal region, is doubled upon itself. Between

the fascia just mentioned and the posterior surface of the linea alba there exists

a space. The cutaneous investment of the umbilical scar is attenuated; it

contains no hair follicles. From an anatomical standpoint the navel must be

regarded as a defectively organized area in the abdominal wall^one which is

more liable than any other part of this wall to give way under a strain. Fortu-

nately, its position is such that it is measurably protected against the effects

of the force of gravity.

-

Dr. W. J. Mayo advises strongly against removal of the umbilicus in

abdominal operations. The importance of adopting this practice, it may be

stated, was learned through the serious objections which the Scandinavians,

Bohemians, and Poles made to the removal of this structure.

Lymphatics.—The lymphatics are divided naturally into superficial and

deep, or cutaneous and muscular. The superficial are divided into anterior and

posterior. The anterior vessels of the superficial group converge, as a rule,

toward the inguinal lymph nodes. Those, however, which arise from the

75
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costal margins and upper epigastric space discharge into the axillary nodes.

The posterior vessels take their rise in the lumbar regions, converge to a line just

above the crest of the ilium, and, uniting with the anterior ones, empty into the

superficial inguinal nodes. (See Plate XVIII, in Vol. II.)

The dee{) lymjihatics. which arise principally from the fleshy portion of the

muscles of the abdominal wall and from the aponeuroses, are arranged in several

distinct groups. One of these grouj^s accompanies the deep epigastric arteiy

and terminates in the retrocrural lymph nodes; another accompanies the deep

circumflex iliac and temiinates in much the same manner as do those which

accompany the deep epigastric artery; a third group, known as the lumbar

lymph channels, follows the lumbar arteries and empties into the juxta-aortic

lym])h nodes; and, finally, a fourth group terminates in the internal mammary
lymph nodes.

The lymphatics of the umbilical region possess considerable practical im-

portance. According to Poirier and Cuneo they are divided into the cutaneous

lymphatics, the lymphatics of the fibrous nucleus, and those of the aponeurotic

ring.

The cutaneous lymi)hatics in the adult come from the skin which covers the

fibrous nucleus of the umbilicus. From this rather close network, as a starting-

point, four or five trunks pass outward and downward toward the inguinal

region. These lymjihatics lie in a more superficial plane than the cutaneous

lymphatics of the abdominal wall and terminate in the superficial inguinal nodes.

It is well to remember that none of the lymphatics at the level of the umbilicus

terminate in the axillary nodes.

The lymphatics of the fibrous nucleus of the umbilicus, three or four of which

are found on each side, penetrate directly the sheath of the rectus, following

the ramifications of the deep epigastric artery, and appear under the fold of

Douglas, where they are united with the lymphatics which arise from the deeper

wall of the sheath of the recti muscles.

The lymphatics of the aponeurotic ring are in two sets—anterior and i)osterior.

Those of the anterior set originate from the entire circumference of the umbilicus

and pa.ss over the sheath of the recti muscles. Some of these traverse the sheath

of the recti muscles and unite with the lymphatics of the fibrous nucleus, while

others penetrate the internal and external oblique muscles and terminate in

the external iliac and retrocrural nodes. The lymphatics of the posterior set

seem to have their origin in a peri-umbilical network on the posterior surface of

the sheath of the recti muscles. Some of these perforate the transversalis and
follow the course of the deep circumflex iliac artery, or they accompany the

lumbar arteiy, pa.^sing into the juxta-aortic lynijjh nodes; while others run

<l()wn\vard with the ramifications of the deej) epiga.^^tric artery and terminate

in the retrocniral internal nodes. .\ certain number of small lymph nodes are

found in the abdominal wall, scattered along the course of these posterior lym-

phatics.

Gerota has found, in two cases, that a small iynipii node is located in the

subperitoneal retro-umbilical cellular ti.^^sue. at a distance of from 2 to 4 cm.
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from the umbilicus. He calls attention to this anatomical fact because this

little node may serve as a focus from which suppurative processes in this region

spread and ultimately give rise to a condition to which the term "phlegmon

of Heurtaux " has been applied. It must be remembered that the lymphatics

of the umbilicus communicate in early life with those of the bladder by way of

a network which surrounds the urachus; and that they also communicate with

these cf the liver by the network which surrounds the umbilical vesicle. A
knowledge of these facts enables us to understand how, in a case of a malignant

gro^^•th of one of the abdominal organs, secondary deposits of this growth may
be found in the umbilicus or abdominal wall.

General Nerve Supply.—The abdominal wall is supplied by the thoracic

nerves, from the sixth to the twelfth, and by the first lumbar. The sixth and

seventh thoracic supply the epigastric region; the eighth the tract between the

epigastric and the umbilical regions: the ninth and tenth the umbilical region

proper: and the eleventh and twelfth thoracic and the first lumbar the inguinal

region. When there is rigidity of some of the abdominal muscles the lower

intercostal muscles are also often similarly affected, owing to the fact that

both sets of muscles have the same nerve supply. The splanchnic nerves, which

supply the abdominal viscera, take their origin from the sympathetic ganglia

opposite to, and in connection with, the sixth spinal nerve. These pierce the

diaphragm and join the semilunar ganglia of the solar plexus. On account of

the internal anastomosis it is easily seen how grave sjTiiptoms may follow any

injur}^ of the abdominal wall. (See also Dr. Mastin's statement [p. 112] with

regard to the nerve supply of the anterior abdominal wall.)

II. SURGICAL DISEASES.

Phlegmon.—Phlegmons of the abdominal wall may naturally be divided

into two groups—antero-lateral phlegmons and posterior phlegmons. Those

belonging to the first grou|D

—

phlegmons of the antero-lat:ra! abdominal wall—
may have either an internal or an external origin, and they may be located just

beneath the skin, in the substance of the muscular tissue, or immediately beneath

the peritoneum. The superficial phlegmons owe their origin to an external

woimd which affords entrance to infection and from which develops a lym-

phangitis. Such a wound may be inflicted by a cutting or piercing instrument

(as, for example, a needle), or by the chafing of a bandage, and the impurities

collected in the folds of the skin and especially in the navel furnish a prolific

source of infectious material. Superficial phlegmons may also owe their origin

to an infection which has come from within, as from a diseased abdominal viseus

(the intestine and the utems, for example) in the immediate \'icinity, or even

to an infection of more remote origin—a local manifestation of a general infection.

The same etiology holds good for the intramuscular phlegmons; and in this

connection it is well to call special attention to the great danger attending the

"through-and-through" abdominal wall stitch in certain instances.
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ThvYv have been ivportod cases of subperitoneal abscess, of typhoid origin,

with no prenionitoiy local lesion. More common and more interesting are

cases dependent on diseases of the abdominal viscera, especially the intestines.

Such a thing as an idiopathic phlegmon of the abdominal wall does not

exist, although it is often impossible to ascertain the cause or causes which have

given rise to such an ai)scess. Aim6 Gumard, in his treatise on surgery, has

shown that, in tyi)h()i(l fever, for example, the absence of the deep layer of the

rectal fascia, in its lower part below the fold of Douglas, may open the way for

the development of an abscess in the substance of the rectus abdominis muscle.

.\mong the circumstances which, in certain cases, favor the development

of an abscess or pb.legmon in the rectus muscle, may be mentioned the fact that

this nuiscle is liable to undergo fatty degeneration and that consecjuently, under

the jjrovocation of a slight strain or injury, the muscle fibres rupture, blood

escapes from the torn vessels, and there is produced a haematoma

—

i.e., a con-

dition favorable for the development of an abscess.

The intestine and uterus have already been mentioned as neighboring abdom-

inal organs from which may come the infective material that gives rise to the

abscess in the abdominal wall. To these should be added the stomach, the

liver, the gall-bladder, the prostate and the seminal vesicles, all of which

organs may, when diseased, furnish the infective material necessary for the

development of an abscess in the abdominal wall. Instances corroborative of

the correctness of this statement have come under the writer's observation.

Abscesses in the periumbilical region or in the umbilical cicatrix have their

peculiarities. P'or example, the pus of which they are composed usually con-

tains sebaceous material of a cheesy consistence and sometimes debris consisting

of shreds of linen or Hannel, hair, etc. These abscesses, as a rule, show no

tendency to spread to the peritoneum; occasionally, however, there is danger

that secondary abscesses may develop in the liver, the infection spreading by

way of the lymi)hatics in the round ligament of that organ, or that, from involve-

ment of the lymph node of G(>rota, a deep-seated abscess may form, as in the

case of the phlegmon of Heurtaux referred to on a previous page.

Abscesses of the recti nuiscles occur both to the right and to the left of the

median line and, on account of the lineie transvei"sa3, they appear in pouches.

Like what is observed in abscesses of any other part of the abdominal wall, they

may contain tyi)hoid bacilli, these organisms having found their way from some
broken-down Peyer's patch, the ulceration of which has caused the corres])ond-

ing part (jf the intestine to become adherent to the abdominal wall.

Ill abscesses of the sj)ace of Uetzius the contents vary with the cause* to

wliieh they owe their origin. In a general way we may say: all of the.se ab.sces.ses,

when they are of internal origin, contain a fetid pus characteristic of para-

intestinal suppuration.

P/ilajmons of tfie posterior abdominal wall owe their origin to superficial pos-

terior lesions, such as skin erosions, the abrasions caused by th(> wearing of a tru.ss,

subcutaneous bursa' i)roduced by pressure, etc., all of which lesions may serve

as starting points for infection, lymphangitis, and suj)j)uration. Fortunately, all
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such cases possess one characteristic in common: the abscess is separated from

the abdominal cavity by the transversalis fascia, which almost invariably

compels it to open outwardly upon the surface of the body.

As the deep-seated posterior ])hlegmons owe their origin to some disease of

the kidney, the psoas muscle, or the spinal column, we will refer the reader for

information regarding them to the appropriate articles in other parts of the work.

A few words with regard to the symptomatology will find a suitable place

here. In acute phlegmon we have three stages: first, that of the onset of the

disease; second, the stage of phlegmonous inflammation; and, third, the abscess

period.

In the first stage the symptoms are those of the primary disease, i.e., the

disease of the liver, the intestinal canal (typhoid fever), the stomach, etc.

The second stage is the period of phlegmon. Induration appears after the

seventh or eighth day; it is saucer-like in form, smooth, and resistant. If the

mass is located in the subumbilical region, involving the recti, it will terminate

below in a curve the concavity of which is directed upward; this characteristic

being caused by the fold of Douglas. If the phlegmon involves the space of

Retzius the characteristic just noted will be lacking; the inflammation will

appear to be continuous with the pubis. The general symptoms will be at

their maximum at this period, i.e., there will be a marked chill, a sharp rise of

temperature, an accelerated pulse, marked thirst, and a dry tongue—in brief, the

evidences of acute septic infection, with marked leucocytosis. With the forma-

tion of pus an abatement, more or less marked, of these symptoms takes place.

In the third or abscess period spontaneous openings may occur in the skin.

The umbilical abscess may open internally. When the abscess is located in

the space of Retzius there is danger that the pus will break through into the

peritoneal cavity, into the large intestine, into the bladder, or into the rectum.

Thus, in the latter instances, a most intractable fistula may be formed, espe-

cially if the skin is perforated at the same time.

In the chronic form the symptoms are frequently very slight, so much so

that the patient may go on indefinitely without consulting a surgeon. Under these

circumstances the abscess wall and the contained pus seem to be innocuous.

So far as the diagnosis is concerned, no difficulty is presented; the nature

of the trouble is in most cases apparent. In the case of a deep abscess or phleg-

mon, however, it is easily possible, upon a mere physical examination, to con-

found the condition with an intra-abdominal tumor. But, if the preceding

history is taken into consideration, there should be no difficulty in clearing up

the diagnosis.

A free incision, combined with the usual cleansing measures and dressings,

constitutes the only rational plan of treatrnent. After the abscess cavity has

been thoroughly cleansed it should be packed lightly with antiseptic gauze,

which should be changed as often as circumstances may require. If the

abscess be deep-seated, care should be taken in cleansing it not to perforate the

peritoneum. Should there be a communication with the intestinal canal, it is

always advisable to allow the condition to become chronic before attempting the
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necessary means of repair. (Consult also the article on Abscesses, in

Volume II.)

Ulceration.—Ulceration of the abdominal wall usually results from infection

introducctl by scratching with dirty finger nails or by an abrasion caused by the

clothing in an individual who neglects to keep the skin or clothing properly clean,

especially in the region of the umbilicus. It is apt to develop in rum-drinkers,

who are affected with cirrhosis of the liver, whose veins are enlarged and tortuous,

and whose skin and subcutaneous tissues are overcharged with blood. The

scratching of a pimple under these circumstances

—

i.e., in a per-son whose

powers of resistance are below par—may give rise not only to a simple ulcer,

but eventually to one of a phagedenic character. Under ordinary circum-

stances, however, the ulceration, in this part of the body, is usually of an indo-

lent character, with thickened edges. Ulcers of the abdominal wall may be

the result of venereal infection—chancre, chancroid, or gonorrhoea.

In general, the diagnosis presents no special difficulties.

So far as the treatment is concerned, cleanliness constitutes the most important

element, ^^'hen the ulcer and the surrounding parts have been thoroughly

cleansed, antiseptic dressings should be api^lied. In ordinary cases this is all

that is re(|uired; but in a case of chancroidal ulcer or in one of a phagedenic

character it will be necessary first to cauterize^ it thoroughly- with nitric acid

and then to apply an aqueous solution of sodium bicarbonate, or else to apply

fii-st i)ur(> carl)olic acid, for from two to five minutes, and afterward alcohol.

Cysts of the Urachus.—These tumors, which represent a collection of fluid

in a jxatcnt urachus, are found in the anterior abdominal wall. The urachus,

which represents what remains of the allantois after the embryo has reached a

certain stage of develoi:)ment, is still patent at the second month of intra-uterine

life. It stretches from the bladder to the umbilicus. As pointed out by Dr. J. F.

Binnie in his article on "Formation of the Urachus," this strip of tubular tissue,

in the early stages of development, is, like the bladder, completely surrounded

by peritoneum except where a meson attaches it to the ventral wall. This

meson, as Binnie mentions, sometimes becomes lengthened at points, thus

giving rise to a sacculated condition of the tube; and, as a further result of this

normal obliteration in certain j)arts of the tube, there are produced cysts which

are provided each one with a long meson pedicle and are surrounded by peri-

toneum. Should this cord continue to remain pervious in even a very slight

degree, permitting conmumication with the bladder, it becomes possil)le for

a urachal cyst to develop, and this is especially likely to occur if any interference

with the expulsive function of the bladder should arise. The urachus is well

sui)plie(l with blood-vessels.

There are two general forms of cysts of the urachus: first, the pedunculated

variety; and, second, those which are more or less embedded in the anterior

abdominal wall, but which have their j)osterior surface covered by jXTitoneum.

Urachal cysts usually appear in middle life, and they are more connnon in

females. Vesico-umbilical fistuhe, on the other hand, are more frecjuent in males.

The symptomatolotjii of cysts of tiie urachus varies considerai)ly. In the
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form in which the urachus is described as "presenting the appearance as if it

were knotted or had excrescences" there may be no subjective signs whatever;

the abdominal condition is discovered accidentally, as in making an examination

for some intra-abdominal trouble. But, under the influence of a traumatism,

these small cysts may become inflamed and may cause not a little trouble. In

the majority of these cases the history is that of an acute illness, with the rather

sudden development of an abdominal tumor. (Douglas.) Generally, the attack

is preceded by an acute or chronic form of disease of the bladder or urethra, in

the course of which there is likely to have been retention of urine. The patient

runs down rather rapidly; there is marked pain, usually dull and heavy, and

accompanied, as a rule, by pressure downward in the lower abdomen; there are

nausea and vomiting, with decided prostration; constipation is present; and

the urine, which is passed with some difficulty, is diminished in quantity and is

usually loaded with mucus and pus. Examination reveals the presence of a

tumor below the umbilicus. If the abdominal walls are relaxed, it is very easy

to demonstrate that this is a mural tumor, asymmetrical in shape, immovable,

soft, and fluctuating; and if it be of considerable size it will be found that its

upper surface is flat and that it bulges laterally. Douglas speaks of the per-

cussion sound as being of a dull character, fading gradually from below upward

to the limit of the tumor. He attributes this to the fact that the expansion of

the tumor forces the intestines out of the pelvis. Should the tumor push down-

ward into the pelvis, distention of the bladder can be demonstrated by the

catheter or by the cystoscope. A microscopic examination of the fluid with-

drawn from the cyst will, as a rule, settle the diagnosis, by demonstrating the

presence of polygonal epithelium. Stones have been found in these cysts. The

pathological conditions for which the latter may be mistakeu are the following

:

intra-abdominal growths, parovarian tumors, encysted tuberculous peritonitis,

and hydronephrosis.

Dr. W.J. Mayo reports two cases of cysts of the urachus, in one of which the

cyst was as large as a foetus at nine months. Death from gangrene of the

peritoneum followed operation. Tate reports two cases of death from opera-

tion on a cyst of the urachus in which the sac was dissected out.

Treatment.—Incision of the tumor and evacuation of its contents are the

measures first required. Afterward, the cyst cavity should be washed out with

normal salt solution, and then a weak solution of iodine, of about the color of

sherry wine, should be applied, due care being taken to provide thoroughly for

drainage.

Endothelioma of the Urachus.—Dr. W. J. Mayo reports a single instance of

this disease, which is of rare occurrence. Removal of the gro\Al;h was soon

followed by a recurrence which caused the patient's death. The diagnosis of

such an endothelioma rests upon the results of an examination with the micro-

scope and upon the rapidity of growth of the tumor.

Patent Urachus.—This condition has been found in four different forms:—

(1) It may remain open throughout its entire length, the urine escaping from

the umbilicus (as in the author's case)
; (2) it may terminate in a blind extremity

VOL. VII.—
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at the navel, the bladder end of the duct remaining open in varying degrees;

(3) it may be closed at the navel and for some distance from this point in the

direction of the bladder, but after that the duct is i)atent and conununicates

with the bladder; (4) it may be closed at both navel and bladder ends, the

intermediate portion forming an elongated cyst. Several cases have been

reported in which there was no constriction between the bladder and the lu'achus;

instead, the bladder presented a funnel-shaped extension which terminated

in a blind cul-de-sac at the navel. According to ^'aughan there are on record

quite a number of instances of patent urachus of the blind internal variety which

later became converted into the complete variety by a rupture through the

navel or by the opening of an abscess at or near the umbilicus. In the great ma-

jority of cases, in which the diagnosis was correctly made, the condition was

that of a completely patent urachus that had existed from the time of birth.

Walter and Wutz, as the result of a large number of autopsies, have arrived at

the conclusion that the majority of i)ersons have a urachus which is patent

throughout a varying length of its course, but which at the navel is closed

])ermanently, while at the bladder the connnunication is shut off by means of a

valve (Wutz) located in the dome of that organ. Any obstruction to the egress

of urine from the bladder may be the cause of an acquired patent urachus and

possibly also of the extension of infection from the bladder to the duct. There

arc on record cases in which, after prolonged retention, urine has suddenly

buret forth from the umbilicus. The majority of cases occur in males.

Symptoms.—If the case should be one in which the urachus has a concealed

outlet externally, there will be a constant discharge of muco-pus from the navel,

and the careful introduction of a sterile probe through the small opening, con-

cealed more or less by the folds of the umbilicus, will demonstrate the existence

of a fistulous tract that extends downward in the linea alba toward the bladder.

Not infrequently a plugging of the small ojjening in the umbilicus by foreign

matters gives rise to the fonnation, in the navel, of a small abscess, and the

patient, when he applies to the surgeon for relief, is in complete ignorance that

he has a congenital deformity. On two occasions the author has found con-

cretions—the so-called umbilical stones—in this blind external fistula: the

nucleus being formed, in (>ach instance, of some extraneous material.

In those cases in which ihc navel end of tiie urachus is closed, or in those

in which the bladder end of the duct is rej)re.sente(l only by a diverticulum from

half an inch to an inch in depth (as was demonstrated to be the case in the majority

of cadavers examined by Binnie), there is no apparent reason why the individual

in whom either of these conditions exists might not easily pass througii life

without a subjective symptom. But if, on the othei- hand, the bladder end of

the urachus is patent for a distance of two inches or more, and if, at the same

time, the Wutz val\c maintains only partially its I'luictioii, the (lc\('l()iiiii('iit of

any obstruction of the outlet of the bladder will be likely to cause the fonnation

of a mural tumor rejjresenting a dilatation of the lower \)iiYt of the urachus.

Furthermore, the contents of this tumor, being composed, as they are, of retained

uriTie, may undergo decomposition; in othei' words, an abscess may form, and
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this abscess may either empty itself into the bladder, or may dissect a wa}- for

itself in one of two directions—outward to the surface of the body by way of

the space of Retzius, or downward and backward behind the bladder. In cases

where the urachus is patent throughout its entire length the constant escape of

urine from the urachus, by way of the navel, makes the diagnosis self-evident

;

but, where both the navel and the bladder ends of this duct are closed, the

development of a cystic tumor will result.

Treatment.—The first step recjuired is to search for and remove an\i;hing

that may interfere with the free normal egress of urine from the bladder; and

in male children one should look especially for phimosis.

W. J. i\Iayo's operation for the radical relief of this condition consists in

thoroughly dissecting out the tube from the umbilicus to -within half an inch

of the bladder. At this point the duct and attached tissues are divided, and

the remaining stump is turned in toward the bladder; a purse-string suture

being applied to the region and a small drain being left in situ. Even when all

these precautions have been taken, a discharging sinus is likely to persist for

a long time.

Among the other measures which have proved more or less successful in the

treatment of this condition may be mentioned the use of caustics and the act-

ual cauteiy, the employment of ligatures and sutures, the slitting open of the

entire tube, followed by a thorough curetting, and the application of pure

carbolic acid and alcohol. It is well to remember that all operative procedures

on this vestige of an embryonic condition are attended wiih. danger to life.

Desmoid Tumors.—Desmoid tumors are comparatively rare growths. Out of

nearly five thousand abdominal tumors Cabot, of Boston, found only three which

were of this nature. At the clinic at Tuebingen, Germany, Pfeiffer saw forty

cases during a period of forty-six years. Three cases are reported in Powere'

excellent paper on this subject. These gro^^'ths are more frequent in women than

in men, the proportion being 7 to 1 ; they occur most freciuently in the child-

bearing period

—

i.e., between the ages of twenty-five and thirty-five years.

Etiology and Characteristics of the Disease.—Heredity does not figure as a

causal factor. No entirely satisfactory explanation of the etiology of these

tumors has yet been brought forward. According to the theoiy of Powers the

tumor represents an active proliferation of superfluous embryonal elements

and of the adjacent nonnal connective tissue.

The most common site is below the umbilicus. The tumor, which varies

in size from a hen's egg to a mass several times as large, usually springs from

muscle or fascia by a more or less broad pedicle. In the majority of cases it

develops in one of the recti muscles, and hence is usually located on one side,

rarely in the median line. Its shape is generally rounded or oval; the long axis

of the tumor corresponding to the length of the muscle, and the direction of the

grow1;h which takes place being determined by the resistance of the overlying

stmctures. In muciparous women the tumor pouches toward the anterior

surface. In women who have never bome children the location of the tumor

has been diagnosed as intra-abdominal. Should strong tendinous or muscular
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bands dcvolcp in the lino of gro^^th of the tumor, the mass assumes a lobular

or nodulated shape or at times the so-ealled cuff-button form. These tumors

are usually surrounded by a distinct capsule, from which the tumor may readily

be shelled out, but when they attain a large size it will be found necessary to

separate them from their surroundings by dissection, the sac having largely

been obliterated by pressure. In about sixty-five of Pfeiffer's four hundred

collected cases he found bony attachments or pedicles connecting the tumor

with the ilium, the pubic bones, or the false ribs.

Course and Symptomaioloijy.—Desmoids of the abdominal wall are usually

of slow growth. Under certain circumstances, however, they may grow rather

rapidly, as, for instance, during pregnancy; but, after delivery has taken place,

the growth seemingly ceases.

Subjective symptoms may be altogether absent, even until the gro\\i:h attains

the size of an English walnut; and even then it is painful simply because

it exerts mechanical pressure on sensitive nerve filaments. But, when the

tumor grows more rapidly than usual, the symptom of pain is likely to be more

prominent. Tenderness on pressure is not generall}- in evidence. Adhesions

to the skin are rare.

Pathology.— (By Dr. Frank J. Hall, of Kansas City, Mo., Pathologist of the

University of Kansas.)—"Desmoids of the abdominal wall were first described

l)y Lisfranc in 1837. Sanger is the author who limited the term Desmoid to the

I)articular tumors that are here described. Mueller had previously employed

the term to designate the entire group of fibromata. There has always been

more or less confusion in the classification of these tumors because of the injection

of the sarcomata into the discussion. Th(> writer wishes to exclude the sar-

comata in this relation.

"Taking all reported cases one finds, as did Ledderhose, that ninety per cent

occurred in women, and that about seventy-fiv(> \)vy cent appeared in wouhmi

who had borne children. This clinical fact makes it api)arent that the condi-

tions of the muscular and fascial wall of the abdomen in pregnancy are such as to

predispose to the formation of these special fibromas in this part of the body.

The idea has been many times advanced that the stretching and trauma asso-

ciated with ])regnancy and the act of delivery so tear the fibres of the fascial

jilanes that these tumors arise much as does a keloid of the skin after a burn or

other abrasion of the skin. Tiiis view would place these gro\vths among the

re]:)arative hyijeri)lasias and remove them from the group of true neoi)lasms.

^^'ith this view the writer concurs. The close analogy which these growths bear

to known traumatic conditions of the intramu.scular structures—as, for example,

the muscle callus or interstitial myositis and myositis ossificans traumatica—

-

makes this view tenable. Indeed, there are on record several cases of calcifica-

tion of dermoids. Pfeiffer has recently re|)orted forty cases from von Bruns' clinic,

and he has collected three hundred and sixty from literatuic, making it evident

that the condition is not rare.

"Mo.st of the tumors of this class ari.^e from the tendinous structures in con-

nection with the recti and follow in their growth the direction of the fibres of
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the muscle. The shape of the mass is usually that of a compressed ovoid;

exceptionally, it is spherical or bossated. The size and rapidity of gro\\1;h are

variable. Cases of desmoids as big as a child's head have been reported, but

the usual size is about that of an egg or of the palm of the hand, ^^^len a sus-

pected desmoid grows rapidly, or is not associated with the female sex of the

childbearing period of life, sarcoma should be regarded as the probable condition.

The gro\\1:h is usually slow but progressive. The patient experiences occasional

tearing pains which are likely to be more severe at the time of menstruation.

One patient who came under the observation of the writer, said that at the

menstrual period the tumor throbbed at each cardiac impulse and that when

the finger-nail was drawn lightly across it the sensation was that of a keen, deep

incision.

"The form of this class of tumors seems to depend upon the point from which

they originate. If the gro\\lh springs from the fascia, it is usually encapsulated

and, pushing the muscle aside, it produces a pressure atrophy and thinning of

the opposing structure. Such specimens are purely fibrous in structure, feel gritty

under the knife, and present the appearance of an ordinary fibroid. If the

tumor begins in the sheath of the muscle it is likely to project its proliferating

connective tissue between the individual muscle fibres which surround it, and

to cause various degenerative changes in them. Some undergo simple atrophy,

with a proliferation of the sarcolcmma nuclei, while other fibres are, for a time

at least, hypertrophic. (See Plate XLVIII, the figures of which show a prolifer-

ative interstitial myositis.) The surgical removal of this variety of desmoid is

difficult on account of the lack of limitation and the danger of recurrent growth

if a bit of the original tumor is left.

"In desmoids, the blood-vessels are numerous and are usually intimately

connected with the fibrous tissue of the growth, so that they gape widely when

cut. Their walls are poorly formed, and the impression is left that they are

dilated granulation-tissue vessels surrounded by scar tissue. This defective

structure in the vessels leads to interstitial hemorrhages that may later give

rise to cysts filled with a grumous fluid. Nutrient difficulties may also

result in a sort of sero-mucoid degeneration in certain areas—changes which have

led to the application of the term "myxo-fibroma" to some specimens of this

variety of tumor.

"\Mien all the features of these growi,hs are considered it is difficult to re-

sist the belief that they are essentially inflammatory new growths and should

be so treated."

Diagnosis.—The tumor, especially when small, is sharply defined, and,

when it springs from the rectus muscle, it is movable from side to side. During

active contraction of the muscles involved mobility of the tumor disappears.

Should the growth have its origin from the superficial layer of muscle it soon

becomes prominent. Those growths which project into the abdominal cavity

are apt to change their position when that of the body is changed. Except

when they have formed adhesions with one of the abdominal organs they are

not influenced by the respiratory movements. In some cases a positive diagnosis
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can be made only after an exploratory incision, as in the author's case, where

the trouble was mistaken for appendicitis with adhesions. The gro\A-th, in this

instance, sprang from the internal obli(|U(' inusclc. It is a good plan, in investi-

gating a suspected desmoid tumor of the abdominal wall, to seat the nude patient

on a stool, with the back toward the examiner and the body bent forward, so

as to relax the abdominal muscles as much as possible. A\Tien the patient is

thus placed, it is easily possible, if the tumor is located in the abdominal wall,

and even if it should be connected anteriorly by adhesive bands to the neighboring

bone, to insinuate the fingers beneath the growth. Bimanual manipulation by

way of the vagina and the rectum assists materially in differentiating such a tumor

from a growth of the uterus or of one of the adnexa. Gro\A-ths of the stomach,

liver, or ])ancreas give a history of defective alimentation preceding the discoveiy

of the tumor. Omental tumors change position whenever the body is moved.

Treatment.—There can be no medical treatment for desmoids. Rubbing

and the application of irritating liniments will do harm by causing a determina-

tion of blood to the tumor and thus increasing its growth, or by changing an

already perverted cell to one of a more dangerous character. Extirpation at

as early a date as possible should be advised, and it should also be remembered

that, in taking away a portion of the muscular structure of the abdominal wall,

there will be left a weak place which may very easily become the seat of a ventral

hernia. Desmoids arising from the posterior aspect of one of the recti or from the

transversalis usually involve the peritoneum, and consequently this must be

excised with the tumor. The line of incision should be made in the direction

of the long axis of the gro\\1;h. If it be found surrounded by a capsule, there

will be no difficulty in shelling it out whole; but, unless this be the case, the only

safe coui-se is to carry the incisions wide of the growth, even should it be necessary

afterward to transjjlant muscular tissue to fill in the space. Never sacrifice any

skin, as, after suturing separately each plane of subcutaneous tissue, the opposite

edges of skin may be brought together and sutured in the cox-comb fashion

suggested by Koenig—a method which gives additional strength to the line of

stitches in the skin. It is advisable for the patient to wear an abdominal bandage

for several months after recovery. Recurrences take place in about forty per

cent < )f all cases. The eariier the extirpation, the less is the liability to recurrence.

Angioma.—This s|)ecies of tumor, in one of its various forms, is observed

only rarely in the wall of the abdomen. It is usually of congenital origin, and

does not involve the deeper tissues. l<]ariy excision is the proper treatment.

Adenoma of the Sebaceous Glands.—Tumors of this nature are very rarely

found in the abdominal wall. They may readily, as stated by Dr. W. C. Clarke,

be confu-sjcd with tumoi-s that arise (1) from the glands of the wall of a desmoid

cyst, (2) from the epithelium of an in^-lusion cyst, (3) from a sui^ernumerary

mammary gland, or (4) from a sweat gland. A microscoi)ical examination,

however, soon dispels all doubt as to the nature of the tumor. The epithelial

elements may undergo fatty metamorphosis or mucoid degeneration, or both,

and as a result there will be developetl one or more cysts containing a firm

material similar to sebum or a dark-brown watery fluid. The presence of acini





EXPLANATION OF PLATE XLVIIL

DESMOIDS OF ABDOMINAL WALL.

Fig. 1.—Low-power Drawing of Intranniscular Desmoid of Rectus Abdominis Muscle. Sliows the

enclosed and degenerating mu.-^cle fibres surrounded b}' ovoid nuclei that represent the proliferated

sarcolemma nuclei. In manj' places the fibres of connective ti.ssue are separated and the sjiaces are

occupied by escaped red blood cells and a serous fluid.

Fig. 2.—High-power Drawing of the Same Tumor showing three hypertrophied muscle fibres and

four atrophic fibres that resemble multinucleated giant cells. Areas adjacent to this pre.sent no muscle

fibres in recognizable condition, the site of the completely destroyed fibre being represented by a group

of sarcolemma nuclei.
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and the development of such processes as fatty metamorphosis and calcification

are characteristics which belong especially to sebaceous glands; and therefore

the giving of the name sebaceous adenomata to these tumors appeal's to be

warranted. Operative interference is the only proper therapeutic procedure.

Fibroma Molluscum.—This fibrous growth of the skin may appear as an

isolated tumor, or a number of such growths may develop simultaneously.

They usually appear as soft pendulous masses, at times distinctly pedunculated;

they are painless and they are also easily separable from all surrounding tissues.

Occasionally they grow to a large size. They are distinguished from lipomata

by their smooth surface and by the fact that they are rarely lobulated. Usually

they are well supplied with blood-vessels.

Early removal is advisable, as these tumoi-s, under the influence of constant

irritation, sometimes assume the characteristics of a sarcoma and increase rapidly

in size. In removing them, one should be careful to ligate thoroughly the vessels

of the pedicle.

Sarcoma of the Skin.—This variety of tumor, fortunately, is observed on'v

rarely in the abdominal wall. As already stated above, what was ori<;inaliv a

simple fibroma may later become converted into a sarcoma, and it is therefore

difficult at times to determine whether the tumor under observation is merely

a fibroma, or whether it must be classed as a sarcoma. In still other cases the

sarcoma may develop from a pigmented nsevus or it may have its origin from

seemingly healthy tissue. The rapidity of gro\Al;h, the elasticity, and the

marked painfulness of the tumor are good indicators of malignancy. Still more
pronounced evidences of malignancy are furnished by the early breaking down
of the tumor, which then presents the character of an offensive mass. The
deeper layers of the abdominal wall soon become involved and the hmph nodes

show that they are the seat of a mixed infection.

The gro\\-th should be promptly diagnosed and excised, the incision being

made in such a manner as to leave a wide margin of healthy tissues outside the

tumor. If this precaution be not taken, a recurrence is almost sure to follow.

Carcinoma.—Recurrent carcinoma in the abdominal wall, following opera-

tions for carcinoma of the stomach or gall-bladder, has been observed by Mayo.

In sevei-al instances he has known these secondar}^ hard nodular deposits to

develop in stitch punctures; and it is now his practice to decline to undertake

any intra-abdominal operative work in cases in which he finds small, hard

lumps or plaques in the umbilicus.

Lipoma.—Lipomata may be subcutaneous or subserous. The subcuta-

neous lipoma may be found developing in any portion of the abdominal wall.

It is usually surrounded by a thin capsule of fibrous tissue, is easily separable

from the surrounding tissues, and, if it has not been subjected to constant

irritation, it will not be found adherent to the overlying skin. When the tumor

is compressed bimanually the irregular polygonal depressions and elevations of

the enlarged fat lobules can always be distinguished. The larger fat tumors are

never hard, they grow slowly, and they sometimes attain an enomious size. In

the author's case of a man fifty-six years old, a lipoma (subcutaneous), with a
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four-inch pedicle, and weighing forty-eight pounds, was removed from the left

rectus muscle just Ix'low the umbilicus. These growths are painless and are

seldom richly supplied with blood.

The treatment is extirpation. There is no danger that a hernia will follow

the operation.

The peritoneal or subserous lipoma of the al)d()minal wall is a much more
important gro\\'th, as pointed out by Lothrop, of Boston. The preperitoneal

fat (usually from one-eighth to one-half of an inch in thickness), which is found

more particularly along both sides of the linea alba, is attached by fibrous bands

to the underlying peritoneum. The aponeurosis of the muscles covering this

fat is studded here and there with small openings for blood-vessels and nerves,

and these openings are more frequent along the sides of the linea alba and in

the epigastrium. At one or more of these points, the abdominal wall becomes

weakened and less able to withstand the increased abdominal pressure. Under
such pro]()ng(>d tension the tissues at the points mentioned undergo atro])hy and
furnish small openings through which a small portion of subperitoneal fat is

forced. The process is a slow one, but, when it has once begun, it continues

until the lu...
' '^f fat, be it only as large as the end of the forefinger, will push

itself through the external aponeurosis and will appear as a small tumor which

may be felt beneath the skin. When the opening through which it has been

forced is not too narrow, ii iiiay be found practicable to reduce this little tumor

of fat tissue. It is easy to see, as has been pointed out by Lothrop, how the

peritoneum may become attached to one of these little masses of preperitoneal

fat, and then afterward be drawn by it through the opening in the aponeurosis;

thus establishing a condition which favors the development of epigastric hernia.

Fatty tumors from preperitoneal fat are not very uncommon. As a rule,

they do not arise from trauma, although in some cases they may originate in

this manner. They may give rise to considerable disturbance, the symptoms

differing only slightly from those caused by a small ventral hernia. As the

filaments of the ilio-hypogastric and abdominal sympathetic nerves anastomose

freely with those of the intercostal nerves, the pain which is referred to these

masses may be due to pressure on nerve filaments or to muscular contractions.

The jiatient may finally be com]X'lled to se(>k profc^ssional advice, not directly

because of the small tumor, but on account of the distressing gastro-intestinal

symptoms, as happened in the two cases which came under the author's observa-

tion. It is important, therefore, that the surgeon should be on the lookout for

po.s.sible cases of this nature and should examine the abdominal surface carefully

whenever there are subjective gastric symptoms. He should examine the patient

in a variety of postures—standing, lying on the back or on the abdomen, and

with the abdominal nuiscles la.x or tense. When the recti are tense it is generally

an easy matter to discover the presence, in the abdominal wall, of any tumor,

no matter how small it may be.

There is but one treatment and this is operation. The tumor should be

excised, and afterward the edges of the wound should be brought together in

such a manner as to overlai> the aponeurosis, as suggested by Mayo.
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Hydatid Cysts.—Several cases of hydatid cysts of the abdominal wall have

been reported, and more particularly one by Basile in a girl aged seven, who,

for two years previous to observation, had suffered from abdominal pains,

diarrhoea, and vomiting. The tumor developed at the side of the middle line,

and grew to the size of a hen's egg. Puncture yielded clear fluid, containing

succinic acid and sodium chloride. A free incision confirmed the diagnosis of

echinococcus. The disease, which is caused by the ingestion of the eggs of the

Taenia echinococcus, occurs rarely in this part of the body. It develops slowly

and is not associated ^ith pain until the tumor, by reason of its large size, exerts

pressure u]Jon the sensitive nerve filaments.

The diagnosis cannot be made until the evacuation of the cyst reveals the

presence of the characteristic hooklets.

Treatment consists of free incision and thorough drainage.

Actinomycosis.—Actinomycosis of the abdominal wall occurs only as a

direct extension of the disease from the intestine. The individual affected

generally suffers at the time from some intestinal disorder of a more or less severe

type. Then an induration appears on the abdominal wall, at a point where

the bowel, through ulcerative action, has become adherent. The swelling soon

presents all the appearances of a phlegmon, and when it is incised the contained

pus is found to have a distinct fecal odor and to contain the characteristic ele-

ments of the ray-fungus. After one of these abscesses has been incised and the

contents evacuated, it is necessary to exercise great care in the treatment of

the abscess wall, as, through the employment of caustics or the curette, one

may easily enlarge the opening in the intestine. The disease, which fortunately

is rare, usually pui-sues a chronic course. It may have, as a sec^uela, a trouble-

some intestinal fistula, which reciuires, for its cure, an abdominal section.

Tumors of the Umbilicus.—Granuloma.—Granuloma—or, as it is sometimes

called, umbilical fungus—is a disease that is observ^ed only in early infancy. It

develops, as a result of uncleanliness, at the time of the falling off of the stimip

of the umbilical cord. If such an umbilicus is examined several weeks after

the navel should have healed, there will be found, at the bottom of the umbilical

hollow, a small mass of granulation tissue, the surface of which is covered with

a purulent secretion. This will serve to distinguish it from entero-teratoma,

which is covered with mucous membrane, while the absence of an opening will

distinguish it from a vitello-intestinal fistula, (von Bergmann.)

The observ^ance of cleanliness in the management of the umbilicus at the

time of birth constitutes the only prophylactic treatment. As soon as the

granulation-tissue gro\Al:h has been discovered it should be removed by scissors

and scalpel under the strictest antiseptic precautions. Care should be taken

to ascertain that the groAAth is composed of nothing but granulation tissue.

Papillary Fibroma.—Papillary fibroma, the result of chronic irritation, is

sometimes found in the region of the navel. The little tumor, which may attain

a diameter of an inch or more, is made up of branching papilhie that spring from

a peduncle which is firmly rooted in the umbilical hollow. On account of the

constant irritation tumors of this nature sometimes become ulcerated, and
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they may even degenerate into cancer. Early and complete removal is the

only safe treatment, e\-en though the ])eritoneum has to be invaded.

Gumma.—Gumnia of the umbilicus is occasionally met with in children of

syphilitic parents. It may simulate a malignant growth. The family history

will clear up the diagnosis, and the treatment is jjlain. It is surprising how well

so young an infant will bear increasing doses of potassium iodide, and the absorp-

tion of the growth is favored by the occasional inunction of mercury.

Fibrosarcoma.—Fibro-sarcoma of the umbilicus occurs occasionally between

the ages of fifteen and fifty, most frequently in women. These tumors are

supposed to be the result (indirectly) of trauma. They are firm and have no

pedicle; they grow more rapidly than desmoids; as in the case of sarcoma in

other parts of the body, the veins of the skin covering the tumor are abundant

and markedly dilated ; and the related lymph nodes are not involved (excej)t in

cases where the surface has been abraded and mixed infection has taken place).

These growths are a})t to be painful, on account of the rai)id growth and of

the pressure exerted on sensitive nen^e filaments. They should be removed

by excision, the knife going wide of the diseased tissue and including the

peritoneum. Where there is no ulceration, the prognosis is favorable.

Angioma.—Angioma is occasionally met with in the stump of the umbilicus.

It should be compk^tely excised, the scalpel being carried through tissues that

have nomial blood-vessels. Caustics should never be used.

Ej)ithelioma.—Umbilical epithelioma may be primary, but, as already stated

on a previous page, it is usually secondary to carcinoma of the liver or stomach.

As a result of uncleanliness which keeps the parts in a state of constant irritation,

there develops, at the bottom of the umbilical pit, a shallow epitheliomatous

ulcer, the surface of which is covered with foul-smelling secretions and crusts.

The disease advances slowly and is usually painless. The patient, to whom
the idea of cancer does not seem to occur, is apt to let it run its course, without

any interference, until there is deep and widespread involvement of the abdominal

wall, with secondaiy involvement of the lymj^hatic vessels and nodes. Ei^ithe-

lioma here, as in other parts of the body, should be excised early, i.e., before

the lymph nodes become involved, as, when this has taken place, the prognosis

is grave.

Papilloma.—Papilloma of the umlnlicus is, under ordinary circumstances,

a benign growth, but, when it is subjected to constant irritation, it sometimes

fonns a cauliflower-like mass—a paj^illar}^ carcinoma—with a broad pedicle and a

base that sends its roots through the entire thickness of the abdominal wall.

The related lymphatic vessels and nod(>s soon become involved in the disease,

especially should the mass ulcerate and break down. These growi;hs, which

are j)ainless and of slow (lcv('l()])m('nt, should be removed early and thoroughly,

and a microscoi)ic examination should be made to determine whether or not

they are of a malignant nature.

Scirrhous Carcinoma.—Scirrhous carcinoma of the umbilicus grows slowly,

does not ulcerate early, and is followed l)y metastatic involvement not only of

the lymph vessels and nodes, but also of the nu'sentery. Its hard base, slowly
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ulcerating surface, and raised edges are diagnostic. The pains are like needle-

pricks, and there is a constant, thin, ichorous, and foul-smelling discharge.

Early and thorough excision is the only treatment that promises anything.

The entire thickness of the abdominal wall and parietal peritoneum should be

removed, the incision being made in such a manner as to include at least half an

inch of healthy tissue around the entire circumference of the gro^^1;h. All

hanph nodes that can be found, especially those of the inguinal region, should

be removed.

III. WOUNDS.

Contusions.—A contusion may l)e either superficial or deep, and may be

complicated with rupture of muscles or vessels, or with an injury of one or several

abdominal viscera. It may be caused by direct blows, kicks, falls, \'iolent

pinching, or forcible compression between opposing surfaces. In the superficial

form there occurs at once a circumscribed extravasation of blood from a ruptiu'e

of subcutaneous vessels; and on the second day there will be seen a darkened

area, attended with no swelling, but with some soreness which is e\adenced only

by pressure, Ijut which is not increased when fimier pressure is made. Allien

the contusion involves the deeper stiiictures of the wall, but ^^'ithout injuring a

blood-vessel of some size or causing the rupture of a muscle, the evidences of

extravasation may not be seen at all, and soreness may be felt over a limited

area only when the body is moved or pressure is made over the seat of the injury.

Bruises complicated by the escape of considerable blood among the tissues of

the muscles of the abdominal wall, may involve the rupture of two important

sets of vessels—the superficial and the deep. Rupture of the superficial epigas-

tric artery may give rise to such an ecchymosis that the skin of the iliac and

hypogastric regions is of a black color. The extravasated blooJ may pass dowTi

into the thigh or into the scrotum. AVhen, as a result of the contusion, the deep

vessels are torn, the extravasated blood pushes its way beneath the muscles in

the subperitoneal tissues or penetrates into the rectus muscle, and, being retained

by the fold of Douglas, it then finds its way into the space of Retzius and, as a

result, gives rise to symptoms on the part of the urinary bladder. As a rule,

extravasation into the rectus muscle is evidenced by a circumscribed swelling.

Among the aljdominal muscles the rectus is the one most prone to mpture

when the abdominal wall is contused. This accident may be due to chrect or

to indirect trauma. An abrupt blow upon this muscle, or even a shght stroke

when it is in an attenuated or degenerated state, may easily cause a rupture. In a

case reported by M. Leuez, the patient, a cavalryman, in attempting to mount

^^'ithout the aid of his stirrups, suddenly .experienced in the hypogastric region

a sharp pain resembling a knife stab. He was unable to repeat the attempt, as

he was doubled up with pain and his respiration was entirely costal. It was

e\ddent that the sudden and unusual strain had caused a rupture of a muscle

in the lower abdomen. ^Yhen the muscle fibres, under circumstances such as
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nave just been describetl. are rii]3tiire(I, then- retract, leaving an interspace wliich

quickly fills up with blootl. After the lapse of several days this gap becomes

apparent, and as a result the abdominal parietcs are permanently weakened and

ver>" liable to ventral hernia.

The apparently trifling character of the injury to the skin and superficial

fascia does not prove that the deeper layers of the abdominal wall are not

severely lacerated. Dr. D. N. Eisendrath's case shows this well:

—

"A laborer of fifty was caught between the sides of two street cars passing

in opposite directions and badly crushed. He was immediately admitted to the

hospital and on examination there was found a swelling the size of an orange at

the summit of the iliac crest and extending somewhat below it; the tumor was

tympanitic and could be made to disappear with a gurgling sound into the abdo-

men. A diagnosis of traumatic hernia in the triangle of Petit was made; operation

was immediately performed and extensive laceration of the abdominal muscles

was unexpectedly found. The only structure which separated the general peritoneal

cavity from the external air was the skin; all of the muscles normally attached

to the crest of the ilium, as well as the transversalis fascia and peritoneum, were

torn from their attachments." (American Medicine, August 27th, 1904.)

Symptoms.—Tenderness on pressure over the scat of injury is a constant

symptom. Should the pain be sharp and attended with muscular rigidity and

shock, it is almost certain that some internal organ is injured enough to d(>mand

a laparotomy. Swelling depends upon the amount of blood extravasatcd.

The severity of the shock is dependent upon a variety of circumstances: first,

upon the seriousness of the blow or injury; second, upon the contents of the

region affected; third, upon the fact whether or not the bladder and the intes-

tinal canal were empty at the time of the occurrence (the sympathetic ganglia

—

the abdominal brain, if we may employ this term—being more readily but less

severely compressed when these hollow organs are full) ; and fourth, upon the

degree of rigidity of the muscles which is brought about by expectancy. That

a sudden hard impact in the epigastric region is competent tc cause death by

shock is shown by Dr. Hunter McGuire's case of the soldier who was instantly

killed by the impingement of a bullet on his belt buckle. A post-mortem ex-

amination was made in this case and it was found that no injury had been done

to any of the viscera. \^omiting is apt to follow a severe blow administered at

any point along the linea alba, particularly after a full meal.

The most valuable symptoms in visceral laceration are progressive rigidity

and immobilization of abdominal muscles. iShould these symptoms persist for

a time, and be accompanied by a rising temperature, increasing tenderness, a

more rapid pulse, and an increasing blood count, a celiotomy is demanded;

it matters but little how light the external contusion may seem to be. The

policy of waiting for further symptoms to develop is likely to cost the patient

his life.

Diagnosis.—It is not always possible to say at once, in a case of contusion of

the abdominal wall, what is the nature of the injury inflicted upon the ab-
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dominal viscera. Time and a close watch of the general symptoms are necessary.

Neither shock, pain, tenderness nor ecchymosis furnishes sufficient evidence to

warrant the surgeon in making at once a positive diagnosis of existing condi-

tions. Hospital records show that about three-fifths of these patients recover

with only slight or passing symptoms ; that less than one-fifth have peritonitis

;

and that rather more than one-fifth have, as a complication, a rupture of one

of the viscera.

Treatment.—Most careful and immediate attention should be paid to every

injury of the abdomen. The value of rest—absolute rest—as a remedial agent

cannot be overestimated; it should be enforced so long as there is the slightest

pain on muscular movement or when pressure is made upon the injured part.

Although Roswell Park says, "Unaccompanied by sepsis even the largest

hcTmatomata are rapidly absorbed and require no treatment beyond rest and

cooling applications," he also states that "hemorrhage between the layers of

the abdominal muscles, or between the abdominal muscles and the peritoneum,

may be so extensive as to cause death, and this result has followed pricking the

deep epigastric artery in the closure of abdominal wounds." It may therefore

be found necessary, if the hcematoma is increasing in size, to make an incision,

remove the blood, ligate the bleeding vessel, and perhaps pack the wound with

gauze.

Burns and Scalds.—Burns and scalds of the abdominal wall are often very

serious lesions. In army and naval life localized burns of the abdominal wall

may occur as a result of explosions of cartridge boxes, etc., and are likely to be

accompanied by laceration or by contusions that may prove even worse than the

scalds or burns themselves. This localization of burns or scalds is of compara-

tively rare occurrence in civil life; in most instances the thorax and other

neighboring parts being affected at the same time.

The symptoms, prognosis, and treatment of burns of the abdominal wall

are not different from those cf burns in other parts of the body. When the

superficial area involved is large, and when the damage done extends to a con-

siderable depth, there is danger that the resulting inflammation may extend

and set up a peritonitis. The tendency to effusion into the serous cavities of

the brain, chest, or abdomen, to ulceration of the duodenum or other parts of

the intestine, or to muco-cnteritis, is no greater in burns of the abdominal wall

than in those of a corresponding degree in other parts of the body. Death, in

these cases, is usually the result of hemorrhage or of peritonitis resulting from

perforation. Firm, fibrous, contracting eschars are occasionally left on the

abdominal wall as a result of a burn or scald. They may, in some instances,

be so extensive as to produce a bowing of the body forward or laterally and a

corresponding diminution of the stature. In a case which came under the

author's observation (a young girl upon whom hot embers had been thrown

and whose abdominal wall had in consequence become the seat of a burn of

the second degree), the eschar extended from the xiphoid process to the pubis

and measured at some points six inches in width. The treatment adopted in

this case was the following:
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The scar tissue, which represented a relatively narrow, vertical jjarallel-

ogram, was incised in such a manner as to convert it into six flaps the long axes

of which ran horizontally (Fig. ')()). P\irthennore, the bas(>s of these flaps were

l^lanned to occupy different sides in alternation; the base of the first flap, for

cxanii)lc, being on the right side, while that of the second occui)ied the left.

After these flaps had been carefully dissected u}) from their underlying attach-

ments they were twisted on their bases—those on one side in an upward and

those on the other in a downward direction—and sutured in their nvw positions

Fig. 50. Fig. .51.

Fig. 50.— Diagram Sliowing lucision.s RtHjuircd for Making Six Si<iii l'l:i|)s in tlie Front Part of

the Abdominal Wall.

Fig. .51.—The Flaps.shown in Fig. .50 and designated l)y the letters .\, li, (', etc., ha\'e here been
dissected up from their attachments and turned, half of them up and the otlier half down, into their

new positicjns.

partly to the edges of the neighboring abdominal wall and partly to one anoth(>r

(Fig. 51). The efl"ect of this re-arrangement of the segments of the eschar was

to change the direction of its component fibrilhe from one mainly ^ertical to

one largely horizontal; in other words, the new arrangement almo.'^t comi)letely

broke up the former tendency of these fibrils to contract in a vertical ilirection

and thus to produce a bending foiward of the body. As a final result of the

operation the patient gained two and one-half iiiciies in height, her general

iieahh impi-oved, and the abdominal i)ains cea.sed.

Incised Wounds.—The incised wounds are caused l)y .^luup-edged or cutting

bodies. As a rule, they gape more or less, the degree depending upon whether

the wound is |)arallel with or transvei'se to the distribution of the muscular

fibres, and also ui)on the degree of tension of the ab<lomiiial wall at the time

of the reception of the wound. If the latter should be a ti'ansverse one in the

epigastric, the umbilical, or the hyi)ogastric region, the sj)reading will be more

marked on account of the distribution of the fibres of th(> rectus abdominis

mu.scle; and if the ejjigastric artery should be cut, there will be active hemor-

I'hage, re<|uiring ligation of both ends of the divided ves.sel, owing to tlie fact
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that the branches of this vessel anastomose freely with those of the internal

mammary. Should the deep epigastric be cut with a sharp instrument in the

iliac region, there will be danger of extensive hemorrhage (properitoneal htrma-

toma) beneath the transversalis fascia, and yet, on account of the crossing of

the fibres of this fascia, there may be no bleeding externally, as happened in

one of the author's cases.

In cases of incised wounds, the first thing to do, in the way of treatment,

is to stop the bleeding, to remove any foreign substances that may be

present, and to render the wound as aseptic as possible. If there is any

doubt whether the latter object has been attained, it is safer to provide drainage.

In closing the wound it is advisable to use a separate line of catgut sutures for

each layer of fascia and nniscle. The importance of obsci-ving great care in

the manner of suturing together the opposite edges of all divided tissues is

emphasized by the danger of a hernia occurring later at this point. Always

satisfy yourself that the peritoneum has not been opened, even though it be

necessary, for this purpose, to enlarge the already existing cut.

Punctured Wounds.—These are caused by pointed bodies, such as nails,

spikes, needles, foils, splinters of wood or iron, etc. When inflicted by sharp-

pointed objects, these wounds resemble those of the incised variety; when by

a blunt instrument, they resemble lacerated wounds. The skin and subcutaneous

tissues may be transfixed at right angles or obliquely, and the track which

remains is smaller than the instrument which inflicted the wound.

In punctured, as in incised wounds, it is necessary to be sure that no dirt

or foreign substance is left in the track of the wound. In other words, if any

doubt exists, the best course is to open the wound freely and continue the explora-

tion to the deepest point. Use both antiseptic and aseptic precautions, always

having in mind that the instrument that caused the wound was infected or

became so in passing through the clothing. Hence suppuration in these wounds

is frequent. The radiograph is not infrequently necessary to a successful re-

moval of some object imprisoned in the wound. Drainage should be thorough,

and for this purpose it will often be found useful to employ small "rubber tissue

rolls" or cigarette drains. When suturing is resorted to, it should be done with

the idea of placing the flaps in good positions, and not with the expectation of

obtaining primary union. The plan of placing over the wound numerous

layers of aseptic gauze, wrung out of a mixture of equal parts of sterile gly-

cerin and solution of thymol, and covered with rubber tissue, will ordinarily

effect a prompt closure of the wound.

Gunshot Wounds.—This subject has been treated so fully in Volume II. that

it will not be necessaiy for me to consider it in the present article.
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By MALCOLM LA SALLE HARRLS, M.D., Chicago, Illinois.

In this chapter the word "tumor" will be used in a very broad sense, so

as to cover any mass which is abnormal in form, character, or location. It

will therefore include not only the new-growths, but also collections of fluid,

misplaced or missliaptHl organs, inflammatory exudates, etc., for, from a diag-

nostic point of view, an hypertrophic tuberculosis of the caecum, for instance,

is as much a tumor as is a carcinoma of the same organ.

The term "abdomen" will also be used in a general rather tfian in a strictly

anatomical sense, for many tumors which project into, or occupy largely, the

abdominal cavity have their origin within the pelvis, while others may originate

in the walls of the abdomen and thus be, strictly speaking, entirely outside the

abdominal cavity; yet for practical reasons all of these conditions should be

K^onsidcred together.

The History.—The clinical history is often of considerable importance in the

diagnosis of abdominal tumors. It not infrequently indicates both the particular

organ or part in ^^•hich the tumor is located and also the nature of this tumor

and the presence or absence of complications; and it should therefore always

be carefully inquired into before one proceeds with the direct examination of

the patient.

The sex will, of course, at once exclude such tumors as are peculiar to the

opposite sex.

The age is of importance owing to the tendency of certain tumors to appear

at particular periods of life. True neoplasms of the kidney are most common in

infancy and early childhood; ha^matometra and hiematosalpinx about the age

of puberty; fibromyomata of the uterus and the ovarian cystomata during the

period of sexual activity; carcinomata during the fifth decennium; etc.

The rapidity of onset and the duration are of importance in differentiating

the acute inflammatory swellings from the new-growths. As a rule, tumors

which develop rapidly, with pain and fever, and those which follow an injury

or an acute infectious dis(!ase or the i)uerperal state, are inflammatory in origin,

while those which develop slowly and apj)arently spontaneously, and without

pain, are usually new-gro\\-ths. As a rule, malignant tumoi-s develop more

rapidly than the benign.

The symptoms connected with alxlominal tumors are seldom characteristic,

although they freciuently point to the particular organ or i)art involved. They

may be local or general. Local symptoms are due to disturbed functfons of the

organs involves I or to the mechanical effect of the growth on the surrounding

90
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parts. Thus, a tumor of the stomach obstructing the pylorus may cause vomitinff,

as may also a tumor of the pancreas which presses on or displaces the stomach.

Obstruction of the bowel may be produced by a tumor originating in the bowel

wall itself, or by one which is entirely independent of the bowel; in the latter case,

the obstruction is caused by pressure from without. Menstruation may be com-

pletely suppressed, as in pregnancy, or increased in both frequency and severity,

as in fibromyomata and malignant gro^^'ths of the uterus. Disturbed urination

may be caused by pressure on the bladder. A tumor involving the kidney

may alter the quantity or quality of the urine. By pressure on the iliac

vessels or the inferior vena cava oedema of one or both extremities may result,

and ascites may occur from pressure on the portal vein. Jaundice will be pres-

ent if the pressure occludes the common or the hepatic bile duct. Pain, either

local m the tumor or referred as a result of pressure on some neighboring nerve

trunk, may occur.

The general symptoms relate to the condition of the blood and to the general

nutrition. Thus there may be the usual secondary anaemia, or the anaemia of

splenomegaly or Banti's disease, or leukaemia.

Emaciation is quite common in malignant growths in general, but is par-

ticularly marked when the gro\^i;hs interfere ^\ith the taking of nourishment

or with the retention of food in the stomach or with the digestion of the food

through shutting off the pancreatic juice and the bile by pressure on the ducts.

The peculiar emaciation of the upper extremities and face, seen in patients

with large ovarian cystomata, is not often met with at the present time, owing

to the fact that these tumors are seldom allowed to become so large or to persist

for so long a time as formerly. Cachexia may become marked in the late

stages of malignancy, particularly when the growth has open surfaces which

are the seat of infection.

Methods of Examination.
—"When possible, patients should be prepared for

examination by having the stomach, bowels, and bladder emptied, and in obscure

cases it is very desirable that the patient be placed on a spare diet and be given

laxatives for a few days in order that the entire intestinal tract may be empty

and free from gas. The usual position of the patient for examination is on the

back, with the head and shoulders slightly elevated and the knees partly flexed.

In special cases the patient may be examined while lying on the side or while

resting on the hands and knees, or in the sitting or standing position. All cloth-

ing should be removed from the abdomen so that the entire region shall be

clearly exposed to view. After assuming the recumbent position the patient

should be permitted to rest for a few minutes in order to become composed

and to permit the tumor, should one be present, to resume its ''position of

equilibrium." By this term is meant that location which every movable tumor

tends to occupy when unrestrained, and it is often a matter of considerable

diagnostic value. For instance, an enlarged and movable gall bladder, when

displaced by the hand, will soon resume its normal location of equilibrium if

left undisturbed, as will tumors of the pylorus and of other parts of the intes-

tinal tract, etc.

VOL. vn.—
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Inspection.—Before the abdomen is palpated it should be closely inspected

and its general contour observed. It should be viewed in a longitudinal as well

as in a transverse direction, and from behind as well as from in front. In this

way any irregularity of the surface or any bulging laterally or joosteriorly may
be readily recognized.

The longitudinal motion which is transmitted by the diaphragm, during

respiration, to a mass within the abdomen is quickly distinguished from the

perpendicular rise and fall of a tinnor of the abdominal wall. The settling of

the abdominal wall about a tumor, which takes place during expiration and

causes the latter to rise up like a high rock out of the water, is very characteristic

and is (juite different from the slight expansile movement seen in ascites, or from

the arrest of the abdominal wave which is observed at the edge of an inflam-

matory mass in the lower part of the sheath of the rectus muscles or in the pre-

vesical space.

The enlarged epigastric veins, either unilateral or bilateral, due to obstruc-

tion to the return circulation in the iliacs or the inferior vena cava; the enlarged

veins about the umbilicus in obstruction to the circulation through the portal

vein; the rh\i:hmic waves in the stomach, with obstruction at the pylorus; the

peristalsis of the intestinal loops cephalad of a tumor that causes partial ob-

struction of the bowel lumen; the transverse fold of an excessive deposit of fat

in the abdominal wall,—a fold which becomes more prominent when the patient

assumes the standing posture; the redness of the surface or slight a?dema of

the skin sometimes noticed over an inflammatory exudate; the bulging of the

umbilicus in ascites; the pigmentation of the skin in some cases of enlargement

of the spleen,—all these are points which may be observed in an instant by the

experienced eye.

Palpation.—Palpation is by far the most important method of examination

in tumors of the abdomen, for by the sense of touch more definite knowledge

can be obtained than by any other means. By palpation may be determined

the .size of the tumor, its shape or outline, the character of its surface, its con-

sistency, its range of mobility, its points of fixation, its sensitiveness, the pres-

ence or absence of fluctuation or of pulsation, the peculiar "purring" sensation

of an echinococcus cyst, the rhythmic contractions of the pregnant uterus, the

movements of the foetus in utero, etc. In fact, by touch alone a diagnosis can

be made in a large majority of the cases of abdominal tumors; but, in order

to accomplish this, the sense of touch must be cultivated. One feels under-

standingly only that which one has been taught to feel.

Gentleness in jjalpating is absolutely essential to fine differentiation, as all

roughness is not only i)ro(luctivc of pain and discomfort to the i)atient, but, by

exciting an in\'oluntary resistance on the pail of the patient, defeats the end

in view. Complete relaxation of the abdominal nmscles is necessary in order to

secure the best results in pali)ation, l)ut occasionally a patient is seen in whom
it seems almost impossible to secure relaxation when the abdomen is touched.

Even in these cases much can be learnetl by gentleness and ])atience. By ])ressing

the iiaiid flat f)n the abdomen while the patient breathes deeply, and sinking
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the fingers deeper and deeper with each expiration, the entire abdomen can

be quite thoroughly palpated. However, in case successful palpation is impos-

sible on account of rigidity, tenderness, nervousness, fright, or for other reasons,

an anaesthetic should be employed, and this should never be neglected when
necessary. When palpating the upper abdomen for masses which are affected

by the movement of the diaphragm, place the palmar surface of the hand gently

on the abdomen and allow it to remain while the patient breathes in and out

several times. A mass moving beneath the fingers will often be recognized in

this manner by a delicate touch, while, if deeper pressure is made, the mass will

escape detection. Even the edges of the normal liver can be readily felt mov-
ing to and fro like a soft wave beneath the fingers. In searching for fluc-

tuation only the finger tips should lightly touch the surface, while, with the

percussion hammer or the fingers, a light, ciuick tapping is made on the adjacent

parts. In this manner the very edge of the liquid can often be outlined. It is

simply a question of delicacy of touch, and this, it is universally recognized, is

a matter of training.

Bimanual palpation is of great value, not only so far as the pehdc cavity

is concerned, but also in examinations of the lateral alxlominal regions; in which

latter case one hand is i)laced posteriorly in the lumbar region while with the

other hand the region to be examined is systematically jjalpated from the front;

or the patient may be placed on the opposite side with the knees slightly flexed,

which relaxes this portion of the abdominal wall veiy well. A mass occupying

this region may be palpated between the two hands, and so thoroughly can this

be done that not only its shape but also the character of its surface and its con-

sistency can be readily determined.

In the presence of ascites, if the finger tips are placed against the abdominal

wall and are then made to communicate to the latter a quick, sharp stroke,

there will frequently be felt, deep down in the abdomen, a mass which would

escape ordinary palpation on account of being surrounded b}' fluid. The quick

stroke suddenly displaces the fluid and the fingers then strike against the tumor.

In this manner, if the tumor is mova}:)le,—as, for instance, a tumor of the omen-

tum,—a definite sensation of ballottement may be obtained. Many intra-

abdominal tumors are quite freely movable. Pagenstecher, who has made a

very careful study of this subject, has shown that the degree or range of mobility

of a tumor is of considerable diagnostic importance. The fact that a tumor is

movable indicates that it has a pedicle. This may be quite long and narrow,

and composed of a simple fold of peritoneum containing blood-vessels, etc., as

in tumors of the intestines or ovary ; or it may consist of a more or less constricted

portion of gland tissue, as in a "schniir" lobe of the liver; or it may be short

and composed of a variety of tissues, as in enlargements of the uterus or in

tumors of the stomach. Be the pedicle what it may, the principle is the same,

namely, that the tumor occupies the free or movable end, and the opposite end

is the fixed point of attachment. If the tumor be moved now throughout its

extreme range it will be found to describe, on the surface of the abdomen, an are,

or a circle, or an oval, the centre of which corresponds to the fixed end of the
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podiclo. Tho outline thus (lcscril)ed is more or loss characteristic in each case

and thus indicates the particular or<ian or part in which the tumor has its origin.

The degree of motion which can he imparted to an enlarged gall bladder

depends upon the length of its meso-cyston or the extent to which its fundus

extends beyontl tlie free border of the liver. AA'hen either of these conditions is

marked the gall bladder may be quite freely movable in a pendulum-like manner,

with the concavity of the arc upward and its centre or fixed point at the edge of

the liver. The outline traced in this case is quite different from that obs(M"ved

in a movable kidney. In the latter the pedicle consists of the renal vessels and

the fixed point is near the midline in the lower epigastric region. The kidney,

therefore, when moved describes an arc about this centre toward which the

hilus is always directed. It should be stated here that, with the exception of

the smaller variety of hydronephrosis which occurs in movable kidneys, enlarge-

ments and tumors of the kidney do not, as a rule, possess a wide range of mobility.

Tumors of the stomach and intestines are usually quite freely moval)le. Of

the stomach tumors those of the pylorus are the most movable. They can be

moved at tinu^s throughout a large circle or oval in the upper abdomen—

a

feature which is quite characteristic. Tumors of the greater curvature are less

movable, and those of the lesser curvature the least so. Tumors of the cardiac

ond often cannot be felt at all, or, if palpable on deep breathing, can readily be

made to disappear under the left costal arch. Tumors of the caecum vary as to

their mobility. In some cases they are quite freely movable, in others they

become lixed at an early period. When they are movable the convexity of the

arc is directed toward the midline and the fixed point or centre is in the lower

part of the right side. Tumors of the sigmoid flexure move about the lower

left quarter of the abdomen as the fixed point, and the range of motion depends

upon the length of the middle portion of the meso-sigmoid. The omentum lies

free in the abdominal cavity, Ix'ing attached only at its superior border, and

this attachment, besides, being to movable organs; conse([uently tumors of this

structure, unless fixed by adhesions, are quite freely movable throughout the

central portion of the abdomen.

Tumors of the root or fixed portions of the mesentery are but slightly movable,

while those which are located in the distal portion are quite freely movable in

all directions.

A movable spleen descends from beneath the left costal arch and may be

moved throughout the upper and left ])ortion of the abdomen, at times to or

beyond the midline laterally and as far as the pelvic l)rim below. It maybe
distinguished from a movable left kidney by the fact that it descends in front

of the colon while the kidney is retroperitoneal. A tumor of the ovary with a

long jK'dicle may form one of the most movable of tumors and at times may
actually be |)lace(l in any part c)f the abdominal cavity. \\'ith a shorter ixnlicle

it may be moved from side to side and show a di.stinct point of attachment

below, on one side or the other of the pelvis.

A subperitoneal fibroid of the uterus w ith a long pedicle may be freely mov-

able in the lower half of the abdomen, but its attachment to the uterus may
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be determined by bimanual examination. Another feature of interest con-

nected with these movable tumors is their change of location under the influence

of gravity, and patients may be examined in the knee-chest or knee-elbow posi-

tion or on the side, or standing, etc., in order to determine this point. As noted

under "Inspection," all movable tumors, however much displaced, have a

tendency, when left undisturbed, with the patient at rest on the back, to return

to their location of equilibrium, and this fact often indicates at once the point

of origin of the growth. However valuable the mobility of a tumor may be as

an aid in diagnosis, it should be remembered that it is applicable only to tumors

which do not exceed a certain size, and that in the case of a tumor of larger

size or in one which occupies a considerable portion of the abdominal cavity,

its mobility is necessarily more or less restricted on account of limited space.

It should also be remembered that every tumor which ordinarily is movable

may be fixed by adhesions, and may therefore lose its mobility. Consequently,

mobility is of diagnostic value only in a positive sense. In other words, the

fact that a tumor is found immovable does not exclude it from belonging to the

movable class.

Tumors of certain regions and organs of certain varieties are so uniformly

fixed that they are classed as immovable tumors, and this fact possesses

therefore some diagnostic importance. To this class belong retro-peritoneal

growi;hs, including most tumors of the kidney; inflammatory masses; aneurysms;

and tumors of the pancreas. A slight displacement due to a yielding of the

tissues should be distinguished from a distinct mobility or change in location

of a tumor.

A great difference exists in the consistency of tumors, and by this quality

alone the experienced touch will often be able to make a diagnosis.

The firm ''board-like" hardness of actinomycosis readily distinguishes it

from the ordinary inflammatory exudates. The sensation conveyed to the

hand of the examiner by a soft myoma of the uterus is entirely different from

that of a cyst of the ovary under moderate tension. A dermoid of the ovary

when palpated often gives one the impression of bogginess, and at times irreg-

ular, hard, bony or cartilaginous masses may be distinguished. A ftecal mass

may be recognized by the fact that it can be indented or moulded by slow press-

ure with the fingers. The expansile pulsation of an aneurysm is characteristic,

as is also the slight oedema about an inflammatory mass.

Percussion.—In making percussion the fingers placed with the palmar sur-

face of the distal portion flat on the surface of the part to be percussed constitute

the best pleximeter, for not only are the character and quality of the sound

elicited, but one is also able to feel the difference in density of the tissues beneath

the fingers.

Percussion is of particular value in defining the outline or limits of organs

such as the liver, spleen, etc.; in marking the level of fluid in the peritoneal

cavity, and especially the changes in the level when the position of the patient

is changed; in locating the colon when distended with air, and in determining

its relation as well as that of other loops of intestine to tumors. The percussion
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note made over a looi) of bowel rises in pitch as the tension in the loop increases.

This is often observed in a small area over or about an inflamed appendix in the

early stages, or over a looji of small intestine strangulated by volvulus or other-

wise; it is also of some importance in diagnosing or differentiating such acute

conditions.

Artificial Distention of the Colon.—One of the most valuable aids in deter-

mining the particular organ or tissue from which a tumor takes its origin is the

distention of the colon with air. This organ, by reason of its circuitous route

through the abdomen, lies in contact with, or bears a (juite definite reflation to,

almost every other organ, and thereby becomes the great landmark in the al>

dominal cavity. The meso-colons—ascending, transverse, and descending—

to the free border of which the colon is attachcnl are fixed to the posterior abdom-

inal wall and form more or less complete septa which subdivide the abdominal

cavity into four quite distinct regions, namely: the superior region lying cephalad

of the trans\'erse meso-colon; the right and left lateral regions lying respectively

to the right and left of the ascending and descending meso-colons; and the

central region which includes the area surrounded by the meso-colons. Each

of these regions contains organs and tissues which are peculiar to the particular

region; and, as a tumor which has its origin in one region cannot change its

habitat to another region, however much it may encroach by displacement of

the septum, it at once becomes apparent that, if the particular n^gion in which

a tumor has its origin can be definitely determined, a most important point

in the diagnosis becomes established, as thereby it becomes possil)le to exclude

from consideration all those tumors which have their origin in other regions.

The septa—the meso-colons—cannot be outlined through the intact abdominal

wall, but the colon which occupies their free border can practically always be

accurately located, and from its situation the position of the septa may readily

be determined. The best way to locate the colon is to distend it with air.

This, when properly done, is a very valuable and perfectly harmless procedure.

The patient should be prepared by having the colon thoroughly flushed and

the stomach empty. He should lie on the back with the abdomen completely

exposed. A double rubber bulb, such as is conmionly used with a Paquelin

cautery, is attached to a glass or metal tip which is inserted into the bowel,

and the anus is surround(>d by a towel to prevent the escape of gas. The rubber

tube is then compressed between the l)ulb and the towel, while this bulb is being

distended with air. On quickly releasing the pressure on the tube the air in the

bulb suddenly enters the bowel and when the abdomen is closely observed

it will be seen to shoot around the colon like a ball as far as the ileo-c2ecai

valve. When this is well done the entire course of the colon is quickly and

accurately mapped out without unnecessarily distending the abdomen, and its

relation to the tumor, which has been outlined previously, becomes at once

apparent, and the region to which Ihc tumor belongs is established. Thus, if

the colon encircles the tumor the latter will belong to the central region, in

which are found tumors of the mesentery, of the omentum, of the retro-ju'ritoneal

lymph nodes, of the great vessels, and of the pelvic organs which have risen into
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the abdomen. If the tumor Hes cephalad of the transverse colon it belongs to

the superior region, in which are found tumors of the liver, of the stomach, of

the pancreas, of the retro-peritoneal lymph nodes, of the spleen, of the large

vessels, etc. In the lateral regions, on the other hand, are found tumors of the

kidney and of the adrenal, cysts of lymphatic origin and cysts composed of the

remains of the pronephros and of the Wolffian body, tumore growing into this

region from the colon, etc. "N^Tien a tumor is small there may be no difficulty in at

once assigning it to its proper region, but when it is so large that it encroaches upon

a considerable portion of the abdominal ca\'ity, a careful outlining of the colon

may be the only means by which its probable point of origin can be determined.

Auscultation.—Auscultation is of value chiefly in the diagnosis of pregnancy,

for by means of it one may detect the sounds of the fcetal heart. When these

sounds can be heard the diagnosis of pregnancy is positive, but great care should

be observed in excluding pregnancy, when other symptoms suggest it, just

because heart sounds cannot be heard, for, in hydramnion or when the child is

very small or lies with its back directed posteriorly, it may be difficult or impos-

sible to hear the heart sounds. The various soft-blowing sounds, which are

either continuous or synchronous with the patient's pulse, and which formerly

were considered to be due to the circulation in the placenta, are not diagnostic

of pregnancy, as they may frequently be heard in any tumor that is rich in

blood supply.

The soft murmurs should not be mistaken for the more pronounced and

characteristic bruit of an aneurysm.

The numerous gurgling sounds heard in the intestine are of value in this

connection only so far as they may be related to obstruction of the bowel due

to the pressure of a tumor or to a tumor located in the intestinal wall.

Exploratory Puncture.—The aspirating needle as a means of diagnosis should

not be used through the unopened abdominal wall. This rule applies practically

to all cases in which the needle must enter or pass through the peritoneal cavity.

Rarely, in extra-peritoneal swellings (as, for instance, an enlargement which

presents itself in the lumbar region posteriorly), the use of the needle may fur-

nish information \\-ithout disproportionately great risk; but these are excep-

tions to the rule.

The reasons why the use of the needle has been abandoned are the following:

1. The danger of the escape of infectious or irritating matter through the

needle puncture into the peritoneal cavity after the withdrawal of the needle,

which danger is not entirely removed even by completely emptjing the cyst or

abscess cavity.

2. The possibility of puncturing an overhing loop of bowel.

3. The danger of injuring large blood-vessels in the walls of the mass, with

the production of severe hemorrhage.

4. The fact that the information obtained is often unsatisfactory and erro-

neous on account of

(a) the fluid being too thick to pass through the needle used;

(6) the obstruction of the needle by a blood clot, a piece of tissue, etc.;
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((?) the nccdlo entering a large vein and therefore affording escape to nothing

but blood;

{d) the Huid withdrawn not possessing definite characteristics.

5. The j)ossibility of implanting a malignant growth in the abdominal wall

along the needle puncture.

The above-mentioned objections apply, of course, to the use of the needle

through the intact abdominal wall. After the abdominal cavity has been opened,

during the course of an operation, the aspirating needle may occasionally be

used to advantage, as, for instance, in order to ascertain the character of the

fluid in a cyst; for, if it be found to contain serum, the removal of the cyst

may be inuncdiately proceeded with, while, if it contain pus, it may be wiser

simply to stitch it to the abdominal wall and open it later—in other words, to

do a "two-time" operation.

Exploratory Laparotomy.—When all means of making a diagnosis have been

exhausted and the nature of the trouble still remains vmsolved, th(> question of

opening the abdomen for diagnostic purposes will arise. iVlthough the opening

of the abdomen under proper precautions is practically devoid of danger, still

the operation should not be lightly imdertaken and should be done only with

the intention of clearing up the diagnosis or of relieving or removing the trouble

if possible. Whenever, therefore, an exploratory operation is undertaken, one

should be prepared to conduct any operative procedures which may be deemed

necessary or advisable for the relief of the patient.



ABDOMINAL SECTION.

By WILLIAM McDOWELL MASTIN, M.D., LL.D., Mobile, Alabama.

DEFINITION AND HISTORICAL OBSERVATIONS.

The expression "Abdominal Section/' first suggested and employed by

Lawson Tait, seems to be the most comprehensive and fitting term with which

correctly to define the surgical procedure of cutting into the peritoneal cavity

through the walls of the abdomen, and the one which is more entirely than any

other in accord with the common usage of to-day. The Latin word sectio,

from which our English "section" is derived, signifies simply "a cutting out,"

and, when preceded by the adjective abdominal, which means pertaining to or

relating to the abdomen, it certainly expresses quite clearly the process of gain-

ing surgical entrance into that great visceral cavity of the body, which meaning

it is intended to convey. It should be observed, furthermore, that this applica-

tion of the word section is amply sustained by precedent. Such use was in

vogue for centuries,—reaching back to the traditions of the misty past,—as

evidenced in its association with the act of opening the gravid uterus and re-

moving its contents through an incision in the abdominal walls, from which

procedure we get the classical operation of Sectio Ccesarea or Agrippina, the

untimely ripping of the great Caesar from his mother's womb. At a much
later period this was made to include other operations, as sectio alta or supra-

pubic lithotomy, perineal section, vaginal section, et cetera, many of which

terms even now occupy a recognized place in surgical nomenclature.

But the correctness of the expression "abdominal section," as well as of

the various other terms which have been coined for the purpose of designating

the operation of cutting into the cavity of the abdomen, has been vigorously

assailed ; and the question of a title which shall be accurately descriptive and at

the same time satisfactory in other respects, remains an unsettled one with both

lexicographers and surgeons.

Among the earlier terms which were employed for designating the operation

of cutting open the abdomen we find that of "gastrotomy" widely used; and,

as it was orginally suggested for the operation as performed for the purpose of

removing the child from the uterus, the name at first appears to have been em-

ployed synonymously with "Cjrsarean section." Blancard, of Middleburg, Zea-

land, published, toward the end of the seventeenth century, a dictionary in which

the word " gastrotomia " is given this limited definition. With the progress of

time gastrotomy (formed from the two Greek words r«'^''J>, belly, and -»iJ-r,,
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incision) was broadened in its field of application and became more generally

used in its liberal and vulgar sense of incision into the belly. Consequently, we
find the offshoot term, gastrorrhaj^hy, in use as signifying suture of wounds of

both the abdominal parietes and the intestinal tube; but the meaning of the

term was finally and definitively narrowed down to indicate the closure of an

opening in the stomach wall In- sutur{\ With the advent and growth of gastric

surgery, however, gastrotomy was largely if not exclusively confined in signifi-

cance to a simple cutting into the anatomical stomach for the extraction of ex-

traneous bodies.

The word ''laparotomy" is probably more commonly employed than any
other term, and its meaning has been so enlarged as to embrace every operation

of every character involving division of the abdominal i)arietes. It comes of

Greek derivation {/.a~dpa^ loin, -ro.aij'^ a cutting) and signifies literally surgical

entrance or cutting into the abdominal cavity through the loin or flank. In

the beginning of the nineteenth century it was made use of to indicate operations

in the lumbar and inguinal regions, such as colotomy and herniotomy, but more

precisely lumbar colotomy. This employment of the term was entirely con-

formable to its true and original meaning, but its general misapj^lication at the

present time has been so obvious as to call forth decided protest from many
authoritative sources.

Wntrotomy, a temi which was suggested a few years ago by H. A. Reeves

as an appropriate substitute for the several terms then in use, had nothing to

commend it and much to condemn it, and, very properly, it failed to receive the

professional sanction that was expected for it.

The next and lat{>st term that has been added to our terminology is "coeli-

otomy" {yjnXia^ belly), which was proposed by Dr. R. P. Harris, of Philadelphia,

some two decades ago, but was erroneously accredited, by some writers, to N.

Davies-Colley. This recently coined term possesses very much in its favor

from an etymological point of view, but just and valid objections exist to its

general application. Thus, as Dr. Frank P. Foster remarks, "with its adoption

has sprung up the curious term 'abdominal coeliotomy,' an abdominal opening

of the abdomen," a word alliance so improper as to border on the ludicrous.

The difficulty of this and similar connections do not admit of such broad and

comprehensive application as seems desirable in an expression intended to de-

scribe the operation of opening the peritoneal cavity. It is for this reason that

many authorities give the preference to the term "abdominal section," and it

is for the same reason that the writer has determined to employ it in this article.

The history of abdominal section is in reality the history of abdominal surgery,

since division of the parietes is necessarily the first step in all abdominal opera-

tions. The phrase "abdominal section" only implies incision into the cavity

of the peritoneum, so that the various structures contained therein may be

exposed for proper surgical inspection and treatment. The mere cutting into

the abdominal cavity can alone acc()rni)lish but little in a surgical way, and con-

sf'(juently as a .scpai'ate operation it can scarcely be claimed to possess any in-

dividual distinctiveness. It was onlv after it was demonstrated that the abdo-





EXPLANATION OF PLATE XLIX.

DIAGRAM SHOWIXG THE PRINCIPAK INCISIONS EMPLOYED IX ABDOMINAL SECTION.

Vertical Incisions.—a, Median supra-umbilical Incision; b, median infra-umbilical incision; c,

riglit lateral supra-umbilical incision tlirough rectus muscle (Mayo Robson's incision) ; d, left lateral

supra-umbilical incision througli rectus muscle; c, left lateral supra-umbilical incision through linea

semilunaris; /, the Battle-.Ialaiiuier-Kammerer incision; ^, right lateral infra-umbilical incision through

rectus muscle ; i, Bovan's S-incision.

Oblique and Angular Incisions.—h, Right oblique subcostal incision; j, left oblique subcostal incision;

k, left low oblique subcostal incision; I, right oblique inguinal (McBurney's "Gridiron") incision; m,

right oblique iliac incision for appendicectomy ; n, left oblique inguinal incision; o, left lumbo-iliac in-

cision; p, Fowler's angular incision; q, J. Meyer's "hockey-stick" incision.

Transi'erse and Curved Inci.dons.—r, Kuestner's transverse suprapubic incision; s, the super-

ficial curved incision, and /, tlie deep vertical incision of Pfannenstiel's inferior abdominal section ; n,

Pean's transverse incision.
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men could be opened and the cavity of the peritoneum invaded with compara-

tive impunity, that abdominal surgery received that impulse which carried

it on to a perfected state. And yet, although this operation should not be styled

an operative entity, it constitutes the most important feature in all abdominal

operations, and requires for its proper performance both manipulative skill and

accurate surgical knowledge. The fact alone that the perfect closure of the

abdominal wound—so that it may heal primarily and solidly—diminishes in a

large measure the immediate dangers as well as future complications of the usually

associated operation, entitles abdominal section to rank with procedures of the

first importance.

The history of abdominal surgery, like that of all great and lasting human
accomplishments, has progressed by advances and recessions. Splendid forward

movements and discouraging lapses back into the darkness of forgetfulness

followed, the one upon the other, until the light of true science, the light shed by

antiseptic and aseptic wound treatment, placed abdominal surgery upon a pin-

nacle of lofty height. The name of Joseph Lister is indissolubly bound up with

the history and development of this branch of the surgeon's art, as it is with mod-

ern surgery in all of its features and aspects. Lister discovered the great prin-

ciple, and the numerous and ever-zealous company of surgical workers through-

out the world applied it, formulated it into definite rules, and from these have

been evolved the brilliant technique and marvelous achievements of abdominal

surgery as we now have it.

ANATOMICAL CONSIDERATIONS.

Contour and Landmarks. (Plates XLIX and L.)—The front portion of the

trunk—that portion which forms the space between the thorax and the pelvic

bones—is known as the anterior abdominal wall, and is composed of several layers

or planes of muscular and fibrous tissues. The contour and general appearance of

the abdominal wall vary with the age and development, and to some extent with the

sex, of the individual. In infants and young children the abdomen is conspicu-

ously protuberant and of a rounded form. This degree of prominence is caused

by the relatively large size of the liver, which extends over the stomach and also

over the bladder and upper portion of the rectum, both of which organs, owing

to the comparatively small capacity of the pelvis in early life, are as yet situated

in the lower abdomen. The type of the abdomen differs but little in the two

sexes until just before puberty, when the pelvis begins to assume its individual

sexual character, and when, coincidently with these changes, certain differences

in the shape of the abdomen take place. In the well-developed and muscular

adult male, the surface of the abdomen is somewhat irregular. This irregularity

is due to the fact that the tendinous intersections and muscular masses produce

depressions and elevations, which, with the less evident pelvis and the shape of

the thorax, materially affect the abdominal lines. In the adult female these

muscular depressions and prominences are not usually visible. Furthermore,
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there oxi'^t other differences, which are dependent upon the prominence and

breadth of the iha. th(^ width of the pubic arch, and the narrowness (as compared

with the same structure in the male) of the lower portion of the thorax. In a

general way, however, the anterior abdominal wall resembles an irregular (juad-

rangle, or rhomboid-shaped area, the superior sides of which are bounded by

the lower end of the sternum and the costal arches, while the inferior sides are

delimited by the anterior portions of the iliac crests, the line of Poupart's liga-

ment . and the pubic bone. The four angles or comers thus formed are represented

by the xiphoid cartilage, the pubis, and the right and left loins. It is chiefly

through this space that the contents of the abdominal and pelvic cavities are

palpated and pathological conditions recognized: and it is through an incision

in its walls that the various oi)erations upon the organs and structures within the

peritoneal cavity are perfoniied.

The anatomical and surgical landmarks of the abdomen are numerous and

conspicuous. The anterior superior spinous processes of the ilia are the most

prominent of the bony points of the lower lateral portions of the abdominal bound-

aries, and also the most frequently employed fixed bases from which measure-

ments are taken and descriptive lines drawn upon the surface of the abdomen.

The sacral promontory is located posteriorly, just opposite the centre of a tran.'^-

verse line crossing the abdomen between the two spines of the ilium. Rising

somewhat above and continuing backward from these processes are the iliac

crests, which are well outlined in thin individuals, but are frequently o\-erlapi)ed

by a fleshy fold in those who have fat and pendulous abdomens. The costal arches

are composed of the cartilages from the sixth to the tenth ribs inclusive, and they

extend downward in a diverging or \^-shaped direction on both sides of the upper

abdomen. Both the angle of divergence and the length of the costal arches vary

considerably in the two sexes and in different individuals, and are materially

affected by habits of dress. At the junction of the costal arches with the sternum,

and projecting downward from the lower end of that bone, is the ensiform car-

tilage, which corresponds to the depression known as the infrasternal fossa.

The OS pubis is a prominent osseous eminence occupying the lower central

angle of the abdominal space, and it constitutes a most important bony land-

mark. From the outer limit of the crest of the pubis projects the spine of the

pubis. It is almost on a level with the upper edge of the trochanter major and

is found by tracing upward the tendon of the adductor longus muscle. It

affords attachment for the outer pillar of the external abdominal ring, and is a

reliable guide in locating this opening.

Poupart's ligament is a tendinous cord which extends from the anterior

superior process of the ilium to the spine of the pubis of the same side. It

is, as a rule, readily felt by the finger, and corresponds to a line (slightly curved

downward) drawn between the o.sseous points mentioned. It is one of the most

valuable of the landmarks for surgical purposes. About half an inch (1.3 cm.)

above the middle of Poupart's ligament is situated the internal abdominal ring,

and, ju.st above and external to the crest of the os pubis, is the external al>

dominal ring.
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The surface of the abdomen is marked by several shallow furrows and de-

pressions, which are clearly distinguishable in young and muscular subjects.

The most conspicuous of these markings is the umbilicus, a circular or oval

depression, which is almost centrally situated in the linea alba, from three-fourths

of an inch to one inch (2 to 2.5 cm.) above a line dra\A'n between the highest

points of the iliac crests, but varying to a certain extent \\'ith the laxity of the

abdomen and the obesity of the individual. It is also opposite the tip of the

spinous process of the third lumbar vertebral segment, and above and slightly

to the inner side of the bifurcation of the abdominal aorta. The umbilicus

consists of a ring of fibrous tissue derived from the linea alba, together with the

fusion of the skin, fasciae, and peritoneum: and it represents the cicatrix result-

ing from the shrinking of the funis umbilicalis at birth. It is deep and broad in

the female, but small and shallow in the male.

The furrows are not discernible in lax, distended, or fat abdomens, but are

quite plain on well-developed muscular persons, and often outline the surface

into distinct figures. The central or so-called abdominal furrow is the groove

in the middle line which reaches from the infrasternal fossa to just below the

umbilicus, and is best defined in its upper two-thirds. The linea alba forms the

floor of this furrow. The two lateral furrows are the superficial markings of the

lineae semilunares. They are slightly curved, with the conca\dty directed in-

ward, and they extend from the cartilage of the ninth rib to the pubic spine.

The transverse furrows are usually three in number on each side, are situated

in the upper ])art of the abdomen, and correspond with the linete transversae

of the recti muscles. In obese and corpulent persons the abdomen is crossed by

two other deep transverse furrows. The upper one of these passes through the

umbilicus and often conceals it; and the other, or lower one, is situated just

above the pubes. ^\^lere the lower one intersects the linea alba represents

the point where the trocar should enter in tapping a distended bladder. The

iliac furrows are placed over the iliac crests, and are formed by the attachments

of the external oblique muscles to these elevations of bone. They are best

seen when the individual is in the erect posture.

Muscles and Aponeuroses.—The soft tissues composing the several layers of

the antcro-latoral al^dominal wall differ materially in structure, and all possess,

in varying degree, the common object of gi^^ng strength and support to the

abdomen and its contents. The skin or outermost layer differs in character ac-

cording to the locality, being thinner and finer in texture above the umbilicus

and also in the lower lateral or inguinal regions. It is more adherent to the

underlying tissues in the middle line than elsewhere; and it is more loosely

attached to the inguinal regions on each side. Next to the skin, follow in regular

succession the two layers of the superficial fascia, the connective-tissue layer,

the so-called intercolumnar fascia of the external abdominal ring, the obUquus

externus muscle and aponeurosis, the obliquus internus muscle and aponeurosis,

the transversalis muscle and aponeurosis, the rectus muscle and sheath, the

pyramidalis, the transversalis fascia, the subperitoneal areolar tissue, and the

serous layer or peritoneum.
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The muscular and ai)oneurotic layci"s are of particular importance to the

surgeon. The external oblique—also called the external descending oblique,

from the direction of its fibres—is the largest and most superficial of the flat

muscles. It is situated on the anterior and lateral aspects of the abdomen, the

muscular portion occupying more especially the lateral, and the ai)oneurosis the

anterior portion of the wall.

A bimdle of the aponeurotic fibres below constitutes Poupart's ligament.

A line projected from the anterior superior iliac spine to a point just anterior

to the ninth costal cartilage indicates the junction of the muscular and aponeurotic

divisions; a transverse line drawn from the iliac crest (from a point one or two

inches [2.5 to .5 cm.] behind the anterior superior spinous process of the ilium)

to a corresponding point on the opposite side gives the lower limit of the

belly of the muscle; and the fibres of the muscle and aponeurosis run at

almost a right angle to a line extending from the anterior superior iliac spine to

the umbilicus.

The internal oblique is of smaller size and thinner than the external muscle,

and also covers the side and forepart of the abdomen as far as to the linea

alba. The lower fibres of its aponeurosis arch downward and inwaixl to unite

with the transversalis in forming the conjoined tendon. The aponeiu-o-muscular

limits, above, correspond to an oblique line passing from a point slightly l:)elow

the tip of the twelfth rib upward and parallel with the costal arch and. inwardly,

to a line drawn from the centre of Poupart's ligament upward with a slight out-

w^ard inclination.

The third flat muscle, and the one which occupies the most internal position,

is the transversalis, so named from the direction of its fibres. The lower fibres

pass down to the pubis and blend with those of the internal oblique to form

the conjoined tendon. The muscular limit of the transversalis is somewhat

nearer the median line of the body at its upper and lower portions than it is

at the middle.

The rectus abdominis is a long muscle, placed along the front of the abdo-

men. It is broader above than below, and is separated from its fellow of the

opposite side by the linea alba. The tendons of the two muscles interlace Ix'low.

The pyramidalis is a small triangular-shaped muscle located at the lower part

of the abdomen and in front of the rectus. It is occasionally wanting, and some-

times may be double on one side.

The quadratus lumbonim is a muscular mass occupying the lumbar or

lateral aspect of the abdominal walls. It concerns the surgeon only when the

abdominal incision passes backward into this region and when he is calletl ui)on

to treat a case of lumbar hernia.

The union or blending anteriorly of the ajjoneuroses of the obli<iuus and

transversalis muscles of both sides is known as the linea alba. This forms a

tendinous raphe down the midline of the aixlominal wall between the inner

edges of the recti muscles, from the tip of the xiphoid cartilage to the pubic sym-

physis. This line is broad and di.stinct above the umbilicus, because of the

divergence of the reeti muscles at this level, but becomes narrowed and less evi-
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dent below it where these muscles more closely approximate each other. It is

incomplete posteriorly in its lower fourth, about one inch and a quarter (3 cm.)

below the umbilicus—that is, below the semilunar fold of Douglas. The linea

alba is the thinnest and least vascular part of the abdominal walls, and is per-

forated by a number of apertures for the transmission of nerves and vessels,

including the large umbilical opening. It may become of exaggerated breadth

after great intra-abdominal distention, as observed in pregnancy and in cases in

which large fluid accumulations exist in the peritoneal cavity.

The rectus muscle is enclosed in a sheath, the anterior wall of which is formed,

in its upper part, by the union of the aponeurosis of the external oblique with

the outer aponeurotic lamella of the internal oblique, and below by the blending

of the aponeuroses of both oblique muscles and the transversalis. The posterior

wall is formed, in its upper three-fourths, by the combining of the aponeuroses

of the inner lamella of the internal oblique and the transversalis muscle, but, in

its lower fourth, by a thin aponeurosis, the deep fascia, and the peritoneum,

which here fomis what may be called its posterior sheath. At the point where

the upper portion of the posterior sheath terminates, it forms a curved fold,

with the concavity directed downward, which is designated as the semilunar

fold of Douglas. At the umbilicus all the layers of the abdominal coverings

are fused together—that is, the linea alba is closely adherent to the underlying

tissues including the peritoneum.

The linea semilunaris represents the line of separation of the abdominal

aponeuroses, and corresponds to the outer border of the rectal sheath. A
slightly curved line (with the conca\dty directed inward), drawn from a point

between the seventh and ninth costal cartilages to the pubic spine, marks the

direction of this tendinous line. At the umbilicus it is about three inches (6 to

7.5 cm.) from the linea alba, but, in an abdomen that has been distended by

ascites or other cause, the distance is proportionately increased.

The lineiie transversa? correspond to the transverse surface lines in the upper

abdomen, and are three tendinous intersections in the substance of the rectus

muscle, but do not extend through the entire thickness of the muscle. The upper

one is about opposite the point of the ensifomi cartilage; the second or middle

one is on a line with the lower part of the tenth rib ; and the third is about four

inches lower down on a level with the umbilicus. Sometimes there is a fourth,

below the umbilicus. These lines divide the upper part of each rectus muscle into

two muscular squares, those on the right being the longer. In athletic indi-

viduals these squares are c^uite prominent. The lineae transversse connect the

linese semilunares with the linea alba. These tendinous lines serve to limit the

extension of extravasations and emphysema between the abdominal layere.

The peritoneum, at the point where it is reflected upon the bladder, is not fixed,

but varies with the degree of distention of the bladder and the rectum. "When

these organs are empty the vesical peritoneal fold is just belov\^ the superior border

of the pubic symphysis; when the bladder is distended to such a degree that

the highest point of the fundus is two inches (5 cm.) above the symphysis, the per-

itoneal reflection may be estimated to take place at a point about three-fourths
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of an inch (2 cm.) above the superior border of the pubic symphysis. When the

bladder and rectum are fully distended the area of prevesical space uncovered

by the peritoneum widens to about three inches (7.5 cm.).

Nerve Supply.—The nerve distribution to the antero-lateral wall of the

abdomen may be conveniently dividend into three groups, namely: (1) the

sixth, seventh, and (nghth intercostal nerves, which run downward and forward

and supply the upper third of the abdomen; (2) the ninth and tenth intercos-

tal nerves, which course more horizontally inward and forward and supply the

middle third; (3) the eleventh and twelfth intercostal, the ilio-hypogastric,

and the ilio-inguinal nerves, which pass downward and forward to be distributed

to the lower third. (The arborescent branches are shown in Plate L.)

The intercostals pass between the internal oblique and transversalis musch^s,

pierce the sheath of the rectus at the outer edge, penetrate and supply the rectus

muscle and its anterior sheath, and are further distributed to the skin in the

regions mentioned. The ilio-hypogastric nerve supplies the tissues about the

internal ring and the hypogastric region. The ilio-inguinal emerges at the ex-

ternal ring, and sends branches to the thigh and the scrotum in the male, and

the labium in the female. Besides the necessity for avoiding injury to th(^

motor branches of the nerves supplying the abdominal walls, an exact knowledge

of the relationship existing between the deep and cutaneous branches of these

nerv(»s is often of special value to the surgeon in clearing up some of the obscure

problems connected with abdominal pain—as, for example, that of reflected

abdominal pain associated with certain early pathological changes in the cord

and the vertebral column.

Vascular Supply.—The arteries of the antero-lateral abdominal wall are

fairly numerous but of immaterial size. They are: the deep, supcrhcial, and supe-

rior ej^igastrics ; the deep and superficial circumflex iliacs; the superficial exter-

nal pudic; the lowest two intercostals; the abdominal branches of the lumbar

arteries; the ilio-lumbar; and the musculo-))hrenic. The larger of these are:

the two epigastrics; the branches of the deep circumflex iliac; the epigastric branch

of the internal mammary ; the last two intercostals ; and the abdominal branches

from the lumbar arteries. The deei) epigastric runs from a point to the inner

side of the middle of Poupart's ligament, between the peritoneum and the

transversalis fascia, to the inner side of the internal abdominal ring, and then on-

ward in an oblique direction to the sheath of the rectus, midway between the

pubis and the navel, and, passing beneath the crescentic fold of Douglas, finally

jK'netrates the muscle to which it is distributed. A line from the middle of

Poupart's ligament to the umljilicus indicates the course of both the deep and

the superficial ej)igastrics.

The veins of the abdominal wall correspond for the most part with the ar-

teries, and some arc in pairs. There are several veins lying over the peritoneum,

in the lower third of the linea alba, and emptying into the vesical plexus at the

neck of the bladder. They are termed "((rliotomy veins" by Howard Kelly.

Kelly also speaks of a vessel which runs transversely in the subcutaneous areolar

tissue, about three-fourths of an inch (2 cm.) above the symphysis pubis, and
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THE ANATOMICAL LANDMARKS AND SURFACE MARKINGS OF THE ABDOMEN OF
A WELL-DEVELOPED FEMALE.

The skeletal parts are indicated either by dotted lines or by printed words. The arborescent
figures represent terminal nerve filaments.
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from which, when divided, arterial blood appears to flow from one side and

venous blood from the other.

The fatty areolar tissue lying between the fascia transversalis and the peri-

toneum varies in thickness in different localities, being quite thick in the upper

and lower portions of the midline, but almost absent in the region of the umbilicus.

It is also wanting beneath the rectus below the level of the navel, except in stout

individuals.

The abdominal viscera are quite insensitive, except when inflamed, but the

parietal peritoneum is normally quite sensitive, and, when inflamed, it is acutely

so. However, dragging on the omentum or the mesentery, or similar peritoneal

folds, may produce cardiac depression and even collapse.

SURGICAL CONSIDERATIONS.

The operation of abdominal section should never be regarded lightly, but ever

recognized as a surgical procedure of importance, one that always carries with it

an element of risk, and that may be, when least expected, associated with the

gravest dangers. Not infrequently the operator of small experience and im-

mature ideas, dazzled by the brilliant work performed by masters in abdominal

surgery, enters the abdomen with a recklessness that is often startling. It

therefore cannot be emphasized too forcibly that the operator who essays ab-

dominal section should be thoroughly imbued with the responsibilities of the

operation, both inmiediate and remote, and should be prepared to meet the

surgical problems which he may at any moment be called upon to solve. He
should appreciate that repeated and carefully conducted examinations do not

always disclose the exact pathological condition which- may exist within the

abdomen—a condition which may demand a high degree of surgical knowledge

and manipulative skill to recognize and successfully to overcome.

Exploratory Section.—The subject of exploratory section is scarcely a set-

tled one. It is true that every abdominal section is in a certain sense explora-

tory, but, at the same time, no section should be merely an exploration. It was

only comparatively within a few years that such an operation for diagnostic

purposes was looked upon almost as criminal. Now, however, the pendulum

has swung far to the opposite side, and exploratoiy incision seems to be resorted

to with a thoughtless frequency that is to be deprecated equall}^ with the earlier

position. The facility and relative freedom from risk with which the abdomen

can be opened has led to practically an utter neglect, on the part of many opera-

tors, of the honored methods of abdominal diagnosis once so carefully observed;

and the indifferent, almost flippant, manner with which some surgeons of broad

experience appear to regard the operation must be held as, in no small measure,

responsible for the situation. It should be remembered that what is perfectly

justifiable and apparently of little moment with the experienced and facile

operator, is quite another thing in inexperienced and unskilled hands. And,

because the skilful surgeon can invade the abdomen with so small risk, it does
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not follow that even he himself is justified in resorting to the performance of

this operation excejjt for good reasons.

Exploratory section is often the one and only means by which a correct

knowledge of the condition of things within the abdomen can be obtained, and

thus it is not only frecjuently justifiable but absolutely demanded, and no con-

scientious man would hesitate to offer such a benefit to his patient. But. before

he resorts to this step, he should make an exhaustive and jx^instaking examina-

tion of the case, and, in elucidating its obscurities, he should utilize every diagnos-

tic method at his disposal.

Abdominal section for the jDurpose of exploration may be legitimately under-

taken when it is evident that the conditions within the abdomen are such that

an operation will have to be performed, although the nature of the pathological

changes is obscure. It is also peraiissible in cases in which there is no c}uestion of

doubt concerning the nature of the lesion, but in which it is not possible to .say,

until the abdomen is opened, whether the condition is operable or not. or even

whether a chance exists that the patient may be temporarily benefited thereby.

Whilst a short exploratory incision is always preferable, there should be no

hesitancy in extending it to any proper length in order to accomplish in a i)rompt

and thorough manner the purposes for v.^hich the o]x>ration was made. .Although

the once prevalent belief that the degree of shock is in direct proportion to the

length of the incision is no longer tenable, it should not be forgotten that long

incisions always add to the degree of operative shock and correspondingly to the

gravity of the case, and may prove the determining factor in a fatal issue. In

this connection it is well to remark that rashness should be avoided in inflicting

injury upon an intra-abdominal gro\Ai;h or lesion which may prove to be in-

operable; for, as Tait long ago observed, it is quite easy to convert an exjiloratoiy

incision into a completed operation, but often impossible to change an incomplete

ojKTation into a simple exploratory incision.

Drainage.—The employment of drainage in wounds dates back to the earliest

days of medicine. Drainage of wounds was practised in the time of Hippocrates,

and since then has l)een advocated up to the present moment. Roussetus

advised draining the woml) in Ca'.sarean section by means of ''a Cannulated

Pessary to be insciied in the ()s Vteri''; and Laurence Heister, in 17(18. recom-

mended drainage of the abdomen for the same operation, as well as for other

wounds involving this cavity, by the u.se of a "Cannula or Tent to discharge the

Matter and other Humoui-s," and added that the cavity should be "cleaned by

repeated injections of Some \\ilnerary Decoction."

In the beginning surgeons were impelled to re.sort to drains because the

formatir)n of j)us almost invariably foihnved upon a wound, and they thus en-

deavored to prevent or limit supjjuration by j)roviding for the ready escai)e of

the wound secretions and inflammatory products. During the first years of al>

dominal surgery death from post-operative peritonitis was believed to be

infrequent. The lethal result was a.scribed rather to the poi.sonous effect of the

"red serum," as suggested by Keith, the absorption of which was considered

the great menace to life after ovariotomy and other operations involving the ju'ri-
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toneum. As a consequence the use of drains for conveying off this toxic fluid

was extensively practised, and regarded as a necessary part of the toilet of every

abdominal section. With the discovery of pyogenic bacteria, and of the fact that

infective inflammation was dependent upon their presence, drainage was con-

sidered ecjually necessaiy to prevent the retention of these germs in the depths

of the wound. But, later, it was learned that the drain, while it undoubtedly

favored the removal of germs, often became the direct avenue by which septic

organisms were introduced into the peritoneal ca\dty. It was found, in addition,

that a drain is a foreign body, the presence of which increased wound secretion;

that mechanical devices were not necessary for removing the products of injured

peritoneal surfaces, pro\'ided they were not largely infected; that the peritoneum

is remarkably tolerant of infectious matter, and therefore much more capable

of self-protection when not handicapped by the presence of a foreign substance,

even in the form of a drain, which interferes with its resistive powers: and,

conseciuently, that drainage is not nearly so important as was formerly believed,

—indeed, that it is often actuall}^ hamiful. Hence it can now be stated that

carefully conducted asepsis renders drainage superfluous in the majority of

abdominal sections, and that, even if infection exists to a limited degree, the

peritoneal cavity may be closed with reasonable safety. But so much depends

upon the en\ironment and personal susceptibility of the patient to infection,

upon the extent and effects on the peritoneimi of operative manipulation, upon

the virulence of the infection (if such exists), and upon the experience, judgment,

and methods of the individual operator, that it is impossible to foraiulate rules

that will meet the requirements of every case. Notwithstanding our increased

knowledge, the problem of drainage is not yet solved. It is a problem in regard

to which there is 3T't quite as great difference of opinion as exists with regard to

any other subject connected with abdominal surgery.

Some operators have adopted the radical practice of dispensing with drains

in all abdominal operations except in the presence of extensive and virulent in-

fection and infection in the presence of extensive peritoneal impainnent ; whereas

others adhere to the earlier method of draining in practically all cases. Between

these extremes are found surgeons who drain much less frequently than before,

but still resort to the practice in questionable instances of their own. The

methods which they use, however, are simpler and less bulky than were those of

fonner da}'s.

Drainage Material.—Cannulte or tubular drains were the earliest de\'ices

employed for favoring the escape of wound discharges. The soft-rubber tube,

still in use, was introduced by Chassaignac, in 1859; and, a few years later (in

18(37), Koeberle offered to the Profession his perforated tubes, with bulbous ends,

for peritoneal drainage. About the same period straight glass tubes were

employed by Keith and Spencer Wells. These tubes enjoyed a short but wide

popularity. It was found, however, that they, as well as all hard drains, often

produced damage to the intestines and other important structures through

pressure necrosis,—a damage which resulted in fecal fistula in the former, and

ulcerative processes in the latter, instances,—and they soon fell into disuse.
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Capillary drainage was the next method to claim the attention of the sur-

geon. This method was effected by means of gauze, or by a combination of

soft-rubber tubes with gauze wicks. The use of alternate layers of gauze

and rubber tissue rolled into the shai)e of a pencil or cigarette, constitutes the

most trustworthy method of employing drainage at the present time. Folded

rubber tissue, composed of several layers which have been rolled or folded to-

gether, is also popular. The split rubber tube armed with gauze wick and the

cigarette drain are the methods of choice when gauze is to be used. Both of

them should be amjjly large. The cigarette drain is made by placing one or more

layers of sterile gauze, of the desired size, on a sheet of tissue, which should be

slightly wider than the gauze, and then rolled into a loose roll of the required

size. Two or three sterile stitches hold the roll together. The cigarette drain

is one of the best forms of capillary drain, and it possesses two important ad-

vantages: it does not adhere to the peritoneal surfaces (provided the textile

fabric ])art does not come in contact with them), and it can be removed at any

moment without disturliing protective adhesions and without causing pain.

Objections to Drainage.—The ol^jections to drainage are manifold:—The

drain keeps the wound open and delays union, and the tract occupied by the

drain soon becomes infected and thereby adds a dangerous atrium for the en-

trance of bacteria into the peritoneal ca\ity. A drain is always an irritating

body, interfering with the natural resistance of the peritoneum and increasing

the serous flow in propoiHon to the extent of wounded and serous surfaces

exposed to its irritating contact. The drain often fails to rcnnove fluids, for,

becoming cjuickly clogged, it may act as a i)lug and stop the drainage. The

remo\-al of the gauze drain is extremely painful, and, besides, it may break down

granulations and protective adhesions, thus increasing the risk of infection or

causing prolapse of the omentum or intestines and possibly inducing hemorrhage.

Drainage predisposes to hernia, which is found in eight per cent of the cases, and

post-oj)erative ileus is oftener encountered in drained than in undrained cases.

Drainage reijuires frecjuent change of dressings.

Again, the great objection to i)eritoneal drainage is that it does not usually

accomplish its purpose, for the mechanical difficulties prevent this after a short

time. All drains become walled-off from the g(>neral cavity in a few hours, and

their function then ceases. Tubes cease to drain in about twelve houi's; and in

twenty-four houi-s the meshes of gauze fill up. the drain becomes adherent to the

peritoiniiiii. and its capillai'ity is lost.

Indications for Drainage.—Drainage is not ijidicated in uncomplicated a.sep-

tic cases. It is calk>d for in the presence of positive infection, and also where

there is much hemorrhage. It is indicated where the urinary bladder and the

gall-bladder are ojx'ued, since the contents of the.se organs are usually infected;

and immediate provision should therefore be made for draining them. AJKlom-

inal drainage should be eni])loyed also in walled-off abscesses, as, for (>xample,

in aj)pen(licitis, in extensive suj)j)uration in the jx-lvis, where the |)us collection

cannot be reached through the vagina, and in a widesjjread or g(>neral pcTitoneal

infection. A proi)hylactic drain should be used when the hollow vi.scera have
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been sutured and when, in consequence, there is uncertainty as to subsecjuent

leakage.

Drainage of the abdominal wound is indicated in abdomens \nth a very-

thick layer of subcutaneous fat. This layer, owing to the fact that it is poorly

vascularized, has a tendency to break down, and this circumstance, together

with the ooze of lymph and fatty matter that occurs in many cases, increases

the danger of infection. In this class of cases, therefore, capillary drainage is

advisable.

Gauze, in common with all drainage material, has certain disadvantages.

Some of them have been referred to, but the chief objection is that it drains

serum only, and does not remove pus or blood. This statement has met with

denial by some observers, who maintain that, if rationally applied and in suf-

ficient quantity, it will drain both purulent and bloody effusion from the free

peritoneal ca\dty. (R. C. Coffey.) This deficiency, as well as the fact that gauze

loses its capillarity in forty-eight hours at the farthest, should be borne in mind.

Hence, when it is employed as a packing in hemorrhage, it ma}^, after a short

while, act as a dam, permitting blood and pus to accumulate beneath it, and thus

cause extended infection. But, despite all these objections, gauze is the most

widely used and reliable material at our command, and, when used in ample

quantity and of sufficient thickness at the exit of the wound, it may be safely

relied upon in most instances. Its eflSciency is also greatly enhanced if the

outer end is placed in a dependent position and in contact with an abun-

dant absorbent dressing. The well-known tampon drain of ^Mikulicz is a con-

venient method of utilizing gauze in draining large ca^^ties, especially where

the wicks are to be gradually removed.

Medicated gauzes are now seldom used, and possess no advantage over the

plain sterile material. The drug with which they are impregnated may inflict

serious harm, and this is particularly true of iodofomi, which, in my opinion,

should never be introduced into the abdomen in debilitated patients or in those

who are suffering from kidney lesion.

Where it is desirable to hold a drain in contact with some definite area,

—

as, for instance, in the neighborhood of the ureter or the common bile duct, and

therefore in a position from which it is liable to be displaced b}^ the movements

of the body or through other agencies,—the tube or wick may be sutured to

adjacent tissue with catgut. The gut is absorbed in a few^ days, and the drain

is then easily removed.

All drains should be as small as is consistent with effectiveness, and should be

removed as early as conditions will permit. The utmost gentleness should be

observed in removing a gauze drain. Rudeness is never pennissible, lest either

intestinal prolapse or reinfection follow the removal. If allowed to remain for

a period of from six to ten days the drain will be found loosened, and can then be

readily withdrawn.

Drainage through a Stab-Wound.—A drain introduced into the abdomen

through a small wound separate from the main incision, and known as the stab-

wound drain, has been found of great value and a decided addition to our resources
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in the application of drainage, esi)ecially in cases of extended infection. A
puncture or stab with a bistoury is made through the al)doniinal wall at a distance

from the principal incision and at a convenient point for drainage. This is th(>n

forcibly stretched by forceps which also grasj) the drain from the inside and

bring it out through the opening. This method lessens the risk of infecting the

longer incision and the tendency to hernia.

Drainage through the Vagina and Rectum.—Drainage of the pelvic cavity

through Douglas' cul-de-.sac was introduced in 1S()4 l)y Peaslee in this country,

and by Keith in Scotland, and for years was alternately in favor and in disrepute.

It is now probably the preferred route in the majority of instances requiring

drainage of the pelvis and lower abdomen.

The advantages of vaginal drainage are evident. In the first place, there

is no uphill di'ainage, but instead there is afforded a natural gravity route which

is both short and direct. The primary union of the abdominal incision is not

disturbed—a result which not only renders the period of convalescence shorter

and more satisfactory, but minimizes the risk of hernia. The only objection

Hes in the difficulty of securing vaginal asepsis. This danger, however, has been

exaggerated, for, with careful attention to the details in the preparation of the

parts, the risk of infection may be reduced to almost nothing.

At about the same period drainage of the pelvis through the rectum was sug-

gested and tried, but failed of its object for reasons now well understood. Quite

recently it has been again brought forward by MacLaren, who makes extra-

ordinary claims for the method in the treatment of pelvic abscess in men.

Postural Drainage.—The important observations of Muscatello, John G.

Clarke, and others, have demonstrated that there exists in the peritoneal ca\dty

a force which conveys fluids and solid particles, present in the cavity, toward

the diaphragm. These readily pass through the endothelial layer of the dia-

phragmatic and omental peritoneum, the area of the diaphragm manifesting a

special affinity for the grosser material. This current takes place irrespective

of position, although it is influenced to a certain extent by gravit3^ There-

fore, gravity being the most important principle in all drainage, and it being a

fact that absorption into the lymphatics of the upper abdomen takes place

raijidly, while the j^elvic peritoneum is slow in absorbing, postural drainage has

come into almost univei-sal use after abdominal operations, and particularly where

widespread peritoneal sepsis exists. Postural drainage is secured by the Fowler

or pelvic-low position, in which the patient is maintained in the complete or semi-

sitting posture for several days after the operation, until the danger of general

septic dissemination has passed. The fear of the effect of this position on cir-

culatory failure in enfeebled patients should not be given too much weight, since

the existing cardiac weakness is due to degenerative changes dejjendent ui)on the

absorjjtion of septic toxins, and would be overcome rather than aggravated by

measures that lessen and retard septic absor])tion.

Fowler elevates the head of the bed to an angle of thirty degrees (Fig. 52),

or to a point from twelve to eighteen inches al)ove the horizontal, while the patient

remains on tiie back. To prevent the imtient from sliding down in bed a folded
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pillow is placed beneath the flexed thighs, and secured in this position by a stout

bandage made fast to the sides of the bed frame. Other surgeons prefer to ob-

tain the necessary angle by raising the head and trunk by means of pillows or a

back rest, with thigh slings; while still others employ retaining frames and

other devices. The main object, however, is to secure the angle of elevation from

the hips and not from the middle of the back or shoulders, as is so often seen.

Fig. 52.—The Fowler or Pelvic-Low Position

Recently, Dr. R. C. Coffey has shown, by some interesting experiments, that it

requires an elevation of the trunk to an angle of from sixty to seventy degrees to

secure drainage of the renal and ihac fossae.

Irrigation of the Abdominal Cavity.—There is evidently a growing ten-

dency on the part of surgeons to limit the use of irrigation of the peritoneal cavity

to widely distributed infections. The more modern treatment of peritonitis by

local drainage, by the exaggerated Fowler position, and by flushing the vessels

through abundant colonic injections of normal salt solution, has largely super-

seded the older method of peritoneal irrigation.

Dr. John B. Murphy's continuous method of employing enteroclysis is a

most rational one, and has given to the profession a life-saving element of the

very first consecjuence in the treatment of septic peritonitis. Murphy has shown

that the mucosa of the large intestine absorbs water with great rapidity; and

that, by the rectal instillation of saline solution, as much as one pint and a half

is absorbed, on an average, in from three-cj|uarters of an hour to one hour. By

this means large quantities of fluid are introduced into the circulation, thus

increasing the activity of the secretions, promoting the elimination of septic

material, and promptly restoring the normal blood pressure. Murphy believes

that in these cases proctoclysis is second in importance only to a conservative

technique. He lays particular emphasis upon the observance of the details of
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the plan, and declaros that the best results are obtained only when these details

are carried out with precision.

We have learnetl that irrigation of the peritoneal cavity is often harmful,

through the risk of distributing septic material to uncontaminated peritoneal

areas, and that, oftener still, it is not needed; and yet irrigation is the best means,

at our command, of freeing the peritoneum of septic matter, blood, and other

detritus. Small circumscribed quantities of pus and blood, if promptly removed,

can be sufficiently cleaned away by sponge-wiping, and any little that remains

may usually be safely left to the care of the peritoneum.

The normal salt solution at a temperature of about 110° F. is the only fluid

to be employed for irrigation, and w^hen used it should be confined to the con-

taminated area. This may be done b}^ isolating the locality with gauze sponges

and introducing the solution in small quantities, which should be poured from a

pitcher or directed against the part by means of a glass irrigating tub(> attached

to a funnel. A small (juantity is introduced at a time and then soaked up by

sponges, and this is repeated until the part is properly cleansed. Where blood

or pus is effused in large quantity, becoming disseminated among the viscera,

the entire abdominal cavity should be irrigated with thoroughness. This is

facilitated by raising the pehis and lowering it, alternately, for a number of

times

—

a procedure which aids in conveying currents of fluid to and from the

diaphragm and upi)er peritoneal recesses. At the sam(> time free escape for

the returning fluid should be secured by keej)ing the edg(\s of the wound widely

retracted. The remaining portion of fluid should be absorbed by sponges, and

the pelvis and flanks well dried out. In instances of intestinal distention,

especially if the bowel is much "ballooned," it is quite difficult—indeed, often

impossible and therefore impracticable—to attemi)t to flush the jx'ritoneal

cavity.

The introduction of hot salt solution into the abdominal cavity also serves

the additional purpose of furnishing prompt and valuable stimulation, so often

needed in these cases.

Position of the Patient during Operation.—The dorsal decubitus, with the

head and k^gs lying flat, is the usual position of the patient on the operating

table, and is the most convenient for })erformiiig the majority of oi:)erations

demanding abdominal section. Where the abdominal walls are very tense,

owing to a high degree of intestinal distention, some relaxation may be gained by

flexing the thighs and raising the shoiflders; but this offers little advantage over

the simple horizontal posture. The view of the cavity of the flank may some-

times be increased by rolling the jmtient toward the sound side,—a pro-

cedure which should be cari-ied out by assistants or by the aid of mechanical

api)liance.

In all operations involving the jjelvis and lower abdomen the Trcndclcnhunj or

elevated peliris position (Fig. 53) affords such decided facility for deej) work that it

has become indispensable in operations upon the pelvic organs. It is probable that

Bardenhauer, of Cologne, was the fii-st surgeon to recognize the advantage of

this position, but Trendelenburg poj)ularized it, and it is generally sjjoken of by
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his name. This position causes the intestines to be displaced upward away from

the field of operation, where they are easily supported by large flat gauze sponges,

or roll-packs, which permit an unobstructed view of the pelvic contents. In some

favorable cases manipulation is thus facilitated to such a degree that it is almost

as easily executed as when one is operating on the surface. The best results are

secured by placing the patient in the desired position during the progress of the

final preparation and the administration of the ansesthetic; the pehds being

elevated by gradual stages and the ^^scera allowed to gra\itate slowly to, and

become settled in, the upper abdomen. In emaciated and ana?mic women this

position possesses the additional advantage of lessening shock by keeping a

larger volume of blood in the brain.

The degree of change in posture required differs in different cases. It may vary

from an inclination of only eighteen to one of forty-five degrees, or even more,

Fig. 5.3.—Th6 Trendelenburg or Elevated Pelvis Position.

but an angle of thirty degrees is the average. There are certain dangers con-

nected with this position, and the knowledge of their existence should prevent

careless employment of the method. Thus, for example, keeping the trunk

well bent forward produces marked strain upon the circulatory and respiratory

organs through pressure on the diaphragm, and consequently, in stout and

plethoric women with flabby hearts and intestines weighted down with fat, sud-

den and fatal cardiac and respiratory failure may occur. And yet it is in obese

patients that an extreme angle of pelvic elevation is the more often necessary.

Labored breathing, cyanosed face, irregular ])ulse, and dilated pupils are the

danger signals that call for prompt restoration of the body to a normal horizontal

posture. After the intestines have gra\itated toward the diaphragm and the re-

taining packs are in place, the pelvis can be considerably lowered without dis-
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tuibing them. In the next i^laco. <z;i'avity iwcrcasos the clanger of conveying septic

matter to the upper part of tlie alKlonien; and this, together with the lessening of

I)lee(ling. which may become dangerously active when the body is again placed

horizontally, is sufficiently serious to cause some surgeons to reject this position

entirely. If it is employed, it shoukl be understood that the patient is to be

kept in this position only as long as is absolutely necessary, the angle being

diminished after the intestines are packed away from the pelvis, and the

position of the trunk being changed to the horizontal upon the first indication

of heart or respiratory embarrassment. As a pr(>cautionary measure it is

well to avoid suddenly returning the i)atient to the horizontal position, since

in feeble ])atients syncope may, under these circumstances, result from sudden

cerebral ananiiia.

All of the modern operating taljles are fitted with mechanical arrangements

for placing the jiatient in the elevated pelvic position. In some of these tables

the arrangements are such that the pehdc elevation is secured by bending the

trunk at the level of the lower edge of the scapuke, the weight of the patient's

body resting on the shoulders, with the neck bent forward ; while in other tables

the whole body is tilted by means of a plane inclined downward (Fig. 53).

The position which is generally employed in operations on the liver, gall-

bladder, and gall-ducts is that in which the patient lies on the back over a cushion

or sand-bag, with the shoulders slightly raised. The advantages of this position

were first mentioned, about ten years ago, by Dr. J. Wheelock Elliot, who showed

Fig. 54.—Patient in lllliot'.s Position on the Scanlon-Morris Table. (Elovation by AnRulation.)

that, when the patient is placed on a plane inclined at an angle of forty-five

degrees, with a sand-bag under the back at the level of tlie liver, the intestines

fall away toward the lower abtlomen and the liver is thrust forward; and that,

as a result of these changes in (he i)ositions of the different organs, the field of

operation is much enlarged, and ready access is afforded to the gall-l)ladder and
cystic and connnon ducts. A pneumatic rubber cushion is preferable to the sand-

bag, because it is more elastic and because the tension can be regulated by a
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stop-cock attached to the cushion. AA'here a vertical incision is made, the

position just advocated, by putting the muscles on the stretch through the

pushing forward of the costal margins, renders the edges of the incision tense

and difficult to retract. This does not happen in the subcostal incision or where

either the ^layo Robson or the Bevan cuts are employed.

The recent operating tables, such as those provided with the Lillienthal bridge,

and the Scanlon-Morris table (Fig. 54), by which the elevation is secured by

angulation, are provided with arrangements for placing the patient in this

position.

In operations upon the kidne}^ and ureter the patient is placed with the

sound side over a cushion, which renders the affected side prominent. This

is utilized in transverse and oblique incisions across the antero-lateral abdominal

walls, and materially aids the steps of the operation.

INCISIONS.

Some Principles Involved.—There are certain principles that should always

govern the surgeon in performing an abdominal section—principles which make

it one of the most important procedures in the broad compass of abdominal sur-

gery. A careless indifference to these principles, and the resulting reckless

sacrifice of motor nerves, muscular and aponeurotic fibres, and blood-vessels,

may lead to conditions that are even worse than that for which the operation

was originally required. Of the structures mentioned none should be more

carefully protected than the motor nerves. A division of these nerves is often

followed by muscular atrophy and hernia. This has been shown in published

cases, in which the fibres of the rectus were divided or separated at the outer side

without reference to the location of the related nerves; and in consequence the

median side of the muscle has become atrophic and eventually hernia has

developed.

The integrity of muscular tissue should be disturbed as little as possible.

Muscular bellies should never be cut through, cither transversely or obliquely,

unless such a step is absolutely unavoidable; and then careful apposition of the

edges by sutures should be made. Much less injury will be produced by open-

ing the sheath and displacing the muscles (Fig. 55), or by the intramuscular

separation of the fibres along the cleavage line (Fig. 56), and this principle should

always be applied when possible. Intramuscular separation diminishes the

danger of nerve injury, although, when it is done extensively, the nerve supply

is always damaged to a greater or less degree. The same rigid mle should

be applied to aponeurotic fibres, since it is in the aponeurosis that the strength of

the parietes largely resides; although, owing to the fact that muscular tissue

is the more resistant of the two structures to the development of hernia, it is

safer to cut muscle than aponeurosis.

^IcBurney's gridiron operation for appendicectoniy may be taken as a type of

an intramuscular operation at other situations. In this procedure the musculo-
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aponeurotic layci's of the wall arc separated in line with the direction of their

fibres, and thereby paralysis and weakening from nerve severance and from the

dividing of muscle fibres are avoided. (Fig. 57.)

Incisions that destroy muscular attachments to bone—as, for example, where

the muscles along the crest of the ilium are divided—are advisable only in case of

necessity.

The arteries of the abdominal wall are for the most part small, and are of

secondary importance as comjiarcd with the nerves. But the blood-vessels

should be spared whenever possible,

and especially the deep and superior

ei)igastric arteries.

The incision should be made by a

free, clean cut, down to the aponeu-

rosis, and not by a laborious division

of the tissues layer by layer, as was at

one time advised. In thick, fat al>

domens, however, it may be necessary

to incise the fatty layer by several

successive cuts. The skin and subcu-

taneous tissue of the anterior wall are

usually lax and movable, and, even

when there is a considerable amount of

fat, it becomes easy for the experienced

operator to estimate by touch the

thickness of the parietes, and to gauge

jjractically the depth and length of

the incision.

The incision should be smooth

and clearly defined, without ragged

or frayed edges, and it should be of

the same length throughout all the

layers. A funnel-shaped wound, such

as results from a long skin incision and

a short peritoneal opening, is, in my
opinion, to be avoided. The incision

can be quickly ext('ii(l('(l by a few cuts with blunt-jjointed scissors or a scalpel.

Location, Direction, and Character of the Incision. (Plate XLIX.)—The
abdomen should be opened by that incision which produces the least disturbance

of the tissues composing its walls, and which affords a plain view of and free

access to the parts to be operated upon. There is no exact rule to be follow(>d

in effecting this. A superficial or skin incision may usually be placed at any

jK)iiit or carried in any jH'actical direction, but the deep incision must always

be made with due respect for the anatomical structures involved.

A superficial transverse incision may be combined with a vertical division

of the muscle; or a vertical median skin incision may be combined with a lateral

1 IG. i^>o. — Thi.s 1-igure Sliow.s the Hatllc-

.)alaf|uier-Kammerer Incision. Vertical Incision,

a little to one side of the median line, through
the anterior sheath of the rectus; the edges of
this sheath held apart by forceps; the belly of
the muscle retracted toward tlie median line;

and tlie posterior sheath unopened at tlie bottom.



ABDOMINAL SECTION. 125

incision through the miisclo sheath and displacement of the muscle; or a skin

incision may be combined with blunt intramuscular separation. It often becomes

necessary to modify the incision to meet inuuediate requirements. Thus, a

straight incision may be converted into a curved, an angular, or an S-shaped cut.

Usually, in operating upon a single organ—as, for instance, the gall-bladder,

the appendix, or the stomach—a short incision is sufficient; but unexpected

conditions may require it to be greatly enlarged or supplemented by a second, or

possibly a third, incision. A second

inci.sion is to be preferred to the length-

ening, to an inordinate degree, of the

first one, which increases the injury to

important structures besides adding to

the general \dtal depression. Hence,

in dealing wdth the biliary passages, in

the course of an appendicectomy, it is

better to make a second incision in the

upper abdomen; or, under the same

circumstances, it is better to make

another opening, median or lateral,

through which to attack a lesion on

the opposite side, than to extend the

primary incision or to use much force

in retracting its edges.

The incision may be vertical, oblique,

or transverse; and it ma}^ be made in

the median line or anywhere along the

lateral regions of the abdominal wall.

The vertical incision is oftencr placed in

the midline, but may be made to one

side of this line. Lateral vertical inci-

sions are usually employed in operations

upon the duodenum, stomach, liver and

biliary passages, colon, and spleen. All

lateral vertical incisions of any length

sever the terminations of one or several

motor nervTS. A vertical incision through the centre or outer edge of the rectus

muscle is not to be advised ordinarily, since it cuts the nerves to the inner half

of the muscle and may be followed by muscle atrophy and hernia. Obliciue in-

cisions are preferable in entering the abdomen in the lateral regions, especially

when they are associated with muscle separation. Such incisions, inclining

somewhat to a transverse direction, and extending from above downward

and forward, more closely parallel the nerves (intercostals, ilio-hypogastric,

ilio-inguinal) which lie between the muscular abdominal planes.

The oblique subcostal incision (which corresponds with the course of the sev-

enth and eighth intercostal nerves) is practised in explorations of the liver and

Fig. 53. — Intramuscular Vertical Incision

tlirough the Right Rectus Muscle above the

Umbilicus. The fibres of the muscle are sepa-

rated and held apart by retractors.
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gall-ducts, kidney, and spleen; the oblicjue ventral incision is used for exploring

the caecum and sigmoid, and for ligating the common iliac artery: the oblique

inguinal cut may be made above or below Poupart's ligament, and is employed

in herniotomy, in operations upon the cord, round ligaments, etc.; the oblique

lumbo-iliac incision has in view nephrectomy, complete removal of the ureter,

and extraction of a ureteral calculus; and the oblique lumbo-costal incision is

the one adapted for oi)erations on the kidney. Vischer's lumlio-iliac incision

above the iliac crest, with muscle separation, has only a limited application.

Fig. 57.—Intramuscular Oblique Iiiguinal Incision (McBurncy's "Gridiron operation" for Ap-
pendicectomy). The skin and the muscular and aponeurotic layers are drawn apart by retractors: the

peritoneum is caught with clamps; and the ca?cum appears at the bottom.

Transverse incisions arc occasionally resorted to by some surgeons. Those

severing the rectus muscle are not desirable, although, if the muscle is sutured,

as previously mentioned, hernia rarely develops. A transverse incision o^•er the

appendix, with muscle si)litting, as employed by some operators (Da\-is and

others), preserves the nerves and gives ample space. Pean's transverse incision,

which extends from the outer edge of the rectus to the sacrolumbalis and is use-

ful for kidney work, is rather more damaging to structures than a similarly

located oblique cut. Pfannenstiel enters the pelvis through an inferior abdominal

section; at first, he makes a curved transvei^se superficial cut, and then a deep

vertical musculo-aponeurotic incision. Kuestner's transvei*sc suprapubic in-

cision is advantageou.'^ly emi)l()yed for the ojx'ration of susj)ending the uterus,

and for ajjproaching the bladder. Tlie transverse uml)ilical incision (Mayo) is

that of election in umbilical hernia, and offers especial advantages in fat women
with lax abdomens.

An incision in the median line, rather centrally located, is cho.-^en for the

majonty of abdominal sections, because it affords not only the most direct route

to the abdomino-])elvic cavity, but for the reason that the lineaalba is the thinnest
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area, and least supplied with vessels, of the parietes. The median incision may

be made anywhere in the linea alba, either above or below the navel, and in

long incisions it either passes through it or around it.

Through the median supra-umbilical or epigastric incision access is gained to

the liver, the stomach, the pancreas, and some portions of the intestines. In this

situation the linea alba is broad and distinct, being often quite wide where intra-

abdominal tension has been great, and the incision can therefore be boldly made

in this locality. But care should be exercised not to cany the incision too close

along the side of the ensiform cartilage, lest a low fold of the pleura be wounded

or the anterior mediastinum opened. The act of respiration in the male is more

abdominal than thoracic, and, consequently, the anterior abdominal wall is less

steady than it is in the female, whose respiration is more thoracic. This is a

circumstance of some importance in upper abdomen work. Under ordinary

circumstances the abdominal parietes are quite motionless.

A median incision below the umbilicus is available in operations upon the

intestines, appendix, bladder, and pehdc organs, and is the most frequently

practised of all abdominal incisions. In this region the linea alba is much less

sharply defined, on account of the approximation of the recti, and a median in-

cision is apt to expose the inner border of one or both recti muscles, as well as the

pyramidales, which may overlap the median line low down. If it is desirable

to identify the linea alba, this can be exposed by a small oblique cut made be-

tween the edges of the recti. Care should be observed in carrying the incision too

near the symphysis for fear of wounding the bladder or opening up the loose

prevesical fascia. This space is one in which blood and infective material are

apt to collect, and it can usually be avoided by observing the character of the

fatty areolar tissue, w^hich is granular in appearance and is provided wdth vessels

that cross the median line in greater numbers than is observed in the preperitoneal

fat elsewhere. A moderately full bladder may be its own safest landmark

(J. C. Monro), and, if the relations are carefully observed, it often aids the sur-

geon greatly in recognizing anatomical outlines in certain pelvic operations.

In long median incisions reaching above the umbilicus, it is the usual custom

to curve the incision around the left side of this depression, to avoid the sus-

pensory ligament of the liver; but some operators cut directly through it, while

others systematically follow the practice of excising it, except in young women.

Where the incision is carried through the umbilicus the tissues should be split

on each side so as to broaden the area and thus strengthen the suture line. In

enormously fat women where the diagnosis is obscure, it has been suggested to

explore the abdominal cavity through the umbilical ring, as at this spot the wall

is thinnest and the liability to infection or to the occurrence of hernia is less than in

other parts of the abdomen. (Howard Kelly.) If the suspensory ligament is cut,

it should be sutured and all harm thus prevented. There is little or no preperi-

toneal fat around the umbilicus, and all the structures are united or fused together,

making it difficult to distinguish the peritoneum by separation. This state of

affairs may lead the inexperienced operator to believe that adhesions with, the

viscera exist and that perhaps he has not, after all, actually made an opening into
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the ix'ritoiieal cavity, liut this can be })romptly determined by tlie ease or the

difficulty with which the finger can be swept around without encountering some

obstacle.

Kelly states that he has employed the median incision through the linea alba

in more than two thousand cases, and has no reason to distrust it on the ground

that the union is less finn and secure than where the incision is made on one

side of this line.

When a secondary section is made it is better not to carry the new incision

through the cicatrix of the old one, in order to avoid possible parieto-visceral

adhesions that may exist at the site of the former opening.

Length of the Incision.—At one time it was regarded that the length of the

incision had an in^portant bearing upon the operative result. It is now luider-

stood that this applies only to incisions of extraordinary length, which may
positively increase the shock of the operation. It is the rule, therefore, that the

incision should be of adecjuate length for proper and easy manipulation. One is

often tempted to make the incision too short and thus interfere both with

rapid and with gentle work, and also with the proper inspection of the cavity.

Much injur}' may result from forcible and rough handling through a small wound.

On the other hand, a too long incision })ossesses these disadvantages: It allows

the intestines to bulge at the upper end, to the embarrassment of the surgeon,

and it adds to the risk of subsec]uent hernia. Long incisions through muscle or

aponeurosis should always be condenmed.

An incision about an inch and a half long (4 cm.) is considered short, and is

sufficient for ordinary exploration. Th(^ average incision varies from three to five

inches (8 to 12 cm.) in length, and, when it is more extensive, it is called long.

It is usually a correct practice to make a short incision first, and then, after the

introduced finger has ascertained the nature and extent of the lesion, to extend it

to any length demanded. A large single ovarian cystoma may be removed

through a very small wound; whereas solid growths, extensive adhesions, and

thick, fat abdominal walls (conditions which render intra-abtlominal work

difficult) may call for a long incision—one that often extends above the

umbilicus.

Longer incisions are necessary in intramuscular separation than where the

muscles are divided. Long incisions of the skin and fascia are comparatively

harmless, and should be made without hesitation where free exposure is required.

CLOSURE OF THE INCISION AND THE CHOICE OF
SUTURE MATERIAL.

In works on surger}' j)ublishc(l (hiring tiic scventiHMith and eighteenth cen-

turies there arc to be found excellent and clearly described dinn'tions for closing

wounds of the abdominal walls—directions which are as creditable as those given

to-day. However, surgeons are not yet agreed as to what is the best manner of

suturing the abdominal incision and as to what is the best material to employ
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for the sutures. Every operator has his own method of approximating the

edges of the incision, and, as a matter of fact, closure of the incision by a variety

of methods gives equally satisfactory results, provided accuracy in their appli-

cation is observed. Thus, there are in use the through-and-through or mass

suture, the tier or layer suture, and a combination of the two ; and these are ap-

plied either as interrupted or as continuous stitches. Both absorbable (catgut,

kangaroo tendon, etc.) and non-absorbable (silk, linen, metallic threads, silk-

worm gut, horse hair) suture material is employed; but the present trustworthy

processes for the sterilization of catgut has made possible the almost general ad-

option of this absorbable material together with the tier method of using it.

The continuous suture may be the plain or the whip-over variety, or the chain-

stitch suture (Ford's), or the figure-of-eight removable-layer suture of Fowler,

and the subcuticular or intracuticular* suture (Halsted's) for the cutaneous

edges. The interrupted stitches may be the plain single-loop stitch, the mattress

suture, and the figure-of-eight. Different forms of metal clamps or fasteners

for the skin, to obviate needle punctures, were introduced by Vidal, but the

Michel clani}) is the form which is more commonly used to-day.

Through-and-Through Suture.—The through-and-through interrupted su-

ture of silkworm gut is largely relied upon, and gives excellent results in the

hands of many surgeons. The advantages claimed for this suture are that it

permits rapid work, that it holds firmly, that it enables the operator to avoid

dead spaces, that it controls oozing, and, lastly, that it lessens sepsis. All of these

are weighty points in its favor, and, when time is a factor of prime importance,

this method should uncjuestionably be used. All sorts of material have been em-

ployed for through-and-through sutures, but chromicized catgut and silkworm

gut are now more largely used, decided preference being given the latter. Silk-

worm gut is preferred because bacteria are less apt to adhere to its surface or to

penetrate its substance.

Through-and-through sutures are introduced at a distance of from one-fourth

to one-half inch from the edge of the w^ound, they are placed about half an inch

apart, and they include the entire thickness of the abdominal wall down to, and

often taking in, the peritoneum. When all the sutures are placed, the free ends

are gathered together and drawn up so as to ''set" them in the tissues, and care

is taken to secure even apposition of the edges of the wound. After these pre-

cautions have been taken, the sutures are tied without undue tension. The

tying may begin at either end of the wound. Superficial skin sutures may be

placed between these deep sutures, as circumstances may require. If there is

much intra-abdominal pressure from intestinal distention, it is better to tie each

suture as it is placed, in order that the size of the wound may be quickly dim-

inished. Under such circumstances, when the viscera or the protective sponge or

pad is forced up against the needle point, the introduction of the bowl of a

spoon to receive the needle aids materially the insertion of the sutures. If dis-

tention is marked, relaxation sutures may be added.

* The term " intercuticular" is very commonly employed by surgical writers, but " intra-

cuticular" is evidently the more correct expression.

VOL. VII.—

9
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Tier Suture. (Fig. 5S.)—The tier or layer suture for closing the abdotniiiai

wound is the one of choice. By this method the several layers of the abdominal

wall are united separately, and the union of like tissues in tlieir natural order

constitutes an ideal method of procedure. Furthermore, hernia undoubtedly

occurs l(>ss frequently since this manner of approximating the edges of the wound

has been ado})ted.

The tier suture may include as many as four layers or tiers. For example,

the first set of sutures—continuous oi' interrupted catgut sutures—include the

Fig. .58.—This Fipciiro Shows tho Maiinor of Closing the Wound by tho Tier or Layer Method of

Suturing. Tlie peritoneum and fascia are iield by a chain stitch, the nuiscle and its sheath l)y a

whipover stitch. A subcuticular stitch is employed for the final closure of the wouiul.

edges of the jn'ritoneum alone, or of the jjeritoneum and transversalis fascia

combined. The second set of sutures, of the continuous or the interruj)ted type,

and consisting of heavy chromicized gut, include the sheath of the rectus abdom-

inis, the transversalis fascia, the subpeiiloucal areolar tissue, and the margin of

the rectus (if cut). The chief supjwrt is furnished by this .second set of sutures.

The third set, the chief purpose of which is to obliterate dead spaces, consists of

catgut sutures which are passed tliiougli the subcutaneous areolar tissue either
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interruptedly or as a single continuous cord. The last set of sutures are conijxjsed

of catgut, and they pass either through the entire thickness of the skin or merely

through the subcuticular portion. A continuous glover's stitch or a lock-stitch,

of either catgut or horsehair, may be substituted for the latter, or the Michel

metallic skin clamps may be used instead, but none of these possesses any superi-

ority over the method of passing the sutures through the subcuticular tissues.

The tier suture may include only three layers. First, a continuous catgut

suture may be passed through the peritoneum. Second, an interrupted cat-

gut suture may be made to include the subperitoneal tissue, the transversalis

fascia, and the rectal aponeurosis (or the recti muscles) . Third, an interrupted

suture of silkworm gut or of silk, or a continuous catgut suture, may be passed

through the subcutaneous fascia and skin.-

Then, again, the sutures may be applied in only two tiers. According to this

plan a continuous catgut suture is first passed through the peritoneum; and then

an interrupted suture of silkworm gut includes all the remaining tissues.

Finally, the abdominal layers may be sutured separately with running

removable sutures of aluminum bronze, silver wire, or silkworm gut, the free ends

protruding at each angle of the incision—a plan which affords the combined ad-

vantages of the tier or layer suture and of the through-and-through suture.

AMiere absorbable sutures are used to unite the margins of the aponeurotic

layer, and especially if the incisions are rather long, it is well to add several

tension sutures of silkworm gut. These sutures, which are passed through all

the tissues down to the peritoneum, furnish support against any sudden strain,

such as occurs in vomiting or in coughing, and they are also desirable because the

early absorption of catgut may increase the tendency to hernia.

It may be remarked, in regard to the use of catgut, that, when great tensile

strength is needed, it is safer to employ doubled strands of a small size instead of

a single one of the same bulk, since infection is less liable to occur in the smaller

strands. It should be remembered, however, that infecting agents may be

harbored between the strands.

There are certain considerations, aside from the method of suturing, which

should govern the surgeon in closing the abdominal wound. For example, the

several layers of the abdominal wall are not equally resistant to infection, and

this fact should be given due weight in suturing the wound. The muscles and

aponeuroses are the most resistant, and next in order comes the peritoneum;

the fatty tissue is the least resistant, owing to its scanty vascular and nerve

supply.

The peritoneum is best closed by a continuous suture of absorbable material,

so applied as to bring broad surfaces in contact one with the other, to cause ever-

sion of the edges, and not to permit a raw surface to face inward and thus favor its

forming adhesions with one of the adjacent viscera. When the peritoneal edges

are clean-cut and free from lacerations such adhesions do not often take place, and

they are rarely of any consequence when they do occur. The continuous whip-

over or the lock-stitch suture is preferable to interrupted sutures for- the peri-

toneum, since it gives more even tension. If the peritoneum is very tense and
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not very resistant, the suture is liable to tear out; and, in this event, it should

be strenjithened by including the layer of tissue above it in the suture, thus mak-

ing one layer of the two.

Transverse or obliciue cuts of the muscles should be sutured in connection

with their sheaths or fascia^. Muscles that arc^ separated in their cleavage line

do not often require suturing, but when it is found necessary it should be done

with sutures of plain catgut, loosely placed so as not to favor atrophy of the mus-

cle fibres. The sheath is then stitched separately. There is no particular ad-

vantage in causing the edges of the ajioncHU'osis to overlap except in umbilical

or ventral h(>rnias, or when the nbdomt-n is lax and the aj)()neurotic layer stretched

and thinned. The repair of aponeurosis takes place as easily and as permanently

at the cut edges as it does in the case of any other tendon, and overlapping is

not necessary unless special firmness is desired at the line of union.

The sulx'utancous fat. if tliick, should be sutured l)y a loosely ])laced running

suture of ])lain catgut. Tlie skin should not be pierced 1)V the needle from without

inward but always from within outward. The sta])hylococcus e[)idermitlis albus

has its natural habitat in the deeper layers of the corium, and the passage of the

needle and thread from the outside is likely to carry this germ to the subjacent

tissues, producing infection and stitch abscess. When possible, it is always

better to close the wound in the skin by the subcuticular suture. This suture

leaves onh' a linear scar, and no stitch-hole scars. Strips of aseptic adhesive

plaster may be used with the subcuticular suture, to lessen the tendency to

stretching of the cicatrix.

In old and feeble individuals l)uried silk or linen sutures, or metallic threads,

may be employed; they give increased strength and support to the suture line,

and thus enable the patient to get up at an early period.

If drainage is used, the wound shoukl be sutured close up to the drain, and

then through-and-through provisional silkwoi-m-gut sutures should be placed,

but not tied until after the drain has been removed.

Sutures should not be drawn so tightly as to constrict the tissues, but only

to the point of snugly approximating the edges of the wound. All suture knots

should be drawn to one side of the line of incision. Sutures should be removed

at some time between the seventh and fifteenth days.

Wound hooks or ha-mostats, placed at each angle of the wound, hold the edges

tense and parallel and away fi-om the abdominal contents, and they prove con-

venient aids in the suturinii;.

P( )ST-OPERATIVE SEQUEL.E.

Adhesions.— It may be stated broadly that local infection is the most j)otent

cause of intraperitoneal adhesions following abdominal oi)erations, and this re-

sult is moi"e likely to take j)lace when drainage, often necessary in sej)tic cases,

is emj)loyed. Drainage alone, without the ])resence of infection, produces ad-

hesions through the irritation which the drain sets up in adjacent organs. These
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adhesions, however, may disappear after the lapse of a moderate length of time.

Wherever there are large areas throughout which the peritoneum has been de-

stroyed, we may expect that dense adhesions will form, unless by means of sutures

or by the utilization of omental grafts, obliteration of such areas can be effected.

But there are certain conditions—conditions that are inseparably connected

with the surgical technique—which favor the formation of adhesions. Among
such favoring circumstances may be mentioned: prolonged exposure of the

peritoneum to the effect of the air, rough handling or sponging, and the contact

with irritating fluids. Consequently, the operator who is careful in his methods

and yet at the same time expeditious, is less apt to have troublesome post-op-

erative adhesions.

There have been suggested a number of measures which, it was believed,

would prevent intraperitoneal adhesions, but none of them has met with the

success hoped for. For example, the plan of covering all denuded peritoneal

surfaces with Cargile membrane, a sterile absorbable animal tissue prepared

from the peritoneum of the ox, seemed to be bright with promise ; but the limited

trial to which it has been subjected has not proved encouraging. In both the

animal and the human abdomen Cargile membrane has been found to act as a

foreign body, becoming enveloped in omental adhesions and producing the very

conditions which it was intended to obviate. The employment of sterile oil,

poured into the peritoneal cavity before the wound was closed, has been used

for the purpose of counteracting adhesions, and the recent investigation of

Dr. John B. Blake, of Boston, seems to offer encouragement along this line.

Blake's conclusions were, that the presence of oil in the peritoneal sac is in-

nocuous; that it remains in the peritoneum as long as fifteen days; that its

presence tends to prevent earl}^ and direct adhesions of denuded and inflamed

peritoneal surfaces; and, therefore, that it may be considered as moderately

effective in preventing, or, at any rate, diminishing, post-operative adhesions.

The plan of introducing decinormal salt solution, or salt solution with ad-

renalin (Marvel), into the peritoneal cavity has not yet been tried sufficiently

to warrant definite conclusions.

The stimulation of intestinal peristalsis by the internal administration of

salines, and especially the plan of stimulating the outpour of peritoneal serum by

the injection of large quantities of fluid into the intestinal canal by way of the

rectum, are measures which may be used to advantage after operation.

Hernia.—One of the most distressing sequelse of abdominal section is ventral

hernia, and there is no technique that will positively prevent weakening of the

parietes and subsequent visceral protrusion at the line of incision. Certain facts,

however, have been definitely ascertained with regard to post-operative hernia,

and through a knowledge of these the surgeon is now able largely to control this

danger. In the first place, it is known that hernia more frequently results after

incisions in the lower than after incisions in the upper part of the wall, and

more frequently after incisions in the anterior than after those in the posterior

and lateral aspects of the abdomen; and that an incision through the linea alba

is rarely followed by hernia if it be accurately sutured and if pi'imary healing
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takes i)lacc. Fritsch states that if the incision is prolonged down to the sym-

phj'sis and is permitted to di\'ide the loose prevesical tissue, the intra-abdominal

pressure against the cicatrix in this low position is frequently followed by the

dovelo{)ment of a liernia. Furthermore, long incisions are more apt than short

ones to develop hernia, and yet a hernia may occur through a vciy short incision.

Hernia may follow both transverse and obliciue cuts through the obliciue muscles,

and it even occasionally occurs whei-(> the muscular fibres are bluntly separated

along the cleavage line and afterward sutured. On the other hand, similar in-

cisions of the rectus nuiscle usually heal solidly without subsequent disturbance.

These results may be correctly ascribed to division of motor nerves, causing

muscle atrophy and a s^'ar which yields to intra-abdominal pressure; all of which

facts have been satisfactorily demonstrated by the exi:)eriments and clinical

observations made l)y Asmy.

Another fruitful cause of hernia is found in im])ro])er suturing of the wound.

Carelessly and imperfectly placed sutures, by any method of closure, may lead

to hernia, but a number of observers have shown that hernia follows closure of

the wound by a single row of sutures twice as often as when suture by

layers is used (or in the proportion of twenty to thirty per cent as com-

pared with eight to nine per cent). And this percentage represents strictly

aseptic imion.

A drained wound directly predisposes to hernia. Wluni this event occurs

before healing is complete, an attempt should be made to close the wound by

secondar}' suture as soon as active inflammation subsides.

In all cases, after an abdominal section, a suitable abdominal support should

be worn for several weeks; and a period of several months should be allowed

to i:»ass, if possible, before heavy or straining duties are resumed. It is prob-

able, however, that the average aseptic abdominal scar is able to withstand the

ordinary habits of life after a lapse of from six to eight weeks.

PRELIMINARY TREATMENT.

Examination of the Patient.—Every patient, before he or she is su1)jected to

an aljciominal siclion. should be examined in a thorough and deliberate manner.

The existence of albumin and casts is to be regarded as a serious matter; antl,

in the jjresence of icnal changes, an elective operation should be postponed

until full time has been given to bettering the comHtion. It has been ami)ly

demonstrated that minor kidney changes—that is, a small ]x>rcentage of albu-

min and a few iiyarme casts—exist in a Jaige ])ro])ortion of all alnlominal cases,

and do not contra-indicate ojx-ration; further, that such conditions are often

caased by the existing lesion, and may even constitute an important indication

for operation. (Kelly.) In advanced nephritis, with jM'rsistent albuminuria and

ej)itln']ial easts, and especially if associated with vascular and cardiac chang(>s

(high arterial tension and cardiac hyju-rtrophy), no serious oj)eration should

be undertaken unless imperativdv called for. Again, a small quantity of al-
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iDiiniin and a few casts become of greater significance if there is a marked lessen-

ing of the urea output. The presence of pus in appreciable amount should be

regarded with suspicion and closely investigated. Sugar in small quantities may
be ignored; but true diabetes constitutes a positive contra-indication to a major

abdominal operation. In seventy cases with saccharine urine operated upon by

Noble, there was a mortality of from twenty-four to twenty-eight per cent. These

facts summarized indicate that, where an anaesthetic is skilfully administered

in renal disease, the danger of uraemia is not great, but that in diabetes the

risk of coma is great.

The lowered ^'italit3^ of these patients produces an increased tendency to

shock, which the surgeon should reduce to a minimum by rapid work, b}^ the

avoidance of exposure of the viscera, by the application of bodily heat, and by

submammaiy and colonic injections of normal salt solution.

Cardiac lesion should not deter the surgeon from operating unless there

is pronounced dilatation with inadequate compensation. But in all these cases

the heart muscle should be toned up by digitalis, stiychnia, and strophanthus,

combined with rest in bed, for some time before surgical inten'ention. Care

should be exercised to avoid overstimulation of the heart both before and after

operation.

Acute pulmonary disease is a contra-indication to the administration of an

anaesthetic and to operation: but tuberculosis of the lungs may call for opera-

tion to enable the sufferer to enjoy the benefits of out-door life otheii\-ise not

attainable.

The condition of the blood requires due consideration. A transient leuksemia

not infrequently constitutes an indication for operation; but a permanent

leuka^mic state positively forl)ids it. Anaemic subjects are always bad opera-

tive cases, and should receive appropriate preliminary treatment for improving

the blood. Some surgeons advise against the administration of an anaesthetic

when the haemoglobin percentage is below thirty; but, in certain cases of sepsis,

uterine tumor, etc., an abdominal section may be demanded even when there is

a much lower registration of hsemoglobin.

In all of these conditions a great deal depends upon the ansesthetizer, and

the ]iatient should be entrusted only to one skilled in such administration.

Preparation of the Patient.—Eveiy abdominal section should be performed

in a well-equipped hospital, and, when possible, every patient upon whom it

is performed should receive adequate preparation for the operation. In cases of

extreme urgenc}^—such, for example, as intra-abdominal hemorrhage, intestinal

perforation, acute ileus, or appendicitis—no time should be wasted in prepara-

tion, but an immediate section should be made.

In former years no abdominal section was considered justifiable unless the

patient had been given a preliminary treatment for several weeks. Now we

appreciate that ordinarily this is not necessary, and that the indi\idual con-

dition of the patient is the proper index to the character of preparatory

treatment to be instituted. Too long and too rigid dieting, together with

hypercatharsis and the mental anxiety which comes with days of waiting and
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anticipation, weakens the digestive anfl intestinal functions, begets apprehension,

and defeats the purpose in view.

In emaciated, ill-nourished, ovenvorked, and chronically ill persons, and in the

feeble antl aged, the i)reparatorv treatnunit should, when advisable, cover a period

of several weeks, and should comprise rest, nutritious food, and tonic medication.

These patients manifest, also, a greater susceptibility to bacterial invasion, shock,

and exhaustion, and their physical resistance should be brought up to the best

possible state preliminary to operation. The veiy opposite concUtion obtains in

nervous or excitable indivitluals, upon whom the apprehension, disturbed sleep,

and other nervous disorders incident to a long preparation, are positively harm-

ful. These subjects should be operated upon with the least delay.

In uncomplicated cases, where the patient is in good general health, the

average time of preparation need not exceed three or four daj-s; and some-

times a period of twenty-four hours is sufficient. This preparation consists princi-

pally in stimulating the secretions, and particularly in giving attention to the

alimentary tract. Many of these patients, more especially women suffering

from some long-standing disorder, are chronically constipated. The colon is

packed with decomposing fecal masses which produce a condition of sterconrmia,

and the evil is augmented by feeble peristaltic action, often associated with

gaseous distention, which may even cause such extreme tympany as to

forbid operation. Consequently, the bowels should be freely evacuated and

regulated, but excessive catharsis isirritationaland should be scrupulously avoided.

A good jjlan of procedure is to administer, nightly, a pill composed of strychnine,

aloin, and podophyllin, and to follow it in the morning by salines and copious

colon flushings ; and this plan should be pursued for several successive da}'s until

the intestinal inertia is largely overcome. From twelve to eighteen hours

before ojx'ration a full dose of castor oil or of suljihate of magnesia should be

administerc'd, and on the morning of the day of the operation it is well to give

in addition an enema composed of plain soap suds and turpentine, when not

contra-indicated.

The diet should be restricted for several days to light meats, non-starchy

vegetables, eggs, toast, and stale bread, and this regime may be allowed up to

the evening preceding the operation. A few ounces of broth or clear soup should

be given early the next morning. A liquid diet, so often employed, increases

gas formation, and is not to be recommended.

The kidney function must l)e kept active by copious draughts of pure water,

which lessens the dangerous complication of urinary suppression so freriuent after

the administration of an anaesthetic, and diminishes post-operative thirst.

The skin stands next in importance, and should be stimulated by baths and

friction, in order that its (>liminative action may be increased.

Mouth antisepsis is important, and especially so in operations involving the

stomach and upj)er intestines. Moynihan states that focal s('i)tic conditions

may be i)ractically eliminated by the adoi)tion of these mea.sures, com-

bined with a diet of sterile food and repeated gastric lavage, during a period

of several days.
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Disinfection of the Abdomen.—The surface of the abdomen is to be rendered

as sterile as possible, but elaborate methods consisting of soap poultices, moist

bichloride compresses, and like measures are unnecessary, and may so irritate

the skin as to increase the danger of a septic surface.

Early in the evening of the day preceding the operation the patient is given

a tub bath and the first preparation of the abdomen is made. This consists in

shaving the entire abdomen well up to the ribs above and including the pubis

below ; sciiibbing the skin with hot water and green soap, the water being changed

several times; and paying especial attention to the umbilicus, pubic eminence,

and inguinal creases. The abdomen is then mopped with alcohol, next with a

bichloride solution (1 : 1,000), then dried, and finally covered with a plain dry

sterile gauze and cotton protective pad and bandage. The scrubbing should be

made with gauze sponges and not with a stiff brush, which irritates and roughens

the skin. At the same time the vagina is cleansed and douched with a bichloride

solution (1 : 5,000), and lightly packed with gauze. This preparation produces

a sense of comfort and does not interfere with a restful night, which is of para-

mount importance. The same steps are repeated on the following morning.

After the patient is on the operating table a third preparation is made, as follows

:

First, scrubbing with sponge, soap, and water; then mopping with sulphuric

ether or with benzin, and afterward with alcohol and then with bichloride

solution (1 : 1,000), and finally with sterile salt solution. Where the sterilization

is doubtful, it is well to apply a coat of tincture of iodine to the navel, and also to

the abdomen along the incision line. The iodine is subsequently washed off

with alcohol. The umbilicus may be covered, also, with a collodion seal.

The patient is catheterized. or better still, allowed to void the urine, just be-

fore the operation. The wearing of a sterile canton flannel gown and leggings

is a protection which should always be provided for the feeble, aged, and

veiy young. In weak and exhausted patients, a subcutaneous, or intravenous,

injection of a litre of normal salt solution may be necessary.

A hypodermic injection of morphia (| to | grain) and atropia (y^o grain) a

half-hour before commencing the inhalation of the ether, controls the mucous

secretions from the pharynx and respiratory passages, hastens the effect of the

ansesthetiC; and quiets an exceedingly nervous patient.

THE ACTUAL OPERATION.

Operative Technique (Figs. 59 and 60).—With the final jDreparation of the

field of operation completed, and the patient on the table, either prone or in

the elevated pelvis position, as the nature of the operation requires, and properly

protected by sterile sheets and towels, the surgeon steadies the abdominal wall

with the thumb and fingers of one hand and with a medium-sized scalpel divides

the skin and underlying tissues vertically, or otherwise, as required, by one

bold stroke, down to the aponeurosis. If the fatty areolar layer is very thick it

is better to incise it by a succession of cuts. Many surgeons now protect the
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edges of the skin by some modification of Tuerck's rubber dam—which has

been pre\iously sUt to correspond with the cutaneous incision—or by several

thicknesses of sterile gauze. This is folded over the edges of the skin and

secured on each side (as suggested l)V Hirst) by two or three Michel's metal

skin clamps, which hold the rubber securely in place. The principle of pro-

tecting the other tissues against the incised skin is important, and should

be generally adopted. In this way the white bacillus that makes its home

\i4:

Fig. 59.—Median Abdominal Section. All the tissues have been divided down to the peri-

tonouin, wliich is being; ojienetl with scissors.

in the skin is prevented from infecting either the subjacent ti.ssues or

the extruded intestines. If the incision is made in the median line, the

aponeurosis is divided; but, if the incision is made on one side of the median

line, the sheath of the rectus is divided instead, and the muscle is then

split in its cleavage line by the handle of the .'^caljK'l or by the index fingers.

In both cases the division is done with a second knife. .Ml clainijcd vessels

are now ligated with fine chromicized catgut, which is .safer than to deix-nd

upon forcipressure and crushing. The subperitoneal layer is next cut, and then

the peritoneum is caught and lifted by two dissecting or clamp forceps and in-
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cisecl between them. This short peritoneal cut permits the introduction of one
or two lingers into the cavity, and. upon these as a guide, the opening is en-
larged to the full length of the incision in the skin, with which also the cut that
divides all the layers should correspond. The cut edges of the peritoneum are

grasped on each side with forceps, which prevent it from being pushed off from
its attachments during th(> subsequent manipulation, and also facilitate the
placing of the sutures later. Due care is observed to avoid opening the prevesical

s})ace or wounding the blad-

der. If it liecomes necessarv

to i)rolong the incision, this

is done with curved scissors

or with a knife.

The edges of the wound

are now widely retracted,

and the operator is ready

to proceed with the opera-

tion which he has in view.

The exposed viscera are pro-

tected by large flat gauze

swabs moistened with hot

normal salt solution, which

are preferable to dry ones as

being less likel}'' to irritate

the delicate peritoneum.

The same technical steps,

modified as needed, are car-

ried out when the belly of

the muscle is displaced or

when intramuscular sepa-

ration is the procedure

adopted. ^Yhen the opera-

tor is read}^ to close the

incision, the edges of the

wound are carefully cleansed

of blood clots and other contamination, -u-ith sterile salt solution, and the under-

lying \iscera are protected by a moist flat sponge or gauze pad placed within

the cavity. Just before the last few peritoneal stitches are tightened this sponge

or pad is removed, and at the same time the air is forced out by pressing on

each side of the abdomen. The angles of the wound are now rendered taut by

hooks or snap forceps, the tenseness of the tissues facilitating the introduction

of the sutures, and the retracted fascia is pulled forward by clamp forceps.

The layer method of closure is always to be used when possible. The first

suture, which is applied to the edges of the peritoneum, is a continuous overlap

or chain stitch, of fine chromicized catgut. The second one is either an inter-

iiipted. a continuous, a mattress, or a figure-of-eight suture, of fine chromi-

TiG. 60.—Median Abdominal Section. Tiie peritoneum

divided and the cut edges gra-sped with clamps.
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cizod catgiit, doubled. It includes the subperitoneal tissue, the transversalis

fascia, the sheath of the rectus, and possibly the intervening muscular tissue.

Next comes a continuous i:>lain catgut suture which is passed through the subcuta-

neous fat and which is intended to obliterate dead spaces. The last suture to be

applied, one of plain catgut, passes through the subcuticular tissues. If the in-

cision is a long one, the suture line is strengthened by two or three through-and-

through interrupted silkworm-gut sutures passed down to the peritoneum:

and, if drainage is employed, one or two provi-

sional silkworm-gut sutures are inserted through

the entire thickness of the walls, ready for

tightening when the drain is removed.

Dressing the Wound.— After the wound has

been closed it is carefully cleansed first with

sterile water and then ^^•ith a bichloride solution

(1 : 1,000) or with sterilized alcohol, and finally

dried. It is th(>n covc^hkI with several squares

of plain st(M-ile gauze which extend well Ix'yond

the limits of the incision. These scjuares are held

in place by broad strips of adhesive plaster, which

also afford suj^port and rest to the wound. Over

this an abundant thickness of sterilized cotton,

oi" a cotton and gauze pad, is laid; and the

whole is held in place by a bandage consisting of

the ordinary abdominal binder of canton flannel

with perineal straps (Fig. 61), or by the Scul-

tetus bandage of the same material, with the strips snugly stitched down.

When these wrappings become soiled a fresh bandage is promptly ai)plied; but,

if the progress of the case is imeventful, the dressing need not be removed before

the eighth or tenth day; and the sutures, if non-absorbable, may be allowed

to remain undi-sturbed until the twelfth or fifteenth day.

Halsted and others apply next to the wound a leaf of silver foil, whicli acts

as a protective and mildly antiseptic covering, but seems to offer no special ad-

vantage. The same statement applies to the various dusting j^owders of boric

acid, aristol, subiodide of bismuth, etc. The so-called cocoon dressing, consisting

of one or several layei's of gauze pasted down with sterilized collodion, furnishes

a valuable occlusive di-essing, and is especially adapted to short incisions. Se\--

eral layers of cotton batting are placed over this, and the whole is held in posi-

tion by the usual outside bandage for abdominal support. All dressings can

usually be dispensed with after the second or third week.

In persons with fat and fL'd)by alxlomens, in whom the lateral drag is i)ositive,

the abdomen should be supported by adhesive plaster and a suital)le bandage

for five or six weeks. This abdominal supp(»it should also be employed in cases

in which a long incision has been made, and in which muscular bellies have been

cut across and sutured. Post-oi)erative abdominal sup))ort for a period of .several

months is not usually required ; it is found necessary only in very obese women.

Fig. 61.—Abdominal Binder with
Perineal Straps.



ABDOMINAL SECTION. 141

POST-OPERATIVE CARE.

General Considerations.—In the majority of cases, after a properly conducted

aseptic abdominal section, the post-operative course is uneventful, and the

patient requires simply to be let alone and allowed to recover. Every patient,

with few exceptions, suffers from certain discomforts following etherization and

operation, and these are sufficiently met by bodily and mental rest. This state-

ment, howTver, is not intended to convey the idea that the patient should be

confined rigidly to one position ; on the contrary, he or she should be permitted

a reasonable degree of latitude as regards bodily movements and change of

position. Such movement relieves pressure, affords rest to groups of muscles,

lessens nervous irritability, and, by bringing the different respiratory muscles

into action, helps more especially to quicken the circulation in the finer radicles

of the lungs and to clear out the smaller bronchioles. With this idea in view,

Mikulicz insists that his abdominal cases shall take from ten to twenty deep

inspirations daily, as a preventive against pneumonia.

Position in Bed.—When first removed from the operating table the patient

should be placed on the back in a bed which has been sufficiently warmed and

otherwise properly prepared, with the knees slightly flexed over a bolster. In this

position the patient is allowed to remain for an hour or two until the immediate

effects of the anaesthetic have somewhat subsided. The patient is then propped

up to a half-sitting posture by pillows, by elevation of the head of the bed, or by

similar means, and the maintenance of this position is continued for several

days. This posture favors intestinal peristalsis, lessens nausea and vomiting,

facilitates peritoneal drainage toward the pelvis, gives greater control over the

respiratory muscles, and, consequently, diminishes the danger of post-operative

pneumonia and pulmonary hypostasis, which are so much feared in the feeble

and aged.

Shock.—Shock differs in degree with the severity of the abdominal opera-

tion, and its treatment also varies with the intensity of the depression. The

application of warmth to the surface, perfect rest, elevation of the extremities,

and rectal injections of hot saline solution to which whiskey has been added,

usually suffice to restore circulatory equilibrium in slight degrees of shock.

In severe cases these measures should be supplemented by the hypodermatic use

of strychnine, camphorated oil, adrenalin, and atropia, and, more especially,

by submammary hypodermoclysis, or by intravenous infusion of normal salt

solution in sufficient quantity.

Nausea and Vomiting.—The nausea and vomiting that follow the administra-

tion of an aniesthetic in abdominal operations vary to a wide extent, being in-

fluenced by the amount of handling of the viscera, the duration of the operation,

the degree of infection that has taken place, the amount of intestinal distention

present, the manner of administering the anaesthetic, and the temperament of the

patient. In aseptic cases, however, the agent which is more at fault than all the

others is the anaesthetic, and, as a broad statement, it may be said: the less ether
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the less nausea. This effect lai'gely results from the ether-laden mucus that is

swallowed, and, as a nile, as soon as the stomach empties itself of this irritant the

nausea quickly ceases. It is a good plan, therefore, to wash out the stomach

while the patient is still in the operating room, or, what is equally efficient, to

allow the ingestion of a tumblerful of water as soon as consciousness is sufficiently

regained: for. in most cases, this is promptly rejected and Ijrings with it the

irritating gastric contents. The usually short period of vomiting and coughing

after the anaesthesia serves the additional purpose of causing deep respiratory

efforts, which thus dislodge the accumulated mucus in the deep bronchial recesses,

and thereby lessen the tendency to lung c()m])lications.

In these mikl degrees of vomiting no treatment is necessary beyond rest for

the stomach and otherwise general quietude. Drug treatment has but little

effect, and often does harm. When vomiting persists for more than a fcnv hours,

it is usually dependent upon intestinal conditions, and these are in most cases

promptly remedied by free bowel movement and by ])lacing the patient in the

Fowler position, which favors intestinal drainage. Where the vomiting results

from reversed peristalsis, in either aseptic or septic intestinal paresis or in acute

gastric dilatation, repeated lavage of the stomach is our chief resource and the

one upon which we can depend with the greatest confidence.

Hysterical vomiting, which is occasionally encountered (it is said to occur

in about one per cent of abdominal sections) may be so intense and persistent

as to result in serious exhaustion and even fatal collapsq. This is best overcome

by full doses of mor}3hia gi\'en subcutaneously; and at the same time careful

attention should be given to the wound, so as to eliminate any possible source

of reflex irritation which may exist th(>re.

Pain and Restlessness.—For the first day or two after an abdominal section

there is naturally a moderate degree of pain, but in uncomplicated cases this is

not specially severe, and the patient should be urged to bear it without the aid

of any of the i)ain-relieving drugs. Abdominal pains or tormina are usually

caused ))y the accumulation of gas in the int(>stines, and they are often relieved

by enema which causes the gas to escape. Pain in the back, so freriuentiy com-

i:»lained of, is the result partly of the ether and joartly of the muscular strain ex-

perienc(>d by the patient while on the oi)erating table; and change of position

from side to side, with mbbing, is often sufficient to render it tolerable. If these

simple measures are not sufficient, then moderate doses of aspirin (eight or ten

grains), or of some similar non-depr(>ssing analgesic, will usually alle\date

the pain. In other cases where intense nervousness is a decided feature,

the use of opium in some form Ix'comes imjx'rative. Opium and its deriva-

tives mask important symptoms, diminish intestinal peristalsis, antl increase

distention of the bowels, and therefore they should be avoided except in ur-

gent cases. Under such circumstances a single dose of half a grain of i)hos))hate

of codeine, or from one-cightli t(i onc-fourlli giaiii of sulphate of morphia,

may be given hypodcmiatically, but the dose should not be rei)eated unless

urgently recjuired.

Sleeplessness and restlessness are usual for the first night or two, and they
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generally subside with a free bowel movement and the resumption of food. A
full dose of one of the bromides, either alone or combined with chloral, and ad-

ministered by the bowel, is often adequate to secure the needed sleep and nerve

rest.

Thirst.—Thirst is one of the most distressing effects of the administration

of an anaesthetic, and should be satisfied by liberal potations of water as soon as

the stomach will tolerate it. Excessive thirst, however, will be materially lessened

if the patient has drunk freely of water for several days prior to operation.

Thirst, furthermore, is greatly diminished by the colon enemas of decinormal

salt solution, which are now universally employed after abdominal section.

The enemas should be commenced before the patient regains consciousness, and

should be repeated every four to six hours for the first day or two, in quantities

of from eight to sixteen ounces or more. The drop method should be em-

ployed for the purpose. In this method the flow of water is so regulated that

absorption by the intestinal mucosa takes place about as fast as the fluid is de-

livered. A stop-cock de\dce easily accomplishes this, the water being delivered,

as shown by Dr. Bristowe, at the rate of about ninety drops to the minute.

Water, either hot or cold, plain or acidulated with lemon juice, should be given

to drink in ample quantities, as soon as the stomach will retain it. The first

cupful will probably be rejected in a few minutes. It serves to wash out the

stomach. But after this it is usually retained and greatly enhances the patient's

comfort. The early ingestion of water, together with the use of enemas of salt

solution, fills the blood-vessels, increases peritoneal drainage, and hastens the

return of both the bowel and the kidney functions to a normal standard.

Intestinal Distention.—Meteorism to a moderate extent occurs ordinarily

after the operation of opening the abdomen, and, if the patient has been properly

prepared and the operation aseptically performed, this symptom is of little

moment beyond the pain and discomfort which it occasions. In these simple

cases an enema composed of turpentine, glycerin, and salt solution, or one com-

posed of these ingredients with asafetida added, is usually sufficient to expel the

gas and quiet the pain. The procedure may be repeated, if necessary.

When the distention, however, develops rapidly and is excessive, this symp-

tom gives occasion for serious anxiety, and often requires most active measures

for its relief. Septic paralysis of the bowel, and non-septic intestinal paresis due

to visceral exposure and handling, are the most frequent causes. In these

conditions the expulsion of flatus is of more consequence than the passage of

fecal matter, and prompt efforts should be made to re-establish peristalsis

and secure evacuation of the bowels. To this end stimulating enemas of as-

afetida, turpentine, glycerin, Epsom salts, and castor oil, either alone or in

combination, and also the use of the retained rectal tube, are the measures to be

chiefly relied upon. A strong alum-water enema, an ounce to the pint, is often

efficient when other measures fail. Gerster recommends with confidence the

employment of a continuous enema—that is, an enema in which the fluid is de-

livered high up in the bowel and is kept flowing in as fast as it is expelled, the

tube in the rectum not being removed. Peristalsis is further stimulated by
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calomel given in one-grain doses every hour or two, and by In'podennic injections

of sulphate of cserine (^V to xL: grain), together with small cjuantities of ergot,

strychnine, and atropine, to act upon the unstriped muscular fibres of the intestine.

Gastric lavage is of decided benefit. If these measures prove ineffectual, and

there is reason to susjiect intestinal obstruction, the wound should be opened

without further delay and the obstructing cause sought for and removed;

—

that is, if the condition of the patient will admit of such intervention. Where

no mechanical cause is found to exist, an enterotomy should be performed and

the bowel evacuated of its contents. This may necessitate the adoption of

Monk's method—making multiple openings in the intestine, draining several

loops of the intestine successively until they are sufficiently emptied, and then

closing the incisions by suture. In septic cases this may be supplemented by

lavage of the intestine with saline solution through the enterotomy incisions,

as also ad\dsed by Monk and others. Under some circumstances it may be

advisable, after the intestine has been opened, to attach it to the abdominal wall,

for continued drainage.

Acute dilatation of the stomach may simulate acute intCvStinal tjmipany,

but this condition is recognized by failure to secure relief notwithstanding the

free discharge of flatus and bowel contents. In a case of this nature, repeated

gastric lavage is our chief reliance, and it proves to be often brilliantly

effective.

Bladder and Kidneys.—The j^atient should be urged to evacuate the bladder

voluntarily, and the catheter should not be passed until all other measures have

been tried. Retention is not apt to take place if the first urine excreted after

operation is voided without the aid of a catheter. If, however, overflow occure

—which condition is often associated with frequent micturition of small cjuan-

tities—retention probably exists, and the catheter must then be resorted to.

Incomplete evacuation of the bladder is the initial step toward overdistention

of the viscus, and this condition is a most positive cause of vesical paralysis and

its frequent se([uel—microbic invasion. Consequently, in the use of the catheter

more than ordinary care should be taken to prevent infection.

Decrease in urinary excretion is of connnon occurrence after operation, and

even urinary suppression is by no means infrequent. These conditions should

be combated by repeated injections of normal salt solution, both into the bowel

and subcutaneously, by sweating, by the application of diy cups over the kid-

neys, and \)y the administration of diuretics, especially theocin, and sparteine

sulphate in large doses (two or three grains of the latter drug every three or four

hours), as advocated by McGuire.

Bowel Movement.—The free passage of flatus and the early occurrence of a

moxcnicnt of the bowels, in a patient upon whom abdominal section has been

perfomied, is always a matter of satisfaction to the surgeon, but there are often

unnecessary haste and anxiety to secure these results. If the case is of an un-

complicated nature, and if the jjutient is doing well, with an abdomen free from

distention, the bowels may be left undisturbed until they mov(> spontan(>ously,

or, at any rate, until three or more days have elapsed. Then sonic mild cathar-
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tic, supplemented by an enema of glycerin and water alone—or of glycerin

and water with the addition of asafetida—will usually accomplish the purpose.

In cases in which sepsis either exists or is suspected, early catharsis should be

secured, and some promptly acting evacuant—such, for example, as calomel,

in doses of from one-half to one grain, every hour or two, until several grains

have been taken—should be commenced without delay after the operation.

The administration of the calomel should be followed by the giving of sulphate

of magnesia or of Rochelle salts in suitable quantity, and by stimulating enemas.

The patient's position in bed, with the trunk elevated, as now generally ad-

opted, increases intestinal drainage and hastens the timely action of the bowels.

Nourishment.—Except in cases in which there is much exhaustion it is the

custom to withhold food until there is a free downward expulsion of flatus or

until the bowels move. After this takes place, it is proper, if the nausea has

ceased, to allow concentrated broths, clear soups, egg albumen, and soft solids.

If the irritability of the stomach continues, nutrient and stimulating enemata

should be utilized. The objection to liquid food is its tendency to increase

digestive disturbance, thus producing the formation of gases with intestinal dis-

tention. The return to solid food should therefore be made earlier than is now
customary. The Fowler position has greatly modified feeding after abdominal

operations, and permits an early return to a regular and more varied diet than

formerly.

Time of Getting Up.—The average time of detention in bed after abdominal

section has been much shortened during the past five years, but is still influenced

by the character of the operation, the condition, and the age of the subject. If

the incision is small or only of medium length, and if all goes well, the patient

may be allowed to get up as early as the eighth or tenth day—the average being

about fifteen days; but, if the incision is a long one, and if the operation is of a

serious type, it is advisable to prolong the stay in bed through the third week,

or, possibly through the fourth week. Boldt has recently urged most strongly

the getting up of patients as early as from six to twelve hours after operation,

even in septic cases and in major operations, and he claims extravagant advan-

tages for the method. He supports and keeps the wound at rest by encasing

the abdomen in broad bands of adhesive plaster, and gets the patient out of bed

on the day of the operation, or, at latest, on the following day. The practice is

radical and has gained but few advocates, and there is good reason to believe

that this practice has been attended with unfortunate complications related to

the insecurity of the borders of the wound. However, it is important that

elderl}^ persons be gotten up as early as circumstances will pemiit.

It is well to have the patient wear some form of properly adjusted elastic

bandage, as a precautionary measure, for several months after abdominal sec-

tion, although many surgeons regard such support as of questionable usefulness.

vol.. VII.— lil



SURGERY OF THE PERICARDIUM, HEART, AND
BLOOD-VESSELS.

By ROBERT G. LeCONTE, M.D., and FRANCIS T. STEWART, M.D.,

Philadelphia, Pennsylvania.

I. PERICARDIUM AND HEART.

Anatomical Considerations.

The stmctures which interest the surgeon who contemplates an intervention

on the heart or pericardium, may be arranged, according to Terrier and Rey-

mond,* in seven layere:—(1) The skin and subcutaneous tissue; (2) a muscular

layer comprising the inner portion of the pectoralis major, the upper extremity

of the rectus abdominis, and occasionally the imier edge of the pectoralis minor;

(3) the ribs, costal cartilages, sternum, and intercostal structures; (4) the

triangularis sterni and internal mammary vessels; (5) the pleural culs-de-sac, the

cellular tissue between them (anterior mediastinum), and the insertion of the

diaphragm; (6) the pericardium; and (7) the heart.

1 and 2. Layers 1 and 2 require no special comment.

3. The largest portion of this layer is occupied by the second piece of the

sternum, which is about 4 cm. broad and from 5 to 7 mm. thick, its posterior

face being slightly concave. The upper costal cartilages slant downward and

inward, the middle ones are transveree, and the lower pass upward and inward.

The length of the costal cartilages grows from above downward. Thus, the

length of the first varies from 2 to 3 cm ., and that of the seventh, from 12 to 15

cm. A cartilaginous bridge unites the fifth with the sixth, and a similar one

the sixth with the seventh costal cartilages. The intercostal spaces diminish in

width from above downward and from without inward. The fifth intei-space mea-

sures, at the border of the sternum, from 2 to 3 nmi. in breadth, and, at a [)oint 7

cm. from the sternum, 15 mm. The sixth intei-space, at the chondrocostal articu-

lation, measures from 1.5 to 2 cm. in width; fi-om this point it rapidly narrows,

and throughout a distance of 9 cm., measured from the sternum, it is filled with

cartihige or is represented by a mere slit. As to the intercostal structures, we

need call attention only to tlie absence of the extciiial intercostal muscles in

this region and to th(^ course of the intercostal vessels along the superior and

inferior bordei-s of the ribs.

4. The internal mammary vessels run downward between the costal cartilages

and the triangularis sterni. from 1 to 1.5 cm. Iroiu tlie border of the sternum in

* "Cliinirjric <lu at'ur et du p<5ricardo," Paris, 1898.
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the three upper mterspaces, and from 1 to 2 em. from the sternum in the foiu-th,

fifth, and sixth interspaces. (Delorme and Mignon.) The triangularis sterni

arises from the posterior face of the xiphoid and the lower third of the sternimi,

and is inserted by digitations into the anterior extremities of the third, fomlh,

fifth, and sixth costal cartilages, occasionally, however, reaching the second or

even the first rib.

5. According to Luschka (Fig. 62) the line of reflection for each plem"al cul-

de-sac begins above, behind the sternocla\dcular articulation; the right line

runs obliquely downward and to the left; the left line is almost vertical. At

the level of the second costal carti-

lage these lines meet behind the

sterniun, at a point where the right

two-thirds of the sternum joins the

left one-third. From here they de-

scend vertically very close together,

being united by tissue which forais

a ligament between the stemimi and

the pericardium, the right pleura

lying beneath the right two-thirds of

the sternum, and the left beneath

the left one-third. On a level with

the fourth cartilage the right pleura

turns sharply outward, crosses the

border of the sternum about 2 cm.

above the base of the xiphoid carti-

lage, and follows the seventh costal

cartilage to the osseous extremity of

the eighth rib. The left pleura at

the fourth costal cartilage leaves the

border of the sternum in the fourth interspace and crosses beneath the fifth,

sixth, and seventh costal cartilages, so that at a level with the seventh costal

cartilage it lies 3.5 cm. from the border of the sternum. The pericardium

thus presents two triangular areas uncovered by pleura: the superior lie.s i)ehmd

the manubrium, T\dth the apex at the level of the second costal cartilage, and

corresponds to the situation of the thymus gland; the inferior is in direct contact

with the under surface of the sternum and some of the costal cartilage.'^. The

apex of the latter is on a level with the fourth rib, and the base is situated at

the upper extremity of the ensiform. For the purpose of obtaining some defi-

nite knowledge with regard to the width of this triangle, we made eleven obseixa-

tions on the cadaver. At a level with the fifth costal cartilage the a^'erage

width was from 4 to 5 cm. ; but that the space is very variable in width is shown

by the measurements, it being 8 cm. in one case, and 1 cm. in another. In the

case with a wddth of 1 cm., the edge of the left pleura just reached the border of

the sternum. In two other cases, in which the widths were 3 and 4 cm., respec-

tively, the left pleura reached nearly to the edge of the sternum. In the remain-

FiG. 62.—Diagram Showing Average Sitoiation

of the Pleural Culs-de-Sac and Borders of the

Lungs. (1) Cardiac notch of left lung; (2) Inferior

interpleural triangle. HeavA' line represejits out-

line of lung; dotted line, outline of pleura. (Ter-

rier and Reymond, "Chirurgie du cceur et du
p^ricarde," Paris, 1898.)
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ing cases the border of the jileura was located at some distance from the sternum.

The right pleura in every instance reached beneath the sternum. It is very

rare that the right pleura comes from beneath the sternum above the seventh

rib, and the left border of the pleura may not come from beneath the sternum

until the sixth rib is reached. Therefore, a wound of the heart to the right of

the sternum will almost invariably traverse the pleural ca\dty, while wounds

near the left edge of the sternum may or may not travei-se the pleura, according

to the disposition of the left border of the pleura in the individual. The only

wounds which will not traverse the pleura will be on the left side close to the

sternal border and below the fourth interspace.

Borders of the Lungs.—The right lung follows very closely the line of the

right pleura, being separated from this reflection a distance of perhaps 1 cm.

during quiet breathing, but, on forced inspiration, the lung completely fills the

pleural cul-de-sac. The left lung also follow^s the line of the left pleura to the

foiulh sternochondral articulation. There it curves outward and returns to

join the margins of its cul-d(^sac on a level with the sixth cartilage. This cardiac

notch in the border of the left lung corresponds to a small portion of the fourth,

the internal half of the fifth, and the inner third of the sixth costal cartilage,

and the lung terminates below in a tongue-shaped process which overlies the

apex of the heart.

The diaphragm arises from the posterior surface of the xiphoid by two

fasciculi, and from the last six ribs by a series of procc'-ses which interdigitate

with those of the transversalis abdominalis. Between the individual xiphoid

fasciculi, and also between these fasciculi and the chondral insertion of the

diaphragm, there exist spaces which allow the cellular tissue of the thorax to

communicate with that of the abdomen. In the second of these spaces

—

i.e.,

the space between the xiphoid and chondral insertions,—the peritoneum and

pericardium are practically in contact.

6. The line of reflection of the jiericardium is irregular and covers the ascend-

ing aorta almost to the innominate, the pulmonary artery to its bifurcation, a

small part of the vena cava, and the pulmonary veins. It therefore follows that

a wound of these vessels can give rise to a ha^mopericardium and to compression

of the heart. The outline of the pericardium projected on the anterior thoracic

wall represents a truncated triangle, the apex of which corresponds to the great

vessels of the base of the heart, on a level with th(> middle of the manubrium.

The base of the triangle represents a slightly obliriue line running downwartl and

to the left. This line connnences 2 cm. to the right of the sternum at the fifth

costal cartilage, passes through the base of the xiphoid cartilage, and ends about

8 cm. to the left of the sternum in the fifth interspace, or at about the junction

of the sixth costal cartilage with its rib. This base line is about a half a finger's

breadth below that of the heart, and the space Ix'tween th(>se lines fonns a cul-

de-sac where i)athological liquids can collect and where one can ]XMietrate the

pericardium without woimding the heart. (Delonne and Mignon.) The two sides

of this truncated triangle are slightly convex outward, the right passing upward

from the base line, from 1 to 2 cm. to the right of the sternum, to the second
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cartilage, where it passes behind the manubrium, while the left terminates above,

behind the first chondrosternal articulation. The pericardium in its upper part

lies from 3 to 5 cm. behind the sternum; in its lower portion it is not more than

1 cm. distant from the posterior surface of this bone. The left border is in

the neighborhood of 6 or 7 cm. from the skin, through which distance an instru-

ment must travel before it can penetrate the sac. Between the left border and

the costal cartilages the cul-de-sac of the left pleura and also the border of the

lung are found.

7. The projection of the heart on the thorax fomis a fairly regular quadrilateral.

(Fig. 63.) The superior border is at the level of the second interspace, ruiming

from a point 2 cm. to the right to one 2 cm. to the left of the sternum. The in-

ferior border commences on the right side at the sternal articulation of the fifth

costal cartilage, slants downward toward the left, being slightly convex below, to

end at the apex of the heart, i.e., about 8 cm. from the median lins and ahnost

over the chondrocostal articulation of the fifth rib. The right and left borders

of the quadrilateral, slightly convex outward, unite the extremities of these two

lines. The greater part of the anterior surface of the heart is occupied by the right

ventricle; hence the frequency with w^hich it is wounded. The anterior surface

of the heart, according to Jamain, may be divided into two regions: (1) that

covered by the sternum, which comprises almost the whole of the right ventricle,

the right auricle, and a large portion of the left auricle ; and (2) the chondrocostal

region situated to the left of the

stemiun. This region, which is nar-

rower than the former and is covered

by a section of the third, fourth, and

fifth left costal cartilages, contains the

point of the right ventricle, the lower

half of the interventricular line, all of

the left ventricle and part of the left

auricle. It may be subdivided into

two—the portion which is covered by

the lung, comprising the left auricle

and ventricle and the left half of the

infundibulum, and that which remains

free from lung covering, consisting of

the apex and the inferior half of the

interventricular septum. The inter-

ventricular line, in which the anterior

coronaiy vessels are found, corresponds, according to Poirier, to a diagonal

which unites the superior right angle to the inferior left angle of the quadri-

lateral. With reference to the spinal column the heart corresponds with the

dorsal vertebra from the fifth to the eighth inclusive; the left auricle being

nearer the spinal column than any other portion of the heart.

Finally, we must recall the fact that the position of the heart is normally

modified by a change in the position of the body, by ascent and descent of the

-v..^-

Fig. 63.—Diagram Showing Projection of tlie

Outline of the Heart on tlae Anterior Thoracic
Wall. (Terrier and Rej-mond, "Cliirurgie du
ccEur et du pericarde," Paris, 1898.)



150 AMERICAN PRACTICE OF SURGERY.

<.lia[jhnigni, aiitl by distention of the stomach, and that it is normally higher in

infants and in old age.

Pathological Conditions Modifiing the Rel-\tions of the Anterior

]VIediastinum.

Pleural adhesions may pull either cul-de-sac farther away from the median

line, thus increasing the space through which the heart may be reached without

opening the pleural cavity.

A j)leural effusion or a pneumothorax pushes the heart toward the opposite

side, and in a double pleural effusion the heart is pushed away from the thoracic

wall. The influence of pulmonary lesions (emphysema excepted) upon the

interpleural space is slight. Emaciation narrows the anterior mediastinum ; in

sclerosis it is hidden behind the sternum and presents parallel borders. Ab-

dominal tumors, effusions, and meteorism elevate the diaphragm and conse-

quently the base of the anterior mediastinum. Cardiac hypertrophy widens

the space between the pleurae.

The effect of pericardial effusions on the width of the interpleural triangle

has given rise to much discussion and widely divergent opinions. These opin-

ions, we believe, can be reconciled if one takes into consideration the condition

of the pleural culs-de-sac. If, for instance, the pleurae are normal, a large

effusion into the pericardium may widen, but to an inappreciable extent,

the anterior mediastinum. If the pleural culs-de-sac also are distended

with fluid the space may be narrowed. And, finally, if the inflammation has

spread from the pericardium to the pleurae and has obliterated the culs-de-sac,

the area through which the surgeon may penetrate without causing pneumo-

thorax is greatly enlarged. Pericardial effusions will i)roduce different effects

upon the heart, according to the degree of rapidity with which they take place.

A large and rapidly occurring hemorrhage will quickly fill the pericardium,

without, however, greatly increasing its capacity; and, when the effusion has

attained a bulk of from 200 to 300 c.cul, the pressure will be so great as to stoj)

the heart. In effusions which come on very gradually the pericardial sac will

become distended, and it may even reach a capacity of three litres. The position

which the heart may occupy in the pericardial sac also will be very variable,

depending upon whether or not any atlhesions are present which bind it

to the pericardium. A Dumber of authors Ix'lieve that the heart, suspended

at its base by the great vessels, stays in its nonual position when large

collections of fluid are present in the pericardium; othei"s believe that it is

pushed back from the sternum; and still othere that it is crowded nearer the

stenuim. Voinitch has shown, in the cadaver, by injections of gelatin into

the peiicai-dium, that li(|uids will collect, particularly about the great vessels at

the base of the heart, when tiie body is recumbent, but that, when the body is

in a sitting j)Osture, gravity will draw the fhiid to the diai)hragmatic surface

about the point of th(? heart. The heart remains in contact with the anterior

chest wall at the level of the fifth intei*space and is never pushed backward by
fluids; for which reason it may readily be wounded by an ex|)]()ratory needle.
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Wounds of the Pericardium.

Wounds of the pericardium without injury to the heart, aside from those

produced by the surgeon in performing paracentesis or pericardotomy, are rare.

That they do occur, however, has been conckisively proved at autopsies and by

exploratory exposure in wounds of the precordium. Fischer collected 51 cases.

The pericardium has been punctured by needles, lacerated by the rough ends

of fractured ribs, and opened by stab- and gunshot-wounds. Eichel ("System

of Surg.," von Bergmann, Bruns, Mikulicz) was able to find27 cases of simple gun-

shot-wound of the pericardium in the literature, 4 of which were confirmed

by autopsy and 4 by operation. In most instances the pleura also is injured.

Symptoais.—In the absence of hemorrhage and infection, wounds of the

pericardium alone cause no serious symptoms. Indeed, it is probable that in

a number of instances the diagnosis has not been made, owing to the absence of

symptoms. Hsemopericardimn may result from injury to the internal mammary
or intercostal vessels, or from injury to the lung. In Tassi's case* the sac was

filled with blood which came from a vessel of the pericardium itself. The

immediate danger of hsemopericardium is not so much from loss of blood, which

may, however, be great enough to cause death, but from compression of the

heart, the symptoms of which will be detailed on a later page. Blood in the

pericardium, as in other serous cavities, may be absorbed without causing any evil

consequences, if the amount be not too large, or it may result in embarrassing

adhesions, or become infected and give rise to pyopericardium. Infection, ^^'ith

or without the presence of blood in the pericardium, may manifest itself immedi-

ately after the injury or not for days or weeks. In one of our cases symptoms

of pericarditis with effusion did not arise until after the wound in the peri-

cardium had healed, von Eiselberg reports a case in which a purulent pj^operi-

carditis developed one month after the injury. These late cases bring up the

possibility of infection by way of the blood stream. Pneumopericardium has

followed a wound involving the lung and pericardium. (Ewald and Happel.)

Diagnosis.—Immediately after the injury the diagnosis may be made,

provided free hemorrhage occurs, by signs of increasing fluid in the pericardium

and by symptoms of cardiac compression, or—if the external wound is sufficiently

large—by direct palpation and perhaps b}^ inspection. At a later period evi-

dences of pericarditis may arise. In the absence of hemorrhage and infection

the diagnosis may be impossible.

Prognosis.—Of the 51 cases collected by Fischer 22 recovered. Death is

due to hemorrhage, to compression of the heart, or to infection.

Treatment.—Wounds in the precordium, not associated with general

symptoms of hemorrhage or with symptoms of compression of the heart, should

be disinfected superficially and closed with sutures. The patient should then

be kept quiet and carefully watched. In the presence of acute ansemia or

hsemopericardimn exploration is mandatory. This should be done with the eye

* Terrier et Reymond, "Chirurgie du cceur et du pericarde."
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and finger, and not with a probe. The external wound .should be enlarged and

the ribs and intercostal nuisck^s inspected. Occasionally a knife passes through

a costal cartilage without injuring the intercostal structures. If the wound
penetrates the thorax it should be enlarged, with or without resection of a rib,

according to circumstances, and the pericardium palpated and inspected. If

the pericardium is uninjured the bleeding may proceed from the internal mam-
mary or intercostal vessels or from the lung. The former should be ligated

and the latter sutured. Two facts should be emphasized in this connection:

—Fii-st, that the wound in the pericardium may be small and easily overlooked

unless a careful search be made; and, secondly, that the heart may be

wounded without penetration of the pericardium—an accident to which we
shall have occasion to refer when discussing wounds of the heart. If, however,

no opening is found in the pericardium and the pericardium is not distended

with blood, the exploratory wound should be closed, provided the bleeding has

been controlled, or drained if oozing still persists. In most of these cases the

pleural cavity will have been injured and a ha^mothorax will be present; in

which event a second opening for the purpose of drainage should be made into

the lower part of the pleural .sac posteriorly. Should a wound in the peri-

cardium be found this must be enlarged and the heart inspected. If the heart is

not wounded the pericardial sac may be emptied of clots with the finger, dried

by gentle mopping with gauze, and closed with a continuous catgut suture.

Drainage, we believe, is contra-indicated if the bleeding has been controlled,

because of the danger of infection and adhesions. The objects of pericar-

dotomy immediately after the accident are to relieve symptoms of cardiac

compression, to control hemorrhage, to remove foreign bodies, and to det(u-

mine whether or not the heart is injured. In cases which are at first treated

expectantly, but in which signs of fluid in the pericardimn with embarrassed

cardiac action appear after several days, an exploratory puncture should

be made. (Page lo4.) This, of course, applies also to those cases in which

the pericardium has been explored and sutured. If the fluid is serum or blood

the needle should be left in place until the flow ceases, and medical treat-

ment for pericarditis instituted. If the fluid is bloody and small in amount,

and if the sym])toms are not relieved, it is probable that the heart is compressed

by clots, which can be removed only by pericardotomy. If the fluid recovered

is purulent, incision and drainage of the pericardium is demanded. (Page

1.56.)

Pericarditis.

Etiology.—Pericarditis following a wound has been referred to in the

paragrai)hs immediately preceding. Contusions are a i)ossible but rare cau.se of

pericarditis. In most instances the condition is secondary to infectious diseases,

such as rheumatism, pneumonia, empyema, tuberculosis, and pyaemia or sejv

ticiumia. Inflammatory affections in the neighborhood of the j)ericardium,

either in the thorax or in the abdomen, are al.so re.sj)oiisible for a certain number

of ca.ses. Primary jjericarditis is exceedingly rare.
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Symptoms.—The symptoms are often obscured by the primary affection, and
involvement of the pericardium is frequently overlooked. The most important

symptoms are cough, fever, dyspnoea, delirium, pain and tenderness over the

heart, and pain radiating down the left arm or into the epigastrium. The pulse

is small and weak, and occasionally pulsus paradoxus is present. Leucoc}i:osis

is generally produced by the disease which the pericarditis complicates, but,

with involvement of the pericardium, the degree of leucocytosis is usually much
increased. At the onset a friction sound may be heard, but this sound dis-

appears as the sac fills with fluid. The presence of a friction sound, however,

does not exclude pericardial effusion. The most import-ant signs of pericardial

effusion are the following: increase in the area of precordial dulness, which

becomes pear-shaped, with the base downward; bulging of the precordium;

faint, distant, or absent cardiac sounds; occasionally aphonia and dysphagia;

change in the right border of cardiac dulness, w^hich becomes convex ; alteration

of the cardio-hepatic angle from a right to an obtuse angle ; dulness extending

up to the second interspace; absence of the apex beat or displacement of the

apex beat above the lower boundary of dulness; dulness in the fifth right inter-

space close to the sternum (Rotch's sign) ; flatness, with marked resistance on

percussion, over the precordium; an area of dulness with bronchial breathing

near the angle of the left scapula (Bamberger's sign) ; and Ewart's sign, or

separation of the first rib from the clavicle to such a degree that the former may
be palpated throughout its entire length. The effusion ma}^ be demonstrated

also by the 2'-ray. If the fluid in the pericardium is pus the fever may become

intermittent and oedema of the chest wall may appear. The diagnosis may
be confirmed by the introduction of an exploratory needle. The conditions

which are most likely to be confused with pericardial effusion are pneumonia,

pleural effusions, and dilatation of the heart, for the differential diagnosis of

which we must refer the reader to a text-book on internal medicine. In cases

in which the pain is referred to the abdomen, gastritis, appendicitis, cholecys-

titis, perforation of the bowel, and Uke lesions may be simulated. Onl}^ recently

we were asked to see a case of pericarditis with the idea of operating for a

perforated gastric ulcer.

Treatment.—The treatment of pericarditis falls within the province of the

physician, and it is only when the sac becomes so distended with fluid as to

cause serious symptoms that surgical intervention is indicated. Since the

presence of pus cannot be positively foretold without exploratory puncture, we

believe that, in the presence of a pericardial effusion, the sac should hrst be

tapped. If the fluid is serous no further operation is required. If pus is re-

covered pericardotomy should be performed and drainage established.

Operations on the Pericardium.

History.—^According to Terrier and Reymond, Riolan, in 1648, was the

first to advise surgical intervention for pericardial effusions. From a theoretical

standpoint he suggested trephining the sternum. A century later, in 1749,



154 AMERICAX PRACTICE OF SURGERY.

Senac advocated opening the pericardium for hydroi)ericardium. About the

same epoch \'an Swieten discussed the indications for tliis operation. Later,

Benjamin Bell, Camper, and Arnemann each proposed operative procedures,

which no one put into practice, and it was not until 1798 that the first attempt

to open the pericardium was made. In this year Desault opened, by an incision

between the sixth and seventh ribs, what he believed to be the pericardium, but

which pr()\-ed to be an encysted pleurisy. Larrey, in 1829, published a somewhat

similar case. As both Desault 's and Larrey 's patients died, pericardotomy fell

into disrepute, although in neither was the pericardium opened. Romero, of

Barcelona, was really the first actualh^ to perform pericardotomy. In 1819 he

published three cases operated upon for effusion, two of which were successful.

The incision was made between the fifth and sixth ribs of the left side. In 1827

Jowett, and shortly afterward Skoda and Schuh, each reported a case of para-

centesis of the pericardium. In 1847 Karanaeff, during an epidemic of scurvy

in Cronstadt, treated the bloody extravasations into the pericardium by para-

centesis, sometimes obtaining as much as two quarts of fluid, and he secured a few

recoveries. From this time on, reports of cases of evacuation of the contents of

the pericardium became more frequent. Thus, in 1861, Guenther collected 22

cases, and in 1876 Roberts 41 cases. Recently, Delonne and Mignon * were able

to assemble 100 cases, 82 of which were punctures and 18 pericardotomies.

Paracentesis Pericardii.

—

Ixdications.—Tapping of the pericardium has

been employed for serous, for hemorrhagic, and for purulent effusions.

Serous effusion is the result of inflammatory exudation or of mechanical

disturbances of the circulation leading to transudation (hydropericardium).

The former, or serous pericarditis, constitutes the chief indication for aspiration,

which should be perfomied early, before the pericardium is greatly thickened

and before degenerative changes in the heart occur, thus placing the membrane

in the best condition for repair. It must be recalled, however, that pericarditis

is generally secondary and that the primary malady greatly influences the

prognosis. Chronic serous pericarditis is generally tuberculous, and little but

palliation can be expected from paracentesis. Hydropericardium, or dropsy of

the pericardium, is mcTcly a symptom of kidney or cardiac disease, generally the

foiTiier, and corresponds to ascites and hydrothorax, with which conditions it

is generally associated. Tapping, therefore, cannot be curative, but may be

employed to prolong life and render the patient more comfortable.

Hemorrhagic effusion into the pericardium, apart from wounds, may be

caused by mpture of the heart or by bui-sting of an aneurysm, and is sometimes

encountered in scurvy and in the pericarditis a.ssociated with tuberculosis,

cancer, and Bright's disease. Hirmopericardium arising immediately after a

wound demands exploratorj' pericardotomy and not paracentesis. At a later

peri(jd ta{){jing may be all that is recjuired, although even then pericardotomy

may be necessary to remove clots if the symptoms persist. Traumatic hirmo-

pericardium has already been refei-red to under Wounds of the Pericardium

and will again be discussed in connection with wounds of the heart. Hem-

*Rev. (le chir., 1895, pp. 797 ami 9K7: Isoiv p, .')0.
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orrhagic effusions other than those arising from trauma and scurvy generally

proceed from maladies which are ine\dtably fatal; hence the relief afforded by
tapping is usually only temporary'

.

In pyopericardium pericardotomy is mandatory. Pimcture should be used,

as in pleural empyema, for diagnostic purposes only. The sole exceptions to

this rule are certain cases of tuberculous empyema of the pericardium and cases

in which the general condition of the patient is so bad that pericardotomy would

not be tolerated.

Delonne and ^lignon have collected 82 cases of aspiration of the pericardium,

with 28 recoveries.

Technique .^—Since the character, and indeed even the presence, of the

effusion cannot in many instances be detemiined with certainty from the signs

and symptoms alone, the first step is always exploratory puncture. For this

purpose an ordinary hypodermic syringe, with a needle one inch and a half long,

is the best instrument. Trocars of large calibre, although possessing obxious

advantages, are too dangerous. Occlusion of a slender needle with a plug of

muscle or other tissue practically never occurs. It is true, however, that pus

may be too thick to be evacuated by a slender needle, but seldom will the needle

fail to recover a few drops of even such fluid, which is all that is needed for

diagnostic pmposes. If the fluid is serous or bloody an aspirator may be attached

to the needle; if pumlent, pericardotomy is required.

The point at which the puncture should be made varies widely, according to

different writers. (Fig. 64.) One should select a point at which the needle is

least likely to injure the heart, pleura, lung, perito-

neum, and internal mammaiy vessels. It may be 0~^_X?^^]~m<^
stated at once that puncture should never be s. /xFi J^^V
made at a point where friction sounds are heard or r-A

l^^^^^^^^^^^^'y^ r\
where the sounds of the heart are very distinct. ^ i)I3lJ-"^^x^/)\ ^
Rotch, Wilson, and others advocate puncture to "^ '^r^^^'^-p^^

the right of the sternum. On the left, the oper- y^ 'fS^^-^i^^^^J^.

ation has been perfomied in all the intercostal /i f^^^rC^^^.
spaces from the third to the seventh both to the y[

I V''\^.^^^
inside and to the outside of the internal mammaiy V niN-Jl-^

Jj

vessels. Roberts suggests entering the pericardimn \n:3^j>'^

from below, by pimcturing between the left edge of ^^^ 64.-Diagrain showing

the xiphoid and the costal margin. From our Points (1,2,3, 3', 4, 5) at which
,... .,,. n 1 1

Puncture of the Pericardium
studies m the anatomical relations of the parts be- has been Ad^•ised. (Terrier and

neath the precordium, a resume of which will be Raymond,
"

cinrurgie du eoeur
' ' et du pericarde. Pans, 1S98.)

found in the opening paragraphs of this article, we

believe that the safest point for puncturing the pericardium is in the fifth inter-

space, close to the left edge of the sternum. In this position there is the smallest

chance of penetrating the pleura, and the internal mammary vessels should lie

well to the outer side. If no fluid is withdrawn and there is no evidence of pene-

tration of the heart by motion imparted to the needle, the fourth interspace

should be tried. If this also fails to demonstrate fluid, a point in the same inter-
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space, one and one-lialf or tAvo inches from the left border of the sternum, should

be tried. If septic material is not found, there can be no danger of infecting the

pleura even though its cavity be invaded. If pus is present in the pericardium,

the overlying pleural layers are almost certain to be adherent ; hence the needle

may pass through them without infecting the pleural cavity. The needle should

be pushed backward and slightly upward, and should be gradually withdrawn

as the pericardium empties itself, in order to avoid injury to the heart. The

depth to which the needle should be pushed varies with the thickness of the

thoracic wall. Fluid has been obtained at depths varying from 2 to cm.

(i in. to 2f inches), beyond which latter depth one should not go. ^^> speak

of puncture in the fifth interspace. As Voinitch points out, if one penetrates

to a depth of G cm. in the sixth interspace the needle would pass through the

diaphragm and perhaps enter the liver, stomach, or colon. Terrier ad\'ises that

the needle be entered cautiously to a depth of 2.5 cm. (one inch); if no fluid

is obtained the patient should be raised to the sitting posture, thus permitting

the fluid to accumulate in the lower portion of the pericardium.

The injection of a weak solution of iodine after tapping was suggested l)y

Richerand for the treatment of hydropericardium . Aran, in 1855, is said to

have treated successfully a case of tuberculous ])ericarditis in this way. ]\Ialle,

Moore, and Gooch tried the same proc(»dure without success.

Complications.—A "dry tap" may result from an occluded needle, an

incorrect diagnosis, or a too superficial puncture.

Injury of the internal mammary vessels is possible, but has never been

reported.

Puncture of the pleura occurs frequently; indeed, in many cases it cannot

be avoided. We have already spoken of the innocuity of this accident when

the puncture is made with a fine needle.

Injury to the lung is very rare, owing to the cardiac notch and the displace-

ment of the lung by the distended pericardium.

The entrance of air into the pericardium is an extremely rare occurrence and

need give no cause for alami.

Puncture of the heart is probably more frecjuent than statistics lead one to

believe. The right ventricle or the right auricle is the part usually injured.

Generally the accident, if produced by a fine needle, causes no ill effects; indeed,

in some cases, it has been followed by an amelioration of the symptoms. Occa-

sionally, however, puncture of the heart is followed by death, either immediately

or after several houi-s. In the fonnei* instance death is probably due to injury

of Kronecker's co-ordination centre. Deaths occurring later are usually due to

bleeding into the pericardium. Puncture of the auricle is more dangerous than

puncture of the ventricle, ])uncture of the coronary artery more dangerous than

either. At autopsy one may find the pericardium filled with blood and yet be

unable to discover the wound in the heart.

Pericardotomy.

—

Ixdications.—In chronic serous jx'ricarditis which fails

to resj)ond to repeated punctures pericardotomy should be considered, although

we believe that it will very rarely be justifiable in such cases. Traumatic
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haemoi)ericarcliuiii, ^^'ith the exception noted above, always demands pericardot-

omy. In such cases the operation must be fitted to the exigencies of the case

and will often be atypical. We shall take occasion to discuss the subject more

fully under Wounds of the Heart. Hsemopericardium arising from causes other

than trauma will rarely require pericardotomy ; in these cases paracentesis is

the operation of choice. The chief indication for pericardotomy is purulent

effusion. Incision and drainage are as important here as in empyema of the

pleura.

Whether or not pericardotomy should be preceded by resection of one or

more costal cartilages depends largely on the condition of the patient. If the

patient is unable to withstand a general anaesthetic, excision of the costal carti-

lages is contra-indicated, as such an operation cannot be done without considera-

ble pain, and severe pain is very depressing to the heart. Incisions for exposing

and opening the pericardium without resecting a portion of the thoracic wall

have been made in the fourth (Hilsmann), fifth (Romero), and sixth (Desault)

interspaces, and just below the seventh costal cartilage, the knife entering the

mediastinum between the diaphragm and the thoracic wall. (Larrey.) We
believe, as we have stated elsewhere, that "the pomt of election for incision is

the fourth left interspace, beginning one inch from the sternal border and ex-

tending to the nonnal position of the apex beat of the heart, about one inch

internal to the anterior mammaiy line. The tissues are infiltrated with Schleich's

fluid and the incision is gradually deepened. When the pleura is adherent it

cannot be recognized ; but, if its cavity is free and if the incision has been care-

full}^ deepened, air wdll rush in as Soon as it is penetrated and before the peri-

cardium has been opened, ^^^len pus is reached it is allowed to flow out slowly

for fear of embarrassing the heart by the sudden relief of pressure. A mbber

drainage tube is inserted and an ample dressing of gauze applied. This is

sufficient for the time being, and the question of flushing the pericardium or of

resecting the costal cartilages may be put off until the physical signs show that

the drainage is not good or that the tube is plugged with membranous hmiph.

Intercostal incision produces no shock. It is the simplest procedure in grave

cases; it pemiits a more extensive operation at a later period if found inefficient;

it pemiits the recognition of non-adherent pleural surfaces before the pericardium

is opened: and, in the majority of cases, it will lead to a cure where a recovery

is possible from an operative procedure. The question of the recoveiy of the

patient is more dependent upon the cause of the pyopericardiimi and the patho-

logical lesions present in other portions of the body than upon the choice of an

operative procedure."

Resection of a portion of the thoracic wall for exposing the pericardiimi has

been perfoiTned in several ways. Trephining the sternum, proposed by Riolan

in 1648, and first practised by Malle in 1855, seems to have been abandoned.

Oilier was the first to suggest resection of a costal cartilage. His operation,

which is shown in Fig. 65, consists in making an incision from the midline of the

sternum downward and outward over the fifth costal cartilage for a distance of

6 cm. The cartilage is then denuded, separated from the sternum with a knife,
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Fig. 65.—Diagram Showing
Location of Ollier'.s Incision for

Pericarclotomy. (Terrier and
Reyinond, "Chirurgie du coeur

ct du pericarde," Paris, 18£3.)

raised from its bed with forceps, and its outer end severed with forceps. The

operation of Dclomie and Mignon (Fig. 66) is as follows: A vertical incision is

made 1 cm. (f in.) from and parallel to the left edge of the sternmn. This in-

cision extends from the superior border of the fourth to the inferior l^order of

the seventh cartilage. A transverse incision 2 cm.

long runs from each end of this incision toward

the patient's left side. This flap is elevated and the

fifth and sixth costal cartilages are separately re-

sected, throughout a length of 4 cm., by first sever-

ing the sternal attachments, then lifting the car-

tilage and carefully peeling off the underlying

structures, and finally b}' cutting or fracturing the

cartilage near the outer extremity. The intercostal

muscles and perichondrium are next incised in the

line of the original incision until one exposes the

triangularis sterni, which is then separated ^'-om

the sternum, from below upward, care being taken

to keep close to the bone. The finger is next

passed under the sternum, at the level of the fifth

cartilage, for a distance of 2 or 3 cm., and the cellular tissue covering the

pericardium—together with the pleura, which is covered with fat and \\lii('h

should not be exposed, and the internal mammary vessels—is pushed outward.

This blunt dissection with the finger is continued from within outward and

from b(>low upward until the white pericardium is exposed over thv \\h()le

extent of the wound. Noniially, this, mancruvre is facilitated by the loose

attachment of the pleura to the pericardium and

by the fiiTn connections which exist between the

pleura and the triangularis sterni. The pericar-

dimn is oi)ened with a knife at its lower part after

it has been elevated with forceps, and the incision

is then enlarged from below upward with scissors.

If more room is needed the fourth costal cartilage

may be resected.

Durand's operation is a combination of that of

OlUer and that of Delorme and Mignon. After

the fifth costal cartilage has been resected, as

reconmiended by Oilier, the internal mammaiy
vessels are ligated at the upper and lower bordere

of the wound, in order that they may not be

wounded during the operation or give rise to sec-

ondary hemorrhage by ulceration at a later period

placed outward as in the Delorme-Mignon operation

owing to inflannnatory adhesions,—and such is frequently the case,—Durand
gouges away a i)ortion (jf the sternum.

Voinitch-Sianojentzky, from studies made on tiie cadaver, recommends three

Fig. fi6.—Poricanlotoniy ac-

cording to IX'loriiio anil Mignon.
('["frrier and Heyniond. ''('lii-

nirgie du coDur et du pericartlc,"

Paris, 1898.)

The pleura is then dis-

\Vhen this is impossible,
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different operations, according to the amount of fluid present. Inasmuch as the

amount of fluid present can rarely be foretold before operation, we believe that it

is useless to describe these operations.

If excision of a portion of the thoracic wall becomes necessary, we are inclined

to think that the chondroplastic flap suggested by Roberts is better than the

removal of one or two costal cartilages. The Roberts operation consists in

making a trap-door out of portions of the fourth and fifth costal cartilages, the

soft tissues of the third interspace being utilized as a hinge upon which the door

may be turned upward. An incision is first made along the left border of the

sternum, from the top of the fourth costal cartilage to the upper border of the

sixth cartilage; it is then carried outward along the upper border of the sixth

cartilage for a distance of 4 or 5 cm. ; and finally it is extended vertically upward

to the upper border of the fourth rib. With a thick-backed scalpel the fourth

and fifth cartilages are divided in the plane of the vertical incisions, the line of

section being beveled so as to look forward at an angle of 45 degrees. Care

should be taken not to injure the pleura, which is closely attached to the costal

cartilages at the outer margin of the flap. After the intercostal structures have

been divided in the plane of the skin incision, the chondroplastic flap is raised

from below upward, the underlying structures being cautiously separated and

the triangularis sterni, which is incised close to the border of the sternum and

therefore within the line of the internal mammary vessels, is exposed to view.

With a finger the surgeon then pushes the muscle, vessels, and pleura outward,

thus exposing the shining white surface of the pericardium. The pleura, which

often has considerable fat along its edge, like the appendages of the colon, may
not be seen, because it is pushed out of the way without having the overlying

fatty tissue separated from it. If it is seen, its transparency or pinkish color

will distinguish it from the white and more opaque pericardium. The peri-

cardium is incised vertically or obliquely between the sternal border and the

displaced vessels and pleura. The drainage tube is brought to the surface

through the fifth intercostal space, and the lower portion of the flap is then

properly trimmed and restored to its natural position. The beveled caii^ilages

are sutured with catgut.

Cardiolysis.—Cardiolysis is an operation for liberating an adherent heart.

It was first proposed by Brauer, an internist, and was first performed by Petereon

and Simon in 1902. As the result of chronic mediastino-pericarditis the heart

becomes adherent to the pericardium and the pericardium to the thoracic wall,

which consequently is dragged inward with each systole, thus adding enormously

to the labors of the heart and causing dyspnoea, ascites, and other symptoms of

cardiac insufficiency. The chief signs of this condition are sj^stolic retraction

of the intercostal spaces, retractions of the lower lateral and lower posterior

portions of the chest (Broadbent's sign), diastolic shock or rebound, absence of

respiratory movements in the epigastrium, pulsus paradoxus (Kussmaul's sign),

and diastolic collapse of the cervical veins (Friedreich's sign). The object of

the operation is, not to destroy the adhesions after pericardotomy—a procedure

suggested by Delorme,—but to resect the unyielding structures (bone and
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cartilage) of that portion of the thoracic wall to which the heart is adherent, thus

Hindering the adhesions harmless. Generally, resection of the fourth, fifth, and

sixth costal cartilages, with the corresponding ribs as far as the maniniillary line,

suffices to relieve the symptoms. A portion of the sternum, as in two of Brauer's

cases, may be removed if found lu^cessary. At first, great emphasis was laid

upon the importance of removing all the periosteum, in order to prevent the

regeneration of bone. The removal of the ])eriosteum on the under surface of

the rib, however, is difficult and tedious, and may lead to injury of the heart

or may cause opening of the pleural cavity. Koenig, therefore, recommends

lea\dng the posterior periosteum; he states that the chances of a regeneration

sufficient to cause trouble are slight enough to be disregarded. In support of

this view he reports a case in which, at the autopsy two and a half years after

the operation, only the finest traces of new bone were in evidence. Cases suitable

for operation are not frequent. The heart must still be capable of recovering

after being released from its fetters. Marked systolic retraction of the chest wall,

indicating a vigorous heart muscle, is an indication for operation. AMien

adxanced myocardial changes are present operation is useless. The operation

has been done thirteen times and always with beneficial results. In several

instances the patients, who had previously been incapacitated, were again able

to earn their living.

In this connection we may mention a case of hypertrophy of the heart

(Morison, Lancet, Ai)ril 24th, 1907) in which portions of the second and third

costal cartilages two inches in length, were resected, in order to give the heart

more room and prevent pressure on the surrounding organs. The dyspnoea and

dysphagia were relieved.

Wounds of thk Heart.

History.—We have drawn the following brief account of the history of

cardiac wounds from an article already pul)lish('d by one of us in the American

Journal of the Medical Sciences, Sept., 1904. In olden tunes a wound of the

heart was considered synonymous with inevitable and innnediate death. Elsberg

tells us that, prior to the sixteenth century, Hippocrates, Celsus, Paul of ^gina,

Roland, and Lanfranc all mention heart wounds, and agree that they are in-

variably fatal. In the earty j)art of the sixteenth century Fallopius studied

th(! subject, with a view to recognizing the cavity injured, and Jacob Hollerius

made the assertion that a wound of the heart was not necessarily fatal. Later

in the centuiy, bullets, arrow-heads, and other foreign bodies were found in the

hearts of animals which had continued to run for some time after receiving their

death wounds, antl tales w(>re told of m(>n who, during the intoxication of battle,

conrinued to fight after being stabbed through the heart. Toward the end of

the century Ambroi.se Par(5 related the ()ft-(|U()te(l ca+^e of the Turin gentleman
who received a ra|)ier thrust below the left nipi)le during a duel, and who made
several passes and jjui-sued his slayer two hundred paces before falling to the

ground a corjxse.
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In 1642 J. Wolf gave the first reliable account of the healing of a wound of

the heart. Morgagni (1761) stated that the cause of death in many cases was

compression of the heart by the effused blood, a theory which has since been

converted into a fact, mainly by the observations of Rose and the experiments

of Cohnheim. It is interesting in this connection to recall the fact that Morgagni

died of rupture of the heart.

Sherman says that Desault laid down the rules of pericardotomy for empyema

in 1798, and it took surgery ninety-eight years to pass from the pericardium to

the epicardium across a space that is such only potentially.

Benjamin Bell (1783) did not believe that healing could occur. A. Richter

(1786) considered the probe dangerous, and insisted upon absolute rest and free

blood-letting. Larrey and Dupuytren laid down many rules for treatment.

During the seventeenth and eighteenth centuries there were published, from

time to time, papers which described cases in which protracted periods intervened

between the injury and dissolution.

In the beginning of the nineteenth centuiy Jamain, Zanetti, and others wrote

on the \dability of patients after heart wounds ; but it was not until 1867, when

George Fischer published his classical study of 452 human cardiac wounds, that

a finn foundation was laid for the evolution of the surgery of the heart. Fischer

clearly established the fact that an indi\1dual might exist for hours or even days

with a wounded heart; and that, indeed, in from seven to ten per cent of the

cases, the wound heals and the patient actually recovers. Loison and OUivier

collected additional cases and corroborated the findings of Fischer. Ninni

states that, according to the statistics of Jamain, Fischer, Lantenelet, and

Zanetti, death is instantaneous in eighteen per cent of the cases. In 729 cases

collected recently by Fischer,—cases in which no operation was done,—less than

sixteen per cent survived.

Up to the closing years of the nineteenth century the treatment of wounds

of the heart consisted in the application of an occlusive dressing, absolute rest,

ice or blisters to the precordium, and sedatives, such as veratrum viride, digitalis,

and opium, and venesection. Rose advised paracentesis of the pericardium,

or pericardotomy, to relieve compression of the heart. In 1881 John B.

Roberts suggested the propriety of attempting to suture a wound of the

heart. Later, Koenig and Delorme voiced the same opinion. The idea,

however, was generally regarded as the wildest fancy of ultra-enthusiasts.

Billroth declared that no surgeon w^ho 'dished to preserve the respect of his

colleagues would ever attempt to suture a wound of the heart. Riedinger (1884)

considered the proposition beneath the dignity of mention. Tillmanns was

convinced of the hopelessness of surgeiy when confronted with a bleeding heart.

That the heart could be exposed and manipulated has been demonstrated by

many experimenters. In 1894 Kronecker and Schmey discovered that this organ

might be punctured ^\dth but little interference with its action, except when a

spot in the interventricular septum (Kronecker's coordination centre) was

touched, when immediate death ensued. In 1895 Rosenthal essayed to treat an

experimental wound of the heart by direct means; he used a tampon of iodoform

VOL. VII. 11
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gauze, and the dog survived. During the same year Del \'eeehio was the first to

suture the canine heart with success. In 1890 Salomoni, and in 1897 Bode, suc-

cessfully closed wounds of animal hearts by suture. Since then there have been

many experimental investigation's into this subject. The conclusions of Elsberg,

which may be taken as rei)resentative of the findings of the experimenters, are

as follows:—That the lieart can be grasped with the hands or forceps and gently

compressed with no appreciable difference in its action, and that it can be

penetrated with a needle and knife without producing more than a temporary

irregularity of its action; that penetrating wounds produced during systole

bleed more than those produced during diastole; that oblique wounds bleed

less than peri)endicular wounds; that wounds of the right ventricle are more

dangerous than those of the left, because the wall of the right ventricle is thinner,

and also because the blood on the right sid(^ of the heart coagulates more slowly;

that, owing to the thinness of their walls, the auricles bleed more coj^iously when

wounded than the ventricles; that wounds of the heart heal kindly and that the

cicatrix is usually complete in about fourteen days; that interrupted sutures are

better than continuous ones; that the tissue included in the suture always

atrophies and is replaced by scar; that a smaller number of nuiscular fibres are

included in the interrupted than in the continuous suture, thus i)roducing less

atrophy and less scar tissue; that superficial sutures are less likely to tear out

than deep ones; and that the sutures should be inserted and tied during diastole,

because of the danger of their tearing out if tied during systole. According to

Guibal, bleeding from the auricles is continuous and steady, not being influenced

by the movements of the heart. When one of the ventricles is wounded there is

a continuous flow of blood from the cardiac muscle and a systolic jet from the

ventricular cavity. Certain experimenters, however, have seen large wounds

close during systole and bleed during diastole.

After the road had been paved by the knowledge that patients would often

live long enough for operative interference, and that the heart would tolerate

manipulation, two unsuccessful attempts were made in 189G to close human

cardiac wounds by suture—one l)y Farina and one by Cappelen, and in 1897

Rehn published the first successful cardif)rrhaphy in man. Including these cases

we have been able to find, up to June, 1909, 134 cases with the surprisingly high

recovery rate of over forty-six per cent.

Etiology and P.\thology.—Aside from spontaneous rupture of the heart,

due to disease of the myocardium or coronary artery, neoplasms, gummata,

echinococci, abscess, aneurysm, etc., which accident has never been subjected

to surgical treatment, cardiac wounds are the result of contusion or are pro-

duced by the penetration of the vulnerating body.

In Loison's collection of 49 cases of wounds the result of contasion or of

ruptures, the causes were distributed as follows: 13 followed a fall from a height;

7 resulted from the kick of a hoi-se; 5 were caused by a fall on a projecting body;

4 followed a blow frf)m a heavy })ody on the thorax; 3 were due to a blow from

a wagon pole; 3 resulted from a l)low from a buffer; 2 were caused by a sciueeze

between cars; and 1 case should be credited to each of the following causes

—
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being trampled under the feet of a cow. a IdIow from a horse's head, a blow from

a man's head, a blow from a club, a blow from a fist, and a foot-ball injury.

When the chest is crushed the heart is compressed between the anterior and

posterior walls of the thorax, and the blood, which cannot escape rapidlj' enough

by the vessels, distends the walls of the heart, which gives way at the weak-

est portions, namely the auricles, the laceration sometimes extending into the

pulmonary vein or the venie cavic. In these cases the chorda? tendineae, the

valves, or the septum of the heart may be torn. ^lore often, however, the

cardiac wound corresponds to the point of contusion on the wall of the chest.

Fig. 67.—Stab Wound of Right \'pntriele. Heart ceased beating during operation, which was
performed by Dr. Gibbon. (Pennsylvania Hospital case.)

A fragment of sternum or rib or a spent ball may push the [jcricardium inward

and wound the heart without tearing the pericardium.

Penetrating Wounds.—According to Loison, 10.3 per cent of the penetrating

wounds are needle punctures, 49.3 per cent gunshot wounds, and 40 per cent

the result of puncturing and cutting insti-uments. Of the 154 cases of car-

diorrhaphy which we have collected, in 110 the injury was a stab wound, in

21 a gunshot wound, and in 23 the cause was not stated. Excepting ruptures,

punctures of the heart by swallowed foreign bodies (mostly needles), and lacera-

tions by spicules of sternum or ribs with an intact skin, all of which are very

rare, cardiac wounds are always associated with an external wound. In our

collection of 154 cases the external wound was on the left side, between the

second and seventh ribs and between the sternum and axillaiy line, in 104; in
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the left midaxillaiy line in 2; through the sternum in 1; to the right of the

sternum in 2; in the upper abdomen in 6; and in 39 the location of the external

wound was not stated. In a case of stab wound below the angle of the left

scapula reported by Camaggio, autopsy revealed a wound of the heart. (See

Fig. 67.)

Complicating Injuries.—Among the complicating injuries wounds of the

internal mammaiy or intercostal vessels are mentioned in several cases. In

Loison's statistics injury of the pleura is noted in 45 per cent of the stab wounds,

injur)^ of the lung in almost 30 per cent, and injury of the diaphragm in about

12 per cent. Of 110 cases of gunshot wound of th(> heart there were 78 with

injury of the i)l('ura (70 per cent), 52 with injury of the lung (47 per cent), and

12 with perforation of the diai^hragm, with or without injury of the abdominal

viscera (almost 11 per cent). In our collection of cases the pleura escaped injury

in 11 only (less than 8 per cent) ; injury of the abdominal \iscera was mentioned

in at least 3 cases.

The Situation of the Cardiac Wound.—The situation of the cardiac wovmd in

our cases was as follows:—Left ventricle 64, with 33 recoveries; right ventricle

65, with 25 recoveries ; right auricle 7, with 4 recoveries ; h^ft auricle 2, with no

recoveries; apex 5. with 2 recoveries; left ventricle with right ventricle 1, with

death; right ventricle with right auricle 1, with recovery; left auricle wdth right

ventricle 1, with death; and 8 unknown, with 2 recoveries. The left coronary

artery was injured in 4, with 1 recover}^; the interventricular septum in 2. both

dying; and the tricuspid valve in 1, with death.

Of 77 cases of cardiorrhaphy the wound was non-penetrating in 33, with 16

deaths, and penetrating in 44, with 27 deaths. (Tscherniachowski.) Non-

penetrating wounds are never observed in the auricles, owing to the thinness of

their walls. In our cases the largest wound was 7 cm. in length; in 19 there

were 2 wounds, with 12 recoveries, and in 1 there were 8 wounds, with death.

Foreign Bodies in the Heart.—Guibal * gives an interesting resume of this

subject, and from it we extract the following:

—

Needles, according to Loison, caused death in 60.S per cent of the cases. They
are frequently found in the hetirts of mammalia, and—a long time after attempts

at suicide—in the hearts of lunatics. Huppert found a needle the eye of which

was encysted in the wall of the left ventricle, and which passed through the cavity

of the ventricle as far as the endocardium of the opposite side. In Peeke-Richard's

case, three years after its introduction, the needle, which had been well encysted,

cau.sed death by producing an ulceration of a coronary vessel, as the result of the

movements of the heart. In Buchanan's case the needle perforated a bronchus

and caused deatli l)y its infection. When the needle is fixed in the thoracic wall

the heart may wound itself at each contraction by hurling itself upon the point

of the needle. Larger foreign bodies are soni(>times tolerated to an amazing de-

gree. Dupuytren tells of a man who worked all day after having been struck in

the chest during a duel. He died tiie following night, ;uid at the autopsy a frag-

ment of sword five inches long was found piercing the right auricle. Tillaux cites

* Rev. lie cliir., .Marcli, 1905.
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the case of an alien who introduced an iron rod, 16 cm. long, in the region of the

heart. A year later the autopsy showed that the rod had perforated the anterior

border of the left lung and the wall of the ventricles, and had entered the right lung.

Picque reports a case in which a ball was carried in the pericardium for fifty-two

years. A number of cases have been observed in which the bullet was lodged in the

walls of the heart and there rested for years without giving trouble. Much rarer are

the cases in which a foreign body lies free in one of the cavities of the heart. At

autopsy on a man who had received a shot wound in the chest two months before,

Randall and Huspell found three shots in the cavity of the right ventricle and

two in the corresponding auricle. Instead of remaining in the heart such foreign

bodies may be projected along the vessels as emboli, either with or against the

blood-current. An example of the latter is furnished by Simmonds: a bullet, which

had entered the right ventricle, was found at autopsy at the origin of the iUac vein.

Symptoms.—A wound of the heart left to itself causes death or heals

spontaneously

.

Death occurs immediately or not for minutes, hours, or even days or weeks.

Instantaneous Death.—Instantaneous death, contrary to the general belief

of a feW' yeare ago, is extremely rare; and its cause is disputed. Injury of the

centre of coordination of Kronecker and Schmey, which is situated in the anterior

interventricular groove, at the junction of the middle wdth the inferior third,

is said by these investigators to result in immediate death. The existence of

the coordination centre of Kronecker and Schmey has been corroborated by

Gley and Mills, but Rodct, Nicolas, Elsberg, and others were unable to cause

sudden arrest of the heart by punctures or incisions at any point. "Heart

block" bas been observed by several experimenters, probably as the result of

injur}'' to the bundle of His.

Guibal explains immediate death, in wounds of the heart, by reflex action,

the nerve excitation being transmitted from the cardiac nerves to the bulb and

thence downward as inhibitory impulses along the pneumogastric. The intra-

cardiac ganglia come from the spnpathetic and are afferent in nature, hence

incapable of arresting the action of the heart. Instantaneous death is perhaps

more likely to follow a severe blow over the heart or cpigastriimi than a penetrat-

ing wound (so-called concussion of the heart).

Cohnheim and others found that ligation of the coronaiy arteiy caused

sudden death in animals. If the animal survived, the area which the ligated

vessel supplied underwent granulo-fatty degeneration. Ricketts, however,

demonstrated that either coronary artery may be ligated at any point ^^•ithout

death resulting. Larrey, Klihm, and Turner have reported cases in which, at

autopsy, cicatrices of wounds of the anterior coronaiy artery have been found.

Among the cases of cardiorrhaphy the left coronary arteiy was injured in 4 cases.

In Vince's case the patient died, on the second day, of pneumonia; in Cap-

pelen's case, death, which was due to purulent pericarditis, also occurred on

the second day; in Pagenstecher's case it occurred on the fifth day, as a result

of purulent pleuro-pericarditis; and, in our case, the patient recovered.

Death after an Interval.—Death after an interval of a few minutes or hours,
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aside from intracai-diac Ic^sions (\-alvular lacerations, rupture of the chorda'

tcndincir, perforation of the septum), is the result of hemorrhage or of com-

pression of the heart. After several days or weeks death is generally the result

of sepsis (pericarditis, empyema, pneumonia, etc.), although secondary hem-

orrhage is responsible for a few fatalities, and clot, but not air-embolism, has

been reported. Izzo reports a case of stab wound of the left ventricle which

was discharged cured on the twenty-eighth day. A few hours later, the patient

died while lifting a heavy body, the scar having ruptured. Cawadki lost a case

from rupture of the heart fifteen days after the left ventricle had been sutured

for stab wound. In Ewald's case the scar ruptured four weeks after the trau-

matism. In Loison's .statistics there are nine cases cf this nature.

It is our intention to detail here only those symptoms which immediately

follow a wound of tiie heart in a patient who escapes instantaneous death,

—

i.e.,

the symptoms of acute hemorrhage and those of compression of the heart.

When the blood escapes through the external wound or pours into the pleural

cavity, the general phenomena are those of acute hemorrhage—pallor, rapid

and empty pulse, subnormal temperature, dyspnoea, etc. Nervous symptoms,

such as vertigo, syncope, convulsions, vomiting, and hemiplegia, are caused by

the ana'mia and are said to be more common in injuries of the left ventricle.

Respiratory difficulties are more marked in \\-ounds of the right ventricle, but

may be due to nervous influences, pneumothorax, or compression of the heart.

Haemoptysis is rare, although the lung is frequently injured. In some cases

there are precordial pain and tenderness even when the external wound is at a

distance, and in several cases there has been pain referred to the abdomen. As

already notetl, the patient may walk or even run for a considerable distance

before falling to the ground.

If the blood escapes externally it may do so in jets, but a continuous stream,

accentuated by coughing, movements of the patient, and similar efforts, is more

common.

When the blood flows into the pleural cavity (the pleura was injured in 143

of the l.")4 ca.ses collected by us) there will be, in addition to the .symptoms of

ana'mia, the signs of a pneumoluemothcrax. Palpation may detect the apex

beat; and there may be a slight increase in the cardiac dulness, or percussion

over the heart may give a tympanitic note. In many cases the cardiac sounds

are normal. A splashing sound indicates blood and air in the pericardium.

A whizzing sound due to the presence of air in the pericardium also is described.

In some ca.ses a friction sound may be heard and in others a bruit not unlike that

heard o\'er an ancurysin.

\\'licn, owing to an obturating clot, a long oblique wound, or the fact that

the jHi-icanlial .'^ac is not pei-forated, the blood is confined to the pericardium, the

clinical pictui"e is that of comiJi'ession of the heart. There may be a splashing

sound, which disappears as the pci-icai-(liuin fills, at which time the area of

precordial dulne.s.s will be much inc teased. The aju'X beat can neither be felt

nor heard, and the pulse is exceedingly rapid and feeble or absent. The respira-

tions ai-c hui-i'icd and supeificial, the face cyano.sed, and the veins of itlie neck
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dilated. The patient is unconscious, but may regain his senses when an exit for

the blood is provided. Cohnheim demonstrated by experiments on animals

that the pressure of the accumulating blood manifested itself first on the auricles

and the origin of the great veins, thus producing venous stasis, cyanosis, and

dyspnoea. When the pressure of the effusion exceeds that of the blood in the

auricles complete obstruction to the cardiac blood-current ensues, the ventricles

pump themselves dry, and the heart stops.

Spontaneous Healing.—Spontaneous healing occurred in 16 of the 121 cases

collected by Jamain, in 18 of the 152 cases of Janetti, and in 17 of the 56 cases of

Laforgue. Fischer gives the proportion of spontaneous recoveries as 8 per cent,

while Tassi estimates that 1 per cent of penetrating wounds and 9 per cent of

non-penetrating wounds will recover without operation. The wound is repaired

by fibrous tissue and not by muscle (Martinotti) ; hence the possibility of sub-

sequent aneurysm and rupture of the heart, and of murmurs the result of altera-

tions of the orifices of the heart. Pericardial adhesions of greater or lesser extent

probably always follow wounds of this structure, but give symptoms in only a

small proportion of the cases. We shall have occasion to refer to the late results

after cardiorrhaphy on a subsequent page.

Diagnosis.—It is often impossible to diagnosticate with certainty a wound of

the heart. The superficial wound may be directly over the heart and associated

with symptoms of profound shock, and yet the heart escape injury. Again, the

wound of entrance may be in the abdomen or in the posterior aspect of the

chest, the constitutional symptoms slight, and a fatal wound of the heart exist.

We have in nine instances explored a wound in the precordial region. In one

there was a penetrating wound of the left ventricle ; in one a penetrating wound

of the right ventricle; in one a contusion of the heart, a bullet being embedded

in the pericardium ; in one the tine of a pitchfork passed through the pericardium

and lung, just grazing the heart ; in three a bullet grazed the pericardium (passing

downward into the abdomen in one, and backward into the posterior mediastinum

in the other two); and in two, both of them stab wounds, the thorax was not

penetrated. In a case in which the heart is wounded external bleeding may be

profuse and there may be spurting from a wounded intercostal or internal

mammary artery; then again, neither of these symptoms may be present and

yet the heart be wounded in an equally serious degree. Although justified by

Rehn, the use of a probe is generally condemned, because of the danger of

introducing infection or disturbing an obturating clot. The statement that the

blood coming from the external wound will be bright red when the left heart is

injured and dark in color when coming from the right heart is not to be relied

upon. The size of the wound in the heart cannot be predicted with certainty

from the size of the external wound, nor can the particular cavity injured be

inferred from the location of the latter. In one of our cases the cardiac wound

was larger than the external wound, the knife probably having entered the heart

at the beginning of systole, and the systolic swinging forward of the heart having

added an incised wound to the stab. In this case also the external wound

suggested a wound of the auricle rather than one of the ventricle. Ha^moperi-



168 AMERICAN PRACTICE OF SURGERY.

cardiuni is not pathogiioinomc of a wounded heart, since it may follow wounds

of this membrane alone or of the vessels at the base of the heart. The safest

plan, in all cases of a wound in the neighborhood of the heart, is to make an

exploration. The superficial wound may be enlarged by a transverse incision

along the rib, or between the ribs, and gradually deepened for the purpose of

ascertaining whether it penetrates the chest ; and, if it be found that it does

penetrate the chest, then the entire depth of the wound should be sufficiently

enlarged to make exploration of the heart possible. Occasionally it is practi-

cable to put a finger directly into the cardiac wound. In other cases it will be

easy to resect the rib above or below, and thus obtain ample room for explora-

tion. If, in the presence of symptoms of a wound of the heart, exploration

reveals an intact pericardium, a needle should be introduced or a small open-

ing made in this membrane to determine the presence or absence of blood,

since the heart may be wounded without an opening existing in the pericardial

sac. Several observers have testified that it may be impossible to detect a

hsemopericardium from simple exposure of the parts. There have been several

cases where the operator, having opened the pericardium and having failed to

find the cardiac wound, has closed the chest without suturing the heart ; and

subsequently death has resulted.

Treatment.—The treatment of a wound of the heart is suture at the earliest

possible moment. Of 61 cardiorrhaphies in which the time between the injury

and the operation is stated, 23 were operated upon within one hour, with 10

recoveries; 5 between 1 and 2 hours, with 4 recoveries; 7 between 2 and 3

hours, with 2 recoveries; 8 between 3 and 4 hours, with 4 recoveries; 1 between

4 and 5 hours, with death; 3 between 5 and 6 hours, with 2 recoveries; 2 between

6 and 7 hours, with 2 recoveries; 2 between 8 and 9 hours, with 1 recovery; 1

between 9 and 10 hours, with recovery; 2 between 12 and 13 hours, with 1

recovery; 7 after 24 hours, with 5 recoveries. This gives a mortality of over

53 per cent for those operated upon within 4 houi-s, and one of 33^ per cent

for those operated upon after 4 hours. These figures cannot be construed to

justify delay in operating; they demonstrate simply that an individual who
survives a cardiac wound for a number of hours has a fair chance of

recovering with operation, and perhaps without operation, but that, of the

cases which would succumb within a few hours, many will be saved by

prompt intervention.

An anaesthetic should always be employed unless the patient be unconscious,

not only to relieve suffering, which in itself adds to the shock, but to i)revent

struggling and to facilitate the operation. We employed ether in our cases,

because we believed it to l)e nuich safer than chloroform. Of 16 cases in which

ether was cm]jloyed, 7 died; of 36 in which chloroform was used, 18 died.

Mention is made of ethyl chloride having been employed in one case and of a

local aniesthetic in another, the fonner patient recovering, the latter dying. In

17 cases in which no aniesthetic was used, 12 died. In the remaining cases no

note is made of the ana-sthetic.

If the [)atient is unconscious from comi)res.sion of tiie heart, not infreciuently
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the senses will be regained on providing an exit for the blood, and an anaesthetic

will then be necessary.

Since time is an element of such great importance, some surgeons have opened

the thorax without disinfecting the field of operation. Perhaps most of those

who have made an attempt to adhere to the rules of aseptic surgeiy have done so

incompIeteh\ The results substantiate this statement. In 154 cardiorrhaphies

there were 77 deaths, a mortality of a little over 52 per cent. Of these, 31 died

within twenty-four hours of shock and hemorrhage, 1 on the fifth day from

secondary hemorrhage from a large pulmonary vessel, and 1 on the fifteenth day

from rupture of the heart. In the remaining cases the patients all died from

some fonn of infection (pyopericardium, pyothorax, pneumonia, etc.), at periods

ranging from the second day to several weeks. Of the 73 indi\dduals who re-

covered, 28, or over one-thu'd, did so in spite of infection. "We believe that the

most careful aseptic precautions should be taken whenever the patient's con-

dition peiTnits, but that in the presence of alamiing symptoms one should first

control the bleeding and then, by irrigation and perhaps by drainage, attempt

to minimize the danger of infection.

The advice given by Rydygier, to allow a knife ^^•hich may be found sticking

in the chest to remain until one is ready to suture the heart, is questionable.

It is easy to understand how the blade might produce further laceration of a

beating heart.

The methods for exposing the heart are numerous. Almost each operator

who has attempted to suture the heart has adopted a different plan. Rehn,

Walcker, Parlavecchio, Pagenstecher, Fummi, and Gibbon were able to suture

the heart after resecting one rib in the vicinity of the womid. Others, finding

the space thus created too narrow, have removed the next rib above or below.

Ramoni excised the third rib and raised an osteoplastic flap containing the

fourth and fifth ribs, the base of the flap being below. Lango and ^'aughan

used a somewhat similar flap with the base above. Del ^'ecchio suggested an

H-shaped incision, which was used in Nicolai's case. The horizontal portion was

made at the level of the wound, in the fourth interspace, the vertical Imibs

corresponding to the left sternal and mammillaiy lines. The fourth and fifth

ribs were severed, the former being turned upward, the latter downward. Loison

recommends adding to the procedure of Del Vecchio a sternal flap if the auricle

or right ventricle is to be reached. A horizontal incision, extending to the right

margin of the sternum, is made from each end of the longitudinal incision of

Del Vecchio, the sternum being severed above and below and turned toward the

right.

Ninni made an incision, 10 cm. long, from a point 1.5 cm. to the left of the

sternum, along the inferior border of the third rib; a second incision, 8 cm. long,

began at the same distance from the sternum and followed the inferior border of

the fifth rib. These incisions were carried through the entire thickness of the

thoracic wall, including the pleura, but avoiding the internal mammaiy vessels.

A vertical incision, within the nipple line, united the outer edges of these horizon-

tal incisions. After the fourth and fifth ribs had been severed in the plane of the



170 AMERICAN PRACTICE OF SURGERY.

vertical incision the flap was turned inward, the chondrosternal articulations

luxating. This quadrangular osteoplastic flap has been modified in several

ways. Either horizontal incision may be omitted, thus making the flap triangu-

lar. (Parozzani, Lastaria, Carnabel.) Rydygier advises a horizontal incision

at the upper border of the third rib, extending from the right of the sternum to

the left costo-chondral joint, then passing obliquely downward along the outer

ends of the costal cartilages as far as the fifth interspace. The third, fourth,

and fifth costo-chondral articulations and the sternum are divided and the flap

turned toward the right.

Wehr suggests a \^-shaped incision. Beginning at the superior border of the

fourth right chondro-stemal articulation, the incision crosses the sternum,

follows the superior border of the fourth left costal cartilage, curves downward,

about two finger-breadths from the sternum, over the fourth, fifth, sixth, and

seventh cartilages, and finally curves again below to reach the right border of

the sternum at the ensifonn cartilage. The sternum, costal cartilages, and

ensifonn cartilage are severed, down to but not including the inner periosteum,

and the flap is turned to the right, the pleura being detached from the left toward

the right. If the auricles are to be attacked, the incision passes above the third

costal cartilage. Marion, Napalkoff, and Pagenstecher have suggested flaps

resembling in general that of Wehr.

Podrez begins an incision in the second left interspace, one inch and a half

from the sternum, carries it as far as the midsternum, then downward as far as

the level of the seventh cartilage, and outward along this cartilage to its junction

with the rib. The sternum is divided at either end of the longitudinal incision

and the flap is turned to the left. The pleura is not opened. Giordano, Guidone,

Fontan, and others also recommend a flap with the base directed toward the left.

To gain access to the base of the heart and the great vessels Fontan proposes

a temporary resection of the sternum. An incision is made from the fii^st to the

fourth or fifth interspace, about 2 cm. from the sternum, and is then carried

across the sternum and upward to the first interspace. The cartilages and the

lower end of the sternum are cut and the sternum is turned upward in such a

manner as to fracture at a level with the first interspace, care being taken not

to injure the pleura or the internal mammary vessels.

In three cases of cardiorrhaphy the opening, owing to the situation of the

wound, was made in the right chest.

Finally, Mauclaire and X'illar advise exposure of the heart, by incising the

epigastrium and then the diajihragm.

None of the methods mentioned above is ideal. Resection of one costal

cartilage gives only a small space through which to work; permanent resection

of more than one leaves a breach in the thorax over the heart. Flaps with the

base above or below necessitate douljle ligature of the intercostal vessels, thus

prolonging the operation and predisposing to sloughing. A fla}) with the bavse

toward the sternum is difficult to make without injuring the ])leura, and does

not give access to the auricles unless the sternum is included. A flap with the

base directed externally allows easier separation of tlic pleura but -does not expose
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the base of the heart. Resection of the sternum exposes only a Hmited portion

of the heart. The abdomino-diaphragmatic route is useful only for exploration

when there exists an abdominal wound which passes upward through the

diaphragm.

The truth is, that no definite plan can be laid down for all cases; one must

be guided by the situation of the wound, the condition of the pleural cavity, and

the degree of certainty in the diagnosis. If the wound is in the left chest, if

there is no doubt as to the diagnosis, and if the pleural cavity is distended with

air, perhaps the best plan is to make an osteoplastic flap with the base directed

externally, including as many ribs as may be necessary (usually from two to

four), and turning the sternimi to the right, if necessary, by prolonging the

horizontal incisions toward the right. If the wound is to the right of the sternum,

the flap should be made in the right chest. One would not risk injuring the left

pleura if there is already a right pneumothorax. When there is uncertainty as

to the diagnosis, the wound should be explored as described above (page 151),

and, if it be found necessary to suture the heart, as much bony tissue as circum-

stances demand should be resected. If the pleura is intact, every effort should be

made to preserve this membrane, unless the bleeding is so violent as to demand the

most hurried action. It has been suggested to employ the Sauerbruch or Brauer

apparatus (see page 418) to prevent collapse of the lung during thoracotomy

for a wounded heart, but the suggestion has not been put into practice.

When the lung is wounded, and it usually is, the wound as a rule ceases to

bleed when the lung collapses; if it is bleeding at the time when the thorax is

opened, it may be sutured after the cardiac wound has been closed.

The wound in the pericardium is enlarged in the axis of the heart by tearing

or cutting, care being taken to avoid the pleura if it is not injured. When the

pericardium is intact it should be opened as one opens the peritoneum, by raising

it from the heart with forceps. The pericardial sac is cleared of clots with the

finger and the fluid blood removed with a sponge. In the reports of several of

the cases attention is called to the fact that the blood coagulated behind the

heart. In experimental work Ricketts found that collapse of the lung congests

the heart, and subsequent exposure causes it to dilate because of the lack of

support of the pericardium and chest wall.

The bleeding from the heart may be controlled by a finger, by compression of

the heart, by dislocating it forward, or by pressing it against the sternum. Rehn

ad\^ses compressing the vense cava?, at their junction with the right auricle,

between two fingers, thus making the operation bloodless. Animal experiments

have proved this procedure to be hamiless when of short duration—ten minutes,

for example. (Haecker.) The heart may be steadied by the fingers, by forceps,

or by sling sutures. In several cases the suture tore out. If the heart cease

to beat during the operation it should be sutured quickly and massage per-

fonned. The use of gauze packing to control the hemorrhage will probably

never be indicated; to be efficient it must be firm, and to be finn it must exert

injurious compression. A round, curved intestinal needle is generally recom-

mended. Silk was employed in 57 cases, with 30 recoveries; catgut in 23. with



172 AMERICAN PRACTICE OF SURGERY.

14 ivcovorics ; celluloid in 1. with recovery; and in the re^t the suture material

is not known. The highest number of sutures employed was 20. Silk has the

advantage of being easier to manipulate and more certain to hold. It has

been proved that catgut will last long enough for repair of the wound. The

continuous suture is mentioned in G of the cases, with 3 recoveries. It may
be applied more rapidly than the interrupted, and ))resents fewer knots on the

surface of the heart. The sutures are inserted, at intervals of one-eighth of an

inch, deej)ly into the muscle, but they must not penetrate the endocardium.

In dogs Shemian found it a difficult matter to penetrate the endocardium with

an ordinar}^ cursTd needle. After they have been tied, the ends of the suture

should be cut off one-quarter of an inch from the knot, to guard against un-

twisting. Diastolic suture is difficult and unnecessary. One would have to

rehearse with a rapidly ticking metronome for a long time before he would be

able to accomplish the feat.

After the pericardium and pleura have been cleared of fluid blood and clots

the question of drainage must be decided. The advantages and disadvantages

(infection and adhesions) of the drain are the same here as in other serous cavities.

Most operators have drained both the jjericardium and the pleura, a few have

closed the pericardium and drained the pleura, and a few have closed th(^ pleura

and drained the pericardium. As far as one can judge by the statistics the

results are slightly better with drainage. Of 58 cases in which the pericardium

was drained, 22 died, while of 42 in which the pericardium was closed, IS died.

If the bleeding has been thoroughly controlled and the operation performed with

aseptic precautions we should close the pericardium and the pleura, being pre-

pared to open either cavity in the event of septic contamination. If oozing of

blood pei"sists, or if, owing to the patient's condition, the rules of aseptic surgeiy

have been violated, drainage should be instituted. If one decides to drain both

cavities, this should be done through separate openings—the pericardium

through the wound of operation, and the pleura between the axillary lines;

otherwise, infection in one cavitj' will inevitably be conveyed to the other. If,

in the presence of pneumothora.x, it is deemed better to close the pleui-a. an

aspirator may be introduced in order to remove the air. One should remenil)er,

however, that a pneumothorax is a very efficient haemostatic, and should hesitate

to aspirate soon after operation, if the lung has been wounded.

The after-treatment is the same as for any grave hemorrhage. It is needless

to add that infusion of salt solution and stimulants should not be given before

the wound in the heart is closed.

All that remains to complete thehistoryof suture of the heart is togive the end-

re.sults in those patients who survive the operation. We have notes of eighteen

cases in which the patients were examined at i)eriods ranging fi-om a few months
to several years after the operation. In one the heart ruptured on the twenty-

eighth day; one has .symptoms of an aneurysm of the heart ; one has an irritable

heart; one conii)Iains of cardiac pain; one has tachycardia, which was present

Iw'fore the operation; and thirteen are in good health, with no symptoms refer-

al)le to the heart.
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Massage of the Heart.—Massage of the heart was first proposed by Schiff,

in 1874. After arresting the heart by chloroformization, he was able in some
instances to reestablish its pulsations, even after these had ceased for as long a

time as 11| minutes. He opened the thorax and compressed the heart rhythmi-

cally with the hand, being careful not to interfere with the coronaiy circulation.

At the same time he performed artificial respiration and compressed the abdominal

aorta, to force blood toward the brain. Most of the dogs, however, died after

a few hours. Similar experiments were made later by Tuffier and Hallion. In

1900 Prus "killed" dogs by electrocution, by suffocation, and by the administra-

tion of chlorofomi. Of those in which the heart was arrested by electricity,

massage was successful (in about fourteen per cent) in restoring cardiac activity,

while, in the others, over seventy-five per cent were resuscitated. Prus concluded

that life can be induced to return even after the heart has ceased to beat for one

hour. Batelli showed in his experiments, which were subsecjuently confimied by
Arabian, that animals could be recalled to life six minutes after the heart had
been arrested by suffocation or chloroformization. He found also that when
massage produced fibrillary tremulations of the heart, it was exceedingly difficult

to induce normal contractions, although he succeeded in this by applying directly

to the heart an alternating current of 240 volts. Bourcart was the first to

massage the heart through the diaphragm, after making an epigastric incision.

One dog, in which massage was begun over eleven minutc^s after the heart ceased

to beat, was living and in perfect health six weeks later. Hering and d'Halluin

found that, after an intravenous injection of chloride of potassium (20 centi-

grammes to the kilogramme of animal), the fibrillary tremulations of the heart

could be checked and the organ induced to beat regularl3^

Although massage of the human heart was first performed by Nichaus, in

1880, the credit for the first report belongs to Tuffier, who, in 1898, published an

unsuccessful attempt to restore life by this means, after death from a post-

operative embolism. In 1906 Lenonnant,* to whom we are indebted for the

facts given above, was able to collect 25 cases, to which we may add 13 additional

cases, published up to June, 1908, and one unpubHshed case, making 39 in all.

These figures
.
do not include so-called massage by simple pressure over the

precordium.

The cause for the cardiac inhibition in these cases was chloroform in 29,

ether in 1, operation without anaesthesia in 2, wounds of the heart or pericardium

in 3, pulmonary embolism in 1, hanging in 1, nephritis and septicaemia in 1, and

one case concerned a still-born infant.

Technicjue.—The heart may be approached for massage through the anterior

wall of the thorax, or through the abdomen, with incision of the diaphragm

(transdiaphragmatic massage) or without incising the diaphragm (subdia-

phragmatic massage).

The thoracic route necessitates the resection of one or more costal cartilages,

usually the third and fourth or the fourth and fifth. Osteoplastic flaps, similar

to those employed to expose the heart for suture, also have been made. Most

* Revue de chir., March, 1906.
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surgeons who have adopted this route have opened the pericardium, in order to

act directly on the heart—a procedure which involves some risk of produciiig

infection of this serous cavity. In four of the five cases in which the pericardium

was not opened, the i:)leura hatl l^een torn, and massage was performed through

the pleural cavity. .Is to the massage itself, the ventricular portion of the heart

is rhjlhmically compressed between the tliunih and fingers, about 60 times to

the minute. The thoracic route has been utilized in 17 cases, with 7 complete

failures, 5 failures after a few contractions had been induced in the course of

one or more houi-s, and one complete success. The successful case belongs to

Igelsmd. During a hysterectomy under chlorofonn the patient collapsed.

After three or four minutes of suspension of cardiac activity, the fovu'th and

fifth left costal cartilages were resected, thc^ pcn-icardium opened, and the heart

masseed for two minutes, at the end of which time the pulsations returned.

Except in operations on the heart and lungs, in which a breach in the thoracic

wall has already been made, the thoracic route will jH-obably be abandoned,

since it not only involves a risk of injuring the pleura and producing acute

pneumothorax (a most serious accident at a very critical period), but also

interferes with artificial respiration, which is as essential as artificial circulation.

The transdiaphragmatic route was proposed by Mauclaire. The abdomen

is opened in the epigastric region, the Hver depressed, and the pericardium

opened through the diaphragm, a hand being introduced through the opening

for the purpose of massage. This method has been employed in five cases, in

each instance unsuccessfully. It avoids a pneumothorax and pemiits artificial

respiration, but necessitates suturing of the diaphragmatic opening—an exceed-

ingly difficult undertaking. Therefore it has given way to the subdiaphragmatic

method.

The subdiaphragmatic route was fii-st adopted by Lane. After making an

epigastric incision he masseed the heart through the diaphragm without incising

this stiTicture. AMien, as in syncope, the diaphragm is relaxed, the heart may

be seized with the hand and manipulated without difficulty, or it may be com-

pressed against the anterior thoracic wall, which is supported with the other

hand. The subdiaphragmatic method has been emjiloyed in 17 cases, with 9

failures and 8 successes. It is the quickest, least mutilating, and the most effica-

cious of the methods propo.sed.

The question as to how long one should persist in the usual methods for

combating cardiac collapse before performing massage of the heart, is difficult

to answer. The sooner one begins, the greater the chance of success; yet to

open the abdomen without careful disinfection in a case which might survive

without cardiac massage, carries with it a risk of peritonitis. If the collai)se

occurs during a clean abdominal oi)eration, or an operation on the heart or lungs,

we should not hesitate to begin massage as soon as the heart ceases beating. If

the case is one of peritonitis confined to the lower abdomen, gloves could be

drawn on the hands and a second incision made in the ej)igastrium. If the

operation is one not involving the thorax or al)domen, we should first try rhyth-

mical pressure over the precordial region, which we have found successful in one
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case, before opening the abdomen for subdiaphragmatic massage. Lenormant

advises that cardiac massage be instituted after five or six minutes, if the

usual methods of resuscitation are unavaiHng.

The longest period elapsing between the cessation of cardiac activity and the

beginning of massage, which was followed by pemianent recoveiy, has been

fifteen minutes. (De Page.) Prus, however, was able to induce cardiac con-

tractions one hour after death, and Sick succeeded in restoring the heart to

acti\aty forty-five minutes after it had ceased beating, the patient regaining

consciousness and living twenty-four houi-s. As in the case of artificial respira-

tion, massage of the heart once begun should be continued with perseverance.

Although, in most cases, if a successful result is to be obtained, the heart will

begin to beat almost immediately after the application of massage, in others

this will occur only after the lapse of several minutes—five minutes (Sencert),

six to eight minutes (Lenormant), or even forty-five minutes (Prus, Sick).

Cardiocentesis.—Cardiocentesis, or tapping of one of the cavities of the heart,

was first deliberately performed by Westbrook in 1882, although previously

several unintentional punctures of the heart had been made during attempts to

withdraw fluid from the pericardium or the pleura. The operation was suggested

for the purpose of relieving overdistention of the heart with blood, the result of

some acute pulmonary affection, or with air which had been aspirated into the

heart through a wound in one of the veins at the base of the neck. (See Air

Embolism.) It has been proposed also for the treatment of suspended animation,

the result of chloroform narcosis, of asphyxia from various causes, and of epilepsy.

As the right auricle, owing to the thinness of its walls, suffers most from over-

distention, Westbrook selected this ca\dty for puncture, entering the needle into

the third intercostal space close to the right edge of the sternum and pushing it

directly backward. The needle traverses the anterior edge of the right lung and

the pericardium before reaching the auricle. In order to avoid the danger of

hemorrhage which attends puncture of the auricle, certain surgeons have pene-

trated the right ventricle. Roberts advises that the needle be introduced in the

fourth interspace, one or two inches to the left of the sternum. Even here one

may produce copious bleeding by puncturing a vessel in the cardiac wall or

pericardium, or may strike the coordination centre of Kronecker—an accident

which causes sudden arrest of the heart. We, therefore, believe that the opera-

tion is one which should seldom or never be employed.

11. THROMBOSIS.

Thrombosis is the ante-mortem, intravascular, or intracardiac clotting of

blood. The clot is called thrombus.

Etiology.—The causes of thrombosis, in the order of their importance, are:

(1) changes in the vessel walls; (2) changes in the blood; (3) changes in the

blood-current. These three factors are generally combined, and in many

instances it is impossible to determine which is the primary agent in the pro-

duction of thrombosis.
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1. Changes in the W'ssi'l-W'alLs.—Changes in the vessel-walls, with lesions of

the intima, are the most prolific cause of thrombosis. Injuries, such as occur

after contusions and ligations of vessels, which result in a rupture of the endo-

thelial lining of the vessels, expose an irregular surface to the blood-current, upon

which the elements necessary for coagulation are readily produced. In many of

these cases the blood-channel is narrowed or a flap of the intima projects into

the blood-stream, thus producing a whirling motion, or eddy, and retarding the

blood-stream. In addition to these mechanical conditions favoring thrombosis,

lesions of the intima are thought to encourage thrombosis by means of fibrin

ferment, which is generated by disintegrating protoplasm. Aside from

trauma, structural changes in the vessel-walls which may excite thrombosis

are found in the last stage of acute inflammation, in the various forms of

arteritis and phlebitis, in necrosis and other degenerations, and in n(>o-

plastic infiltrations.

Inflannnatory changes in the vessel-walls secondary to either perivascular

or intravascular infection are responsible for the vast majority of thromboses.

With the progress that has been made in bacteriology, many thromboses fomierly

regarded as bland an^ now known to be infective in origin. This is particulai'ly

true of those complicating acute infective diseases and diseases accompanied

by cachexia. Among the acute infective diseases which may be associated with

thrombosis are typhoid fever, influenza, measles, variola, scarlatina, pneumonia,

acute rheumatism, eiysipelas, cholera, relapsing fever, and dysentery. Throm-

bosis may occur also during gonorrhcra, syphilis, gout, chlorosis and some other

foi-nis of anaemia, particularly that following hemorrhage. "In relatively few

instances has the specific micro-organism of the ])rimary disease, as th(^ typhoid

or tubercle bacillus, for example, been present in the thrombus; more frequently

secondary invaders, especially streptococci and other pyogenic bacteria, have

been detected: so that the thrombus is considered to be oftener the result of

some ."secondary infection than of the primary one." (Welch.) Among the

cachectic states which predispose to thrombosis may be mentioned those due to

cancer, chronic gastric diseases, dysentery, and protracted suppurations, espe-

cially of bone. In these cases pyogenic organisms are most frequently found in

the thrombus and the vascular walls.

"We do not possess suflficiently numerous and careful bacteriological ex-

aminations of the thrombi of infective and wasting diseases to enable us to say

in what {proportion of cases they contain micro-organisms. It is certain that in

many instances such examinations have yielded negative results. It is (juite

possible that in some of these negative cases bacteria, originally present, have

died out, but, although by some authors much use is made of this exj)lanati(ni,

it is not in general a .satisfactory one. Many of the examinations were of thrombi

sufficiently recent to exclude this possibility. To explain these non-bacterial

cases, the French writei*s assume the existence of a primary toxic endoj)hlebitis,

the toxins being either of bacterial origin or derived from other sources. Pon~

fick, many years ago, called attention to the occurrence of degenerations of the

vascular endothelium in infective diseases; and there can be no doubt of the
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frequency of both degenerative and inflammatory changes of the intima in toxic

and infective conditions." (AVelch.)

Since changes in the vascular walls induce thrombosis, and since thrombosis,

particularly when of infective origin, causes an angeitis, it is often impossible

to detennine which of these conditions is primary and which secondary. In the

time of John Hunter and Cmveilhier the thrombus was always regarded as

secondaiy. Mrchow convinced the pathologists of his day that the thrombus

was generally primary. At the present time the prevailing view is that throm-

bosis is generally secondary to changes in the vascular wall.

Under this heading may be considered foreign bodies, such as emboli, and

bodies like needles, which may enter the blood-stream, particularly the heart and

the abdominal veins, and induce thrombosis. According to Freund the foreign

body must have certain adhesive qualities so that the corpuscles will stick to it,

the nomial intima being smooth and non-adherent and so preventing coagulation.

This obser\'er has found that blood drawn from the vessels beneath a layer of

oil into a receptacle coated ^^'ith vaseline will not coagulate.

2. Changes in the Blood.—Coagulation of the blood is the result of the

presence of fibrin fennent, which in some obscure way causes the fibrinogen

and the calcium salts of the plasma to miite and form fibrin. As has already

been mentioned, fibrin femient may be liberated from the diseased or injured

cells of the vessel wall. It may emanate likewise from diseased or injured blood-

cells—white, red; or platelets. Any agent, therefore, which injures these cells

may be responsible for the generation of fibrin ferment. That marked changes

in the chemistr}' and morphology' of the blood are caused by many diseases and

that such may markedly influence the coagulability of the blood is well known.

Thus, coagulation may be delayed in jaundice, scurvy, malaria, yellow fever,

haemophilia, purpura hemorrhagica, certain forms of ansemia, notably pro-

gressive pernicious anaemia and leukaemia, and by alcoholism and other toxic

conditions. Decrease in the coagulability of the blood has been found after

bites by poisonous snakes, poisoning by prussic acid and chlorofonn. and the

injection of hirudin (leech extract). The inhalation of oxygen, smoking of

tobacco, ingestion of acid fruit juices and ammonia, restriction of food, diminu-

tion of lime salts, and large quantities of fluid are all said to delay the clotting of

blood. Xomial blood, as it flows from the vessels, is incapable of coagulation

when sodium oxalate, sodium fluoride, or soaps, which precipitate the calcium

salts, are added to it. (Ziegler.) Intravascular coagulation has been produced

by the injection of gallic acid, laky blood, solutions of hirmoglobin, defibrinated

blood, emulsions of hiiiph cells, emulsions of leucoc}1;es, ether, and biliary salts.

Thrombosis, particularly of the capillaries, may occur in extensive burns (Silber-

mann), in severe frost-bites, and in poisoning with those substances which act

deleteriously upon the blood-cells,—e.^., aniline, arsenic, mercurs', phosphoms,

potassium chlorate, carbon dioxide, and illuminating-gas. During the puerpe-

rium the blood is said to be more coagulable, owing to an increase in the amount

of fibrin ferment. Restriction of fluid and the administration of milk, gelatin,

lime salts, magnesium carbonate, and thyroid extract render th(> blood more

VOL. VII.—12
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coagulable. Weil and others inject horse or human blood serum in haemophilia,

in order to increase the coagulability of the blood. Antidiphtheritic serum has

been used with the same idea.

We have already called attention to some of the infective and exhaustive

diseases which may be complicated by thrombosis. As to the frequency with

which thrombosis in septic and toxic conditions is due to alterations in the blood

rather than to changes in the vascular wall we are unable to state. Satisfactory

observations on the presence of fil)rin ferment in the blood under such circum-

stances are lacking. O^elch.) There are, however, some observations which

tend to show a relation between the number of blood platelets, which play an

important role in thrombosis, and the foraiation of thrombi. The number of

l)latelets in circulating blood has been found to be increased in such conditions

as chlorosis, influenza, pneumonia, post-hemorrhagic anaemia, septic infections,

and cachectic conditions, all of which may be complicated by thrombosis. This

increase in the number of platelets in septic conditions is sometimes observed

with leucocytosis and sometimes following l(nicoc3^osis. Diminution in the

number of platelets has been observed in certain conditions in which there

is a tendency to spontaneous hemorrhage

—

e.g., pernicious auipmia, purpura

hemorrhagica, malaria, and hirmophilia. These observations tend to show that

the platelets are not distinct entities but rather the result of destructive processes

in the blood, being derived either from the red or white cells, as some believe, or

from the plate-like precipitation of globulin. (Loewit.)

3. Changes in the Blood-Current.—It was at one time thought that reduction

in the velocity of the blood-stream was the most frequent cause of thrombosis.

Now, however, such is regarded as a predisposing element only, and one which

determines the localization of the thrombosis rather than its generation. Slow-

ing of the blood-current alone, without either of the other factors mentioned

above, will not cause thrombosis; in fact, a vessel may be ligated at two points

without thrombosis taking place between the ligatures for days or weeks. To

be sure, one of the other factors is generally present. Thus, in the enfcH'hk^d

circulation attending fevers the blood is laden with toxic material, and degener-

ative changes may be found in the vascular walls. Again, slowing of the circula-

tion may itself be responsible for nuti'itive chang(>s in the walls of the vessels. It

is true that, with a (liiniiiutiou in the velocity of the l)lood-stream. the elements

existing in the blood underg(j some alterations in arrangement, Init such is

generally thought to be insufficient to cause thrombosis; the white cells and

platelets accumulate at the margins of the stream, but do not undergo "viscous

metamorphosis," which commonly occurs if a thrombus is to form, unless there

is some change in the cells lining the vess(>l. Of greater importance, in some

instances, than mere slowing of the blood-stream are irregularities or eddies

which are produced when the blood flows into a space relatively too large for it

—

e.g., into an aneurysm or thi-ough a varicose vein. Pressure on a vessel from

without predisposes to thrombosis by producing such currents, as well as by

altering the nutrition of the coats of the vessel.

The Nature of the Tkromlma.—Thi! naturi; of the thrombus depends upon
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whether it is the result of complete stasis (red thrombus) or is formed slowly

from a moving current of blood (white thrombus). A white thrombus containing

a considerable number of red corpuscles is called a mixed thrombus.

Red thrombi are formed quickly, and hence are composed of a mesh of fibrin

in which are ensnared the red and white cells in about the same proportion as in

normal blood; in other words, the coagulum is identical with that formed by

extravasated blood. Such are the thrombi which seal vessels after spontaneous

hipmostasis, ligation, torsion, and the like. They result also from the complete

stasis which occurs in violent inflammation.

^\Tiite and mixed thrombi are formed slowly from a moving current of blood,

and consequently, besides fibrin, they contain chiefly those elements which

begin to lag when the velocity of the blood-stream is diminished,—viz., platelets

and leucocytes. Excluding the coagula which close vessels after injury, we may

say that mixed thrombi constitute the vast majority of those encountered by

the clinician. They are of a dirty-white or grayish color, with bright red spots

or black blotches, or they consist of alternating red and white layers (laminated

thrombi)

.

Leucocytic thrombi, consisting almost wholly of leucocytes, have been

found in the small vessels in acute inflammation, and in diseases like leukaemia,

in which there is a marked increase in the number of leucocytes.

Purely fibrinous thrombi are encountered in the pulmonary vessels in

croupous pneumonia.

Hyahne thrombi, occasionally found in infective conditions, are probably

the result of the action of toxins on the blood-cells. The modern conception of

the formation of white or mixed thrombi, based largely upon animal experi-

mentation, is as follows:—Changes in the vascular wall, associated perhaps with

diminution in the velocity of the blood-stream, are followed by an accumulation

of platelets at the affected spot. These platelets adhere to the vessel-wall and

to each other. Leucocytes quickly augment this beginning thrombus, and

with their appearance is first observed fibrillated fibrin. The color of the

thrombus will depend upon the number of, red cells entangled in the fibrin; the

greater the irregularity of the circulation the larger the number of red cells mixed

in the thrombus.

A thrombus in its inception is at first parietal or mural. Such thrombi,

occurring upon the valves of the heart or a vein, are called valvular thrombi.

If the thrombus continues to increase in size until it closes the lumen of the

vessel it is temied an occluding, obstructing, or obturating thrombus.—The

thrombus first formed, known as primary or autochthonous, may, by subsequent

additions (induced thrombi), become a continued or propagated thrombus, which

sometimes extends, not only along the affected vessel, but also into those vessels

with which it communicates. The term "secondary" is applied to induced

thrombi and to those which forai about an embolus.—Ball thrombi are those

which are loose in the heart ; they result from the detachment of polypoid thrombi

(heart polyps).—Thrombi are almost always adherent to the wall of the vessel

from which they spring. They may increase in size both centrally and peripher-
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ally, but gcnonilly they extend in the direction of the blood-current. The

advancino; end of a thrombus is usually bluntly conical, but it may be bevelled

and adhi>rent to on(> side of the vessel; if it projects into a collateral vessel it

may be broken off and washed into the circulation as an embolus.

Changes which Thrombi Undenjo.—A thrombus is at first soft and succulent.

Later, it contracts and bi^comes more dr}-, compact, and granular. The leuco-

cytes undergo fatty degeneration and the red cells are decomj^osed. The

ha-moglobin escapes from the red cells and is dissolved or precipitated as ha?ma-

toitlin. The fibrin becomes more prominent and of a coarser texture, and

hyaline material often makes its appearance. What might be styled the normal

sequence is the so-called organization of a thrombus. The clot is, of course, not

organized, l)ut is simi)ly displaced by fibrous tissue, the process being identical

with that of repair elsewhere. The thrombus becomes firmly adherent to the

walls of the vessel and induces infiannnatory changes in these walls. The vasa

vasoiiim dilate and leucocytes inunigrate into and gradually devour the clot.

At the same time the intima becomes covered with granulations, which increase

in number and take the place of the clot. This granulation tissue is vascularized

b}' new vessels si)ringing from the vasa vasorum and is in time transformed into

firm cicatricial tissue. This cicatricial tissue contracts and, in the case of an

occluding thrombus, may convert the vessel into a fibrous cord. In other in-

stances an occluding thrombus is not completely organized, but contains spaces

which communicate with the blood-current above and below. Occasionally,

by the absorption of the partitions between such spaces, the thrombus is canalized

and the blood-current restored. The time necessary for the organization of a

thr()ml:)us varies wid( ly. In favorable cases the process, in small vessels, is well

advanced within a week. Poor general health, extensive disease of the vessel-

wall, and infection retard and sometimes prevent the organization of a clot.

Old thrombi are sometimes calcified. Such concretions in veins are called

phleboliths, and in arteries arterioliths. The former are much more frequent,

and may be loos(>ly adherent to or wholly separate from the walls of the vessel.

They are found most frequently in the broad ligaments in women, and about

the ijro.state in men.

Softening, or liquefaction, occurs in three forms, viz., simple softening, septic

or purulent softening, and putrid softening. Simple softening is seen in sterile

thrombi. The interior of the thrombus, as the result of degeneration, is converted

into a grayish or reddish licjuid or semisolid material. This degeneration is

supi)osed to be caus(>d by a ferment. Septic or purulent softening is cau.sed

by bacteria; in other words, the tlirombus sui)purates. The organism most

fre(iuently found is the streptococcus. With septic softening, either as a cause

or as a result, occui"s a sui)purative inflammation of the walls of the vessel; hence

the terms purulent thrombo-phlebitis and purulent thrombo-arteritis. Softening

of a thrombus may be jiroduced by the bacteria of i)utr(>faction (putrid soften-

ing) as well as by j)yogenic bacteria. Softening, oi- li(|uefaction. in any of the

fonns mentioned above, when extending to the i)eri|)iiery of the thrombus, may re-

sult in the transportation of fragments of I he Ihiomhus as emboli to distant parts.
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Localisation of Thrombi.—According to situation thrombi are designated

cardiac, arterial, venous, and capillary.

Cardiac thrombi, although of great interest to the pathologist and internist,

are of no practical value to the surgeon. In Welch's classical article on throm-

bosis and embolism in Allbutt's "System of Medicine," from which we have

drawn rather freely in these paragraphs, the subject is considered in great detail.

Arterial thrombi are most frequent in the extremities, the lower being more

often affected than the upper. Unlike the veins, the arteries are occluded as

frequently on the right as on the left side. Of the visceral arteries in which

thrombosis occurs, the mesenteric hold the greatest interest for the surgeon.

Arterial thrombi are generally caused by injury, by localized disease of the vessel,

or by the impaction of an embolus. The surgeon is perhaps most familiar with

those thrombi which are the result of endoarteritis and which are found in the

arteries of the lower extremity in senile and diabetic gangrene. Much more

rare is the arteriothrombosis caused by an obliterating arteriosclerosis, which

determines the so-called spontaneous gangrene. In those cases of gangrene

which follow one of the acute infective diseases, such as typhoid, pneumonia, etc.,

the causative lesion is an arteriothrombus, the result of an infective endoarteritis

or the lodging of an embolus. Thrombosis of the arterioles may be found in

Raynaud's gangrene and in ergot gangrene. Obliteration of arteries by throm-

bosis, without changes in the arterial wall or other obvious cause, has been

reported by Hutchinson (Arch, of Surg., April, 1898), and others.

Venous thrombosis is that form of the disease which is most frequently en-

countered by the clinician. Injuries, pressure, phlebitis, varix, and perivascular

inflammations are a prolific source of such thrombi. In addition to the

thrombi which are caused by these local conditions, there are others which are

due to general causes and which arc most often situated in the veins. The

reasons for this, according to Welch, are: ''The slower mean speed of the

blood in the veins than in the arteries; the low blood pressure; the flow from

smaller into larger channels; the absence of pulsation; the presence of valves;

the fixation of the venous wall in certain situations to fasciae and bone; the

existence, in some places, of wide sinuses and ampullar dilatation; the agency

of certain subsidiary forces, such as muscular contraction and movements of the

limbs, in assisting the flow in the veins; the composition of venous blood,

particularly the higher content of CO 2, and perhaps the functions of the capil-

laries and small veins in the production and absorption of lymph." In thrombosis

due to general causes the initial seat of the thrombus is often one of the valvular

pockets near the root of a limb, and not the smallest veins as in localized septic

processes. That thrombosis should begin in the dilated portion of a vein above

a valve may be explained by the eddying motion given to the blood in this

situation, but no satisfactory explanation has been offered for the preference

shown for the root of a limb. Unlike arteriothrombosis, thrombosis of the

veins is most frequent on the left side. The susceptibility of the left lower

limb is thought to be due to the greater length and obliquity of the left com-

mon iliac vein, the current in which may be hindered by the pressure of the
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right common iliac artery, under which it passes. It is crossed also by the

left internal iliac artery and may possibly be pressed upon by a loaded

rectum. Parmentier * calls attention to the greater length and obliquity of the

left innominate vein as a factor favoring

thrombosis in the left upper extremity. (See

Fig. 68.)

Capillary thrombi are usuall}^ caused by

local conditions, such as injuries, prolonged

l)ressure, corrosive chemicals, freezing, burns,

so\-('re inflammations, etc. The capillaries

are ordinarily not plugged with thrombi

when th(» larger vessels are occluded, unless

gangrene ensues.

Effects of Thrombosis.—The results of

thrombosis vary widely with the situation

and the extent of the thrombus, with the

rapidity with which it is formed, and with

the condition of the collateral vessels. Aside

from the general symptoms, which depend

mainly on the nature of the thrombus {i.e.,

whether it is septic or aseptic) and on the

])ossibility of embolism, evidences of throm-

l)osis are referable chiefly to the obstruction of

the blood-stream. A small thrombus in an

unimpoitant vessel, and even an extensive

thrombus in an important vessel, if the oc-

clusion has occurred slowly enough to give

the collateral vessels an opportunity to dilate,

may give no clinical manifestations. Such,

however, is not the case in the latter when a thrombus is quickly formed; when
the collateral vessels are incai)al;)le of dilatation because of disease, pressure, car-

diac weakness, and the like; or when the vessel is a terminal artery, i.e., an artery

having no collateral anastomoses, except capillary, with adjacent arteries—as,

e.g., those of the brain, spleen, and kidney. Under these circumstances serious

changes in the part supplied or drained by the vessel follow. Such changes are

due to ana'mia or to damming back of the blood, according to whether the vessel

involved supplies or di'ains the alTected part. In order to avoid repetition, we
shall refer the reader to the sections on Embolism and Contusions of Arteries for

the symj)toms and treatment of arterial obstruction, and to the section on

Phlebitis for the symptoms and treatment of venous obstruction. Thrombotic

gangrene has been discussed in an carliei- volume. (\'()liime II.) Cardiac and
capillary thromboses we shall pass over; the foiinci- belonging to the physician,

the latter to the article on Gangrene and allied conditions.

Under wounds of veins we shall give a brief summary of the effects of ligation

* .\roli. avn. do mhmI.. July, 1889.

ru;. (jS.—ThroinhosLs of lufiTinr W'ua
Cava atul Iliac Veins in 'I'vjjlipid Ffver.

Typhoid bacilli wero recovered in enor-
mous numbers from the thrombus;.

(Pennsj'lvania Hospital case.)
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of the larger veins and the frequency with which ill results follow. For the

differential diagnosis between thrombosis and embolism the reader is referred

to the section on Embolism. (Page 189.) Post-operative thrombosis is dis-

cussed under Pulmonary Embolism. (Page 190.)

III. EMBOLISM.

Definition.—Embolism is the sudden blocking of a blood-vessel by a foreign

bod}'' which has been brought by the blood-stream from some more or less distant

part. The foreign body is called an embolus.

Nature of Emboli.—Emboli are usually detached portions of thrombi, but

they may be vegetations from the valves of the heart, detached atheromatous

plates, fat globules, air bubbles, portions of tumors, cells from some of the nomial

structures of the body, masses of bacteria, or parasites, such as the scolices of

the echinococcus and the filaria sanguinis hominis. Various forms of dust, when
inhaled, may be transported by the blood-stream to distant parts. Workers in

wool, jute, and mother-of-pearl may breathe in particles of these substances,

which finally lodge in the medulla of bones and cause sudden painful swellings

at or near the ends of the diaph^Asis. Particles of paraffin which has been

injected for cosmetic purposes may float off into the blood-stream as emboli, as

may also particles of insoluble preparations of mercury which have been injected

Subcutaneously for therapeutic purposes.

Source ofEmboli.—Emboli may arise in any portion of the vascular apparatus.

Those arising in the heart from thrombi or diseased valves are the most important

and the most frequent, from the internist's standpoint, while thrombosed veins

furnish the most fruitful source of emboli from the surgeon's standpoint. Air

embolism and fat embolism w^ill be considered separately. Transportation of

tumor cells by the blood-stream, or metastasis, is discussed in the article on

"Tumors," and a full description of metastatic abscesses will be found in that on

"Infections Complicating Surgical Diseases"—both of which articles are in Vol.

I. Mention has been made above of the fact that inhaled particles may find

their way into the circulation and constitute emboli. In a similar way sui>

stances introduced into the gastro-intestinal canal may be taken up by the

blood-stream and deposited in the tissues. The pigmentation of the skin in

argyria is an example of such deposition.

In certain bone diseases

—

e.g., osteoporosis and osteomalacia—lime salts are

transported by the blood-stream to other tissues, notably the mucous membranes

of the lungs, stomach, and kidneys.

Emboli arising from thrombi vary in size from minute particles to masses

several inches long. In shape they may be spherical, conical, cylindrical, or

irregular. Sometimes a thrombus is transported bodily as an embolus. In

the case of a bland thrombus that portion which projects from a branch into a

larger vessel is the part most apt to become detached. Muscular contractions,

blows, tight bandaging, and bending of a thrombosed vessel, as at the groin, may
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force a jxirtuMi of the clot into the general bloocl-current. The pumping ac-

tion of respiration may assist in the detachment of venous thrombi close to the

heart, but it probably has little effect on normally adherent thrombi in the ex-

tremities. The various forms of softening which thrombi may undergo render

them, of course, very liable to dissemination by the blood-stream, particularly

when the softening extends to that portion of the thrombus which is ex-

posed to the blood-current. In the case of sei)tic thrombi such dissemination

results in pyiemia.

Seat of Impaction.—All particles floating in the l)lood-stream, when they are

of larger calibre than the capillaries, become impacted in some portion of the

vascular apparatus. The site of deposit depends on the region in which the

embolus originates. Those arising in the area drained by the portal vein lodge

in the liver; those arising in the general venous circulation pass through the right

heart and lodge in the lungs; and those which conu^ from the left heart or ascend-

ing portion of the aorta ma}' lodge in any portion of the body. There are certain

exceptions to these rules. The pulmonary capillaries are sufficiently large to

permit the passage of minute emboli

—

s.g., small tumor cells, air, and fat; hence

such particles brought by the veins may be washed through the lungs into the

left heart to be distributed by the arteries. \Yithout passing through the capil-

laries of the lungs, however, it is possible for an embolus originating in a vein

to find its way into the arterial circulation through a patent foramen ovale. This

crossed or paradoxical embolism, as it is called, has, according to A\'elch, been ob-

served in twenty-eight cases. Much more difficult to explain and of rarer occurrence

is retrograde embolism, i.e., the transportation of particles in a direction opposite

to that of the blood-current—as, e.g., from the left auricle into the pulmonary

veins, or from the veins of the leg into those of the kidney. This does not api)ly,

of course, to those cases in which the current in a vein is revers(>d owing to

obstruction to its normal flow. Retrograde embolism from the left auricle into

the pulmonary veins may be due to a temporary reversal of the blood-current

during straining and coughing, particularly in the presence of mitral regurgita-

tion, but it is difficult to understand how such reversal could extend to the

peripheral veins. Ril)bert believes that, with a feeble venous current, emboli

may be pushed slowh' backward by pulse waves in the veins.

The vessel chosen by an embolus and the distance it travels in such vessel

are matters which are influenced by several factors. Emboli lodge more fre-

quently in the right hmg than in the left, because the right pulmonary artery

is the larger. The lower lot)es are more often affected than the upper for a

similar reason, the lower l)ranch of each pulmonaiy artery being the larger.

Emboli originating in the left heart are more often swept along with the main

current in the aorta than into the vessels of the head and neck; but, when they

enter ihe latter, the left carotid is usually selected, since it springs directly fiom

the apex of the aortic arch and, owing to its direction, is more parallel with the

line of the blood-current. As the right common iliac artery presents a slightly

greater angle with the aorta than the left, emboli are a trifle more prone to enter

the latter.
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The order of frequency in which embolic manifestations are found in the

different arteries is, according to Welch, as follows:—Pulmonary, renal, splenic,

cerebral, iliac and those of the lower extremities, axillary and those of the upper

extremities, cceliac axis with its gastric and hepatic branches, central artery

of the retina, superior mesenteric, inferior mesenteric, abdominal aorta, and

coronary of the heart. As Welch observes, this list, like similar ones, does not

give the frequenc}^ with which the various arteries receive emboli, as it is based

on embolic manifestations only. He believes that the arteries of the lower

extremity are more often recipients of emboli than the splenic or the renal

;

small plugs in the former leave no evidence of their existence, in the latter they

always do. If one considers septic emboli only, the hepatic artery would come

nearer the head of the list and the cerebral much lower.

The exact site, in the course of a vessel, at which an embolus lodges depends

principally upon the size of the embolus and the force of the blood-stream. The

smaller the mass and the swifter the current, the further the embolus will be

carried. In addition to these considerations impaction is most likely to occur

where the lumen of the vessel is suddenly diminished

—

e.g., at the point where

a large branch is given off or where bifurcation takes place. In the latter

situation an embolus which projects into both branches is called a riding or

straddling embolus.

Results of Embolism.—Under this heading we shall first consider the fate of

the embolus itself, and the changes it may induce at the seat of impaction, aside

from those resulting from obstruction to the blood-stream. An embolus, after

lodging in an artery, induces a secondary thrombosis, which completes the

closure of the vessel, if such has not already taken place at the time of impaction.

The mass may then be regarded as a thrombus, for the subsequent changes are

identical with those described under thrombosis. During the process of organ-

ization, when the thrombus is Ijeing absorbed and its jjlace taken ]:)y granulation

tissue, non-absorbable foreign bodies, if minute, may be enveloped by the

leucocytes and subsequently transported to the liver, spleen, or bone marrow.

Non-absorbable substances too large for such treatment are surrounded by

granulation tissue, which subsequently becomes fibrous and so encapsulates the

foreign bodies. A^Tien living tumor cells are transported as an embolus they

may continue to proliferate and so give rise to metastatic gro^^'ths. Animal

parasites may perish and be absorbed or encapsulated; if they survive they

develop in the vessel or, after having penetrated the vessel walls, in the surround-

ing tissues. In the horse, aneurysms are not infrequently produced in the anterior

mesenteric arteries by the Strongylus armatus. Emboli charged with bacteria

may undergo the septic liquefactivc changes already mentioned underThrombosis

and allow further dissemination of the infection. Under favorable conditions

the transported bacteria resume their activity and produce changes identical

with those at the original point of infection. In this way are caused many of

the metastatic abscesses in pyii^mia. Bacteria, of course, may enter the circula-

tion and be distributed to various parts of the body without the aid of blood-clot

or other accompanying cellular material. On the other hand, all emboli con-
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taiiiing bacteria arc not infective in their behavior, as has been alHuulantly

proved by bacteriological examination of supposedly bland emboli. Inflannna-

tion, abscess formation, and gangrene are the most important changes caused by

infective emboli. Embolic aneurysms were supjiosed by Ponfick to be due to

wounding of the vessel wall by the impact, particularly, of a calcareous embolus.

It is now thought that such aneurysms are caused by a softening of the vessel

wall, as the result of the activity of bacteria derived from the embolus. (See

Aneurysm, page 263.)

The changes in the parts supplied by an embolized artery are those resulting

from the acute anaemia. Such changes vary with the part affected and with the

condition of the collateral circulation. An embolus lodging in the pulmonary

or the middle cerebral, or in a coronary artery of the heart, may cause the sudden

death of the individual; in the central artery of the retina, blindness; in the

principal arteiy of a limb, gangrene; and in the superior mesenteric artery,

hemorrhagic infarction and sloughing of the intestine. In parenchymatous

organs the antmiic area undergoes coagulation necrosis. The more highly

specialized the cells in the part involved, the more cjuickly and certainly is acute

amiemia followed by death of these, cells. The ganglion cells of the central

nervous system are said to be incapable of resuscitation after being deprived of

blood for as short a time as half an hour. According to Litten, temporary ligation

of the renal artery for from one to two hours causes an inevitable necrosis

of many of the epithelial cells. In contradistinction to the susceptibility of

parenchymatous cells to acute ana?mia stand the cells of those tissues whose

function is simply to support or to protect. The surgeon is familiar with the

viability of skin and bone, both of which may be completely detached from their

vascular connections and yet survive after being transplanted to another region.

Serious changes do not follow the impaction of an aseptic embolus in a small

artcr}' in a region supplied by large and numerous anastomosing vessels

—

e.g.,

in bones, skin, and voluntary muscles. In organs supplied by terminal arteries,

local death is inevitable. Although the intestinal arteries are not terminal,

their occlusion by embolism is regularly followed by gangrene of that j)()rti()n of

the bowel which is supplied by the affected vessel. " Immediately after closure

of th(; main trunk of the superior mesenteric artery of a dog, the intestine is

thrown into violent tonic contractions and remains in an anirmic contracted

condition for two or tiu'ee hours; after which the spasm relaxes and the blood-

less condition at once gives place to venous hyi)era'mia and hemorrhagic infarc-

tion, which a])pear in the third to the sixth hour after the occlusion of the artery.

(Mall and AVelch.) This intestinal contraction, which under these circumstances

is equivalent to arterial spasm, is probably one, although not the sole reason

why, in spite of free anastomoses, occlusion of the arteries sui)plying the intes-

tine is followed by necrosis and hemorrhage. That th(> explanation is not to be

found simply in the great length of intestine supplied by a single artery, is evi-

dent from the fact that, if the extra-intestinal arteries supplying a looj) more than

T) cm. in length be suddenly closed, tiie loop Ix'comes hemorrhagic and necrotic.

(Mall and Welch, Bier.) That the conditions are essentially identical in man is
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proven by the experience of surgeons, who have repeatedly observed the same
results after separation of the mesentery close to the intestine over about the

same length. The blood can enter at each end of the short-loop arteries, whose

branches anastomose freely within the walls of the loop with those of the closed

artery, there being a particularly rich arterial plexus in the submucous coat.

(Heller.) But these anastomoses are insufficient to preserve the part : although,

with reference to the extent of territory to be supplied, they are large in com-

parison with some of the trivial anastomoses which in external parts can respond

effectively to the call for a collateral circulation to far larger areas." 0^'^lch.)

It is probable that similar spasmodic contractions occur in other muscular

structures when deprived of blood, and that these contractions markedly in-

terfere with, or—as in the intestine—wholly prevent, the entrance of blood into

the affected area for hours after the impaction of an embolus.

The condition of the collateral vessels has a large influence upon the results

of occlusion of an artery, particularly in the extremities. If the vessels are

narrow and inelastic as the result of atheroma, they are incapable of meeting the

demand which is suddenly made upon them to carry more blood, and the part

falls into gangrene. The same result follows if these vessels have been destroyed

by an injury or pressed upon by extravasated blood, exudate, cicatricial tissue,

tumors, deformities, and like conditions. If, on the other hand, the collateral

vessels are nomial, or, better, if they are abnomialh^ dilated as the result of lesions

e.g., aneurysm, tumors, etc., which interfere 'uith the passage of blood through

the main vessel, the sudden demand for more blood is promptly met and the

affected part sufficiently nourished to maintain its vitality. Even wdth abundant

collateral vessels, however, it is necessary that the blood be propelled with

sufficient force to supply the undernourished tissues; otherwise, death of the

part ensues. Hence the greater danger of serious consequences of embolism in

old age, during convalescence from an infectious disease, during the progress

of an exhausting malady, in chronic cardiac and pulmonary affections, and in

parts whose circulation is already sluggish as the result of conditions like varicose

veins and aneurysm. In a word, the factors which influence the results in

embolized areas are the character of the cells in the affected part, the number,

size, and elasticity of the collateral vessels, spasmodic muscular contractions in

the region deprived of blood, and the force of the circulation.

In the absence of an efficient collateral circulation the part beyond dies.

Such death is called gangrene in the extremities and on the surface of the body,

and may be either dry or moist, according to the quantity of fluid in the tissues

at the time of death. The shape of the gangrenous area rarely corresponds to

that of the affected portion of the arterial tree, owing to the fact that at least a

portion of this tree is irrigated by adjacent vessels. In the viscera the necrotic

area is called an infarct, and is wedge-shaped or conical, with the base toward the

periphery of the organ. Gangrene terminates in death of the individual, or in

separation of the dead part from the li\'ing by ulceration, the line between the

li\dng and the dead tissues being called the line of demarcation. An infarct may
remain bloodless (white or anaemic infarct) or it may become infiltrated with
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blood (red or hemorrhagic infarct) which comes from adjacent capillaries antl

passes through the altered vessel-walls of the part. Anannic infarcts are most

common in the spleen, heart, kidneys, and retina; hemorrhagic infarcts in the

lungs and intestine. In either case coagulation necrosis occurs, i.e., the inter-

cellular lymph and the cellular protoplasm und(M-go coagulative changes. The

area of necrosis is soon surrounded by a zone of inflammatory tissue, which

generates granulation tissue. This granulation tissue gradually replaces the

infarct, which undergoes absori)tion, the area finally being occupied by scar

tissue, which may be pigmented in a hcMuorrhagic infarct, or calcified, especially

in the lungs. Infarcts in the brain frequently form cysts. If the emliolus is

septic the infarct undergoes moist septic gangrene or forms an abscess (metastatic

abscess). The same result may follow when an aseptic infarct is subsequently

infected

.

Symptoms.—We intcnid here to give merely the symptoms referable^ to the

occlusion of arteries, and not those which depend uj)on the presence of bacteria,

parasites, or living tumor cells. The latter are dealt with in other portions of

the work. It need hardly be said that, in many parts of the body, small bland

emboli give no symptoms. The lodging of an embolus is generally thought to be

attended by sudden severe pain at the point of impaction. In none of the cases

of occlusion of the arteries of the extremities which we have observed has there

been marked pain at the seat of obstruction; rather has it been referred

to the area from which the blood has been excluded, hence due to the acute

anaemia. Perhaps, if the initial pain in an cniljolism of the visceral arteries

could be definitely localized, such would be found to correspond with the in-

farcted area rather than with the seat of embolism. Whether or not the impac-

tion itself causes pain, the ischicmic area, if sup[)lied with sensory nerves, sub-

seciuently becomes the seat of severe pain. In viscera without sensory nerves

the pain is due to involvement of the serous coat. In mesenteric embolism the

pain is probably due at first to the violent tetanic contractions of the intestine

to which attention was called above, and later to the peritonitis which follows

gangrene of the bowel. In a case of embolism of the abdominal aorta under our

care the initial pain was so severe and so situated that the condition was at first

thought to be hepatic colic.

Pallor is a symptom which can be observed in sujH'riicial tissues only. If the

collateral circulation fail, it is succeeded by the discoloration of gangrene.

Pulsation fails in the vessel and its branches beyond the embolus, and is, at

least theoretically, of greater amplitude than normal above the obliterated point.

Absence of pulsation is a valuable sign, not only in obstruction of superficial

vessels, but also in obliteration of any vessel which has superficial branches

—

as, e.g., the aorta, the subclavian, and the iliac. Diicct ])ali)ation of the hardened

vessel is j)ossible only when it lies near the surface. Increase in the size and

number of the collateral vessels can be dctcclcd after a time when such ai'e

superficial. A rise in the general bl()od-i)i'essure always accompanies the sudden

occlusion of a large artery. This rise of pressure is greatest at the time of

occlusion and gradually diminishes with the establishment of a collateral circula-
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tion. When the abdominal aorta is suddenly obstructed, the rise in blood-

pressure is very marked and may be manifested by cyanosis, epistaxis, hsema-

temesis, blood in the stools, etc., and by signs of acute dilatation of the heart

and oedema of the lungs.

The temperature of the ischaemic area, when situated in the extremities, falls

below the nonnal, and, if gangrene follows, it falls to that of the surrounding

atmosphere. In the same situation, even in the presence of pain, sensation be-

comes obtunded, the degree depending upon the intensity of the ansemia. In

the event of gangrene complete anaesthesia ensues, although, just as happens

after amputation, sensation may still be referred to the affected part.

Paresis and later paralysis occur in voluntary muscles whose blood-supply

is cut off. Thus, in the limbs, movement is impossible. After embohsm of

the superior mesenteric artery there are, at first, a violent contraction of the

bowel and, later, paralysis with distention, fecal vomiting, and constipation.

Hence the diagnosis of intestinal obstruction in many of these cases. After

embolism of the abdominal aorta the bowel and bladder may both be paralyzed.

We should not fail to mention, however, that embolism of either the abdominal

aorta or the superior mesenteric artery may be followed by bloody diarrhoea.

Besides blood in the stools and hsematemesis, hemorrhage, as a manifestation

of eml)olism, may show itself externally as haemoptysis in pulmonary infarction

and as hitmaturia in renal infarction.

The remaining symptoms of embolism are referable to the impairment of

special functions, and hence vary widcl}'' with the part involved. We shall, on

a later page, consider pulmonary embolism following operations. In the section

on Contusion of Arteries we shall briefly review the effects of occlusion of the

carotid arteiy, but, for the details of cerebral, as well as spinal, cardiac, hepatic,

splenic, and kidney infarction, we shall refer the reader to works on internal

medicine. Embolism and thrombosis of the mesenteric vessels are discussed

in that part of the work which is devoted to abdominal surgery. Embolism of

the retinal vessels, with its sudden blindness and characteristic ophthalmoscopic

picture, can be properly dealt with only by the ophthalmologist. The effects of

obliteration of the arteries of the extremities we have given in some detail under

Contusion of Arteries. Of interest in connection with the subject of embolism

is the frequency of serious results following the ligation of large arteries, a resume

of which will be found in the section on Wounds of Arteries and in \^ol. lY.

DlFFERENTL\L DIAGNOSIS BET\^^EN ElVIBOLISM AND THROMBOSIS.—The mOSt

important points to be considered in differentiating thrombotic from embolic

occlusion of an artery are the rapidity of onset, the duration of the symptoms,

the condition of the collateral vessels, and the finding of a lesion which might

induce thrombosis or be the source of embolism. Sudden and extensive mani-

festations of acute anaemia in the territory irrigated by an artery point to

embolism; the gradual onset of such symptoms, particularly if limited in extent,

suggests thrombosis. It should be recalled, however, that an embolus which

does not at first completely block an artery, may simulate a thrombus, and that

in a rapidly fomiing thrombus the symptoms may appear with the characteristic
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abruptness of embolisin. If the symptoms quickly improve, the condition is

moi-e likely embolism, because the collateral vessels at the onset of embolism are

of normal size and may by promi)t dilatation meet the demand made upon them
for more blood. When, however, an artery is gradually occluded, the collateral

vessels progressively dilate, so that by the time the stream of blood is completely

interrupted they are no longer capable of supplying the immediate and extensive

dilatation which is further required for nourishing the affected part; hence the

symptoms are permanent or disai)i)ear only slowly. If, therefore, the collateral

vessels are found enomiously enlarged when the symptoms first ajjpear, one

might properly conclude that the condition is one of thrombosis.

The finding of the lesion responsible for the thrombus or embolus is some-

times difficult, sometimes impossible. The sources of emboli have been enumer-

ated above; the lesions producing thrombosis will be found under Thrombosis.

Embolism is so much more frequent than thrombosis in th(^ arteries, that, in the

absence of a definite cause for thrombosis, the diagnosis of embolism is generally

made, even though the source of the embolus cannot be ascertained.

TRf:.\TMENT.—The prophylactic treatment of embolism is given below in the

section on Pulmonary Embolism after operation and in the section on Phlebitis.

The measures to be taken in order to prevent gangrene in embolism of the

arteries of the extremities are identical with those given on a later page in

describing the treatment of arterial thrombosis following injury. In the same
section is mentioned the possibility of removing an embolus in an accessible

region. Embolism of the mesenteric arteries is treated by laparotomy and
removal of the gangrenous bowel, if such be possible. At least two successful

operations for this condition have been reported. (Brunner, in Deutsche

Zeitschrift f. Chir., Bd. LXXXIX, No. 6.) The treatment of other forms of

visceral infarction falls within the province of the physician, if we exclude the

incision of secondary abscesses and the removal of organs whose main artery

of supply is completely plugged—as, e.g., the spleen and the kidney.

Different Forms of Embolism.

Pulmonary Embolism.—Pulmonaiy emboli originate in the right heart or

in any jjoi-tion of tiie general venous circulation. The materials of which such

emboli may l)e composed have been mentioned on a previous page. At j^resent

we have in mind only detached portions of bland venous thrombi, particularly

those occurring after operations and injuries. Septic pulmonary infarction

belongs to the article on " Infections which sometimes Occur in \'arious Surgical

Diseases and Conditions." (Vol. I.)

The injuries which are i)articularly liable to be complicated by embolism are

those which are accompanied by excessive hemorrhage and tliose which, like

fractures, are associated with a ha»matoma or an extensive extravasation of

blood, thus combining pressure with the diffusion of fibrin fennent. Embolism
is favored after lalior by the increased coagulability of the blood at this time, by
the trauma of (•liil(ll)irth. by the wide veins of the uterus, and by the contractions
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of this organ. As a matter of course, any injur}- or disease in which phlebitis

appears may be complicated by embolism. (See Phlebitis.) ^'aricose veins

always present the possibility of thrombosis and subsequent embolism. For

the blood chsorders, acute infective diseases, cachectic states, and other conditions

in which thrombosis and consequently embolism may occur, we shall refer the

reader to the section on Thrombosis.

The operations which are most frequently followed by thrombosis and

embolism are those invohing venous plexuses—e.^., varicocele of the spermatic

cord or broad ligament, and varix of the lower extremit}-; those performed on

anaemic patients—especially hysterectomy for bleeding fibroids; and those

which, like abdominal section, necessitate a prolonged recumbent posture.

According to various statistics thrombosis of the lower extremity occurs in from

1 to 4.64 per cent of all abdominal operations, and of these about 30 per cent

follow hysterectomy for fibroma, 15 per cent 0')phorectomy, 10 per cent appendi-

citis, and 5 per cent operations on the kidneys. If we view the question from

another standpoint, we find, among 727 operations for fibroids of the uterus,

over 2^ per cent followed by phlebitis (Schenck), and, of 3,334 appendicectomies,

almost 0.9 per cent followed by phlebitis. (Haward.) In Cordier's 232 cases of

post-operative thrombosis 6 had lung complications and 3 others died suddenly.

In 1,140 laparotomies analyzed by Albanus 23, or a little more than 2 per cent,

showed signs of pulmonary embolism, and of these 10 died. Baldy had 13

sudden deaths in 366 cases after operations for fibroids of the uterus. Haward
found 7 cases of pulmonary embolism in 3,334 operations for appendicitis. The

danger of injecting coagulating fluids into venous tumors, of introducing par-

affin for cosmetic pm'poses, and of the hypodermic use of mercmy in syphilis

should be recalled in this place. Some of the cases of post-operative thrombo-

sis are midoubtedly due to infective phlebitis, but that all thromboses after

operation are due to bacteria, as some surgeons suggest, is manifestly riding

fashion too hard. Of the 232 cases of post-operative thromboses of the lower

limb collected by Corclier, 166 were clean cases, and in 56 no mention of sepsis

or asepsis was made. We believe that most of the thromboses following asep-

tic operations are due to non-bacterial changes in the blood and to slowing of

the blood-current.

All operations and injuries in which veins are severed are necessarily followed

by thrombosis, for such is nature's method for controlling hemorrhage. This

"thrombosis insensibilis," as Witzel calls it, extends to the next branch above

or to the place where the blood flows with its normal force. Here the blood-

stream continually abrades the end of the thrombus until it is organized, the

little particles which are washed from the thrombus passing into the general

circulation and causing no trouble. This normal or physiological embolism,

which belongs to the healing of all wounded blood-vessels, Witzel calls "embolia

insensibilis." If conditions favorable for the production of thrombosis exist

(for which see Thrombosis), the clot extends, successively invohing larger veins

(progressive thrombosis), until it makes its presence known by s}Tnptoms. As

these are identical with those of thrombo-phlebitis, we shall defer their enumera-
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tioii until we take up this subject. A thrombus whic-li, in its extension, exceeds

normal limits, but which gives no clinical signs of its existence, is called a latent

thrombus. Such throml^i have been resi)onsii)le for most of the cases of pul-

monaiy embolism occurring in our own practice. We offer two reasons for this:

— Fii-st, without clinical manifestations of thrombosis, no precautions are taken

against embolism; secondly, a latent thrombus which is just extending into a

large vein, withcnit as yet comj^letely occluding it, is more readily washed away

than an extensive adherent clot which blocks the same vein and its branches

and produces symptoms. In one case, after an operation for non-suppurative

appendicitis, we had symptoms of pulmonary embolism at the end of the first

week and the appearance of phlebitis of the left lower extremity at the end of

the second week. We have already mentioned the preference thrombosis exhibits

for the veins of the lower extremity and have given the reasons advanced for

this preference. Cordi(M- found that, in 232 cases of i)ost-operative thrombosis,

the left leg was involved in 213, the right in 11, and both in 8 ca.ses. When the

thrombosis is the result of a direct extension of a perivascular septic process the

veins involved are, of course, those in the immediate vicinity of the wound.

Symptoms.—From the standpoint of sym])tomatology emboli lodging in the

lungs may be divided into three classes, according to their size. We speak of

the effects of embolism per se, and not of the septic processes which follow

infective emboli.

1. Minute emboli cause no symptoms; indeed, as we have already indicated,

"embolia insensibilis " may be regarded as a normal process after wounds of

vessels.

2. Emboli large enough to block a medium-sized branch of the pulmonary

arteiy may be followed by trifling or serious symptoms, according to the condition

of the pulmonary circulation. If the force of the blood-stream is vigorous and

the lungs normal, infarction does not occur, owing to the number and large size

of the capillaries through which the area supplied by the blocked vessel is

promptly nourished. If, however, the lungs are already diseased or the pulmo-

naiy circulation sluggish, hemorrhagic infarction may occur. This appears

suddenly and often at a later period than the large emboli to be mentioned below.

It presents the .same symptoms and signs as pleuropneumonia. Bloody expec-

toration as a symptom of hemorrhagic infarction of the lung may be absent and
necrosis of the infarct does not necessarily follow. It is not imj)r()bable that

many of the j)ulmonary .symjjtoms appearing as a pleurisy or mild j)neumonia,

most often within a few days or a week after operation, are in reality due to

embolism.

3. A large embolus occluding the ])ulmonary artery generally causes instan-

taneous death. The same result may follow the plugging of one of its main

blanches, or the patient suddenly complains of severe pain about llie heart and

dyspn(ea and dies within a few minutes. If the vessel is not completely blocked

life may be prolonged for horn's and occasionally for days. Indeetl, in a few

instances recovery has followed the appearance of even the mo.st alanning symi>
toms. In the.se ca.^es, in addition to the precordial di.stre.ss and dys])n(i'a. the
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respirations are rapid, tlie face c3'anotic, the eyes protruding, the pupils dilated,

the cervical veins swollen, and the pulse quick, weak, and perhaps irregular.

The patient is restless, covered with cold sweat, and scents death. In other

cases there is delirium or coma, and sometimes convulsions occur. In the early

stages physical examination of the chest may reveal nothing abnormal; later,

signs of oedema of the lungs appear. If we exclude operations involving the

major veins, emboli of sufficient size to block the large pulmonary vessels rarely

occur before the second or third week and seldom after the sixth week. The
accident not infrequently follows some movement or pressure on the thrombosed
vein, most often sitting up in bed, which necessitates acute flexion of the groin.

Treatment.—Although so little can be done after an embolus has been

thrown into the circulation, much may be accomplished in preventing this

accident. All those measures which are taken before operation to improve the

general condition of the patient act in a prophylactic manner toward thrombosis

and embolism. Particularly important is attention to the heart and lungs, if

they are functionally impaired. During operation asepsis, careful hsemostasis,

avoidance of bruising the tissues, particularly veins, by tearing or by the \dgorous

use of retractors, protection of the patient from cold, covering exposed viscera

with hot compresses—all these are measures of importance against thrombo-

emboHsm. Bandages applied too tightly should be avoided. After operation,

shock should be combated and the nonnal functions resumed as quickly as

possible; i.e., the secretions should be attended to, the bowels moved daily, the

regular diet reached at an early period, and the patient allowed out of bed as

soon as possible. When the patient must remain in bed for a long time centri-

petal massage may be given and movements of the arais and legs encouraged.

Witzel has the window open and ordei-s the patient to take breathing exercises

;

if deep breathing cannot be practised because of pain, he advises small doses of

morphine. Cardiac stimulants should be given if the circulation is sluggish.

In order to prevent thrombosis Lennander suggests raising the foot of the

bed after abdominal operations, to favor the return flow of blood, particularly

in the presence of cardiac asthenia or varices. In cases in which conditions are

favorable for a progressive thrombosis, some of the substances likely to diminish

the coagulability of the blood, which we have mentioned under Thrombosis,

may be administered. Special mention should be made of citric acid, which

Wright and Knapp* found, in 36-grain doses three times daily, to have a marked

influence in lessening the clotting power of the blood during typhoid fever. They

suggest also decalcifying milk by adding to each pint from twenty to forty grains

of citrate of soda. Before progressive thrombosis makes itself known by local

signs there may be a step-like increase in the pulse rate, with normal temperature

(Mahler's symptom). This sign would be of great importance for an early

diagnosis were it not that the pulse is influenced by so many other conditions

and that the sign is by no means always present. After thrombosis has declared

itself the part should be kept absolutely quiet, the patient being warned against

any sudden movement. Tight bandaging, inunctions, and massage should be

* Trans, of Royal Med. and Surg. Soc, vol. Ixxxvi., 1903.

VOL. VII.— 1:'>
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avoided. Even palpation of the gentlest sort is attended with danger. (See

treatment of Phlebitis.) Cardiac stimulants should be administered if the

circulation is poor, in order to maintain an active flow of blood through the

lungs and to encourage ''embolia insensibilis." Sitting up and walking are not

absolutely safe until the vnd of six weeks from the beginning of the i)rocess.

The treatment of embolic pneumonia differs in no way from that of ordinary

pneumonia. In blocking of the i)ulmonary artery or one of its large branches,

if the patient survive long enough, cardiac stimulants, oxygen, and perhaps

bleeding may be employ(>d.

Trendelenburg * suggests the removal of tlii'ombi from the pulmonary

artery, if the patient lives long enough for such procedure, Ijy introducing a

syringe into the pulmonary artery through an incision in the conus arteriosus,

after thoracotomy. He tried this operation on an old woman, but was unable

to ch-aw the heart forward because of pericardial adhesions. At the autopsy

the embolus, which was 10 cm. long and almost as thick as a finger, was found

in the left pleural cavity, whether as the result of the ''heart-pump," or not,

could not be ascertained. Trendelenburg f later gives the following as a

more simple and certain procedure: "A tongue-shaped flap, S to 10 cm. long,

is made under the left clavicle, with the base at the left margin of the sternum.

The upper edge corresponds with the under edge of the first rib, the lower with

the upper border of the third rib. A portion of the second rib, extending out-

ward from the sternum a distance of from 6 to 7 cm., is resected. If this does

not give enough room, the third rib is included. Through the open pleural

cavity the pericardium is incised at the level of the third rib, care being taken

to avoid the phrenic nerve. The incision is extended above until the whole

upper half of the pericardium is opened. The edges of the pericardium are then

drawn toward the external wound with forceps, while an olive-tipped, curved

sound is passed sidewise alongside of the pulmonary artery and, with a screwing

motion, is pushed through the sinus pericardii transvereus behind the pulmonary

artery and aorta until its head reaches the sternum. The pulmonary artery is

compressed against the sound with a finger, after the anterior wall of the arter\'

is freed from the visceral layer of the pericardium and from fat. The arter}' is

then incised and the embolus withdrawn with polypus forceps, which may, if

necessary, be passed into the branches of the artery to a depth of from G to S

cm. The wound is clamped with bent forceps in such a way that the edges of

the arterial wound project a few millimetres beyond the forcejis. The com-

pression on the artery is now removed, the wound in the vessel is suturc>d. and

the clamp is removed." In animals the artery was compressed for from one

to two minutes without seriously interfering with the movement of the heart.

Sievers J removed two emboli—one 21 cm. long and 10 to 12 mm. in diameter,

and the second 15 cm. long and 7 to 9 mm. in diameter—from the pulmonary

arteries of a woman, twenty minutes after the onset of the symptoms. He

* Centnilhlatt f. Chir., 1907, No. 44, p. 1W2.

tContraU.latt f. Chir., lOOS, No. 4, p. <)2.

X Deutsche Zeitschrift f. Chir., May, 1908.
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used the last method described by Trendelenbm-g. The operation was termi-

nated without difficuhy and the patient Uved fifteen hours.

Air Embolism.—As we have never had the misfortune to meet with this

surgical catastrophe we shall base the following paragraphs largely upon a

recent study of this subject by Delore and Duteil.*

Historical Sketch.—Since the middle of the seventeenth century various

experimenters have caused death in animals by the introduction of air into the

veins. Beauchene, in 1818, was the first to publish a case in the hmiian being,

the accident occurring during the removal of a large tumor in which the external

jugular vein was accidentally opened. In 1707 Mery reported a case of death

from air embolism, but the observation is generally discredited. In 1839

Amussat was able to collect thirty-two cases, and in 18G4 Green gathered sixty-

seven cases. After the introduction of general anaesthesia the accident became

very much less frequent, owing to the abolition of the struggles and crying of

the patient, which could but tend to facilitate the entrance of air into an open

vein. The tying of veins before they are cut or before their immediate seizure

with hemostatic forceps after they are cut, also has rendered air embolism

exceedingly rare. Indeed, at the present time the accident is a surgical curiosity

and some have doubted even its existence. It is quite probable that a number

of the deaths from so-called air embolism were due to shock, the ana?sthetic. or

clot embolism. Welch calls attention to the importance of a bacteriological

examination in cases in which gas is found in the circulatory apparatus at autopsy,

as such gas may be generated after death by the bacillus aerogenes capsulatus

or other gas-producing organism. In 1889 Hare introduced large quantities of

air into the veins of animals without fatal consequences—quantities which were

larger than could possbily enter during a modem surgical operation. It seems

to have been proved that more depends upon the rapidity 'uith which the air

enters than upon its quantity.

Etiology.—Air may pass into the veins during the administration of an

intra-uterine douche after labor, during intravenous infusion, and especially

during operations at the base of the neck when the veins are gaping either from

pathological change, anatomical disposition, or the result of the traction force

of aspiration. Cases are cited which have followed cut-throat and venesection.

The amomit of air which might be introduced into a vein by the ordinary

hypodermic syringe would probably be insufficient to cause serious trouble.

The symptoms occurring in caisson disease are attributed b}^ some to the for-

mation of nitrogen bubbles in the blood. Janeway believes that the cerebral

phenomena which sometimes follow irrigation of the pleural cavity in emp}'-

ema may be due to air embolism. Lewin and Goldschmidt have demonstrated

the possibility of air embolism after the injection of air into the bladder. The

"dangerous zone" is the base of the neck and the apex of the axiUa, as here

the suction power of the thorax during inspiration is more marked than any-

where else in the body. Furthermore, the veins of the neck are more or less

fixed by the fasciae which they traverse and they remain gaping when severed.

*Rev. de chir., 1905, p. 229.
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This arrangciiit'iit is cviclcntly intt'iided to resist atinos})lu'ri(' pressure during

diastole of the right auricle and expansion of the thorax. In about half the

cases the internal jugular is the vein affected. Next in order of frequency

come the external jugular and then the axillary or one of its branches. Cases

of death following the entrance of air into the dural sinuses, facial, median,

and internal saphenous veins also have been reported, as well as several aiJ-

parently certain cases following labor. Delore * reports a case which oc-

curred during a hysterectomy. Low f had a sudden death from air embolism

during the puncture of a liver abscess, the cannula having been introduced

into a large vein. In the dog Fischer found that in a large wound of the in-

ternal jugular at the base of the neck the entrance of air is constant, and almost

constant in a similar wound of the axillary. A\'ounds of the external jugu-

lar and femoral were not, liowever, followed by such accident. Wounds of

the external iliac and even of the inferior vena cava, according to Delore and

Duteil, are not followed by the aspiration of air, even when the wound is made
to gape by means of a cannula. On placing a cannula in a vein, after bleeding

the animal, they observed the entrance of small doses of air, causing cyanosis,

agitation, and an augmentation of the venous pressure, which forced the blood

out through the cannula, thus arresting the aspiration. When the animal

became calm the same phenomena were again observed. They were never able

to obtain death in this fashion. AVhen, however, a large quantity of air (40 to

CO c.c), was introduced by means of a syringe, death followed in from one to two

minutes. They conclude that the anaemia consecutive to hemorrhage favors

the introduction of air into the veins, but only in doses insufficient to cause

death. The rigidity of the walls of a vein as the result of phlebitis, or as the

result of adhesion to tumors or perivenous inflammatory masses, also favors the

inspiration of air. The veins may be made to gape also by the surgeon—as, for

instance, by traction on tumors, extension of the head, and abduction of the

arm in axillary dissections. Finally, in anjemia, in which the mass of blood is

diminished while the capacity of the vessels remains the same, the entrance of

air is greatly facilitated. It is not so much iicniorrhage during o))eration which

creates this danger as it is repeated hemorrhages previous to ()i)eration. In

the fonner case the passage of blood from the vessel prevents the entrance of air.

Pathology.—The cause of death has been explained in several ways. Mor-

gagni, and subsequently others, believed that bubbles of air are carried to the

brain as emboli and that interference with the functions of the cerebrum is the

primary cause of death. In support of this theory attention is called to the

fact that in many cases the heart continues to beat for a certain length of time

after the cessation of respiration and the production of unconsciousness. Nysten,

Nicaise, and others have demonstrated, however, that the pulmonary capillaries

offer an almost insuperable obstacle to the passage of air to the arteries, and

they find in overdistention of the right auricle sufficient reason for death. Against

this theory is lodged the fact that it would refjuire a forced injection of air to

raise the intra-auricular pressure to such a degree as to prevent contraction of

*Rev. (le chir., Oct., 190:i. fArch. de iu6d. navale, 1907, No. G.
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the auricle. Under other circumstances the air has never a pressure superior

to that of the venous tension. Moreover, the chnical fact remains that the

heart continues to beat after other vital functions have been abolished. D'Etiolles

thought that the air which is driven into the pulmonary capillaries ruptures

them, thus producing an emphysema which compresses the neighboring capillaries

and arrests the pulmonary circulation. Couty, however, was unable, in twenty-

eight autopsies, to demonstrate emphysema in a single instance. Boerhaave,

in particular, advanced the theory that the presence of air prevents the move-

ments of the blood, because the bubbles do not permit the liquid particles to

communicate, and hence prevent the transmission of the impulse given by the

heart and the great arteries. Passet and Hauer found abundant explanation

for death in air embolism of the pulmonary arteries, claiming that the frothy

mixture cannot be driven through the pulmonary capillaries. Experimentally,

the great difficulty of forcing frothy fluid through a capillary tube is easily

demonstrated, but several experimenters have proved that air injected into an

artery may appear in the veins and vice versa. Couty 's explanation is as follows:

—The air passes into the right auricle and ventricle, which it distends. The

force of the contractions remains the same, but the resistance augments with

the surface of the distended walls; hence the auriculo-ventricular contractions

become incomplete, particularly in the auricle, and the cardiac orifices dilate.

The air is pumped into the lungs and backward into the veins, insufficient blood

reaches the brain, and fatal syncope ensues. Recently (1903), Frangois-Franck,

as the result of experimentation, came to the following conclusions:—A large

quantity of air introduced into the veins accumulates first in the auricle, then in

the ventricle, both of which it distends. The air is then mixed with the blood

and passes into the pulmonary artery and back into the veins. The reflux of

frothy blood into the veins results from the contractions of the ventricle as well

as from those of the auricle, since the tricuspid orifice is dilated. The froth

passes backward along the veins to the nervous centres, bubbles being found in

the finest of the capillaries. At the same time the spumous blood passes into

the coronary veins and through the pulmonary circulation to the left heart and

the arteries. Death, however, is not due to mechanical obstruction to respira-

tion. Through the arteries the froth is projected to the nervous centres, the

veins of which are already filled with the same material, and an acute anemia

follows. The myocardium perishes as the result of air embolism of the coronary

vessels.

The Symptoms.—The first sign to attract attention is a whistling, hissing,

sucking, or gurgling sound, which may be accompanied by the appearance of

bubbles in the wound. Such sounds, however, are not uncommon during

operations on the axilla, the base of the neck, and the abdomen, or in fact in any

region in which a tense layer of tissue is divided, thus allowing air to pass beneath

it. In these cases, however, there are no symptoms. At the base of the neck

hissing may be due also to accidental wounding of the pleura. Before the days

of anaesthesia, immediately after the suction sound the patient would give a

cry of agony, see death approaching, and be seized in the throes of a convulsion
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or rapidi}' fall into syncope, with pale and livid face, dilated pupils, eyes turned

upward, and often foam covering the lips. Now the picture is less dramatic.

The r(\-^pirations become rapid and noisy, the pulse ((uick and weak, and a

gurgling sound is occasionally heard over the heart, which continues to beat for

some time after the arrest of the respiration and pulse. Epilej)tiform convulsions

soraetinu^s occur, and death follows in a few minutes or perhaps not for several

horn's. Occasionally death takes place suddenly and quietly without even the

initial bruit. Again, eases have been reported in which death has not occurn^d

for several days. Poncet, in 1904, reported a case at the Lyons Medical Society

in which, during the opening of a deep al)scess of the neck, air entered the veins.

The ])atient died fifteen days later with bizarre circulatory and respiratory

symptoms. At the autopsy bubbles of air were found in the heart and large

veins. The accident is not always fatal, however, and, according to Fischer,

the patient in about half of these cases recovers. A few who have escaped the

immediate dangers have perished at a later period from pneumonia.

The Tre.\tment.—Certain precautions should habitually be taken when one

operates in the dangerous zone. The wound should always be large enough to

permit careful dissection, and the patient should be fully ana?sthetized, so that

there shall be no struggling. Instead of cutting and tying, one should tie and

cut; in other words, whenever possible, the vessels should be isolated by blunt

dissection and secured l)y a ligature before being severed. Bleeding vessels

should be caught at once with hirmostatic forc(>ps. The structures should not

be torn apart, as the veins are thin-walled and easily injured. The fact should

also be recalled that traction empties a vein, so that it may be (juite unrecogniz-

able and thus be severed for an adhesion or a baml of fascia. In doubtful

cases the band should be treated as a blood-vessel. All cervical veins, except

the finest, should be permanently secured by a ligature, and forcipressure should

not be deijendcd upon, as such is mu'eliablc, owing to the increascnl intravenous

jjressure in this region when the patient vomits, cries, or strains during the recov-

ery fi'om anu'sthesia. Muri)hv ])la('es a gauze tampon beneath the sternal at-

taciuneiit of the stei'iiomastoid muscle, in oi-dei' to render the veins i)roniinent

and j)i-event the danger of negative pressure. Theoretically, at least, goitre

operations under local anu\stliesia predispose to air embolism. A hissing sound

always demands immediate pressure with the finger or a sponge and careful

investigation to deteiniine its cause.

Tn the actual jjresence of air embolism the finger or a sponge should be

immediately pressed over the opening in the vein, in order to prevent the entrance

of more air. The vein may then be caught with hicmostatic forceps and ligated

at a later period. Jt has been suggested that the wound be filled with salt

solution so that air may be exclud(>d, but this, of course, would not check con-

tinued bleeding from the peripheral segment of the vein. As soon as the oj)ening

has been secured, ai'tilicial resjiiiatioii should be instituted, if needed, and

stimulants administei-ed hypodermatically. Tlu^ proposal to keep the wound
closed while iiis|)iration is made, and to allow it to gape during expiration, is, of

coui-se, imj)ractical)le. On theon^tical grounds it has been advised to raise the
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patient to a sitting posture, in order to allow the air, which is lighter than the

blood, to escape from the wound in the vein. This also is a procedure which

would be more harmful than useful, as it would contribute to the anaemia of the

nervous centres, hasten the respirations, and thus encourage the entrance of more

air. Whether the patient should be bled or not, is a question on which surgeons

differ; if such is desirable to relieve the embarrassed right heart, one of the veins

at the bend of the elbow should be selected. Several authors have suggested the

removal of the air which has gained entrance to the circulatory apparatus.

Magendie introduced a tube into the injured vein and performed aspiration.

Begouin injected into the veins of animals a cjuantity of air which, as he had ex-

perimentally detemiined in other animals, would cause death. He then plunged

the needle of an aspirator into the right ventricle and was able to save the life

of the animal and demonstrate the escape of air by allowing it to pass through

a laj-er of liquid. Delore and Duteil suggest that the needle be introduced into

the auricle, since it suffers most from the distention in consequence of its thin

walls. For this purpose the needle should be introduced in the third left inter-

space, about 1.5 cm. from the border of the sternum, in order to avoid injuring

the internal mammary artery; and, as soon as the thoracic wall has been passed,

the neetUe is pushed on obliquely toward the middle line. Although the edge

of the lung ma}^ be punctured, the wound is so small that no ill consequences

need be feared. The right auricle has been pmictured in several instances,

with success, for acute pulmonary oedema (Westbrook, Levy, Dana) and once

for air embolism; and, in the case reported by Delore and Duteil, large quan-

tities of air mixed with blood were removed with a Potain aspirator, but the

heart ceased to l^eat soon afterward.

Fat Embolism.—Historical Sketch.—Although obstruction of the vessels

of the lungs and other organs by fat was spoken of by Magendie as early as 1827,

and although Mueller, in 1800, reported a case of nephritic amblyopia in which

the choroid vessels were filled with oil globules, the first case of veritable fat em-

bolism was not reported until 1862, when Zenker found the pulmonary vessels

loaded with fat, in a man who died after multiple fractures associated with rup-

ture of the liver and stomach. In the same year Wagner published two cases

which occurred during pysemia and which led him to believe that fat embolism

and pyaemia were intimately associated; but in 1865, as the result of a study of

forty-eight cases collected from the literature, and of the experiments of von

Bergmann (18G3), he became convinced that the association was only accidental.

It remained, however, for Busch, in 1870, to give the first accurate description

of fat emboHsm, based largely on animal experiments carried out under the

direction of von Recklinghausen. In 1895 Groube * stated that there could be

found in the literature the reports of 211 cases. Carrington states that 276

cases have been reported up to 1908 (Thesis for prize offered by Chair of Surgery

at Jefferson Medical College, 1908), in only 40 of which the diagnosis was con-

firmed by careful autopsy by a competent pathologist.

Etiology.—Fat is a normal constituent of the blood in the proportion of

*Rev. de chir., July, 1895.
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from one to three parts to the thousand. It is physiologically increased in

amount during digestion, in obesity and pregnancy, and in the nursling, and

is found in pathological quantities in many diseases, among which are gout,

arteriosclerosis, diabetes mellitus, menstrual suppression, many acute fevers,

chronic alcoholism, chronic nephritis, splenitis, tuberculosis, poisoning by

phosphorus, potassium chlorate, and carbon monoxide, and in certain diseases

of the heart, liver, and pancreas.* Lipremia, occurring in the conditions men-

tioned above, does not cause sufficiently extensive fat embolism to induce symp-

toms, although at autopsy, particularly in cases of diabetes and atheroma,

capillaries have been observed filled with oil globules.

It is probable that all extensive injuries involving fatty tissues are accom-

panied by an increased amount of fat in the blood, but such is rarely of sufficient

quantity to cause trouble. Fat embolism, recognizable as such clinically, is

most frequently seen after fractures and inflammation of long bones, owing to

the disturbance of the medulla, but it may occur likewise after injuries or in-

flammation of any tissue containing fat. Of 177 cases of fat embolism cited

by Scriba, 51.5 per cent were caused by fractures of bones, 14 per cent by acute

and chronic inflammatory lesions of bones, 11 per cent by suppuration of the

soft parts, 7 per cent by injuries of the soft parts, 7 per cent by degenerations

of the osseous medulla, and 2 per cent by lesions of the fatty tissue within the

abdomen. Of the 276 cases collected by Carrington, 00.8 per cent were caused

by fractures. Amputations, resections, bloodless orthopedic manipulations

{e.g., breaking joint adhesions), and operations which, like excision of the breast,

involve masses of fatty tissue, are among the surgical procedures which have

been followed by fat embolism. It is said to occur also after child-birth, owing

to injury to the pelvic fat. Old thrombi which have undergone fatty degenera-

tion may be the origin of emboli containing large quantities of fat. The condi-

tion is rare in infants and in old age, most cases occurring between the twentieth

and fiftieth years, and is three times more frequent in men than in women, owing

to the greater exposure of the former to injuries.

Pathology.—After injuries fat passes into the blood-stream either directly

through wounds in the veins or indirectly through the lymphatics. In either

case the proct^ss is aided by the pressure of extravasatcd blood or inflammatory

infiltration. Certain authors doubt the possibility of embolism caused by fat

which has reached the blood through the lymphatics, regarding the lymph

nodes as effective barriers against such accident. The occasional occurrence

of fat embolism, however, at a time when the wounds in the veins are sealed

with clot, seems to favor the view that sufficient fat can enter the circulation

through the lymphatics to cause embolism. P(>rhaps the oil globules, when

excessively numerous, reunite after passing through the lymph nodes and thus

give rise to vascular plugging. At any rate, fat once in the blood-stream passes

through the right heart and lodges in the lungs, here giving rise to symptoms

much like those of other emboli. The occurrence of septic processes in fat

embolism is purely accidental unddeix'iuls upon the presence of micro-organisms,

"Clinical Ila-rnatcjlofiv," by J. C. Da Costa, Jr.
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as the fat itself is not irritating. Owing to the non-adhesive eharaeter of oil

globules and the large size of the pulmonary capillaries, fat is readily forced

through the lungs to the left heart, whence it is distributed to all parts of the

body, being taken up by the tissues, oxidized in the blood, or passed out of the

body in the excretions, especially the urine. When death follows, it is caused

by pulmonary oedema, cerebral embolism, or plugging of the coronary arteries.

The Symptoms.—As already indicated, fat embolism may be latent. As

is the case with air, it is probable that a large quantity of fat must be introduced

into the circulation in a short time in order to produce serious symptoms. Unlike

clot embolism, which is usually postponed a week or longer after an operation

or an injury, fat embolism commonly occurs within from thirty-six to seventy-

two hours. Occasionally, however, the accident does not supervene for many

days. The symptoms resemble in many respects those produced by other forms

of emboli. When a large quantity of fat is suddenly washed into the pulmonary

vessels, rapid death may follow, with symptoms similar to those of clot em-

bolism. If the quantity is smaller, there are severe pain, dyspnoea, hurried,

shallow respirations, cyanosis, and sometimes haemoptysis. At the onset

the body-temperature is apt to be subnormal, but later it ascends. The physical

signs are at first indefinite; there may be a nonnal percussion note, restriction

of the respiratory excursions, and coarse rales; if the patient survives, the later

signs are those of consolidation. If the oil globules are forced through the

pulmonary capillaries, there may be fat in the urine or total suppression of urine,

and symptoms of embolism of the brain (convulsions, paralysis, coma, etc.). As

might be expected, less severe symptoms are caused when the quantity of fat

is still smaller, and in most of these cases fat embolism is never considered by

the attending physician. If, in the presence of pulmonary symptoms after

operation or injury, fat can be demonstrated in the urine, one should think of

fat embolism, although it is probable that careful examination will reveal at

least a slight lipuria after all operations and injuries in which many fat cells are

ruptured. Lipuria may, of course, be encountered also in any of the conditions

mentioned above in which excessive lipsemia is found. Scriba was able to

demonstrate the presence of fat in the urine of all his cases of fracture. He
found, however, that in fat embolism the lipuria was intermittent. The fat

could be found from the beginning of the second to the fourth day, for several

days ; from the beginning of the tenth to the fourteenth, for several days ; and

thereafter at intervals of from six to ten days, until the end of the third, fourth,

or fifth week. Statistics on the mortality of fat embolism are useless, as many

of the lighter cases cannot be recognized, and in even the fatal cases, unless a

very careful autopsy is made, death is ascribed to some other cause. Perhaps

further researches as to the quantity of fat in the urine in these cases may

establish some relation between the lipuria and the prognosis. Certain it is

that, in a case of lipa^mia, a diminution or total cessation in the fat excreted by

the kidneys would favor vascular plugging, unless the source from which the oil

globules are derived had been exhausted. This thought immediately suggests

an investigation of the blood itself for fat, which, so far as we know, has not been
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done in cases of fat embolism. Carrington found fat 13 times in 19 examina-

tions of the blood of 3 cases of fracture, without symptoms of embolism; in the

same cases he found fat in the sputum in (> of IG examinations. Finally, in

cases of fat embolism one may find changes in the eye grounds upon ophthalmo-

scopic examination.

Treatment.—In order to prevent fat embolism, injuries, operative or

accidental, which render a patient liable to this catastrophe should be kept at

rest. Tight bandages and massage are dangerous in such cases. In wounds

in which large quantities of fat are crushed, all oil gobules should be removed

by irrigation, and drainage should be instituted. The incision of inflammatory

lesions and the removal of stitches in wounds in which there is much tension,

are also prophylactic measures of importance. Riener,* who states that he

saw ten cases of fat embolism after bloodless orthopedic operations, during the

last year, now performs such operations after ap))lying a constricting band to

render the limb bloodless. Before removing the band at the completion of the

operation, he inserts a cannula into the upper end of the saphenous vein and

pushes it on into the femoral vein. The band is then removed and the first

rush of blood washes through the cannula any fat which may have entered the

vein. Although Riener states that he has seen considerable quantities of fat

flow through the cannula, he will probably not have many imitators, as the

precaution is too formidable for an accident which occurs so rarely.

The treatment of the condition itself, in acute cases, is external heat, cardiac

stimulation, and artificial respiration. The wound should always be opened,

irrigated, and drained, to prevent the fresh entrance of fat into the circulation.

The later treatment is that of the complications, of which the most important

are a^dema or inflammation of the lungs, cerebral embolism, and partial or total

suppression of urine.

IV. ARTERITIS.

Arteritis, or inflammation of an artery, may be acute or chronic. Anatomi-

cally, the process may be divided, with reference to the arterial tunics, into

periarteritis, mesarteritis, and endarteritis; but, from a clinical standpoint, this

classification is of little \ulue, as all tlirec coats are generally more or less involved

at the same time. It is not our intention to enter into a discussion of th(> medical

features of this affection, which are fully descrilx'd in works on internal medicine,

but merely to present the subject from a surgical standpoint.

Acute Arteritis.—Acute arteritis may be productive (plastic) or suppurative

(necrotic).

Aaite Productive, or Plastic, Arteritis.—Acute ])ro(luctive arteritis follows

injury of an artery or the impaction of a M.-md embolus. This is the form of

arteritis which seals vessels after ligation, torsion, and wounds. As we have

already pointed out, the vasa vasoi'um dilate, exudation follows, the intimal cells

proliferate, and the clot is disj)lace(l by ("inbryonic cells which are finally con-

*(Viilr;tll.lMt( f. ("liir.. I'.tOT. Xo. 1.'., p. 1272.
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verted into fibrous tissue, thus obliterating the vessel. Acute arteritis may
occur likewise during the course of, or just subsequently to, certain infectious

diseases—viz., influenza, pneumonia, rheumatism, diphtheria, puerperal fever,

syphilis, septicaemia, and the acute exanthemata. The disease exhibits a pre-

dilection for the arteries of the limbs, especially the lower. It is probable that

the inflammatory changes in the arteries are induced by toxins ; indeed, Therese

found that the same lesions were caused by injections of the toxins of the strep-

tococcus as by the organisms themselves.

The Symptoms.—The symptoms of acute arteritis during or following in-

fectious fevers are pain, tenderness, and occasionally redness and swelling along

the course of an artery. If thrombosis occurs the vessel, when superficial, may
be felt as a hard cord, the pulse below is greatly diminished or absent, and the

part from which the blood is shut off becomes cold, pale, paretic, paresthetic

.

In the absence of an efficient collateral circulation the gangrene which follows

is of the dry variety, unless the vein is simultaneously involved or unless the

necrotic parts become infected.

The Treatment.—The treatment, in the initial stage, is identical with that

advised for arterial thrombosis. (See Contusions of Arteries.) If gangrene

ensues, the part should be removed according to the rules laid down in the article

dealing with gangrene (Vol. II.).

Acute Suppurative, or Necrotic, Arteritis.—Acute suppurative arteritis arises

from septic processes in the environing tissues or from an infected embolus.

An acute septic endarteritis, resembling malignant endocarditis, with which it

is usually associated, has been described. In suppurative arteritis distinct

abscesses may be seen in the walls of the vessels, which subsequently become

necrotic and separate as sloughs. This occurrence is always preceded by the

formation of a thrombus, which, particularly in the smaller vessels, maj^ remain

sufficiently firm to prevent bleeding. If, however, the septic process invades

the clot and causes it to undergo liquefaction, hemorrhage follows. Secondary

hemorrhage is almost entirely due to this cause. In order to emphasize this

fact more strongh^ it has been suggested that secondary hemorrhage be called

septic hemorrhage. Suppurative arteritis rarely occurs unless the walls of the

vessel have been previously injured; in fact, large arteries may be dissected

from the surrounding tissues for a considerable distance by pus, and yet remain

intact. This remarkable immunity from inflammation exhibited by uninjured

arteries in contact with septic foci, now known to be relative only, was at one

time thought to be absolute; indeed, in 1842, Liston's report of the first case of

ulceration of an artery in. contact with a purulent area was denied admission to

the Transactions of the London Medico-Chirurgical Society, on the ground of

inaccuracy. According to Monod,* who, in 1882, collected eighty-eight cases,

ulceration of arteries occurs most frequently in connection with tuberculous

abscesses and suppurative lymphadenitis, the result of infectious diseases, par-

ticularly scarlatina. The internal carotid has been opened by a suppurative

tonsillitis and as the result of caries of the petrous portion of the temporal bone;

*BuU. de la Soc. de Chir. de Paris, 1882, p. 666.
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in the latter instance perforation regularly occurs in the knee of the artery, in

the carotid canal. The common carotid, the external carotid, and the smaller

arteries of the neck have been ulcerated by neighboring suppurating proc-

esses—the aorta in tuberculous spondylitis, the common, internal, and ex-

ternal iliacs in appendiceal al)s('ess,* the femoral in bubo, the popliteal in tuber-

culosis of the knee, the arteries of the palm and hand in cellulitis, and the

intercostals in empyema. In these cases drains, foreign bodies, sequestra, etc.,

are said to have had no influence in causing the hemorrhage. The perforative

ulceration of an artery may further be exemplified by the haemoptysis of pul-

monary tul)erculosis, the h;ematemesis of gastric ulcer, and the bloody stools of

ulcerative lesions in the intestine. The violent hemorrhages occurring in certain

cases of malignant disease are due, not to a suppurative arteritis, but to invasion

of the walls of the artery by the tumor c(>lls.

The Symptoms.—Suppurative arteritis is rarely suspected until a hemorrhage

occurs. Occasionally this takes place in an abscess before it has been opened.

In such cases, if the artery involved is a large one, the abscess suddenly increases

in size and takes on the characteristics of an aneurysm. In other instances the

vessel gives way when the pressure upon it is relieved by an external discharge

of the pus. Finally, the bleeding may not occur for days or weeks after the

opening of the abscess.

The Treatment.
—

^The treatment consists of direct compression, for the

immediate control of the bleeding, and exposure and ligation of the affected

artery on each side of the perforation. The cavity should then be thoroughly

disinfected and drained. Some surgeons advise, because of the fear of infection

of the ligature and repetition of the bleeding, ligation in continuity. Owing to

the uncertainty of ligation in continuity (see Ligation for ^^'ounds of Arteries),

we believe that it should be performed only under very exceptional circum-

stances.

Chronic Arteritis.—Chronic arteritis (arteriosclerosis, chronic endarteritis,

atheroma) is a chronic, inflannnatory, and degenerative process of the arterial

walls, which may involve the capillaries as well as the arteries {arteriocapiUary

fibrosis), and invade even the veins (angiosclerosis).

The causes are old age, increased blood-pressure, the result of hal)itual

overeating and excessive muscular efforts, and chronic intoxications, among

which may be mentioned syphilis, gout, rheumatism, alcoholism, lead poison-

ing, nejjhritis, diabetes, and excessive indulgence in tobacco. Occasionally the

condition is o])served after one of the acute infectious diseases such as scar-

latina, typhoid fever, and influenza, it having possibly begun in these cases

as an acute infection.

Chronic arteritis may be circumscribed or tiilTuse. The circumscribed form

is seen most often in the larg(> vessels, particularly the aorta, in the form of more

or less nodular wliiti>li jjatches, sometimes as large as a small coin, which arc due

to a ])roliferatif)n of the deeper layers of tiie intima. (Fig. 69.) These ])at('hes

may become fibroid or calcified (atheromatous plate), or they may undergo fatty

*Lebon, Thc-se dc Paris. 1893-94.
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degeneration, becoming yellowisli in color and choosy in consistency (atheroma-

tous abscess). Such an abscess, on discharging, leaves a necrotic patch (atherom-

atous ulcer). The media is often invaded by the disease and the outer coat

thickened. Diffuse arteriosclerosis more com-

monly attacks the small vessels. The entire

arterial wall is thickened, and the internal coal

undergoes fatty degeneration and may subse-

quently be calcified.

Although arteriosclerosis is a condition which

properly belongs to the physician, it possesses

certain important surgical relations which recjuire

at least brief mention. The increased liability

of diseased arteries to throml:)osis following an

injury (including the application of the Esmarch

band), and the influence of narrowed arteries in

causing bad results after ligation, after the im-

paction of an embolus, and in thrombosis, are

pointed out further on, in the sections devoted

to these subjects. The possibility of secondary

aneurysm as the result of compression of a

diseased artery we shall have occasion to mention

on a later page. Here we may recall the in-

creased danger of tight bandaging in individuals

with hardened arteries, and may warn against the

use of Bier's treatment, in such cases, without

the most serious reflection on the possibilities

of disastrous results. Surgeons should alwa\-s

bear in mind the possibility of arterial rupture

when reducing an old dislocation or when forcibly

straightening a contracted joint in an individual

with atheroma. The possible effects of arterio-

sclerosis in inducing serious changes in the vis-

cera, particularly the heart, lungs, and kidneys,

demand a careful examination of these organs

before any operative procedure. In the absence

of demonstrable cardiac, pulmonary, and renal

changes, those patients who are affected with

chronic arteritis usually tolerate general ana'S-

thesia and surgical operations remarkably well.

Apoplex}', which is one of the dangers hovering

over those with chronic arterial disease, very

rarely occurs during the induction of anaesthesia or in the course of an oper-

ation, particularly if the patient is skilfully and fully anaesthetized. The

struggling induced by forcing the ana-sthetic or by operating during light

anaesthesia must be regarded as highly dangerous. In circulatory troubles

b'jG. 69.—Pliotograpli of an
Aorta Affected with Clironic Arter-

itis. (Specimen from Pennsylvania
Hospital Museum.)
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l)ain is often more tlangerous than aiiirsthesia. Although chloroform lowers

the blood-pressure, its effects on the heart have generally led us to prefer

ether for the anaesthetic. Siegel * believes that the young with arterio-

sclerosis do not tolerate general anaesthesia as well as the senile. Skin, bone,

and fascial wounds heal promptly in individuals with arteriosclerosis, pro-

videil the disease is not far advanced. Amputation flaps may, of course,

after removal of a leg for arteriosclerotic gangrene, slough if the section

is not made high enough. Only imperative operations should be performed

upon the lower extremities of tho.se exhibiting the symptoms of marked narrow-

ing of the arteries, since even trivial operations

—

e.g., the excision of an ingrow-

ing toe-nail—may furnish the starting point for gangrene. According to Siegel.

intestinal wounds are unfavorably influenced by arteriosclerosis, particularly

if the patients are emaciated. In such cases cutting through of the sutun>>.

gangrene of the margins of the wound, and the formation of fistula.^ are not un-

common. Although narrowed arteries, when sev(n-ed, eject less blood than

noraial ones, the probability of cutting through of the ligatures applied during

an operation is greater; hence primaiy hemorrhage is relatively slight and

secondary hemorrhage relatively freciuent.

Chronic arteritis tends to weaken the walls of the vessel or to narrow or

obliterate its lumen. In many instances, however, the proliferation of the

subendothelial layer is i)roportionate to the degenerative changes in the middle

coat, and, although the ela.sticity of the vessel is impaired, the size of the lumen

is not altered. When the vessel wall is weakened, dilatation and even rupture

are likely to result.

That form of arteritis which is caused by syphilis bears the worst reputation

in respect to the production of aneurysmal dilatation. Syphilitic arteritis may
begin within a few months of the time of the chancre or not until after the lapse

of many years. It may involve a whole system of vessels, a whole vessel, or a

segment of a vessel, and is often bilateral. All the coats of the artery are in-

volved, but the media suffei-s most, being infiltrated with numerous round cells,

which infiltration results in its atrophy, degeneration, or fragmentation. If

the infiltration is very abundant and the vessel walls are completely disorganized.

ru]:)ture may occur, an accident which is most fre(|uent in the liasilar arteries of

the brain (apoplexy). If only the nnisculo-elastic median coat yields, there is

formed a cicatrix which may subsequently stretch and give rise to an aneurysm.

The latter is most fretjuent in the major vessels.

Diminution in the lumen of arteries, a,s the result of sclerosis, is responsible

for a h(^st of nutritional distur])ances. Those which particularly interest the

surgeon are neuralgia, j)ancreatitis, bleeding from the alimentary canal, arterio-

sclerotic colic, intermittent claudication, and gangrene. The etiological influence

of sclerosis of the neural vessels in neuralgia is recognized by most authors. As

long ago as 1874 Leube called attention to the frecjuency of bleeding in intestinal

catarrh in the aged. It is not imjH-obable that chronic arteritis is responsible

for this condition. Possibly, in some instances, gastric or intestinal bleeding

Muench. mod. Woch., liMMl, p. .V.io.
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after etherization is due to the same cause. It has been suggested that sclerosis

of the arteries be included among the rare causes of gastric and intestinal ulcera-

tion. The relation of arteriosclerosis to hemorrhagic pancreatitis and chronic

pancreatitis need only be mentioned. Arteriosclerotic coHc is a term which

has been apphed to abdominal pain believed to be due to narrowing of the

arteries of the affected part. This pain may simulate that of gastric ulcer,

cholelithiasis, appendicitis, etc. The frequency of flatulency in the old suggests

arteriosclerosis as a possible cause. Narrowed vessels may be competent, in

times of repose, to supply adequate blood to a part, but be unable to dilate and

meet the additional demands of that part when it is actively functionating.

The result is a sudden and transient paralysis and anspsthesia when the brain is

affected, an angina pectoris when the heart is invoh'cd. and arteriosclerotic

colic when the abdominal vessels are chiefly concerned, or an intermittent

claudication when the extremities are affected. The last is characterized by

attacks of weakness and crampy pains in the muscles, particularly of the calf,

and is to be regarded as a prodromal symptom of gangrene.

Arteriosclerotic gangrene is most frequent in the old (senile gangrene) as

the result of senile atheroma, but may be found in the young (presenile gangrene)

as the result of any of the other conditions mentioned in the etiology of chronic

arteritis. Barrand* has collected 103 cases in which young adults were affected

with gangrene following one of the infectious diseases. Seitz,f in 148 cadavers

with arteriosclerosis, found 17 between the ages of 10 and 29 years. In most

instances arteriosclerotic gangrene is precipitated by the formation of thrombi

in the diseased vessels, being often aided b}" slow circulation the result of some

cardiac trouble, von "Winiwarter, Borchard, and others sharply dift'erentiate

the so-called presenile gangrene from senile gangrene, maintaining that the

former is due, not to ordinary chronic arteritis, but to a special affection, obliter-

ating endarteritis, in which the lumen of the vessel is completely closed by a

proliferation of the intinia. ]\Ianteufel, Weiss, and Bunge believe that the

occluding mass found in the arteries owes its origin to the organization of thrombi

which fomi on the roughened intima, and that, from an anatomical standpoint,

presenile should not be separated from senile gangrene. Obliterating endarteritis

is said to be caused by cold (Winiwarter), by some nerve affection (Fraenkel

and Bevoeto), by syphilis (Haga), by alcoholism, or by the abuse of tobacco.

It has been suggested that a relation exists between this affection and the

gangrene occurring in Raynaud's desease and in ergot poisoning. Finally, there

are cases in which the most careful investigation fails to reveal the cause of the

arterial disease.

Treatment of Begixxixg Arteriosclerotic Gangrene by ARTERIO^T:-

Nous Anastomosis.—The first successful arteriovenous anastomosis in the dog

was performed by Glueck.J Unsuccessful experiments in this line were made,

in 1902, by San Martin y Satrustegui, Berard, and Carrel, and by Exner and

Hoepfner, in 1903. In 1902 Carrel and Morel, and in 1905 and 1906 Carrel and

* Deutsch. Zeitschrift f. Chir., 1904, Bd. 74. t Allg. med. Zentralzeitiing, 1897, No. 19.

t Watts, in Annals of Surgery, Sept., 1907.
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Guthrie,* with improved techiiiciuc, were able to unite arteries and veins with

ahnost unifomi success. "The threads and needles were the finest and strongest

obtainable. The threads were sterilized in vaseline and applied when heavily

coated with the same. The vessels were handled very gently and the endothe-

lium was protected from drying by isotonic sodium-chloride solution or by

sterilized vaseline. No dangerous metallic forceps were used. The greatest

care was exercised to ol)tain accurate and smooth approximation of the endothe-

lium of the vessels."

Lateral arteriovenous anastomosis for beginning gangrene of the lower

extremity has been performed in two cases by San Martin y Satrustegui,t in one

case by Jaboulay.| and in one case by Tuffier.§ End-to-end arteriovenous

anastomosis of the femoral vessels for senile gangrene has been perfonned in

two cases by Hubbard
||
and in one case by Lilienthal.^ All these cases were

unsuccessful so far as checking the gangrene was concerned. According to

Carrel and Guthrie, after lateral arteriovenous anastomosis most of the red

blood returns immediately toward the heart through the central end of the

vein. The peripheral portion of the vein and its collaterals are distended and

pulsate, but the valves are not forced and the red blood does not circulate

through the veins. These authorities claim, however, that this may be accom-

plished by end-to-end arteriovenous anastomosis. As the result of experiments

on the cadaver, Gallois and Pinatelle ** found that colored fluid injected into

the main vein of a limb returned immediately by the other veins and not by the

arteries, and that, even after occlusion of the collateral veins by forceps, it was

impossible to force the valves. ^^ e have never felt that arteriovenous anasto-

mosis was justifiable for arteriosclerotic gangrene, since, even if the circulation

could be reversed in nomial vessels, which seems improbable from the experi-

ments of Gallois and Pinatelle, such could not be expected when the arteries

are obliterated as the result of thrombosis or of a proliferation of the intima.

Y. INJURIES OF ARTERIES.

Injuries of arteries may be either simple contusions or wounds of various

degrees of severity.

Contusions of Arteries.—Under this heading will l)e considered all injuries

of urterics jtroduced by blunt force and not innnediately resulting in dissolution

of the continuity of the external coat of the vessel.

Etiology.—The nonnal arteries, owing to their elasticity, are not often

seriously affected by a contusion, unless it be of the severest grade. In atherom-

atous arteries, however, a slight contusion may be followed by thrombosis,

rupture, aneuiysni, the detachment of an atheromatous plate, or sloughing and

hemorrhage. Turner (cited by Lejai-s, in Rev. de Ckir., 1898) tells of a man, aged

* Annals of Surgerj-, Feh., 190G.
|| Annals of Surgery, Oct., 1906, and Sept., 1907.

t Semaine m(''<l., 19(32, p. .'i9.5. ^ Annals of Surgery. Jan., 1907.

X Semaine mM., 1902. j). 40.'). ** Revue <le c-hir.. H«W. p. 2;}6.

§ Revue tie chir., June, 1907, p. 108&
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thirty-five, who complained of pain at the elbow and swelling of the forearm after

drawing his hand back to put it in his pocket. For several days the pulse could

not be felt; it then reappeared, but subsequently disappeared after the same
manoeuvre. Several weeks later the man died. At the autopsy the brachial

artery was found obliterated and its internal coat ruptured. Delbet* relates

an analogous case of rupture of the inner coats of the brachial artery, in a patient

who had been anaesthetized for resection of the jaw, and in whom the arm
was simply separated from the trunk without violence. Denudation of arteries,

even when extensive, does not cause macroscopic changes in the vessel walls

or any interfc^rence with the blood-stream. D'Anna, as the result of his experi-

ments, concluded that extensive separation of an arteiy from its sheath would

interfere with the function of the vasa vasorum and that thrombosis or degenera-

tion of the arterial walls and secondary hemorrhages would occur. In order

doubly to disprove this assertion, Hoepfner resected the carotid artery in a dog,

placed it in salt solution, then reimplanted it, without thrombosis or other ill

effects following. Xomial arteries may be compressed or retracted without

fear of any permanent damage. The same is not true, however, of diseased

arteries. Compression of normal arteries with the finger, tape, tourniquet,

arterial clamps, etc., as has been abundantlj^ demonstrated, may be continued

for a considerable time without producing evil consequences. Bothezat f

obtained remarkable results in experimental clamping of arteries. He clamped

the femoral artery of dogs with haemostatic forceps and removed them at the

end of half an hour. The circulation immediately reestablished itself and the

crushed and thinned walls became slightly ballooned in the form of an aneurysm.

This dilatation subsided after a time and the vessel seemed to recover itself

completely, without obliteration of the calibre of the artery. Bothezat tells

us that the femoral arteiy may be compressed in this manner for three hours

without obliteration. It is needless to add that one would not expect such

happy results in the human being. The occurrence of aneuiysm after prolonged

instrumental or digital pressure will be referred to in the discussion on aneurysm,

while the dangers of the tourni(iuet and the Esmarch band will be spoken of in

another section of the work. In this connection may be mentioned—although

it is perhaps not exactly a contusion—^the obliteration of an artery {e.g., the

subclavian arteiy) in juxtaposition to an exostosis or osseous abnonnality

—

as, for example, a cervical rib. In these cases obliteration of the pulse is apt

to occur at one of two periods—fii"st, when the rib ossifies, and, secondly, in old

age when the artery calcifies. In the latter instance obliteration is in all prob-

ability partly due to fracture of the internal coats of the artery. That the

constant bending and unbending of an artery {e.g., the popliteal) may cause

sufficient injuiy to predispose to aneurysm is a well-established clinical fact.

Contusions of large arteries by falls and blows are not common, as such are

protected from bmising " (1) by their positions, which, generally, are deep

and sheltered; (2) by their capacity to flatten readily, which results from the

elasticity of their walls and the fluidity cf their contents; (3) by the strength

* "Traite de chir." f Delbet et Le Dentu: "Traite de chir.," vol. iv,

VOL. VII.— 14
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of the arterial sheath aiul the looseness of the conneetive tissue which surrounds

them, whereby considerable freedom of movement in lateral directions is allowed;

and (4) ])v the i)rominence of contiguous muscles or other organs, which serves

to receive or to di'flect the vulnerating forces."* The order of the frequency

with which individual vessels sufter from contusion is, according to Herzog.f

who has collected 63 cases, as follows:—Brachial 18, popliteal 1."), axillary 7,

femoral 8, external iliac 4, common iliac 2. abdominal aorta 2, ])osten()r tii)ial 2,

subclaA-ian 2, internal carotid 1, radial and ulnar 1. The form of injury is most

frequently a violent l)low, such as a kick of a horse, a runover accident, or

compression iK-twcen two cars. The accident is, therefore, almost exclusively

confined to male adults, only three of the patients, in Herzog's collection, beinj::

women. In most instances the patients are above thirty; we have encounti'red

in the literature only one case below twenty years. Of some importance, from

a medico-legal standpoint, is the possibility of contusion of a large vessel by a

fracture of an adjacent bone or by a dislocation of a neighboring joint. The

following case, cited by Lejai-s, illustrates this point :^A man, aged fifty years,

fell from a height of two stories and su.stained a Colles' fracture. During his

fall he tried to save him.self by throwing his arm over a beam, but failed. The

physician who was called applied a bandage as far as the middle of the forearm.

Later, the entire forearm became gangrenous, and the patient was con\'inced

that the practitioner had caused this gangrene by applying the bandage too

tightly. Rosenberger, who amputated the arm, found a red band, due to the

contusion, in the subcutaneous tissues at the bend of the elbow, the skin being

normal. The radial and ulnar arteries were thrombosed as far as the brachial,

and the internal tunic of each was ruptured, but not to a sufl^cient extent to

cause it to curl up within the vessel. The external coats of the artery were

uninjured. A somewhat similar case is reported by More. Of all iiijuiies, those

by gunshot wounds have the worst reputation in the production of contusion

of arteries. This a])i)lies particularly to the ancient bullet of warfare and the

modern leaden bullet of civil life. Several well-marked examples are given by

Lidell in the second volum(> of the "International Encyclopedia of Surgery."

"The large arteries of the extremities are, to a considerable extent, {protected

from gunshot perforation by the strength of the fibrous sheaths which in\-est

them, by the toughness and extensibility of their own tunic, and by the readi-

ness with which they can slip aside from the track of a gunshot missile, owing to

the fact that they are elastic tubes, and that their contents are liijuid." This

is mjt true, however, of the modern, hard-jacketed, high-velocity, small-calibre

bullet, which will sever an arteiy like a knife, unless the range be vvvy great

or the velocity diminished by ricochet or other means.

Amussat, Devergie, Simon, Kussmaul, Klotz, Mildner, and Faber have

found that, in tho.se who are hanged, the internal coats of the carotid are fre-

(piently rui)tured.

Rvtholoc;y.—The lesions found after the contusion of an artery \ar\- with

* Lidfll. ill "International Kncyclopeiiia of Surfrcrv."

t Bfilr. /.. klin. Chir., Bd. 2:i, S. IHA.
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the amount of force exerted and the state of the walls of the artery. The more

diseased the artery, the slighter the force necessary to produce a contusion.

Of the slightest grade, in which there is perhaps no change but a little ecchy-

mosis of the vessel wall, we shall not speak further, as such causes neither im-

mediate sigas nor remote ill effects. The older surgeons explained some of

the cases of obliteration of an artery after contusion, b}^ rupture of the

vasa vasorum and extravasation of blood between the vessel and its sheath in

sufficient quantity to press upon and considerably narrow the hmien of the

vessel. This was supposed to be followed by inflammatory swelling (traumatic

arteritis) with conseiiucnt thrombosis and complete obliteration of the vessel.

It is now known that in practically all instances the lesion is a rupture of the

inner coats of the vessel and that such leads to thrombosis and complete plugging

of the lumen; in other words, as in the application of a ligature, although the

force acts from without inward, the lesions, owing to the friabilit}' of the internal

coats, are produced from within outward.

The injury may expend itself on the internal coat alone, leaving the outer

coats intact and practically normal. The lesion here observed is a cracking or

fissuring of the intima, which may be complete or incomplete

—

i.e., it may
involve the entire circumference or only a part thereof. Complete circular

division is best seen after the application of a ligature. In contusions by blunt

violence the fissures are apt to be multiple and frequently involve only a portion

of the circumference of the vessel. Experimentally Delorme found such wounds

of the internal coat to be usually transverse, frequently corresponding to the

horizontal interstices of the muscular and elastic fibres ; the}^ varied from three to

ten in number and from 2 to 5 nun. in width. From a study of the specimens

removed after death or amputation it appears that that portion of the internal

coat which is first struck suffers most.

Wounding of the internal coat alone causes no extravasation of blood into the

perivascular tissues, nor is there any danger of secondaiy hemorrhage. The

sole result of clinical importance is thrombosis with its consequences. If the

fissure is small and incomplete there may be a minute mural thrombus, which

causes no interference with the blood-current, but simply protects the wound
until healing is complete. Obliteration of the vessel by clot is apt to follow,

however, if the rent in the internal coat is large, if the fissures are multiple and

extensive, if the tunic is sufficiently detached to move back and forth in the blood-

stream, if the detached tunic is infiltrated vdih. lime salts, if tight compression

is applied after the accident, or if the state of the heart or blood is such as to

predispose to coagulation. The conditions just mentioned determine also the

rapidity with which an occluding thrombus foims. It may ensue immediately

after the injury or it may not develop for several hours or even days. Generally

speaking, complete obliteration following a lesion of the internal coat alone is

delayed, although in the femoral arteiy we have observed it to occur within a

few minutes. As to the frequency with which partial obliteration occurs after

injuries of this character one could not venture even a guess, as there are neither

symptoms nor signs by which it may be recognized.
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Yielding of the internal and middle coats is much more likely to be followed

by immediate thrombosis, as when torn they curl up within the vessel in obedi-

ence to the elasticity of the middle coat. The lacerations are generally irregular,

and may be transverse, oblique, longitudinal, or fliap-shaped, the edges of the

wound bcnng fringed and torn. Not infrecpiently a portion of the circumference

of the artery is respected, and

occasionally the fracture of the

internal coats extends in a more

or less regular manner around the

entire circumference of the ves-

sel. The adventitia maintains

the continuity of the vessel and

l)revents extravasation, although

the blood may make its way for

some distance between this coat

and the media, sometimes for an

inch or more. On visual exami-

nation the artery may appear

normal, but is much more likely

to be discolored or black, owing

to th(^ ecchymosis of the external

coat. Pulsation is generally trans-

mitted to the contused segment

from the artery above, but on

|)alpation this fact, together with

the induration due to the throm-

l)us, is readily determined. When
the force has been very violent,

or prolonged for some time, the

artery may be flattened and

empty, as if crushed in the jaws

of powerful forceps. Cloquet

describes a sjjecimen of this sort

(Figs. 70 and 71), the injury bet-

ing associated with a fracture of

the humerus. On each side of

the narrowed j)ortion, the vessel

was distended for a short distance by coagulated blood. Onlinarily the clot,

as in thrombosis from other causes, extends centralward in a conical form as

far as the first collateral branch. Pci'ipherally, the length of the thrombus

varies. It may till the main brniicli and invade the smaller arteries or it

may tci'niinatc like the central poilioii ncai' a large collateral. Uj)on its

extent and upon the activity of the collateral circulation depends the integrity

of the limb. If the injury is confined to the artery alone and the vessels

are healthy and the collaterals abundant, no harm need follow; indeed, it

Figs. 70 and 71.—Contusion of the Brachial Artery
from Fracture of the Humerus. (From Cloquet, in

Revue de Chiruryie, 1898, page 298.)

In Fig. 70, whicii gives a view of the artery as seen
from the outside, note the distention of tlie vessel on
each side of the contused area. In Fig. 71, which gives

a view of the vessel after it has been laid o]jen, the divis-

ion of tiie inner coats at the distended spots is shown.
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is highly probable that in most cases of this sort the diagnosis is never sus-

pected. If the clot forms slowly, ample opportunity is afforded for the develop-

ment of an adequate collateral circulation, which becomes progressively more

efficient the more the lumen is closed ; thus pulsation may never be absent from

the peripheral vessels, even though the artery at the contused point becomes

impervious. But if the vessels are narrowed by disease, or if the collaterals are

involved in the injury or compressed by extravasated blood or a tight bandage,

the collateral circulation will be insufficient and the thrombosis may extend to

the finer vessels. If the venous circulation is not blocked, however, the artery

beyond the occluded portion generally empties itself and will be found empty.

In either event the limb falls into gangrene. Another possible factor in the

production of gangrene—one which has been urged by several French writers

—

is the detachment of portions of the clot during the formation of the thrombus,

the emboli plugging the smaller vessels and leading to circumscribed gangrene.

Symptoms.—The amount of shock present will depend principally upon the

nature of the vulnerating force and the extent of the complicating lesions. There

may or may not be an external wound in the skin. Of thirty-two cases in which

this point is mentioned, the skin was intact in twenty-five (Herzog) ; but the

perivascular tissues will generally be more or less contused and infiltrated with

blood from rupture of the smaller vessels. In a few instances, however, the

environing tissues, as well as the skin, present no gross changes. Hemorrhage

from the contused artery itself does not occur primarily, and secondary hem-

orrhage, when it does occur, is practically always due to ulceration of the

vessel the result of sepsis. In the presence of an open wound discoloration of

the external tunic, with perhaps a hardening due to the thrombus, might be

detected. The latter is occasionally felt also when the skin is unbroken.

Rupture of the inner coats of an artery is said to be accompanied by a sharp

pain, but of this we cannot speak definitely, as, if such does occur, it must always

be mixed with that of the traumatism. The only positive clinical signs of a

subcutaneous contusion of an artery are those of obliteration of the vessel.

This is always accompanied by pain in the limb below, as the result of the

ischemia. Pain may or may not be present at the point of thrombosis.

Cessation of pulsation in the vessels below the injured part occurs suddenly

when the thrombus is rapidly foraied or when a large portion of the clot becomes

detached and forms an embolus which lodges in the vessel at a lower point.

When obliteration is retarded the pulse gradually becomes more and more feeble

and finally disappears, unless in the mean time the collateral circulation has

become freely established. There are on record several instances in which the

pulse was at first as strong and full as on the well side, but in which, after a

number of hours, it could no longer be detected. In Bruemmer's case complete

obliteration did not occur until the ninth day. Serious symptoms from late

obliteration will, however, always be uncommon, owing to the opportunity

afforded for the collateral vessels to dilate. Theoretically, the pulsation above

the thrombosed area is more energetic than normal, but this sign is of no clinical

value.
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Loss of heat in thi' injuii'd cxtrcinity is an expression of the absence of warm
blood. It has been asserted that this fall in temperature is preceded by a brief

elevation, but such is doubtful. The difference in the temperature in the two

extremities is veiy marked and is easily apjireciated by the hand, but may be

accurately measured with the thermometer. In Bruemmer's case the difference

in the temperature of th(> legs was almost ten degrees (centigrade).

Pallor results from the amemia, but if there is much blood in the limb at th(^

time the vessel is occluded, or if the venous circulation likewise is compromised,

the limb becomes purjDle and mottled. The sluggishness or absence of circula-

tion is easily demonstrated by pressing on the skin with the finger; in the

former instance the color slowly creeps back into the white spot thus made, in

the latter the blanched area remains.

Loss or diminution of tactile sensation may be quite evident, even while

severe pain is exjjerienced in the limb; and, indeed, pain may be referred to the

limb even after gangrene is fully established, owing to the irritation of the

nerves above. The area of cutaneous insensibility in the early stages is often

irregular in outline and does not always correspond with that of the pallor and

loss of heat. Thus, in Picon's case (contusion and thrombosis of the popliteal

arter)'), sensation was abolished in the area supplied by the sciatic, but was

preserved in the parts innervated by the internal saphenous nerve. The anaes-

thesia or parsesthesia may vary also somewhat from day to day.

Paresis or paralysis of the limb likewise follows, owing to the deprivation

of blood.

I The signs mentioned above, when marked and continued, are followed by

gangrene, but, whc^i j)resent in a lesser degree, comjjlete recovciy is still possible.

Such, however, is the exception, and the limb usually pcnshes for several reasons.

Unlike simple ligation of an artery, after which gangrene is comparatively

rare, in a contusion the accompanying vein also may be thrombosed. In the

thirty-four cases collected by Lejars this occurred eight times. The collat-

eral vessels too are apt to suffer from the trauma, or, if they escape direct

injury, they may be compressed by the extravasated blood resulting from the

associated laceration of the environing tissues. Even without a total rui)tin'e

of the main vessel the ha^matoma may be of an enoraious size if there be no

external wound through which the blood may escape. Attention has already

been drawn to the possibility of extension of the clot in the artery and to the

possibility of the detachment of eml)oli, both of which occurrences add to the

chances of death of the limb or at least a ))()rtion thereof.

The gangrene may be moist or dry. The former is more frecjuent, as the

limb is generally (edematous and filled with fluid, owing, in many cases, to the

interference with th(! venous return, as exi)laine(l above. In the presence of a

wound or abrasion the entrance of micro-organisms is facilitated, and, once

lodged, infection here finds ainost favorable site for (Icvclopmciit. owing to the

depressed vitality of the tissues, so that in most instances a traumatic si)reading

gangrene will be inaugurated.

Dry gangrene occurs if the ti.^sues are free from fluid and asepsis can l)e
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maintained. If the circulation is gradually cut off by a slowly growing thrombus

and if the satellite veins are patent, the conditions are most propitious for this

form of local death. It is, therefore, late in appearance and runs a much more
chronic course than the moist variety. Furthermore, it rarely extends beyond

the ankle or the wrist, and is often irregular in its distribution. One toe or

finger may shrivel u]) and become black, or all but one may ])e thus affected.

Sometimes the process advances further in the skin than in the subjacent parts,

or, on the other hand, the deeper stiaictures at the upper limit of the gangrenous

area may be covered by li^dng skin. This bizarre arrangement is used as an

argument for the production of the dry circumscribed forms of gangrene by
emboli.

Finally, we nuist not fail to mention the influence of trophic disturbances

resulting from the anaemia or concomitant contusion of the nerves.

The above sjaiiptoms are distinctly referable to the arteries of the limbs.

The possible effects of contusion of the carotid are sufficiently demonstrated in

^"'erneui^s case : a man, aged forty-six, was caught beneath an overturned wagon

and sustained a contusion of the neck. Delirium and right hemiplegia followed,

and he died on the fifth day in coma, with symptoms of cerebral compression.

At the autopsy the right temporo-sphenoidal lobe w^as softened, and in the

Sylvian artery a clot was found which extended down as far as the common
carotid. The internal and middle coats of the internal carotid were ruptured.

Thrombosis of the \'isceral arteries is dealt wdth in other parts of this work.

Dl\gnosis.—The signs of interruption of the blood-stream given above

should always be sought when one has to deal with injuries like a fracture, a

dislocation, or a severe contusion, particularly when caused by the kick of a

horse or by a crushing accident. This is frequently neglected, and subsequent

gangrene is likely to be ascribed to improper treatment, as in the case previously

mentioned. The same advice applies with equal force to the examination of

the condition of the nerves, with which, how^ever, we are at present not concerned.

It is possible that the pulse may be absent in a fracture or a dislocation, owing

to pressure upon the artery in cjuestion, but such will be c[uickly determined after

the reduction of the deformity. In the absence of conditions like those just

mentioned, interference with the local circulation after an injury is due to a

contusion or a wound of the arteiy. Depending upon the pulse alone, however,

one might be misled by the normal variations which are sometimes encountered

between the arterial pulsations of the two limbs or by such conditions as a uni-

lateral cervical rib, a pre-existing tumor, aneurj^sm, etc. Signs of obliteration

of the vessel, in the absence of a ha^matoma, particularly if associated with

induration along the artery, clearly point to a contusion of the vessel. In the

presence of a large hsematoma the probability of a rupture of the arteiy must

be taken into consideration. If the hiiematoma has an expansible pulsation

and if a bruit can be heard on auscultation,—in other words, if a false aneurysm

is fomied,—the arteiy must necessarily be opened. These signs are by no means,

however, always present when the arteiy is ruptured, and an equally large

ha'matoma may be found after a simple contusion. In these cases an exact
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diagnosis may be impossible, nor should it cause the surgeon any incjuietude,

as in each instance incision is indicated.

Progxosis.—In contusions of the arteries of the extremities the danger of

death is mainly due to complicating injuries or to subsequent sepsis. External

wounds are generally infected and add greatly to the danger. A moist, septic,

rapidly advancing gangrene will, of course, render the outlook much more

gloomy. In an imcomi)li('ated contusion of one of ^the arteries of an extrc^mity

the danger to life is slight. Obliteration of the connnon or internal carotid,

resulting, as it does, in anaemia of the brain, presents a much more grave prognosis.

About one-half of those suffering from a recognizable contusion of a large artery

die. Of the thirty-four cases collected by Lejars sixteen died.

Aside from the treatment, the prognosis concerning the life of the limb

depends upon several conditions, but will always be, for the reasons already

given, much worse than after simple ligation. If the vessels of the linil) are

narrowed and inelastic as the result of atheroma, the chances of the development

of an efficient collateral circulation are slight; injury of the vein or of the

collateral vessels likewise favors gangrene. Tissues whose vitality has bcHMi

lowered by general debilitating diseases will, when their blood-suj)[)l3' is dimin-

ished, succumb more quickly than normal tissues. Of the 18 recoveries in

Lejars' statistics only 4 escaped gangrene; of the 63 cases collected by Herzog

33 developed gangrene. It should be recalled that gangrene may not appear

for a number of days after the shutting off of the circulation, and, on the other

hand, that a limb with all the prodromes of gangrene may yet survive in its

entirety or suffer only a limited loss of tissue. As already mentioned, a slowly

forming thrombus with r(>tarded obliteration of the artcny may afford ample time

for the development of an adequate collateral circulation.

Treatment.—^The first indication will be to combat shock if such be present.

Complications likewise will need attention, and they may be of such a nature

as to preclude the possibility of diagnosticating or treating the contusion of the

artery.

As soon as signs of arterial obstruction become evident, no matter what

other measures arc deemed advisable, the limb must be carefully disinfected,

even though there are no external wounds. The nails should be clipped and

cleansed and the part shaved. It should be thoroughly but gently scrubbed

with soap and water, a piece of gauze being used instead of a brush, as the latter

is too harsh. Next, the skin should be washed with warm bichloride-of-mercury

solution and dried with sterile gauze. The limb may now be enveloped in dry

sterile gauze, cotton, or wool, held in j)lace by a lightly applied bandage, as

compression of all sorts nuist be avoided. Slight elevation on two or three

pillows should be secured, in order to drain the limb of venous blood without

embarrassing the arterial circulation. In addition to these measures the part

should l)e kept warm by hot-water bags laid alongside of, but not upon, the

limb. In brief, the indications are to keep the jiart dry, warm, sterile, and

slightly elevated. (langrene may thus be j)revented or, if it should occur, be

forced to assume the drv and circumscribed form.
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With the development of aseptic surgery and the progress which has been

made in the suturing of arteries, more active procedures demand at least con-

sideration. If the pulse alone has disappeared, if there are no signs of impending

gangrene, and if no ha>matoma is present, the above treatment is all that is

needed. A hirmatoma should always be opened, in order to lessen the com-

pression which it exerts on the collateral vessels. If the hsematoma is of large

size, one can never be sure that the artery has not been opened. Hence, in

these cases incision has a double role—to permit evacuation of the blood and to

ascertain the condition of the artery. The clots adhere strongly to and infiltrate

the environing tissues, but the tissues should not be scrubbed in order to remove

the clots. All that is required is to relieve the tension, if the vessel itself has

not been opened and if no other complications are present. If bleeding has

completely ceased we believe it good practice to suture the wound without

drainage, as the latter always predisposes to infection, particularly in bruised

tissues.

On theoretical grounds ligation of the artery above the injured part has been

suggested, in order to prevent the detachment of emboli. If the pulse has

disappeared, indicating complete obliteration of the vessel, we can see no good

reason for carrying out this procedure; if the pulse is still present, although of

lessened force and volume, we believe the chances of embolism should be accepted

rather than completely to suppress the circulation. Personally, we have given

some thought to the possibility of restoring the circulation, after thrombosis

or embolism, by opening the artery, removing the obstruction, and then suturing

the wound in the vessel. This we have tried and we believed that we were the

first to adopt this course. On looking over the literature, however, we find that

we have been anticipated by both Ssabanajew and Lejars.

Ssabanajew's operation was performed in 1S96.* His patient, suffering with

polyarthritis rheumatica, was suddenly stricken with signs of gangrene of the leg

depending upon obstruction of the femoral artery, which was believed to be due to

an embolus. The femoral artery was exposed, but no occlusion was found in the

expected situation. Owing to the desperate condition of the patient, further search

was deemed inadvisable, and the vessel was closed with sutures and the limb

amputated at a lower level. The patient died, nineteen days later, of endocarditis.

Lejars' patient was a man, aged 26 years, who was caught between two cars,

sustaining a severe contusion of the left inguinal region, f Signs of thrombosis

of the femoral artery were in evidence, and the foot became gangrenous. Six

days after the accident the artery was exposed below Poupart's ligament, a soft

black clot was removed, and the wound in the vessel was closed with sutures.

The gangrene progressed, however, and one month later the leg was amputated

below the knee.

Our first case was reported to the Phila. Acad, of Surgery, May, 1907. The

patient was a man, aged 60 years, who had been squeezed between the tail-board

of a wagon and a wall. Over the lower portion of the left abdomen and upper part

of the corresponding thigh was a diffuse swelling due to extravasated blood. The

* Hoepfner, Archiv f. klin. Chir., Bd. 70, S. 417, 1903.

t Bull, et mem. de la soc. de chir. de Paris, 1902, p. 009.
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skin was unbroken and there were no other injuries. Pulsation in the tibial vessels

was as strong and full on the left as on the right side. About twelve hours after tiie

injury-, he complained of severe pain, first in the popliteal space, and later radiating

down the leg to the foot and toes. The pulse disappeared from the tibial vessels

and popliteal arteiy. The femoral could not be satisfactorily palpated because of

the swelling mentioned above. The leg, as far as the knee, was pale and cold, and

the toes and foot were shrivelled. Sensation was present but markedly reduced

in the entire foot and leg. There was no power in the toes, and the ankle could

be flexed only with difficulty. Movements of the knee were unimpaired. The

thigh was warm and apparently in the same condition as on admission. Owing

to the condition of the thigh, the very sudden onset of symptoms, and the seat

of the initial pain, it was believed that a large clot embolus had been swept from

the point of injuiy and lodged at the bifurcation of the popliteal. About twelve

hours after the onset of pain and twenty-four hours after the injury the patient

was anaesthetized with ether, and the popliteal arteiy opened by a small longi-

tudinal incision. There was a slight flow of dark blood, but no clot could be

found. A probe was gently passed up into the artery for about six inches and no

obstruction was found nor flow of blood induced. The wound in the artery was

closed with through-and-through silk sutures and the edges of the skin approximated.

A longitudinal incision was next made over the femoral artery, from just above

Poupart's ligament downward. The sartorius muscle had been ruptured and all

the tissues were infiltrated with dark clots. The vein was uninjured. The artery

was not discolored, but was hard to the touch from Poupart's ligament down to its

bifurcation. Poupart's ligament was severed in order to permit an assistant to

grasp the vessel above the thrombus, and the artery was opened by a longitudinal

incision. After the clot, which was almost black in color and firmly adherent, had

been removed, it was discovered that a calcified portion of the intima, like a valve,

had been turned into the artery from the anterior wall, probably occluding it

one-half. The posterior wall of the artery, although calcareous in places, was

apparently uninjured. The detached atheromatous plate was removed, and the

compression on the arteiy diminished for an instant, in order to wash out any

remaining debris. The arteiy was then closed with through-and-through silk

sutures. The circulation was immediately reestablished, but after the lapse of

a brief period pulsation below the injured point ceased. The arterial stitches

were then removed and the lumen of the vessel was again found filled with clot.

This was removed and the artery resutured. The same phenomena were repeated,

and the hopelessness of securing a patent lumen b}' simple removal of the thrombus

was realized. The injured portion of the artery was therefore excised by a diamond-

shaped incision, with the idea of closing the wound transversely. This, however,

was found to be impossible, and the artery was therefore completely severetl and

each end split on the posterior wall, the flaps thus formed being turned outward

and the segments of the artery united by through-and-through silk sutures, which

brought intima in contact with intima. Although the circulation was again

reestablished, pulsation in the artery below the site of anastomosis had, at the

time when the skin wound was sutured, become ver}^ feeble, and no pulse could

be felt in the tibial vessels. The gangrene, which was of the moist septic type,

necessitated amputation through the upper thigh. The patient recovered from

tin- amputation.
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Our second case was one of embolism.* The patient was a man, aged 61 j-ears,

who was suddenly attacked with severe pain in the right foot, which rapidly

extended to the lower third of the thigh and was accompanied by all the signs of

obliteration of the femoral artery. The foot was shriveled, and the leg purplish

as far as the upper third. Pulsation could not be felt in any of the vessels below

the bifurcation of the femoral. Thirty-six hours after the onset of pain the common
femoral artery was exposed by a longitudinal incision. It pulsated vigorously to

within one inch of the bifurcation. From this point to the bifurcation it was hard,

and below the bifurcation collapsed. The vessel

was isolated, compressed, and opened by a longi-

tudinal incision about one inch long. The throm-

bus was Y-shaped, corresponding to the bifurcation,

the base of the Y being about one inch long and

tapering at the tip. The limb corresponding to

the superficial femoral was half an inch long and

also tapering at the tip. The limb corresponding

to the deep femoral was one inch long and likewise

tapering. The color of the thrombus was dirty-

white, with bright red spots and black blotches,

except the terminal half-inch of the limb corre-

sponding to the deep femoral, which was jet black.

(Fig. 72.) The intima was smooth, although the

vessel wall was decidedly thickened. On removal

of the thrombus blood flowed freely from the pe-

ripheral part of the tleep femoral, but not from the

peripheral part of the superficial. The vessel was

closed with a continuous through - and - through

suture of silk, and over this was placed a second layer uniting the outer coats

only. Pulsation immediately reappeared in the femoral below and in the

popliteal, but not in the tibial vessels. The skin wound was closed without

drainage. After operation pulsation, of about one-half the natural strength,

continued in the popliteal for three days, then began to grow weaker, and finally

disappeared on the eighth day. In the mean time a large vessel on either side of

the patella (superior external articular, anastomotica magna) pulsated more

vigorously as the pulsation in the popliteal became weaker. The pain in the leg

continued, being particularly marked in the popliteal space. The line of demarca-

tion which formed was an irregular oval, the inside reaching to the junction of the

lower with the middle third of the leg, and the outside to the junction of the upper

and middle thirds. In the deeper structures the gangrene ascended to a higher

level. Forty-two days after the first operation the leg was amputated below the

tubercle of the tibia, lateral flaps of equal length being employed. About fifteen

ligatures were necessary, and the bone bled freely on section. The popliteal

artery contained a small clot, and a probe passed up into the artery for several

inches caused a sHght flow of blood.

Since the cases noted above were reported three others have been brought to

light. Handley t attempted to wash an embolus from the left common iliac

artery, twelve hours after its impaction, by passing a ureteral catheter through

* Trans. Phila. Acad, of Surgery, 1907. t Brit. Med. Jour., Sept. 21st, 1907.

Fig. 72. — Thrombus Removed
from Femoral Artery; actual size.

(Dr. Stewart's case.)
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the iirofunda, femoral, and oxteriuil iliac, anil using salt solution. He succeeded

in inducing a flow of blood through the catheter. Death occurred twentj'-four

hours later. Moynihan* removed an embolus from the popliteal artery, sul>

sequently suturing the wound in the vessel. The patient lived four days.

Doberauer t removed an embolus from the axillary artery fifty-two hours after

its impaction. Thrombosis occurred as soon as the vessel was sutured, and

an anastomosis was made between the arteiy and the vein, but whether it

checked the gangrene or not, we are unable to state.

Perhaps the first thought which strikes one after reading the above cases is

the inability, which was encountered in two instances, to locate definitely the

obstruction by the mere symptoms. In our first case we feel sure that the

mistake would not have occurred could we have palpated the femoral artery

itself. It seems that the symptoms are. not caused by the thrombus itself or

even by the sudden impaction of an embolus, but are the result of the arterial

obliteration

—

i.e., of the acute anaemia. Thus, the pain, etc., are referred to

the area from which the blood is shut off and not to the seat of obstruction.

It will be seen, however, that the operation of thrombectomy or embolectomy,

if it may be so called, can be readily performed without danger of secondary

hemorrhage. We believe it to be indicated, particularly when the intima is

smooth, and that to be of value it must be performed as soon as possible after

the arterial obstruction develops. Even though the vessel again becomes

obstructed with clot, this may form slowly and give the collateral vessels a

chance to dilate, thus saving at least a portion of the limb. The chief difficulty

after arteriotomy for thrombosis is to prevent the re-formation of the throml)us,

a difficulty which would not be encountered in dealing with an (^mbolus soon

after its lodgment. A thrombus intimately adheres to the internal tunic and

can be completely removed only with some diflficulty, thereby subjecting the

delicate lining membrane of the artery to further injury. If the artery is simply

opened, the clot removed, and the vessel suturetl, the cause of the thrombosis

—

i.e., the multiple cracks in the intima or the curling up of the internal coats

—

is not suppressed, and the thrombus will quickly re-fonn. There are several

ways in which this may possibly be prevented. If the contusion is sufficiently

limited, the injured portion of the artery may be resected, and the vessel anas-

tomosed by Carrel's techni(jU(\ The advantages of this method over Murphy'?

anastomosis by invagination are quite obvious, as the latter considerably di-

minishes the lumen of the vessel and does not permit of the removal of as nuich

artery as the former. The technique of these operations is given on a later

page. The extent of vessel which may be excised without exerting too nuich

tension on the sutures will vary somewhat with the situation. Thus, in re-

sections near joints, flexion may be utilized to diminish tension, while in other

.situations, particularly where the artery is bound to the surrounding parts by

branches, it will be impossible to effect aiKwsiomosis after the removal of a large

extent of the vessel. Severance of the collaterals for the ])urpose of facilitating

anastomosis would of course be contra-indicated. Kuemmel was able to approxi-

* Brit. Med. Jour., Sept. 28th, 1907. f Prager med. Woch., 1907, No. 33.
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mate the ends of a femoral artery after resecting 5 cm. during an operation for

cancer of the inguinal region, and Ferguson after resecting one inch of the

popliteal for a gunshot wound; in each instance the Murphy method was em-

ployed.

Another method of restoring the circulation after traumatic thrombosis,

which at once suggests itself, is to substitute a segment of a vein for the injured

portion of the artery, a procedure which has already been employed in the

treatment of aneurysm, as we shall have occasion to note when we come to

discuss the treatment of the latter condition. Whether or not the operation

is feasible cannot be definitely stated at the present time. Experimentally,

varying results have been obtained. Hoepfner performed the operation in

animals ten times, a segment of a vein being transplanted to an artery. The
vein at once became twice the size of the artery. The swirling of blood within

it could be seen and, as in aneurysm, this led to thrombosis. Efforts were made
to prevent the dilatation of the vein by doubling it, i.e., by turning one end

back like a cuff and also by suturing the surrounding tissues over it. The
ultimate results were negative, as secondary hemorrhage occurred in one and

thrombosis in all the others. Carrel and his associates have been more fortunate

in the transplantation of vessels in animals. We shall have an opportunity to

speak of this work more fully on a later page.

Whether or not the companion vein may advantageously be employed

for this purpose should depend upon the artery involved. It would be a mis-

take to transplant a segment of the popliteal or the femoral vein to its accom-

panying artery, as, in case of failure, both the arterial and the venous circulation

would be suppressed and the chances of gangrene would be very great. Prol>

ably the best vein to substitute would be the external jugular, although one of

the brachial veins or even the opposite femoral vein might be employed. If

the saphenous vein is sufficiently large it likewise might be transplanted. In

the arm, w^here there are two vente comites, one of these could be selected.

In the neck the external jugular would serve, although interruption of the

circulation in one of the internal jugular veins is not, as a rule, followed by

serious consequences.

Anastomosis of the artery with the vein, either lateral or end-to-end, we

believe to be useless, for the reasons already given when we discussed this

operation for beginning gangrene. If gangrene follows, whether or not the

above operations have been employed, the treatment of this condition will

depend upon its nature and upon the condition of the patient. If it be of the

dry variety and if the patient's condition causes no concern, the measures

indicated above for maintaining sterility, excluding moisture, and preserving

the life of parts of undecided vitality, should be continued until the extension

of the process is known to be at an end, when amputation, with a view to pre-

serving as much of the limb as possible, may be performed. By delay in these

cases parts in which gangrene seemed at first inevitable will often be resuscitated,

and ample opportunity will be given for the development of a collateral circula-

tion, which will permit of conservative amputation. Early amputation is much
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more likely to bo followed by gangrene of the stuin]), unless it be performed at

a high level.

Moist gangrene should he treated on the same general principles, but, if

constitutional ."^yininonis of sepsis ai)i)ear. early amputation will be demanded:

in the acute sjjreading variety immediate amputation well above the dead

and dying tissue is imj)erativc.

Wounds of Arteries.—Wounds of arteries are penetrating and non-penetrat-

ing. We shall dispose tii-st of the latter.

Non-Penctratimj Wounds of Arteries.—Non-penetrating wounds of arteries

involve the outer or the outer and middle coats, but not the intima. Little is

known of the behavior of such wounds, as they do not cause immediate hemor-

rhage nor do they interfere with the circulation. Michaux states that the wound

in the outer tunic widens, but that a hernia of the internal coats does not occur.

It is cjuite probable that a w^ound of the advent itia, in the absence of sepsis,

heals without engendering any imtoward sec|uehe. If, however, septic micro-

organisms lodge in the wound, an ulcerative process may be inaugurated which

will finally perforate the wall of the artery and result in secondary hemorrhage.

Section of the internal and middle coats is a more serious accident, although

this statement cannot be supported bj^ accurate clinical facts.

Experimentally, an incised wound of the outer coats produces a cicatrix

which is more solid and resistant than the artery itself. Most clinicians belie\T,

however, that scar tissue here as elsewhere may gradually yield under constant

pressure ami give rise, after a longer or shorter interval, to an aneurysm. Thus

is explainetl the arteriovenous aneurysm following phlebotomy, in which no

signs of injury of the artery are in evidence. That hernia of the internal coat

and rupture of the vessel may follow such accidents we believe quite possible,

but here again we can give no authentic cases to fortify our opinion. When a

secondary hemorrhage or an aneurysm follows a wound in the neighborhood of

an artery one cannot be sure that all three coats were not wounded at the time

of the accident and that the aperture was closed by a clot. Guthrie is said

to have seen the carotid rupture eight days after a wound of the two outer coats.

PeuetratifKj Wounds of Arteries.—Penetrating wounds of arteries may be

l)unctured, inci.sed, lacerated, and contused (ruptures, most gunshot wounds).

1. Punctured Wounds.—Punctured wounds, when produced by very fine in-

struments, such as intestinal needles, cause but little hemorrhage, which is easily

and jK-rmanently controlled by j)ressurc applied for a few minutes. Woimds of

this nature have been repeatecjly made in the suturing of arteries, the tapping of

aneurysms, etc., and their iniiocuousness has been fully confirmed. Punctures

of a larger size are either incised or lacerated wounds, according to the natur(>

of the vulnerating in.strument. Although there is almost always an external

wound, such is not absolutely essential. Colics* reports a death from a punctured

wound of the aorta due to a fish bone which liad l)een swallowed the previous

day. Nolan relates a somewhat similar case, the aorta being wounded by a

sewing needle which had been swallowed by a lunatic. Rokitansky contributes

* " Intiinritional llnov. of Surj:.." vol. ii., p. 500.
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a case in which the point of an inhaled dart pierced the innominate artery*

Punctures by osseous spicules from fractures are not frequent. Lidell cites

a case in which the subclavian artery was punctured by a sharp fragment

of the adjoining first rib, which had been fractured by a bullet. Occasionally an

artery may be perforated by a sharp spicule projecting from a sequestrum.

AVe have seen one case of this character in which the popliteal artery was

wounded by a sequestrum from the lower end of the femur. Avascular per-

forations due to foreign bodies are more often secondary to ulcerations.

Poulet t collected 33 cases of ulcerative perforation of large blood-vessels by

foreign bodies which had emigrated from the oesophagus. In 17 the aorta

was involved, in 4 the common carotid, in 2 the vena cava, in 1 the inferior

thyroid, in 1 the right coronary vein, in 1 the vena azygos, in 1 the right sub-

clavian artery, in 1 the oesophageal arteries, in 1 the pulmonary artery,

and in 4 the arteries injured were unknown, owing to the absence of a post-

mortem examination. WTien complicated by an external wound punctured

wounds of arteries may be inflicted by any form of narrow object—as, e.g.,

scissors, trocar, needle, knife, dagger, sword, bayonet, tenaculum, stone, splinter,

etc. Small shot likewise may produce a minute opening in an artery.

The finest punctures may be followed by no hemorrhage. Theoretically, the

tissues of the artery are separated without being wounded, and when the instra-

ment is withdrawn they resume their normal place. This explanation is, of

course, not absolutely correct, as there is some microscopic destruction of the

tissues, but the elasticity of the arterial wall serves to close the wound im-

mediately. A punctured wound produced by an instrument as large as an

intestinal needle causes slight hemorrhage, which ceases after compression for

a minute or two, or spontaneously after a slightly longer interval. Punctured

wounds of larger size generally continue to bleed, but occasionally the hemor-

rhage ceases spontaneously. J. L. Petit, over one hundred and fifty years ago, set

forth the mechanism of ha^mostasis in these cases, and his explanation must still

be regarded as sound. Owing to the small size of the wound and frequently to

the compression of the environing tissues, a clot can form which seals the artery.

The clot is shaped like a tack or the glass stopper of a bottle. The body of the

tack fills the wound but does not extend into or interfere with the blood current.

The head of the tack, or the flange of the stopper, is broad and contracts very

firm adhesions with the exterior of the artery and the neighboring tissues. If

the puncture is oblique, so that the wound in the external tunic does not exactly

overlie that of the internal tunic, and particularly if its direction is with instead

of against the blood-stream, coagulation is greatly facilitated. In some of

these cases the arterial tunics may be slightly separated by infiltrated blood.

This plug of coagulum is but a pro^dsional haemostatic agent. It may be dis-

lodged at a later period, giving rise to recurrent or secondary hemorrhage.

Definitive hsemostasis is due to the cicatricial tissue which displaces the clot,

the latter being gradually absorbed. The cicatrix thus formed yields, in not a

few cases, after weeks or months and gives rise to an aneurysm.

*Agnew's "System of Surgery." f "Traite des corps etrangers en chirurgie."
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2. Incised ^^'()Ulu^s.—Incised woinuls of arteries arc of frequent occurrence.

They may be caused in many different ways, but are most frequently the result

of knife wounils. inflicted accidentally or by design. Numerous incised wounds

involving the vessels are produced by glass, notably in the upper extremity.

Sharp spicules of bone resulting from fractures or necrosis likewise may make a

clean cut in an artery. In motl(>rn wars injuries by cutting instruments are

uncommon, but freiiuently the wound caused by the present-day army bullet

is of an incised nature. AA'ounds in this class, owing to the smoothness

of the section, i)resent few points for the beginning of coagulation and no

obstacles to retard tlu^ flow of blood; hence the bleeding is more profuse

than in wounds of other varieties, and spontaneous hsemostasis is much less

frcfiuent. At the same time, owing to the absence of contusion- and to the

limited destniction of tissue, such wounds heal with great rapidity if their

edges are approximated.

Incised wounds cause complete section or incomplete section of a vessel

according to whether the circumference is wholly or partly divided.

In the case of a comjolete division, when involving a large superficial artery

{e.g., the femoral or the carotid) and comnumicating freely with the exterior,

a fatal result generally follows in a few minutes, unless immediate aid is at hand.

If, however, the vessel be of a smaller size and be deeply situated, particularly

if the wound through the superficial structures be narrow and oblique, spon-

taneous cessation of hemorrhage may follow.

Si)ontaneous arrest of hemorrhage is described under two headings—the

provisional or temporary, and the definiti\-e or j:)ermanent.

Provisional Spontaneous Ha^mostasis.—Provisional spontaneous h^emo-

sta.sis depends upon the closure of the orifices of the severed artery with clot,

the formation of which, among other factors to be mentioned later, is facili-

tated by the lessened force of the heart's action as a result of aniemia of the

cerebral centres and by the progressive increase in the coagulability of the

blood consecjuent upon the hemorrhage. Owing to the inherent elasticity

of an artery its ends retract within its sheath inunediately after the section.

At the .same time the circular nuiscular and elastic fibres contract and dimin-

ish the calibre of the vessel as far as the fir.st collateral branch. The inner

surface of the sheath, which lies exposed between the ends of the severed ves-

.sel and over which the escaping blood must flow, is composed of fibrous tissue

rather than of endothelial cells, and hence lacks the smoothness of the intima

and presents numerous minute eminences which favor clotting. The same

is true (if tlw (•ii\iroMing tissues into which the blood infiltrates. The clot

thus JK'gun increases in size with the diminution of the blood-pressure until

finally it completely fills the sheath and covers the ends of the vessel. This

external coagulum bromes sufficiently fimi to resist the blood-pressure, and

gradually, by successive deposits of fresh clot, i)enetrates the lumen of both

ends of the vessel, thus forming the internal coagulum. The latter is conical in

fonn, with its base at the wound, and extends, in the proximal .segment, as far

as the first collateral branch, thus vaiying in length. In the distal segment
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the internal coagulum is always smaller. Bleeding checked in this manner may
recur as the result of increased blood-pressure, movements of the patient, or

softening of the clot from infection, or the hsemostasis may be peraianent.

Definitive or Permanent Spontaneous Hiemostasis.—Definitive or perma-

nent spontaneous haemostasis consists in the displacement of the clot by fibrous

tissue, and is practically identical with the process of repair elsewhere. The

clot becomes firmly adherent in the region of the wound, but may be easily

separated from the intima at other points. The vasa vasorum in the walls

of the artery dilate, and leucocytes immigrate into and gradually devour the

clot, which is thus removed. At the same time the intima becomes covered

with granulations which increase in number and finally replace the clot. This

granulation tissue is vascularized by new vessels springing from the vasa vaso-

rum, and is in time transformed into firm cicatricial tissue, which contracts

and renders the end of the vessel more or less pointed. The changes are said

to be less marked in the distal end of the severed artery, probably owing to

the smaller clot present and the diminished blood supply; at all events, sec-

ondary hemorrhage is more frequent in this situation.

Incomplete section of an artery, or a lateral incised wound, may be longi-

tudinal, transverse, or oblique. Longitudinal wounds of small size have the

same features and behave in the same manner as punctures. When more

extensive they gape, particularly in the middle, but to a much less degree than

transverse or oblique wounds. The first accurate study of spontaneous healing

of wounds of this character was made byN. Schultz,* who produced longitudinal

incisions, 1 to 4 mm. long, in the large arteries of dogs, and then sutured the

wound in the skin and muscle or only in the sheath. In most instances healing

quickly occurred. The wound was at first plugged with a clot, convex outside

and convex inside, which partly closed the lumen of the vessel and extended

some distance centrally and peripherally. It was found that during the first

five days the clot shrank, and that it was finally absorbed from within, so that

there remained only a slight outward bowing of the lumen, formed by granula-

tion tissue. On the inner side of this sac were found thick endothelial cells, and

later the granulation tissue gradually became transformed into fibrous tissue.

Wounds of from 1 to 1.5 mm. long were closed by fibrous tissue in eight days,

and larger ones (2 or 3 mm. long) in from fourteen to twenty days. In prepara-

tions from fifty to one hundred and fifty-five days old it was difficult to find the

wounded place. Under favorable circumstances small longitudinal wounds of

large arteries may heal spontaneously, but there is always danger of subsequent

aneurysmal dilatation.

Small transverse wounds become rounded, owing to the longitudinal elasticity

of the artery, and may be regarded as punctures. Larger transverse wounds

become oval or oblong and appear as if button-holed, so that permanent spon-

taneous haemostasis occurs much less frequently than in complete sections. If

the section involves more than half the circumference of the vessel natural arrest

of bleeding is very rare indeed unless the ends of the vessel are joined by the

* Deutsche Zeitschr. f. Chir., Bd. ix., 1878.

VOL. VII.— 15
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sniallcst shred of tissue, when bleeding may cease in the manner already indicated

for complete transverse wounds.

Oblique wounds re(iuire no si)ecial description. They approach in behavior

the transvei-se or the longitudinal wounds, according to the degree of obliquity,

and, generally sjieaking, are less dangerous than the former and more dangerous

than the latter.

3. Lacerated and Contused Wounds.—Lacerated wounds of arteries are those

whose etlges are more or less irregular and frayed; practically, there is almost

always some amount of contusion present. These wounds are caused by tearing

or crushing, or by some other form of blunt violence. A spontaneous ruj^ture

of an arteiy also causes a lacerated wound. Like punctured and incised wounds,

lacerations of arteries may or may not be accompanied by an external wound.

Some authoi-s class the latter as ruj^tures, which they describe under a separate

heading, together with partial ruptures—i.e., ruptures of the internal or in-

ternal and middle coats. We believe that complete ruptures, which, from a

clinical standpoint, are always lacerations, should be studied under this head-

ing, while partial ruptures, or contusions as we prefer to call them, demand a

separate consideration.

(a) Lacerated wounds caused by tearing are best seen in those cases in which

a limb is avulsed from the body by machinery. Tearing is partly responsible

also for the vascular injuries sustained in some crushing accidents, in injuries by

explosives, and in ruptures due to dislocations or attempts to reduce dislocations.

^^^len a limb has been torn from the body, the hemorrhage is often slight, and

frequently the main arter}^ of the limb can be seen hanging from the wound,

throbbing \A-ith each pulsation of the heart, but without permitting the escape of

blood. In such cases the artery is drawn upon until it snaps in two. The

inner coats yield first and contract and curl up within the vessel, while the

adventitia hangs over the end like a veil, sometimes in a twisted form. Bleed-

ing, however, is occasionally excessive, and death may occur in a few moments

from this cause. Injuries of this character produced by explosives seem to

have a greater tendency to bleed than those caused by machinery.

(b) Gunshot wounds of arteries caused by the leaden bullet are almost

invariably lacerations, although when produced at close range {i.e., when the

bullet is moving at a very high velocity) the wounds approach in appearance

those caused by sharp instruments. In one gunshot wound of the brachial

artery which we examined very carefully and in which a portion of the wall had

l)een carried away, the wound was as smooth as if made with a sharp knife.

The modem bullet, a.s we have already noted, may cause a wound with clean-cut

lK)rdei-s, one which has, aside from some slight contusion, all the characteristics

of an inci.^ed wound. Either form of wound may cause a comj)lete or an incom-

l>lete division of the vessel. Perforation

—

i.e., a wound i)assing through the

artery but leaving a j^ortion of the wall on each side intact—can occur only in

the largest arteries {e.<j., aorta, carotid, iinioniinate, subclavian, iliacs, and

femoral).

The leaden bullet is that witii wiiieh the civil surgeon has to deal, and in
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ci\dl life gunshot wounds of the arteries are not of frequent occurrence. Atten-

tion has ah'eady been drawn to some of the reasons for this fact. (See Contusions

of Arteries.) In order to open an artery it is generally necessary for the leaden

bullet to strike the artery directly while it is moving at a great velocity; othenvise

a contusion rather than a wound results. Thus, if the bullet has already traversed

bone, or if the velocity has been lessened by other means, the artery, even if

in the track of the bullet, will probably escape laceration. In the War of the

Rebellion primary lesions of the blood-vessels were reported in only 485 instances,

and primary hemorrhage in only 110 out of the total of 245,790 gunshot injuries.

This does not include arterial lesions in association with other grave injuries, nor

the cases in which the victim died on the battle-field. Lidell estimates that

more than fifty per cent of the latter died from hemorrhage.

Complete lacerations by the leaden bullet behave much like those due to

other causes and, o\\'ing to the contraction and retraction of the vessel, hemor-

rhage may cease before a fatal amount of blood is lost, but the injuries are not so

favorably disposed for spontaneous hsemostasis as those caused by avulsion.

Moreover, the wounds are often infected, and, unless the vessel is peraianently

secured by a ligature, secondary bleeding is very prone to occur.

Incomplete lacerations are more frequent and more dangerous than complete

lacerations, as the wound gapes widely and the vessel cannot retract within its

sheath; nor is curling up of the internal coats likely to occur. If the wound

freely communicates mth the exterior or ^\'ith one of the large cavities of the

body, death soon occurs, unless artificial means are adopted to control the

bleeding. If the wound in the soft parts is deep and narrow the bleeding may
temporarily cease, as the ragged walls of such a wound offer numerous obstacles

to the flow of blood and encourage clotting. A similar result may be obtained

when the wound in the vessel is plugged by the bullet, by particles of clothing,

by a fragment of bone, or by a bit of lacerated tissue. In some of these instances

an internal clot may be fomied and the bleeding be checked pemianently, but

such is of rare occurrence, and recurrent hemorrhage follows from dislodgment

of the clot or other material which is restraining the bleeding, or, at a later period,

secondary hemorrhage occurs from septic softening of the clot or sloughing of

the devitalized arterial walls. If the wound has been closed bj^ packing, suturing,

bandaging, muscular contraction, or the sliding of one plane of tissue upon

another, external bleeding may not be noted, although the vessel continues to

leak, thus foiTning a diffuse traumatic aneurysm. A similar result follows when

the clot which is occluding the wound in the artery gives way after the external

wound is healed.

As the result of experimental studies on the cadaver, in which the arteries

are empty and of diminished elasticity, thus favoring wounds, it was thought

that the modem amiy bullet would invariably sever an artery if it were in the

line of fire and that primary hemorrhage would occur much more often than with

the old bullet. In recent wars, however, primary hemorrhage does not seem to

have been very frequent; indeed, reports generally state it to be rare or extremely

rare. Of fourteen hundred wounded in the Santiago campaign not one died of
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I'xtciiial l)lt'(•(li^^^ The vt':?scls aiv, of course, less likely to be injured b}- a

sinail-ealibre bullet than by one of large calibre. Most observers agree that a

ves.sel cannot escape injury by being pushed aside. Owing to the sterility of

the wt)und inflicted by the modern bullet and to improved wound treatment,

infection and secondary hemorrhage are seldom seen. For the same reasons

aneurysm will Ix- more freiiuently encountered.

"Experiments on the cadaver afford very uncertain evidences as to the

probable amount of hemorrhage to be expected from wounds with the small-

calibre rifle. Nevertheless, experience thus far obtained from recorded cases

in li\ing subjects tends to show that the old saying, 'gunshot wounds do not

bleed.' has been but little affected by the recent changes in weapons. In past

wai-s an average of about one jier cent of those wounded in battle have come

under treatnuMit with serious injury to blood-vessels; but, considering the

smaller calibre and the fewer complications from lodgment and deformity with

the new bullet, in future this percentage should be reduced. Partial division

of vessels, however, where hemorrhage is most free, appears to be no less frequent

wit ii the new bullets than with the old. Primary hemorrhage in gunshot wounds

usually ])resents one of two extremes: It is either very serious and, if not

arrested, promj)tly fatal; or it is slight and easily controlled by compress and

bandage; or it is practically absent. Slow, continuous hemorrhage rarely

occui-s except from certain wounds in the abdomen, liver, and lungs, where

the conditions for its spontaneous arrest are unfavorable. When a vessel

of large size is opened, fatal hemorrhage usually follows before any surgical

aid is available; while smaller ones usually close spontaneously from con-

traction and c<jagulation, which light compression favore. All wounds bleed

more or less for a time; but primary hemorrhage of a grave character will,

no doubt, continue to be rare among those who come under treatment on

the battle-field. 'Hemorrhage as met with in military practice will ordi-

narily be secondaiy, occasionally intermediary, almost never primary.'"

(Conner.)

Ill wounds from artillery missiles and in lacerations by fragments of bone,

blood-\'essels of large size may l)e torn and lie for some time in a state of local

sh(jck, without immediate bleeding; but delaj'ed hemorrhage in such cases is

very frequent. Among l,10o of the Japanese wounded, Haga found 12 cases of

troublesome hemorrhage, all of which resulted from artillery missiles, and in all

the hemorrhage was more or less delayed. Hemorrhage may be temporarily

arrested by a fragment of bone or a piece of bullet lodging in the wound in the

wall of a blood-vessel, and then it is likely to break out when the foreign body is

displaced during transportation of the wounded or when it is removed by the

surgeon. In some rare instances the coats of a blood-vessel have been contused

by a passing missile, so as to result in necrosis and subsequent hemorrhage or in

aneurysnj. "Secondaiy hemorrhage in gunshot, as in other injuries, results

from suppuration, which will rarely ajipear before the wounded are in the

hospital. One great advantage from the introduction of the new bullet is that

wounds made by it are less liable to infection and suppuration, with all the
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consequences which follow such a grave complication, including secondary

hemorrhage." (Forwood.)

]\Iichaux * gives the following resume of the effects of the new projectile in

producing arterial wounds:—''(1) Lateral or incomplete wounds are clean-cut

or very slightly lacerated, and vary in diameter from one-sixth to two-thirds of

the calibre of the projectile. All the tunics are sectioned at the same level and

there is no trace of curling up of these coats within the vessel. (2) Perforations

can exist only in the largest arteries. The orifice is generally double, except in

cases in which the projectile or particles of clothing which have been carried

into the wound lodge against the posterior wall and act as a temporary obturator.

Both openings are almost always clean-cut, gaping, and rounded, and are in

diameter the size of the projectile. The three tunics are cut neatly without

infolding of the media and intima. (3) Complete divisions are most often seen

in the smaller arteries or in those of medium calibre. As Chauverl indicates, the

section is very frequently of an incised nature on one side and lacerated on the

other. Incurling of the internal tunics is never observed, but these membranes
present transverse lacerations such as are found in contusions. A\'hen the vessel

which has been carried away by the projectile has been solidly fixed at some

distance from the point of injur}^, the wound is identical with that occurring in

avulsion accidents. In ricochet shots the bullet may be deformed, and always

moves with a much diminished velocity; hence the wounds are much like those

caused by the leaden bullet, even to the liability to infection." (See also the

article on "Gunshot "Wounds" in Vol. 11.)

(f) Crushing injuries, such as are frequently seen after run-over and machinery

accidents, generally produce contused and lacerated wounds of arteries. The
inner coats are curled up within the vessel while the external coat is drawn out.

Hence grave primary hemorrhage is rare, but reactionary bleeding the rule,

unless the ends of the vessel are permanently secured. The mechanism is much
like that of ligation, the inner coats yielding before the outer. Occasionally

the section is clean, the coats are severed at the same level, and the wound
resembles one produced by a sharp instrument.

(d) Lacerations of vessels by fractures and dislocations are much more

uncommon than one would imagine from the intimate relations of the vessels

and bones in many parts of the body. ]\Iention has already been made, in the

preceding pages, of other forms of vascular injury produced by fractures.

Lacerations of vessels caused by the same force {e.g., bullets, etc.) that produces

the fracture are, of course, of frequent occurrence, and this fact need not be

further emphasized.

Lacerations caused by the fracture itself are more often complete than

incomplete. Gurlt collected 25 cases of arterial injury in fractures, 5 of which

died; of the remaining cases amputation was necessary in 10. Although we
have had the unusual opportunity of observing a large number of fractures,

we have never seen a laceration of a large artery due to the fragments themselves.

Turner -j- has recorded a case in which death followed rupture of the intercostal

* Duplay and Reclus, tome ii. f "International Encyclopedia of Surgerj'."
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artery the result of fracture t)f the eighth rib. Several cases of laceration of

the iliac vessels the result of fracture of the pelvis have been reported. Fractures

of the clavicle are more likely to injure the vein than the artery, as the former

is protected in part of its course by the scalenus anticus. Taylor* has collected

five cases of wounds of the subclavian artery the result of fracture of the clavicle.

Four arose in connection with fractures produced by direct violence and one

from a fracture produced by indirect violence. Taylor reports also one case in

which the innominate artery was supposed to have been injured. Gallois and

Piollet t collected eleven cases of simple fracture of the clavicle complicated by

lacerations of the large blood-vessels. The subclavian vein w^as involved six

times, the subclavian artery three times, and the internal jugular vein twice.

Death followed in eight instances. Skey anil Laurent both cite cases in which

the brachial artery was lacei-ated by a sharp fragment of a broken humerus.

Several instances of laceration of the femoral artery due to the fracture of the

femur may be found in the literature. The lower the fracture the greater the

liability to injury of the vessels. Packard mentions eleven cases and Nepveu cites

more than fifty cases of injury to the various vessels in fractures of the bones of

the leg. ^'on Bergmann | has recently reported two cases of fracture of the tibia

with rupture of the popliteal vessels. Brunn § cites a number of cases of injuries

to vessels as the result of epiphyseal separation, particularly of the lower end of

the femur. The dislocations in which injury to the vessels is most likely to occur

are those of the shoulder and those of the knee. In the fonner most of the vas-

cular lacerations have been caused, not by the dislocation itself, but by attempts

to reduce the dislocation. Hamilton gives the histories of eighteen cases of dislo-

cation of the shoulder in which, during attempts at reduction, the axillary artery

was ruptured, two in which the artery and vein were ruptured, and two in which

the vein alone was ruptured. Guerin is said to have torn the arm from the body

in an attempt to reduce a dislocation of three months' standing in a woman aged

sixty-three. Hessmann
j|
has recently reported a case in which the axillary

mptured in a shoulder dislocation. The accident is most likely to occur in

cases in which the arteries are di.seased, and consetpiently gangrene is very apt to

follow. \"on Bergmann re] )orts five dislocations of the knee with rupture of the

popliteal vessels, in all of which amputation was demanded. One should recall

the possibility of tearing the main vessels when forcibly breaking up adhesions

for ankylosis, iiarticularly in the shoulder and. knee. According to Quincke

arteries may be rupturetl by a severe concussion of the whole body, such, for

instance, as is caustnl by a fall from a height.

Wounds of the aorta are. as a rule, rai)idly fatal, and hence seldom come
under surgical treatment. "During the Civil War no wound in the aortic arch

or in any pai't of the thoracic aorta lived long enough to receive hospital treat-

ment ."
( Lidell. ) This is not always the case, however, as the histories of many

ca.ses show. Lidell cites a case in which the abdoiuiual aorta was injured by a

* .Annals of SurKory. v<jI. xxxviii., p. (IK). f Revue de chir., July and August, 1901.

X Centralblaft f. Chir., m)'}. p. 147. § Bcitraege zur klin. Chir., Bd. lii.. p. 5'J4.

II
Centralblatt f. Chir.. \'.HH\. p. l.-)2.
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conoidal ball, the patient surviving forty days. From the same authority we

quote the following:
—"Guattini records the case of a man who survived an

incised wound of the arch of the aorta eight years. Pelletan relates the case of a

man who lived two months after a puncture of the aorta, near its origin, by a foil.

Heil details a case in which the patient lived twelve months after receiving a stab

in the ascending aorta. Green publishes an account of an autopsy held on a man
stabbed, a month previously, in the aorta near its origin, with a nan'ow blade.

In the Journal de Mcdecine is a similar history of a man who lived six days.

Lerouge inserted in Saviard's 'Observations Chirurgicales/ which he edited,

an account of a similar case, the patient surviving eleven days. Legouest quotes

a unique instance of recovery from punctured wound of the aorta, the cicatrix

having been verified a year subsequently, at the autopsy, after the occurrence

of death from pneumonia. Demme saw a young Austrian perish from secondary

hemorrhage four weeks after the reception of a gunshot injury of the descending

part of the thoracic aorta. Cases of rupture of the aorta from external violence

have been recorded by Morgagni, Laurencin, and St. Leger, and a specimen of

this lesion is preserved in the museum of St. Bartholomew's Hospital. There

is also a preparation, by Professor Theile, in the ^luseum of Pathological Anatomy

at Berne, showing a laceration of the arch of the aorta, which was not fatal until

several months after the accident." (Lidell.) Bretano * reports a perforating

gunshot wound of the aorta by a 7-mm. bullet. Laparotomy showed a small

retroperitoneal ha?matoma, which was not disturbed. The patient died at the

end of seventy days from secondary hemorrhage from the liver. The autopsy

showed that the aortic wound had been closed. Its presence had not been

suspected at the time of the operation. The cases cited above show that wounds

of the aorta are not without the sphere of the surgeon, and that their repair

by artificial means is a possibility. Doubtless surgeons in the near future will

have the courage to attack wounds of this character and attempt their closure.

Indeed, this has already been done for a wound accidentally made during the

removal of a retroperitoneal sarcoma, an opening 1 cm. in length being closed

with silk sutures. The patient died several hours later, but the sutures had

held and no leakage had occurred. f Traumatic ruptures of the thoracic aorta

have recently been studied by Revenstorf J who reports six cases. As the

result of experiments on animals he concludes that the aortic wound is really

due to bursting. The sternum is forced back against the vertebral column,

and it so compresses the aorta that it bursts at a higher point. In other cases

the heart is forced to the left and the lung upward, so that the compression is

made on the left bronchus. In these cases the vessel yields, not so much from

the rise in blood-pressure as from a tearing of the aorta. Morgagni saw a case

in which the descending aorta had been ruptured by a blow on the back.

Instances of rupture of most of the abdominal vessels in contusions of the

abdomen have been reported. Legouest observed a laceration of the aorta

*Centralblatt f. Chir., 1906; Beilage, p. 39.

t De Page, in Revue de chir., Nov., 1906, p. 619.

J Mittheilungen aus den Grenzgebieten der Medicin u. Chirurgie, Bd. xiv., p. 4.
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above the promontory of the .<acruiii rc^^ultillg from the kick of a horse. Sev-

eral eases of ruptm-e of the innominate and of the subclavian, which lived for

clays after the accitlent, are to be found in the literature.

Subcutaneous rupture of the axillary artery is fatal in more than two-thirds

of the cases, according to Lidell. He mentions one case, reported by Pelletan,

in which the artery ^^a\v way, in consequence of overstretching, from hanging

by the hands, to relieve rheumatism. LicU^ll mentions also a rupture of the

femoral artery caused by a violent muscular effort, a rupture of the external

circumflex from a blow against the corner of a table, and a rupture of the anterior

tibial from the blow of a spade, without any corresponding breach of the integ-

uments.

Symptoms.—^The symptoms of arterial wounds are general and local.

The general symptoms are those of acute ana}mia. The skin and nuicous

membranes become progressively paler from the loss of blood. The expression

is at fii"st one of fright and api)rehension, and toward the end there is a vacant

stare. The skin is cooler than normal and generally, but not always, clammy

from perspiration. The temperature, as a rule, sinks lower and lower until

death occurs; occasionally, however, it remains at or near normal, particularly

when the bodily heat has been maintained by external warmth. The pulse is

small, dicrotic, and rapid, and its tension falls until it finally becomes imper-

ceptiljle. We have seen one case, howcn-er, in which death occurred from

hemorrhage about twelve hours after a rupture of the liver, but in which the

pulse, although weak and exceedingly compressible, never exceeded one hundred.

The respirations increase in frequency and become sighing or gasping in char-

acter. The patient complains of lack of air anil begs in a feeble voice that

the window be opened. (Air hunger.) Owing to anaemia of the brain there

are roaring or humming sounds in the ears, a mi.st or darkness before the eyes,

sometimes with strange colored spots or flashes of light, general disturbance

of .sensation, attacks of fainting, vertigo, and occasionally couAailsions. The

mind is at first clear and the patient is anxious and restless, and, perhaps more

often than in any other condition, he realizes the extreme gravity of the sit-

uation and the danger of impending death. At a later period the mental

faculties are benumbed and confused and coma finally sui)ervenes. Owing

to the loss of fluid from the vessels, thirst is often a prominent and harassing

symptom. The eyes are glassy and the pupils dilated and tardily respon-

sive to light. The haemoglobin is said to be greatly diminished in amount.

We have had the blood examined in only one case of grave internal hemor-

rhage, and in this instance the luemoglobin was above the normal. The tiuth

is, that the loss of luemoglobin does not make itself apjiarent in the ordinary

blood examinations for at least several hours after such loss; hence is not to be

relied iii)on for diagnostic purposes in suspected acute internal bleeding. The

above symptoms vary in intensity with the amoimt of blood lost and the rapidity

with which siich loss takes place. When the bleeding is so sudden and violent

a.'? to be mortal in a few n)inutes, the face suddenly becomes livid, or deathly

pale, with a greenish or bluish tinge; the li|)s are dark in color and the pupils
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widely dilated; the breathing is suddenly hurried, then long and gasping; the

limbs toss to and fro, and death occurs with a convulsion or with general twitch-

ing of the muscles.

When the bleeding is more gradual,

—

i.e., extending over a number of days,

—

the patient is slowly exhausted. Syncope attends the slightest exertion, and

not infrequently nausea or vomiting accompanies recoveiy from the fainting

attacks. The face grows thin and pale, and oedema of the extremities appears.

The pulse is soft, rapid, jerking, the arterial tube being too large for the small

amount of blood which it contains. Anaemic murmurs are detected over the

heart.

Loss of half the blood contained in the circulatory apparatus is said to be

almost invariably fatal. The amount of blood, however, which is necessary

to flow from the vessels in order to produce death varies greatly w^th the in-

dividual and the duration of the bleeding. A sudden loss is not so w^ll tolerated

as a gradual leakage, and very young or very old individuals, as well as those

whose general condition is depressed from disease, succumb more quickly than

young healthy adults. Women are said to bear the loss of blood better than

men.

After the bleeding has been controlled the blood pressure gradually rises,

owing to the contraction of the blood-vessels and the passage into the circulation

of a large quantity of lymph. The lymph carries wdth it hordes of leucocytes,

and hence leucocytosis persisting for several days is commonly observed after

the loss of a large quantity of blood. A rise of temperature, sometimes continu-

ing for many days, is also of common occurrence, and is, we believe, much
more frequent and of higher range in those cases in which considerable blood is

allowed to remain in the tissues to be absorbed. The temperature in these

cases is often irregular and may be interpreted as indicative of sepsis.

We have twice observed, after serious intra-abdominal hemorrhage, the

appearance of blood in the urine, although the genito-urinary apparatus was

in no way concerned with the condition causing the bleeding.

The local symptoms of arterial wounds maj^ be studied, from a clinical

standpoint, according to whether the blood escapes externally or is retained

in the tissues or one of the cavities of the body—in other words, according to

whether the hemorrhage is external or internal.

Arterial wounds communicating with the exterior by a large wound offer

the best example for the classical description of arterial hemorrhage. The blood

is bright red or scarlet in color, and is thrown from the vessel in jets synchronous

with the systole of the heart. The stream does not intermit, however, between

the jets, but simply remits

—

i.e., the volume of the stream is greater and the

blood is thrown with more force at each ventricular contraction. In bleeding

from the largest arteries a distinct hissing sound is usually heard. The bleeding

is not confined to the proximal orifice of the vessel alone, but the blood from

the distal orifice is apt to be darker in color and to flow in a more even stream.

In many parts of the body, notably in the regions of the palmar or plantar

arches and in the neck, the distal segment of the artery may bleed with almost as
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much vigor as the proxhnal, the blood issuing in jets in the same maimer. The

volume and force of the jet vary with the size of the vessel injured, and become

less marked with the continuance of the bleeding. Owing to the disposition

of the soft parts about' the vessel or to the depth of the latter, the pulsatile

character of the bleeding is frequently lost. Pressure on the artery between

the wound and the heart arrests the bleeding, unless the peripheral segment of

the vessel is liberally supplied with collaterals. Pressure on the artery distal

to the wound increases the bleeding if the wound is incomplete, but has no

influence upon the hemorrhage if the artery is completely divided. The pulse

below the wound is absent if the section is complete, and diminished if it is

incomplete. Pallor, loss of heat, and diminished sensation are occasionally

observed in the limb beyond the woimd, but gangrene seldom occurs when the

blood has a free exit through the skin. The conditions under which primary

or innnediate hemorrhage does not occur have been mentioned above (crushing,

tearing, etc.) . In most cases of wounds of large arteries, excluding those produced

on the operating table, the primary hemorrhage has ceased spontaneously or

has been stayed by dressings or a tourniquet before the patient is seen by the

surgeon. Unless definite means are taken to secure the wounded vessel the

increa.sed blood-pressure coincident with reaction from shock may be sufficient

to drive the obturating clot from the vessel and cause a reactionary or recurrent

hemorrhage. Such hemorrhage may be caused also by movements or efforts

on the part of the patient, by exploration of the wound, by the removal of

foreign bodies which temporarily plug the opening in the vessel, etc. Inter-

mediary hemorrhage may be caused likewise by the shpping off, untying, break-

ing, or cutting through of a ligature.

Secondary hemorrhage occurs after reaction has been fully estabhshed and

is almost invariably due to sepsis; indeed, Delbet suggests that it be called

septic hemorrhage; but occasionally, in the largest blood-vessels, it is caused

by the cutting through of a ligature or some similar accident. Secondary

hemorrhage is called (Vemblce (Legouest) when there has been no primary

hemorrhage, and consecutive when there has been a primary hemorrhage. The
peripheral orifice of the vessel has the worst reputation in respect to secondary

bleeding, as it is here that the clot forms more slowly and is less dense. Of

3,245 hemorrhages occurring in the Civil War, 3,135 were secondary, and more
than three-quartei-s were noted as occurring in the extremities. Secondary

hemorrhage may occur at any i)eriod, but is most fre(iU(Mit during the second

and third weeks, and especially about the end of the second W(>ek. After the

tliird week secondary bleeding is unconinion, but has been observed even during

the second and third months. If the vessel has not been secured at the time

of accident, secondary l)leeding may be due to a septic softening of the internal

clot. In other instances it is duf; to the sloughing of a portion of the arterial

wall, which has been badly contused, to the fact that a ligature, a si)icule of

bone, or a foreign body, ulcerates into the artery, and occasionally to the

extension of an ulcerative i)r()cess from the surrounding tissues. Since the

advent of antisepsis seeondary hemorrhages have become rare, and sucii lengthy
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discussions of this subject as are found in the older works on surgery are no

longer needed. While reactionary has the same general features as primary

hemorrhage, secondary hemorrhage frequently manifests itself in a somewhat
different manner. Thus, it is generally accompanied by septica?mia or pyaemia,

and is much more prone to attack those suffering from diabetes, scrofula,

nephritis, alcoholism, or some affection of the liver, largely because individuals

\Aith these maladies are predisposed to infection. The bleeding, as a rule, is

not at once fatal, but, owing to the small opening which at first exists in the

arteiy, it ceases spontaneously, the opening becoming occluded w^ith clot as a

result of the diminished blood pressure. These first bleedings may be slight

in amount, but are of ominous import, and have been aptly termed signal or

alarm hemorrhages. The hemorrhages may be repeated at intervals of hours

or days until the patient is exhausted, or there may be a sudden and violent

hemorrhage which causes death in a few minutes.

When the external wound in the soft parts is small and is occluded by clot

or other means the local symptoms are identical with those of subcutaneous

wounds of arteries.

Subcutaneous wounds of arteries—or ruptures, as many authors prefer to

call them—present, in addition to the constitutional signs of ana?mia when
the loss of blood is large, special s^^nptoms depending upon the location of

the wounded artery and the tissues or cavity into which the blood escapes.

Unless the blood escapes through an external wound or into one of the large

ca\'ities of the body a ha^matoma which communicates -^ith the lumen of the

artery develops. This hematoma, according to different authors, is designated

by the following different names: diffuse traumatic aneurysm, false aneur^^sm,

aneurysm by extravasation, diffuse primitive aneuiysm, diffuse primitive

aneurysmal hsematoma, primitive traumatic aneurysm, and diffuse aneurj^smal

hsemotoma. Michaux. who is responsible for the tcmi diffuse aneurj'smal

hsematoma, suggests that it be called "primitive" when following a wound of

an artery and "consecutive" when following the rapture of a true aneuiysm.

It is fomied suddenly, and increases in size with a rapidity proportionate to the

size of the wound in the artery and the laxity of the surrounding tissues. Thus,

in the axilla or thigh it may reach an enonnous size, while in the palm of the

hand or at the bend of the elbow, where the fascia is very dense and resisting, it

is generally of small size. The constitutional s\Tnptoms of hemorrhage are apt

to be marked in the fonner instance and absent in the latter. Owing to the

sudden stretching of the tissues by the extravasated blood severe pain is generally

experienced. The blood which has left the arterj^ is transformed into soft clot,

which is constantly augmented by the leaking vessel. This fact explains the

clinical phenomena which a false aneurj^sm presents, and which are somewhat

different from those of a true aneurysm. The swelling, owing to its tension, is

generally firm, particularly at its borders. True fluctuation is seldom obtainable

unless the injured vessel be small or obstructed. The skin, aside from being

stretched, is at first unaffected, but, in the course of a few hours or days, depend-

ing upon the depth of the injured vessel, it becomes discolored with infiltrated
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blood. The tumor cannot 1k' rctkiccd l)y itiv.^^svuv; in other words, the soft

clots or semifluid blood cannot be forced to re-enter the circulation. Pulsation

is i)ractically always present, but is ai)t to be less marked than in tme aneurysm.

Even when the arteiy is plugged the tumor may exhibit an impulse transmitted

from the underlying vessel. Thrill and bruit are often absent, and when present

are, like pulsation, much more feeble than in true aneurysm. These signs depend

upon the size of the orifice in the vessel. If it be large they will be correspond-

ingly intensified, and if it be small, oblicjue, or filled with clot, they will Ije feeble

or absent. The limits of the swelling are not clearly defined as in a true aneurysm,

but gradually merge into the surrounding tissue. The cavity is irregular, owing

to the varying resistance which the tissues present to the pressure of the ex-

travasated blood. Even when the wound is incomplete the pulse beyond is

often obliterated, because of the pressure of the effused blood; hence numbness,

coldness, i)allor. and partial paralysis are frec|uently observed in the limb below,

and these conditions, if relief is not obtained, terminate in gangrene. In a

few cases in which the opening in the vessel is small the wound may cicatrize

and the clot be absorbed or organized. In other instances the opening persists,

and, the resistance of the tissues proving greater than the blood pressure, an

aneurysmal sac is formed. If the tissues yield to the pressure the sac ruptures,

and death is ine\dtable imless immediate aid be at hand. The same result

follows supi)uration or sloughing of the tissues which restrain the extravasated

blood. In general, it may be said that the tendency of the swelling in subcu-

taneous wounds of the major arteries is toward a constant increase in size, very

rapid at fii^st and later more gradual. Not infrequently the growth of the tumor
is intermittent, owing to the transitory })lugging of the orifices in the vessel with

clot.

Of the special symptoms which follow bleeding into the cranium, thorax,

abdomen, and other cavities or hollow viscera it is not our intention to speak,

as such are given in detail on the pages devoted to the various organs thus

affected. We must not fail to mention, however, the dyspncpa and dysi)hagia

which may follow ha^matoma of the neck, as well as the serious cerebral changes

which may follow injury or obliteration of the common or internal carotid artery.

DiAr;\osis.—The diagnosis of wounds of arteries presents no difficulties

when till' vessel is superficial and the blood escapes externally, the signs men-
tioned al)ov(> then being quite clear. The blood is never dark in color like that

coining from a vein, unless the patient is cyanosed, but even then it escapes

in jets and is diminished or entirely checked by proximal pressure on the artery

and augmented by distal pressure. The opposite, except in varicose veins in

which the circulation is reversed, is true of venous hemorrhage. In wounds
of the largest veins the blood may escape as a colunm of li(iuid, but rarely in

spurts (see Wounds of \'eins), although in certain situations {e.g., at the base

of the neck) it may be irregular, owing to the effects of resjiiration. straining,

muscular efforts. As already mentioned, jmiximal pressure may fail to check

arterial hemorrhage, notably in the smaller arteries of the extremities. When
the wound in the soft parts is deep or irregular, or when the blood i)ressure is
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markedly lowered from the loss of blood, the flow may be contmuous instead of

remittent. Absence of the pulse below and the signs of deficient irrigation of

the extremity—viz., pallor, loss of sensation, heat, and motion—are not so often

demonstrable as in subcutaneous wounds of arteries. In the presence of serious

bleeding, however, one does not stop to note carefully these signs, but proceeds

at once to suppress the loss of blood.

In the presence of a large subcutaneous collection of blood it is not always

possible to detemiine whether or not an important arterj- has been injured.

Pulsation, thrill, and bruit may be absent in a false aneurysm, and, owing to

compression of a large neighboring artery, present in a purely venous hsematoma.

In cases in which, as the result of dislodgment of a clot or the yielding of the

vessel-wall, the haematoma fonns rather slowly some time after the injury, the

swelling may be taken for an abscess, as the pain is often severe, and fever may
be present from the absorption of fibrin ferment. This statement is particularly

appUcable to the arterial hsematomata which fomi beneath dense fascia, notably

at the elbow and in the palm of the hand. Apart from the pain, however, the

local signs of inflammation are wanting. Michaux * reports a case in which,

owing to the presence of sharp pain and of swelling in the right iliac region,

associated with vomiting, a diagnosis of appendicitis was entertained. Opera-

tion revealed a large hsematoma of the right rectus muscle due to spontaneous

mpture of the epigastric artery. ^Ye saw one case in which, because of pain and

hardening of the thigh, a rupture of the femoral artery was mistaken for cramps

by the attending physician and vigorous massage was instituted.

The diagnosis of injuiy to an important vessel, although desirable, is not

essential when a large, tense hsematoma fomis, as the treatment in either case

is the same. For the discussion of the symptoms of cerebral compression, the

signs of hgemothorax, the evidences of intraperitoneal hemorrhage, and the

diagnostic value of hsematemesis, haematuria, mela?na, etc., as the result of

vascular injuries, the reader is referred to the articles dealing \\ith these parts.

Treatment of Arterial Wouxds.—The treatment of all varieties of wounds

of arteries consists in the immediate control of hemorrhage and the adoption

of measures to combat the constitutional effects of the loss of blood. Let us

first dispose of the latter.

The Constitutional Treatment of HemorrJiage.—The constitutional treatment

of hemorrhage should, whenever possible, be inaugurated while the operation

for the control of the hemorrhage is in progress. Stimulants and measures for

raising the blood-pressure must be postponed until this time, because of the

danger of increasing the bleeding. Efforts should be made to supply fluid for

the heart and arteries to work upon, to economize the blood which remains in

the body, to stimulate the heart and vital nei'vous centres, and to supply

external heat. The first indication is best met by intravenous infusion of salt

solution (see article on "Minor Surgery"), which should be sterile, filtered, and

several degrees warmer than the noiTnal temperature of the body. Delbet f

has shown experimentally that the blood-pressure can in this way be raised

* Re^'ue de chir., Sept., 1906. t Soc. de biol., June Gth, 1906.
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about 1 cm. a minute. One may introduce the solution of adrenalin chloride,

in the strength of from 1 in 50,000 to 1 in 100,000 of salt solution. Other

stimulants also may be injected with the salt solution. Intravenous infusion

likewise raises the bodily heat; indeed, not infrequently there is a chill followed

b\- hii!;h temperature. The procedure is direct and immediate in its action and

is ther(>fore to be preferred to the subcutaneous injection of salt solution (hypo-

dermoclysis), which is slower antl more apt to be followed by infection or slough-

ing, particularly when a large quantity of solution is introduced in one place.

The injection of salt solution into the rectum (enteroclysis, proctoclysis) is

chiefly indicated at a later period, to compensate for the fluid lost by sweating

and through the kidneys. In the recent ])ast direct transfusion of blood, which

at one time enjoyed some degree of popularity, was regarded as dangerous and

no more efficacious than the infusion of salt solution. In 1906, however, Crile *

conducted a series of experiments on animals from which he draws the following

conclusions:
—

"Arteries and veins of varying sizes may be anastomosed by

Carrel's method so as to be impemous to blood and free from clotting; the

transference of blood from one animal to another is most definitely accomplished

by anastomosing the proximal end of the vein of the donee ; convenience need

be the only consideration in the selection of the vessels to be anastomosed; the

blood of one animal may be rapidly transfused to another; the blood of one

dog is isotonic with that of another dog; if a dog be bled to the last drop of

blood that will flow, and then an equal amount of blood be transferred from

another, the transfused blood suffers no impairment by the blood or tissue of

its new host, and, in turn, it causes no impairment, no haemolysins are produced;

and, finally, the transfused blood becomes a perfect substitute for the lost

blood, and the factor of hemorrhage may be eliminated."

Direct transfusion was ixn-fomied on six occasions, in two of which the

oi)eration was perfonned upon the same individual. ''The donors in each

instance regained the blood lost in from five to seven days. They were kept from

their work only on the day of transfusion. All showed the usual temporary

effect of the bleeding; no agglutinins, no haemolysins.

"The donee showed neither nephritis nor hirmoglobinuria, no hiking of

blood, and no evidence that the new blood had in any wa}' unfavorably affected

the newly transfused blood. In other words, the conclusions reached in the

laboratory were wholly realized in the clinic.

"The occurrence of spontaneous cessation of hemorrhage in two of the

cases, each of which was pathologic, suggests strongly this method of treatment

for choUemic, hiemophilic, and other forms of pathologic hemorrhage.

"Since the healthy blood of one individual is apparently physiologically

interchangeable with that of another, if the blood lost from one is replaced with

an e(iual quantity from another, the factor of hemorrhage may, by direct trans-

fusion, be eliminated.

"The transfonnation in these ca.ses has been unequalled in my surgical

experience, except in the relief from as|)hyxia by intubation."

* Jotir. .\mer. .Mod. Assoc, Nov. .'Jd, V.HWt.
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Crile has since performed the operation many times—an experience which

serves to fortify his original conclusions. The technique of direct transfusion

is given in the article on "Minor Surgery" in Vol. IV.

To economize the blood which remains in the body (autotransfusion) the

foot of the bed should be raised, in order to permit the blood to flow to the

vital centres. With a like end in view bandages may be applied to the ex-

tremities. Crile uses the same principle by the application of a rubber suit

which is blown up with a bicycle pump. (See article on "Shock" in Vol. I.)

Stimulation by the hypodermatic injection of such drugs as ether, brandy,

strychnine, digitalin, atropine, and camphorated oil, by inhalations of ammonia,

alcohol, or oxygen, by rectal injections of hot coffee, whiskey, etc., is to be used

as indicated, but never before the bleeding has been controlled. If the respira-

tions fail despite stimulation, artificial respiration must be employed. External

heat is secured by the application of carefully protected warm-water bags.

Control of Hemorrhage.—The immediate control of hemorrhage is accom-

plished, in the presence of an open wound, by direct digital pressure on the artery

in the wound, and then, in the extremities, by the application of a tourniquet

above the wound. In a subcutaneous rupture digital pressure is made upon the

artery above the point of rupture, until the tourniquet can be adjusted. Noth-

ing further should be done until the patient has reacted from shock, when

the parts may be carefully disinfected and the vessels exposed and dealt with

directly for the purpose of securing pemianent haemostasis. In regions such

as the neck, where elastic constriction is impracticable, chgital compression must

be maintained until the wound has been sufficiently enlarged to secure the

vessel by other means. A bleeding artery within the cranium, spine, chest, or

abdomen requires, of course, an operation for opening these ca\dties before the

hemorrhage can be controlled. There are no contra-indications for operation

to control dangerous hemorrhage, not even the most profound shock, unless the

bleeding can be temporarily stayed until reaction is obtained.

The means for controlling bleeding peraianently are many, but those em-

ployed by the surgeon are very few. They may be grouped under the following

headings:— (1) cold; (2) heat; (3) elevation; (4) styptics; (5) compression;

(6) acupressure; (7) forcipressure
; (8) torsion; (9) ligation; and (10) suture

of the vessel.

(1) Cold.—Cold has been deliberately used as a haemostatic agent since the

time of Celsus. "Baron Larrey states that, after the battle of Eylau, the

mercury standing at about zero (Fahr.), ligatures w^ere applied to the large

blood-vessels only, in the operations generally, and that there was no trouble

from hemorrhage, although the wounded, after having been cared for, were

carried to a distance." (Lidell.) Cool air, as is well known, is a remarkably

efficient haemostatic for the smaller vessels. Part of the efficacy of Le Conte's

method for controlling hemorrhage in wounds of the lung, by inserting a drain-

age tube in the pleural cavity, depends upon this factor. Cold in the form of

ice, cold water, or evaporating lotions, will hasten the arrest of hemorrhage from

small vessels, but should not be used in open wounds, because of the danger of
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si'i).>!;is. The ice bag is frcMiiu'iUly enii)l«)yeil in internal heinon-hages not suitable

for operation.

(2) Heat.—Heat, in the form of hot water (120° to 150° F.), is sometimes

employed as a hirmostatie; it, like cold, acts by stimulating the contraction

of the muscular fibres of the blood-vessels. Warm water relaxes these fibres

and encourages i)lee(rmg. Cauterization with the actual cautery has been used

from the earliest times for arresting hemorrhage. It chars the tissues, thus

fomiing a plug which closes the mouths of the vessels. It should very rarely

be employed, as the tlevitalized tissues nuist of necessity separate by slough-

ing, a process which interferes with the healing of the wound and may give rise

to secondary hemorrhage when the slough separates. If used at all the cauteiy

should be at a tlull red heat; when bright red it severs the vessels like a knife

and does not stop bleeding. The actual cautery is capable of stopping hemor-

rhage from arteries of medium size, but should never be used on large arteries.

Electrohiemostasis is the term applied to a procedure in which the tissues to be

divided during an operation are crushed with forceps and leaked by means of

an electric current. A special apparatus is essential for the ajjplication of this

method, which not only possesses no advantages over the ligature, but is more

ajjt to be followed by secondaiy hemorrhage; it has been employed by but

few surgeons. The same may be said of the use of steam (atmokausis, zesto-

kausis)

.

(3) Elevation.—Elevation alone is often sufficient to stop hemorrhage

from the larger veins; it is peculiarly useful in bleeding from the extremities,

especially the lower. It is often employed as an adjunct to other forms of

ha^mostasis, and also as a means for lessening bleeding during operations,

particularly in regions where the tourniquet is inapplicable or in which, because

of special conditions {e.g., atheroma, etc.), it is inadvisable.

(4) Styptics.—Styptics are seldom employed by the surgeon, as most of

them act, not by contracting the orifices of the vessels, but by producing a

tough coagulum of blood w^hich often interferes with healing. Among the

styptics which have been employed may be mentioned the following: antipyrin,

Monsel's solution (cotton containing Monsel's salt is called styptic cotton),

alcohol, turpentine, tannic or gallic acid, silver nitrate, alum, sodium chloritle,

vinegar, chloride of zinc, tincture of matico, adrenalin chloride, and gelatin.

.\drenalin chloride, which acts by contracting the vessels, is the most powerful

styptic and the one most frequently employed, particularly in bleeding from

mucous membranes. It may be applied on a swab or as a spray, in the strength

of 1 in 10,000 to 1 in 1,000, or as a powder in the dose of from .') to 10 grains of

the suprarenal extract. At least one case of poisoning has been reported from

its use locally, (lelatin. .') to 10 per cent in normal salt solution (Carnot's

.solution), has been used with success as a local hirmostatic. It should be

recalled that it is an excellent culture medium and that death from tetanus

has followed its use. Among the drugs which are supposed to increase the

coagulability of the blood or contract ves.>^els and thus do some good when given

internally, are: turpentine, oil of erigeron. opium, dilute suli)huri(' acid, acetate
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of lead, ergot, hamamelis, gelatin, and chloride of calcium. Chloride of calcium

(10 grains, t. i. d.) is largely employed to increase the coagulability of the blood

in cases of chronic jaundice previous to operation.

The above measures are not to be employed for bleeding from one of the

major arteries and are simply mentioned for the sake of completeness. In

the presence of a wound of a large artery one of the following plans should be

adopted :

—

(5) Compression.—Compression of some form is of course the ultimate

principle of all forms of hi^emostatic agents. Compression may be (a) direct or

(6) indirect or mediate

—

i.e., upon the ends of the divided vessel in the wound,

or upon the vessel at some distance from the wound.

(a) Direct compression may be effected by the fingers or by tampons, com-

presses, or pads.

Direct digital compression is sufficient to control the most violent hemorrhage

from any part of the vascular apparatus, and is to be employed until more

permanent hsemostasis can be secured.

Finn gauze packing will stop an}^ venous and many forms of arterial hem-

orrhage, and may be used, even when a large arteiy is wounded, to control the

bleeding until a more secure method can be applied. In the latter instance the

packing must be very firm and be held in place by a tight bandage. Graduated

compresses, consisting of layers of gauze gradually increasing in size, from

below upward, so as to resemble an inverted pyramid or cone, were at one time

recommended for the control of arterial hemorrhage in regions in which dissec-

tion sufficient to expose the bleeding ends of the arteiy {e.g., the palmar arches)

might mutilate important structures. Unless the pressure is made directly on

the bleeding points the blood may widely diffuse itself in the tissues of the limb.

In a somewhat similar way the internal mammaiy artery has been compressed

against the inner surface of a rib, by pushing a gauze bag between the ribs and

then filling the bag with gauze, so that, when it is pulled upon, pressure will be

made from within outward. These methods are, however, uncertain when a

large vessel has been injured, and should be used, if at all, only as temporary

measures.

The pressure exerted on a bleeding point by the apposition of the edges of

a wound with sutures or sterile adhesive strips is frequently sufficient to control

bleeding, especially when such pressure is reinforced l^y a fiiTn bandage. Thus,

in the scalp, ligatures are frequently omitted, because of the difficulty with

which they are applied in this region, and sutures are relied upon to check the

bleeding. Again, in parenchjTnatous organs, such as the liver, kidney, etc.,

sutures are often employed for restraining bleeding. Bleeding from bone is

sometimes controlled by filling the openings with antiseptic wax, catgut, fila-

ments of gauze, or fragments of the bone itself. A large osseous canal may be

plugged with a sterilized stick. In the rectum pressure may be made by inserting

and inflating a colpeurynter; in a perineal wound following cystostomy, by

inserting and stuffing a shirted cannula {cannule a cherrcise). In bleeding

from a tooth-socket the canity may be tightly packed with gauze infiltrated

vol,. VII.— 10
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with an astringent, and firm pressure made by binding the jaws tightly shut

with a bandage. In the urethra pressure may be made by inserting a large

sound, or, in the deep urethra, by making pressure against the perineum.

(6) Indirect pressure is used chiefly for the temporary control of bleeding

until more permanent measures can be applied, or to prevent hemorrhage

during operation. In the limbs it is best effected by means of a tourniquet

applied above the wound. In hospital work practically the only tourniquet

used is the Esmarch band; but, in an emergency outside of a hospital, such

articles as a belt, suspenders, handkerchief, etc., may be tied about the limb, and

tightened l)y means of a stick pushed beneath the band and twisted. A tour-

nitjuet is most effective when placed above the elbow or knee, as below these

points the vessels are protected by bones and cannot be readily compressed.

The disadvantages of the tourniquet are injury to the nerves, causing j^ain,

anaesthesia, or paralysis; injury to the soft tissues, particularly rupture of the

nuiscles if movements of the limb are made while the band is in place ; in athe-

roma, partial rupture of or detachment of a calcareous plate from the walls of

the artery; consecutive hemorrhage after the band has been removed, owing

to the paretic condition of the blood-vessels; too great a rise in blood-pressure

if the limb is elevated before the band is put in place ; and, owing to the blanching

of the tissuesj difficulty in distinguishing between the arteries, veins, and nerves.

It must also be remembered that a tourniquet which has been left in place for

several hours may be productive of gangrene. In arterial surgery the vessel

may be compressed by a clamp, tape, or the fingers of an assistant. In opera-

tions on the head Crile temporarily closes one or both carotids by the application

of a specially devised clamp to the exposed vessel. Forced flexion is carried out

by placing a pad in the popliteal space, groin, or fold of the elbow, and securing

the limb in strong flexion by means of a bandage. Forced flexion is exceedingly

painful and is employed only as a temporary haemostatic in the absence of better

methods.

Indirect digital coiiipression lacks most of the dangers of the tourniquet,

but re(iuires a strong skilled hand, and even then may not be long maintained,

except by relays of assistants. The common carotid, the vertebral, and the

inferior thyroid arteries may be compressed against the transverse process of

the sixth cervical vertebra at the anterior border of the sternomastoid muscle;

the facial, against the inferior maxilla at the anterior border of the masseter;

the labial and the coronary, by grasjjing the lip at the angle of the moutli be-

tween the thumb and index fingere; the occipital, against the underlying bone

about midway between the mastoid process and the external occipital protul)er-

ance; the subclavian, against the first rib by the thumb or by the jiadded handle

of a door key, pushed downward, backward, and inward, just behind the clavicle

and outside the sternomastoid muscle; the axillary, against the head of the

humerus at the inner edge of the coracobrachialis, with the arm raised to a right

angle; the brachial, against the humerus at the inner edge of the biceps; the

radial and the ulnar, at the wrist, the former just outside the flexor carpi radialis,

and the latter just outside the flexor car])i ulnaris; the abdominal aorta, if
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the patient is not too corpulent, against the spine at a level with and just to the

left of the umbilicus; the external iliac, against the brim of the pelvis above the

middle of Poupart's ligament; the common femoral, by pressure upward and

backward immediately below Poupart's ligament, midway between the symphysis

pubis and the anterior superior spine of the ilium; the popliteal, against the

femur, a little to the inner side of the middle of the popliteal space; the anterior

tibial, midway between the malleoli; and the posterior tibial, half an inch behind

the tip of the internal malleolus. AMien secondary hemorrhage is feared the

point for compression may be marked with ink or iodine and a tournicjuet

applied but not tightened ; if bleeding occurs, the caretaker may screw it down

on the point at once and thus control the bleeding until the surgeon arrives. An
Esmarch band, however, is much better than other tourniquets for this purpose,

as it may be applied without considering the location of the main artery.

(6) Acupressure was introduced by Sir James Y. Simpson, in 1859, but

has long since been abandoned and is now of historical interest only. It was

employed in three different ways: (a) A long needle was passed into the

tissues, securing the vessel as the stem of a flower is fastened to the lapel of a

coat; {b) the needle was inserted through the tissues on one side of the vessel,

twisted through 180 degrees, and reinserted into the tissues; or (c) the needle

was passed under the vessel, which was then occluded by wire or silk passed

over its ends in a figure-of-8 fashion. In this paragraph may be mentioned

also, as a matter of curiosity, arterioversion, which was advocated by Weber

in 1875. By a special instrument the ends of divided arteries were turned

back, as one would roll up his sleeves, and there fixed b}' a little pin.

(7) Forcipressure, or the crushing of the end of a vessel with strong

haemostatic forceps, has been employed in some form or other since the days

of Desault. In 1865, according to Petit, Koeberle modified the forceps of

Charriere by adding a catch. The forceps were still further modified, in 1868,

by Pean, with the idea of using them exclusively in operations. The term

forcipressure was proposed by \'erneuil. Forcipressure is frequently employed

for very small vessels. Thus, during an operation many of the little bleeding

points which have been caught with hipmostatic forceps, give no trouble after

the forceps have been removed at the completion of the operation. In certain

cases in which the proper application of a ligature is veiy difficult and the

vessel is of large size, the forceps may be left in place for from twenty-four to

forty-eight hours, being, of course, covered "^dth sterile dressings. Forcipressure

is useful also before one ties a thick pedicle, as it attenuates the tissues and

renders bleeding from shrinkage of the pedicle much less likely to occur, ^'e^y

powerful forceps (vasotribe, or angeiotribe) have been constructed with this end

in view, and indeed a few surgeons do not even ligate after the use of such

instruments. Forceps thus left in a wound frequently cause pain, interfere

with dressing, prevent closure of the wound, and are capable, in the cranium

and abdomen, of causing extensive damage if pressed upon too forcibly by the

dressings or during a change in the position of the patient. Perhaps forceps

have been used more frequently for controlling hemorrhage after vaginal hyster-
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cctoniy than in any othrr oiHTation. Fo re
i
pressure, like ligation, crushes the

arterv and causes tlie inner coats to contract and retract within the vi'ssel.

Bothezat.* as the result of experimental researches, concludes that the forcei)s

should remain on the vessel for from sixteen to forty-eight hours. The former

time suffices for an artery the size of the radial and the latter for a vessel the

calibre of the femoral. The forceps must be iinniobiHzcd in the dressing.

Delbet explains the occurrence of secondary hemorrhage forty-eight or more

houi-s afti'r vaginal hysterectomy by the fact that the arteries arc caught through

a layer of tissue of considerable thickness. Forcipressure should be employed

for large vessels, only when ligation or suture is not applicable.

(8) Torsion.
—"Twisting the cut ends of arteries was distinctly recognized

by Galen as an important means for restraining the flow of blood therefrom.

Aetius, Paulus ^Egincta, and Rhazes also recognized torsion as a hsemostatic

measure of importance. Subse(iuently it became obsolete. In 1829 Amussat

revived its use by proving from experiments on animals that it was a safe and

efficient means of staunching hemorrhage from many wounded arteries. Soon

afterwaid Thierry followed to the same effect. Velpeau, however, first employed

torsion on the human subject. In the same year Liber, Fricke, DiefTenbach,

and others made numerous trials thcMvof in Germany, seemingly with entire

success. The French surgeons, Louis and Delpech, met with several failures.

The subject was deemed of such importance by the Institute of France as to

require a thorough examination, and, accordingly, it was referred to Baron

Dui)uytren. His report was unfavorable to the method, except in its application

to small aitcries. Then torsion went out of use again, to be revived once more,

however, by the late Professor Syme."t Torsion may be applied in two ways:

free toi-sion and limited torsion. Free torsion (Thierry) is simply the twisting

of a vessel several times after the api)lication of haemostatic forceps. Tillaux,

however, advised rotating the forceps until the end of the vessel was twisted

off. Limited toi-sion (Amussat) consists in drawing the artery from its sheath

with f)ne pair of forceps and grasping it close to the tissues with a second pair,

the vessel then being twisted with the first forceps until the end of the artery is

detached. Torsion mixtures the inner and middle coats, w^hich contract and

invert, and twists the outer coat. Torsion is no easier or quicker to perform

than ligation and is less safe than ligation. Since absorbable ligatures can be

made ai)solutely sterile, the old objections which were lodged against the ligature,

and which were l)ased upon its non-absorbability and the sequeUe of infection,

are no longer to be considered. It is true that even the f(Mnoral and brachial

arteiies Jiave been repeatedly and satisfactorily ()('clii(le(l by torsion, but it is

true also that secondary hemorrhage is not infre(iuent after this method for

controlling bleeding. We would limit its use to arteries too small to be dignilied

by a ligature and to certain plastic operations in which the presence of knotted

ligatuH's is undesirable.

(9) Ligation is the most satisfactory method for the control of hemorrhage;

from any vessel large enough to be seen with the naked eye. In certain situa-

*
'rin\sc (Ic .Mi>iil|icllicr, Nov. llli. l,S!t;{. f

" liitctii;il IoiimI Miicy. of Surg. ," vol. ii.
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tions, however, the surgeon may attempt, not only to control the bleeding, but

also to conserve the lumen of the artery by suturing the vessel.

The ligature, as a means for controlling hemorrhage, dates l)aek to the

remotest anticjuity, nor do we know by whom it was first employed. Celsus,

in the first century, was apparently acquainted with its merits, as were also

Galen in the second century, Aetius in the fifth, and Paulus ^gineta in the

seventh. Rhazes, in the tenth century, advised the application of a double

ligature and cutting the vessel between. Avicenna in the eleventh, Albucasis

in the twelfth, Averrho:\s in the thirteenth century, were all familiar with this

method for occluding blood-vessels and it was recommended at different periods

by Guy of Chauliac, Brunus, Theodoricus, Rolandus, and Lanfranc* From this

it may be seen that the real inventor of the ligature as a haemostatic agent was

not Ambroise Pare, to whom, however, the credit of introducing it as a means

of controlling bleeding in amputations is probably due. In L564 Pare published

his work and insisted that the cautery should make way for the ligature. Cau-

terization, nevertheless, continued in favor, probably because the principles of

ligation were not understood, and also because of the prevalence of sepsis.

Thus, the ligature was accused of producing tetanus, convulsions, etc., and it

was not until the beginning of the nineteenth century, after the studies of

Travers, Abernethy, Lawrence, Cooper, Beclard, and Breschet, and particularly

those of Jones, that the ligature gained much headw^ay against cauterization

and torsion. Surgeons were afraid to tie the ligature tight enough to rupture

the inner coats of the artery, and accused the ligature material of causing un-

toward conditions which, as we now know, were due to micro-organisms intro-

duced with the ligature. The ends of the ligature were left long and allowed

to protrude from the wound, so that they could be removed w^hen they had

"rotted loose from the blood-vessel." In 1814, Physick, of Philadelphia, sug-

gested the use of absorbable animal ligatures made of chamois leather, the

strands of leather being rolled on a slab to make them round and hard.j

Later, Hartshorn used strips of parchment, and Eve the tendons of the deer.

These suggestions, however, seem to have been ignored or forgotten until Lister

published his method of preparing catgut wdth chromic and carbohc acids. The

ends of the ligature could then be cut off short and the ligature would disappear

after it had served its purpose. Since that time catgut has gradually forced its

way to the front as a ligature material. As prepared at the present time it is

absolutely sterile and can be made to resist absorption for as long a period as is

desirable. The sole practical disadvantage of catgut is that it is not so readily

tied as silk. The rule, in ligating vessels, is to make a reef, or square, knot and

never a granny knot or a surgeon's knot. This is readily done with silk, the

first knot of which remains tight until the second is made. If a single turn

is made with catgut it is apt to loosen during the tying of the second knot. If

a surgeon's knot is made the constriction cannot be made so tight as with a

single knot. The swelling of the catgut after it is placed in the tissues is, theo-

* "International Ency. of Surg.," vol. iii., p. 530.

t Cooper's "Surgiciil Dictionary," vol. ii., p. 130.
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rctically, sonictinu's an nilvantage and sometimes a disadvantage. Catgut should

always be tied in three knots and the ends cut at least one-eighth of an inch long.

The ligature should be tied by placing the ends of the thumbs or index finger

u|)on the knot and .>=;eparating these by using the first joint of the thumb or the

second joint of the finger as a fulcrum. Some surgeons use catgut for all arteries,

regulating its size according to the calibre of the vessel to be ligated; but most

surgeons prefer to tie very large arteries or thick pedicles with silk.

A ligature may be applied to the bleeding end of a vessel (immediate ligation)

or the vessel may be tied in its continuity some distance from the wound (ligation

in continuity). Ligation of the bleeding end of an artery is conducted bj^

seizing the end of the vessel, without any of the surrounding tissues, with haemo-

static forceps, drawing it a little way from its .sheath, when such exists, and

t\ing tlie ligature about the vessel, beyond the forceps, in a reef knot. There

are some excejitions to this rule. "With small vessels a little of the surrounding

ti.ssue is usually included in the grasp of the forceps, which should be removed as

the fii'st knot is tightened ; otherwise, the ligature may slip off when the forceps

is removed. Again, with badly diseased vessels it may be {^(rudent, in order to

|)revent cutting through of the ligature, to include within the ligature a small

portion of the surrounding tissues, care being always taken, however, to avoid

the accompanying nerve. This operation was called mediate ligation. The
second knot should be tied firmly, but should not be jerked, as such a manoeuvre

may break the ligature. With the smaller arteries the ligature may be tied

with sufficient firmness to rupture the inner coats. With very large arteries

this may result in cutting through of the ligature or dilatation and rupture of the

vessel immediateh' i^roximal to the ligature. When one is dealing with these

ves.sels the walls should be approximated only, the stay knot being employed.

Chromicized catgut should be used for all but the largest vessels, for w^hich floss

silk is the best material, since it is less likely than other forms of silk to cut its

way into the artery. A suture ligature is one passed through the tissues sur-

rounding an artery by means of a needle. It is used in dense tissues from which

the vessel cannot be; drawn; in necrotic tissues or in atheroma, because^ of the

fear that the ligature will cut through; in tissues such as the dura, m(>sentery,

and omentum; and in any region to insure again.st the slipping of the ligature.

Both ends of an artery should be ligated, as a free collateral circulation may
make th(> lower end as dangerous as the upper. If the wound is a lateral one, a

ligature should l)e j)laced on each side of it and the vessel completely severed,

in order to allow it to retract. An artery capable of producing vigorous i)leetling

must be ligated in the wound, even though an operation is necessary for such

procedure. Ligation in continuity for hemorrhage should be i)erformed only

under very excejHional circumstances, as it is often ineffectual owing to a free

collateral circulation. Thus we lost a patient from recurring hemorrhage*

following ligation of the carotid for uncontrollable hemorrhage from th(> cheek.

Again, the bleeding vessel may be a large vein, or an artery not derived from the

ve.-^sel ligated. Po.ssibly in cases in which the tissues are rotten from infection,

or in which packing fails to conhol pcinianently a bleeding artery the ex-
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posurc of which would necessitate the destruction of important structures,

ligation in continuity may be indicated. In the former instance recurring of

bleeding would call for amputation.

A lateral ligature is one applied to the side of a wounded vessel after the

edges of the wound have been drawn together with haemostatic forceps. It is

a method which is frequently used for occluding lateral wounds of veins, but

practically never for arteries, as the ligature is very apt to be dislodged by the

liigh blood-pressure in the artery and its peristaltic action, and also because

it is more difficult to apply owing to the thick walls of the artery. We mention

it in this connection because Berard,* in removing a tumor of the mesentery

in a woman aged sixty, tore a hole in the aorta and claims to have been success-

ful in controlling bleeding by the appHcation of a lateral ligature; the patient

recovered.

The effects of a ligature, when it is tied as firmly as it should be, are rupture

of the inner and middle coats, which curl up and retract, and the formation of

a small thrombus, which is finally replaced by fibrous tissue, which thus obliter-

ates the vessel. Catgut is absorbed and silk, in the absence of infection, becomes

encysted. The rupture is transverse and generally linear, the inner coats lying

in plaits turned toward the lumen of the vessel. A clot forms on each side of

the ligature, although Baumgarten declares that this is not essential, and

—

with perfect asepsis—may be absent. The proximal clot is generally a little

longer and thicker than that in the peripheral segment of the artery. It is

conical in shape and generally adherent at its extremity, near the first collateral

branch, and occasionally it penetrates, but rarely obliterates, the first collateral.

Surgeons have from time to time rebelled against the practice of tying a

ligature tight enough to rupture the inner coats, believing that in certain instances,

particularly in the presence of atheroma and when dealing with very large

arteries, such as the subclavian and iliac, there is danger that the ligature will

cut through or that dilatation and rupture of the artery will take place immedi-

ately proximal to the point of ligation. Saviard, in 1702, suggested, in order to

prevent this accident, that the ligatures be broad, and that a piece of cloth or

a segment of a rubber catheter be interposed between the ligature and the

vessel. Jameson, of Baltimore, in the early part of the nineteenth century was

a wann advocate of the plan of obliterating vessels without rupturing the inner

coats, and for this purpose he used buckskin ligatures. In recent years Ballance

and Edmunds have been the chief advocates of this method, advising the appli-

cation of a stay-knot when dealing with large arteries. Two ligatures are

passed around the arteiy side by side and each half is knotted; the two ends

on each side are then used as a single thread and the knot is completed. Other

surgeons have recommended that two ligatures be passed about the vessel with

a slight interval between, and that the central ligature be tied so as to narrow

the vessel considerably without obliterating it, thus acting as a buffer against

the blood-current. There can be no doubt, theoretically, that one can tie a

blood-vessel in such a manner as to obliterate it without injuring the inner

* Revue de chir., 1906.
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coats, but that it woiiUl be very difficult to do this in actual practice is scarcely

to be questioned. Bothezat has investigated this subject from an experimental

standpoint and he finds that tlie niininiuni force which can be employed for

arresting tlic blood-current always determines some contusion of the middle

coat and laceration of the internal coat. When the tunics are Ic^ft intact the

process of obliteration requires a longer time and is less energetic.

Ligation of a larg(> artery is followed by a rise in the general blood-pressure

which decreases as the collateral circulation is established. When a large artery

is tied the parts which it supplies become paler and colder until the collateral

circulation is re-established; no change is noticed if the arterial wound has been

complete.

The results of ligation of large arteries have been vastly improved since

the advent of asepsis, and secondary hemorrhage is no longer as menacing as

foi-merly. With hemorrhage conquered there yet remain the evils which may
follow the cutting off of the blood-supply to the parts supplied by the vessel.

The following statistics are taken from Hoepfner:—According to Schmidt

(old statistics) ligation of the femoral artery gave gangrene in the ])roportion

of 57.1 per cent, while Raabe gave, for ligation following injuries of the femoral

artery in civil life, 19 per cent resulting in gangrene, anti for such in war 21 per

cent. Ligation of both femoral artery and vein, according to Ziegler's statistics

of 60 cases, showed 48.3 per cent in which the limb became gangrenous. Steiner

found that 55 per cent of the cases were follow(»d by gangrene, after ligature of

the femoral artery and vein, while the earlier statistics of von Bergmann gave

60 i)er cent. Janssen's statistics showed that 54.5 per cent of the cases in which

the jjopliteal artery was injured terminated in gangrene, while sinniltaneous

injury to the artery and the vein always gave gangrene. His statistics also

showed that simultaneous injury to the anterior and posterior tibial arteries is

(•(lually as bad. Brilliant are the results in the upper extremity as compared

with those in the lower. Of 90 cases of ligature of the subclavian, according

to von Bergmann, only 2 were followed by gangrene (2.3 per cent); indeed,

simultaneous ligation of the subclavian artery and vein may give no bad results

except (edema. Ligation of the axillary gave gangrene in 6.6 per cent, and

of the brachial in 18.75 per cent. In the case of the vessels mentioned above

the integrity of the limb is at stake, whereas in the case of the carotid it is the

integrity of the brain and the existence of the individual that are at stake.

The i)rognosis is esi)ecially bad if the vessels are atheromatous, because the

collateral vessel cannot dilate. Voluminous are the figures on this subject.

Pilz (1880) in 914 cases found a mortality of 39.8 per cent; Le Fort, in 435 cases,

43])('rcent; Zinnnermann 31 percent; and Vetere 37 per cent. Brain symptoms
were ap|)arent in 32 per cent, of which 56 per cent died (Pilz); but when the

stream was slowly cut off the mortality was only 26 per cent. Of 789 ligations

of the coniiiion carotid in W'yeth's table 41 per cent died. Of 47 cases treated

by moderate surgical itnncijtles but one ju'rished. (Reyher and Weljaminaw.)

Cerebral involvement occurred in 20 per cent (Warren), in 26 per cent (Zinnner-

mann), and in 25 jmt cent (Riese). Statistics referal)le to the results of ligation
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of other arteries will be found in Vol. lY. The figures given above show clearly

that ligation of a large artery should be avoided if there is any possible way to

control bleeding and yet permit the blood to course through the artery undis-

turbed. For this purpose suture of arteries has recently sprung into prominence.

(10) Suture of arteries must always be considered when dealing with a

w^ounded artery whose occlusion by ligation might result in gangrene or other

serious trouble in the parts which it supplies—such arteries, for example, as

the common carotid, axillary, brachial, external iliac, femoral, popliteal, aorta,

and other large abdominal vessels.

As early as 1731 Petit showed that partial wounds of arteries could heal

spontaneously with preservation of the lumen of the vessel. As the result of

similar observations Lembert,* in 1762, suggested that it might be possible, in

favorable cases, to pass a needle through the lips of an arterial wound and close

the wound by winding a ligature beneath the needle. He made some experi-

ments on the horse, but cites only one case in which the method was employed

in man; he also mentions the fact that Hallowell, in 1759, closed, after this

fashion, a wound in the brachial artery following venesection. The needle came

away on the fourteenth day and healing was complete in forty-two days. The

pulse on the affected side w^as present, but was weaker than that on the sound

side. In 1773 Asman made some experiments on the femoral artery of the

dog, using Lembert's technique. In two instances the operation was successful

in controlling bleeding, but at a later period the vessel w^as found obliterated by

scar tissue.

For one hundred and ten years surgeons relied with implicit confidence upon

the work of Asman, and arterial suture was neglected, although Bell (1804), Jones

(1805), Langenbeck (1825), Bahing (1837), Porta (1851), and Emmert (1880)

demonstrated that wounded arteries might heal spontaneously without oblitera-

tion of the lumen, and Fischer (1867) reported 72 healed wounds of the heart, in

12 of which were found foreign bodies. In the mean time, however, suture

of veins received some attention and far outstripped its older brother. This

subject, however, will be considered on a later page.

Glueck t seems to have been the first again to experiment with the closure

of arterial wounds. He successfully used small ivory clamps which were to

remain permanently; no thrombosis followed, but the method was not employed

in man. In 1882 he closed a number of arterial wounds in dogs with sutures,

but, despite great care, he was forced to ligate in order to control the bleeding

from the needle holes. Notwithstanding his misfortune he still believed that

the method would succeed with better technique and spoke of the possibility

of curing by this means certain aneurysms of the aorta and other vessels.

In 1886 Postempski and in 1888 von Horrock experimented on animals

and, although successful in controlling the bleeding, they were not successful

in preventing thrombosis.

Jassinowsky,! in 1889, was the first to put arterial suture on a scientific

* "Medical Observations and Inquiries," London, 1762, vol. ii.

t Archiv f. kl. Chir., 1883, Bd. xxviii. | Inaug. Dissert., Dorpat, 1889.
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basis and to pave the way for its cniployniont in num. He says that the question

is intimately associated with, the spontaneous healing of arterial wounds. The

problem is to convert a large wound into a series of small ones.

Jassinowsky exj)erimented on sheep and calves, because of the larger size of

tlie arteries. He used tine silk, and asserts that after two months he could find

no trace of the suturing material. Large catgut was found to be unsuitable

because of its size, and small catgut was absorbed too quickly. He sutured the

two outer coats only, inserting the needle 0.5 mm. from the edge of the wound

and making the sutures 1 nmi. apart. The sutures were tied in a double reef

knot, care being taken not to pull them too tightly. He believed that there

was less bleeding from the stitch holes when the intima was not penetrated.

He found that the bleeding from the stitch holes was controlled by pressure

kept up for about one minute in large thick-walled arteries, and foi- from two

to three minutes in small ones. If the sutures were passed through all the coats

compression was needed for five minutes or longer. With exact suturing of

thick walls the compression was needed for only thirty seconds. He removed

the lower clamp first and took off the upper

one slowly. The sheath of the vessel was next

sutured, then the muscle and fascia, and finally

the skin, no drainage being employed. In 20

experiments he had no secondary hemorrhage

and no aneurysms. He was unable to suture

more than half the circumference of an artery,

because^ of the strong retraction of the lijis of

the wound, and he stated that gunshot wounds

and lacerations were not suitable for sutur-

ing, because the edges of the wound must be

smooth.

After Jassinowsky a numlier of experiments

were made by other authorities, especially by

th<- Italians Cecerelli (1890), Burci (1890),

Lanipiasi (1891), Moscatelh (1891), and Tansini

U890), some advocating and some condemning

suture as the result of their experience.

In 1892, one-hundred and thirty-three years

after HalloweH's case. Durante reported two

successful arteriorrhaj)hies in man and Rosa one.

In 1S94 Abbe made the first experiments

with circular suture of arteries (end-to-end

anastomosis), tying the ends of the vessel over

an hour-glass-shaped tube of thin glass.*

In 189() Brian and Jaboulay anastomosed vessels in animals, using U-shaped
sutures which everted the edges of th(> wound and ap])roximated intima to

intima. The method was unsuccessful in dogs because of thrombosis, but it was

* .New ^'dik Med. Jour., .Jan., IS'.ll.

Fir,. 73.— Murpliy's InvaKinatioii
Method of Suturing Arterios. Tin-

figure to tlie left hIiows the suturing
conijjleted. (From the New York
.\fiil. Urcoril.)
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successful on the carotid of a donkey. The credit for this method was claimed

by Solomoni in 1900.

In 1897 Nitze lised an ivory apparatus which he placed over one end of the

vessel, which was then turned back like a cuff, and the other end of the vessel

was drawn over it, so that intima lay in contact with intima. After suturing,

the apparatus was removed.

In 1897 Dr. John B. Murphy * was the first successfully to perfonn circular

arteriorrhaphy in man; he reported one case and made experiments on animals.

Of twelve animal experiments two only were successful. Two or three double-

headed sutures are inserted into the proximal segment of the artery, including

the two outer coats only. These are then re-inserted at regular intervals, one-

third to one-half of an inch above the end of the distal portion, from within

outward. The threads are tied, thus invaginating the artery. (Fig. 73.) In

order to facilitate invagination a small incision, from one-third to one-quarter

of an inch in length, is made, parallel to the long axis of the vessel. Inter-

rupted sutures are then inserted, binding the intussuscipiens to the surface of

the intussusceptum, the sutures in the latter including the adventitia only.

Murphy concludes that his procedure is applicable to large-sized vessels only.

The method gives a double thickness of the artery at the wounded part, but

narrows the lumen and presents a ring of rough tissue inside to aid throm-

bosis. It requires also that there be enough artery to invaginate. According

to Murphy, loss of more than three-quarters of an inch of the vessel precludes

invagination, except where the limb can be flexed.

In 1898 Glueck perfoiTned circular suture after excising a segment of the

artery, which was temporarih^ threaded on one of the ends of the vessel and

later brought down over the line of the suture and stitched in place. Instead

of a ferrule of artery a segment of vein might be employed for the same purpose.

In 1899 Doerflex experimentally sutured arteries, using silk and penetrating

all the coats of the vessel.f He perfomied invagination in four animals by the

Murphy method, three of the operations being followed by thrombosis and one

by death from hemorrhage. Doerflex thought that the dangers which were

lodged against the through-and-through suture,—viz., a foreign substance in

the lumen of the artery, endarteritis, and bleeding from the stitch holes,—

•

were so slight as to be negligible. He collected 43 experiments in which the

intima was included in the suture, with thrombosis in 5. He made 12 experi-

ments himself with the through-and-through suture. After from five to eight

weeks the suture could not be seen and nothing was found but a slight thicken-

ing of the artery with a slight prominence of the intima.

Payr, in 1900,| described a method of arterial anastomosis closely resembling

that of Nitze, mentioned above, except that he used a magnesium apparatus

which was ultimately absorbed. He brought intima in contact with intima

and obtained good results. A thin magnesium cylinder, with a groove on the

outer surface, was put over the proximal end of the artery, which was then

* New York Med. Rec, Jan. 16th, 1897. t Beitraege zur klin. Chir., 1899.

X Archiv f. klin. Chir., Bd. Ixii., p. 67.



9rv2 AMERICAN PRACTR'K OF SURGERY.

tunu'd back over the (.•ylinder as a cuif, so that the iiitiina faced outward, the

cuff being fastened in place by a inecc of silk tied around the cylinder at the

site of the groove. The distal end of the artery was then drawn over the cylinder

and likewise fastened by a silk thread tied around the cylinder in the groove

jiroxiinal to the first ligature, so that the intima lay in contact with intinia.

l"iG?~. 74 and 7.5.— Diagrams Showing Use of Paj'r's Magnesium C'vlimlor in Arterial Anastomosis.

(From Archiv fur klinische Chirurgie.)

Fig. 74.—The end of the proximal arterial segment has been drawn tlirough the cylinder and is

about to be reflected over the cylinder as a cuff.

Fig. 75.—The proximal end of the artery has been drawn through the cylinder, turned back
over it, and secured with a ligature. The distal segment is dilated and ready to be slipped over the

cylinder.

(Pigs. 74, 75, and 76.) * In 1903 Hocpfner performed six circular arteriorrhaphies

on animals by the Payr technique, with success in four instances, and with

thrombosis in two. After six months only small particles of the metal could

l)e found. Gas cysts formed in the two cases of thrombosis and secondary

hciiiorrhage occurred in one case on the fifth day. The method of Payr is

difficult to carry out and cannot be applied to vessels

less than 3 mm. in diameter. Gas cysts are never

found unless thrombosis occurs.

In Payr's second method f male and female alum-

inum cylinders were used, the male having four pegs

and the female four holes. (Fig. 77.) The end of the

artery was drawn through the male cylinder and caught on the pegs, so that the

intima was turned outward. The peripheral end was treatiMl in the same way
and the cylinders were then joined. (Figs. 78, 79, 80.)

In 1902 Carrel J described a method for suturing blood-vessels which seems

to be the best yet jiroposed. It may be used for small vessels, makes an air-tight

joint, does not diminish the calibre of the vessel, and can be employed in all

ca.ses in which suture is desirable. I*]xtremely fine, straight, round, sharj)-

pointed needles are u.^ed. In eiid-to-eiul anastomosis three guide sutures arc

applied at points equally distant around the circumference of the vessel. Trac-

* Archiv f. klin. Chir.. Bd. l.xx., p. 4M. t Arcliiv f. klin. ("liir., I'JOO, 1.

t Lyon m(:-d., IW2, p. 8.59.

l-'iG. 7G.—Payr's .Arterial

Ana-stomosis Completed.
(Arcfiir f. klin. Chir.)
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tioii on each of these transforms the circumference into a triangle whose sides

may be elongated as much as the elasticity of the coats permits. Each side of

the triangle, after being made taut by an assistant drawing on two of the guide

sutures, is sewed with a continuous stitch, the insertions of the needle being very

close. Although it was originally ad\dsed that the intima be avoided, it is now
known that such is undesirable. The steps of end-to-end anastomosis are as

follows:— (1) Pro^^sional h^emostasis with rubber-coated forceps applied from

1 to 2 cm. from the ends of the vessel. These are used by an assistant to bring

the segments together. (2) Preparation of the ends of the vessel by cutting

them square across. If the external tunic slides or rolls over the lumen a portion

of it should be resected. (3) Passage of the three guide sutures as described

Fig.

^mmllMMM'

Fig. 78.

w
Fig. so.

Figs. 77-80.—Diagrams Illxistrating Pa\T's Second Metliod of Securing Arterial Anastomosis,

viz., by means of Aluminum Cylinders. {Archiv f. klin. Chirurgie.)

Fig. 77.—The Two Halves of the Cylinder.

Fig. 78.—The End of the Artery is Shown to have been Drawn through the C.vhnder.

Fig. 79.—The Arterial "Wall is Caught on the Pegs so that the Intima is Turned Out.

Fig. 80.—Shows the Cylinders Joined.

above. Each suture is tied. (4) Transfomiation of the section to a triangle

by drawing on the guide sutures (Fig. 81), thus dilating the vessel and facilitating

suturing. Suturing of each side of the triangle with a continuous suture. (Fig.

82.) Temiino-lateral anastomosis is performed in the same way. The opening

in the large vessel should be slightly larger than the end of the smaller vessel.

In 1903 Amberg performed anastomosis by splitting the ends of arteries

longitudinally for a distance of 3 or 4 mm., and turning the flaps thus formed

outward, so as to bring intima in contact with intima.

Brewer* suggests closing wounds of large arteries ^ith sterile adhesive

plaster. The artery is first cleansed with ether. "A small strip of the plaster

is next passed beneath the vessel, and the two comers are held by two small

artery clamps in the hands of an assistant. The strip is then put gently on the

* Annals of Surgerj-, Dec, 1904.
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stretch and llu' lower cxtivniity of the strip hold by the clamps is placed firmly

in contact with the vessel, while the upper extremity of the plaster is slowly

drawn upward. This causes the vessel to rotate with the plaster until the

horizontal edge of the lower extremity of the plaster is on a level with the vessel

and firmly adherent to it. The two clamps are then passed over the vessel and

Fig. 82.

Figs. 81 and 82.—Diagrams Showing Carrel's Method of Arterial Anastomosi.s. (From the
Lynn Mi'dical, 1902.)

Fig. si, a, sliows tlie three guide sutures passed at points equidistant around the circumference
of the artery; Fig. 81, b, shows the circular end of the artery converted into a triangle by traction
on the guide sutures.

Fig. 82.— In this Figure the Ends of \\n- .Artery are Approximated and Each Side of the Triangle
is Sutured with a Continuous Suture.

the plaster is kejit on the st retell while tlie operator, with his thumb and fore-

finger, gently rotates the ves.-<el backward, and at the same time compresses the

enveloping plaster until it adheres snugly. The redundant plaster is then

removed and the vessel allowed to fall back to its normal i)osition in the wound."
(Brewer.)

This method has been successfully ii.-^ed in dogs but not in the human being.



THE PERICARDIUM, HEART, AND BLOOD-VESSELS. 255

It leaves a foreign substance which predisposes to infection, and it not infre-

quently, as shown by Brewer, causes thrombosis from too much pressure.

Dorrance * describes a method of arteriorrhaphy which he has successfully

used in the horse and the dog, and which has the following advantages:—The

suture does not protrude into the lumen of the artery, the interior of the artery

is left smooth, and the liability to secondaiy hemorrhage is lessened by the

double line of sutures. After clamps have been applied above and below the

wound, the suture is passed through the two outer coats of the artery above the

wound and tied. The needle then traverses all the coats of the artery on each

Fig. 83. Fig. 84.

Figs. 83 and 84.—Dorrance's Methods of Suturing Arteries. (Annals of Surgery, Sept., 1906.)

Fig. 83.—Suture Inserted and Pulled Tight in Lower Half.

Fig. 84.—Mattress Suture Pulled Tight and Half Hitch Made; Whip Stitch partially Inserted

but not Pulled Tight.

side of the wound, in the fonn of a continuous mattress suture, with the dropping

back one-half of a suture length every third suture so that the edges of the

artery are everted. The suture is secured at the lower end of the cut with a

half-hitch, and brought back to the starting point as a continuous whip-stitch

over the edges of the artery, outside of the mattress suture. (Figs. 83, 84.)

This method, which appears to be identical with that described by Clermont in

1901 for the circular suture of veins, can be applied only to very large arteries

and may then prove very useful.

De Gaetano,t in his work on animals, placed a glass cylinder in the artery

to facilitate circular suturing, removing the apparatus before he tied the sutures.

* Annals of Surgery, Sept., 1906. f Centralblatt f. Chir., 1906, p. 72.
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Microscopic rxaniinatiou of {he cicatncos after artcriorrhaphy shows tliat

the intinia is rogi'iicratcd aiul that the outer two coats are replaced by fibrous

tissue, l^urci, liowever. chiiins that conipl(>t(> regeneration of the three coats

occui-s. Jacobsthal found elastic elements in the scars, but no muscle fibres.

We have collected .53 cases of lateral and 10 cases of circular arteriorrhaphy

for acciilental wounds. These figures do not include cases in which arteries

have been sutured for arterial and arteriovenous aneurysm, for the removal

of emboli or thrombi, for the treatment of arteriosclerotic gangrene, or for

the i)erfomiance of direct transfusion, which cases may be found under their

resjK'ctive headings.

The cases of suture of lateral wounds belonged to the following surgeons:

1759, Hallowell; 1892, Durante (2 cases), Rosa; 1894, Heidenhain; 1895,

Zoege-Manteuffel, Israel; 1896, Orlow, Battistini; 1897, Ziegler; 1898, Camag-

gio. Lindner, Ricard, Garre (2 cases), Nove, Josserand; 1899, Harte; 1900,

(dueck, Seggel, Heinlein (2 cases), Koerte; 1901, Richard, Veau, Rotter, Pringle,

Halstead; 1902, Artiz de la Torre, De Page, Matas; 1904, Brewer (2 cases),

Wiart, Glauner, Bergmann (2 cases), Torrance, Plucker; 1905, Stewart, Martin,

Jacobsthal, De Gaetano; 1906, Dana, Eichel, De Page, Ziembicki (3 cases);

1907, Poenaru-Caplescu ; 1908, Stewart, Sherman. An analysis of these cases

shows the following :

—

Artery injured:—Common carotid, 5 ; internal carotid, 2

;

axillary-, 12; brachial, 8; radial, 2; abdominal aorta, 1; common iliac, 1; exter-

nal iliac, 4; femoral, 12; popliteal, 6.

—

Cause of injury.—Venesection, 1; breast

amputation, 0; removal of tumors elsewhere, 10; stal) wound, 18; appendicitis

operation, 1; operation for thrombosis of the internal jugular, 1; secondary

hemorrhage following crush, 1; opening fistula of groin, 1; gunshot wound, 1;

hernia operation, 4; reduction of dislocation of shoulder, 2; resection of knee, 2.

The size of the wound varied, in the different cases, from a mere puncture to

an opening 20 mm. in length. Catgut was used in only ten instances, linen thread

in one, celluloid thread in one, and silk in the remainder. In 20 cases the

sutures pierced the two outer coats only, and in 19 the sutures w^ere through-

and-through; in the rest of the cases the depth of the suture is not stated. In

41 cases the ])ulse below the sutured point w^as present after operation and

jx'i-sisted; in 4 cases, although present at the comjiletion of the operation, the

pulse disappeared after an interval of some weeks or months, indicating a slowly

forming thrombus. In 4 cases absence of thrombosis was determined at autopsy.

In 2 cases the sutures tore out during the operation and it became necessary to

lie tile artery itiie femoral and the iliac). Secondary hemorrhage occurred in

2 eases; in one, a wound of the axillary reopened on the twenty-first day, neces-

sitating ligation of the vessel; in the other, involving likewise the axillar}^ death

occurred on the twelfth day from hemorrhage; in both of these cases the wounds
were infected. In a number of other instances secondary hemorihage failed

to ai)pear des|)ite tlie presence of infection. Gangrene is mentioned in only 2

cases (femoral, i)()i)!i(eal), although tiie comi)anion vein was injured m several

instances. In no case is aneur\siii iio1e<l as a se(|uel.

The cases of circular artei-ioii'haph\' wei'e i'e])orted bv the following
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.surgeons: 1897, Murphy, Djeiuil Pacha (2 ca.scs) ; 1899, Kueiiiniel, Krau.-^c;

1902, Fergusson; 1904, Delanglade; 1905, Stewart; 1906, Stewart, Brougham.

Of these 10 cases the axillary artery was involved in 3, the brachial in 2, the

radial and ulnar (same patient) in 1, the femoral in 3, and the popliteal in 1.

In 3 the wound was caused by a bullet, in 1 by a piece of steel, in 1 by a stab

wound, and in 5 the vessel was accidentally opened during a surgical operation.

The largest amount of vessel resected was a portion 2 inches in length (femoral)

.

In 7 cases the vessel was united with silk; in 3 the suture material was not

mentioned. The Murphy method was employed in 8 cases and simple approxi-

mation in 2. In 5 cases the peripheral pulse could be felt at the close of the

operation, and in 5 it was absent immediately after the operation. Infection

occurred in at least 3 cases and gangrene in 2 (femoral, popliteal). In no case

was secondary hemorrhage or aneiu'ysm reported.

Finally, we may mention: Torrance's case * in which, following a compound

fracture of the ankle, the anterior tibial artery was invaginated into the internal

saphenous vein, the vessels later sloughing; and Golden's case | in which the

posterior circumflex was drawn into the brachial artery through a slit in the

side of the latter after the circulation through the brachial had been destroyed

by an injur}'. In this case death followed in a few days from sepsis.

Our own ideas as to the technique of arteriorrhaphy are as follows :—Asepsis

should be absolute, since slight infection, even though too mild to cause suppura-

tion, may induce thrombosis. The vessel should be handled as gently as possible,

and not more of the sheath should be stripped from it than is absolutelj^ necessary.

Provisional hiemostasis should be secured by an assistant who gently compresses

the artery between the fingers at a convenient distance on each side of the wound

in the vessel. Rubber-coated clamps of various sorts are unnecessary and more

likely to produce lesions of the intima (and hence thrombosis) than the fingers.

The edges of the wound should be smooth. If there is any fraying or laceration

such should be removed with a sharp knife rather than with scissors, in order to

avoid contusion. The needles should be as fine as are obtainable and should not

have cutting edges. The silk likewise nuist Ije of the finest and may be sterilized,

as suggested by Carrel, by boiling in vaseline. The silk is put into the vaseline

dry, so that, when the proper degree of heat is reached, the entire strand becomes

impregnated with fat. Carrel applies sterile vaseline also to the edges of the

wound in the vessel to prevent drying. Salt solution may be used for the same

purpose. In lateral wounds a guide suture, to be held by an assistant, may be

jilaced at either end of the wound, in order to facilitate suturing. The con-

tinuous suture is more rapidly api)lied than the interrujjted and there is less

tendency to leakage between the points of insertion. The suture should penetrate

all the coats of the artery instead of the outer and middle coats only, since

the former is easier to aj^i^ly and nuich more sure to hold. The points of inser-

tion should be about 1 mm. a])art and the sutiu'e so inserted as slightly to evert

the edges of the wound and insure accurate contact of intima with intima. The

less tension on the suture line the greater the chance of success. The distal

* Charlotte Med. Jour., June, 1907. t West Va. Med. Jour., April, 1907.

VOL. VII. 17
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coiiii)ressioii should first be removed, tlieii the jiroxhiial very gradually, while

pressure is applied to the suture line until the needle punetures cease to bleed.

Next, the sheath should be sewed, then the fascia, and finally the skin. If the

wound involves more than one-third or at most one-half of the circumference of

the vessel most authoi-s advise that the section be completed and an end-td-cnd

anastomosis performed. This is best effected by the Carrel method, a biicf

description of which has been given above.

Unfortunately, in the very cases in which arteriorrhaphy for wounds is most

strongly indicated,

—

i.e., in those indi^aduals wdth chronic arteritis, in whom
the danger of gangrene after ligation is much increased,—the sutures are apt to

tear out during the oj^eration or thrombosis is likely to occur subsequently.

l']ven in these cases, however, we believe that arteriorrhaphy should be tried,

since, when one considcM's the probal)ility of section of the vessel by a ligatuic.

the dangers of sutures are at least no greater than those of ligation, and in the

event of thrombosis the patient is no worse off than after the application of a

ligature. Indeed, if the thrombus forms slowly, the collateral vessels may
sufficiently dilate to prevent the occurrence of gangrene in the affected part.

Experimentally, the perfection of the technique of arteriorrhaphy has led

to some interesting results. Arteries and veins have been trans})lante(l success-

fully and even organs have functionated, at least for a few days, after being

transplanted from one animal to another. (Carrel and Guthrie and others.)

Hoepfner amputated and then replanted a leg in three dogs. In one animal

the circulation remained intact four days. Vessel transplantation has been tricxl

twice in man. Delbet,* after excising an aneurysm of the femoral artery,

attempted to graft between the ends of the vessel a segment of a femoral artery

from an am}Kitated limb. The sutures tore out repeatedly, owing to the presence

of atheroma, and he was forced to ligate.

Goyanes f extirpated a popliteal aneurysm and successfully transplanted a

segment of th(> i)oi)liteal vein into the breach, using Carrel's technicjue. As to

organ transplantation, Jaboulay | reports two cases of chronic nej)hritis in

which he tran.splanted a jng's kidney in one and a goat's kidney in the other

to the bend of the elbow, anastomosing the renal artery with the brachial, and

the renal vein with the median cephalic. Thrombosis occurred in both cases.

VI. ANEURYSMS.

Arterial Varix.—An arterial varix corresponds to a varicose vein; the artery

is dilated, elongated, thickened, and tortuous. It is a condition which some-

times affects the large vessels in old age. Closely i-elated to arterial vaiix is the

compensatory dilatation of small and metlium-sized vessels after occlusion of

a large artery. The arteries supplying a region which is the seat of a cirsoid

aneurysm are generally v.-iiicose, but the conditions are not to be confused.

* Rpviic do cliir.. Juno, HM)7. j). lOKd.

t SIkIo medico, .Sept. Htli, HMKl; Jour, .\tuor. .Mo<l. .V.s.soc. , Oct. (ith, 1!)()(), p. 1 121.

{ Semaine m<^d., Oct. ."M, l!»()(i.
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Cirsoid Aneurysm.—Cirsoid aneurysm was first described by John Bell, under

the heading of aneurysm by anastomosis. Other terms used by various authors

are: plexiform angioma, racemose aneurysm, racemose arterial angioma. The

condition is an elongation and dilatation of the arterioles and larger branches of

one or more arteries, which arteries are generally themselves widened and

tortuous, either because the disease extends to them or because of the increased

amount of blood which they are called upon to supply to the affected region.

Not only is the arterial side of the temiinal circulatory apparatus involved, but

the capillaries also are greatly distended, forming large channels of communica-

tion with the veins, which likewise are dilated, thickened, and often pulsating.

For such cases the term phlebarterectasia has been suggested.

Etiology.—The cause of cirsoid aneurysm is obscure. Most cases develop

from simple congenital ha^mangiomata. The reason for this transformation

in many cases is stated to be injury, sometimes slight and repeated, such as that

produced by a comb when the condition is on the scalp, sometimes a single

trauma, as, e.g., a dog bite.* Pregnancy, puberty, menstrual suppression,

alcoholism, etc., have been cited as playing a part in the transformation of

hsemangioma into cirsoid aneurysm, but are probably merely coincidental.

Cases which develop later in life generally arise between the fifteenth and thirtieth

years, occasionally from a preexisting angioma, but more often subsequently

to some form of trauma, probably as the result of disturlDance of the vasomotor

nerves.

Pathology.—The growth is found most frequently on the scalp (Fig. 85),

then on the face or neck. The site of predilection in the extremities is the

hand (Fig. 86). The walls of the dilated and tortuous arteries, like those of

varicose veins, are in places greatly thickened as the result of chronic arteritis

and in others extremely thin, often forming pouch-like dilatations, which

occasionally rupture. The venous walls are generally hypertrophied or fibrous.

Both arteries and veins are greatly elongated and communicate directly with

each other by enomiously enlarged capillaries. The arteries supplying the

affected region are dilated, elongated, and tortuous, sometimes for a great

distance. The walls are at first thickened and hypertrophied, but later the

middle coat may undergo fatty degeneration and the walls become stretched

and thinned. The efferent veins undergo changes similar to those occurring

in the arteries, but not to so great an extent. The deformed vessels are sur-

rounded by new connective tissue, and hence cannot be straightened, even after

removal from the body, unless the adhesions are separated. The skin, nerves,

and muscles may be atrophied from pressure, and the bone, particularly the

cranium, may, as in aneurysm, be eroded and even perforated. In Clemot's

case, after perforation of the bone, an intracranial hemorrhage was induced by

ulceration of one of the arteries.

The Symptoms.—The tumor exhibits a marked tendency to increase in size,

sometimes gradually and sometimes, as at puberty or during pregnancy, rather

rapidly. Yet it may remain stationary for long periods at a time. Recession

* Rotgans, in Hildebrand's Jahresber., 1897, p. 346.
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ami cvcMi spoiitaiu'ous cure aiv said to be possible, although cxtrcincly rare

eventualities. When the tumor is fully develoixxl a tortuous, coiled, worm-like

mass (f pulsating vessels can be i-eadily seen and felt. This mass is irn>gular,

bos.><elated. and without well-delined limits. The overlying skin is apt to be

thin and adherent in places, and not infre(iueiitly cyanotic or pinkish in color.

The tumor is soft and elastic and pulsates synchronously \\\\\\ the heart. Each

pulsation is accompanied by a thrill, analogous to that of an arteriovenous

,i..^

K.

I

l"iG. 85. l-i.:. S().

Figs. 85 and 80.—Cirsoid Aneurysms. (Tiilinaims.

)

Fh;. 8.5.—Cirsoid .\ncurvsni of tiic Head.
Vic. 80.—Cirsoid .Xncnrvsni of tlii' Hand anil Forearm.

aneurysm, and by a bruit, which may be intermittent, or continuous with aug-

mentation at each pulsation, and which may be heard some distance from th(>

gi-owth, jiarticularly along the afferent aiteries. Pi'essui'e on llic ])rincii)al

aileiy of supply reduces the size of the mass and the force of the pulsation,

thrill, and bruit, while jjre.^sure on the efferent veins acts in a reverse manner.

( )nly in the extremities can the i)ulsation, thrill, and bruit be made to dis-

appeai' eiitii'ely by proximal compression. In cirsoid aneurysm of the head

tlie |)atient may be kept awake by the pulsation and bruit, antl occasionally he

suffers from ]iain and giddiness. When on(> of the extremities is involved the

usefulness of the |)art may br impaired oi- destroyed, sometimes owing to in-

volvement of the nniscles and iiei'ves. In either region the atrophied, adhei'ent

skin may ulcerate; and give i-ise to alarming hemori'hages or sei'ious infection.

Till' possibility of changes in the soft parts and bones has been mentioned
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above. In large growths the temperature of the affected part is elevated, but

rarely more than one degree.

The Treatment.—The best treatment for cirsoid aneurysm is extirpation,

each vessel leading to the growth being divided betwecni ligatures. Excei)t in

the case of the smallest growths this is always a formidable undertaking, owing

to the great quantity of blood which is unavoidably lost and the large amount
of time required for ligating all the vessels. For these reasons the operation

may be done in several stages, only a portion of the circumference of the mass

being traversed at one time. Unfortunately, in many instances the disease

is so widespread that excision is out of the question, and other methods must be

considered. Ligation of the afferent artery has, as a rule, only a transient effect

and is often dangerous. Of 73 cases in which the common carotid artery was

tied for cirsoid aneurysm, death occurred in 21, and of those which recovered

about one-half were cured. Of 9 cases in which both connnon carotids were

tied at intervals 2 died, 1 was cured, and 2 improved.* Of 13 ligations for

cirsoid aneurysm of the hand, only 2, according to Polaillon,t were benefited.

In the extremities gangrene is a possi1)le result of ligation. Cauterization is

dangerous, owing to the fact that violent hemorrhage may occompany the

separation of the sloughs. Compression of the tumor, or of the arteries which

feed it, is only palliative. The injection of coagulating fluids, such as Monsel's

solution, carbolic acid, boiliug water, alcohol, etc., has been successful in

several cases, but is not recommended ]:)ecause of the danger of embolism.

Electrolysis is probably less dangerous. Payr J suggests the pushing of little

arrows of magnesium in all directions into vascular tumors through a small

incision. The absorption of the metal induces coagulation with consequent

destruction of the blood-channels. The x-rays also have been used in the

treatment of these vascular growths. Finally, in the extremities, amputation

may be required when repeated hemorrhages occur or, since free incisions cannot

be made, when the part becomes infected.

Aneurysm.—An aneurysm is a hollow tumor containing blood and com-

municating with the lumen of an artery. Cirsoid aneurysm and arteriovenous

aneurysm are frec^uently considered under this heading. The former has just

been described, the latter will be discussed at the end of this section.

Aneurysms were recognized even in the earliest times. Rufus of Ephesus

and Galen were familiar with the traumatic variety, but Antyllus seems to

have been the first to descril^e the spontaneous form.

A true aneurysm is one whose walls are composed of one or more of the

arterial coats; a false aneurysm, one whose walls are formed of condensed

perivascular tissues.

According to their form aneurysms are divided into the fusiform or tul)ular.

the saccular, and the dissecting.

A fusiform or tul)ular anemysm (Fig. S7, a and h) is a dilatation and leiigth-

* Wyeth: "International I-ncyclopedia," vol. ii.

t Bull, (le la soc. de chir., 1884, p. .348

t Deutsche Zeitschrift f. Chir., Bd. Ixiii., 1901, p. 503.
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Fici. ST.—Different Forms of Aneurysm.
Cylindrical aneurj'sni; b, fusiform aneurysm;
sacculated aneurysm.

cning of a section of an artery, generally in the oraniinn, the thora.x, or the

alxlonien. It is spontaneous in origin,

—

i.e., the result of increased blood-

pressure acting upon a diseased artery,—and is always a true aneurysm. Some

of the mildest fonns are called aneurysmal dilatations. Pressure upon sur-

rounding organs is fre(iuently responsil)le for the fatal result. Layers of fibrin

are rarely (lei)osited upon the walls, but rujrture is unusual. When the wall

does give way death follows or a

false saccular aneurysm results.

A saccular aneurysm (Fig. 87, c)

may s])ring from a fusiform aneurysm

or from the side of an undilated ar-

tery. It consists of a sac which com-

numicates with the lumen of the ar-

tery by an opening in th(^ side of the

vessel; the entire circumference of

the vessel is not involved. Many
true and all false and traumatic an-

eurvsms are of this variety. A sac-

cular aneurysm is said to be circum-

scrilx'd when the sac wall is distinct

and complete, and diffuse when the

sac has ruptured and the blood has

extravasated into the sun'oiuKling tissues.

A dissecting aneurysm is found most frequently in the thoracic aorta. About
eighty cases exist in the literature.* The blood finds its way into the arterial

wall through an atheromatous ulcer and dissects the outer half from the inner

half of the middle coat. A sort of sac is formed, which remains as such, or the

l)lo()d may make its way back into the artery through another athc^romatous

ulcer. If a weakened spot in the outer tunic is found, extravasation into the

perivascular tissues occui-s. LetuUe f rejwrts a case in which a dissecting

aneurysm extended the whole length of the aorta. During life practically all

the blood passed through the aneurysm, which was as large as a thumb in

calibre.

I'h-ioLofiv.—According to their mode of formation aneurysms are said to be

traumatic or sj)ontaneous.

A traumatic aneurysm is always saccular. Although many authors restrict

the term traumatic strictly to false aneurysms the result of injury, we prefer.

since trauma may cause a true aneurysm, to recognize l)oth the true and the

false varieties.

A true traumatic aneiu-ysni occurs after contusions or partial ruptures of an

artery—usually of the inner and middle coats. Wounds of the adventitia and
media may result in :i hernia of the intima, which, if it withstands the blood-

pressure, forms an aneiii-ysm (hernial aneurysm), ^^'oun<ls of vessels wliich

* C'olcniaii, ill Dublin Juiir. .Med. Sciences, Auk., I<^iW-

t SociY'tr' mM. (1p.s h6pitaux «le Paris, Dec. 29th, 190r); Lancet. Id., .id, I'tOC.
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have healed also may give rise to aneurysm, as the result of stretching of the

scar tissue.

A false traumatic aneurysm follows those wounds of arteries (stab, incised,

lacerated, gunshot) in which a hsematoma is formed that communicates with

the arterial lumen. The sac wall is formed by the condensed perivascular

tissues and not by the coats of the artery.

Spontaneous or idiojiathic aneurysms include, according to the usual classi-

fication, all which are not traumatic in origin.

Congenital aneurysm has been observed in various arteries and is often

multiple. According to Eppinger * the elastic elements of the vessel have

disappeared and the sac consists only of the intima and adventitia.

An acquired spontaneous aneurysm depends upon a weakening of the coats

of the arteiy, particularly the middle, as the result of inflammation or degen-

eration. Acute suppurative arteritis may, as we have already noted, result in

perforation of an artery into an abscess ca\dty, giving rise to a false aneurysm.

If onl}^ a portion of the arterial wall is thus destroyed the remaining coats may
be stretched to form an aneurysm (aneurysm by erosion)

.

Embolic aneurysms, according to Ponfick, are caused by direct injurj^ to

the vessel wall by sharp calcareous emboli. According to later observers these

aneurysms are the result of infective softening of the vessel wall. Eppinger

showed that the intima and a part or the whole of the media are destroyed by

bacteria when one of these aneurysms foniis, and hence he suggested the term

mycotico-embolic as a proper designation for them. The aneurysm corresponds

to the situation of the emljolus and not to the segment of the vessel immediately

proximal to it, as was at one time supposed, the belief being that the sudden

blocking of the blood-stream caused this portion of the artery to dilate. In

the horse aneurysms of the anterior mesenteric artery are not infrequently

caused by the Strongylus armatus.

By far the largest number of spontaneous aneurysms are the result of chronic

arteritis. The early stage of chronic inflammation of an arteiy, before com-

pensatory thickening of the intima occurs, is the most favorable one for the

production of an antnuysm. We have already mentioned the causes of chronic

arteritis and called attention to the frequency with which the form that is caused

by syphilis is followcxl by aneurysm, owing to the atrophy, degeneration, or

fragmentation of the tunica media.

Although many individuals suffer from chronic arteritis, very few develop

aneurysms; hence other conditions must in many instances be invoked as con-

tributing factors—such, for example, as age, sex, occupation, etc.

Age.—Aneurysm is most frequent between the thirtieth and fiftieth years,

during which time arteriosclerosis frequently begins, although the bodily con-

dition is still sufficiently vigorous to lead to overexertion. Of 501 cases collected

by Crisp 1 occurred in the first decade, 5 in the second, 71 in the third. 198 in the

fourth, 125 in the fifth, Go in the sixth, 25 in the seventh, 8 in the eighth, 2 in

the ninth, and 1 in the tenth.

*Archiv f. klin. Chir., Bd. xxxv., 1887, Suppl.
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Sc.v.—Aiu'urvsiii is ahovit seven times more fre(iueiit in men than in women,

probably owing to the greater freciueney of injuries and violent exercise in the

former.

Race.—Aneurysm is said to be more frequent in England than in the United

States, France, or Gennany, because, it is suggested, of the greater amount of

alcohol consumed in that country. Aneurysm is rare in Italy and China, and,

acconling to Weber, is unknown among the Hindoos. Rodman states that

aneurysm is three times more frequent in the colored than in the white race.

Occupation.—Laborious occupations of all sorts predispose to aneurysm.

According to Lawson, in 18()(), the deaths from aortic aneurysm in the English

army were eleven times more frecjuent than among the civil population. The

pressui-e exerted by Aveapons, tight belts, and ]worly fitting clothing is given

as the cause of the greater frequency of aneurysm in the army than in the navy.

Trauma.—Not infre(iuently the |)atient gives a history of some form of

trauma, slight or severe, and presents evidences of chronic arteritis. In these

cases it is difficult or impossible to determine w^hether the trauma or the arterial

disease has been the principal factor in the arterial dilatation. Certain forms

of trauma of a chronic nature, such as that produced by an exostosis, may lie

followed by aneurysm. In these cases there is neither ulceration of the vess(>l

nor rupture, but, as the result of pressure, a disturbance of the nutriticm of the

vessel, which causes chronic inflammation and subsequently degeneration of

the middle coat of the artery.

P.\TH()LOGY.—In 551 cases of aneurysm Crisp found the thoracic aorta

affected in 175, the abdominal aorta and its branches in 59 (making 41.7 \iot

cent for the aorta), the popliteal in 137 (24.9 ])er cent), the femoral in GO (11.9

])er cent), the subclavian in 23 (4.1 ])er cent), the innominate in 20 (3.(5 ]ier

cent), the vertei)ral in 7 (1.8 per cent), the axillary in 18 (3.2 ])er cent), the

external iliac in 9 (1.9 i)er cent), the i)ulmonary, posterioi- tibial, common iliac,

and gluteal each in 2 (0.3 ])ercent), the temporal, ophthalmic, subscapular, and

l)rachial, each 1 (0.1 per cent). If one includes also minute aneurysms the

arteries of the brain and the lung would head the list.

Xuniher.—Aneurysms are generally single, but occasionally they are nmltiple

and sometimes symmetrical. Manec has counted thirty in one case and Pelletier

sixty-three in another.

Volume.—The size of aneurysms varies greatly. They may reach the

dimensions of a large orange or even a child's head. The largest Aarieties are

always of the false variety, even though originally made uj) of the coats of the

artery. When the sac of a true aneui'ysm gi\-es way to form a false aneurysm,

the latter is sometimes called a consecuti\-e false aneurysm.

Form.—An aneuryshi may be smooth and symmet I'ical, particularl}" in the

early stages, if it be of the 1i-ue \ariety, but moi'e often the sac yiekls more in

some places th;in in others, thus giving it a bosselated ai)))earance. Its shape

is modified also by the charactei' of the sui'rounding tissues, since it grows most

I'apidly in the lines of least resistance. Not infi'equently it is gi'ooved l)y neigh-

boring nei'N'e ti'uiiks Owing to tin' directidii nf the blood-st ic;im. that portion
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of the sac which is distal to the mouth of the aneurysm is generally larger than

the proximal portion, which is somewhat jirotectecl from the force of the arterial

current. Although an aneurysm may l)e connected with the artery by a sliort,

wide pedicle, which has been called the collar, more often it is sessile. Occasion-

ally it seems to envelop the ves-

sel like a saddle.

The Sac Wall.—In general the

sac wall is thickest at its point of

origin from the artery, and thin-

nest at its equator in the fusiform

aneurysm, or just below this

point in the saccular variety. As

the result of inflammation, how-

ever, any portion of the wall may
be markedly thickened, and as

the result of a secondary divertic-

ulum any portion may be greatly

thinned. In the areas most di-

lated no trace of the middle coat

can be found microscopically,

while near the orifice of the an-

eiuysni renmants of this structiu'c

may be demonstrated. The nor-

mal endothelium disappears in

places and the internal tunic is

represented by flat cells sepa-

rated by fibrillar connective tis-

sue, which may undergo fatty or

calcareous degeneration. The ex-

ternal tunic is thickened and re-

sembles in structure the internal

tunic. In a false aneurysm the

sac wall is formed of dense con-

nective tissue lined by flattened

cells which resemble the altered

intima of a true aneurysm.

The Mouth of the Sac.—The orifice of a recent saccular aneurysm is generally

small and somewhat irregular. It may, however, have a i:)unched-out appearance

with sharp edges, and is occasionally fimbriated. With the growth of the

aneurysm the mouth becomes oval, its long axis corresponding to that of the

artery. Sometimes the mouth elongates to such an extent that the aneurysm

resembles the fusiform variety.

Contents.—In the early stages, while the sac is small, the contents consist

of fluid l)lood only. Later, when the sac increases in size, particularly in the

sacculated variety in which tlie moutli is small or so situated as not to rc^'H^ive

b'lG. 88.—Aneurysm of Thoracic Aorta.

The patient, a man, aged 34, complained of dysphagia,

dyspnoea, and pain in tlie region of the heart. There
was a pulsating tumor to the left of the sternum, on a

level with the third rib. Marked erosion of the vertebra-

found at autopsy. (Pennsylvania Hospital case.)
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the full force of the circulation, layoi-s of fibrin arc deposited upon the walls, the

outer and older layei-s being dry, firm, and yellowish-white in color, the inner and

younger soft, friable, and red. (Fig. 89.) In some cases the concentric dispo-

sition of the layei-s of clot is disturbed by sudden augmentations in the size of

the aneurysm, so that fissures exist in the outer la3^ers in which red clot is

deposited. Nature rarely makes an effort to organize this clot, neither living

cells nor vessels being present; the tendency is rather toward degeneration.

Fiu. 89.—Thoracic Aneurysm, Showing Laminated Clot. (Pennsylvania Hospital case.)

Thus, in the outermost layers, granular and fatty changes are found, and often

irregular cavities filled with atheromatous material.

Changes in the Environing Tissues.—The artery from which a true aneurysm

springs is generally dilated, indurated, and flexuous—in other words, the seat

of chronic arteritis. In certain cases, however, careful examination fails to

reveal any pathological alterations in the artery above and below the aneiuysm.

The collateral arteries are tlilatcd in ];)roportion to the obstruction offered

to the blood-cunciit in the main vessel. Tlie satellite veins are comi)ressed and

sometimes thrombosed.

The neighboring nerves may be inehuled in the sac wall and are fre(,iuently

altered by chronic inflanunation, giving rise to various motor, sensory, and

tr()j)hic symptoms.

The bones in contact with the aneurysm are eroded as the result of a rarefying

ostitis and may be perforated

—

e.g., the sternum by an aortic aneurysm—or

break spontaneously.
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The joints likewise may be eroded, the ligaments ruptured, and spontaneous

dislocation occur, or the aneurysm may rupture into a joint cavity.

The muscles are pushed aside, atrophied, and degenerated.

The surrounding connective tissue becomes condensed and indurated as the

result of chronic inflammation, causing the aneurysm to adhere strongly to the

neighboring tissues. Occasionally the inflammation becomes acute and event-

uates in suppuration.

Evolution of cm Aneurysm.—When, as the result of atro})hy, fragmentation,

degeneration, or mixture of the musculo-elastic middle coat of an artery, the

walls of the vessel yield at a certain point, an aneurysm is inaugurated, saccular

if the lesion be lateral, fusiform if the entire circumference is involved. As, at

each pulse-wave, the blood is hurled against this weakened spot, there is soon

fomied a diverticulum, which, owing to its loss of elasticity, cannot completely

empty itself of the blood from one pulse wave before another is forced into it.

Thus there is a constant tendency to overdistention and dilatation of the sac and

to stagnation of the blood Avithin it, with the formation of eddies. The latter,

combined with the alterations in the wall of the sac, leads to a deposit of clot over

the lining membrane of the aneurysm. In this way successive layers of clot

are deposited, the first layers adhering more intimately to the wall, and vnih

the lapse of time becoming dry from the contraction of fibrin, and yellowish

from the destruction of the blood pigment. Collateral vessels rising from the

aneurysm may remain permeable, but frequently they are sealed with the clot.

In the saccular variety the sac has at first the diameter of the mouth (crateriform

aneurysm). Left to itself an aneuiysm undergoes spontaneous cure, or results

in death as the result of rupture of the sac, pressure upon important structures,

cerebral embolism, or sepsis from suppuration of the sac or gangrene of the parts

supplied by the afi"ected arteiy.

A spontaneous cure is extreme!}^ rare. It may be due to gradual filling of

the sac with layers of fibrin; to coagulation of l^lood within the sac the result of

lodgment of an embolus above or below the mouth, this embolus being perhaps

derived from the aneurysm; to the inflammation of the sac; or to rupture and

subsequent cicatrization. An aneurj-sm cured by nature shrinks somewhat
and becomes solid and may in time be represented by a mass of fibrous tissue.

Preservation of the lumen of the artery, which is possible in the spontaneous cure

of a saccular aneurysm, is rare.

Persistence of the aneurysm without increase in size, sometimes for years,

also is rare. Broca * cites but fiAc or six examples. More frequent are the

cases in which, although the aneurj^sm steadily increases in size, the deposition

of clot, at least for a time, maintains the cavity at the same size.

Normally an aneuiysm increases in size until the wall gives way at its most

thinned point. This results in a secondary or consecvitive false aneurysm if the

environing tissues limit the effusion, or in death from hemorrhage if the blood is

unrestrained. The walls of all aneurysms of great size are composed of condensed

perivascular tissues, with traces of the vessel-coats near the orifice of the aneu-

* " Des anevrj'smes et de leiir traitement," Paris, 1856.
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rvsin. The transition oi' a true into a consecutive false aneurj'sni may be slow-

ami insensible, inflamed and thickened connective tissue being gradually sul>

stituted as the gaj) resulting from the parting of the arterial tunics becomes

larger, or it may occur suddenly with a marked increase in the size of the tumor.

Ordinarilv, however, by ruptun^ of an aneurysm one means a sudden l)reak in

its walls, through which the blood esca})es into the subcutaneous tissues, into

a normal cavity or hollow organ, into a neighboring vein (spontaneous artc^rio-

venous aneurysm), or externally through the skin. The rupture may follow a

trauma, an inflammatoiy ulceration, suppuration, or gangrene of the sac or

its environs. Inflammation of the sac is of very frequent occurrence. The

mildest form, adhesive or i)lastic in nature, tends to induce coagulation within

the sac and to thicken its walls. The severer form may eventuate in suppuration

and lead to rupture of th(^ sac. When the infection is \-i()lciit or the I'esisting

Fig. 9U. - roplitcal Aiuur\>in. < l'(iiii>\l\ aiiia lln-pital case.)

powers of the tissues are mudi ilc])i-('ss('d gangrene of the sac occasionally occurs.

The severer forms of inflauunalioii are always infectious in origin, the micro-

organisms generally reaching the affected part by way of the l)lood-stream.

Symi'Toms.—The symptoms of an aucui'ysm may be ai'iaiiged in two groujjs:

(1) tho.se peculiar to the aneurysm itself; and (2) those due to i)ressure.

(1) The intrin.sic symi)toms generally develo]) insidiously. Even in the

false traumatic aneurysm the characteristic i'eatui'es may be obscured for some

time by the coagulation of the blood which is lirst thi'own out. The tumor

cori'esponds with the line of an artery and, if of tlie t rue \'ariety, is at fii'st small,

smooth, wcli-deliiied, hemisphei-ical or o\-oid in outline, and iiio\able per-

|»e!idiciilail\' to, but not in the axis of. the artei'y. (Fig. itO.) At a iatei- jxi'iod,

as pointed out al)o\'e. the sac becomes bosselated and fixed to tlie sunounding

tissues with adhesions. In the beginning, when the contents are of a lluid

naturi- and the walls t'.iiu, the swelling ma\' lluctuate and be i-e(lucii)le by
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pres.-<urc. while in an ancient aneniysni, whose walls are thickened Ijy inflannna-

tion and whose contents consist largely of coagulatetl ])lood, these signs are

wanting. In the absence of adhesions and inflammation the skin is nomial in

color and movable over the swelling.

The pulsation of an aneuiysm is synchronous with the cardiac systole and

expansible in character,

—

i.e., the swelling increases in size in all directions, so

that the i)ali)ating fingers are not only lifted but also separated. The number

and amplitude of these pulsations may l^e measured more accurately with the

sphygmograph. In ancur^'sms close to the heart the tracing may show three

expansions, corresponding to those of the aortic pulse waves. (Fig. 91.) In

the extremities the pulsation is ordinarily single, but may be double. The more

clot within the sac and the thicker its walls, the less distinct is the pulsation.

In old aneurysms pulsation is freciuently more marked at certain points than at

others, owing to the irregularity in the thickness of the walls.

The bruit heard on auscultation is usually loud, blowing, and harsh. It

Fig. 91.—Sphygmographic Tracing of an Aneurv-sni. (Duplay et Reclus.) An, Cur\e obtained

from aneurysm : Coe. curve of normal heart.

coincides with the distention of the aneurysm, is shorter than tlie silence which

follows it. and is more distinct when the mouth of the sac is small. It is caused

by the swirling of the blood in the aneurysm, and not by the vibrations of the

margins of the mouth, as was at one time supposed. Occasionally, in aneuiysm

near the heart, a second bruit, softer and more feeble than the first, is heard.

According to Franeois-Franck. this second bruit may I'esult from a reinforcement

of the pressure in the aneurysm coinciding witli the second expansion, from

the return of the blood into the artery, from aortic regurgitation, or from the

displacement of air in the lung consequent upon the sudden relief of pressure

during the systole of the aneur}'sm. An aneurysmal bruit is best heard where

the sac is thinnest, and is sometimes transmitted along the parent artery.

A thrill corresponding with the bruit may occasionally be detected with the

hand, but is never so i)ronouiiced as in an arteriovenous aneurysm.

Compression of the artery above the aneurysm causes the tumor to become

smaller and softer and the pulsations to cease or be notably diminished. Com-

pression of the artery below the aneurysm causes it to become larger and harder

and the pulsation to become nioi-c i)roniinciit.
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The pulse below the aneurysni is diminished in volume and retarded in time.

Diminution in the volume of the pulse may be due to narrowing of the artery

fnnii an>- cause, and is therefore of less value than retardation, which may be

regarded as pathognomonic. The greater the size of the cavity of the aneurysm,

the greater the distensibility of its walls, and the larger the mouth, the more

pronounced will be the retardation i)^ the i)ulse. A\'lien the retardation is

marked it mav be readily appreciated by palpation of the corresponding arterial

segments on each side of the body.

Slight variations may be graphically

shown by simultaneous i)ulse trac-

ings. (Fig. 92.)

(2) The pressure symptoms are

similar to those of other tumors.

Pressure on the artery causes a dim-

inution in the size of the pulse distal

to the aneurysm, and consequently,

in some cases, a compensatory en-

largement of adjacent arteries. If

the aneurysm is sufficiently large to

l)lock, not only the main trunk but

also the collateral vessels, gangrene

occurs. Pressure on the veins causes

oedema and compensatory dilatation

of the superficial veins. Pressure on

the nerves causes i)ain and perhaps

motor, sensory, and trophic disturb-

ances. Muscles arc pushed aside, stretched, and atrophied, and bones eroded,

causing severe, constant, boring pains and occasionally spontaneous fracture.

Ligaments may be softened and cartilage absorbed, thus causing s]iontaneous

dislocation. Other symi)toms of compression vary with the structure involved.

Thus, pressure on the trachea causes dyspnoea, on the (esophagus dysphagia, on

the recurrent laryngeal nerve change in the voice and brassy cough, and per-

haps decided ol)struction at the rima from paralysis or spasm, on the sympa-

thetic nerve dilatation and later contraction of the pupil, on the thoracic duct

inanition, on the phrenic nerve hiccough, etc.

In the rare cases in which a spontaneous cure occurs the swelling liecomes

harder and shrinks, the pulsations gradually cease, the bruit disai)pears, and

in time the aneurysm is represented by a mass of fibrous tissue. Pressure

symptoms may persist and even be accentuated in such cases.

Ruj)ture into the subcutaneous tissues is announced by severe pain, sudden

increase in the size of the swelling, indistinctness of its outhne, diminution or

even disajjpearance of pulsation and biMiit owing to the coagulation of the

blood, and cessation of the i)ulse below the swelling. The general symi)toms

are those of acute ana-mia and shock, and may be severe enough to induce death.

The i)ressure of the extravasated blood may cut off the entire circulation of the

Fig. 92.—Si)hygniograpliic Tracing of Arten'

on Distal Side of an Anoiirysm Compared with tlie

Tracing of the Normal Artery of the Oi)po.site Side

ami Showing Retardation of the Pulse Wave. (Du-

play et Reclus.) C.A'., Curve obtained from normal

artery of opposite side; C.An., curve ohtainecl from

artery on distal side of aneurysm: R.f/., curve of

left radial artery; R.d., curve of right radial artery.
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liml) and cause it to become gangrenous, or it may result in inflammation and

sloughing of the skin with consequent death from hemorrhage. When rupture

occurs externally through the skin or internally into a large cavity death may
be immediate or it may be deferred for a number of days. In the former event

the rent is sufficiently large to permit a rapidly fatal hemorrhage ; in the latter,

the blood leaks from a small opening, which may be temporarily plugged by a

clot, but sooner or later this is displaced or perforated and the bleeding recurs.

Gairdner reports two cases in which rupture through the skin was followed by

spontaneous cure. (Michaux.) When an aneurysm ruptures internally into

one of the cavities or hollow organs there are sudden pain, symptoms of acute

anaemia, and death. If rupture into the oesophagus or trachea occurs blood

will pour from the mouth. Special symptoms occur in certain regions, e.g.,

within the cranium, spinal cord, pericardium, pleura, etc.

Inflammation shows itself by redness of the overlying skin, oedema, pain,

and increase in the local temperature. The outlines of the tumor become less

distinct, and suppuration may occur in the surrounding tissues, in the sac wall,

or within the aneurysmal cavity. Ulceration of the sac wall and skin is followed

by the discharge of pus mixed with clot and finally fluid blood. If the inflamma-

tion is intense gangrene of the sac and overlying skin may occur. The general

symptoms are those of sepsis, varying with the degree and character of the

inflammation.

Gangrene of the parts beyond the aneurysm may follow subcutaneous rupture

of the sac, owing to the compression of the extravasated blood upon the artery

and its branches; to the impaction of an embolus derived from the aneurysm;

or to violent inflammation, resulting in thrombosis of the parent artery. The

symptoms of these affections have already been given.

Diagnosis.—The diagnosis of aneurysm is sometimes difficult or even

impossible, as pulsation and bruit may be absent owing to the deposition of

fibrin; and, besides, other tumors may exhibit these signs. A cyst, new-growth,

or chronic abscess lyingupon an artery may be elevated with each pulsation of the

vessel, but the pulsation is not expansile, and it disappears if the tumor is sepa-

rated from the vessel by the fingers or by changing the position of the patient.

Pressure upon the artery above or below the tumor does not have the same effect

as in aneurysm, and after removing the proximal compression the first pulsation

is of full strength, while in aneurysm several pulsations may be necessary to

refill the sac and reestablish the original force of impact. A murmur the result

of narrowing of an artery by the pressure of a tumor ceases when the latter is

lifted away from the vessel. The pulse below the swelling may be diminished

by any lesion which compresses the artery, but is delayed only by an aneurysm.

This delay may be accentuated by compressing the artery above the swelling.

On removing the compression the pulse is felt at once below the tumor if it is not

an aneurysm, whereas if it be an aneurysm the distal pulse may not be appreci-

able for a period of time equivalent to one, two, or more pulse-beats. In cysts

and abscesses the exploratory needle will reveal the contents of the swelling.

Pulsating malignant tumors and nievi may not lie in the line of an artery or
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iiiHucnce the jiulr^e Ih'Iow; pivs^^urc on the ailcrv i)r(»xiiual to the fii'owth may

oausi' a (liininution in size of the tumor l)Ut not so marked as in aneurysm. The

shajx' of llu- m-owth may he irre^uhir, the outhne less distinct, and the con-

sistency more vai-ial)le; a bruit may be i)resent, but is i>;enerally much less marked

than that of an aneurysm. Aneurysmal i)ain has been mistaken for rh(>umatism,

neuralgia. luml)a,u-o, and lik" affections. In certain cases, i)aKicularly where

the lesion is located in the thorax or the abdomen, the .r-ray has i)r()ved of service

in diaijnosticatinf:: aneurysms. Pulsation which cannot be felt may sometimes

be seen with the fluoroscoi)e.

Tkkat.mkxt.—The ticatnu^nt of aneurysm may be medical or surgical.

Mcdiral Treat nicnl.—Medical tr(>atnu>nt aims to diminish the blood-pressure

anil increase the coagulability of the blood: it may l)e used in certain cases to

assist surgical treatment or in cases in which surgical treatment is not ajjplicable.

The method of ^'alsalva was described in 17.31 by his friend Albertini. The

l)atient was put in bed for forty days, subjected to repeated bleedings and

purgations, and given a diet just sufficient to prevent death from starvation.

Althou.iih Broca stated that he had read of thirty cases of inopcM'able aneurysm

which had been cured by this ni(>thod, it fell into disuse for ol)^'ious reasons.

Tufnell's treatment, which is founded on the method of Valsalva, was really

originated by Bellingham. in IS.VJ, and later modified by TiifneU. The method

consists in absolute rest in bed for two or three months, in order to lessen the

fre(iuency and force of the heart beats, and in limiting the patient to a small

fiuantity of Huid and food, to increase the coagulability of the blood. Tufnell's

dietary is as follows:
—"For breakfast, 2 ounces of white bread and buttei', with

2 ounces of cocoa or milk. For diimer, 3 ounces of broiled or boiled meat, with

3 ounces of jjotatoes or l)read, and 4 ounces of water or light claret. For supper,

2 ounces of bread and butter, and 2 ounces of milk or tea, making in the aggregate

10 ounces of solids and S ounces of Huid food in the 2t hours, and no more."

Thirst, if tormenting, may be relieved "by holding a pebble in the mouth to

favor the secretion of saliva, or by sucking from time to time a small portion of

ice."

Among the drugs reconnnended for aneurysm i)otassium iodide heads the

list, even in non-syphilitic cases. According to Balfour this drug lowers the

cardiac and vascular tension, thus pei'mitting the sac to contract and its walls

to thicken. Opium and the bi-omides are u.'<e(l to control ])ain, and laxatives

to prevent (he straining incident to constipation and to increase the density of

the blood. Aconite or veratrum viride, to (juiet the circulation, is strongly

recommended by some physicians.

.\mong the intei-nal remedies which have been given to increase th(> coagu-

lability of the blood, but which are (-f veiT doubtful value, are iron, acetate of

lead, gallic acid, taimic acid, calcium chloiide, and gelatin. Since Wright's

publication * in 1X93, calcium chloiide. in doses of fi'oin 10 to 'M) grains, has

been employed by many surgeons to increase the coagulability of the blood,

particularly before o|)erations on those suffering with chronic jaundice. A few

* Miitish .\ir',|. .Jniir., IS'.).',, vol. xi., p. 'JL'.'J.
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cases of aortic aneurysm have been reported in which improvement has followed

the administration of this drug.

In 1890 Dastres and Floresco showed that gelatin, when introduced into the

blood, increases the coagulability. In the following year Lancereaux and

Paulesco * suggested the subcutaneous use of this agent for the treatment of

aneurysm. About 200 c.c. of a one or two per cent solution of gelatin in normal

salt solution are injected beneath the skin of the thigh every ten days or two

weeks, until from ten to thirty injections have been given. Sailer f gives the

following directions for preparing the gelatin: '^\dd 5 gm. of sodium chloride

and 100 gm. of gelatin to one litre of distilled water. Bring the mixture to a

temperature of 80° C, while stirring until the gelatin is dissolved; then cool to 40°

C, add the white of one egg, stir for several minutes, and boil the fluid. Next

filter through paper, place the solution in test tubes holding 10 c.c, plug each

tube with cotton, and sterilize in a sterilizer for fifteen minutes on three successive

days. When a tube is to be used it is put in hot water until the gelatin liquefies,

when it is drawn into a sterile syringe." The good results reported by Lan-

cereaux have not been obtained in this country. Moreover, the danger of

infection, particularly with tetanus bacilli, is so great as to contra-indicate its

employment, unless one can be sure of the sterility of the solution. According

to Dieulafoy twenty-three deaths from tetanus have followed the subcutaneous

injection of gelatin for aneurysm. As gelatin may be given by mouth without

desti'oying its coagulative influence, this method should be chosen if the drug

is given at all. Gelatin is irritating to the kidneys; hence it should not be ad-

ministered in the presence of renal disease.

Surgical Treatment.—The surgical treatment of aneurysm consists of (1)

compression of the artery or the aneurysm; (2) the temporary or permanent

introduction of foreign bodies into the sac; and (3) operative treatment.

(1) Compression of the sac.—Compression of the sac itself was first suggested

by Heister in 1744. Pads and bandages were so arranged as to empty the sac

and keep it empty. Owdng to the dangers of rupture or suppuration of the

sac, and of gangrene of the limb, the method has been abandoned.

Forced flexion of a limb w^as recognized, at an early period in the history of

surgery, as a method for suppressing its circulation, but it was not until 1857 that

the method was employed for the treatment of aneurysm. In this year Maunoir

and Hart each reported a pojjliteal aneurysm cured by this procedure. Not

only is the circulation in the limb arrested, but direct compression is made upon

the sac. Aneurysms at the bend of the elbow and in the popliteal space are the

only ones in which this method is efficacious. Forced flexion of the thigh in

inguinal aneurysms has not been successful. Delbet % states that forced flexion

is successful in 35.55 per cent of the cases. He says further that the method is

applicable only under certain conditions. The patient should l)c young, should

not be subject to rheumatism or gout, and the articulation should be normal.

* Bull, de I'Academie de Medecine, 1897, vol. xxxvii., and 1898, vol. xl.

t Therapeutic Gaz., Aug., 1901.

X "Traite de chir.," par Le Dentu and Delbet, t. iv.

VOL. vu.— 18
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The aneurysm should Ik- small and non-iuflamcd, with walls not too thin, and

it should be situated a little below the joint. Aecordin^ to Dclbet's statistics,

forced flexion is followed by rupture of the sac eight times more frequently than

after indirect compression. The average duration of the treatment in successful

cases is fourteen days. The method is extremely painful and is not infrequently

followed by pennanent flexion of the limb. It is probable that ver}- few modern

surgeons have employed the method.

Massage of the sac for the purpose of dislodging a portion of the clot, with

the hope that it might occlude the artery or the orifice of the aneurysm, was

fii-st practised l\v Sir Wm. Ferguson on two cases of subclavian aneurysm, one

of which was followed by temporary confusion and giddiness, and the second by

hemiplegia, owing to cerebral embolism. The method has deservedly fallen

into complete desuetude.

Reid's method of rapid cure by compression aims to hold the blood in the

sac until it coagulates. It was first used in 1875, for the treatment of popliteal

aneurysm. The patient is anaesthetized and an Esmarch band is applied from

the extremity to the root of the limb, being finnly applied to all parts except the

aneurysm, which is permitted to retain a quantity of blood. A tourniquet

which shuts off the circulation is then applied above the Esmarch bantl. which

may or may not be removed. The tourniquet remains in jjlacc for an hour and

a half, after which it is gradually loosened, to prevent the washing away of clot.

Clersung suggested that the treatment be continued for half an hour, then

supplemented by indirect digital compression, then repeated. Delbet gives the

proportion of cures as 48.2 per cent and calls attention to the fact that indirect

digital comi)ression for a number of hours, by which the method should be

followed, is perhaps the more imj^ortant factor in the cure. Since Reid's method

causes gangrene of the limb twice as often as indirect compression, it shoidd

never be employed.

Indirect compression,—that is, compression of the artery between the

aneurysm and the heart,—although earlier a])i)li((l in connection with direct

compression, was first used alone for the treatment of aneurysm by Desault

toward the end of the eighteenth century, and was an outcome of the work of

Hunter, who showed that proximal ligation was able to check the circulation in

the aneurysmal sac. The early attempts at cure by this method were generally

unsuccessful, owing to the crude manner in which it was employed, and it was

not until about 1825 that, chiefly through the lalxjrs of the Irish surgeons, the

method obtained a strong foothold in surgery. In the early cases various forms

of ingenious tourniquets and compressors were used to ol)litcratc the artery;

hence, ulceration and sloughing of the skin. Digital compression, although

recjuiring relays of assistants, is more certain and precise and less likely to l)e

followed by damage to the skin or the vessel. In either method the skin should

be protected by a piece of chamois, the point of i)ressure should be shifted, and,

if possible, pre.s.sure .'should not be made upon the main vein or upon a nerve.

Although some authorities believe that the compression should be onl\' partial,

—

i.e., just suflicieiit tu allow a small stream of Mood lo ciitci' the sac. in order to
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form a so-called active or laminated clot,—most surgeons agree with Le Fort

that complete or total compression of the vessel should be employed. The
compression may be continuous or intermittent. If continuous, the pressure

is maintained without interruption until, by absence of pulsation and hardening

of the aneurysm, coagulation is known to have occurred. If this does not take

place within thirty-six hours the method should be abandoned, since the chances

of cure are then very slight, while the probability of harm is increased by further

continuation of the pressure. Continuous compression is agonizing to the patient

and requires the use of narcotics. Perhaps less efficacious but certainh^ more
humane is the intermittent method, in which the pressure is maintained for a

number of hours each day, the patient being allowed to sleep at night. By
combining the statistics of Barwell and Delbet, which comprise 255 cases, it

appears that indirect compression is successful in a'bout 50 per cent. Inflamma-

tion and suppuration of the sac are possible but rare accidents. Gangrene of

the limb occurs in 6 per cent of the cases of popliteal aneurysm. (Delbet.)

Berger and Annandale each report a case in which a second aneurysm formed at

the compressed point. (Bougie.) In a certain proportion of the so-called cures

recurrence undoubtedly takes place at a later period. The most important

contra-indications to indirect compression are advanced atheromatous changes

in the feeding artery and inflammation of the sac.

Instnmiental or digital compression may be applied to the artery also at a

point distal to the aneurysm, as an aid to proximal pressure or in cases, such as

aneuiysm of the root of the carotid, in which proximal pressure cannot be applied.

Although the treatment of aneurysm by indirect pressure has many successes

to its credit, and is attended by little risk, it is tedious, often painful to the

patient, and is almost wholly displaced by operative methods.

(2) The Introduction of Foreign Bodies into the Sac.—Acupuncture, or the

introduction of fine needles in such a way that they will cross one another and

whip the fibrin from the blood, was employed by Home in 179(3; the needles

were withdrawn after several days. Macewen's method fl87()) consists in the

introduction of a long needle, with which the interior of the sac is scratched,

with the hope of thus infiltrating the walls with leucoc}i;es and so causing them
to thicken. Several hours are consumed in going over the interior of the sac

and only enough irritation is produced to set up a reparative exudation. Mac-

ewen cured in this way an aneurysm of the femoral artery and one of the sub-

clavian. Moore's method (1804) consists in the introduction of a number of

yards of coiled steel wire through a cannula; the wire assumes a spiral shape

in the sac and is allowed to remain permanently. Silk, horse-hair, catgut, and

other substances have been used in a similar way. Of fourteen aneuiysms of

the aorta treated by the Moore method, three resulted in cure, but one of these

died later from iiipture of the aorta; in nine cases in which an autopsy was

made the effect of the wire in whipping fibrin from the blood was clearly demon-

strated.

Electrolysis was introduced by Phillii^s, in 1829, but is often spoken of as

the method of Ciniselli, who, in 1856, perfected the procedure. A platinum
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iici'dlc is attached to the ])(\-;itivo polr and a stool noodlo to tho n(><;:ativo jiolo,

cacli noodlo hoinii" insulatcHJ by vulcanite at the spot \vhor(> it comes in contact

with the tissues. Tho noodles are plunged into tho sac and the points siiuhtly

yoparatod. A constant current of from ") to (i milliamporos is passed through the

sac for from half an houi- to two hours. According to Cinis(>lli * the cases which

jjivo the host results are those in which tho aneurysm is eulirel}" endothoracic,

sacculated, of small or moderate size and free from vessels arisinii out of the sac,

and in which there are no valvular lesions. ( )f ."^2 cases fulfillin*!; those conditions,

all were henolitod and a few apjiarontly cured. Of 114 cases collected by

Petit. (>S were improved. f Tho po.'^sihle dangers of the method are blooding

from the ]>unctures, suj)puration. infiammation, and embolism.

Tho Mooro-Oorradi method consists in tho introduction of wire, as lirst

Fit;. 93. -.\ii(-ni\ -:m <if the Iiirioiuiiiati\ (|ui(kl\ talal ul'tir Wiring and J^k'ctrolysis. (Pcnnsyl-
\:inia 1 lospital caso )

suggested by Mooiv. and tho passinij; of a ^;dvanic cui-roiit throu^li it, this

combination ha\ing Hrst been om])l()yed by ('oi'i-a(h. The following tochni(|ue

is that of 1). 1). Stewart. J Hollow gold needles, with a calibi-o slightly larger

than the wii'cto be em ployed and insulated with |)orcelain,areemployed. Ilumiei'

u.'^es a cannula insulated with French iac(|iier: the wiiv may be of gold. sil\( r.

or ]»latinum, i)referably the first-named, (h-awn to a 2N or MO gauge and tightly

wound on a spool so as to coil ;:fter entering the sac of the aneurysm. Iron

wire is undesii'alile. as the electrical ciiri-ent decomposes the iron iiUo a diloi-ide

and oxide, which may be washed from tho sac and cause trouble. Steel wire is

too stiff and may injure the sac. The amount of wire to be used should be

estimated by the size of the sac. I'Oi- a sac .") inches in diametei' a length of

from ."! to .") feel is enough ; for a sac (f I or ."> iiich( s, a length of from N to 10 feet

(ia/.otte (It's hopitaux, 1S(»S and isso. f .\lll)iiit's "Sy>tcni nf .Medicine,'' vol. vi.

I .\niials of Surp'iy, l'.l()2. vol. wxv., |i. .'Il 1.
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may be employed. If too much wire i.- introduced, .sub.se(|uent contraction of

the aneurysm is prevented. With aseptic precautions the needle is plunged

through the thinnest portion of the sac, and the spurting of blood is controlled

with the thumb until the Avire is pushed into the needle. This must be done'

carefully, the attemi)t ncvi r Ijeing made to introduce too nuich at one push,

as in that event the wire kinks. If such an accident does occur another needle
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pi('t'i> of clay, which after l)ciiig inoistenctl is j)luci'cl upon the back or al)domcn.

The current is started from zero and gra(hially increased to GO or 80 niilHaniperes

in the course of about ten minutes. The current is maintained at this point for

from forty-five minutes to an hour and a haU", when it is gradually decreasetl to

zero. The needle is then withdrawn and the wire cut off close to the skin,

beneath which it is buried. Hlood continues to leak during the ))assage of the

wire, but, as soon as a few niilliam})eres of the current have passed, bleeding

ceases and does not recur. The needle puncture is sealed with collodion.

Hunner has collected 23 cases of aneurysm of the aorta which were treated

bv the Moore-Corrndi method. In 0, or 39 ])ei' cent, the symi)toms were anielioi-

ated and life prolonged. Four cases (3 thoracic and 1 abdominal) were cured.

Rosenstirn's patient is well, after the lapse of elev(>n years; on(> of Stewart's

cases showed at autopsy, three years later, a consolidated aneurysm; Kerr's

case was lost sight of at the end of ten months; and Noble's patient died, at the

end of eight months, of another disease. Death was probably hastened in the

remaining ten cases. In several cases the wire entered the aorta, and in one

case, an abdominal aneurysm, the wire reached the aortic valves of the heart.

In wiring an aneur_ysm of the abdominal aorta the sac should, of course, first

be exposed by laparotomy. In a case of aneur^'sm of the arch of the aorta, in

\\hich we assisted Goepp with wiling, there was a transient paralysis of the arm

fiom embolism; the patient w^as markedly improved, however, and was still

living after nine years. In another case (Figs. 93 and 94), a rapidly growing

aneurysm of the innominate artery, the patient died a few days after operation

from pressure on the trachea. The method is ])y far the best for the treatment

of sacculated aneury.sms of the aorta, particularly in the thoracic cavity. It

is, of course, not indicated in a fusiform aneurysm.

The injection of coagulating fluids originated with Monteggia. Monsel's

solution, solutions of acetate of lead, tannin, and various other substances, have

been employed. The danger of embolism can ho avoided only when the artery

can be compressed on each side of the sac during the injection—that is, in those

cases which are best treated by ojx'rative measures, since even in these cases

the coagulating fluid is apt to cause infianmiation, sui)puration, or gangrene of

the sac.

(3) Oi)(Tati\-c Ti-eatment.—Operative treatment embraces ligation, incision,

endoaneuiysmorrhaphy, extiri)ation, vessel-grafting or anastomosis, and

amputation.

(A) Ligation may be pert"oi-med in one of live ways: Anel's, Hunter's, Pes-

fjuin's, Hrasdor's, and W aidrop's methods.

(a) Anel's method (Fig. 95, a), which dates back to 1770, consists in ligating

the artery innnediately above the sac.

(b) Hunter's ojx'ration (Fig. 95, h), first performed in 1785, is ligation abov(>

the sac but some distance away from it —c'j., in a popliteal aneui'vsni, in lliniter's

canal, in order to secure a more healthy segment of vessel. Scarpa advised

ligation at a still higher ])oint—c.f/., in a popliteal aneurysm, in Scar])a's triangle.

Later, it was claimed that a further ad\-aiitage <if high ligation was the existence
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of anastomotic branches between the hgature and the sac, which allowed a

small stream of blood to course through the aneurysm and thus favored the

formation of a laminated clot. Although in some instances the Anel method

must be chosen,

—

e.g., in aneurysms of the root of the carotid, subclavian, and

iliacs,—whenever a choice is possible most surgeons select the method of Hunter

when treating an aneurysm by proximal ligation. Our own views coincide with

those of Broca, Delbet, Weber, and Koehler, who favor ligation close to the

sac. If the vessel immediately proximal to the aneurysm is overlaid by the

sac or is so deeply situated as to render its exposure a formidable operation,

then, of course, ligation at a higher point is preferable. The objection that

the nearer one approaches a spontaneous aneurysm the greater the degenerative

changes in the vessel is not a strong one, since frequently the vessel is more

diseased at the point at which the high ligature would be applied than close to

Fig. 95.—Special Ligations for Aneurysms, a, Anel's operation; b, Hunter's operation; c, Bras-
dor's operation; d, Wardrop's operation; e, Antyllus' operation.

the aneurysm. The presence of collateral vessels between the ligature and the

sac is, we believe, a disadvantage, owing to the danger of re-establishment of

the aneurysm if such vessels are large and numerous. As with digital compres-

sion, so with ligation; complete suppression of the circulation through the sac

offers the best chance of obliterating the aneurysm. In any event, consolidation

of the aneurysm is practically always accompanied by obliteration of the parent

artery, the obliteration reaching to the first collateral below and as far as the

ligature above. Hence the number of collateral vessels suppressed is greater

the higher the ligature is applied, and consequently the danger of gangrene of

the limb is correspondingly increased.

Proximal ligation by the Hunter method has long been a favorite operation,

particularly in slow-growing, moderate-sized, non-inflamed aneurysms. It is

contra-indicated in the presence of serious disease of the heart or a coexisting
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internal aneurysm, which would l)e unfavorably influenced by the sudden rise

in blood-pressure that follows liijation of a large artery; in cases in which com-

pression of the feedini:; arteiy tloes not materially diminish the ])ulsation of the

aneurysm: in widespread arterial disease; in threat(>ned ganijrene; and in the

presence of extensive erosion of bone. As a rule, return of pulsation in the sac

is obsei-ved after a day or two, owing to the development of a collateral circula-

tion, but in favorable cases this subsides and finally disappears, the tumor be-

coming smaller and harder. Pulsation beginning a num]:)er of days after opera-

tion is generally i)ermanent and will require some additional operation to deal

with the aneurysm. The mortality of proximal ligation, bc^tween 188() and 1895,

according to Delbet, was 8.33 per cent, having been more than twice this much in

l)re-antiseptic days. During the same period the percentage^ of gangrene was

8.25 per cent. These figures include only those cases in which the gangrene

resulted in amputation or death, and not those in which there was only a small

superficial slough. Delbet holds that a certain proi)ortion of the cases of gan-

grene are due, not to the sudden interruption of the blood-current by the ligature,

but to emboli which are washed from the sac with the development of a collateral

circulation. In five per cent of the cases the aneurysm either jx'rsists or recurs.

Delbet was able to find six cases in which a second aneurysm developed at

the point of ligation. Secondary hemorrhage and inflammation, suppuration,

gangrene, and rui)tiu-e of the sac are among the rarer complications of ligation.

In some instances the i)ressure symptoms ]:)ersist after consolidation of the

aneurysm, and indeed, in those cases in which the nerves are enveloped by the

sac, the sensory and motor jjlienomena, owing to contraction of the sac, may be

aggravated.

(c) Double ligation, i.e., the application of a ligature above and below the

aneurysm, was employed for the first time, in 1812, by Pesquin. The operation

is ver}' rarely indicated. In those cases for which it is fitted

—

e.g., aneurysm

of the radial and ulnar arteries, in which the circulation is not stopped by proxi-

mal ligation,—extirpation is the better j)rocedure.

(d) Bra'^dor's operation (Fig. 95, c). which consists in ligation of the artery

innnediately below the sac, was first performed about the middle of the eigh-

teenth century. It is indicated, if at all, only when jiroximal ligation cannot

be perfonned. In 11 cases of aneurysm of the root of the carotifl in which this

operation was ]»eifoniied 5 died, and 3 were said to ha\e been cured.

(e) Wardrop's operation (Hg. 95, r/), which was i)ui)lished in 1828, consists

in the ligation of one of the branches of the artery distal to the sac

—

e.g., ligation

of the subclavian, in aneurysm of tiie innominate. The operation is rarely if

e\'ei- perfonnetl at the present day.

(B) Incisif)n of the sac after the artery has been tied immediately above

and below, was first j)erfonned, in the third century after Christ, by Antyllus.

Antyllus' ()j)eration.— In this metiiod (I'ig. 95, c) the sac is cleared of

coagula. then i)acked, and allowed to heal by gi'anulation. The methotl of

Antylhis. until recently, was the best ojjeration for those aneurysms of the

limbs in which extirpation was injudicious, owing to widespread and dense
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adhesions between the sac and the surrounding parts. In suppuration of the

sac incision, after double ligation, is still the operation of choice. The principal

danger is secondary hemorrhage. Convalescence is, of course, prolonged and

infection is the rule.

(C) Endoaneurysniorrhaphy. or the Matas operation, is a derivative of the

Antyllian operation. It was first perfomied by Matas in 1888. The procedure

is applicable to all aneurysms in which the circulation through the sac can be

provisionally controlled. The principle of the operation rests upon the fact

that the aneurysmal sac, which is lined by more or less modified intima, when
not disturbed from its vascular connections, is capable of exhibiting reparative

reaction similar to that possessed by like structures elsewhere.* The circulation

is arrested by means of a tourniquet or, when

this is impracticable, by ex})osure and com-

pression of the main artery on each side of

the aneur\^sm. The sac is then ex])osed by a

free incision parallel with its long axis. It is

important that the attachments of the sac to

the surrounding tissues remain undisturbed.

The sac is then opened in the axis of the

artery from one extremity to the other and

cleared of its contents, the interior of the

sac being gently but thoroughly scrul3l)ed with

gauze in order to remove adherent laminated

blood clots. According to the type of sac

present one may then proceed to perfomi an

obliterative, restorative, or reconstructive

operation.

Obliterative endoaneurvsmorrhaphy aims

to obliterate the aneuiysm and also the artery

from which it springs. It is indicated, ac-

cording to Matas, t in ''all aneuiysms in which

the sac is of a fusifomi type, in which there

are two or more orifices of supply, and in which

the parent artery is entirely lost at the seat of

the aneurysm by blending with the aneurysmal

sac throughout its circumference." The edges

of the sac are retracted and all visible orifices

opening into the sac are closed with sutures of silk or, l:)etter, chromicized cat-

gut, No. 2 or No. 3, curved needles and either a continuous or an interrupted

suture being em])loyed. The sutures should be about an eighth of an inch apart

and a firm grip of the tissues should be secured, the needle penetrating at least

one-quarter of an inch beyond the margin of the orifice, then dipping into the

floor of the artery, and finally catching the opposite margin. (Fig. 90.) The

* Matas. in Annals of Surgery, 190;5, vol. xxxvii., p. 161.

t Jour, of the Amer. MeJ. Association. Sept. 29th, 1906.

Fig. 06.—Shows the Orifiops of tlie

Aneury.smal Sac in Process of Obliter-

ation by Suture. The first plane of

sutures may be made with fine silk, but
chromicized catgut is to be preferred.

The sutures are reapplied very much
like Lembert's sutures in intestinal

work; the first plane of sutures should
be .sufficient to secure complete ha'mo-
stasis. The orifice of the collateral

vessel on the left upper side of the sac

is shown closed by three continuous
sutures. (Matas, in the Antials of Sur-
gery.)
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constrictor is thou reinovccl and the interior of Ihe sac inspected for bleeding

points, which, if founil, should hv closetl l)y suture. The sac is next obliterated

by ap})roxiniating its walls as shown in Figs. 97 and 98. At the site of

the tumor there wiW be a depression, varying in depth according to the original

size of tlie aneurysm. No raw surfaces are left in view and drainage is not

needed. .Vfter the dressings have been

applied, the limb is wrapped in cotton

and Ijandaged to a splint.

R(>storative endoancnuysmorrhaphy

is applicable "to aneurysms of the sac-

ciform type in which the parent trunk

retains its continuity and normal outline,

and the aneurysm is a sac simply grafted

on the vessel. By making a free incision

m the sac and washing out the clot one

may expose, on the insi(U» of the aneu-

rysm, the opening leading to the artery,

and may easily close it by a continued

suture which penetrates through all the

coats of the sac at the margin of the

orifice of connnunication. (Fig. 101.) By
this procedure the blood-su|)])ly of the sac

is permanently arrested, the lumen of the

parent artery remains patulous, and the

arterial stream supplying the limb, or

de]:)endent territory, is immediately re-

stored through its normal channel. The

sac is th(ni obliterated by bringing its

endothelial surfaces together with buried

sutures, and the surface wound is closed

in the usual manner." (Fig. 102.)

Reconstructive aneurysmorrhaphy is

api)licable only ''to fusiform aneurysms

in which the coats of the sac are firm,

elastic, and resistant, and the two open-

ings leading to the main artery lie on the same level, in close proximity, and are

situated at the bottom of a superficial or readily accessible sac." In this opera-

tion the continuity of the parent artery may be restored by making a new

chaimel out of the sac walls, by suturing two folds of the sac over a rubber

catheter in a manner similar to the construction of the canal in the Witzel

gastrostomy. "As shown in Fig. 103. a soft-rul^ber catheter or tube, correspond-

ing in (hameter to the size of (lie |)arcnt arteiy, is laid on the floor of the sac

and is inserted as a guide in the two orifices of communication. Two lateral

folds of the sac arc now raised from the floor on each side of the cathetcT by

means of two sets of sutures, introduced on the Lembert plan. These ridges or

Fig. 97.—This Figure Shows a Second Row
of Sutures—a Tedinical Detail of the Opera-
tion wliich is advantaReous, but not necessary

in every case. The first row of sutures has

been completed and the arterial orifices have
been obliterated. As the walls of the sac are

usualh" relaxe<l, it is easy to insert a second
series of sutures which add security to the

first row, and. in addition, reduce the size of

the cavity, which is to be obliterated by in-

version of the skin and.snrjihis sac walls at a

later sta^e in tlie operation. Tiiis .secon<l

row of sutures i.s applied as in the first series,

by either the continuous or the interrupteil

method, with a curved needle and No. 1, 2,

or .3 chromicized catgut. Large areas of the
surface of the sac are thus brought in appo-
sition, and the best opportvuiity is given for

a<lhesion l>y plastic or exudative endo-arter-
itis. If tlie fl()f)r of the sac is rigid or too

adhiTcut to the vmderlying i)arts, this second
row may be omitted, and the operation ad-
vanced to the last step

—

i.e., the obliteration

of the sac after suture of the orifices. (Matas,
in the Annals of Surgery.)
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folds should be raised high enough on each side of the guide to cover it completely

in the middle line. A row of sutures should now be placed in a series from one

of the main orifices to the other, the catheter being left in situ until all are

placed. The sutures are all tied exc(^i)t those in the centre of the line of union,

and these are not tied until the guide has been removed." The sac is then

obliterated in the manner already de-

scribed.

Matas says: "That the fear that

atheroma and degenerative changes

will interfere with the healing and

repair of the arterial tunics has been

greatly exaggerated is shown by the

abundant experience of the aseptic

period in the ligature of sclerotic ar-

teries in continuity, in the absence of

secondary hemorrhage, in the ampu-

tated stumps of the aged, diabetic, and

other arterially diseased subjects

(Heidenhain, Webber, Barwell, and

others), and is still demonstrated more

fully by the observations and statis-

tics of the partisans of the radical

operation by extirpation (Dell^et, Ru-

bier, Ransohoff, Annandale, and oth-

ers), who have reported numerous

successful results in spontaneous as

well as in traumatic aneurysms.

"The fallacies and dangers of the

old operation of Antyllus lie (a) in

the fact that the preliminary ligation

of the main artery a]:)ove and below

the sac will not always control the

bleeding from the collaterals, which

often open into the aneurysm or into

the main trunk between the orifices in the sac and at the seat of ligature.

This compels a more or less extensive dissection of the sac out of its bed

as one of the necessary features of the procedure, in order to secure all

the collateral vessels that empty into the sac, unless the uncertain process of

plugging the opening and packing the sac itself is resorted to. If the sac is

dissected, as is usually done to secure the collaterals, the difficulties of the

operation are increased, and the vitality of the limb is endangered by interfering

with the collateral circulation, which, in many types of aneurysm, is most freely

developed in the neighborhood of the sac.

"Another serious objection to the old Antyllian operation, as usually per-

formed, is that the sac is allowed to remain as an open cavity in the bottom of

Fig. 98.—This Figure Shows the Details of

the Method of Obhteration After the Floor of the

Sac has been Raised bj' the Second Row of Su-
tures. Two deep supporting and obliterating

sutures of chromicized catgut are inserted through
the floor of the sac on each side. The niunber of

these sutures will vary according to the size and
length of the sac that is being treated. In the

smaller aneurysms, one of the deep sutures on
each side will suffice ; in others, two or more on
each side may be required to keep the surfaces in

close contact. After the sutures are passed
through the floor of the sac, the free ends of the

tlireads are carried through the entire thickness of

tlie flap by transfixion. The picture shows the

mode of placing these sutures on the left side

preparatory to transfixion of the flap. The two
sutures on the right side have been carried through
a flap and are in position. (Matas, in the Amjals

of Surgery.)
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Fig. 99.— Tlie Drawing

the wound, whciv it is packed or drained, and allowed to heal by granulation.

This invites infection, suppuration, and its attenilant daiiijers of secondary

hemorrhage, all of wliich is obviated by the author's method of endoaneury.s-

niorrhaphy, which does not di.sturb the sac from its vascular connection, and

favors its prompt obliteration.

''The uncertainties and dangers of extirpation of

the sac are even more a])pai"ent than those of tlie

Antyllus ojxM'ation, because, in addition to the greater

technical difficulties of extirpation, there is nuich

greater risk of injury to the accomi)anying satellite

veins and nerves which blend most intimately with the

sac, and often compel the operator to limit his inter-

vention to a partial extirpation, leaving Ix'hind a

considei-ahle portion of the sac wall in order to avoid

injury to important adherent structures. The greatest

objection to extirpation, however, lies in the decided

interfering with collateral circulation in the immediate

vicinity of the aneurysm, which entails a considerable

risk of mortification in the distal parts. All these

dangers are reduced to a safe mininuun, and are

largely eliminated l)v simply ol)literating the sac in-

S1...W.S tlie Operation Com- stcad of CXtirijating it."
pli'tcd. In tilis figure only

rni i
-»*

i i-
two supporting sutures are That the Matas oblitcrativc operation is superior

:l:Z;;; wXl^.nn'^wlXtia; ^o aH other forms of treatment in cases in which it is

flaps on each side of the in- applicable seems, at Icast in this countrv, to be gen-
cision, and readily fall to the ,, i •. i r\i' i-k-r •

i
•

i i
•

bottom of the sac, thus lining Pi'ally admitted. Oi 27 cases m which this operation
an.i obliterating the entire ^j^^ j^j.^.,^ ixM-formed there wcrc 4 deaths, at iieriods
cavit}'. A .series of interrupt-

_

e<i, absorbable .sutures are vai'yiug fi'oiu 2 wccks to oO (lavs after the operation,
now iilaceil in such a manner ,^ r • i c •

i i i- ii • r
as to bring the e.iges of the ^ ^'"""1 urieiiiia, 1 trom scpsis, and I tollowmg hga-
skin in contact, several of tion for an ancuiysm which developed at a poiut abovc
these sutures includitig the

i
• <• • t i- i

floor of the sac in their bight the Site ot Operation. In one case there was a slight
(a-s shown in cro.s.s-.section ii

Fig. 100), and tlius closing th

-space entirely in the niiddl

line. 'I'he two lateral sui)p<)rt- nii i m i i- i ^ i -.i

ing sutures are tied firiniv ^ '^*' oiilv jxjssihle disadvantage, as Compared With ex-

over small ,mds or n.iis of tirpatioii, of wluch We cuH tliiiik, is that, ill cases in
sterile gauze, thus bringing all

the interior surfaces of the sac whicll the lieiAcs ai'e elicoii ip.'issed by inflammatory
in ai)pf)sition. (Matas, in the <.• < I

• <! n .1 i

A,n„iiH„j sitrnrrii

)

ti.ssuc OI' mcorporaled m the sac wall, the motor, sen-

sory, oi' 1 lophic symi)toiiis may not be ivliex-ed. There

is doubt, howe\-er, in the mimls of many suigeons, as to the adxisability of the

restorative and reconstructive ojx'ratioiis. .\side fi-om secondary hemori'hage,

which in the absence of sepsis need not be feared, theiv are two reasons for this

doubt
, \\a., thrombosis may take place at the seat of opei'atioii and the aneurysm

may recur. Occlusion of the newly made vessel by thiombosis has |)i()l)nbl\- fol-

lowed in most of the cases. In a case of j)oi)liteal aneurysm in which we per-

formed the recoastmctive o] )eration, the pulse in the leg, which had previously

secondary lieiiioi-i-hage, and m one gangrene, which

necessitated amputation. Tiiere were no relapses.



THE PERICARDIUM, HEART, AND BLOOD-VESSELS. 285

been aljsent, reappeared after the operation and persisted. Although the first

pulsations in the tibial vessels were due, in all probability, to blood flowing

through the repaired artery, it is likely that this vessel soon became occluded,

and that the pulse persisted because of the development of a collateral circulation,

aided by the removal of the pressure which

the aneurysm exerted upon some of the col-

lateral vessels. With, however, the applica-

tion of the principles of modern vessel-suture

(i.e., fine needles, fine threads, close sutures,

and the mininuim of trauma), thrombotic oc-

clusion should occur less frequently. If it

does occur it may do so slowly enough to allow

an efficient collateral circulation to form, and,

if it occurs immediately, the same result would

be obtained as in an obliterative endoaneurys-

morrhaphy. Recurrence of the aneurysm is

the strongest objection to these conservative

operations, as it has occurred twice in seven-

teen cases (both times in the so-called recon-

structive operations). These figures do not

include arteriorrhaphy for recent aneurysms

following wounds of healthy arteries, in which

there is no question as to the best treatment.

We group the restorative and reconstructive

operations together, as there is no essential

difference between them, except the size of

the opening and consec{uently the number of

sutures applied. As Binnie has pointed out,

the aneurysm which Matas calls fusiform is in

reality a sacculated aneurysm whose mouth has

extended for some distance along one side of the artery. In a true fusiform

aneurysm the reconstructive operation would not be applicable. In the seventeen

cases mentioned above there were no deaths, no secondary hemorrhages, and no

cases of gangrene. No doubt, with improved technique and larger statistics

recurrence will be less frequent. A recurrence, of course, leaves the patient

no worse than he was before, and the condition may be dealt with by any of the

methods a])i:»licable to a primary aneurysm. As gangrene is inevital )le in a

certain proi)ortion of all operations interrupting the circulation in the main

artery of a limb, we believe that, despite the possibility of recurrence, the more

conservative operations should be encouraged.

(D) Extirpation as a treatment for aneurysm was first performed l)y Phila-

grius, but is often called the method of Purmann, who reintroduced the opera-

tion in 1699. Before the era of antisepsis extirpation was so frequently followed

by septic complications that it was seldom em])loyed. At the j^resent time many

surgeons consider it the operation of choice, chicfiy as the n>sult of the writings

Fig. 100.—Sectional Diagram Show-
ing Method of Obhterating the An-
eurysmal Sac in the Fusiform Type of

Aneurysm with Two Openings. The
diagram shows the first row of sutures

(1) which obliterate tlie orifice of the

artery at the bottom of the sac. The
second row of the sutures is shown
higher up (2) and also the effect of

tlie row in reducing tiie capacity of the

sac. The obliteration of the remaining
part of the cavity by the folding in or

inversion of the sac walls, with the at-

tached, overlying skin, is shown in 3.

The function of the deep sutures (4)

tied over gauze pads, and of tlie more
superficial skin sutures (.5) in obtaining

firm contact of tlic aiijjosed surfaces, is

also shown. This drawing is purely

schematic ; it gives an exaggerated idea

of the size of the sac walls, and is chiefly

intended to give an idea of the posi-

tion of the sutures and other parts.

(Matas, in the Annals of Surijcrij.)
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of Delbet. Delbet stuclics the ojx'ration from the standpoint of the niortahty,

the chances of gangrene, and the quahty of the cure. In 1888 he found the

mortality of ligation 18.9-1 per cent and of extirpation 11.32 per cent. The

influence of antisepsis necessitated a change in these

figures. In 109 cases of ligation collected Ix'tween

1886 and 1895 the mortality was 8.33 per cent, while

in 86 cases of extirpation there was not a single

death. Antisepsis seems to have had much less in-

fluence on the incidence of gangrene. In 1888 the

proportion of cases of gangrene after ligature was

7.08 ])er cent, and in 189o it was 8.25 per cent. In

1888 extirpation gave 2.94 per cent of gangrene, and

in 1895, 2.77 per cent. Extirpation not only o\y-

\dates the danger of gangrene from embolism, which

may occur after ligation, but also removes the com-

pression from the collateral vessels and does not put

out of commission as large a segment of vessel as

ligation does. As to the ciuality of the cure after

extirpation, the patient who escapes death and gan-

grene is definitely and radically cured, while after

ligation there is not only the danger of recurrence,

but the s\Tiiptoms of pressure on the nerves may
])ersist if already present, or, if not already jjresent,

they may be precipitated by the contraction of the

sac. In his original

statistics Delbet giv(>s

12 cases of ligation

in which the paralytic

or trophic symptoms persisted, and in 2 of these

cases they were so gra\-e as to reriuire ampu-

tation of the limb. In his later statistics he

found, in 13 axillary aneurysms treated l)y

ligation, 2 in which the arm remained powerless;

and in 48 popliteal aneurysms treated in the

same fashion there were 3 in wliich there were

impotence and pain, the latter symi)tom being

so severe in one case as to necessitate extir-

pation of the sac. After extirinition, nervous

troul)les never begin, and those winch are

present ordinarily disai)i)ear.

It has been suggested that, before extiri)a-

tion, the artery ub()\-c t lie sac be comi)ress('(l for

a short i^eriod on several different days, in order

to favor the development of a collateral circulation. If this course is adopted tiie

pressure should be made as close to the sac as jHissible. In addition to the danger

Fig. 101.—Restorative En-
doaneurysmorrhapliy. Tlic

dotted Unes indicate tlie po-

.•^ition of ihe main artery in

relation to the sac and to the

orifice of communication. Tlie

object of tlic operation in this

case is to close the orifice of

communication without oblit-

erating the main artery. The
dosvire of the orifice with a
continued suture is shown in

tiie figure. (Matas, in the *l/i-

nuls of Surgery.)

Fio. 102.—Restorative P^ndoaneu-

rysmorrhaphy. 1. First line of su-

tures whicli close the orifice of com-
munication and restore the lumen of

the parent ve.ssel ; 2, secontl row of

protecting sutures which also reduce

the size of the sac; 3, sui)porting

through-and-tiirough sutures, which

bring the roof and the floor of tlie

aneurysm in contact; 4, sutures

which hold the skin flap and sac in

contact with the bottom of the cavity.

(.Matas, in the .l«;i«/*- of Surgcr;/.)
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of injury to a diseased artery, intermittent compression predisposes also to em-

bolic gangrene ; hence many surgeons ignore this suggestion. The operation is

undertaken after the limb has been exsanguinated by elevation and the blood

supply controlled by a broad elastic tourniciuet applied at the root of the limb.

In order that the satellite veins, which are often adherent to the sac, may be recog-

nized before they arc injured, Koehler suggests that a tourniquet be placed below

the aneurysm, so that a certain amount of blood will remain in the limb. If the

veins cannot be recognized during the operation, this lower band may be removed,

when they will Ijecome distended with ])lood. After the sac has been isolated,

great care being taken to preserve the collateral vessels and the nerves and to

tie the vessels which empty into the sac, the

artery should be doubly ligated above and below

the sac and close to it, and the aneurysm re-

moved. In 39 cases of extirpation Kubler * re-

ports 9 cases of injuiy to the femoral vein. Such

an accident should be treated by lateral suture or

by anastomosis of the vessel. In some cases the

operation may be facilitated by incising the aneu-

rysm and introducing a finger into it, to act as a

guide while the dissection is made close to its

outer surface. After all bleeding has been con-

trolled the wound should be closed without drain-

age. There are cases in which, owing to the size.

situation, number, and character of the adhesions,

extirpation is so formidable that some other

method of treatment, either the operation of

Antyllus or that of Matas, should be perfomied.

{E) Theoretically, the ideal treatment of an-

eurysm would be end-to-end anastomosis of the

two parts of the vessel after extirpation of the

sac. The obstacles to be overcome in such an op-

eration, notably in a spontaneous aneurysm, are

obvious. In a small traumatic aneurysm, how-

ever, such a procedure may be feasible and advis-

able. AVhether or not vessel transplantation will find a firm place in the

treatment of aneur^'sm can be decided only by future experience. Lexer f

extirpated an axillary aneurysm and, not being able to unite the opposite

ends of the vessel, he transplanted 8 cm. of the internal saphenous vein into

the arterial defect. The patient died five days later of collapse. The vein

had united and was not thrombosed, but in the central arterial stump was a

small mural thrombus at a point where a clamp had been placed during the

operation. Goyanes.J in a popliteal aneurysm, severed the popliteal artery and

Fig. 103.—Reconstructive An-
eurysmorrhaphy. The principle of

tliis operation is precisely like that

adopted in a Witzel gastrostomy.
The figure shows the soft-rubber

catheter lying on the floor of the
sac and inserted in the two orifices

of communication. The sutures are

placed wliile the catheter is in posi-

tion acting as a guide. (Matas, in

the Annals of Surgery.)

* Beitraege zur klin. Chir., 1892, p. 159.

t Centralblatt f. Chir., No. 31, Beilage, p. 12.

I Siglo medico, Sept. 8th, 1906.



288 A.Mi:ia('AX PUACTICE OF SrUCKRV.

vein above and In-low the sac. and then united the central stump of the artery

with the |)eri))heral stum]) of the \('in ahove tlie aneurysm, and the central

stump of the vein with the distal stump of the ai'tery hclow the aneurysm, usin^'

C'arnTs teehnitiue. The vein transmitted arterial blood and the patient recov-

ered. Delbet,* after excising; an aneurysm of the femoral artery, attemi)ted to

graft V)etween the ends of the vessel a segment of a femoral artery from an

amputated limb. The sutures tore out rejx'atedly, owinj;- to the i)resen*e of

atheroma, and he was forced to ligate.

(F) Amputation of the limb was at one time considered among the methods

for the treatment of uncom])hcated aneurysm. At the pi'esent day its chief in-

tlications are gangrene, marked erosion or dissolution of a joint, certain cases

of rupture, suppuration, and secondary hemorrhage, and a rapidly growing

aneurysm which has resisted all other means of treatment. Amputation has

been performed in subclavian aneurysm to lessen the quantity of l)lood Mowing

through the sac.

Arteriovenous Aneurysm.—Arteriovenous aneurysm is an abnormal com-

numication between an aitery and a vein, allowing the blood to flow- from the

former into the latter.

According to Scarpa, anteriovenous aneurysm was first observed b}' Sennert.

It apjiears, however, that Sennert, as well as others, although doubtk^ss enjoy-

ing the o})portunity to see this affection, believed such to be sinii)le arterial

aneurysm. To William Hunter f is due the honor, not only of discovering

arteriovenous aneurysm, l)ut also of detailing its sym))toms with such accuracy

that, e\-en at the present day, little can be added to his description.

F.Tlou^c,Y.—The formation of a connnunication between an artery and a

vein may occur spontaneously or be the result of trauma. According to Delbet

scarcely six per cent ot the cases arise spontaneously. The aorta and vena cava

are the vessels most often iin'ohcd in spontaneous artei'iovenous aneurysm,

although the con(litk)n has been encountered affecting the iliac, femoral, ])opliteal,

and posterior tibial vessels, the carotid artery antl jugular vein, and, in Rizzoli's

case, the occipital arteiy and transverse sinus, a ck^fect of from 7 to 10 nun. in

dia:neter existing in the skull. Spontaneous arteriovenous aneurysm is practi-

cally always the result of a |)re('xisting arterial aneurysm which b(H'om(>s adherent

to the vein and finally breaks into it. In Boling's case, in which no aneurysmal

sac existed, the cause is gi\-en as an exostosis of the tibia, liranianii | s;iys tliat

Rizzoli's case was one of cirsoid aneurysm which perforated the cranium, and

that the congenital cases which have been reported are not arteriovenous

aneui-ysms but cirsoid aneurysms. Guimaraes' case followed an abscess at the

elbow.

Traumatic arteriovenous aneurysm may follow contusions, l^ut they are

generally the result of wounds. In Bramann's collection of l')9 arteriovenous

aneurysms there are ."> which fallowed .-i coiitu.-idii. ;ill, with a single exception,

* Revuf (Ic cliir., .Jiiih-, l'.l()7. p. lOSO.

t " Moilic.'il < )l).st'rv;iti()iis ami Iinniirics," 17(11, p. HI.

X .\rchiv f. kliii cliir., vol. xxxiii.. ISSd.
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involving the vessels of the head and originating in a cirsoid aneurysm, which,

by pressure on the adjacent vein, leads to atrophy of its wall and finally to a

communication between the vessels. In Magnus' case, following a blow on the

right eye, an arteriovenous aneurysm of the retina developed.

In Bramann's statistics there were 108 cases in which the disease followed

punctured or incised wounds, and 29 in which it followed gunshot wounds. Of

the former, 56 were due to venesection—3 in the temporal region, and 53 at the

elbow. Of the 251 cases collected by Delbet, 3 involved the foot, 9 the leg

(usually the posterior tibial vessels), 22 the popliteal vessels, 34 the superficial

femoral, 26 the common femoral, 3 the external iliac, 2 the common iliac, 96

the bend of the elbow (usually between the basihc vein and the brachial artery

as the result of venesection), 13 the upper brachial or axillary vessels, 1 the

sciatic vessels, 6 the subclavian, 1 the ascending cervical, 19 the common carotid

and jugular, 2 the internal carotid, 3 the external carotid, and 11 the temporal.

At the present time venesection as a cause of arteriovenous aneurysm would

be rarely encountered, as the operation is seldom performed. Owing to the

fact that the modern military bullet generally produces a narrow sterile wound
which quickly heals, gunshot wounds of modern wars are comparatively often

followed by arteriovenous aneurysm. Saigo * alone observed in Osaka 36

cases of aneurysm due to gunshot wounds during the war between Russia and

Japan, 21 of which w^ere arterial and 15 arteriovenous.

It is not our intention to enter into a discussion of pulsating exophthalmos,

which although most often due to an abnormal communication between the

internal carotid and the cavernous sinus, is generally described in works on

ophthalmology. De Schweinitz and Holloway f have collected 313 cases of

this affection and they give important references to the literature.

Pathology.—There are two fomis of arteriovenous aneurysm, distinguished

according to the presence or absence of a sac.

In the form without a sac the vessels are glued together in the region of

the opening of communication and there exists a simple arteriovenous fistula,

to which the name of aneurysmal varix is given, the term varix indicating

that the vein is dilated. Aneurysmal varix in a pure form is rare. It is neces-

sary that the artery and the vein suffer a lateral wound where they are in close

contact, as by a bullet or other vulnerating body passing between the vessels.

The extravasation which follows remains limited, since the blood from the

artery finds it easier to pass into the vein than into the surrounding tissues.

After a time the blood-clot is absorbed and the artery and vein, at the point

where they communicate, are found firmly attached to each other by fibrous

tissue.

When a sac exists in connection with an arteriovenous aneurysm the con-

dition is called varicose aneurysm. Generally, the sac lies between the artery

and the vein, the walls at first consisting of coagulated blood and later of fibrous

tissue. This form Delbet calls anevrysme variqueux enkyste intermediaire. If

* Deutsche Zeitschrift f. Chir., Bd. Ixxxv., p. 577.

t Trans, of the Coll. of Phys., vol. xxix.

VOL. VII.— 19
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the veil) has been i)erforated there may be a sac on the venous wall opposite the

orifice of conmuinication, or if the artery has been perforated a sac may be

found at a similar jioint on the artery. In the foruKn- event, which is the mow
common, the arteriovenous aneurysm is called encysted venous, and, in the

latter, encysted arterial. \'ery rarely there are two sacs—one intermediary

and the other on the vein, as in Broca's case. An encysted arterial arteriovenous

aneurysm with an intermediary sac has never been observed. In Ebenau's

case, in which both femoral vessels had been perforated, there was a sac on the

artery and one on the vein opposite the fistula, each about the size of a cherry.

Park has described a case in which, after venesection, the brachial artery com-

numicated with the brachial and median basilic veins. The brachial vein had

been j^erforated and lay between the artery and the median basilic vein, upon

which a sac had developed. In Larrey's case, which involved the popliteal

vessels, and in Terrier's, which developed on the scalp, the peripheral end of

the vein was obliterated, while its central end, as well as both segments of the

artery, opened into the same cavity. Cadge reported a case in which the

posterior tibial artery communicated with its vein, after these had been sectioned

in an amputation of the leg. Finally, it is possible, after a complete section of

both vessels, for each of the four ends to open separately into the same cavity.

Generally, however, after both vessels have been severed the vein is compressed

and its ends are sealed by the extravasated blood, and it is only when its orifices

are held open by branches or by adhesion to the surrounding tissues that such

a condition could obtain.

The sac of a varicose aneuiysm is at fii*st usually a cavity which has been

made in the clot of the extravasated blood. Later, the clot is displaced by

fibrous tissue and the cavity is lined by endothelium which spreads from the

tunica interna of the vessels. Occasionally, however, the sac is formed by

dilatation of an arterial or a venous cicatrix.

Unlike arterial aneurysms the sac rarely contains firm clots, owing doubtless

to the activity of the circulation. Hence the sac of a varicose aneurysm rarely

attains a large size and never heals spontaneously. As Delbet points out, the

dei)osition of clot augments or obliterates an aneurysmal sac. By diminishing

the capacity of the sac the clot raises the blood-pressure in its interior, and, if

the resistance of the walls is not equal to the increase in pressure, the aneurysm

enlarges. On the contraiy, if the resistance of the walls is sufficiently great,

th(i sac may be filled with clot and recovery follow.

The artery above the point at which it opens into the vein becomes dilated

and often elongated and tortuous. The reason for these changes is said to be

the diminished jjressure within the artery, as the result of the loss of blood into

the vein, whereby the walls of the artery atrophy and subsequently dilate. A
better explanation, it seems to us, is that in consequence of the leak a much
larger cjuantity of blood passes through the artery, which consequently nuist

dilate to meet the demands made upon it.

Below the site of the arteriovenous fistula the walls of the artery are gen-

erally thinner and the luiiicn is diminished, by reason of the lessened amount of
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blood which is pumped into the peripheral segment of the artery. Occasionally

the peripheral segment of the artery is dilated and tortuous, a condition seen

most often on the scalp and hence to be ascribed, according to Bramann, to a

complicating cirsoid aneurysm. The vein into which the arterial blood is

propelled dilates, its muscular coat undergoes hypertrophy, and it becomes

elongated and tortuous. The degree and extent of this " arterialization " of

the vein and its tributaries vary according to the size of the vessels involved,

the size of the orifice of communication, and the duration of the abnormality.

The facility with which the blood passes from one vessel into the other also

influences the changes which the vein undergoes. Thus, in aneurysmal varix

the vein suffers greater alteration than in varicose aneurysm, since in the latter

the force of the arterial stream is diminished by reason of the sac through which

it must pass. The character of the surrounding tissues likewise influences the

degree of venous dilatation. In a case reported by Burckhardt the temporal

vessels were involved in the parotid gland, but the dilatation occurred only

above the gland. The time when the dilatation is first observed varies very

widely, depending largely on the factors mentioned above. In the case reported

by Kieser a varix the size of a cherry was noticed a few hours after the injury,

while in others it has not been detected for months or years. In a case reported

by Monmeret the varicosity did not make its appearance until twenty years after

the injury. The size of the sac depends upon the size of the opening and, except

in the infrequent cases of spontaneous arteriovenous aneurysm, is rarely larger

than a hen's egg, although in Tillaux's case the tumor was as large as a child's

head. The vein enlarges first, toward the periphery, as far as the first valves,

which finally yield as the result of the pressure or become incompetent because

of the dilatation, when the same process is repeated in the lower segment, until

finally the whole vein with many of its tributaries is involved. The vein central

to the orifice of communication likewise dilates and undergoes hypertrophy.

Occasionally the peripheral venous segment is filled with clot, either as the result

of the injury or as the result of deposition of fibrin upon the valvular lacerations

following the forcing of these structures. Rarely, the central segment is throm-

bosed, either as the result of the injury or perhaps as the result of compression

applied for therapeutic purposes.

The blood passes continuously from the artery into the vein, and does not, as

Breschet thought, enter the vein with each cardiac systole and flow back into the

artery between the pulsations.

Bramann, in a case of axillary arteriovenous aneurysm, found by means of

a manometer that the pressure in the central end of the vein was from 56 to 64

mm. and, in the peripheral end, from 87 to 90 mm., while the normal pressure

in the brachial vein was 9 mm.
The pathological changes in the tissues of the affected region consequent

upon the circulatory disturbances will be described under Symptoms.

Symptoms.—In the beginning the copious bleeding which follows an arterio-

venous wound, either ceases spontaneously or is controlled by pressure or other

means. The diagnosis of simultaneous injury of the artery and the vein cannot
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ho madv from the charat'tt'i- of the hlccdiiig. In the ahsence of an external

woiuul the extravasation is Ukely to he less extensive than from a simple arterial

wound, hecause the arterial hlooil finds its way into the vein.

The Hi-st and at the same time the most constant and most certain sign of

an arteriovenous aneurysm is a characteristic hruit, which is sometimes heard

immediately after the injury and sometimes not for days, months, or even

years, according to whether the opening remains i)atent or is for a time closed

by clot or by feeble scar tissue which later yields. The bruit has been likened to

the buzzing of a bee, the humming of a top, the purring of a kitten, and the

sound made by a bluebottle fly confined in a thin pai)er bag. William Hunter

comi)ared the sound to "what is produced in the mouth by continuing the

sound of the letter R in a whisper." It is continuous, with a distinct reinforce-

ment at each cardiac systole, and does not, as was thought by Nelaton and

othei"s, consist of an even continuous murmur and a separate intermittent

murmur.

Coi-responding to the bruit and likewise continuous, with a systolic nnn-

forcement, is a characteristic thrill. Both thrill and bruit are most marked

over the orifice of communication, upon the size of which depends the intensity

of these signs. Furthermore, with the development of the varix, they are

propagated along the dilated veins, sometimes for a considerable distance, but

further peripherally than centrally. Franz,* however, found in his experimental

work that the munnur was always, and the thrill generally, more marked in the

central venous segment. One may, according to Bramann, hear the bruit along

the entire vein and even along its branches in certain arteriovenous aneurysms

of the Ijrachial vessels, while in cases in which the femoral vessels are involved

the bruit is seldom heard above Poupart's ligament or below the knee. In a

few instances the bruit may be perceptible some distance from the patient, even

as far as two feet (Brenner), and not infrequently, particularly in arteriovenous

aneurysms of the head and neck, the continuous purring is heard by the i:)atient,

sometimes interfering with sleep and proving a most harassing and distressing

symptom.

Of the several theories which have been advanced to explain the origin of

the bruit the one generally accepted at the present time is that, as the result of

its sudden propulsion into the vein, which is larger in calibre than the artery

and in which the pressure is much lower, the blood is thrown into a series of

violent eddies. The thrill depends upon the transmission of the vibrations of

this whirling stream to the walls of the vein.

As the result of experiments on dogs, Franz found that the tluill and hi-uit

rested ui)on the freedom with which the arterial blood flowed into the central

venous segment, and that the perii)heral segment of the vein had nothing to

do with the origin oi these j)hen()mena, for, after ligation of the peripheral seg-

ment, these signs continued, and after ligation of the central segment they

became intermittent. He found, further, that during forced expiration the

murimir was inten.sified, as the result of the increase in the intravenous blood-

* Deutsche Zeitschrifl f. Cliir., Bd. Ix.w., |). .")72.
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pressure. In several cases of varicose aneurysm of the neck the swelHng was

observed to diminish materially during deep inspiration. According to Xelaton

elevation of the affected limb causes the bruit to become intermittent. Franz

found this to be true in the peripheral venous segment but not in the proximal.

Not less characteristic than the bruit and murmur, although somewhat less

frequent, is venous pulsation, synchronous with the arterial pulse, which is easy

to detect in the superficial veins but often difficult or impossible to demonstrate

in the deeper veins. As pulsation appears the veins dilate and become varicose.

Both pulsation and dilatation are most marked at the level of the arteriovenous

fistula, and involve both the proximal and the distal portions of the vein, but

particularly the latter. In some cases the superficial veins, although markedly

dilated, fail to show pulsation. Proximal compression of the artery, with very

few exceptions, causes disappearance of the thrill, munnur, and pulsation. The

same is true of compression of the sac between the artery and the vein, and of

closure of the opening in the artery by pressure on the vein, which manipulations

in many cases increase the strength of the pulse in the peripheral portion of the

artery.

Sphygmographic tracings showed, in Franz's experiments, an anacrotic curve

over the peripheral venous segment and over the sac. According to Marey,

anacrotism in the vein is due to the longer time which the pulse wave requires

to distend the vein fully, and to the fact that this distention lasts longer, owing

to the lack of elasticity in the vein. Tracings made from the central venous

segment and from the peripheral portion of the artery both show^ an almost

straight line, there being only a few small elevations.

Owing to the lessened jjressure in the arterioles and the increased pressure

on the venous side of the circulatory apparatus of the affected region, the blood

circulates with greater difficulty through the capillaries, and the part becomes

oedematous and dark-red or bluish in color, particularly in the lower extremity.

These congestive phenomena are, of course, increased when the part is dependent

and lessened when elevated. In arteriovenous aneurysm of the carotid and

jugular, giddiness, headache, attacks of syncope, and other cerebral symptoms

may occur, particularly when the patient lies down. In Stimson's case there

were blindness and choked disc.

As a result of the slow circulation in the part beyond the arteriovenous

aneur^'sm and of the large amount of blood thrown into the dilated veins under

the skin, the local temperature is generally lowered, sometimes, as in Bardeleben's

case, as much as eight degress. In the neighborhood of the communication,

however, the temperature is often greater than that of the healthy side. Eleva-

tion, massage, and active motions, by lessening the passive congestion, increase

the temperature of the part. As the result of the loss of heat the patient often

complains of coldness in the affected region, which is more sensitive to changes

in the temperature of the atmosphere. Weakness, numbness, fomiication, and

like sensations are occasionally present, and the muscles atrophy because of

disuse. Eczema and ulceration are not infrequent, particulariy in the lower

cxtremitv. Paralvsis and anaesthesia are to be attributed to simultaneous
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injury of the nerve trunks, which is most frequent in arteriovenous aneurysm of

the axiUa. owing to the close proximity of the vessels and the nerves in this region.

In Franz's case, that of a twelve-year-old boy with an arteriovenous aneurysm

of the femoral vessels, the affected limb was 3 cm. (ll in.) longer than its fellow,

indicating an increased blood-supply to the epiphyses; Cordonnier reports a

similar case; in Brindcjonc's case the leg w^as shorter and thinner than the

sound leg.

Di.\c.xosis.—The diagnosis is seldom difficult, except in those cases in which

the vessels lie far below the surface. If one can demonstrate the characteristic

thrill and bruit, even in the absence of venous pulsation, the diagnosis may be

made with certainty.

The murmur of a simple arterial aneurysm is always intermittent and is

generally confined to the aneurysmal sac. Transmission of the murnuu- along

the vessels for a short distance is possible, but never in a central direction. A
vascular munnur transmitted toward the heart is, however, occasionally heard

over the veins, particularly of the neck, as the result of pressure or of impoverished

blood, and such niurmvu- is continuous and may vary in intensity, but the

variations are irregular and not rhythmic, and the reinforcements correspond,

not with the cardiac systole, but with the diastole, or with inspiration. In

cii-soid aneurysm the artery and its branches are varicose and pulsation is every-

where the same in character. The murmur is softer and shows no systolic

reinforcement. The thrill is weak or absent. Proximal compression of the

main feeding artery has little influence on the pulsation, thrill, and bruit, which in

arteriovenous aneurysm cease, not only after such compression, but also, in

certain cases, after pressure directly on the orifice of communication. Cirsoid

aneurysm is most frequent on the scalp and hand, whfere arteriovenous aneurysm

seldom occurs.

Although the differential diagnosis between the two forms of arteriovenous

aneuiysm is often impossible until the affected vessels are laid bare by incision,

in lyi)ical ca.ses there are certain distinctive features. Thus, for example, the

saccular dilatation opposite the orifice of communication in aneurysmal varix

is circumscribed, oval, soft, and fluctuating, often movable and fully reducible,

while the sac in varicose aneurysm is harder, immobile, more irregular, and not

completely reducible.

Prognosis.—The prognosis of arteriovenous aneurysm depends upon its

fomi and situation.

Aneurysmal varix rarely in itself threatens life, and may exist for years in a

stationary condition, but the disturbances conse(|uent upon the circulatory

changes are as great as in varicose aneurysm. In a few cases, however, the vein

becomes so greatly distended as to rupture.

Varicose aneurysm likewise may exist for many years without progression,

but is a|)t sooner or later to increase in size, often suddenly, until rupture takes

[)lace, when the (langei"s are the same as those of a purely arterial aneurysm

under the same conditions.

The phenomena resulting from congestion are generally most marked in the
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lower extremity and least pronounced in the head and upper extremities.

Interference with function occurs in both arm and leg, but seems more pro-

nounced in the former, probably owing to the finer manipulations which this

part of the body is called upon to perform. Elephantiasis, obstinate ulceration,

and varices which threaten to rupture are most frequently seen in the leg.

Arteriovenous aneurysm of the carotid and jugular may so disturb the circulation

in the brain as to interfere with hearing or sight, or even cause death. In

Joret's case there were strabismus and intellectual weakness, and later right-sided

hemiplegia and epileptiform convulsions. The patient died at the end of two
years and the autopsy showed several areas of softening in the brain on the

affected side.

Treatment.—Hunter advised expectant treatment, recommending that the

limb be used as little as possible. This advice is still sound in those cases of

aneurysmal varix which remain stationary, do not interfere with fimction, cause

little inconvenience, and are so situated as to make operation difficult and

dangerous. Varicose aneurysm always demands active treatment.

Almost all the methods of treatment which have been used in the treatment

of arterial aneurysm have been applied likewise to arteriovenous aneurysm, but

with different results. The injection of coagulating fluids and galvano-puncture

must be mentioned to be condemned. Of four cases in which the former was

used there were two successes, and two followed by gangrene which necessitated

amputation. Of 8 cases in which galvano-puncture was employed, 4 were suc-

cessful, 2 showed no improvement, 1 resulted in suppuration of the sac, and 1 died.

Compression by the method of Reid and by forced flexion have been uni-

formly unsuccessful. Indirect compression is said to have been successful in

two instances only, although it has probably been employed in most of the

cases which have later been subjected to other forms of treatment.

Direct compression has been successful in a few instances of recent arteriove-

nous aneurysm at the bend of the elbow, and in two cases in which the femoral

vessels were involved. The dangers are suppuration of the sac, increase in size

or rupture of the aneurysm, and gangrene of the extremity. In Simon's case of

arteriovenous aneurysm of the aorta and common iliac vein compression caused

gangrene of the bowel and a fatal peritonitis. Guattani attempted by direct

compression of the sac to transforai a varicose aneurysm into an aneurysmal

varix. \'^anzetti recommended indirect compression of the artery above the

sac and direct compression of the dilated vein at the level of the arteriovenous

opening. His idea was to obliterate the opening between the artery and the

vein and to transfoiTn the arteriovenous into a simple arterial aneurysm, which

then would be more susceptible to successful treatment by further compression.

Although the plan of converting an arteriovenous into the more serious arterial

aneurysm cannot be regarded as judicious, direct compression of the vessels at

the affected pointy with indirect proximal compression of the artery, is without

doubt the most efficacious form of compression in arteriovenous aneurysm,

especially in recent cases, and in such cases may be tried, particularly if there

are strong contra-indications to operation. Delbet gives the proportion of
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recovrrk'?! after coiiiprcssion as thirty-two per cent, and fuucludcs that the best

of these methods is so Uttle efficacious that it should not be emplo3'ed unless

one can do no better.

Proximal liijation of the artery, by the method of Anel and Hunter, would,

at the i)resent day, be indicated only when direct o))erative intervention could

not be carried out, since, accordintj; to Delbet, it fails twice as often (4").45 per

cent) as it succeeds (22.5 per cent), determines gangrene in almost as many cases

(20.45 per cent) as it cures, and is followed by secondary hemorrhage in 11.37

per cent of the cases. Dupuytren suggested proximal ligation of the artery and

ligation of the vein above and below the arteriovenous aneurysm, an operation

which, it seems, has never been i>erformed. Stromeyer advised ligation of both

ends of the vein alone—a manifestly incomplete procedure.

Ligation of the artery above and below the aneurysm gives much better

results than proximal ligation alone, particularly in recent cases of aneurysmal

varix, but is very uncertain whcni a sac exists, or whcni collateral vessels are

present between the ligatures.

Quadmple ligation

—

i.e., ligation of both artery and ^•ein above and below

the aneurysm—is the best of the ligation methods, but, owing to the {)ossibility

of recurrence from the presence of collateral vessels, would, without incision of

the sac or extirpation of the vessels between the ligatures, be indicated only

under exceptional circumstances

—

e.g., in cases in which the latter operations

would prove very difficult and the condition of the patient was not such as to

withstand a prolonged operation. As far as gangrene is concerned, quadruple

ligation, incision, and extirpation stand on an (Mjual footing. Of fifty-three

cases in which these operations were performed, gangrene followed in 5.66

per cent.

Incision of the sac, with tamponage, after (iuadru])lc ligation, possesses the

same disadvantages as the operation of Antyllus for arterial aneurysms.

Extirpation ]jrecludes the possibility of recurrence, but in certain cases,

owing to the situation of the arteriovenous aneurysm or to the dense adhesions

wliich bind it to the environing tissues, it is a formidable operation. Of thirty-

two cases of extirpation thirty-one were successful. The method is certainly

to be chosen when destruction of the vessels would cause little probability of

gangrene or serious disturbances in the parts beyond

—

e.g., in vessels of the

second class. The chances of gangiciic arc of course increased if the arteries are

atheromatous, and an examination for this condition should always bo made
before one ))roceeds with the o])eration.

Angeion-haphy, with pi-cscrxalion of the hiincii of each vessel, is the ideal

operation, since if successful tiie circulation remains miinti'rru))te(l and gangrene

is i)revented. It should therefore be attemjjted in all cases in which the major

vessels are involved. Unfortunately, vascular suture is not always ])ossil)le; at

least in several cases the surgeon (J. C. Stewart, and also Ci-anwell *) began his

operation with this procedure in view and, owing to unforeseen difficulties, was

forced to ligate.

* Itev. (Ic cliir., Dec, lOOC).
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In 1901 Lissjanski,* in an arteriovenous aneurysm of the femoral vessels,

resected the artery between ligatures and closed the opening in the vein with

sutures. Matas f and Zoee Manteuffel have done similar operations. Perug-

niez,| in 1900, and Garre,§ in 1906, resected the vein and applied a lateral suture

to the artery. All of these operations were successful.

Murphy,
II

in 1906, was the first to preserve the continuity of both vessels.

In an arteriovenous aneurysm of the femoral vessels, eighteen days after a

gunshot wound, he applied a lateral suture to the vein and, after resecting the

artery, joined the segments by end-to-end anastomosis. In 1898 Marchand

operated successfully on an arteriovenous aneurysm of the brachial vessels by

separating the artery from the vein and closing the openings with lateral sutures.

Koerte,^ in 1904, dealt with a recent arteriovenous aneurysm of the popliteal

vessels in a similar manner and likewise successfully. Cranwell,** in 1906, left

a small portion of the sac on each vessel, thus permitting him to close the openings

by applying a lateral ligature. Lexer,|f in a popliteal arteriovenous aneurysm,

resected 4 cm. of the artery and vein and united the ends of the vessels by the

Payr method. The operation was successful.

Bicknam |J suggests that the principles of Matas' endoaneurysmorrhaphy

might be applied in the treatment of arteriovenous aneurysms. In a varicose

aneuiysm he would incise the sac, close the openings in the artery and vein with

chromicized catgut sutures, and obliterate the sac by suturing the roof to the

floor. In an aneurysmal varix he suggests that the vein might be incised, the

arteriovenous fistula sutured from within the vein, and the incision in the vein

then closed.

The varices which accompany an arteriovenous aneurysm generally shrink

considerably after the abnormal opening between the artery and the vein has

been suppressed, and rarely w^ould it be indicated to remove these dilated veins

at the time of the operation for the arteriovenous aneurysm. This may be

effected at a later period if the varices persist and give rise to trouble.

Amputation of an extremity for arteriovenous aneurysm would be indicated

only when this affection results in gangrene or in repeated hemorrhage the

result of sepsis—in other words to save life when less drastic measures are

inapplicable or injudicious.

VII. PHLEBITIS.

Phlebitis, or inflammation of a vein, was first recognized by John Hunter,

who demonstrated the fact that many of the ill results following phlebotomy

were due to this affection. The condition may be acute or chronic.

Acute Phlebitis.—Etiology.—All wounds of veins are necessarily followed

* Wratsch, No. 10, 1901. t Jour. Amer. Med. A.ssoc. Nns. 2-5. 1902.

t Rev. de chir., Nov., 1906, p. 622. § Deutsche Zeitsehrift f. Chir., May, 1906.

II
Med. Record, Jan. 16th, 1907. «f Centralblatt f. Chir., 1904, p. 466.

** Rev. de chir., Dec, 1906. ft Centralblatt f. Chir., 1907, No. 31. Beilage. p. 12.

t J Annals of Surg., May, 1904.
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by phlebitis; aseptic phlebitis beinj]; nature's method of permanently closing

such wounds. Contusions of veins which injure the intima likewise are followed

l)y inflammation. The l)est exami)le of aseptic phlebitis following upon a rupture

of the intima is that which seals the vessels after the application of a ligature.

\\'hen the venous walls are already altered,—as, for example, in varix,—the

slightest injury is often sufficient to start an inflammatory process. Prolonged

pressure by tumors, etc., induces nutritive changes in the venous walls which

are followed by phle])itis and obliteratioh. The presence of a primary thrombus

or of an embolus induces inflammatory changes in the walls which embrace it.

We have already mentioned, in the section on Thrombosis, the rarity of primary

thrombi, and, in order to avoid repetition, we shall refer the reader to that i)art

of the article for the various acute infectious diseases and cachectic states which

may be complicated by thrombophlebitis, and for the results of bacteriological

examination in such cases. Thrombosis following aseptic abdominal operations

has already been discussed by us in the section on Pulmonary Embolism. In

some of the instances mentioned above, notably in the normal healing of v(4ns

after sterile wounds, the process is undoubtedly aseptic, but the vast majority

of cases showing outward evidences of phlebitis are due to infection of the venous

walls with pyogenic bacteria. (See section on Thrombosis.) That septic in-

flammatory conditions about veins may spread by contiguity to the vessel walls

and induce phlebitis is a common clinical obsin'vation. Bacteria may be trans-

ported to the vessel walls likewise by the vasa vasorum or the lymphatics, or

they may enter directly from the blood-stream. In the last instance, as we

have already pointed out, the veins on the left side of the body, particularly at

the root of the limbs, are those most often affected.

Pathology.—The sharply localized, aseptic inflammation which seals wounds

in veins is identical with the same process after arterial injuries, which we have

described on an earlier page. This process of repair some authors refuse to call

inflammation, although the phenomena are the same and the difference exists

only in the intensity of the changes. In that form of inflammation of a vein which

is recognized clinically as phlebitis the phenomena of inflammation are much the

same as in other tissues. Here, however, the important changes, from a practical

standi)oint, are those in the intima, as it is only when this membrane is involved

that thrombosis follows. As a matter of fact, the intima in acute phlebitis

is always involved and generally i)rimarily, even when the infection spreads

from without inward. This is because of its delicate nature, being the first to

yield in contusions; its resemblance to serous membranes, which possess a

tendency to exudative inflammations; its situation, being exposed to the various

bacteria and toxins which may circulate in the blood; and- because the vasa

vasorum tenninate immediately beneath it. The process is, therefore, generally

the direct resuU of ciiangcs in the endothelium consequent upon external injury

or ui)on the action of toxins circulating in the blood-stream. In the foi-nicr the

intima is rui)tured, in the latter its cells are degenerated; in either, the affected

cells swell and project into the lumen of the vessel. At the same time the vasa

vasorum in the outer coats dilate, and exudation follows, the walls therefore
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appearing hypenwiiic and thickened. Owing to the roughening of the intima

and the production of large quantities of.fibrin ferment, there is quickly formed a

mural thrombus, which usually increases in size until the vessel is completely

occluded. The manner in which a thrombus is formed, the changes it may un-

dergo, and other facts relating to this subject, will be found in the section relating

to Thrombosis. We wish here to call attention only to the changes in the venous

walls. The material exuded into the vessel wall coagulates and is subject to the

same fate as inflammation lymph elsewhere—^Viz., absorption by the lymphatics,

organization by fibroblasts, or liquefaction by bacteria, i.e., suppuration.

In the slightest form all the inflammatory tissue may ultimately be removed.

When the process is more intense the muscular tissue disappears and the three

tunics become markedly sclerotic. The most remarkable phenomenon in these

cases is, according to Marie,* the vascularization of the vessel-wall during the

progress of organization of the thrombus. The dilated vasa vasorum develop

ramifications which finally traverse the intima and the thrombus. At a later

period, when the sclerosed tissue contracts, a certain number of these vessels

are obliterated; many, ho^vever, persist, and in some instances undergo further

dilatation and form a cavernous plexus which compensates, to a certain degree,

for the obliteration of the principal trunk. Here we may emphasize the fact

that the presence of pyogenic organisms does not necessarily imply the presence

of pus. Indeed, in most instances, owing to the slight virulence or small number

of invading organisms, to the bacteriolytic power of the leucocytes and tissue

cells, or to other causes, the inflammatory tissue undergoes resolution or organiza-

tion and the thrombus is absorbed or converted into fibrous tissue (exudative

phlebitis) . AVhen opposite conditions obtain, the thrombus in whole or in part

is liquefied as the result of bacterial activity (suppurative phlebitis).

In suppurative phlebitis, which is much less frequent than the exudative

variety and generally the result of a direct extension of the inflammation from

the perivenous structures, the walls are crowded with leucocytes, which in places

may form small abscesses. In some cases the tissues of the vein are destroyed

by ulceration, thus allowing the suppurating thrombus to empty itself into the

neighboring tissues. Hemorrhage is consequently a possibility, unless those

portions of the clot which are in contact with the blood stream remain firm.

Embolism may occur in either form of phlebitis. The large, suddenly fatal

emboli are usually the result of exudative phlebitis, while suppurative phlebitis

more often liberates small emboli w^hich give rise to secondary abscesses.

Symptoms.—The symptoms of phlebitis are local and general.

The local symptoms are those of inflammation and those due to occlusion of

the vein by thrombosis. The general symptoms depend upon toxaemia. The

intensity of the symptoms varies very greatly with the extent and nature of the

phlebitis and the resisting powers of the individual. The symptoms, both

local and general, may be absent. Latent phlebitis is common in the pelvic

veins, and may occur also in other parts of the body during the course of ex-

hausting diseases, particularly tuberculosis and carcinoma. This form of

* Cornil et Ranvier: " Manuel d'histologie pathologique," t. iii., 1907.
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jihlcl^iti^i. which gives no external signs of its existence, is ]mrticulai-ly dangerous

liecause no i)recautions are taken to prevent the dislodgnient of the thrombus.

We have ahvady cited a case in which, following operation, signs of ])hlebitis

did not appear until after the occurrence of embolism. Similar cases have been

reported by Schwartz, Pinard, Quenu, and Vaquez; the last designating these

cases '^ phlcbite latente a debut emhoUquey In other instances the embolism is

large enough to cause speedy death and prevent the dehut of the phlebitis. The

severest forms of phlebitis are those which are due to sei)tic wounds and badh

drained, suppurating foci

—

e.g., middle-ear disease and puerperal infection.

Between these extremes are found all grades. In some cases the local symptoms

are marked and the general symptoms trivial. This statement applies to many
of the cases of femoral phlebitis following aseptic abdominal operations. In

other causes the general symptoms predominate and the local signs are insignifi-

cant. Thus, thrombosis of th(» lateral sinus has ])een diagnosticated typhoid

fever, ])neunionia, etc. Only a small segment of the vein may be involved in the

inflammatory process, as is frequentlj' seen in varicose veins of the leg; or most

of the veins, from the toes to the vena cava, may be implicated, as not infre-

fjuently happens in phlegmasia alba dolens. Ordinarily, phlebitis creeps from its

I>oint of origin along the affected vein. When a venous radicle is first involved

progression occurs in the direction of the blood-stream, but, when a vein is

attacked some distance from its point of origin, the inflammation may spread in

both directions until the entire vein is affected. The vessels which comnumicate

with the affected vein likewise are frecjuently invaded by the inflanmiatory

process. Occasionally, however, cases are encountered in which segments of a

vein are skipped by the disease. We recently observed a case of this sort in an

old lady with a marked rheumatic predisposition. The process began in a

small varicose vein over the lower part of the tibia, in which region th(>re had lieen

a small abrasion. Th(> lesion at first resembled erysipelas, but soon subsided,

leaving a thromlio.sed vein. In the same way successive patches, two or three

inches in length and separated by irregular intervals of from three to five inches,

appeared along the course of the internal saphenous vein and some of its branches.

Finally, one of these sections in the thigh supj)urated. necessitating an incision

into the vein. Schwarz * describes two cases of what he calls i)hlebitis migrans,

in which .segments of the veins of l)oth arms were attacked during the last stages

of i)uhnonary tubei-culosis. In these cases no micro-organisms were recovered

and thrombosis did not follow, sections demonstrating that the process was

confined to the two outer coats. He could find only two other cases in the

literatuie, both of which gave a syphilitic history. Gouty i)hlebitis, according

to Paget, often exbibits this iuiii|)iiig tendency. " It affects tiie sui)eiiici;il rathei'

than the deep veins, and often occurs in patches, affecting (for example) on

one day a short |)iece of a saphenous vein, and on the next day another ])iece of

the same, or a corresi)onding |)iece of the opposite vein or of a femoral vein. It

shows herein an evident disj)osition towaid being metastatic and synimetrical. " t

* Virchow'.s Archiv, 190.'). Hd. dxxxii., p. 178.

t "Clinical Lectures and 10s.s;iys," hy Sir James Paget, 187o, p. 2\y.\.
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Successive involvement of veins in various parts of the body points to some

general cause, and is observed most frequently—aside from its occurrence in

gout and rheumatism—in chlorosis, and in cachectic states depending upon

conditions like cancer and tuberculosis. In Huel's case of chlorotic thrombosis

the veins in various parts of the body were involved in ciuick succession until

only the jugular and the right subclavian remained free. (AVelch.) Cases of

this sort, which Erlenmeyer terms springende Thrombose, are peculiarly liable to

recurrent attacks.

The local symptoms in detail are as follows :—Pain is often the first symptom
to attract the patient's attention. It varies greatly in intensity, according to

the nature and seat of the phlebitis and the temperament of the patient. In the

lower extremity, the part most frequently attacked, the pain, although often

more or less generalized, is most pronounced in the groin, on the inner side of

the thigh, in the popliteal space, and in the calf of the leg—in other words,

along the course of the femoral and saphenous veins. The pain is usually

constant, but may be neuralgic in type, radiating along the branches of the

anterior crural and sciatic nerves, and sometimes along the limibar nerves, in

which case there may be, but rarely, vesical or rectal tenesmus. No doubt, in

some cases there is an actual neuritis, caused by the irritation of the oedematous

fluid (Klippel), or, more likely, by direct extension of the inflammation from

the venous radicles in the nerve trunks. (Quenu.) The pain generally appears

first in the groin, but occasionally toward the other extremity of the femoral or

saphenous vein. Even when the pain is slight or absent, tenderness may be

elicited by pressure over the affected vein. It is hardly necessary to add that

such pressure should be of the most gentle kind and should always be made

with the idea possibly of embolism in mind. In phlebitis of the iliac vessels

pain and tenderness may simulate intraperitoneal affections. We have on

several occasions, in the course of typhoid fever, seen the onset of an iliac

phlebitis very closely mimic perforation of the bowel. Acute phlebitis of the

large intra-abdominal veins (e.g., the mesenteric) usually gives rise to agonizing

pain which is generally interpreted as being due to some other cause.

Redness may possibly be seen in the most superficial veins, but, when present,

it is usually due to inflammation about the vessel.

The local temperature is elevated in the presence of a periphlebitis, but in

other cases no change may be appreciable; in the later stages it is said to be

often lower.

When the vein is superficial it may stand out as a visible mound, owing to

the presence of thrombosis, and be felt as a hard cord, unless the thrombus is soft

in consistency. In many instances the vein cannot be palpated owing to the

perivascular oedema.

CEdema quickly follows the pain ; it is due to inflammation of the perivenous

tissues or to obstruction of the venous circulation, one or both. Inflammatory

oedema is most marked about the inflamed vein; oedema due to venous obstruc-

tion is greatest at the peripheral end of the involved vein. Thus, in phlegmasia

alba dolens the swelling usually begins in the foot, owing to the venous obstmc-
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tion, but may be noticed fii-st at the root of the Umb as the result of the inflamma-

tion. The amount and character of the oedema consequent upon venous

obstmction is influenced by many conditions, and is not always in proportion

to the size and importance of the vein involved. Obliteration of the inferior

vena cava may lie followed by extensive ccdema of the lower half of the body,

by swellin*; of one leg only, or by no oedema in either leg. Some of the visceral

veins {e.g., the renal and mesenteric), when suddenly occluded, cause serious

disturbances in the parts whicli they drain, but may be gradually closed by a

slowly ft)rming thrombus without evil consequences following. In the other

instances, particularly in the extremities, the suddenness of occlusion is of less

importance than its extent; ligation of even the largest vein may cause little

or no cedema. The same applies to a limited thrombosis. But when the clot

extends along the entire vein and into its branches the collateral circulation

is seriously embarrassed and passive venous congestion follows. Increased

pressure in the vein stretches its walls, the cells of which suffer from inanition

as the result of the more venous character of the blood. This leads to a transu-

dation of the serum, which is greater in amount w^hen the composition of the

blood is altered by conditions like amrmia, cachexia, and infective diseases. If

such senun is not absorbed by the Ij'mphatics oedema follows. That something

more is needed for the production of oedema than the mere quantity of fluid

leaking from the blood-vessels is proved by the rapidit}^ with which saline fluid

injected beneath the skin is absorbed. The lympathic vessels themselves, which

are closely related to the veins, may be inflamed or pressed upon by inflam-

matoiy exudate. It is not at all unusual, in phlegmasia, to find the inguinal

lymph nodes enlarged and tender. The activity of absorption depends also

on the composition of the fluid. "The larger the amount of proteid material

the more difficult the absorption; watery solutions of crystalloids are absorbed

with a rapidity proportionate to their dilution."* Thus, the exuded fluid of

inflammation, owing to the greater amount of proteid which it contains and

its higher specific gravity, is absorbed much more slowly than the fluid escaping

as the result of mere venous congestion. The oedema is soft and pits deeply on

pressure when due to venous obstruction only; it is fimier when caused by

inflammation; and it is almost solid when due to obstruction of the lymphatics

alone. The character of the oedema, therefore, varies according to which of

these factoi-s predominates. The color of the skin also varies, being white in

lymphatic oedema, more or less cyanotic in pure venous obstruction, and of a

-ose tint when the perivascular tissues are inflamed. Occasionally, in phlel)itis

of the lower limb, the oedema is soft and white in the foot and more elastic and

of a redder hue at the root of the limb. Some authors lay great stress ui)on the

influence of the nervous system in the production of (edema, .\fter ligation of

the vena cava Ranvier found that, if the sciatic nerve in one limb is divided,

oedema occurs in that limb only. Lazanis-Barlow f states that during passive

congestion the tissues are deprived of nutriment and the waste products are

not removed. This stars^ation of the tissues leads to arterial congestion and

Hawanl. in Lancet, .March 10th, 1906. f "Manual of Pathology," 1904.
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outpouring of lymph, which, when in excess of that which can be absorbed,

leads to oedema. The fluid which leaves the blood-vessels may accumulate, not

only in the interstices of the tissues, but also in the cavities of the body—as, for

example, ascites from obstruction to the portal vein, and effusion into the knee-

joint in phlegmasia alba dolens. In some situations, notably in the intestine,

the spleen, and the brain, and in other viscera, sudden occlusion of the veins is

followed by hemorrhages, but, in peripheral venous thrombosis, although the

escape of a few red cells is not uncommon, actual extravasation of blood is

extremely rare.

When a vein is occluded its work must, of course, be carried on by its neigh-

bors, which dilate to carry the additional volume of blood. Such enlarged

collaterals, when superficial, constitute an important sign of obstruction to the

deeper veins. In the lower extremity they are usually most marked below the

knee and in the popliteal space, but it is in thrombosis of the inferior vena cava

that the anastomotic circulation is most strikingh^ developed, the veins emanating

from the saphenous opening and coursing up over the abdominal wall some-

times being as large as a finger.

The remaining sj'mptoms of venous occlusion are referable mainly to dis-

turbances of special fimctions and vary with the region involved. Throm-

bophlebitis of the lateral sinus may, by pressure in the jugular foramen, cause

paralysis of the pneumogastric, glossophaiyngeal, and spinal accessory nerves.

Epistaxis may be caused by thrombosis of the superior longitudinal sinus.

Exophthalmos and oedema of the orbit, and pressure on the branches of the

fifth and sixth cranial nerves, may be caused by thrombosis of the cavernous

sinus. In addition to oedema and cyanosis of the upper half of the body, and

dilatation of the veins over the thorax and abdomen, thrombosis of the superior

vena cava may cause epistaxis, headache, vertigo, tinnitus aurium, epiphora,

and exophthalmos. Thrombosis of the portal vein may cause hsematemesis,

enterorrhagia, enlargement of the spleen, ascites, progressive marasmus, and

sometimes hemorrhagic infarction of the intestine. Thrombosis of the splenic

vein may be followed by hemorrhagic infarction and necrosis, or, owing to a

vigorous collateral circulation, the spleen may be simply enlarged from passive

congestion. Thrombosis of the renal veins may cause hemorrhagic infarction,

hsematuria, and albuminuria, but in many instances the collateral circulation is

established and no symptoms are observed during life. Thrombosis of the

mesenteric veins gives symptoms identical with those of occlusion of the mesen-

teric arteries

—

i.e., sudden intense pain, constipation or bloody diarrhoea, vom-

iting, which may be fecal or bloody, subnomial temperature, rapid pulse,

meteorism, and rigidity of the abdominal muscles.

The viscera being left out of consideration it may be stated that gangrene

from thrombosis alone is extremely rare; indeed, many authors believe that it

does not occur in the extremities in uncomplicated thrombosis. Cases have been

reported, however, in which no other cause than venous thrombosis could be found

for the gangrene, and, with a thrombosis sufficiently extensive to involve all the

veins of a Iknb, it is not very difficult to understand how such might occur.
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Wo have iiicntioiR'd aljovc the po.-^siljility of neuritis accoiiipanyiiig phlebitis

of the extremities, and this may account for certain symptoms arising during

the coui"se of the disease and for some of the sequeUe. There may be motor,

sensory, and trophic disturbances. The impotence of the involved extremity is

often out of all proportion to the amount of pain and swelling, and may persist

after the acute symptoms have subsided. Atrophy of groups of muscles is

occasionally seen, i)articularly in the phlebitic clul>foot which assumes the

form of ecjuinus or equinovarus, with the toes flexed and rigid. In this de-

formity the posterior muscles of the leg are wasted and contracted. Verneuil *

reported a case in which the defomiity appeared three weeks after the beginning

of a puerjx'ral phlebitis. Muscular hypertrophy also is occasionally observed.

Besides the neuralgic pains to which we have already called attention, sensory

disturbances may manifest themselves in the form of anaesthesia or hypersesthesia

of vaiying degree and extent. Implication of the trophic nerves may be partly

responsible for the a^dema during the acute stage, and in certain cases it may

be wholly responsible for the persisting oedema following phlebitis. Other

secjuelse, in the causation of which the trophic nerves may be more or less

concerned, are elephantiasis, ulcers, purpura, her])es, and other eruj^tions.

\'aricose veins may, of course, be directly traceable to the venous obstruction.

Haward states that, after phlegmasia alba dolens, not only the cellular tissue

may be increased in quantity, but the bones also may be enlarged from the de-

velopment of the subperiosteal connective tissue.

In enumerating the foregoing symptoms we have had in mind that form of

phlebitis in which the vessel is occluded by an organizing clot

—

i.e., exudative

phle])itis. To these symi)toms must be added those of supi^uration when the

thrombus is liquefied by the action of pyogenic bacteria. In such cases

—

i.e.,

in suppurative phlebitis—the external wound, when such exists, may give rise

to a thin pus and be surrounded by a spreading cellulitis, or it may be dry and

only slightly inflamed. In either event red lines of lymphangitis may be seen

running to tiie nearest lymph nodes, which are swollen and tender or even

suppurating, in these cases the tlirotnbus is softened and is either washed

away as emboli (i)ya'mia), or fonns a localized abscess, which, after being opened,

discharges a thick, creamy pus, or a mixture of pus and blood. If that portion

of the thrombus which lies next to the circulating blood is not hard and fimily

adherent, secondary hemorrhage may follow. In some instances a number of

abscesses form along the course of the vein at varying intervals, the thrombus

between remaining .^olid.

The general symptoms, when ])resent, are those of septic intoxication,

septicicmia, or pyiemia. Fever is generally in evidence when the surgeon's

attention is called to the i)hlebitis and sometimes for several days before external

manifestations of the disease are apparent. In the milder forms the rise of

temperature is not over a degree or two, and falls in the course of a few hours or

days to normal. Occasionally the fever is intermittent, the ri.ses corresi)onding

to the invasi<in of successive segments of the vein or additional veins. Sui)pura-

* Comyte.s rendu.s de I'Acad. des Sc , .Marcli 'Msl, 1890.
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tive phlebitis is frequently inaugurated by a chill, the temperature rising to 103°

or 104° F., or higher, and the fever persists, being less in the morning and greater

in the evening. In many cases there are violent irregular rises and falls of the

temperature, characterized by severe chills and drenching sweats. The pulse in-

creases in frequency, sometimes proportionately to the fever, sometimes without

fever. Mahler lays great stress on a step-like increase in the pulse-rate, without

fever, in diagnosticating beginning phlebitis, particularly of the pehdc veins

after labor or abdominal operations. ''In a typical case the pulse ascends while

the temperature remains absolutely normal. The ascension continues while the

temperature moves in the old path. If oedema appears, if a thrombotic string

is palpable, or if pulmonaiy symptoms supervene, the pulse-rate reaches its

highest point, and among other things the temperature rises at the same time.

But, although the temperature falls in the next few hours, the pulse remains

high."* Although the Mahler phenomenon is not always present, an increase

in the pulse-rate, for which no other cause can be found, should make one

consider very seriously the possibility of a latent or beginning phlebitis.

Other symptoms commonly associated with fever and due to interference

mth the secretions,

—

e.g., diy mouth, coated tongue, digestive disturbances,

constipation, scanty urine, etc.,—are present according to the degree and

duration of the pyrexia. Pulmonary symptoms arising in the course of a

phlebitis, although possibly due to other causes, are most likely to result from

embolism. (See the section on Pulmonary Embolism.) Hebetude, stupor,

restlessness, delirium, and like nervous phenomena are encountered only in the

severer forms of suppurative phlebitis, in which there may be also hsematogenous

jaundice, enlargement of the liver and spleen, petechia^ in the skin and mucous

membranes, or eruptions simulating urticaria, measles, or scarlet fever, and

finally, owing to the detachment of septic emboH, metastatic abscesses in the

lungs, bones, brain, spleen, kidney, and other parts.

Diagnosis.—Phlebitis is readily recognized by the local signs when the

inflamed vein is superficial. It is not likely to be mistaken for lymphangitis,

in which the redness is much more marked and the cord-like induration less

pronounced ; but the frequent coexistence of the two affections should be borne

in mind. AMien, however, the vein is deeply situated, the diagnosis may be

difficult or impossible, particularly in the beginning. Possibly in some of these

cases Mahler's symptom may be of value. In some instances it is only after the

inflammation has extended to the surface along anastomosing vessels that the

condition is recognized. In others the occurrence of embolic pulmonarj' phe-

nomena first suggests the possibility of phlebitis. In certain veins

—

e.g., inferior

vena cava and portal vein—the development of a collateral circulation is the most

important sign. After labor or operation, or during the progress of diseases

which predispose to inflammation of the veins, pain and swelling of the leg, in

the absence of other causes, must be interpreted as due to phlebitis. Sometimes

the general symptoms, when associated with a local lesion from which a vein

might be infected, direct attention to the affected vein. Thus, in the presence

* Mahler: "Arbeiten aus der Koeniglichen Frauenklinik in Dresden," 1905.

VOL. VII.—20
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of the general syiniJtoms of scpticieiiiia, with a tli^^charging car, the most hkely

cause would be thrombosis of the lateral sinus. A carbuncle of the lip, wdth

exophthalmos and other eye symptoms, would strongly suggest infective phle-

bitis of the cavernous sinus. Symptoms of peritonitis with bloody diarrhoea,

in the absence of injuiy, should always make one think of thrombosis or em-

bolism of the mesenteric vessels. Cyanosis of the upper half of the body is

perhaps the most striking s^miptom of thrombosis of the su])erior vena cava.

Prognosis.—The {prognosis of phlebitis varies with its nature and situation.

Exudative phlebitis of the extremities, after a stationary period or a series of

exacerbations characterized by recurrence of the pain, fever, and oedema,

generally subsides in the course of a few weeks, leaving the vein or veins oblit-

erated. Consec{uently, persistent oedema and heaviness of the limb or thv de-

velopment of varicose veins are not infrequent sequelae; in fact, return to the

normal, after an extensive jjhlebitis of the lower extremity, is the exception.

The sensory, motor, and trophic disturba,nces, which are for the most part rare,

but which may persist for months or years, have been sufficiently emphasized

above. Aside from involvement of the vis-oral veins, in which cases death

sometimes follows from simple blocking of the circulation, adhesive (exudative)

phlebitis can cause death only by emljolism. Some statistics relative to this

accident will be found in the section on Pulmonary Embolism.

Suppurative phlebitis is a much more grave affair. The patient may die

from septic intoxication before the local signs are well advanced, or he may

succumb at a later period as the result of pyaemia. For further details and

percentage rates of death the reader is referred to the articles in which infective

l)hlebitis of special regions is treated.

Treat.mfa't.—The prophylactic treatment of phlebitis occurring after

operation has been described in the section on Pulmonary Embolism. Here

we may add that, owing to the infective nature of phlebitis, whatever measures

are taken to prevent or subdue infection in the tissues, are to be regarded as

acting in a proi)hylactic manner toward inflammatory venous processes. The

proper treatment of otitis media and mastoiditis prevents lateral sinus throm-

bosis; and the same is true with regard to other infective lesions al)out the

head and face in their relation to the other sinuses. We must mention i)ar-

ticularly carbuncle of the lip, which even surgeons, owing to the disfigurement

produced by free incision or excision, arc prone to dally with until the inflam-

mation extends along the facial vein to the orbit and thence to the cavernous

sinus. The i)rompt draining of suppurating areas, the antiseptic treatment of

wounds, i)articularly compound fractures, th(> i)iomptness with which the

surgeon attacks intra-abdominal infections, and the careful precautions taken

by the modern ol)stetrician to prevent the entrance of micro-organisms into the

genital tract during or after labor, have enormously reduced the frequency of

phlebitis.

In exudative phlebitis of the extremities the first indication is to keep the

limb absolutely quiet, in order to lessen the chances of embolism. Sudden

movements, j)articularly those involving flexion of the joints, are dangerous.
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In many instances of phlebitis of the lower hmb emboHsm has followed sitting

up in bed, which necessitates acute bending of the femoral vein at the groin.

The limb should be placed upon a spHnt in full extension and slightly elevated,

thus lessening the amount of blood pumped into the extremity and favoring

drainage from it. The part may be covered with cotton wadding, in order to

protect it from injury. Cataplasms of kaolin, lead water and laudanum, and

extract of witch hazel, or ointments containing ichthyol, belladonna, or mercury,

may be applied, and at a later period the skin over the affected vein may be

painted with iodine. Inunctions, however, and massage are exceedingly perilous

at this time, and local medicaments must be laid on, not rubbed in. Bandages

should never be tight but only fimi enough to maintain the dressings in place.

The most dangerous time, that in which embohsm is most likely to occur, is the

period covered by the second, third, and fourth weeks, but sitting up and walking

are not safe until after six weeks have elapsed from the beginning of the i^rocess

or from the beginning of the last exacerbation. The administration of drugs to

diminish the coagulability of the blood, which has been ad\dsed by certain

physicians to prevent the extension of the clot, does not commend itself to our

judgment, as we fear that such drugs, if possessed of anticoagulative properties,

might possibly render the already existing clot less firm. In discussing throm-

bosis we have given a list of the various substances which may hasten or retard

the clotting of blood. The secretions should, of course, receive attention, and

any constitutional malady, such as gout or rheumatism, should be treated with

appropriate remedies. Sedatives may be needed for pain, and occasionally

cardiac stimulants when the circulation is weak. Witzel believes that the

maintenance of the strength of the circulation is the most important measure

in preventing extension of the thrombus. An active circulation not only

encourages "embolia insensibilis " and causes the thrombus to remain short, but

also lessens the danger of infarction of the lung if a medium-sized embolus is

detached. When the patient begins to walk an elastic bandage or stocking

should be worn, to prevent excessive oedema and to encourage the development

of the deeper veins by keeping the superficial ones empty. Massage is not safe

until two or three months have elapsed, when it becomes a measure of great

value. The treatment of the sequelae (ulcers, varix, etc.) is fully given in other

portions of the work. About the only fonns of non-suppurative i^hlebitis in

which operation is indicated are inflamed external hemorrhoids and thrombosis

of the mesenteric veins. The fomier require incision and evacuation, or excision;

the latter demands exploratory laparotomy and, when possible, excision of

gangrenous intestine. Brunner * states that, of thirty-two operations for

mesenteric thrombosis, two were successful.

Suppurative phlebitis should, when possible, be treated by excision, a

procedure which was first suggested by Klebs. In other cases the vein should

be opened and disinfected, after a ligature has been placed about it between the

area of inflammation and the heart, in order to prevent pysemia. Thus, in

infective thrombosis of the lateral sinus, the internal jugular vein should be tied

* Deutsche Zeitschrift f. Chir., Ixxxix., No. 6.
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and the sinus opened, evaeuated, and i)acked with gauze. The same principle

has been suggested in the treatment of suppurative phlebitis of the portal vein.

Trendelenburg has recently urged ligation of the internal iliac veins in puerperal

sepsis. In 43 fatal eases he found tlirombosis of the uterine anil ovarian veins

in 21. while Grossman found the same condition in 27 of 51 autopsies.* The

general treatment of suppurative phlebitis is that of se[)tica'niia or pyannia.

(See Vol. I.)

Chronic phlebitis is a term sometimes applied to the terminal stages of a

protracted acute exudative inflanunation of a vein or to the results of this

infiaminatioii

—

i.e., sclerosis and obliteration of the vessel. Chronic inflamma-

tion anil thickening of the venous walls without thrombosis is seen as the result

of prolonged overdistention

—

e.g., in varices and other forms of obstruction. A
chronic phlebosclerosis, which, like arteriosclerosis, may be widespread, is said to

be caused by conditions like syphilis, gout, alcoholism, and lead poisoning. In

syjihilis. particulai'ly of j)arenchymatous organs, the walls of the veins may be

infiltrated with miliary gummata.

Tul)erculous phlebitis resembles ordinary phlebitis, but when a vein is in

the midst of caseating tissue, especially in t\w lung, kidney, and lymi)h nodes,

its walls may undergo caseous degeneration.!

VIII. VARICOSE VEINS.

Varix (varicose veins, phlebectasia) is an elongated, permanently dilated

vein with thickened walls. Simple dilatation of a vein does not constitute

varix; the walls must be thickened.

\'aricose veins may hv found in any portion of the body, even in bone (accord-

ing to Cornil and Ranvier). The condition is most frequently seen in the

internal and external saphenous veins of the leg, and it is with the affection in

this situation that we shall deal at the present time; other manifestations of

this abnormality, sucii as heiiionhoids, varicocele, varix of the broad ligament

and of the (rsojjhagus, etc., being discussed in other sections of the work.

Etiolooy.—Age.—\^arici's are extremely uncommon in infancy and, when

observed at this i)eriod of life, are usually congenital. Cases of this sort have

been reported by Petit, N'oiturier, l-'ouriioj, and i^ous(|uet. It is worthy of note

that congenital varices are most freciuent in the upper exti'emity and are g(>nerally

unilateral, althcuigh Lessar and Koenig describe congenital \'arices of the leg,

\'elker of the facial, and Bird and Bennett of the jugular. J It is ])rol)able that,

although first giving trouble in middle life, many varices really begin in youth,

owing to what, for want of a bettei- term, we may call the varicose predisi)osition.

It is not unusual to see \aricose veins of the leg, associated with varicocele and

lieniori'hoids, de\clop without any ddinite cause. Statistics show that the

abnoi'inality begins to atti'act attention between the twentieth and thii'tieth

* .\iinal.s of Surgery, Kch., 1*JU7, p. 204. t Coniil ct Hiinvicr, l'.»07, tome iii.

J Bougl<'!: " ("hir. dcs urtiTos, vcinos, lyiniili;ili<nit'.s t'l iit'rf.s," I'ari.s, HJOl.
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years, becoming more frequent with increase in age. In an examination of 917

individuals Sistach found l.-l per cent, between 20 and 30 years of age, suffering

with varix; 4.6 per cent, between 30 and 40 years; and 6.6 per cent, above

40 years.* In dispensary practice about 1 per cent are under 20 years, 20

per cent between 20 and 30 years, 25 per cent between 30 and 40 years, and 54

per cent over 40 years.

Sex.—According to Briquet varices are three times more frequent in men
than in women. Most authors, however, assert that women are more often

affected, owing to the influence of pregnancy. In our own experience about 60

per cent are women.

Heredity and other Conditions.—The influence of heredity is admitted by
most observers. We have in mind one family in which both parents have

varix of the leg; two children have hemorrhoids, varicocele, and varix of the

leg; three other children have varix of the leg. Verneuil and others believe

that rheumatism is a factor in some cases. Of 118 patients with varix, Moreau

found 55 exhibiting some manifestations of articular rheumatism and 24 with

rheumatic parents. Neuritis and certain other nervous affections are said to

favor, in some instances, varix, owing to paralysis of the vaso-constrictors.

Finally, chronic phlebitis from any cause may be followed by dilatation and

elongation of the affected vein.

Occupation.—Any occupation which necessitates prolonged standing pre-

dispo.ses to varices

—

e.g., that of porter, laundress, cook, -jompositor, salesman,

etc. Prolonged .standing in one position is much more influential in producing

varices than walking, as in the former the blood in the extremities not only has

to travel vertically upward, but also is largely carried by the superficial veins,

owing to the compression of the deep veins by the tonic contraction of the

muscles necessary to maintain the upright posture. In walking, the muscular

contractions are intermittent and assist rather than retard the venous circulation.

Obstruction to the Venous Flow.—In addition to prolonged standing, the venous

circulation may be retarded by cardiac or pulmonary disease, by tumors, cica-

trices and enlarged lymph nodes, by a pregnant or displaced uterus, by the use

of abdominal belts, by the wearing of corsets, by the pressure of a truss for

hernia, by garters, etc. In pregnancy varices generally appear toward the

middle of term, but occasionally at the end of the first month, when pressure

cannot be incriminated as a cause, ^'arices are said to be due to a reflex trophic

disturbance.

Compensatory Dilatation.—^\Tlen the deep veins are blocked from thrombo-

phlebitis or other cause the superficial veins must dilate to carry the blood back

to the heart, and in such instances they may become varicose in nature. An
abnormal opening between an artery and vein, such as exists in aneurysmal

varix, causes a dilatation and thickening of the veins. The veins are said to

"arterialize."

The cause of varix is not always distinct and positive; rather is it, in many

instances, of a complex nature. Undoubtedly hereditary or acquired (through

* Duplay et Reclus.
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])hlobitis) weakness of the walls of the veins is the prime factor in a certain

number of cases, but in the majority the condition is inaugurated by mechanical

causes which retard or obstruct the ri'turn flow of blood from the extremiti(>s.

Henc(> the frequency of varix in the most badl}' drained portion of the body

—

the lower extremities. No matter what the initial cause of the retardation or

obstruction may be, the small superficial branches into which the perforating

veins of the leg empty bear the greatest strain, as it is here that the back pressure

in the superficial veins meets the lorward pressure induced by muscular con-

tractions on the perforating ^'eins. These perforating branches are most

numerous in the middle and lower third of the leg, but as those in the middle

of the leg are. unlike those in the lower third, surrounded by muscle, the small

superficial veins in the middle third are, according to our observation, usually

the fii-st to dilate, the process then extending to the larger branches, both deep

and superficial. Following the dictum of Verneuil, however, many writers state

that the disease always begins in the deep veins and is then i)ropagated along the

perforating branches to the superficial veins.

Anatomists describe three fomis of perforating or anastomosing veins in the

lower extremity: those which have no valves and in which the blood may run

in either direction; those in which the valves direct the blood toward the per-

iphery ; and those which direct the blood to the deep veins. According to Houze

and Le Dentu * the l)lood in the foot normally flows from the deep to the super-

ficial veins, while in the leg and thigh the current is in the opposite direction.

From this fact certain authors conclude that, when the veins of the feet are first

involved, the process has begun in the deei> veins. However this may be, the

dilatation once produced renders the valves incompetent, and the consequent

high jiressure in the vein, together with the stasis in the vasa vasorum. induces

a chronic inflammation and thickening of the walls of the vessel. With in-

competent valves the walls of the saphenous vein must support a column of

blood reaching to the heart, the pressure of which column is augmented by every

effort made by the patient. Thus, coughing, straining, etc., cause a sudden

increase in the distention of the vein, and even the swing of the leg in w^alking

acts like a centrifuge in driving the blood toward the periphery. Trendelenburg,

to whom particularly is due the credit for pointing out the importance of val-

vular insufficiency, demonstrates this condition as follows:—The patient is

placed in the recumbent posture and the liml) elevated, in order to empty it of

})loo(l. The internal saphenous vein is then compressed in the up[)er loart and

the patient asked to stand. The vein remains empty and does not hll from

below upward as it should d(j normally, but when the compression at its upper

part is removed it jjromptly and completely distends from above downward; in

other words, the circulation in it is reversed. If, while the patient is in the

semi-reclining posture, the limb is elevated, the blood in the vein extends only

as far as a level corresponding to that of tlie heart. Cheviier -j" states that, if

the varices fill veiy slf)wly fi'om below upward in the Trendelenburg test, the

Terrier ami Aljjlavo, in Revue de chir., .lune, 1900.

t Archives fii'-nerales <le chir., Jan. lltli, 190S.
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valves of the branches connecting the superficial with the deep communicating
veins are normal; but that, if they fill rapidly, the same valves are incompetent.

This he calls the ascending reflux in contradistinction to the descending reflux

of Trendelenburg. Valvular inadequacy may be demonstrated likewise by per-

cussing the vein at its upper part, when a wave can be felt at a lower level

(Schwartz's sign). Delbet demonstrated the increase of pressure in a varicose

internal saphenous vein by means of a cannula introduced into the central end

of the vein and connected with a mercurial manometer. Instead of being neg-

ative the pressure was 16 mm. vnth the patient recumbent, and it rose as high

as 26 mm. when he stood up and strained.

Pathology.—Varicose veins are not only dilated but also thickened and

lengthened, and, owing to the elongation, they are tortuous, sometimes so much
so that the vein is doubled upon itself in numerous places for a considerable

distance. At the onset the dilatation is uniform, but later it becomes irregular,

being in some parts fusifomi or cylindrical and in others sacculated. This

irregularity in distention is due to the irregularity in the thickness of the walls

of the vessel. Thus the walls may be extremely thick in certain sections and so

thin as to break in others. The morbid process extends like^^dse to the valves,

which are deformed and incompetent. According to Cornil the thickening of

the walls of the vein in the beginning is due to hypertrophy of the middle coat,

as the result of an increase in the muscular fibres and the connective tissue.

Later, the connective tissue predominates and the wall becomes sclerosed, some-

times yielding in places and becoming extremely thin. The vasa vasorimi are

greatly dilated and themselves become varicosed, frequently rupturing and

causing minute ecchymoid spots beneath or in the skin. Occasionally calcareous

deposits are found in the fibrous tissue of which the vessel-wall is finally almost

entirely composed. In a word, the changes are those of chronic phlebitis, which

may, however, become subacute or acute and, by extension to the intima, give

rise to thrombosis 'uith its consequences. We have already directed attention

to the occurrence of phleboliths, which are the result of the deposition of lime

salts in thrombi, and which are often found, sometimes free and sometimes

adherent, in varicose veins.

The infiammation does not limit itself to the vessel but spreads to the sur-

rounding connective tissue (periphlebitis), the embryonic cells finally being

transformed into fibrous tissue. Hence the vein becomes fixed, not only to

the surrounding tissues but also to itself at the flexures, so that even after

removal it may be necessary to sever a number of fibrous bands in order to

straighten the vessel.

The remaining tissues of the affected part like^;^^se may suffer alterations of

varying degree. The lymph vessels may be involved and further contribute

to the oedema, which then becomes harder in character and pits less readily on

pressure. The arteries may undergo changes similar to those of the veins and

even become blocked with thrombi or infiltrated with lime salts. The nerves,

according to Quenu, may be the seat of an interstitial inflannnation, not only

in the immediate neighborhood of ulcers, but also at a distance,

—

e.g., in the
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thigh, where the surrounding connective tissue is normah The muscles may
show evidences of interstitial inflammation or more often fatty degeneration.

The bones in the \'icinity of ulcers may become carious, but more commonly
there is an osteoperiostitis with overprochiction of bone. Occasionally the

ossification spreads from the bone along the fibrous intermuscular septa and

aponeuroses. The skin is dry, wrinkled, scaly, in places white, and in others

markedly pigmented, or not infreciuently smooth, erythematous, eczematous,

or ulcerated. The corium presents all the signs of an irritative chronic in-

flammation; between the fibrous fasciculi are found embryonic cells and the

elastic tissue is sometimes hypertro])hied. The sebaceous and sweat glands and

the hair follicles are usually atrojihied. The ])ai)ill?e are sclerosed and atrophied,

rarely elongated and hypertroi)hied. The epidermis is usually thickened.

Symptoms.—Varices are generally insidious in their development, but their

])rogress is influenced very largely by the care w^hich is given them, by the

general health of the patient, by the coexistence of cardiac or pulmonary

disease, and by the lesion to which they owe their origin. In conditions like

arteriovenous aneurysm and pregnancy, varices develop quickly and arc likely

to subside when the cause ceases to exist, although the veins, if distended for a

long period, are weakened, and the condition is prone to recur in a more pro-

nounced form with renewal of the cause. Thus, a varix which may have dis-

appeared after the first confinement reappears in increased volume and persists

after repeated pregnancies.

Although, as we have already mentioned, varices begin most frequently in

the small superficial veins of the middle of the leg they may first be noticed in

the minute veins of the foot, about the malleoli or the knee, or in the neighbor-

hood of the great trochanter. The veins are bluish or rose-colored and arranged

like "stars or comets," i.e., several veins radiate from one spot, or one or more

trail in a more or less straight direction beneath or in the skin. In some instances

the large tmnks of the leg or thigh are first involved. Verncuil maintained that

varix invariably begins in the deep veins, usually the post-tibial and })eroneal.

However this may be, in a well-advanced case most of the veins, both suj^erficial

and deep, are more or less involved in the process. Yet there are certain cases

in which the affection remains strictly confined to a group of veins. Limited

varices of this character most frequently involve the branches of the internal

saphenous in the lower third of the thigh and at the saphenous opening, points

where, as Terrier and Alglave point out, the largest jierforating branches are

found. (Figs. 104 and 10.").) Although both extremities are involved in about

seventy per cent of the cases, even in these the left is the more affected. In-

volvement of the right leg alone occui-s in aljout ten per cent and of the left alone

in about twenty i)er cent of the cases. The reasons for the pi'edisposition of the

left over the right side are similar to those given for the prevalence of thrombosis

on the left side.

When varix begins in the deep veins, the diagnosis can only be suspected until

the superficial veins dilate. The patient (•()nii)lains of a sensation of heaviness

and fulness in the region of the calf after pn^longed walking or standing, at which
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Fig. 104. Fig. 105.

Figs. 104 and 105.—Dissection of a Case of Vari.x of the Lower Extremit\'. (Terrier et Alglavc,
Revue de Chirurgie.)

Fig. 104.—Inner Aspect of the Hmb. T.F., Femoral vein ; E.M., ampullar dilatation of the saphen-
ous at its junction with the femoral; S.S., superior segment of the internal saphenous which has been
resected between the points 5, and ^2 ; V.A.S., varices permitting blood to flow from the varicose veins
of the leg to the .superior segment of the internal saphenous; S.I., inferior segment; V.C.S., newly
formed collateral, V.P.S., posterior varices of tlie internal saphenous; V.A.S.S., anastomotic veins
between the internal and external saphenous veins; P.P., perforating veins.

Fig. 105.—Posterior View. V.C.S.I., Xewly formed collateral ; F.F.^.5.5., anastomotic branches
uniting the twosaphenous veins; S.E., external saphenous, E.M S.E., upper end of external saphenous.
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time there may be slight crdema about the ankle or over the lower end of the

tibia, and a slight fulness of the calf appreciable on palpation. Sometimes there

are cramps in the calf muscles or a tingling, prickling, or itching sensation in the

skin, and occasionally pain in the sole of the foot; these symptoms disappear

after lying down or elevating the leg. Pigmentary discoloration of the skin,

minute fumncles, eczema, and other skin diseases, and marked increase in the

secretion of sweat are other signs which arc mentioned as occurring in deep

varicosities. (Verneuil.*)

Deep varices occasionally reveal themselves during violent contraction of

the calf muscles by rupture {''coup defouet"), the symptoms of which we shall

give farther on.

Varices of the minute veins of the skin present the appearance noted above.

The changes in the subcutaneous veins—dilatation (cylindrical, fusiform, saccu-

lated), elongation, tortuosity, alteration of the walls—can be both seen and felt

in the later stages. The veins may appear bluish through the skin or the color

may be obscured by a blackish or brownish discoloration of the skin. After

the veins have been emptied they may still be felt as thickened bands beneath

the skin. In the region of saccular dilatations, whjch arc soft, fluctuating, and

reducible, the vein wall and the skin may be extremely thin. The increase in

the venous pressure caused by coughing, straining, and like efforts is best seen

in such sacculations. The signs of incompetence of the valves we have already

mentioned. The entire limb is enlarged, heavy, and often painful, particularly

after prolonged standing.

In certain cases there is intense neuralgic pain along the sciatic or other

nerves, due joerhaps to a neuritis, or—as suggested by Quenu—to a varicose

C(jndition of the intraneural veins. Alterations in the n(>rves may be responsible

also for the trophic disturbances which arc sometimes observed, viz., thickening,

striation, and incurvation of the nails, local sweating, lowered temperature

(the affected limb sometimes being a degree or more below its fellow), muscular

degeneration, and prolxably many of the skin diseases. Richet states that

sensation to touch is diminished while that of pain is increased.

Complications.—Rupture may involve either the deep or the superficial

veins. Rujoture of the former generally occurs during violent contraction of

the calf muscles. There is a sudden severe j)ain like the sting of a whip, ''coup

de fouet," which is followed by swelling and tenderness of the leg and difficulty

in walking. After several days the blood makes its way to the surface and

api)('ars as an ecchymosis, particularly on the posterior surface of the leg. This

accident was once thought to be due, not to the rupture of a deep varicose

vein but to rupture of the plantaris. Rupture of a deep vein in other portions

of the lower extremity likewise causes pain, swelling, and late ecchymosis.

Occasionally there is formed a large ha?matoma, which may undergo absorjDtion,

inspissation and calcification, result in a cyst, or become infected and suppurate.

A superficial varix may burst at a \H)int where, owing to a saccular dilatation,

the skin and vein wall are extremely thin. This accident may follow coughing,

* Quoted by (iueiiu, Duplay et Reclus, tome ii.
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straining, or similar effort which suddenly raises the intravenous pressure; it

may be caused by an injury; or it may occur spontaneously. The vein may
be opened likewise by a wound or by ulceration. The hemorrhage is much
more copious than after a wound of a normal vein, owing to the insufficiency

of the valves and the gaping of the vein as the result of the thickening of its

walls. Furthermore, when the valves are incompetent the bleeding is more pro-

fuse from the central end of the vein. ^^Tlen a large vein is opened the blood

spurts from the w^ound, sometimes, according to Bougie, with systolic reinforce-

ments, and this accident may, if proper treatment is not promptly applied,

be followed by death.

Thrombo-phlebitis is more apt to occur in varicose veins, owing to the stasis

and the alteration in the walls of the vessels. This form of inflammation may
be caused by an injury or may complicate one of the infectious or cachexic

diseases already noted under Thrombosis, but is most fretjuently due to the

entrance of micro-organisms through a scratch, a patch of eczema, an ulcer, or

like lesion. In former years puerperal infection was a prolific cause. We do

not, however, wish to convey the impression that all cases are due to infection;

undouljtedly in some instances the process is sterile in nature. The usual

symptoms of thrombo-phlebitis are in evidence, the extent and nature of the

process varying with its cause. In the most frequent form a segment of the

internal saphenous or a packet of varicose veins is involved, and the trouble

generally remains localized, although extension upward along the superficial

veins—or, much more frecjuently, when a convenient anastomosing branch is

present, extension to the deep veins—may occur. In the last instance there

is deep pain, sometimes crampy in character, with tenderness and swelling of

the muscles, and oedema below the affected part. This group of symptoms is

usually observed in the calf of the leg and often renders walking difficult or

impossible. Embolism is less common than in thrombosis of non-varicosed

veins, since in many instances the blood-current in the former is reversed and

flows toward the periphery.

The phlebitis is usually of the exudative variety and ends in organization

of the thrombus and obliteration of the vein. A localized varix may thus be

cured, and, in an extensive varix, a properly situated thrombus may have the

same effects as the Trendelenburg operation. »

Suppurative phlebitis gives the symptoms which we have enumerated under

this heading, the most dangerous feature being the possibility of pysemia,

although, for the reason mentioned above, the process is more apt to remain

localized than in non-varicosed veins. When the inflammation is accentuated

about the vein, lymphangitis is a frequent and serious complication, the simul-

taneous obstruction of the blood and lymphatic vessels markedly augmenting

the swelling.

Ulceration is the most frequent complication of varix. The ulcer or ulcers

are almost invariably situated on the inner surface of the middle or more fre-

quently the lower third of the leg. Ulceration may follow the rupture of an

ampullar dilatation of a vein or the bursting of a perivenous abscess, or it may
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\H%\n in a scratch, al)rasi()n, or spot of eczema. In other instances the ulcer

apparently begins spontaneou.sly as a minute dot of nc^crosis. probably the

result of capillary stasis and thrombosis, owing to the fact tliat the venous blood-

pressure equalizes that in the arteries. The ulcer once inaugurated gradually

increases in size, frequently invohing a third, sometimes a half, and occasionally

the whole of the circumference of the leg. This tendency to ulceration is due

to malnutrition of the tissues of the leg as the result of poor circulation. Not

only is there a tendency to stasis in the veins, but there may l)e in addition

arterial disease and not infrequently an associated cardiac lesion. Neuritis

also, when it exists, must be considered as a factor in the production and pro-

pagation of the ulceration. Alcoholism, syphilis, Bright's disease—in a word,

any condition which lowere the resistance of the tissues—may be present in

those with varicose veins and lend assistance to the progress of ulceration. For

a description of the appearances of varicose ulcers the reader is referred to the

article on " Ulceration " in \'ol. IL The appearance of the ulcer itself, however,

is not always typical, particularly in syphilitics; it is here hybrid in nature and

from inspection alone may be difficult to diagnosticate. To add to the difficulty

the larger veins may not be markedly dilated; indeed, ulcers are more frequent

in those with involvement of the smaller superficial veins. The ulcer is not

always single but may have one or more smaller neighbors and sometimes whitish

or pigmented areas near it, representing ancient healed areas of ulceration.

Eczema and like skin lesions are more frequently found in the neighborhood

of ulcere than elsewhere, as is also a diminution in the sensibility of the skin.

The ulcer itself, however, is not infrequently hypenrsthetic and the seat of severe

pain. Enormous hypertrophy of the extremity with thick corrugated skin,

the so-called i)seudo-elephantiasis, is most often seen in those with large ulcers.

A varicose ulcer is of course a j)ossible starting-point for infectious complications

like erysipelas, lymphangitis, and phlebitis, and may cause thickening of the

underlying bone or even caries.

Club-foot due to the muscular changes consecjuent on inflammation or

neuritis is a possible but rare complication. The usual defonnity is equinovarus

with flexion of the toes, much like the club-foot of phlebitis.

Progxosis.—Varicose veins of the extremities tend to progress and, with

the few exceptions noted above, never disappear without treatment. Death

can follow only from complications, which have been sufficiently emphasized

above.

Diagnosis.—Superficial varices are easily recognized. At the saphenous

opening, however, the affection may be mistaken for a femoral hernia, as both

are reducible and both have an hnpulse on coughing. .V hernia is reduced with

a gurgle, which is unlike the thrill sometimes felt in reducing a sajjhenous varix;

this thrill resembles the sensation imparted to the hand when Huid is expressed

from a bulb syringe. A varix reappears from below ui)ward, even when the

finger blocks the femoral canal; furthemiore, there are prol)ably varices in the

neighborhood. Symptoms similar to those caused by deep varices may be due

to many causes—|)opli teal growths, litluemia, sciatica, etc. A most careful
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examination, both general and local, is therefore required in such cases. Perhajjs

the most important sign in deep varices is marked amelioration or disappearance

of the symptoms when the patient lies down.

Treatment.—The treatment may be non-operative or operative.

Non-operative Treatment.—Son-operative treatment consists in removal of

the cause if possible, gentle massage, the apphcation of an elastic stocking or

bandage, attention to the general health, including any complicating cardiac

affection, and the relief of constipation. Any form of dress which unduly com-

presses the abdomen (such as a tight belt or corset) or the limb (such as a circular

garter) should be discarded. Prolonged standing is to be avoided, although a

moderate amount of walking is to be encouraged. ^^Tlile sitting the patient

should, whenever possible, elevate the feet at least as high as a level correspond-

ing to that of the heart. In the absence of eczema and phlebitis centripetal

massage is a measure of some value, but should never be harsh because of the

danger of irritating the skin. A localized varix without s}inptoms reciuires no

elastic compression, but is better left to itself. When, however, there are evi-

dences of extensive involvement of the veins compression of some fomi should

be applied. Stockings made of a mixture of mbber and silk, ha\'ing the toes and

heel exposed and reaching to the knee, are the best for most patients. When
it is necessary to include the thigh the stockings are difficult to maintam m place

without a band al^out the waist. Flannel bandages and those made of elastic

welj]iing {e.g., the Randolph bandage) are cheaper and cleaner, being washable,

but they reciuire a little more trouble to adjust, and hence are often neglected

by patients provided with them. The compression should be removed on

retiring, when the limbs may be nibbed with alcohol, and replaced after the

morning bath, at which time the limb is dusted with some bland powder like

stearate of zinc.

If supei-ficial varices depend upon obstruction or obliteration of the deep

veins elastic compression may augment rather than diminish the circulatory

troubles. In grave cardiac lesions the increase in blood-pressure consequent

upon elastic compression may seriously interfere with cardiac action. In such

cases the patient should be put to bed for a time and then very moderate com-

pression made, in order, in the first instance, to encourage the establishment of

a deep collateral circulation, and, in the next place, to accustom the heart gi-adu-

ally to the changes in the blood-pressure.

Operative Treatment.—Operative treatment has been practised in many

different ways. Herapath (1843) incised the saphenous opening, and the fibrous

ring in the popliteal space through which the external saphenous passes, believ-

ing that varix was the result of strangulation at these points. Other ancient

methods, according to Bougie, were simi)le trans\Trse section of the vein (Brodie,

Velpeau), subcutaneous section (Brodie. Guerin), ligature in mass of the vein

and overiying skin (Chaumatte, 1627). ligature of the vein, the ligature being

tied over a pad or a pin on the skin (Travel's, 1822), subcutaneous ligation

(Gagnebe, 1830), cauterization (Celsus, Pare, and others), galvano-puncture

(Clavel, 1837), the seton (Velpeau, 183.')). acupressure (Franc, 1835), serres-fines
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(Mdal dc Cassis), and denudation of the vcni so that it niiglit become gangrenous

(Rigaud, 1875). The intravenous injection of substances Uke Monsel's sokition,

tannic acid, etc., was in favor, particuhirly in France, from 1853 until recently,

despite the dangei-s of extension of the inflammation and embolism, and even

at the present time it still has some advocates. Tavel * suggests that, if

thrombosis does not follow the Trendelenburg operation, a syringe be put in the

vein, some of the blood drawn out, and from one to three Pravaz syringefuls of

carbolic-acid solution (5 per cent) injected. Perivenous injections of alcohol,

ergotin, etc., were used by Broca and others, to induce indirectly an adhesive

phlebitis. The only operations which are worthy of consideration at the present

day are ligation, section between ligatures, and resection (partial or total)

through an open incision.

Ligation, Section between Ligatures, and Partial Resection.—Ligation

through an open incision was practised by Pare (1561), Dionis (1714), Home
(1797), and othei-s. Caius Marius had his varices resected by a surgeon whose

name history fails to transmit to us. Extirpation of painful, inflamed, or giant

varicosities was performed like^^^se by Celsus, Galen, Petit, and others. Owing

to the frequency of phlebitis and purulent infection, however, these methods

were avoided by conservative surgeons until the advent of antisepsis. Others

sought to minimize the danger by the methods mentioned above. From 1875

onward ligation or partial resection was practised with increasing frecjuency at

various situations, but particularly just above or just below the knee. It was

not, however, until 1890 that Trendelenburg set forth the importance of valvular

incompetence and recommended section of the internal saphenous between two

ligatures at the junction of the middle and inferior thirds of the thigh, in order to

Ijreak the long column of blood which the veins of the leg were forced to supi)ort.

In 1895 Trendelenburg modified his original technique by ligating and se\-ering

the vein in three places, viz., at the middle of the thigh and above and below

the internal condyle. Other operators have further modified the operation in

various ways, generally by adding to or subtracting from the number of ligatures

and ))y resecting varying lengths of the vein. Sched(\ Moreschi, and others

encircle the leg with an incision, usually at the junction of the ui')per and middle

thirds, sever all \'isible veins Ix'tween ligatures, and suture the skin. Friedel f

makes a spiral incision, beginning just below the knee, which encircles the leg

five times and ends on the dorsum of the foot; all visible veins are tied and

the wound is left open, to drain away lymph, particularly when there is a tend-

ency to swelling or elephantiasis. Schwartz's method, J which is employed l\y

many surgeons, and a description of whicii will serve to indicate the usual

technifjue of these operations, is as follows:—After th(> customary antisej)tic

jH-ecautions have been taken, a tube is applied circularly about the root of the

thigh. If one intends to remove large varicose packets, necessitating a long

and painful dissection, a general ana?sthetic should be emjDloyed; if the operation

* Korrespondenzblatt f. Schweizer Aerzte, 1904, No. 19.

t Langenbeck's Archiv, Bd. Ixxxvi., Heft 1.

I '"Traits de chiriirgie" de Le Denlu et Delbet, t. iv.
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consists merely of the application of multiple ligatures, a solution of cocaine,

one per cent, is used. If there are simply masses of varicose veins in the leg or

on the inner side of the knee, without dilatation of the saphenous vein in the

thigh, these are extirpated mdely, catgut ligatures being employed above and

below and all collateral branches receiving ligatures. If, with the varicose

timiors,the internal saphenous vein in the thigh is dilated, the tumors are removed

and in addition the internal saphenous is ligated at several points; the latter

alone is done in varix without large or painful varicose tumors. Four ligatures

are generally used, sometimes five—three in the thigh and one or two in the leg.

The vein is uncovered for a distance of four or five centimetres and carefully

isolated; the collaterals are ligated; the saphenous itself is tied with catgut at

each end of the incision, and the intervening portion is removed; and, finally,

the skin is sutured with silkworm gut without drainage. Phelps ties the vein in

thirty or forty places.

Total Resection of the Internal Saphenous.— Total resection of the internal

saphenous was probably first practised by Ricard in 1903, although extensive

resections were done by many surgeons before this time. Terrier and Alglave,*

who have recently insisted that, in suitable cases, as much as possible of the

internal and external saphenous veins (one or both) should be resected, describe

their technique as follows : For resection of the internal saphenous an incision is

made from the saphenous opening to the posterior border of the internal cond^ie

of the femur, and, after the vein in this situation is resected and the wound

sutured, the incision is continued to the anterior border of the internal malle-

olus. When there is an ulcer the incision is arrested immediately above it. The

internal saphenous is ligated at the saphenous opening at the beginning of the oper-

ation, thus preventing the possibility of embolism from any low^r segment of

the vessel which might harbor a thrombus. The branches of the vein are ligated

and severed as far as possible from the main trunk, and search is made, for a

distance of several centimetres internal to the principal tnmk, for a second

vein which sometimes exists, and which it is necessar}^ to remove if found. As

the vein is drawn from the wound from above downward the perforating

branches are torn or severed and require ligatures. These are of considerable

size in the lower third of the thigh, w-here they communicate with the femoral

vein. In the leg the lips of the w^ound are separated from the underlying

parts for a distance of 4 or 5 centimetres, in order to expose the numerous

varicose branches. These branches are often difficult to separate from the

skin, owing to the firm adhesions resulting from chronic inflammation. There

are cases in which this difficulty is so great that it is better to resect a fusi-

form strip, including the skin and the veins, and extending the whole length

of the leg. After the collaterals have been ligated as far as possible from the

main trunk, the varicose mass is separated from the aponeurosis from above

downward, the perforating branches being ligatured as they are encountered,

until the lower end of the incision is reached, where the vein is cut between

ligatures. The wounds are closed with silkworm gut. For the external saphenous

* Revue de chirurgie, June, 1906.
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an incision is made from a little l^elow the middle of the popliteal space to a point

a little above the external malleolus, toward the posterior portion of which it is

directed. When an ulcer exists in the upper part of the leg the incision ends

just above the ulcer and recommences just below it. In some of these cases,

instead of the lower incision, the circular incision of Moreschi is made between

the ulcer and the malleoli. Our own practice is to make a succession of small

incisions along the coui-se of the saphenous and to enuch^ate the vein beneath

the skin lying between the cuts. Mayo, Narath, and Babcock {>mploy special

instruments—which, as we believe, are unnecessary—to assist in this subcutane-

ous enucleation.

The indications for operation are: circumscribed varicose tumors which are

giving trouble; thin-walled diverticula which threaten to burst; ulcers or

eczematous areas which refuse to heal; great pain, phlebitis, or thrombosis;

the existence of jjortions of the varix over the crest of the tibia, where, as the

result of injury, they may rupture or become inflamed; and the presence of a

superficial reflux as shown by the Trendelenburg test. Without regard to the

general condition of the patient operation is contra-indicated when a superficial

varix is compensatory to thrombosis of the deep veins, since this would lead

to permanent (edema. Cases in which elastic compression fails to ameliorate

the symptoms (excepting iiiitation of the skin) are not suitable for operation.

The type of ojX'ration to be employed varies with the type of disease present.

In a circumscribed varicose tumor excision should be practised, and in such

cases the results are excellent. When the disease is more extensive we still

believe excision to be the best treatment, the amount of vein tissue to be removed

depending upon the extent of the disease. Thus, it may be necessary to remove

only the affected portion of the saphenous in the leg, or it may be necessary to

extirpate tlic entire internal saphenous from the groin to the ankle. In the

worst cases both internal and external saphenous veins may be completely

extirpated. These operations arc the most radical and the most likely to be

followed by permanent relief. Statistics are not sufficiently voluminous to war-

rant us in speaking definitely of the number of recurrences that may be expected

after total extirpation, but that such will be very small, and that the operation

will again become necessary only after a long i)eriod, there can be little doubt.

The garter oix'iation of Schede or Moreschi has undoubtedly assisted in the

healing of varicose leg ulcei-s, but after a longer or shorter interval the (>nds

of the severed veins are reunited by newly formed vessels. Trendelenburg's

operation is indicated only when the circulation in the saphenous vein is re-

versed. In other cases it is hariiiful. It siiould be enii)hasized that valvular

insufficiency may be present, as shown by impulse on coughing and by the

transmission of fluctuation over a long segment of the vein, without reversal

of the circulation, the manner of demonstrating which has already been d(>scribed

by us. Ledderho.'^e says that normally the valves are not competent and only

partly sui)port the blood-colunni, but that they prevent r<>flux into the side

branches, as they are generally found just distal tothe mouths of large collaterals.*

* Cciitnill.lalt f. ("Iiiniiiiic, I'.MIC. p. I'.HK^.
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In cases in which it is indicated the Trendelenburg operation causes immediate
disappearance or marked diminution in the symptoms in about eighty per cent

of the cases, the proportion gradually diminishing with the lapse of years, owing

to reestablishment of the circulation through the saphenous vein. Of the recent

statistics published on this subject those of Goerlich may be cited as showing

the average results.* In only 27.54 per cent were there no objective symptoms.

In all others there were either subjective symptoms or reestablishment of the

circulation. Speaking in round numbers the circulation was reestablished by

varices in the scar in 34 per cent, by dilated collaterals in 30 per cent, and by

regeneration of the saphenous itself in 2 per cent. In spite of these bad objective

results, over one-third of the patients were much improved, and only about 16

per cent showed no improvement. The good results were most numerous in

cases observed within the two years immediately following the operation, and

fairly infrequent between the third and twelfth years after operation (6 out of

53 operations). Viannay,-]- in a critical study of the Trendelenburg operation,

speaks of the reported cases of reestablishment of the venous circulation after

ligation or limited resection of the internal saphenous, and states that the inter-

nal saphenous vein is normally double in 6.5 per cent of the cases, and that there

is a large collateral canal in almost half of the cases. This auxiliary vein varies

from 16 to 37 cm. in length and generally arises from the internal saphenous in

the upper third of the leg, rejoining the same vein in the thigh at a height

varying with the subjects. This canal is generally more superficial and more

anterior than the principal trunk, and not infrequently it curves forward to

embrace the internal condyle of the femur. Viannay concludes that the only

point at which ligation can with certainty suppress the circulation through the

internal saphenous vein is in Scarpa's triangle. The only exception to this rule

is the existence of a double saphenous. In this region both trunks generally

run close together and will be discovered by a surgeon who keeps this possi-

bility in mind.

Delbet has recently suggested transplanting the internal saphenous into the

femoral below a normally functioning valve of the latter, for the treatment of

cases in which the valve at the mouth of the saphenous is incompetent.

Treatment of Complications.—Rupture of a superficial varix is treated by

immediate pressure over the bleeding point and elevation. If a large vein has

been opened it should be ligated. Rupture of a deep varix, in the muscles of

the calf, for instance {coup defouet), is treated by elevation of the leg, the appli-

cation of an evaporating lotion, and moderate compression with a bandage.

Phlebitis, when of the suppurative variety, should be treated by resection of

the inflamed vein, in order to prevent embolism. The operation should be

preceded by ligation of the internal saphenous near the saphenous opening. Ex-

udative phlebitis or non-suppurative thrombosis has been treated in a similar

manner by a number of surgeons. As embolism is rare in these cases we have

always adopted the conservative plan, believing the thrombosis to be no more

dangerous than excision of the inflamed veins, which is followed by embolism in

* Beitraege z. klin. Chir., Bd. Ixxiv., p. 278. f ^evue de chirurgie, Jan., 1895.

VOL. vii.—21
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probably one or two per cent of the eases. The treatment of ulceration is given

in Volume XL, and that of club-foot in Volume IV.

IX. INJURIES OF VEINS.

Injuries of veins may be simple contusions or actual solutions of continuity

(lacerated. jnmctunHl, or incised wounds).

Contusion of Veins.—By contusion we mean an injury produced by l)lunt

force which does not sever the outer coat.

Etiology.—Normal veins are rarely seriously damaged by contusion unless

it be of a violent degree. Diseased veins, such for instance as are found in varix,

are more easily affected, and only a slight contusion may be sufficient to cause

thrombo-phlebitis. Extensive denudation of veins, such as is often practised

in modern surgical operations, is rarely followed by evil consequences, although

in pre-antiseptic times phlebitis, thrombosis, sloughing of the vein, and secondary

hemorrhage w^ere not infrequently observed as the result of infection. Contusion

of veins by violent and prolonged retraction of the edges of a wound is thought

by some to be responsible for the phlebitis which is occasionally seen aftej

aseptic operations. Verneuil * emphasizes the fact that thrombosis and phlebitis

of the femoral vein may occur as a sequel of prolonged compression at the root

of the thigh in the treatment of aneurysm. Crushes, fractures, gunshot wounds,

and like injuries are those most apt to be associated with contusions of the large

veins. We should note, however, that the modern military Ijullet, imless the

range be very great or the velocity diminished, will sever rather than contuse

the blood-vessel which it strikes. In those who are hanged, both the arteries

and the veins may suffer contusion.

Pathology.—The mildest fonn of contusion causes a little ecchymosis of the

wall of the vessel or perhaps a minute hirmatoma, but this, in the absence of

infection, produces no untoward effects. In the severer forms the intima is

ruptured and thrombosis follows. Although the endovein is the most delicate

part of the vessel and generally the first to yield to a contusion, this predis-

position is not as marked as in the arteries. The same may be said of the middle

coat. The explanation offered for this is that the middle coat of the veins

contains less muscle and more connective tissue than that of the arteries, and

merges with the internal coat, being less sharply diff(>rentiated from it than in

the arteries. The extent of the thrombosis dej^ends, not only upon the violence

of the injury, but also upon the previous condition of the walls of the vein, the

presence or absence of infection, the rapidity of the venous circulation, and the

composition of the blood. With a minute crack in the intima only a small mural

thrombus may form, or, if the conditions are favoral)le to thrombosis, the vessel

may be obliterated by clot. (See section on Tliiombosis.)

As we have, because of its greater importance, dealt more fully with the

l)athology of contusions of arteries, many features of which are similar to- those

* "Mdrnoires de chir.," t. ii., p. 15.
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of the veins, we shall refer the reader to the former for additional facts con-

cerning the effects of blunt violence on blood-vessels.

Symptoms.—Aside from shock and complicating lesions, a contusion of a

vein resulting in thrombosis causes symptoms referable to the venous obstruc-

tion, which symptoms we have already noted in the section on thrombosis and
phlebitis. Gangrene of the wall of the vein, which is seen most often after gun-

shot w^ounds, may cause secondary hemorrhage when the slough separates, but

only in the presence of infection, which liquefies the thrombus. In the absence

of infection the devitalized venous wall separates slowly and only after the vessel

has been obliterated by an organizing clot.

Treatment.—The treatment of obliteration of a vein the result of contusion

is that of phlebitis.

Lacerated and Incised Wounds of Veins.—Wounds of veins of this nature

are divided into two classes, according to whether they penetrate the vein or not.

Non-penetrating Wounds.—Non-penetrating wounds involving the outer

coat or the outer and middle coats of a vein are rarely seen by the surgeon, and

probably heal without causing any serious alteration in the vesseL In the

presence of sepsis, however, ulceration and secondary hemorrhage are possi-

bilities. Voudey reports a case of incomplete wound of the internal jugular

in which the internal tunic was forced outward in the form of a hernia.

Penetrating Wounds.—Penetrating wounds of veins may be punctured,

incised, or lacerated (ruptures and most gunshot wounds).

Punctured wounds may be produced in the same way as similar wounds of

arteries, which subject has already been considered in detail. A vein is some-

times deliberately punctured in order to withdraw blood or inject medicaments.

In the finest punctures the hemorrhage is slight and soon ceases spontaneously.

Larger punctures are either incised or lacerated wounds. The mechanism of

hsemostasis after a puncture of a vein is similar to that already described for

punctured wounds of arteries.

Incised wounds likewise are produced by injuries similar to those causing

incised wounds of arteries. The wound may be longitudinal, oblique, or trans-

verse, and the last may be complete or incomplete. The effect of the direction

and extent of these wounds has been sufficiently emphasized in the section on

Injuries of Arteries. Spontaneous hsemostasis is effected in much the same

way as after arterial wounds. The process takes place more quickly, however,

after venous wounds, owing to the lower blood-pressure, the presence of valves,

and the composition of venous blood, all of which favor thrombosis. After

complete section retraction of the ends of the vessel is due to its elasticity;

contraction of the open mouths is due largely to the elastic tissue in the vein,

muscle fibres being much less abundant than in the arteries. The effects of

contraction of the surrounding muscular tissue is more marked, however, owing

to the fact that the venous walls are thinner and less resistant. Curling up

of the inner coats is less marked than in the arteries. Contrary to that which

obtains in a severed artery, the clot in the peripheral venous segment is habitu-

ally longer and more important than that in the central segment ; indeed, in the
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latter a clot is so:netiiues absent. Tiic central end of a severed vein promptly

ceases to bleed when the valves above arc competent, unless a large collateral

joins this segment below the lowest valve. When the valves are incompetent,

as in varix, or absent, as in the jugular, hemorrhage from the central end may
be as great or greater than that from the peripheral end. Persistence of hem-

orrhage is favored l)y idterations in the Ncnous wall such as are found in varix,

in which the veins remain gaining because of their rigidity, and in which contrac-

tion and retraction are sometimes impossible. Hamiostasis is hindered also by

nonual adherence of the wall of the vein to surrounding resistant tissues, such

as occurs in bones, at the base of the neck, and in the cranial sinuses. Any
condition which raises the venous blood-pressure delays haniiostasis

—

e.g.,

compression between the wound and the heart, cardiac disease, and interference

with respirati(Mi. Movements of course tend to dislodge the clot, and infection

may cause its softening. Permanent hanuostasis is the result of displacenu>nt of

the clot by fibrous tissue (p. 22.5). In lateral incised wounds, which heal with

preservation of the lumen of the vein, the cicatrix is finally lined by a layer of

endothelium.

Lacerated wounds are caused by tearing and crushing accidents, by gunshot

wounds, particularly those due to the leaden bullet, and by ruptures of veins.

Lacerated wounds of a vein caused by tearing are frequent in the course of

surgical operations, especially those in which tumors are removed by enucleation

or by l)lunt dissection. Tearing enters into the production of lacerations

following injuries by crushing, explosives, and the reduction of dislocations.

"When a vein is torn asunder the two inner coats yield at the same level and

retract only slightly, the outer coat, according to Nicaise, projecting two or

three millimetres beyond the inner coats. There is not the same tendency

toward curling up of the inner coats as occurs in the arteries, although ha^mostasis

is more prompt, for the reasons already given. The general facts relating to

lacerations of vessels due to crushes, gunshot wounds, and fractures and dis-

locations have been given in the section on Wounds of Arteries. Ruptures of

veins occur in every severe contusion of the soft parts, giving rise to an ecchy-

mosis or a ha>matoma. Rupture of the minute veins of the face and neck may
be caused by violent compression of the thorax and abdomen (traumatic as-

phyxia). Rupture of the inferior vena cava, renal vein, portal vein, and other

abdominal veins has followed severe contusions. Spontaneous rupture without

traumatism is jiossible only in diseased veins, e.g., varicose veins in various parts

of the body.

Symptoms.—The symptoms of venous wounds are general and local.

The general symi)toms, when a large amount of blood has been lost, are those

of acute anaemia. (See p. 232.)

The local symptoms vary according to whether the wound in the vein com-

municates with the exterior or is subcutaneous.

\'enous wounds eonununicating freely with the exterior are characterized

by a How of dark blood, whicli, when issuing from the larger veins, may take

place in the form of a jet. This jet is always le.^s pronounced than the sjjurt
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from a wounded artery of corresponding size, unless the intravenous blood-

pressure is markedly augmented as the result of obstruction to the venous

circulation. Although the flow is generally continuous and unremitting, under

certain circumstances

—

e.g., as the result of deep expiration, straining efforts,

or muscular contractions—it is augmented at intervals, but this augmentation

does not, as in arterial bleeding, correspond with the systole of the heart. Rarely,

the blood may be red and escape in jets synchronous with cardiac systole.

Change in color is observed in certain intense fevers in which the circulation is

so active that the blood does not remain in the capillaries long enough to be

transformed, in marked dilatation of the capillaries the result of nervous in-

fluences, and toward the end of a severe hemorrhage, owing to the more free

access afforded to the blood by the empty veins below the wound. (Duplay.)

A pulsating jet may be caused by an underlying artery, or by an abnormal

communication between an artery and a vein. With the exceptions noted

above {i.e., incompetent or absent valves and the opening of a large collateral

into the vein between the wound and the lowest valve) the central end of the

vein soon ceases to bleed. Bleeding from the peripheral end likewise soon

ceases if the vein is a small one, but when the vein is large and even when it is

small if the wound remains gaping because of alterations in the vessel-walls or

of anatomical disposition, the hemorrhage continues unless means are taken to

check it. Proximal pressure on the vein in a lateral wound increases the bleed-

ing; distal pressure staunches it. In varix, however, in which the blood flows

peripherally instead of centrally, the reverse is true. Moderate circular con-

striction of a limb above a wounded vein increases the bleeding even if the vein

is completely severed; tight constriction always checks it, at least after the

peripheral venous segment and its tributaries have emptied themselves.

The size of the escaping stream of blood varies according to the size of

the vessel, the character (incised, lacerated, etc.) and direction (longitudinal,

transverse, etc.) of the wound, the disposition of the soft parts about the wound,

the proximity to the heart, and the presence and competency of the valves.

Wounds of the main veins at the base of the neck and roots of the limbs, and

of the large thoracic and abdominal veins, may cause rapid death.

^Yhen the w^ound in the soft parts is minute or occluded by clot or by other

means, the local symptoms are those of a subcutaneous wound of a vein.

Subcutaneous wounds of veins the result of stab wounds, gunshot wounds,

accidental injury with a tenotome, the reduction of a fracture or dislocation,

the rupture of a deep varix, etc., cause bleeding into the tissues or into one of

the cavities of the body. When the blood escapes into the tissues (interstitial

hemorrhage), it either infiltrates more or less uniformly the surrounding parts

and ultimately reaches the skin, where it appears as an ecchymosis, or it fomis

a na?matoma. In either event there are pain and swelling, and the compression

exerted by the extravasated blood may induce special symptoms according to

its situation

—

e.g., obliteration of the artery and gangrene, in the extremities;

cerebral disturbances, in the cranium; dyspnoea and dysphagia, in the neck;

etc. The amount of blood extravasated varies with the size of the vessel in-
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jured and the construction of the part. In lax tissues like the scrotum and

eyelids it is generally extensive; in dense tissues like the scalp it is usually slight.

It is apt to be excessive in those who are delicate, in females, and in i)ersons

affected with hirmophilia or some allied condition, and less marked in the

robust. The blood in an ecchymosis is ultimately disintegrated and absorbed.

A hirmatoma is surrounded by a deposit of fibrin so that the edges feel hard and

the centre soft: it ma}^ be absorbed, converted into a fibroid mass, undergo

insi)issation and calcification, or result in a cyst, or it may become infectcnl and

suppurate. A hiematoma overlying an artery may pulsate, but the pulsations

are never expansile in character.

Wnous hemorrhage (internal hemorrhage) into one of the large cavities of

the body {e.g., pleural or peritoneal) is much more serious than an interstitial

hemorrhage, as here even a comparatively small vein may continue to leak for

houre or even days. The signs are those of effusion into the affected cavity, and

the general symptoms are those of acute anipmia. If the hemorrhage is not

sufficiently great to cause death the blood may remain fluid for days. Ulti-

mately it is absorbed, infected, or converted into adhesions.

Complications.—The complications of venous wounds are simultaneous

injury of the accompanying artery, air embolism (p. 19')), clot embolism

(p. 183), phlebitis (p. 297), and recurrent and secondary hemorrhage. The

features of the last have been sufficiently emphasized in the section on Injuries

of Arteries. It is unnecessary to detail the various lesions of nerves, muscles,

bones, and viscera which may complicate wounds of the various veins.

DuGNOSis.—The diagnosis of venous hemorrhage from arterial hemorrhage

has been given in the section on Arterial Wounds.

Treat.ment.—The treatment of wounds of veins is to control the hemorrhage

and combat, when necessary, the constitutional effects of the loss of blood.

The means for dealing with the latter have been given in the section devoted to

Arterial Wounds.

Wounds of smaller veins which are exposed to the air generally cease to

bleed spontaneously. When such wounds continue to bleed it is usually the

result of disease of the vessel-walls, alterations in the constitution of the l)lood,

or augmentation of the blood-j^ressure. The last is often seen in the course of

surgical operations as the result of partial asphyxia, troublesome venous hem-

orrhage ceasing aftei- the jaw has been pulhnl forward and the i)atient allowed

to breathe freely. It is hardly necessary to point out the importance of removing

constrictions above a part from which venous bleeding is taking place—as, for

example, a circular garter in a bleeding varicose ulcer. In certain forms of

bleeding cold, heat, styptics, and elevation, as ])ointed out under .\rterial

Hemorrhage, may be enii)loye(I. It is our intention here to s])eak only of

wounds of the larger veins, for which the surgeon has at his conunand (1) com-

pression, (2) forcipressure, (3) torsion, (4) ligation, and (5) suture of the vessel.

0) Compression.—Direct digital compression should ho emi)loyed in wounds

of the largest veins for the inmiediate control of the hemorrhage, the pressure

being maintained until some means of permanent ha'mostasis can be devised.
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Firm gauze packing, or tamponnement, is capable of checking any venous

hemorrhage. It is a method which, although easily and quickly applied,

necessitates an open wound, thus favoring infection and lengthening convales-

ence. Moreover, it increases the amount of cicatricial tissue, thus causing, in

many instances, adhesions between important structures. It should, therefore,

with important exceptions, be used only as a temporary measure, the individual

vessels being secured with haemostatic forceps as the packing is gradually re-

moved. When, in a large freely bleeding cavity, the time and additional loss of

blood necessary for securing a large number of small vessels seem to be more

weighty objections than the disadvantages just mentioned, gauze packing may
be considered the best means for controlling hemorrhage. In wounds of the

cerebral sinuses gauze packing is regularly employed by most surgeons in prefer-

cence to other means of hsemostasis, owing to its efficiency and the ease with

which it may be applied. Here and elsewhere, when used for wounds of major

veins, the tampon should remain in place at least a week, and then be removed

slowly and carefully, after having been saturated with salt solution or diluted

hydrogen dioxide, fresh gauze being in readiness to pack into the wound in case

the bleeding recurs. Other methods of direct pressure have been described in

the section on Arterial Wounds. In the same place are mentioned the various

foiTOs of indirect pressure for controlling hemorrhage, with their disadvantages.

The effects of proximal and distal pressure on venous bleeding have been pointed

out above. In this place we need only repeat that, in the presence of a freely

bleeding wound, one does not stop to diagnosticate wdth precision the source of

hemorrhage but controls it at once by direct pressure, which is maintained

—

whether the bleeding comes from an artery or from a vein, or from both

—

until more pemianent methods of h{?emostasis can be applied.

(2) Farcipressure and (3) Torsion.—The indications for forcipressure and

torsion, in complete sections of veins, are identical with those which apply in

case of arteries. Small lateral wounds are sometimes closed with forceps (lat-

eral forcipressure) which are allowed to remain in place twenty-four hours, the

idea being to secure haemostasis without interrupting the blood-current. We
believe the method to be indicated only when, in a small wound of an important

vein, a lateral ligature or, better, a suture cannot be applied.

(4) Ligation.—Ligation is the usual and most certain method for controlling

hemorrhage from veins. The remarks on the material to be employed and on

the technique of ligation made in the section on ligation of arteries, applies with

equal force to ligation of veins. Owing to the freedom of collateral circulation,

ligation in continuity for venous hemorrhage should not be employed. The

vein must be occluded at the bleeding point. The vein may be totally occluded

by a circumferential ligature, or, in suitable cases, the wound in the vein may be

occluded by a lateral ligature, without interrupting the blood-current.

Total or circumferential ligature of the main venous channels was regarded,

before the antiseptic era, as a foiTnidable operation, owing to the frequency of

phlebitis, secondary hemorrhage, and gangrene. In 1826 Gensoul suggested

that, when necessary to tie the femoral vein, the femoral artery be ligated at the
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same tune, in order to ecjualize the jjressure between the arteries and veins of

the lower extremity and thus prevent gangrene. Langenbeck thought that

this operation was not only less likely to be followed by gangrene, but was also

much more certain to control the bleeding. These ideas were accepted, par-

ticularl}- by German surgeons, who went so far as to ligatc even the carotid

arter}' in wounds of the jugular vein. .\s early as 1852, however, CruN'cilhier *

protested against this jiractice, stating that there did not exist a single ])ositive

case of gangrene following venous obliteration. In 35 cases of ligature of the

femoral vein Niebergall f found 1 case of gangrene ; in 24 cases of simultaneous

ligation of the artery and vein ho found 14 cases of gangrene. Franz J found

2 cases of gangrene in 54 cases of ligation of the femoral vein. In 40 cases

collected by Rageryoma gangrene did not occur in a single instance. (Hoepfner.)

At the present time it may be confidently asserted that, with normal vessels and

in the absence of infection, ligation of the main veins of the limbs is a benign

operation which is not followed by gangrene. In all cases, however, of ligation

of the axillary, femoral, and external iliac veins which we have had a chance to

observe, there has been transient or permanent oedema. Ligation of the internal

jugular generally causes a little oedema about the jaws and neck and occasion-

ally transient headach(\ Dangel § reports a case in which, during the removal

of carcinomatous lymph nodes, both internal jugulars were ligated. For only

ten minutes were there cyanosis and riuickening of the pulse; in this case,

however, the collaterals had been dilated, owing to the pressure of the growth

on the jugular. Depage
||

has ligated with success both internal jugulars,

allowing a month between the operations. Morestin,f in a similar operation,

saw inunediately after the second ligation marked cyanosis, which was followed

by death in a few minutes. Ligation of the jugular near the base of the skull,

which suppresses the collateral circulation through the neck, and simultaneous

ligation of both jugulars must be regarded as a serious oi)eration capable of

causing cerebral crdema and death. Simultaneous ligation of the internal

jugular, the subclavian, and the innominate veins has been done four times

without ill effects.**

The inferior vena cava was first ligated by Bottini. Other cases have been

rei)orted by Zoege-Manteufel, Heresco, Albarran, Goldmann ff Houze.JJ Hart-

mann, §§ Draudt,]] || and Delaunay.ff Seven of these cases, in all of which

the vein was accidentally wounded during an operation, recovered. In the suc-

cessful cases there is more or less (rdema of the legs and dilated veins appear on

* Schwartz, in "Trail6 de chir." par Le Dentu et l)ell)et, tome iv.

t Deutsche Zeit.schr. f. Chir., Bd. xx.xvii., p. 268.

t Deutsche iiiih'tararztl. Zeitschr., 1903, No. 9.

§ Beitraege /.. itiin. Chir., Bd. xlvi., p. 495.

II
Rev. de chir., Nov., 1906, p. 618. ^[ Same Ref., p. 617.

**(jol(hiiaiui, in Lancet, London, Jan. 13th, 1906.

tt Lancet, .Jan. l.'Uh, 1906.

Xt Archiv. prov. de chir., 190.5, No. 9.

§§ Bull, et ni<'>m. de la soc. de chir. de Paris, t. xxx., p. .57.

11 II
Deutsche Zeitschr. f. Chir., Bd. Ixxxiii., p. 109.

1(11 Rev. de chir., Nov., 1906, p. 62.5.
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the abdomen. The operation is indicated only when the ligature can be applied

below the origin of the renal veins, although Tuffier believes that ligation above

this point would not necessarily cause trouble; at all events, he has often ex-

perimentally tied the renal vein without finding changes in the corresponding

kidney. Meyer * has in dogs severed the vena cava above the renal veins and

implanted the distal end into the portal vein. Neither sugar nor all^umin

appeared in the urine. The suggestion may prove of value in the treatment of

wounds of the vena cava in this situation.

Ligation of the normal portal vein is followed by gangrene of the liver and

death. When, however, the vein has been gradually narrowed, as by a tumor,

so that a collateral circulation may be established, ligation can be perfomied

with safety. This statement is fortified by the case of Brewer,! and by that of

Gies.J Zianu § suggests lateral anastomosis between the inferior vena cava

and the superior mesenteric vein when it is necessar}^ to tie the portal vein or

the vena cava above the origin of the renals.

Ligation of the superior or inferior mesenteric vein causes hemorrhagic

infarction and gangrene of the intestine. In 1897, however, Mayo Robson tied

the superior mesenteric vein near its origin for an accidental wound. The

patient recovered without exhibiting any untoward effects.

Although only the peripheral segment of a divided vein be found bleeding,

both ends, at least of large veins, should be ligated, thus ])reventing the entrance

of air during the operation and of fat or micro-organisms after the operation.

Effects of Ligation.—According to Nicaise ligation of a vein does not cause

rupture of any of the coats. Oilier, however, afiinns that the middle coat is

ruptured by the ligature. We believe that it w'ould be rather difficult safely to

ligate a vein without injuring the intima and at least contusing the media. The

vein is compressed into an infinite number of folds. A thrombus forms in the

peripheral segment and extends as far as the first collateral branch, being finally

replaced by fibrous tissue in the manner already described. The clot in the

proximal segment is much shorter, and indeed may be absent. As in the

arteries, it is possible to secure obliteration of the vein by adhesive phlebitis

without thrombosis. Again, as the result of infection there may be induced a

progressive thrombo-phlebitis which blocks most or all of the veins of a limb.

This was the cause of man}- of the poor results obtained in former days.

Lateral ligature is applicable to small lateral wounds of veins. The method

w'as first used by Travers in 1816; the ligature was applied to the femoral, the

ligature slipped, the patient died. The edges of the wound are gathered in the

bite of a pair of haemostatic forceps and the ligature is placed beneath, thus

closing the wound without interrupting the blood-current. Fine silk is the best

material to use for this purpose, as it secures a firmer hold on the vessel walls

than catgut. In most instances of lateral wounds of veins in which it is desirable

to preserve the circulation through the vein, suture of the wound is much safer

than lateral ligature.

* Centralblatt f. Chir., 1908, No. 8. f Annals of Surgery, April, 1908.

t Jour. Amer. Med. Assoc., vol. 1., No. 25. § Centralblatt f. Chir., 1908, p. 973.
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(5) Suturing of Feins.—Suturing of veins was first attempted, in 1833, by

Gensoul on the jugular of the hoi-se, but the result was a thrombo-phlebitis

because of suppuration. (Jassinowsky.) For some time after this, experi-

menters confined thv'w studies to lateral ligation and the closure of small wounds

of vessels with different forms of pressure api)aratus, wooden pincers, serres

fines, haemostats, etc. Oilier, in 1857, and Nicaise, in 1872, again took up the

subject of suturing veins in animals. Czerny. in 1881, was the first to practise

suturing of veins in man. He sutured an ulceration in the jugular, but secondary

hemorrhage followed two days later and he was forced to tic the vein, the patient

subsequently dying of pyaemia. The following year, 1882, Schede, in removing

carcinomatous inguinal lynii)h nodes, wounded the femoral vein, which wound

he sutured with fine catgut. The wound healed without thrombosis. In 1888

Von Horroch showed experimentally that end-to-end anastomosis of veins could

be performed without producing an obliterating thrombosis. (Jassinowsky.)

Taddei, in 1901, found that the lumen of the vein could be diminished one-half

by suturing without causing thrombosis. (Jacobsthal.) In 1888 Schede report-

ed the first case of suturing the vena cava, the vessel having been injured during

a nephrectomy. The ])atient died eight(HMi days later from another cause, but

the wound was found healed, with no thrombosis. In the same report,* he

collects thirty instances of suturing of the larger veins. Since this time the

procedure has passed into current surgical practice and suturing of veins smaller

than the innominate and vena cava is no longer reported by surgeons; it is

therefore impossible to estimate the number of cases in which this operation has

been done. Even in the presence of infection the operation seems to be as

successful as ligation in pemianently checking hemorrhage. Bad results have

been reported in only a few instances—those of Czerny, Krause, Korte, and

Segel. The innominate vein has been sutured twice, once by Marin and once

by Ricard. The portal vein has been sutured by Schultz and by Depage,t the

latter being an end-to-end anastomosis perfomied during a resection of the

head of the pancreas. The vena cava has been sutured by Schede, Manteufel,

Garre, Keen, Pousson,t Depage, Temoin, Perugniez, Ullmann, and Barnsby,§

eight of the patients recovering.

Microscopic examination of the preparations after suturing of a vein gives

somewhat different results according to different investigators. Burcis claim;3

that the vein may be completely regenerated. Jassinowsky found regeneration

of the media but not of the elastic elements. Jacobsthal could find no muscular

fil)res in the scar.

End-to-end anastomosis of the divided femoral and axillary veins has been

performed in man by Krause, Kuemmel, Payr, Doyen, Goyanes,|| and othere.

As mentioned above, Dei)age united the ends of the portal vein by suture.

The techni(iue of suturing a vein is identical with that of suturing an artery.

Catgut, however, is probably more often used for the suture material, and, in the

* Archiv f. klin. ("liir., Bd. xliii., Hft. :i and 4. f Revue de cliir., Nov., 1900, p. 618.

X Bull, de la soc. de cliir., .June 20th, l')0.}. § Rev. de chir., Nov., 190G.

I!
Revista de nied. y cir. pract. de Madrid, 1907, p. 979.
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case of the largest veins, slight eversion of the edges of the wound, so as to bring

intima in contact with intima, is perhaps desirable.

We believe that all wounds of major veins should, whenever possible, be

closed by suturing rather than by the application of a ligature. When the

other vessels are intact and healthy, ligation of the axillary, femoral, jugular,

innominate, and vena cava (below the origin of the renal vessels) very rarely

causes trouble other than oedema; but even this may and should be avoided by
suturing. When a number of collateral vessels have been injured, when the

arteries are narrowed by disease, when the circulation is impaired as the result

of cardiac or pulmonary disorders, when the resistance of the tissues is greatly

lessened as the result of diabetes, nephritis, or other debilitating maladies, the

chances of gangrene or other serious disturbance after ligation of a main venous

stem are greatly increased. Hence, in the presence of these conditions, suturing

is more strongly indicated. In wounds of the superior mesenteric, portal, and

vena cava above the origin of the renals, and in wounds of both internal jugulars,

suturing instead of ligaturing is imperative to save life.



SURGICAL DISEASES AND WOUNDS OF THE
STOMACH AND (ESOPHAGUS.

By ALBERT J. OCUSNER, M.D., Chicago, Illinois.

I. SURGERY OF THE STOMACH.

Introductory Rem\rks.—Surgery of the stomach must have for its object

the restoration of this organ, as nearly as possible, to its normal anatomical

condition. This is true without regard, in any individual case, to the pathological

condition present which the surgical procedure is expected to relieve. These

pathological conditions depend: first, upon injuries ; second, upon the presence of

pathological growths; and, third, upon the presence of some condition which

interferes with some one of the various functions of this organ. Tiic conditions

that most often call for surgical treatment are those which are dependent, either

primarily or secondarily, upon gastric ulcer.

In our efforts to correct any one of these lesions by means of surgical inter-

ference we should bear in mind the fact that at best our results must fall some-

what shoi't of producing perfectly normal conditions. It is important to look

upon the stomach as a machine which is normally arranged in the manner most

favorable for the ))erformance of its physiological functions, and that any change

in the arrangement of this machine must necessarily result in a mechaiiisin less

competent than the original. In order to make this fact more apparent, we

have introduced here a diagram (Fig. 106) which may be considered as repre-

senting this machine correctly in its normal condition. The left portion of the

stomach serves the purpose of storing the food and mixing it with the ga.stric

juice, thus |)repai'ing it for the right i)ortion (about one-third of the organ)

which serves as a grinding machine for the food after it has becMi mixed in the

storage end of the stomach. This portion of the stomach is by far the most active,

its contractions being powerful, and consequently it is the jjortion of the organ

which is most frequently ex]:)osed to injury from within. It is separated from a

second mixing apparatus, which is found in the duodenum, by the pylorus. The

duodenum is embryologically a ])oi-tion of the stomach, being formed by the

foregut in the develoi)nient of the f(etus. The mixing jjrocess at this \nnnt com-

bines the food which has been prepared in the pyloric antrum of the stomach,

with the bile and j^ancreatic fluid which enter the duodenum through the com-

mon duct.

It is im]X)rtant to consider all of th(>se jioints sinmltaneously, because an

anatomical defect in any one of these jjortions of the digestive tract will directly

affect all of the other portions, and it is e(|ualiy plain tiiat any surgical iiiter-

XV2



SURGICAL DISEASES OF STOMACH AND (ESOPHAGUS. 333

forence which will change the relative functions of these parts, must result in

physiological functions that are below the normal. To illustrate :—Pylorectomy
primarily removes a portion of the grinding apparatus, and, secondarily, it

eliminates from the act of digestion the mechanism for mixing the food, the

bile, and the pancreatic juice in the duodenum,

—

i.e., the mechanism which is

si)ecially provided for this purpose. Moreover, the new mechanism which will

be supplied by the oi)eration to take the place of the portion removed, must neces-

sarily be quite dc^fective; and this condition will in turn interfere, to some extent

at least, with the normal storage of food in the cardiac portion of the stomach,

although tliis has Ijcen ([uestioned seriously by Cannon whose experiments upon

Fig. 106.—Diagrammatic Representation of the Stomach as a Machine Intended to Effect the
Digestion of Food. Words indicating the physiological and mechanical function.s of the different

parts of the organ have been introduced at the appropriate places in the diagram, a, Dome of the

stomach or cardiac end; b, pyloric end; c, greater curvature; d, lesser curvature; /, pyloric sphinc-

ter; e, duodenum.

animals seem to show that a gastro-enterostomy has little effect on gastric

drainage. If these facts are borne in mind one will not undertake surgical

procedures upon this organ so long as there is any likelihood of relieving by

non-surgical treatment the pathological condition which is present.

If any given pathological condition can be relieved by internal treatment or by

the use of hygienic and dietetic measures, then it is to be hoped that the mechan-

ism will also be restored to the normal, as regards both its physiological and its

anatomical properties. It is true that the causes which have once brought about

the pathological conditions from which the patient seeks relief, may again bring

about the same results,—in other words, that he will suffer from a recurrence.
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This fact has been used as an argument in favor of surgical interference in many
of these cases; the behef being held that, inasmuch as the surgical operation })ro-

duces new conditions, the likelihood of a recurrence would thus be done away

with. Clinical experience has shown, however, that thes(> patients are compelled,

after they have recovered from the effects of the operation, to observe certain

dietetic and hygienic precautions ; and it is therefore reasonable to suppose that,

in many of these cases in which the troublesome symptoms recur, the patient

would remain ])ennanently cured, without surgical interference, if he were to

observe, after the original successful course of treatment, these same dietetic

and hygienic precautions. In brief, if patients who have recovered from ulcer

of the stomach as a result of hygienic and dietc^tic treatment, were constantly

careful in their diet for years, there would be but very little stomach surgery.

Whatever may be said, then, concerning the surgical treatment of the various

pathological conditions which will be discussed in this chapter, nnist be con-

strued to apply, in the individual patients, to conditions which obviously can

be relieved only by surgical interference. This includes such conditions as acute

perforation of the stomach due to ulcer or gunshot or other wounds, complete

obstruction of the pylorus or the crsophagus, and incipient carcinoma of the

stomach. Aside from the cases which belong in the classes which have just been

enumerated, the remarks in question apply only to those in which non-surgical

relief has failed or in which the conditions preclude the possibility of a cure by

non-surgical treatment. Under non-surgical treatment we would class especially

dietetic and hygienic measures.

Interference with Gastric Drainage.—No other condition is so commonly

the cause of gastric disease sufficiently serious to recjuire surgical treatment, as

is an interference with the normal drainage of the stomach. This may be con-

genital in its origin, as in the case of a congenital stricture of the pylorus, or it

may be due to the presence of a pyloric ulcer or to the contraction following the

healing of such an ulcer. Whatever the cause of the obstruction, the effects,

if the obstacle persists, are of such a nature as ultimately to recjuire for their

relief a surgical operation. Should an operation, however, not be jjerforiiied, the

patient's distress will continue in proportion to the degree of the obstruction;

or, if the obstruction is of a decided character, he will suffer from malnutrition

in a degree i^roportionate to the seriousness of such obstruction.

Clinically, these patients either recover und(>r dietetic and hygienic treatment,

or the stomach undergoes anatomical changes such as are illustrated diagram-

matically in the accompanying hgure (Fig. 107). In the mean time the case pur-

sues the following typical course :—In non-congenital cases the obstruction at the

pyloms is accompanied, in its early stages, by a considerable degree of pain,

which is usually located between the ensiform appendix of the sternum and

the umljilif'us. The patient feels uncomfortable after eating, and the distress

is more marked after the ingestion of certain foods. He soon learns to classify

various articles of food according to the amount of discomfort which they

l)roduce. Acids and raw fruits usually cause the greatest amount of distress.

During this part of the couree of the disease, the distress is usually greater if a
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large amount of food is taken than if the patient eats but a small amount. Gas-

tric lavage will show the presence of a great amount of mucus which is secreted

for the purpose of protecting the painful point. At this time the stomach is

not enlarged, and there is frequently a compensating hypertrophy of the muscu-

lar wall of the organ to overcome the obstruction at the pylorus. If the latter

condition persists, however, hypertrophy will give place to dilatation. This

will at first be slight in degree, as shown at 2 in Fig. 107. In the mean time the

accumulation of mucus interferes with the gastric digestion. This it does by

covering the surface of solid portions of food which have been placed in the stom-

FiG. 107.—Diagram Showing, by Means of Dotted Lines (1, 2, 3), the Various Degrees of Deform-

ity of the Stomach Due to Dilatation Resulting from Pyloric Obstruction. 4 indicates the height to

which food has to be lifted (from the lowest point in the stomach cavity) before it can escape into

the duodenum, c, through the pylorus, /, a represents the cardiac end; b, the pyloric end; c, the

greater and d the lesser curvature.

ach. To compensate for this condition, there is a physiological increase in the

secretion of hydrochloric acid, which in turn causes an increase in pain because

of its irritating effect upon the pyloric ulcer. The difficulty of emptying the stom-

ach contents into the duodenum will now be increased from one of two causes:

either the ulcer becomes partly or completely healed, as a result of which change

cicatricial contraction of the pylorus takes place and the degree of the obstruc-

tion is thereby increased; or the base of the ulcer and the tissue surrounding

this lesion will undergo contraction, thus causing a mechanical increase in the

obstruction. A third process, which has been frequently mentioned as an im-
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portant cau.-^r, i.s the spa.smodic contraction of the sphincter muscle of the

pylorus, due to the presence of an ulcer within the ^rasp of this nuiscle. It is

likely that this factor is more active in the early than in the later stages of

pyloric obstruction.

In the mean time the dilatation of the stomach continues, as indicated at 3,

in Fig. 107, and as a result the greater curvature extends a consideiahle distance

below the umbilicus. This dilatation may be so great as to permit the greater

curvature of the stomach to rest in the pelvis of the patient—a condition

observed in one of the author's patients. This condition introduces another

important disturbing factor in the mechanism of digestion. In the normal con-

dition the food, in passing from the stomach into the duodenum, must be elevated

only the distance from c to/ (Fig. 107), while in the extremely dilated stomach it

must be lifted the much greater distance from 3 to/ (Fig. 107). It has been shown

by Cannon and others that there is a shortening of the greater curvature of the

nonnal stomach when food is forced through the pylorus into the duodenum
and that in this way the pyloric end of the stomach takes the form of a funnel

during this ]jhysiological act. Moreover, the course which the food has to pur-

sue in passing from c to/ extends over a smooth, non-sacculated sujface, while

in its course from 3 to /there is likely to be formed at 4 a valve-like projection

which will serve as a serious obstruction to the passage of food through the

pylorus into the duodenum. At this stage in the couree of the disease the stomach

becomes incompetent to empty its(>lf completely and there remains constantly

in this lower pouch a certain amount of residual food. Here, as in every cavity

in the human body, the retention of residual contents favors the development of

micro-organisms, and in a short time a high degree of fermentation and decom-

position will take place, and the jjatient will begin to absorb these products of

decomposition instead of absorbing the products of normal digestion. It is at

this stage that severe symptoms of malnutrition make their appearance. A
careful use of gastric lavage, together with hygienic and dietetic treatment, will

frequently prevent the progress of malnutrition by removing these decomposing

substances and supplying food which can readil)' be absorbed. But it is not likely

that, in any of these advanced cases, the mechanism can still be restored to ap-

proximately normal conditions without the aid of surgical interference. In

cases, however, which have not progressed to this extreme degree, it is undoubt-

edly often possible to restore the anatomical conditions to an approximately

normal state.

It is well to emphasize especially the impoilance of hygienic measures.

(Jne frefiuently encountei's a case of almost hopeless stomach disease in a pei-son

of .sedentary habits, overworked mentally, who goes out on the plains and re-

turns, after a number of months, with the best stomach in town. So it is well to

lay stress upon the imi)ortance, not only of dietetic and medicinal, but also of

hygienic measures. It should also be stated that in this class of cases, which

])romise mo.st from the careful and long-continued use of hygienic mea.sures,

surgical interference accomplishes the minimum amount of good. After a cer-

tain number of the.se cases of ulcer of the ston)ach have been carefully treated
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in the maimer indicated above, there will always be some—indeed, a considerable

nvmiber—in which the stomach appears to be hopelessly ruined. This is fre-

quently the experience of those who have ample opportunities to test thoroughly

these non-surgical measures. At the end of the treatment the stomach is still,

apparently, in the same pathological condition. Under these circunrstances it

may be assumed that the affection has reached a stage in which one of three

things is possible: either an open ulcer exists, or the ulcer has already healed

and its foniier site is occupied by a cicatricial obstruction, or this obstruction

may be due to a more or less extensive induration at the base of the ulcer.

If the ulcer is still oiJen. we have a number of very definite complications to

fear besides the malnutrition, the discomfort, and the disability of the patient.

We have firet to consider the possibility of perforation of this ulcer and of the

immediate death of the patient as a result of the ixTforation. AVe have also to

consider the possibility of the patient's losing his life by the sudden loss of a large

amount of blood or by a series of hemorrhages at shorter or longer intervals of

time. Finally, the possibility that a carcinoma may develop at the seat of this

ulcer must not be overlooked. That such an occurrence actually takes place in

many cases of chronic ulcer of the stomach has been observed by many sur-

geons. It has been investigated with great care in a very large number of cases

by Graham.

At this point it may be well to emphasize the fact that, in this condition as

well as in all other intra-abdominal conditions,—such, for example, as pyosalpinx,

appencUcitis, extra-uterine pregnancy, gall-bladder disease, etc.,—the diagnosis

has been perfected to a reasonable degree only as a result of the operation.

When operations were begun for each and every one of these conditions, the

views which we held were extremely vague. We have reached a reasonable de-

gree of certainty in our diagnosis only by reason of the fact that, a probable

diagnosis ha\dng been made in each one of a large number of instances, the

correctness of this diagnosis was either proven or disproven by a surgical opera-

tion. It is therefore of great imi)ortance that both the surgeon and the internist

should, in every instance in which the alodomen is opened for the relief of a con-

dition of the stomach, be present at the operation, and should detennine whether

the ideas fomied concerning the conditions to be found are correct or incorrect

;

because upon the ability to chagnose them correctly will depend our ability to

treat these eases properly later on.

In a few instances practitioners of internal medicine, who almost always

observe these patients before they apply to the surgeon for care, have attained

great skill in diagnosis b}' following their cases into the operating-room and con-

firming or changing their original diagnoses in accordance with the pathological

findings at the time of tho operation. This plan should be adopted generally.

Gastric Ulcer and Its Sequelae.—The diagnosis, in these cases of gastric

ulcer, has usually been made and remade repeatedly before the patient comes

to the surgeon for treatment. Indeed, if for any reason a patient affected with

this disease should come to the surgeon in the first instance, it is likely that

—

except in a case of perforative ulcer or of malignant disease implanted upon the

VOL. TII.—22
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ulcer—the ]\atient will first have to he suljjeoted to eareful internal dietetic and

hygienic treatment.

Tin- fii-st stt'j) in the diagnosis will be to determine whether the case is of an

acute or of a chronic natiu-e. It will therefore he mow conwnient to (hscuss

the subject undi-r the subheadings of Acute Ulcer of tlie Stomach and Chronic

Ulcer of the Stomach.

AcrTp: Ulcer of the Stomach.

In acute ulcer of the stomach there are usually two very definite symptoms.

The first most constant symi)tom is pain, which is located, as a rule, about half-

way between the ensiform appendix of the sternum and the umbilicus. This

pain is at fii-st intermittent and occurs only after some indiscretion in eating.

During this stage pain can be elicited upon pressure, regardless of the fact whether

the stomach be distended with food or not. In the second place there is usually

some hemorrhage. This may be so slight that th(> l)lo()d can be detected only

upon careful examination of the stools; then again, it may be so severe as to give

the stools a characteristic black appearance; or, finally, it may be sufficientl)^

severe to cause nausea antl vomiting, in which case the blood will api)ear in

the vomited matter. The amount of blood lost may be so considerable that the

patient will show marked amemia within a few days; but this symptom usually

di.><ai)j)ears in a short time if the hemorrhage sul)si(les. Unless the loss of blood is

very great these patients should not be subjected to operative treatment until

they have thoroughly recovered from such loss. If absolutely no food is given

l\v the mouth a patient suffering from acute gastric ulcer practically always

recovers from the first attack. If, however, a small amount of nourishment or

water is given before the patient has fully recovered, the distention of the stomach

is likely to reopen the bleeding ves.sel. and the ofteiier this recurs the more

ana-mic the patient becomes. With increasing aiuemia, the coagulability of the

blood decrea.^es, and this in it.^elf increases the likelihootl of subst^juent hemor-

rhages.

Leul)e maintains that a single i)rofuse hemorrhage, due to the presence of

ga.>^tric ulcer, does not constitute an indication for operation. His enormous

experience has i)roven to him that, with careful treatment, it is possible to cause

a large proportion of the.se ulcers to heal permanently.

.\ccording to Dieulafoy, a hemorrhage not exceeding 200 c.c. of blood is not

an amount suflicient to indicate i)ositively the necessity of an operation; but

he believes that, if oiie-lialf of a litre is lost, and esjx-cially if this hemorrhage is

rejx'ated once or twice, a surgical operation offers the only possible relief. Since

the imi)ortance of keeping the stomach absolutely emj)ty has become recognized,

this statement can no longer be considered as coriect. The occurrence, however,

of so large a hemoiihage should always bi' consideivd a strong indication for

oiK-ration, because it shows that one of the larger vessels has been eroded, and
the larger the ve.s.sel the nu^re ea.sy \\ill it be for the thrombus to become disi)luce I.
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Chronic Ulcer of the Stomach.

Clinical observation seems to show that only a small proportion of acute ulcere

of the stomach progress, either continuously or by interruption, until they

become chronic. The ulcer, after its firet appearance, may go on causing

symptoms until the condition may rightly be termed chronic. These symptoms

may vary in severity during this period, or they may continue at the same

degree of severity, or there ma}' be a complete interruption of symptoms,

so that both the patient himself and the physician may reasonably suppose that

the ulcer is permanently healed. The recurrence may be brought about by some

indiscretion in diet, b}' unfavorable hygienic conditions, or by overwork. A
rather common exciting cause is indigestion from overwork, which causes a

general neurotic state. The condition, called "nervous dyspepsia," is a common
forerunner of a recurrence. It is often difficult to determine which is the cause

and which the effect. The general nervous condition may disturb the digestion

to so marked a degree that the irritation caused b}^ undigested food may be

sufficient to act as the exciting cause for the recurrence, especially as the mal-

nutrition which accompanies this fonn of indigestion will in itself act as a cause

for the recurrence. On the other hand, the irritation accompanying a recurrence

in its early stages, before any very definite symptoms have appeared, may act as

an important element in producing the nervous symptoms in these cases.

Very rarely the recurrence is due to a direct trauma from the ingestion of

certain articles of food, such as hard crusts or fine particles of bone swallowed in

eating game. This cause has been observed a sufficient number of times to be

worthy of mention.

The chief symptoms of chronic ulcer of the stomach are: first, pain; second,

obstruction to the passage of food; third, hemorrhage; and, fourth, malnutrition.

The usual location of pain is at a point half-way between the ensiform appendix

of the sternum and the umbilicus. This pain is increased upon pressure; it

is usually increased upon taking certain articles of food. If the ulcer is located

on the lesser curvature of the stomach, to the left of its centre, the pain is referred

to a point a little below the centre of the sternum, and the pain at this point is

felt if pressure is made upon the upper part of the abdomen.

If the ulcer is located at the pyloric end of the stomach, but does not extend

beyond the pylorus, into the duodenum, the pain is usually increased after taking

food. If there is an extension of the ulcer into the duodenum, the pain is most

severe during the period of digestion. If the ulcer is located entirely on the duo-

denal side of the pylorus, or if it extends from the pyloric end of the stomach into

the duodenum, the pain is usually more severe when the stomach is empty.

In these cases pressure a little to the right of the median line, opposite to the

umbilicus, elicits the greatest amount of pain.

During the late stages of chronic gastric ulcer there is referred pain in the

back, which maj' extend up as high as the fourth dorsal vertebra. It is more

commonly located to the left than to the right of the median line, but it may
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appear on cither f^ide or in the middle. It can be distinguished from the referred

pain due to tlie presence of ^jall stones, by the fact that the latter i)ain extends

around to tlie right, at about the level of the tenth rib, \vhil(> the referred pain

from gastric ulcer does not take this course. It nnist be reniemberetl. however,

that the two conditions fre(]uently occur in the same patient.

Dilatation.—Dilatation of the stomach is a late symptom of gastric ulcer.

It is caused i)V the o!»<truction which the ulcer itself (plus its indurated base)

offei-s in the pyloric cnannel or i)y the cicatricial contraction which results from

the partial or complete healing of the ulcer.

Shaking the portion of the abdomen which is occupied liy the stomach, from

side to side, gives rise to a splashing sound in the presence of dilatation of the

stomach. P(>rcussion will further confirm this condition. In order to determine

thi> actual di-gree of dilatation, it is best to introduce a stomach tube and to

attach to the upi)er end of this a bulb holding a definite (luantity of air. Then

the stomach should be pumped full of air and its lower margin located by means

of i)ercussion. As soon as a slight amount of pain is elicited, or as soon as the

patient complains of a feeling of fulness, no further air should be forced into the

stomach. In case of an acute exacerbation of the symptoms in any given case, or

if a hemorrhage has recently recurred, this method of diagnosis should not

be employed, for fear of causing a perforation of the stomach. This accident has

actually occurred several times since this method of examination was introduced.

Hyperacidity.—In chronic ulcer of the stomach, hyperacidity is almost

always i)resent. It has frequently been claimed that the presence or absence of

free hydrochloric acid in the stomach and the presence of lactic acid can be used

in making a differential diagnosis between chronic ulcer and carcinoma of the

stomach. This method, however, is not to be trusted for making a differential

diagnosis between the two diseases, and its employment is lik(>ly to cause serious

mistakes. Extensive observations which have been made in a very large number

of i)atients l)y a number of independent investigators seem to i)rove that free

hydrochloric acid is absent from the stomach contents in a large proportion of

nomial stomachs in pereons over sixty years of age. As carcinoma occurs more

frequently in pei^sons advanced in years it is plain that it would not be proper,

in the examination of stomach contents, to place nuich icliance u])on this

element as a basis for the diagnosis of carcinoma.

Hemorrhage.—The copiousness of indi\"idual hemorrhages in chionic gastric

ulcer may vary greatly. The amount of blood lost may be so small that it will

require the most accurate chemical examination of the fa'ces to determine its

presence. Then, again, the amount may be so large as to prove fatal. The

bleeding may occur at very short intervals, so that the |)atient is subjected to

an almo.^t constant loss of small (|uantities of blood; or there may be con-

siderable |)eriods of time Ix'tween recurrences. In some instances the hemorrhage

occui's when the patient has an abundance of blood, and continues until he be-

comes ana-mic; then the bleeding ceases, only to recur when a certain amount
of j)K'thora has been established. The blood may all pa.ss into the intestine, and

thus the occurrence of the hemorrhage is not discovered until the attention of
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the patient is attracted by the discoloration of the fa'ces, showing the presence

of partly digested blood. In other instances the patient may vomit the greater

})()rtion of the blood. The symptom of hemorrhage alone, unless it is severe,

should not be considered an indication for operation except in cases in which the

resulting ansemia is sufficient to determine the necessity for an operation. This

may be the case in patients who have never had a severe hemorrhage, or in those

in whom a persistent slight hemorrhage has resulted in the loss of more blood than

could be reproduced by the body.

The Recognition of the Occurrence of Perforation.—The occurrence of

perforation may take place in either of the conditions which have just been

described

—

i.e., in either the acute or the chronic form of gastric ulcer. A
definite history of the existence of one or both of these conditions previous

to the occurrence of a perforation is usually obtainable. The symptoms will

correspond to the symptoms relied upon for the diagnosis of acute or chronic

gastric ulcer. The patient suffers from a very acute attack, the exciting cause

for which is usually some rather severe physical exertion. Occasionally the

attack comes on after some indiscretion in eating. \'eiy rarely does it occur

without any apparent exciting cause. The patient suffers from extreme pain in

the upper portion of the abdominal cavity, and he usually describes the pain

as coming on with a feeling as though something had ruptured. The abdominal

muscles immediately become tense and the patient is in a condition of severe

shock. There ma}' be vomiting of stomach contents or of blood, or there may be

nausea, with unsuccessful attempts at vomiting. Physical examination elicits a

tense condition of all the abdominal muscles, but especially of those in the upper

half of the abdomen. There is severe pain upon pressure; and in most patients,

but not in all, there is an absence of liver dulness. The condition of the pulse

indicates the presence of shock. At first, there is no rise of temperature, but

this comes on with the progress of peritoneal infection. If the condition is not

relieved early, the late symptoms are those of peritonitis. The presence of

liver dulness should never be taken as positive evidence of the absence of per-

foration of the stomach.

Operative Treatment of Perforated Gastric Ulcer.

Operation is always indicated in perforated gastric ulcer, provided the patient

comes under treatment during the first twelve hours after the perforation has

taken place.

Statistics show that the mortality of these cases does not exceed twenty-

eight per cent, while that of cases coming under treatment more than twenty-

four hours after perforation has occurred is three times as great. At this late

stage the choice of oi»erative treatment must depend ui:)on the judgment of the

surgeon. If the condition present indicates the probaV)ility of a closure of the

perforation by a plug of omentum or by the presence of adhesions, it may be wise

to sustain the patient with exclusive rectal feeding until a circumscribed abscess

has fonned as a result of the infection, which abscess may then be drained.

Technique in the Simpler Operations.—In cases which come under treatment
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fairly oai-ly there arc a few definite rules which should be followed:—P'irst,

there should l)e made a long nieilian incision, extending from the ensiforai ap-

pendix of the sternum to a jxiint ') cm. below the umbilicus. Then an immediate

search should be made for the opening in the stomach, and, when found, it should

bi' clo.^eil by means of a i)ad held in position while the stomach contents which

have previously been forced out of the stomach are carefully sponged away. In

searching for the perforation one should i)roceed systematically, in order to

save time and to avoid indicting a traumatism through manipulation of the jmrts.

To insure the finding of the perforation, the stomach should be searched in the

following order: Hi'st, the anterior wail: second, the les.ser curvature; third,

the greater curvature; fourth, the i)ylorus and duodenum; and, fifth, the cardiac

end. Should no jierforation be found after this search, the omentum and trans-

vei-se colon should be elevated and the lower ])ortion of the abdominal cavity

carefull}- ])acked away with gauze tampons. Then an opening should l)e torn

through the non-vascular portion about the middle of the mesocolon. If the

perforation has taken place in the posterior surface of the stomach, some stomach

contents will appear in this tear and should be carefully sponged away, and the

perforation in the stomach should be treated in the manner which will be de-

scribed in the treatment of perforations in other ])()rtions of the stomach. Usually

a perforation of the posterior wall of the stomach is protectecl by adhesions, so

that it is not often necessary to resort to the operation which has just been

described.

In ojjcrating for perforations of other ]>()rti()ns of the stomach, the surgeon

grasps the jx'iioration as soon as it is found, his object being to effect a tempo-

rary closure of the opening. A careful search should be made for every soiled

surface, and this surface should l)e carefully sponged, so as to remove all of the

stomach contents, while inflicting at the same time as little injury as possible

to the peritoneal surface. Before proceeding with the operation, the surgeon

should shut off the remaining portion of the peritoneal cavity by packing it

with gauze jxids. A stomach tube should then l»e introduced and gastric lavage

should be carried out until the watei- ictuiiis clear. Care should be taken to

siphon out all of the water so that the stomach may b(> manij)ulate(l, during the

remainder of the operation, without danger of soiling the peritoneum by the

further forcing out of any of the stomach contents.

The operation nmst accomplish three things: fii-st, it must control the hemor-

rhage: second, it mu.st effect a ])ermanent closure of the opening; and third, it

must produce a .stomach free from any deformities which might later lead to

obstruction. The hemorriiage has usually ceased by tiie time tiie ojx'i-ation is

begun an<l it is conse(|uently not nece.s.sary to i)ay any special attention to this

condition. If the hemorrhage has not ceased, then it is well to place deep

sutures of catgut through the wall of the stomach suflficiently far back from the

edge of the ulcer to jtrevent cutting through when the sutures are tied. The tis-

sues are usually very fragile and the sutures may easily cut through, unless they

are tie<l gently. With care this complication can be avoided. The opening in

the stoniach niavthen be closed with a idw of ( "onnell sutures, covered l)\- a second
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row of Lembert sutures. It is usually best to place the row of sutures at right

angles to the long axis of the stomach, to prevent such a narrowing of the lumen
of this organ as might cause obstruction. It is best not to place the sutures too

near the margin of the ulcer because of the clanger of having them cut through

if the patient should vomit. Instead of the Council suture, one may employ,

with equally satisfactory results, two rows of Lembert sutures. The first row
should be placed quite deeply in order to secure a firm hold upon the walls of the

stomach. The point of the needle should always engage in the subnmcous
connective-tissue layer. If the approximation of the edges is satisfactory

throughout, nothing fuither need be done; but, if it is not perfectly satisfactory,

it is well to fasten a portion of the omentum over the line of suture by means of

a few stitches. If there has been a large extravasation of stomach contents, a

drain should be carried down through the upper angle of the wound to the line of

suture, and a second drain should be inserted into the cul-de-sac of Douglas,

through a second incision in the median line just above the pubis.

When the perforation is in the pyloric end of the stomach, the right kidney

pouch may be infected. In this case it is well to insert a through drain through

an opening in the abdominal wall just in front of the right kidney, care being

taken not to injure the colon. When the perforation is located at the cardiac

end of the stomach and there is an infectiom of the left kidney pouch, the same

form of drainage should be placed in front of the left kidney. It matters little

whether glass, rubber tube, or cigarette di-ainage be employed. The form of

drainage [^referred by the authoi" consists of a split rubber tube, 2 cm. in diam-

eter and containing a loose strand of gauze.

In case there has been only a slight amount of extravasation, a single drain in-

troduced through the upper end of the abdominal wound and extending down
to the suture line will suffice. Before the abdominal wound is closed, the surfaces

of the exposed intestines, omentum, and stomach should again be carefully

sponged, and, in order not to inflict a traumatism, these surfaces should be

handled with the same degree of care that was I'ecommended by us in our de-

scription of the first attempt to cleanse the soiled peritoneal surfaces.

If the perforation has taken place at a point near the pylorus, one may
reasonably expect a certain amount of obstruction, and it may become necessary

to perform a gastro-enterostomy for the relief of this obstruction. It is rarely

either wise or necessar}- to i)erform gastro-cntei'ostom}- at the time of closing

an acutely developed [perforation of the stomach, because the additional time

required is likeh' to Ije sufficient greatl}' to increase the gravity of the prognosis.

Gastro-enterostomy

.

—Gastro-enterostomy is performed, first, for the relief of

obstruction of the pylorus ; second, for the purpose of overcoming the irritation

due to the passage of food over an ulcer in the pyloric end of the stomach;

thii-d, for the drainage of a severely distorted stomach ; fourth, for the drainage

of a stomach containing an inoperable carcinoma of tlic pylorus: and, fifth,

for the purpose of establishing a conmumication between the renmant of the

stomach and the intestine into which the greater or simaller portion of the pyloric

end of the stomach has been inserted.



344 AMKRK'AX PRACTICE OF SURGERY.

Thoro are four distinct operations which should Ix' considered, because each

one of these methods is used with eminently satisfactory results by a number of

the most exin'rieiUHHl surgeons. They will be descrilx'd in the order of their

value.

The i)rcliininary treatment, the incision, and the post-ojx'rative measures

ar(> the same in all of these ojierations. Conscciucntly they will be described to-

gether, while each one of the operations will receive individual attention.

Preliminary Treatment.—In ca.ses in which gastro-enterostomy is performed

for the relief of an acute gastric hemorrhage, there can be no preliminary treat-

ment, as the oi)eration is an emergency operation and must be performed at once

in order to jirevent fatal hemorrhage. It has been stated before, however, that

it is seldom nece.s.sary to ])erform this operation for acute gastric hemorrhage,

because in most instances it is ]x)ssible to carry the patient through this con-

dition, to overcome the consequent ana-mia, and thus to jilace the jjatient in a

much safer condition for operation.

For several days before this operation it is advisable to give careful attention

to the disinfection of the teeth and the cavity of the mouth. A mild antiseptic

should be used as a mouth wash and gargle, and the t(H>th should be carefully

cleaned several times during the day. The gastro-intestinal canal can Ix' best

disinfected by giving the patient only sterilized concentrated liquid nourishment,

or by placing him on exclusive rectal feeding for from twenty-four to forty-eight

houi"s, and by giving two ounces of castor oil in beer foam, at intervals of twenty-

four hoiu's, for two or three days. This will overcome the accumulation of gas

in the intestines and will leave the gastro-intestinal canal fairly free from jxatho-

genic micro-organisms.

If the operation is iJcrfonned for the relief of {pyloric obstruction, it is well to

make use of gastric lavage two or three times a day for several ])receding days.

If the operation is for the relief of an obstruction due to carcinoma and as-

sociated with a tendency to hemorrhage, it is best to avoid this step. A number

of antiseptics have been reconnnended. Of those which have been used by the

author, oil of eucalyptus, given in doses of from five to twenty drojjs every three

to six hours, has seemed to l)e th(> least objectionable. It is doubtful, however,

whether any of these juUiseptics are of any special value. Except in the i)resence

of an oi)en ulcer it is well to irrigate the stomach carefully and thoroughly with

normal salt solution ininiediately before the patient is anaesthetized. In one

instance, in the author's exiXM*ience, the patient showed a marked degree of

(•olla|)se after the introduction of the stomach tube, and an immetliate operation

demonstrated the existence of an aeutely developed pei'foi'at ion. This would

indicate the necessity of employing great care in selecting cases that are safe for

the emj)loyment of gasti'ic lavage.

Ill other ca.ses the gastric lavage can be employed after the abdomen has

been opene<i. If the stomach tube invented by Profes.sor Kau.sch is emi)loyed,

there is no danger of insi)iration of stomach contents, provided the lavage is

carried out while the patient is imder thi' influence of an ana-sthetic. If this

stomach tube is not available, the foot of the table should be elevated, the
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patient's head turned to one side, and only a small quantity of fluid should

be introduced through the tube at a time. The end of the tube in the stomach

can be guided by the hand introduced into the abdominal cavity through

the incision, and thus the ulcer will escape the irritation which the tube is liable

to cause by pushing against it. The stomach cavity will be perfectly emptied

by the lavage.

Abdominal Incision.—It is well to make an ample incision, in order that the

traumatism necessarily caused by the manipulations of the operation may be

as slight as possible. The harm done the patient by a long incision is of no im-

portance as compared with the harm d(jne by drawing the intestines and stomach

through a small opening. The shock following the operation is largely due to

manipulation of the intestines and stomach, especially if there has been a consider-

able amount of tension upon the mesentery. With a large incision traumatism

can be avoided to a great extent. The incision usually chosen extends, in the

median line, from the ensiforai appendix of the sternum to the umbilicus. If

the gastric disease is complicated with duodenal ulcer, cholecystitis, or appen-

dicitis, three conditions which are ciuitc common, it is best to make the

incision at a distance of from 2 to 4 cm. to the right of the median line and

parallel with it, the right rectus abdominis muscle being split longitudinally.

If this incision is chosen, care must be taken not to injure the deep epigastric

vessels which lie between the posterior surface of tliis muscle and the transver-

salis fascia. The entire stomach .should next be carefully inspected and palpated,

and so also should the exposed portion of the duodenum, as well as the gall blad-

der and the ducts. The omentum, together with the transverse colon, is now

drawn up into the wound, and the small intestines with the exception of the

upper end of the jejunum are tamponed away with gauze pads. All of these steps

are the same, no matter which method of gastro-enterostomy may be chosen.

During all of the subsequent manipulations it is important to keep the field

of the operation carefully tamponed away from the surrounding structures, in

order to prevent soiling. It is also important to leave all of the structures as

much as possible within the peritoneal cavity, in order to prevent shock from

exposure to the air.

The manipulation of the various intra-abdominal organs should be reduced

to a minimum ; eveiy manipulation should accomplish a definite purpose. The

success of the operation—no matter which method be chosen—depends veiy

largely upon the observance of this precaution. Most of the complications

—

such, for example, as post-operative pneumonia, peritonitis, post-operative ad-

hesions, and shock—are due to unnecessaiy manipulations during the opera-

tion or to the infection which has resulted from the trauma caused by these

manipulations.

Gastro-Enterostomy by the Moynihan-Mayo Method.

The Moynihan-Mayo operation contains all of the elements which can be

demanded from a .satisfactoiy operation.

In the first place it is simple.
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It can readily he iHTt'orincd by any surgeon who is coiniH'tent to do al>

doniinal surgery.

It does not expose the patient to a great amount of sliock.

It i)hi('es the opening at the lowest point of the stoniaeh.

It i)rovides an opening sufficiently large to guard against secondary ol>

struction dui^ to contraction.

It establishes an immediate commtmication between the stomach and the

jejunum.

It supi>lies a direct passage without angulation of the intestine.

Fifi. 108.—Diagram Sliowinp; tlu- Application of Tenaculum Forceps to the Lowest Point in the
Greator C^irvaturc of tlie Stomach, as recommended by \V. .1. Maj'o. The dotted line shows the
forcfi>s pa-tsing behind the omentum and transverse colon throuph the mesocolon to the lowest point
in the stomach, n, fanliac end of stomach; h. the pyloric end; c, area of disease; p, narrowed
pylorus; d, diiodi-ninii.

It leaves no loop which later might cause strangulation of the small intestine

passing through it.

It provides against soiling with intestinal or .stomach contents during the

operation.

It j)revents the i)ossil)ilily of hemorrhage either during or after the operation.

In order to appreciate this method fully it is impoi-tant to bear in mind the

anatomical relations of the greater curvatmc of the stomach to the ujjper end
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of the jejunum. Ordinarily the greater curvature of the stomach overlaps the

jejunum throughout a distance of from 5 to 6 cm. The location of the jejunum

corresponds very nearly to the lowest portion of the greater curvature of the

stomach; it is of the greatest importance to place the opening in the stomach

at the lowest point. Mayo has pointed out the fact that, by doing this, it is pos-

sible, in almost every case, to prevent regurgitant vomiting after gastro-enter-

ostomy. That this occurrence, commonly called ''vicious circle," can thus be

Fig. 109.—Diagram Showing that Portion of tlie ]A)\vt'st Part of the Stomach which has been
drawn through an Opening in the Transverse Mesocolon. The clotted lines, a, b, indicate the location

and direction of the proposed opening in this part of the stomach, and the dotted lines, a', h' , the pro-

posed ojDening in the jejunum.

prevented, has also been proven in a large number of cases operated upon by

the author.

According to Lewis, in about eighty per cent, of all cases the direction fol-

lowed by the jejunum, after passing through the mesocolon, is from the upper

right hand to the lower left. Consecjuently the opening on the posterior surface

of the stomach should extend in this direction, as advised by Mayo and Munro.

Fig. 108 illustrates a plan which Mayo has devised for locating the point in the

lower margin of the greater curvature of the stomach which corresponds accu-
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ratclv to thi' point at which this niarjiin crosses the duodonuni. This point is

locatctl and piTinaiKMitly marked by jiassinji a moiis(>-tooth tcnacuhun forceps

through the mesocolon and fastening it to tlie desired point. The stomach is

then drawn out through the abdominal incision, as shown in Fig. 109. and an

opening is torn in the mesocolon at a non-vascular point oi)i)osite the crossing

of the jejunum. (Fig. 109.) A second i)air of delicate forceps is thru apjilied

upward and to the right of the jioint of application of the first forceps, at a

distanci' of from ."> to 7 cm. according to the degree of gastric dilatation. This

distance should l)e greater in cases in which the degree of dilatation of the stomach

is marked, because, when the post-o])erative contraction occurs, the gastro-

Kio. HO.— l)ia>i;ram .SliowiiiR Portions of Stomacli and Jejunum lidil tdficllur ni Position by
Means of C'laniijs; c-lanip (/ boiiif; on the .stomaeli and claiiq) < on the jijuuiiui.

enterostomy o])ening will decrease to corres|)ontl with the degree of dimiiuition

in the size of the stomach. A ))air of forceps is then applied to this jjortion of

the stomach, as shown in l-"ig. 1 10, care bciiig taken to seciu'e a sulliciciil amount

of pi'ojection of the stomach wall beyond the forceps to ])re\(iit tension during

the act of suturing. It is well to protect the blades by di'awiiig o\ci- each of them

a piece of thin soft-rubber tubing, although this i> not done by all surgeons.

The jejunum is next gi'asjicd in the same mamiei'. the portion clKtseii being a

spot fidm 1 to 3 cm. fi'oni the |>oint at which the intestine |)asses through the

mesocolon, as shown in i-'ig. 10^), a' to //. The intestinal wall is gras])ed by the

forceps in tlu; same mamiei" as is the stomach wall, and the two forceps arc
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placed side by side, as shown in Fig. 110. The steps indicated in Figs. Ill, 112,

113, 114, 115, 116, and 117 are then carried out, with the result that the jejunum

remains pemianently attached to the stomach, as shown in Fig. 111. The tear

in the meso-colon is next mended l)y suturing this border to the jejunum just

Fig. 111.—First Step in tlie Actual Uniting of the Stomach and Intestine. Clamp d is on the

stomach and clamp e on the jejunum, and the posterior Lembert .suture is in place.

Fig. 112.—In this Diagram a further Step has been made in the Operation for Establisliing

Anastomosis between the Stomach and the Intestine. The opening in the former organ has been

completed and that in the jejunum has been begun.

beyond the line of suturing, as shown in Fig. 118. The surface is then care-

fully sponged, and the abdominal wound closed.

It is important, especially in ca.ses in which there is much fat in the mesocolon,

to make the scar sufficiently large to prevent subsequent contraction and ob-

struction.
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The stei)S of the operation, as shown in Fi^s. 111-117. are very simple. The

first steji consists in phicing a continuous row of Lenibert sutures, as shown in

Fig. 111. the stomach and intestine being still intact. The next step consists in

making in each of these two organs an opening a little shorter than the row of

sutures that has just been applied. (Figs. 112 and 113.) The o|H'iiing should be

Fig. 11.3.—In this Diagram tlic Two Openings are Represented as having been completed: and
the first suture, b. wliich pa-sses through all the layers of the intestinal and stomach walls, is shown to

be in place.

Fi«. 114.—Diagrun (wing the Relations of some of the Deeper Parts of the Ana^stomosis.

(For details, consult the text.)

at least .J cm. in length. Care must be taken not to permit any soiling from the

stomach or intestinal contents which may be contained in the small portion which

iii held in the grasp of the forceps. This |)ortion is carefully sponged, and then

the edges of the stomach and the intestines are sutured l)y a continuous suture,

preferably chromicized catgut, as shown in Fig. 1 1.3.
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Fig. 114 shows in the foreground the superficial row of sutures which bring

together all the layers of the stomach and the intestine and which pass through

the entire thickness of the walls, while at a deeper hwl may be seen the row of

Lembert sutures which were first applied. In Fig. 11>3 the sutures have been

carried around in front so as to bring together the anterior edges of the anasto-

mosis wound. In Fig. 110 this row of sutures has been completed, and the

anterior Lembert suture is being applied, the clami)s having been removed to

facilitate this step. It is best to arrange the beginning and ending of these rows

of sutures in such a way as to prevent the final tying of the sutures from coming

exactly in the same place, because this might cause a slight defect—a defect,

however, which can be easily corrected by placing one or two additional Lembert

sutures at this point. It is still better to begin the Lembert suture to the right

of the proposed gastro-enterostomy opening and the suture which grasps all the

Fig. 11.5.—Diagram Showing a Still Later Stage of the Operation. Here botli the posterior sutures

are completed and the through suture is half completed anteriorly. (X.B. b and 6' have been drawn,
both here and in the other figures, so as to look like h and h'.)

layers to the left, by which arrangement the points of tying of these two sutures

will be placed at the greatest possible distance apart.

It does not matter ^^•hether the deep sutures are applied, according to Moyni-

han's method, in the form of a glover's suture, with the stitches placed closely

enough to each other to prevent hemorrhage, or whether Connell sutures are

employed, as introduced by C. H. Maj^o. The number of stitches necessaiy in

this latter method is only one-half as great, and for this reason some surgeons

may prefer this method. This suture will be described fully in connection with

the Connell method of gastro-enterostomy (p. 365) ; it will therefore not be

necessary to describe it at this i)oint.

Fig. 119 shows the relative positions of the stomach, duodenum, jejunum, and

transverse colon after the completion of the oj^eration. It also shows the direc-

tion of the gastro-enterostomy opening and its location at the lowest point of the

greater curvature of the stomach. Theoretically, this operation establishes the
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Ix'st possible conditions; a large nuniljcr of clinical results ol)taincd by this

method seem to indicate that it will ultimatelj' be ^accepted as the ideal gastro-

enterostuniy.

Gastro-enterostomy by Means of the McGraw Elastic Liiiature.

This methotl, which will be described in detail farther on. has been found

most satisfactory in all cases in which there is not a complete obstruction of

the jn'lorus. If there is a complete obstruction of the pylorus there can be no

Fig. 116.—In this Diagram the Through Suture is Represented as Being Entirely Completed and

the Anterior Lembert Suture as Half Completed. The clamps have been removed.

Fir;. 117.—This iJuigraiii Represents the Operation jis Completed, Only the Aiitirior Lembert

Suture lieinR Visible.

drainage into the intestinal canal from tiie stomach for at least one or two days.

There may be an accumulation of lluid in the stomach which cannot pa.^s into

the intestines until the constricting rubber l)and has caused a sufficient amount

of presstire necrosis to establish a conununication. Ordinarily this accumulation

of fluid is not a matter of importance because it can readily be evacuated by the

use of gastric lavage. In i)aticiits who arc greatly reduced in strength it is often
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desirable to give some form of concentrated i)redigested food by way of the mouth,

soon after the operation has been performed, and in these cases food cannot

of course be safely given by way of the mouth, since it cannot pass from the

stomach into the intestines if this method of operation is chosen. Moreover, it

has been demonstrated clinically that the elastic ligature accomplishes its ob-

ject much more slowly in patients who are greatly reduced in strength than it

does in those who are vigorous. A certain amount of vital energy seems to be

required if pressure necrosis is to take place. It has been found at autopsies,

Fig. lis.—In this Diagram is Shown the Manner in which the Jejunum, after Being Attached
to the Stomach at the Spot where tlie Anastomosis is to be Estabhshed, is Itself Sutured to the Meso-
colon in sucli a ^Manner as Completely to Close the Tear in that Structure.

in these greatly reduced cases, that, after the lapse of from three days to a week,

the ligature had failed to cause the degree of pressure necrosis necessary for the

completion of the gastro-enterostomv. Experiments, on the other hand, have

shown that, in cases in which the tissues were more nearly normal, the ligature

cuts its way entirely through in from two to five days. For this reason it is wise

not to employ this method in patients who—by reason of the fact that they have

experienced one or more severe hemorrhages, or because they are in a state of

advanced cachexia due to the presence of carcinoma—arc very greatly reduced in

strength. In all other cases this method, if carefully applied, has given most

satisfactory results. The author has employed it in more than two hundred

cases and has obtained clinical results quite equal to those obtained with the

method previously described. On the whole, however, he prefers the latter

method, and he has employed it in a much larger number of cases.

VOL. VII.—23
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The advantajies of this operation luv the following:

—

It is exceedingly simple.

It necessitates but a slight amount of manipulation and therefore reduces

traumatism to a mininuim.

Theri' is no soiling of the tissues with intestinal or gastric contents.

It i)revents the possibility of a i^ost-operative hemorrhage.

The opening can be made of any desired length.

The operation can be i)erformed quickly.

It retpiires no sjjecial skill or ingenuity.

The pati<'nt shows very little, if any. shock after the oi)eration.

Fig. 119.— DiaKram Showing the Relative Po.sitions of the Stomach, Duodonum. Jejunum, and Trans-
verse Colon after the ("onipletion of Posterior Castro-enterostomy. (Tlic Moynihan-Mayo method.)

He is relatively free from pain, and can usually sit up in bed, with the aid of a

head-rest, a few hours after the operation.

riie method should not be employed in making a pxloroplasty.

It should not be used in making a cholecystenterostomy.

The edges of the gastric oix-ning are perfectly smootli and the amount of cica-

tricial tissue resulting from the ojx'ration is very small.

The only objections to (he oixTatioii aiv to be found in the fads that the

rubber ligatm-e employed .sometimes becomes brittle with age and that there is

not immediately produced a communication between the stomach and the in-

testine.
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With increasing cxi^ericncc the surgeon takes less and less kindly to mechan-

ical means in all forms of intestinal surgery, and for this reason, more than for

any other, this method has failed to be accepted generally by surgeons. The

author's experience with this method has proven it worthy of recognition, and

he believes that it is excelled only by the method just described as the Moynihan-

Mayo method.

Contrary to the author's experience, H. 0. Walker reports excellent results

in pyloroplasty performed by this method in a sufficiently large number of cases

to merit recognition.

Technique of the Operation.—In this, as in the preceding operation, it is

preferable to make a i)osterior gastro-enterostomy through a tear in the meso-

colon, the beginning of the jejunum being united with the lowest portion of the

greater curvature of the stomach. The preparatory steps are the same as in the

Fig. 120.—A Second Diagram Showing the Relative Positions of the Duodenum, Jejunum, and
Transverse Colon, after the Completion of the Moynilian-Mayo Operation. Tlie colon and small in-

testine have been lifted up in .such a manner as to sliow the line of stitching on the posterior aspect

of the bowel.

preceding operation. The transverse colon is drawn out of the abdominal in-

cision and the beginning of the jejunum is located where it passes out from under-

neath the mesentery of the transverse colon. A hole is torn in the mesentery of

the transverse colon, as shown in Fig. 109.

To make the various steps of this operation clear and concise the author

has fonnulated a series of directions which, in order that the operation may be

performed safely and that satisfactory results may be obtained, should be care-

fully heeded. These directions are as follows:

—

1. A round rubber cord, 2 nmi. in diameter, made of the best material,

should be used.

2. A posterior row of Lembert sutures should be applied in the manner

shown in Fig. 121.

3. A long straight needle, armed with the rubber ligature, is next passed
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into the luincii of the intestine and out a^ain at tlu> desiivd distanee (from ."> to

10 em.) away from the point of introduetion.

4. While an assistant holds tiie intestine the surgeon stivtchcs the nihhcr in

the needle, and when it is (juite thin he draws it rapitlly through the intestine.

'). The same step is repeateil through the stomaeh. as shown in Fig. 122.

(». .\ strong silk ligature is i)laced across and underneath the rul)l)('r ligature.

l)ctween the latter and the point where the stomaeh and the intestine come

together, as shown in Fig. 123.

7. A single tie is made in the rubber ligature after the latter has been drawn

very tightly.

5. The silk ligature is passed around the ends of the rubber ligature where

thev cross, and is tied securely three times, as shown in Fig. 124.

Ik.. 121. DiaKniiii Iliustratiii^ tlie Operation of Ga.stro-enterostomy with McGraw Elastic

I,ij;aliir<-. 'riic pD.stcriDr row of Li'inbort .sutures (g) is in place. The lowest portion of the greater

eiir\:iture of tin* stoinucli is cho.seii. In postrxior nastro-enterostomy this must, of course. l)e drawn
thriiiich till- opening in tin' mesocolon. 'I'his is not shown in tliis and the snccee<lin<; diagrams.

9. Tlu" ends of the rubber ligatuic ai'c releasetl and cut off, the ligature it-

self being lield by tiie silk ligature.

ID. The Lembert siitiire is continued around the fioiit until the point of its

beginning is reached, at which jxiint the two ends are tied, as shown in Fig. 12.").

11. ("are should be exerci.'^ed to prevent tying the rublx'r ligature too far

backward ;ind thus getting behind the posterior row of Lembert sutures.
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Gastro-entcrostoniy lay the Method Advised l^y Roux.

In order to overcome the tendency to regurgitant vomiting. Roux has prac-

tised the following operation. The same preliminarj^ steps that have been de-

scribed on a preceding page are also required in this operation. The jejunum

is located and a loop of this intestine is brought into the wound and held by means

of a elanii) the jaws of which are covered witli ruljljer tul)ing to ])n'vent injury by

crushing, as shown in Pig. 126. A second clam j
> is then applied to the lowest point

of the stomach, as shown in the Moynihan-Mayo method. (Fig. 110, at a.)

The length of the loop of the jejunum should be at least 20 cm. (from 20 to

Fig. 122.—Diagram Showing the .Second Stage of the (Jiieration. (See Fig. 121.) The McGraw
ligature, armed with the large needle b, is in place, and the posterior continuous Lembert suture (a)

is shown.

to 30 cm.). The jejunum is then cut off at a (Fig. 126), and the extrcmit}- b is im-

planted into the other end of the jejunum, laterally, at c , while the end d is carried

up to the lowest })oint of the stomach at the \H)hn c where it is implanted.

The clamp compressing the jejunum, and the clamp compressing the lower

edge of the stomach, are not removed until the operation is completed. (Fig.

127.) In this manner all soiling may be prevented.
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Till' anastomosis botwocn the end /> and the side c (Fig. 126) may be ac-

comj)lished by the use of the .Murphy button, as shown in Fig. 128, but it

may also be accomplished l\v means of the Connell suture, or by means of a

row of deep sutures and a sup(>rficial row of Lemloert sutures. The same is

true of thi> anastomosis between the end d, of the jejunum, and the opening e

in the stomach. The tliagrani of the completed operation is shown in Fig. 127,

the two liranches of the jejunum forming the letter y. In this operation the

suture method is replacing that by means of the button in the hands of most
surgeons.

This ojH'ration can be performed as an anterior or as a posterior gastro-

I'l': \^2^. — DiiiKram SlimviiiK tlit- Tliird StuRu of tlie (>|jirati<)U. .\ .single ti»- has boi-ii made in
the .Mcdraw ligature (/) and the silk cord {h) is in place but still untied.

enterostomy. In ca.se the anterior gastro-enterostomy is employed, the loop

must be twice as long as when the j)o.sterior gastro-enterostomy is ix'rfonned.

There is of course a .serious objection to this, in that it eliminates all that jjortion

of the duodenum and the jejunum which lies between the point a and the point

h (Fig. 126) from contact with food in the jjroce.ss of digestion.

The second objection is to be found in the fact that, if an anterior gastro-
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enterostomy is made by this method, the branch of the duodenum, a h (Fig. 126),

will he behind the omentum and colon, while the other portion, a c, will be in

front of these structures—a condition which is likely to produce a considerable

amount of tension. ^Moreover, unless the mesentery of the jejunum is unusu-

ally long, it is difficult to separate the parts h and d to so great a distance with-

out causing tension upon the mesentery of this intestine.

Gastro-enterostomy with the Murj^hy Button.

There is no gastro-enterostomy operation more simple than that performed

by means of the Murphy button. The following are its chief characteristics.

—

It requires but a small amount of time.

Fig. 124.—Diagram Showing the Fourth Stage of the Operation. The McGraw ligature (?) is

tied very tightly and the silk cord (6) is drawn tightly around both ends, to prevent slipping. The

long ends of the rubber ligature liave not as yet been cut short.

The amount of manipulation is very slight.

The operation can easily be done by operators who have but a moderate

amount of practical experience in intestinal surgeiy.

It leaves an anastomosis with the fewest possible adhesions.

It leaves the least amount of cicatricial tissue about the gastric opening.

It precludes the possibility of post-operative hemorrhage.
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TIktc arc I)iit two olijcctioiis to tlic oiioration:—First, it is not i)ossible to

make an oiJi-nini^ more than \ cm. in k'niith. even if the oblong button illustrated

in Fig. 128. b is employed; and, in case there is a marked dilatation of the

.stomach at the time of the operation, the opening, by the time this organ

has been reduced to the normal size, will be too small to drain the stomach

projicrly. It has consequently been necessary, in a considerable number of

these cases, to make a secondary oj^eration for the purjiose of enlarging this

opening.

A second ol)jc('tion is to be found in the fact that the union between the in-

testine and the stomach does not become firm for some time after the oj)eration

has been performed, and in a number of these cases there has l)een a separation

P'icj. 12.5.— Diagram Sli..uiiif< llic ( '«)iii|.liii-.l < )|Kiat inn, witli tin- .Viitcriur l.iiiilnrt Suture (a)

Finislic'd and tlic ImkN 'licil at the Hcfiiiining of the Suture.

of this nnion with leaka;:,c iiilo (lie peritoneal cavity. In the author".'^ experi-

enci' tins accident has occm-|-ed twice. Once it was due to a sudden jiai'oxN'sm

of vomiting which lore the intestine entirely loose from the stomacii on tiie

.seventh day. after the i)atient had made a perfectly noi'inal recovery. In the

second patient tliei-e was ;i partial separation, with ;i conse(|uent leakage. This

ca.se had progres.sed nonnally until the tenth day after the operation, when the

j)ati<'nt made a (|uick motion which resulted in tjic separation of tlu; intestine

from the .stomach, with jKUtial leakage.
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In order to prevent this accident, many surgeons re-enforce the anastomosis

by the introduction of from two to four Lembert sutures. It is important to

remember that a continuous suture should never be used in connection with the

Murphy button, because it may prevent the latter from passing on through the

intestine when union has taken place. This objection does not obtain with

interrupted sutures.

This operation is indicated especially in cases of inoperable carcinoma of the

pylorus with obstruction,—cases in which the patient is greatly reduced in

Fig. 126.—Diagram Showing Roux's Method of Gastro-enterostomy. s, Stomach; p, pylorus;

e, point at lower part of stomach chosen for anastomosis; j, jejunum; a, point of section of jejunum;
d, end to be attached to point e in greater curvature of stomach ; c, point of anastomosis with b after

the jejunum has been severed at a.

strength as a result of malnutrition. It is also indicated in cases in which the

surgeon finds that the amount of time that would be ret^uired for making the

suture anastomosis, would be a menace to the i:)atient. In these cases it is well

to make an anterior gastro-enterostomy, as shown in Fig. 129. In this operation

the following points must be borne in mind:

—

First, the opening in the stomach should be made at the very lowest point

of this organ, as shown at 6, Fig. 129. The presence of the large branches of the

gastro-epiploic artery at this point frequently causes surgeons to place the
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gastric opening on the anterior surface of the stoniacli, at the point a, Fig. 129.

This bluntUs- causes regurgitant vomiting in a large number of cases.

Second, the looj) of the jejunum (r. Fig. 129) shoukl be sufhcieutly long to

pass around the transverse colon and the omentum without stretching, and

without causing constriction. The distance between the point of anastomosis

at c (Fig. 129) antl the mesentery of the transverse colon should be about 40 cm.

The circular suture is api)lied as shown at b (in same figure), care being taken to

pass the neeille (luite through all the tissues, so that the vessels contained in the

stomach wall shall be firmly grasped by this suture. After the suture has been

Fic. r_'7. iJiaf^raiii Sliowiiif; tlic Rovix Cliistro-enterostomy Coinplrtod.

a|)|)li('d, the iiici<i(iii is made down to the mucous iiicml)i'aiir, and a portion of this

membrane is cut away, care being taken not to sever suture b while this is being

done. The opening is made only just long enough to permit the introduction

of the button without tearing the edges. In case the oblong button (Fig. V2H, b)

is used, this is inserted parallel io ihe gast ro-epi|)loic \-essels. The ()])ening in

this case need not be very long, because of the narrow shajx' of the instrument.

Many surgeons who became accustomed to the use of this instrument before the

introduction of a satisfactorv ^utuic method, still continue its use, but it is likelv
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that ill the future this method will give way entirely to the suture method.

Anterior gastro-enterostomy with the Murphy button will undoubtedly be

limited in its application to cases of inoperable carcinoma of the stomach. For

the relief of benign pyloric obstruction, the posterior method will, as it seems

to us, be adopted almost universally.

Posterior Gastro-enterostomy.

In describing this operation I shall simply quote from my former work on the

same subject. Lift up the large omentum; open the lesser peritoneal cavity

through the non-vascular zone of the mesocolon , fix the mesocolon to the pos-

terior wall of the stomach, about 8 cm. from the pylorus and close to the lower

border, with four stitches, leaving room in the exposed gastric area for the

insertion of the button. This converts a jwrtion of the posterior wall of the

Fig. 128. -Round and Oblong Murjihy Buttons, witli Button Forceps, a, Round button; b, oblonj;

button and key; c, button forceps.

stomach from a lesser to a greater peritoneal surface. It prevents the edges of

the divided mesentery from forcing themselves between the edges of the stomach

and duodenum, an occurrence which is responsible for many failures of union.

The jejunum is then brought out, and two long floss needles, both held parallel

to the branches of the gastro-epi])loic artery and attached to opposite ends of

one and the same linen thread, are inserted in the jejunal wall for a distance of

3 cm. The points of the needles face the operator and the needles lie parellel

to each other and at a distance of from 5 to 10 cm. from the ligament of Treitz.
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The intestinal wall is iliviclcd lu'twccn the needles, which art as a spHnt. An

oi>enin,ii. 2 cm. in length, affords sufficient room for the introduction of the

button. Half of the button is inserted, the puckering string is tied, and the

cylinder is grasped with the Hat l)utton-forcei)s (Fig. 128. f). which extends out to

the operator's right. Th(> opening of the cylinder during this time should be

plugged with gauze. The .jejunal fold is covered with a sponge, the under sur-

face of the stomach is drawn forward, and the needles are inserted facing the

operator. The stomach wall is divided for a distance of 2 cm., the thread drawn

through, the button inserted, and the puckering string Uvd. The cylinder is

Fio. 12!».— Diaurain I{f']m'sfntiiiK .\ntcrior Oast ro-ontoro.'^tomy with tlio Murphy Button. Tlie
(li»ttf<l run- at ft indif-atcs tlii' |)o.-iiti(in in whifh the ga.stro-outcro.stoniy ()])onnift wa.s formerly ofti-n

placi'il by iiiistaki-—a l)Iuii(lcT wliicli caust'd n-fjurKitant voniitiu};. h Sliows tlio pastro-entorostomy
(ipfiiirij; ill the proper jiosition at tiie lowest jjoiut in the greater curvature of tiie stomach, the suture
c heinR in place; c indicates the location of the incisidii in tlie jejuiiuin. Tliis incision is made longi-

tudinally and the suture c' is in jilace.

gras|»cd with the Hat button-holding foi-ccps, the latter being placed with the

handles extending out to the o|)erator's left. Hoili button-holders are now
grasjH'd and both cylinders are invaginated. The lower jioldcf should be re-

moved first and afterward the other, and the halves (if the button should be

pressetl carefully togelhei-. I-'our additional interru|)ted beiiibei-t sutures are

placed at e(|ual intervals around the button to gi\-e additional securitv. Tlii'

oblong button (Fig. 12S, h) acts as a splint dui-ing the repairing ))rocess, and it

also prevents the kinking, which is one of the conse(|uences of suture. The
abdomen is then closed.
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Gastro-enterof^toniy with the Connell Method of Suturing.

At this point it may hr ^^•(ll to describe a method of suturing which is ex-

tremely simple and at the same time gives most excellent results, if carried out

with due accuracy. The method has all the advantages of the Moynihan-^Iayo

method, together with that of greater simplicity.

Steps of the Oi)eration.—The posterior wall of the stomach is exposed after

the method described above. A fold of the stomach is caught in the bite of one

of the .side arms of a Roosevelt forceps. A fold of the jejunum is caught in the

bite of the other side of this forceps. (Fig. 130.) An incision, from 5 to

7 cm. long, is then made in that portion of the stomach which projects above

the forceps, and a similar incision is made in the projecting portion of the jeju-

num. In applying the Roosevelt forceps great care should Ije taken (as in the

Moynihan-Mayo operation) to have the long axis of the opening in the stomach

Fig. 130.—Diagram Showing a Fold of the Posterior Wall of the Stomach (s) and a Fold of the

Wall of the .Jejunum (/) Caught in the Jaws of the Roosevelt Forceps. The suture i has alread}^ been
carried along the posterior border and is being started anteriorly. (From Connell.)

lie in the normal direction of the jejunum and to grasp the wall of the jejunum

at a spot within (5 cm. of the point where it ]\^sses through the mesocolon, in

order not to cause a kink in its lumen.

With a straight needle, threaded i)referabl}- with Pagenstecher's thread, the

posterior row of sutures is first applied as shown in Fig. 130. Each stitch is ap-

plied scjuarely through all of the la3'ers of the intestinal wall. The same suture

is carried around in front, as shown in Fig. 131. The two lateral blades of the

Roosevelt forceps are removed and the final end of the suture is tied to the

beginning portion, as .shown in Figs. 131 and 132.

The surface is next carefully sponged and inspected throughout; and if,

at any point, there is found a slight defect, this can be remedied by the introduc-

tion of an additional suture.

The method has been found most satisfactory in careful hands. It is, of

course, plain that every suture must be applied with great precision, but, with
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ivasonal)lo attention, this can easily be clone. Tiie completed o])eration is shown

in Fiji;. i;^2.

It is not necessary to nse the Roosevelt forceps, which consists of three

blades so arran^ied that the middle blade serves as a connnon blade for both

Fig. 131.—Diagram of a more Atlvanced Stage of the Work than that ^^liown in Fig. 130. The
anterior portion of the Coniiell isuture is almost completed, the entire Roosevelt forceps being still in

place. (After Connell.)

forceps. The in.-tniment has the advanta<i-e of holdin.u' the fold of the stomach

and that of the intestine ]»erfectly parallel. The ordinary stomach and intestinal

clamps may be used (luite as well.

The method secures a nai-row line of union. It i)re\'ents hemorrhage from

Fio. 132.— In the StaKe of tiie Operation wliicii is Rcpresinted in tlic Present Diagram the I-ateral

Blades of the Roo.sevelt Forceps have been Taken Away, the Middle Hlade Being Still in Place and
the Suturi- I lieiiig Ready to Tu-. (.\fler Connell.)

the aiiastoniosis ojieninj: and it has all the other a(h-antages of any one of the

f)ther suture inetlifxis.

in ap|)lying the Connell >iit uic it is important to <i;ras]) ;in e(|ual portion of the

tissue with each bite of the needle, in oi'der to pre\'ent puckeriiii:. Begin on the
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mucous side of the intestine
;
pass the needle out through all of the layers, leaving

a margin of one thirty-second of an inch in the bite at the peritoneal edge ; next,

cross over to the peritoneal surface of the stomach and pass the needle from the

peritoneal surface through all the layers into the lumen of the stomach; then

reverse the direction of the needle, passing it from the mucous to the peritoneal

surface; next cross over to the serous surface of the intestine; and, finally, re-

peat this performance until the beginning point of the suture is reached.

Gastro-enterostomy with Excision of Pylorus for Indurated Ulcer. (Rodman's

Method.)

Rodman has recommended excising the pyloric end of the stomach, in cases

recjuiring gastro-enterostomy, because of the fact that this is the ulcer-bearing

area in the stomach, and also, secondarily, because it is the area most commonly

Fig. 133.—Diagram Showing the Mode of Applying Clamp Forceps to tlie Duodenum and Stomach
in Rodman's Operation for Excision of the Pj-lorus. In excision i^or carcinoma, forceps e, g, anil /

are placed mucli farther to the right.

affected with carcinoma. At the present time this suggestion is usually adopted

only in cases in which there is a bleeding ulcer or an indurated pylorus. In

the latter case it is often almost impossible to determine, either before or during

the operation, whether there is a secondary implantation of carcinoma or whether

the lesion is simply an indurated ulcer. In case of doubt, it is always wise

to remove the pylorus sufficiently far to insure the removal of all invaded tissue

and at least 3 cm. bej^ond this.

This operation is the same, in every detail, as an operation for carcinoma

of the pylorus, with the exception that, when a positive diagnosis of carcinoma
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of th(> jivlonis has liccn m:uU\ the mass of tissue rt'iiioved extends fartluT to the

left.

Techni(|iu> of the Operation.—Tlie peritoneum eoverin"; the upper end of the

duodenum is torn at the point at which the foreej^s (a, Fig. 133) is appUed.

The intestine is then grasped in the ])ite of the forceiis. A second pair of forceps

(6) and a third pair [c) are then appHed in an opposite (Urection. as close to

forceps a as possible. In Fig. 133 these forceps are not placed as near each other

as they should l)e. Forcei)s a is then removcMl. and the intestine is severed

through the middle of the bite of the jaws of this instrument. This leaves a

thin ril)bon-lLkc band of tissue projc^cting from both forceps h and forceps c.

Fio. 134.—Diagram ShowinR the Relations of the Parts after tlio ('om])l(ti<)ii of (lie Rodman
Operation. Tlio ana.stomosi.s lia.s been established between tlic pylorus and tiie jejunum. S, Stomacli;

L, liver; </, gall-bladder; r, r, remains of omentum; d, duodiiiuni
; />, pancreas; /, jejunmn; Co/, colon.

The portion iirojccting fi'om forceps h is tui'iicd to the left and coN'civd with a

gau/.c jiad. A purse-string sutuiv, d, is then appTuMl to the (1uo(1cimiiii below

foiccjts r, and the projecting libbon from the bite of forceps c is grasjXHl by three

or more fine forcei)s (not shown in tiie diagiam). Forceps c is removed and a

catgut ligature is applied to the duodenum in tiie groove left after the removal

of the insti"ument. The piojecling libbon-like tissue, togetliei' with tlie catgut

ligature, is now inverted into the lumen of the diiodeiuim, and the purse-string

suture r{ is tied. .\ few interrupted Lembei't sutures complete tiiis portion of the

OlK'ration. .\ll the intelA'ening \-essels should be tieil before they ai'e sexcred
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and great care should be taken not to injure the portion of the pancreas which

Ues just posterior to this field of operation. All of the vessels in the greater and

lesser omenta of the line represented by the jaws of forceps a are now carefully

caught with hseniostatic forceps and are then cut and ligated. It is well to

Ijegin at the right and proceed toward the left until a point is reached which

is sufficiently distant from the ulcer to insure the removal of all of the diseased

tissues together with an additional zone at least 3 cm. in breadth. Forceps /
is next applied, and, directly to the right and to the left of it, fcjrceps e and g

Fig. 135.—Diagram Showing the Relations of the Part.s when the Ana.stomo.sis, after E.xcision

of the Pylorus, is made between the Lower Part of the Stomach and the Jejuniuii.

are applied. A gauze pad is i)laced behind this end of the stomach and an

incision is made through the groove left after the removal of forceps /. Forceps

e will prevent soiling from the side of the stomach, and forceps g from the side

of the pylorus. The projecting portion of tissue to the right of forceps e is now

quickly sutured with a continuous catgut suture applied closely enough to pre-

vent either leakage or hemorrhage. A ligature is placed around the gastro-

epiploic vessels at i and another around the branch of the coronary artery

at 0. Then forceps e is removed and a row of continuous silk or linen Lembert

sutures completes this portion of the operation. A gastro-enterostomy, cstablish-

VOL. VII.—24
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ing a coninuinicatioii bctwciMi tho reiiuiinino; portion of the stomach and the

jcjumini. conipleti's the ojjeration. This may l)e made anteriorly, as is done in

the oiHTation ilhistrated in Fig. 12S. in which case the completed oiK-ration

will result in the condition shown in Fig. 134. If the ulcer has been adherent

to the pancreas, which occurs most commonly at the point p (Fig. 136), then

ilrainagc is always indicated. Otherwise, the omentum is carried up into the

space left after the removal of the i)ylorus, and the abdominal wound is closed.

Pyl<)r()i)lasty.

In cases of i)yloric obstruction, due to cicatricial contraction following

pyloric ulcer, the operation of pyloroplasty was introduced by Heinecke and

Mikulicz twenty years ago. The operation consists in a longitudinal division of

Fjg. 13(i.—Diagram SliowiiiR the Relations of the Parts after Excision of the Pyloric End of the
Stomach, with Posterior (iastro-enterostoniy. o b Sliows the location of the opening in tlie remain-
ing i)art of the stomach; Col, tiie transverse colon; p, the pancreas; d. the duotlenum; g, the gall-

hla.l.lcr.

the ])ylorus, the upper end of the duodenuni, and the jtyloric end of the stomach,

as shown in Fig. l."57. .V suture is then ap])lied at each of tiie jioints (/ and It.

By making tension upon these sutures, the wound is opened transversely, in

which position it is sutured either with the Coimell suture or with one row of

deep sutures including all of the layei-s. and a second row of superficial Lembert

sutures. The condition which is left after the.^^e i)roce(lures ha\'e been carried

out is shown diagrammatically in Fig. 13S.

Theoretically, this opeiation should relieve pyloric ol)struction; but the

results which have thus far been obtained l)y mo.st surgeons have been very
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iinsatisfacton\ Out of a considerable number of cases which have been operated

upon according to this method by the author, only a small proportion have

been permanently relieved. Theoretically it seems as if, after this operation,

the duodenum should maintain its relative position in the passage of food

through the alimentary canal, whereas in gastro-enterostomy the duodenal

portion of the small intestine simply serves as a duct for carrjdng the bile and

pancreatic fluid into the jejunum. As a matter of fact, however, the second

function—that of serving as a cavity in which the food and the pancreatic fluid

become thoroughly mixed—is disturbed by the operation of pyloroplasty which

destroys the pyloric sphincter. In the absence of the latter muscle the food in

the duodenum cannot be definitely separated from the food in the stomach, for

the purpose of thorough mixing.

This operation may be followed by the production of a considerable amount

of connective tissue, both in the line of the suture and in the adhesions which

Fig. 137.—Diagram Showing tlie Heinecke-Mikulicz Metliod of Pyloroplasty, with a Longitudinal

Incision (cd) through the constricted pylorus. The sutures a and b are in place.

have formed between the organ and the surrounding tissues at the seat of

operation. The induration resulting from this condition may produce a sec-

ondary obstruction, and this, in all probability, accounts for the unsatisfactory

results which have followed the operation. It seems that fairly good results

occur only in cases in which the pyloric obstruction is due to a veiy narrow con-

striction without the presence of any great amount of connective tissue. In

cases of this nature the best results are obtained by using the method of pyloro-

plasty introduced by Finney, a method which has now supplanted all other

plastic operations upon the pyloms for the relief of constriction. In a few

instances modifications have been suggested, but none of these seems to be of

sufficient importance to merit a separate description.
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OiK-ration <»(" Pyloroplasty Introduced l)y Finney.

The stei)s of this operation may In- hriefly descrihed as follows:—Divide

the adliesions hindin^:; the i)ylorus to the nei<i,hh()rin^^ structures; also free, as

thoroufihly as jJOssihU'. tlie pyloric entl of tiu' stomach and the first ]X)rtion of

the duodenum. Upon the thorou.uhness with which the i)ylorus, the lower

end of the stomach, and the upjier end of the duodenum are freed, depends, in

a lariie measure, the success of the operation and the ease and rapidity with

which it may he performed. This should he etnphasized as one of the most im-

portant points in the operation. Fre.uiently. at first si^ht, \hv pyloru.s seem??

hopelessly bound down; but, after a little patient toil and judicious u;<e of the

scali)el and blunt dissector, it is often found possible to free it with comj)arative

ease. A suture, to be used as a retractor, is taken in the ui)p{>r wall of the

Fig. 138.—Diagram Showing tlic Sutures n and h in a Condition of Ti-nsiou, as a re.sult of which

the wound i.s so placed that it maybe sutured transver-ely to the long axis of tlie lumen of the pylorus,

by which procedure some aid m overcoming the constriction of the channel may be secured.

pylorus, which is then reti-acted upwai'd. Two other sutui'es are next inserted

—one into the anterior wall of the stomach, and the other into the anterioi' wall

of the duodenum, at e(|uidistant i)oints—say, 12 cm.—from the first suture

in the ])ylorus. These two sutures mark the lower ends of the gastric and duo-

denal incisions, respectively. They should be placed as low as possible in ortler

that the new j)yl()rus may be amjjly large. Traction is then made upward on

the pyloric sutui'e. and downward (in the same plane) on the gastric and duo-

denal sutures. This keeps the stomach and duodenal walls taut, and allows

the i)lacing of the sutures with greatei- facility than if the walls remained lax.

(Fig. 13'.).) The peritoneal surfaces of the duodenum and stomach, along its

greater curvature, are then sutured together as far posteriorly as possible. (See

Fiu- I MM In the case of this row the continuous suture is more easil\- and
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quickly applied, and it can be re-enforced after the stomach and duodenum have

been incised. After the posterior line of sutures has been ]jlaced, an anterior

row of mattress sutures is introduced. These sutures are not tied Jjut left

long, in the manner indicated in Fig. 14U After they have been placed, they are

retracted vertically in either direction from the middle of the portion included

in the row of sutures. (Fig. 142.) After all the stitches have been placed and

retracted, the incision is made in the shape of a horseshoe. The sutures should

be placed far enough apart to give ample room for the incision. The gastric

arm of the incision is made through the stomach wall just inside the lowe.-^t

point of the line of sutures, and is carried up to and through the i)yloi'us, around

into the duodenum, and down to the corresponding point on the duodenal side.

Hemorrhage is then stopjx'd. It is well to excise as much as possible of the scar

Fig. 139.—Finney's Pyloroplasty. I'he diagram shows the guide sutures at the pylorus (a), at a

point lower down on the stomach (c), and on the duodenum (6) ; d represents the duodenum.

tissue upon either side of the incision in order to limit, as far as possiljle, the

subsequent contraction of the cicatrix. A continuous catgut suture is next

taken through all the coats of the intestine on the posterior side of the incision.

(Fig. 142.) This re-enforces the posterior hne of sutures, secures better approx-

imation of the cut edges of the mucous membrane, and prevents the reunion of

the divided intestinal walls. The anterior sutures are then straightened out and

tied, and the operation is complete, unless one wishes to re-enforce the mattress

sutures with a few Lembert sutures. (Fig. 144.) This procedure, as is readily

seen, gives the minimum of exposure of infectetl surface. All the stitches are

placed, and the ])osterior i-ow tied, before the bowel is opened. The latter is

allowed to remain open just long enough to control the hemorrhage. The size

of the newly formed pyloric opening is limited, in this operation, only by the



374 AMERICAX PUACTICK OF SURCEHY

niol)ilityof the stomach and duodoniim, and by the judgment of the operator.

The length of the incision made is about 12 nn. Tnless the stomach is very

nmch dilated oi' has descended to an unusual extent, the lower limit of the

new outlet is at or near the level of the most deiHMulent portion of the organ.

The procedure described above was carried out with fjreat satisfaction l)y

the author in a number of cases, and he recommends it in all cases in which

the walls of the pylorus are not much thickened and in which not much sear

tissue is present. It is well to trim off. with scissors, redundant edges of mucous

Fia. 140.— Finney's Pyloropla-sty; Second Stage of tlie Ojieration. The diagram shows tlie pos-
terior row of sutures in place; they constitute a continuous Lenibert suture.

membrane, in order to prevent the formation of a valve-like fold of mucous
membrane at the new pylorus.

When the .stomach is much (lilate(l, there is no conti-a-indication, in this

operation, to the performance, at the same time, of gastroju-xy or gastroplica-

tion. if one considers either of these proceduics indicated.

An Original but now Discaided Method of Pylorectomy,

At tiiis point may be discu.ssed an original method of pyloreetomy, with

attachment of the duodemun to the stomach. (Fig. 14.').) The portion of the

stomach included between the dottecl veitical lines a and h re|)res(<nts the

j)ylorus containing either an ul<'er or a cicatricial constriction. The difference

between the diametei- of the lumen of the duodenal stump ami that of the

stomach, is re])resented by the difh'rence in the length of the lines a and h.

In oi-flei' to reduce the size of the luineii at h to such a degree as to make it
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approximately equal to the lumen of the diiodeniini at o, the end of the stomach

is folded in, as indicated by the line c, or as indicated by the line d; or it may
be folded in, both along the lesser and along the greater curvature, to half the

amount indicated by c and d.

In addition to the difficulty just mentioned there are still other grave ob-

jections to this operation, and it has consequently been abandoned by nearly

all surgeons of much experience. The operation of closing the end of the stomach

and making a gastro-enterostomy at its lowest point has been generally adopted

in its place. The chief objection to this operation comes from the fact that there

is frequently a point of leakage at the spot where the two rows of sutures (c and

Fig. 141.—Finney's Pyloropla.sty ; Third Stage of the Operation. The diagram shows the inter-

rupted mattress sutures in place, but not tied.

d, Fig. 145) meet. This is ex})laini'd, first, by the frequent presence of tension,

and, second, by the fact that, in the posterior suture line, the surfaces united

are not covered throughout with peritoneum. The method is mentioned here

simply because it was at one time a recognized procedure. It is now, how-

ever, almost completely discarded.

Gastro-duodenostomy.

Gastro-duodenostomy has a numlx'r of theoretical advantages which cor-

respond to those mentioned in connection with pyloroplasty. Between the duo-

denum and the pyloric end of the stomach it is practicable to establish a com-

munication sufficiently large to satisfy the \A'ishes of the operator. A portion

of the pyloric end of the stomach is grasped with clamps, and a corresponding

portion as regards size is grasped, in a longitudinal direction, upon the anterior
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surface of the (luodciumi. In each of these there is then made an oi)enin<,f

(fl 'And />. Fig. 14()). Tlie ('dgcs of tlie wounds thus niach' are then united in sucli

a manner tliat a channel of comnuuiication is estahhshed between the two

organs. This may l)e accompli.shed by means of the Connell suture or by a

row of Lembert sutui'es re-enforced by a row of deej) sutures, the deep sutures

exteiKhiiii; along the edge of the incision and gi'asping ah of the layers. They

are placed sutticieiitly close to each other to prevent hemorrhage. The Lembert

sutures are ])laced around the outsiile of this row. In case the gastric ulcer is

located on the anterior surface of the ])ylonc end of tlu^ stomach, this method

Vir,. 142. 1 imi<\'> l'\ liir(i|il;i.--t\- . 1 oiiitli Sialic of the Operation. Tlie diagram sliow.'? the in-

terrupted iiialtress .•<iilures lield aside by means of tenaciila r and /. It also sliows a liorseslioe-sliapcd

ineision tliroiifili tlie pylorus. 'J'liis ineision lays ojien tlio lower end of the stomach and the upper
end of tlie duodenum.

cannot be employed, fill' the IViable condition of the tissues would probably

result in leakage. The objections that were mentioned in connection with

j)yloro|ilasty and with I'^imiey's oi)eration, are also true concerning this oi)eration.

W ilia Ill's Ciastro-Duodenostomy.

This operation consists in establishing an anastomosis between the duodenum

and the i)yl()ric end of the greater curvature of the stomach, as show n in I'ig. 147.

Theo|-et icallw the (ipeiatioli does not seem unreasonable, bul it is o|)eii to sel'ious

objections. In this o|)ei"ation the portion of the duodenum im'olved is near the

|toint of enti'ance of the common duct ; observat ions u| ion the cadaver have shown

that, in a considerable piopoi'tion of cases, the duct of Saiitoiini and the duct

of W'irsun^ entei" the dnodeinMn at a considei'able distance from the enti'ance of
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the common duct, and they are often so small that it is difficult to recognize them

during this operation. Consecjuently they might easily be injured.

Kuemniel's Gastro-Duodenostomy.

This operation consists in severing the duodenum beyond the contraction,

closing its proximal end, and implanting its distal end into the pyloric end of

the greater curvature of the stomach, as shown diagrammatically in Fig.

148. The same objections which have been mentioned in connection with

pyloroplasty, as well as with AMllard's gastro-duodenostomy, would apply to

this operation.

Before we leave the discussion of this form of treatment of pyloric obstruction,

Fig. 143.—Finney's P^yloroplasty ; Fifth Stage of the Operation. Tlie diagram shows the pos-

terior row of continuous tlirough-and-through catgut suture^ in place.

due directly or secondarily to the presence of gastric ulcer, it may be well to

state that gastro-enterostomy in itself is usually sufficient to relieve chronic or

recurrent ulcer of the pyloric end of the stomach ; and, in case of bleeding ulcer

of the stomach, this treatment in itself is usually sufficient to relieve the patient

permanently, provided the gastro-enterostomy opening is made at the lowest

point of the stomach and is sufficiently large.

The greatly reduced condition of patients suffering from tins condition

occasionally, though rarely, makes it seem proper to add to the gastro-enteros-

tomy a gastrostomy, as illustrated in Fig. 149, so that it may be possible to intro-

duce food into the intestines in these cases without the danger of irritating the

ulcer. A method of introducing licjuids into the duodenum through a cholecys-
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tostoiny opcninji; by iHTiiiittin^ the liuid to flow through a drainage tube sutured

into the cholecystostomy ojXMiing by the (h'oj) method lias been recommended

and practised by Dr. L. L. >k'.\rthur. This will be nuieh more simple than a

gastrostomy, and. if asejjtic liijuid nourishment only is employed, the method

seems to have great merit. It is important to arrange the apparatus in such a

manner that the flow takes ])lace very slowly.

The same result can be a('('omi)lished by passing a small, soft, pure rubber

tube, not more than 1 cm. in diameter, through the nose into the stomach, and

through the stomach into the jejunum, precisely in the same manner as illustrated

in Fig. 149. Peptonized food can then be slowly injected through this tube,

which will deliver it into the jejunum without touching the stomach.

Still another method may be followed. The tube ma}' be passed through

l"u;. 144.— Finney's Pyloropla.sty ('oinpl<'t<-<l. The diaf^raiii shows the coiitiiiuovis Lembert suture

in front. This suture has been addetl for purposes of re-en foreeinent.

the oesophagus and through the stomach into the jcjununi, the upper extremity

of the tube reaching a i)oint just behind the incisor teeth. A silkworm-gut

suture is passed through the u|)i)er end of the tube out through the mouth and

fa.<tened to jirevent tlie tube from being swallowed. Patients become accustomed

very (juickly to the thread |)i-ojccting from the mouth and it does not annoy

them. The food may be intioduced into the u|)per end of this tube through a

gla.<s tube attached to the end of a funnel by means of a piece of rubber tubing.

If the mode of feeding selected is that l)y means of the tulie introduced as shown

in Fig. 149. gastrostomy must lie made in such a manner that the opening in

the stomach will clo.^^e spdntaneoiisjy when the feeding tube is withdrawn.

A gastrostomy operation is made |)recisely as it would be without this

additional pioxision. .\ fold of the .'interior wall of the cardiac end of the
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stomach is picked up and three successive purse-string sutures are placed as

shovn in Fig. 150. A small puncture is then made in the middle of these circles,

and the rublxT drainage tube is passed into the stomach through this opening.

Then the three purse-string sutures are successively tied, causing an infolding of

the stomach wall, which is then attached with a few fine silk sutures at the point

at which the I'ubhcr tube passes through the abdoininal wall. The lower end of

the rubber drainage tube is carried through the gastro-enterostomy opening into

the jejunum for a distance of 30 cm., in order to prevent its retraction into the

stomach. (Fig. 149.) It is doubtful whether this operation is really of much
value in practice, because one can usually support these patients, after the

operation, by the use of rectal feeding and by normal salt transfusions, and on

the second day concentrated predigested liciuid food of a non-irritating quality

Fig. 14.5.—Diagram Illustrating an Original Method of Pylorectomy. with the Formation of a
New Pyloric End of the Stomacli by Reducing the Large Open End of the Stumj) by Means of a Plas-

tic Operation. In the latter operation the narrowing is effected by remo^-ing. by means of incisions

carried along the dotted hnes wliich converge toward b, all that portion of the organ which (in the

diagram) lies to the left of these lines.

may be given by way of the mouth. In case this gives rise to nausea gastric

lavage may be employed. This should be done immediately if the patient

suffere even to a slight extent from nausea or vomiting. It is a most useful and

quite harmless procedure.

It has been the author's experience that in gastro-enterostomy, as perforaied

by the Mo\mihan-Mayo method, nourisliinent may be gi\'en by way of the mouth,

with safety and comfort to the patient, on the second or third day. AMth this

operation, then, it would not be necessary to add gastrostomy.

Hour-Glass Stomach.—Tnc hour-glass stomach is in rare cases a congenital

defonnity, but. in the vast majority of all cases in which it is found, there is a

history of preceding gastric ulcer.

Moynihan* states that, in every one of his twenty-two cases of hour-gla^s

* Medico-Chirursic'il Transactions, vol. 89.
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stomach, thrrc luul been {jrcvious symptoms })ointiii^ to chronic gastric ulcer.

In four cases tho history strono;l\ poinlccl to former subacute perforation. Tliis

observation, that the symptoms ])oint to the presence of a cln'onic gastric ulcer,

corresjjonds to the author's exiH>rience.

Tile diagnosis of liour-glass stomach is usually made at the time of o])eratioii.

or during the ])rogress of the examination of a case in which the diagnosis of

gastric ulcer lias l)eeii made. The following is a most striking symptom:— If

the stomach is tilled with water and washed thoroughly by means of siphon-

retilling until the water which I'etunis is perfectly clean, the stomach will still

haA'(> a feeling of fulness, and in a few moments it \\ill be found that a ([uantit}^

of ofTensive fluid can again be sij)honed out, although no further fluid has been

introtluced into the stomach. In some cases the passage of fluid from the cavity

Fig. 14G.—Gastro-duodeno.stoiny. Tlie diagram shows the incision in the .stomacli at a and tliat

in the duodenum at h.

to the left into the cavity to the right can be heard |)lainly with the stetht)scope.

In other cases, after thoroughly emptying the stomach by means of gastric lavage,

and while distending this cavity with gas, one can outline the h(>ui--glass shape

l)y ju'rcussioii.

In advanced cases the patient has all the symptoms of gastiic ulcer, that of

emaciation being especially marked.

O/x'nilirc Trcdl incut.

The object of the opei'ation is to establish as nearly as ])ossible noi'iiial

conditions of di'ainage for the stomach cavity. If the two portions of the hour-

glass stomach are ajjproximately e<|ual in size, this can best be acconii)lishe(l by

uniting the two halves of the stomach aflei' removing the intermediate nai'row

portion. If the jailer contains enough tissue to \\aiT;in! the sui'geoii in iii'eser\'-

ing a |)art of it, the operation is imich moi'e easily and satisfactorily |)erforined,

because it is then necessary to remove only a \'-sha|)e(l jjortion, as indicated at

r in I'ig. b")l

.
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After the abdomen has been opened, but before the excision is made, it is

well to introduce a stomach tube into the cavity a (Fig. 151). The latter should

be thoroughly irrigated, and then the end of the tube should be manipulated

until it projects into cavity h. Then this cavity also should be thoroughly

irrigated, care being taken to siphon out all of the fluid before the tube is wWh-

drawn into cavity a. The communicating portion of the hour-glass is then

compressed in order to prevent any fiuther leakage into cavity h. Then cavity

a is once more carefully irrigated, care being taken to siphon out all of the fluid

before the stomach tube is withdrawn. The tissues of the stomach are then

grasped in clamps along the line i c i' , the projecting portion is cut away, and the

Fig. 147.—Willard's Gastro-duodenostomv.

cut edges of the stomach wall are united throughout by means of the continu-

ous suture, preferably of chromicized catgut. As soon as the first row of sutures

has been applied, the clamps are removed and this row of sutures is covered by

the application of a row of Lembert sutures. If the comnumicatmg portion

of the hour-glass is composed almost completely of connective tissue, it is

better to aj^ply the clamj^s along the lines a and h (Fig. 1.51), and then to com-

plete the operation ac before. The operation may also be performed by the use

of the Connell suture, instead of the continuous suture.

If the greater portion of the stomach is represented by the cavity a, and but

a very small remnant is rej^resented by cavity h, then it is better to perform a

posterior gastro-jejunostomy by one of the various methods which have already

been described, because an excision of the constriction, in this case, will be

likely to result in a pyloric obstruction, and consequently a gastro-enterostomy
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will liavc to be porfornied. at some later (Jute, for this condition, and the patient

will gain nothing from the more serious operation upon the stomach.

An operation—known as gastro-gastrostomy—for the ])roduction of a com-

muiiication lu'tween the two segments of an hour-glass stomach, has been recom-

mended and practised in some cases. This operation consists in making an

incision upon the anterior sui'face of both lobes of the hour-glass stomach (at a

and ?>. in Fig. l.")2), and uniting these two openings, thus doubling up the stomach

from side to side and securing between the two cavities a sufficiently free com-

numication to permit jiroper drainage. The suturing may be done as in the

operation just described, with or without the application of clamps to prevent

leakage (Fig. l.")o.) The r(\<ulting conditions, after this o]oeration, do not

Fig. 148.— Kuciniiic'l's Ciastro-duodi-iiustoiny. In the diagram the duodenum is reiire.sented as

having been severetl and permanently closed by inversion and stitiiring toj^ether of the cut edges at d.

Tlie pylorus (p) is Ifft imdisturbed, because this usually contains much cicatricial tissue. The distal

end of the severed duoili-num {d') is sutured into the stomach at a by means of Coimell sutures, by
Moynihan's damp-and-suture method, or by .Murphy's button.

compare favorably, from an anatomical standi^oint, with those which remain

after the ofx-ration illustrated in Fig. 1")1, but the operation in itself is much

easier to pei-fonii, and the immediate danger fi-oiu the operation is less. In

either operation it is im])ortant not to injure the coronary artery, either by

suturing or by a])j)lyiiig clamps, bccau.se an injury to this vessel is likely to

result in gangrene of that portion of the stomach which is sui)plied by this vessel.

In case the constriction, in an hour-glass stomach, is near the pyloric end of the

stonuich and is complicated by an oju-n ulcer, it is well to resort to a ])artial

gastrectomy, removing the portion between the lines « and h (Fig. 145), then jk'!-

fonning a gastro-jejunostomy, ami making the anastomosis between the lowest
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portion of the cavity a and the first portion of the jejunum. This will result in

a condition corresponding exactly with the condition following a pylorectoniy

for the relief of any other pathological condition.

Obstruction of the Pylorus Due to Inflammatory Adhesions.—The con-

ditions which have just been described are frequently associated with infiani-

matory adhesions. The longer the gastric ulcer exists and the nearer it

approaches perforation, the more extensive will be the adhesions which are

found at the time of the operation. The cause for adhesions in this vicinity,

however, does not always come from the extension of an infection from the

Fig. 149.—Diagram Showing Gastrostomy in Connection with Gastro-enterostomy. p, P>loius;

d, duodenum; /, jejunum; a, feeding tube; e, abdominal fistula. The circular suture which folds in

the stomach wall around the feeding tube and thus prevents leakage, will, of course, be attached to

the parietal peritoneum, the abdominal wall (e) being drawn here, in the diagram, at a distance to

make it po.ssible to show this suture.

cavity of the stomach, but quite as frequently from an infection in the gall-

bladder and biliary ducts, or from an infection coming from a duodenal ulcer

or from the pancreas, although the latter organ is more commonly affected

secondarily from an ulcer of the stomach.

Aside from adhesions due to these sources of infection, one occasionally

encounters adhesions which are quite as troublesome clinically. These adhesions

are caused by a more or less extensive peritonitis due to an acute appendicitis

or to an infection of the Fallopian tubes. The omentum, in these cases, becomes

adherent to any of the organs with which it may come in contact, and when these

adhesions become firm there is created a severe tension upon the upper attach-
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::iciit of the tircatiT omciituin. a tension which intcrfcR's ^ivat'ly with thr

niohility of tlir stomach, aiul which may in some cases cause a serious obstruction

to the pylorus. This ('(MKhtion may I'esuU secomhirily in an ulcer of the stomacli

with its innnethate or hite resuhs. or it may remain stationary and interfere witii

thi' |)hysiolo,uical functions of the stomach, thus liivin*;- rise to (hstress which will

vary with tiie desiree of the distortion caused hy thes(> adhesions.

Treniment.—The treatment consists iri relieving this tension at every point

and ])reventin«; its recurrence by covering tiie abraded peritoneal surfaces with

jjortions of the suri'ounding loose jjeritoneum.

In most of thes(> cases the condition as it existed before the ])atient was

subjected to surgical treatment may still continue to exist after this treatment.

Although the treatment just suggested will remove the cause of the troul)le.

I-"i<;. 1.50.— DiaBraiii UlustratiiiK tlio U.sc of Circular Purse-string Sutures at the Loratioii of tlie

Ga.strostoin\' ()|)('ninf; in the Stomacli.

there will still remain the .secondary conditions which have n^sultcvl from the

cxistenci' of the.se adhesions. Many of these conditions may be relieved at a

later date by careful dietetic and hygienic measuivs. If, however, the adhesions

ai-e in the vicinity of the gall-bladder, between the gall-bladdei-. the duodeiuim.

the liver, the splenic liexui-e of the colon, and the pylorus, -then it is not i)os-

sible to relieve the condition by the method described above, and it will be

necessary to resort to ga>l ro-cnteidstomy in oi'dci' to obtain pernuuK'Ht relief

from pyloi'ic obst I'uct ion.

(last I'oi'rhaphy.

( )ne of the se(|uela' of pyloric obst ruction is iilcci- of the stomach accom|)anied

with a deformity such as is indicated in Fig. 1,")4. This condition may also be

associated with gastroptosis. In these cases the greatei- curvature of the

stomach is alwax's much lower than iiorm.al. and in maii\- instances the le.sser
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curvature is also far below its normal level. There is usually, at the right

extremity of the greater curvature, a pouch-like deformity which interferes

seriously with the passage of food from the stomach into the duodenum. In

order to reduce the size of a stomach which has this fomi, the anterior stomach

wall may be doubled upon itself along the broken line c, Fig. 154. A continuous

suture is applied in such a manner as to unite the dotted lines b and b', and it

is made to include all the layers down to, but not through, the mucous membrane.

The second row of sutures is apjilied in such a manner as to unite the lines a and

a', Fig. 154. This elevates the original greater curvature very nearly to the level

of the lesser curvature, and a new greater curvature of the stomach is thus

formed from the posterior wall of the stomach. The level of this new greater

Fig. 151.—Diagrammatic Representation of an Hour-glass Stomacli. a, Cardiac end; b, pyloric

end; c, point of greatest narrowing; i c i' , line of excision of cicatricial contraction; i e and i' e', lines

for applying constriction forceps and also lines of incision in cases of resection of the stomach.

curvature will be situated about half-w^ay between the levels of the original

greater and lesser curvatures, approximately corresponding to the line c, Fig. 154.

Theoretically, this oj^eration seems to promise benefit to the patient. However,

the results actually obtained have been disappointing and the same unfavorable

results have followed the practice of other similar operations intended for the

relief of this same condition.

After-treatment of Gastrorrhaphy and Gastro-enterostomy.

As the after-treatment is the same for both of these operations it seems

proper to speak of it at this time.

The patient should l)e jjlaced in a nearly upright sitting posture as soon as

possible after he recovers from the anaesthetic, and until that time it is well to

have the head of the bed elevated to the extent of about twelve inches. This

position seems to favor the drainage, into the intestine, of any mucus which may

accumulate in the stomach after the operation. It also favors the expulsion of

VOL. VII.—25
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i^as through the a\soj)hag'iis. Occasionally the patient siitTcis from acute gastric

dilatation after an opiTation ui)on the stomach. I)ut more especially after the

oju'ratioii which has ju.st been descrihetl. This condition is characterized hy a

feeling of fiilnes-s and is a.ssociatetl with a sialden dilatation of the abdomen,

which is not easily recognized when the abdomen is covered by a dressing. The

heart is displaced upwai'd. the bi-eattiing becomes labored, the heart lu-ats \-erv

raj)itlly. and the jyatient gives the imi)ression of having l)ecome suddenly very

ill. This condition may occur at any time, without any especial warning. In

the author's expei'ience se\-eral patients ha\(' died in this condition before it was

di.scovered that an acute dilatation of the stomach is not a raic post-oi)erative

condition following stomach and gall-bladd(>r operations. The condition can

easily be relieved by passing a stomach tube. Great fjuantities of gas will

escape, thi' i)ul.se-bea( and the breathing will become noinial, and the i)atient's

Fig. 1.52.—Diagram Sliowing Lines of Incision, r ( ami e' i' , into tiic'l\vo Halves of an ITour-jrlass

Stomac-li, wlicn a CJastro-gastrostomy is Performed.

i-ecovery will again i)roceed in a normal mannei'. it is well to instruct the

I'esident i)hysician and the surgical inirse under whose care these patients are

placed, to inti'odiice the stomach tube e\-en on the slightest suspicion of an

accumulation of gas in the stomach, Ijecau.se if the stomach has once been

greatly distended it is not likely to Ik relie\-e(l so easily and in so ju'ruianent

a manner as when the tube is inti"0(luced at the \'erv begimiing of the

distention.

Feeding.— If the i)atient's condition is not too greatly reduced it will be be.st.

for .several days or until the |)atient becomes hungry, to restrict the feeding

exclusively to nourishing enemala; ami yet there ai'e not a few surgeons who

begin to give concentrated li(|uid nourishment on the second day after (he opera-

tion, and with aj)|)arently satisfactory results. In the case of anaemic i»atients

the author has given this form of nourishment by way of the mouth, and at the

same lime he has adtninistered concentrated |)icdigeste(l food in iioi-mal salt
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solution by way of the rectum, at intervals of three hours on the second day after

the operation. If the patient is troubled with nausea or with i)ain, gastric lavage

should at once be enii)loyed. but it is important to remember not to put more
than half a pint of water in the stomach at one time, for fear of subjecting the

sutures to too great tension. The fluid should be at a temperature of 105°

Fahrenheit. This procedure may be repeated as often as the disturbance occurs.

Milk is usually not borne nearh^ so well as broth, gruel, or buttermilk, or the

various connnercial concentrated liquid foods.

The after-treatment should be carefully continued for months after the

patient leaves the hospital, in order that all of the mechanical and chemical

Fig. 153.—Hour-glass Stomach. The diagram .shows how, in the operation of gastro-gastrostoniy,

the folds of the two halves of the stomach are held by clamps e and / while the openings a h and a' h'

are being united. The posterior Lembert suture c has been completed.

functions of the stomach may return to as nearly a normal condition as is possible

with the changed anatomical conditions due to the operation itself. The treat-

ment, however, should be almost entirely dietetic and hygienic.

Patients whose condition necessitates an operation upon the stomach are

usually not at all sensible as regards their diet—partly from the fact that the

pathological condition present in the stomach has prevented them from eating

with comfort the foods that are ordinarily wholesome and easily digested, and

partly from the fact that they have never learned to eat properly. This latter

fact has frecjuently much to do with bringing about their stomach disease.

The drainage, when unobstructed, prevents hyperacidity of the stomach

—

one of the chief difficulties existing before the operation, and one which interferes
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^n-catly with the proixr di.iicstiDii of food. The food to he uivcii to th(>s(' patients

during convalescence should c(tiisist of soft diii'estihle meats like scraped raw-

meat that has been heated sufficiently to make it palatable, sterile boiled rice,

tapioca. sa,iro. and l)read that has been carefully toasted and then soaked in milk

or in cream which has lu'cn diluted with hot water. Later on, tender roast beef

or bi-oiled steak, broiled hsh, and vegetable purees made of poas, beans, carrots,

asparajius tijis, and cauliflower may be i^iven. l']fi;gs. either soft-boiknl or scram-

bled, or in the foi-in of an omelet, ar(> also )M'rmissible. It is imj)ortant to ])revont

the use of foods whicli will cause a luechaiiical iri'itation such, foi' example, as

ve*ietal)les containing- husks, berries with seeds or skins, etc. \'ery hot or very

cold drinks should be avoided; .so also should spices, pickles, alcoholic beverages,

and coffee. Milk or cream diluted with hot water makes an ideal drink for these

Fir,. ].'>4.—Diagram Uliist rat inf: tlir Marnier nf PcrfdriniiiK a (iasi rurrlia|)li>- fur the Cure of a

Dilated Stomach A.-<s()<'iati'(l with ( Jastroptosis, t)ut without I'Nlorir ( )h-<tructioii. Tlic hues a ami

a' and b and h' arc to be united.

patients, and in time they come to prefei- it to tea or coffee. Hot breads, ])an

cakes, and ])ies should be permanently prohibited.

In feedin<i these patients one should be xrvy cai'eful not to make the inter\-als

Ix'tween meals too short. I'nless thoroughl}' j)redigested foods are given, the

times when noui'ishnu'nt is administered should be at least three hours ajtart.

Later on. when convalescence has l)een established, the ])ei-io(ls should be ex-

tended to from four to six houi's. If this pivcautioii is not taken, the stomach

—

by i-eason of its inability to empty itself between meals—will be subjected to the

same condition which existed when it contained residual substances,—a condilion

whicli, before the opei'ation, wa-^ due to the existence of jiyloi-ic obst I'Uclion ol"

to a pouching of the gi'eater cui-\-ature of the stomach. Clinical expei'ieiice has

shown that, unless the iuiporlaiice of ;dl of these ])recautions is thoroughly

impressed uj)on the |)atient during the eaily pai'l of his con\alescence, he will

.-ui'el\- commit errors in this direction which will produce unsatisf;ictoi-y I'esults
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following the oix'ration. This dietetic and hygienic treatment should ])e directed

and controlled l)y the physician for a nunil)er of years after the operation.

In a few cases these patients suffer from constipation after the operation.

This is most readily relieved by giving two teaspoonfuls of Carlsbad salts in a

large glass of warm water half an hour before breakfast. Many of these patients

thrive if they are given, each day, a single meal composed of from a pint to a

quart of good milk or buttermilk. This will allow regular rest for the stomach

and at the same time it will supply the patient with an aljundance of food.

Occasionally milk or buttermilk, if given pure, \\i\\ not agree with the i^atient,

while, if diluted \Aith about ten per cent of lime water, it is borne very well.

Much discredit has fallen, especially upon the operations for gastrorrhaphy

and gastro-enterostomy, because this precaution of continuing careful hygienic

and dietetic treatment for a long period of time has been neglected ; the patients

upon whom one or other of these operations had l:)een |)erformed falling again

into the hands of stomach specialists ^^'hom they had abandoned before the

operation.

At this point it may be well to direct attention to the fact that no benefit can

come from gastrorrhaphy in patients whose digestive disturbances are due to a

general neurotic condition. Of late, many of these neurotic patients have had

their attention directetl to their gastric disturbances, and, as a result, their

gastric disturbances have become more pronounced. It seems, therefore, as if,

in many of these cases, the neurotic condition were secondary to the malnutrition

resulting from gastric disturbance.

It is plain that a general neurotic condition would not preclude the co-

existence of gastric ulcer, of pyloric obstruction, or of a dilated stomach, but the

relieving of any one of these conditions would not cure the neurosis. It is

consequently wise to refer these cases for treatment to the neurologist, who,

while he may fail, with the measures at his command, to afford the desired relief,

will at least not add a mechanical and anatomical blemish as serious as that of a

gastro-enterostomy.

Gastroptosis.—There are few patients in whom gastroptosis exists in an

uncomplicated form. Originally it is accompanied by a more or less general

enteroptosis—a condition in which all of the intra-abdominal organs fail to

retain their proper vertical positions. Thus, for example, when the patient

is in a standing position, the edge of the liver is l)elow the normal line: the

kidneys, especially the right one, are lower than normal ; the transverse colon,

the caecum, and the small intestines are all just above the brim of the peKis;

there is frequently at the same time a diastasis of the recti muscles of the abdo-

men. Several years ago many of these patients were subjected to gastro-enter-

ostomy, in the hope that they might be relieved of their digestive disturbances

by establishing gastric drainage ; but the results were most unsatisfactory.

A number of operations have been devised for suspending the stomach at

the proper level, but non(^ of these methods, with the possible exception of the

one devised by Beyea, has given satisfactory results. Thi.s method is described

by the author as follows :

—
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Operatinn hu Be]/ca. —"Thv ]M\Uent. after licinji iiroiiarod for the operation

of Cd'liotoniy and ana'^^thetized. is placed upon the operatin^^ table in a position

opposite to that employed for oju'rations throujih the lower i)ortion of the

abdonK>n. The object of this position is to i)erniit the elevation of the chest and

upper portion of the abdomen, to allow gravitation of the intestines and stomach

out of the field of operation, and in order to gain every advantage of the Trende-

lenburg position. The skin of the abdomen is then scrubbed with ether, alcohol,

and a mercuric chloride solution, and the field of operation is surrounded by

steriUzed towi'ls. An incision is made through the linea alba, midway between

the xiphoid cartilage and the umbilicus. The tissues are separated in the usual

l-'in. 1.5.5.— Diaj^rain UliistratiiiK Hi-vca's ( )|)cratioii for Relief of (lastropto.sis. I, Gastrophrenic

ligament; 1, 2, 3, sutures used for shorteiiiiifi tliis linament and tiius elevating the stomach.

manner and the jx-iitoiieal cuNily is opened. exj)osing a small jjortion of tiie

lesser curvature and the cardiac end of the stomach, the gastrohei)atic ligament

or omentum, the ga.stro])hrenic ligament, and the lower j)ortion of the left lobe

of the liver. The table is then elevated to the iii\(il((l Trendelenburg position

and the stomach is displaced still further dowiiwai'd and out of the wound by

means of gauze s|)onges. This ])roce(luce causes the gastrohe])atic and the

ga8tro|)hrenic ligaments to become slightly stretched and separated from the

underlying stmctures, which jici-mits an accurate delermination of the length of

these ligaments and very greatly facilitates the operative manipulations. Thegas-

troi)hrenic ligament is .seen well develoix-d. and evidently forms a strong sui)port to

the cardiacendof thestomach. The joining portion of the gastrohepatic ligament
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is composed of thin, delicate peritoneum, increasing in thickness and strength

toward the right or pyloric end of the stomach. Retractors are introduced and

the liv(>r is held aside by i)lacing a gauze sponge beneath the retractor. Three

rows of interrupted silk sutures are then introduced so as to plicate and thus

shorten the gastrohepatic and gastrophrenic ligaments in the following manner.

The first row, beginning in the gastrophrenic ligament and extending across the

gastrohepatic ligament to a point almost opposite the pyloric orifice and hepatico-

duodenal ligament, is introduced so as to form a plication of the centre of these

ligaments, and includes, from above downward or vertically, about 4 cm. of

tissue. (Row Xo. 1, Figs. 155 and 156.) They are practically mattress sutures,

including sufficient of the delicate tissue (1 cm.) to insure against their tearing

out. Five sutures, about one inch apart, are now introduced from right to left

Fig. 156.—Diagram Illustrating a More Advanced Stage of Beyea's Operation for the Relief of

Gastroptosis. The deepest row of sutures of the gastrophrenic ligament has been completed, as shown

at 1. The second and tliird rows, 2 and 3, are parth^ completed.

and caught in the haemostatic forceps. The next row of sutures (row No. 2),

is introduced in the same manner, but it extends 2.5 cm. above and the same

distance below the first row. Then a third row (row No. 3) is introduced just

above the gastric vessels and a short distance below the diaphragm and liver.

The suturing is strictly confined to the normal ligamentary supports, and the

distance between the rows from left to right is increased with the length of the

ligaments, being greater toward the right. The gauze sponges are now removed,

and the first, the second, and finally the third ro^^ of sutures secured, the stomach,

particulariy the pyloric end, being elevated to a little above the normal position.

The abdominal wound is closed by suturing the peritoneum with catgut, the

fascia with catgut, and the skin with an intracutaneous silk suture; in addition,

three re-enforcing silkworm-gut sutures'are passed through the skin and fascia."
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Beyoa's operation has oiu> clistinct advantage over the others which have been

described: it carries the lesser curvature of the stomach to a relatively high

level as compared to the level of the pyldrus. In pisti-optosis there seems to be

a sagging down of the portion of the stomach which lies between the pyloric

attachment and the (esoj)hageal attachment, both of which |)arts are relatively

fi.xed. The resulting deformity in the stomach makes it veiy difficult for food

to be ex|)elleil through the pylorus because of the distance to which it must be

elevated. Moreover, this deformity increases very appreciably the storage end

of the stomach anil decreases the grinding end to a corresponding degree. Both

of these conditions are of course unfa\'oi-;ible foi- the normal progress of digestion.

and nuist in time result in j)roducing an accunuilation of residual contents in the

dependent pouch formed by the greater curvatuie of the stomach. AVith the

increase in this condition comes a condition of malnutrition, becau.^e the patient

absorbs products of decomposition instead of products of normal digestion.

Careful anil thoroughly applied gastric lavage is of great benefit to these

j)atients. as it removes decomposing stomach contents and leaves the stomach in

as favorable a condition as ))o.ssible for digesting food next ])laced in its cavity.

In case o|)erative treatment is determined upon, gastric lavage should be

carefully employetl for a numl)er of days before the ojx'ration. It is best to

perform the lavage about three hours after meals. Half an hour before meals

give half a teaspoonful of Carlsbad salts in moderately hot water. This will

dissolve the nuicus and leave the stomach in a fairly good condition.

The ojjcration just described for the relief of this condition carries the lesser

curvature of the stomach to a ])oint a little above the normal level, in order to

make uj) for some slight sagging which is certain to occur as a result of the

stretching of the cicatricial tissue caused by the suturing of the gastrophrenic

ligament.

After-treatment.—Directly after the operation gastric lavage should be carried

out at lea.st twice a day during the time the patient is in the hosjiital. Nourish-

ment should be given in the form of enemata until the patient shows marked
symptoms of hunger, when concentrated foods in small quantities should be

given by way of the mouth. If the stomach maintains its characteristic position,

the conditions for normal digestion will of course be greatly improved, and
within a few months th(> patient's nutrition will be markedly benefited. Among
these patients there are many who .suffer from a general neurotic condition, and,

unless this be entirely due to malnutrition resulting from the gastroptosis, the

neurotic condition will not be benefited.

Duodenal Sphincter.— In a considerable number of cases in which it seemed

difficult to make a dilTerential diagnosis between disea.se of the jjylorus, disea.sc

of the duodenum, and disea.se of the gall-bladder and ducts, the author has

foimd an anatomical condition which seems of sufficient imjxjrtance to receive

some especial attention. This condition consists in an increase in the circular

muscle fibres at a i)()int below the entrance of the connnon duct into the duode-

num. These mu.scle fibres may be arranged in one or in two groups. They
may be placed directly below the entrance of the common duct or they may
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be located at any sj3ot below this point in the wall of the duodenum , but usually

they are located from 2 to 5 cm. below this point, as shown in Fig. 157.

The author has not as yet been able to determine the proportion of bodies in

which the circular muscle fibres at this point in the duodenum are sufficiently

numerous to produce a distinct sphincter—a sphincter, however, which is never

so pronounced as the pyloric sphincter. Neither has he been able to determine

whether the presence of this duodenal sphincter is due to hypertrophy of the

muscular fibres natural to the part or whether it represents a congenital pecul-

iarity.

In these cases there is usually a marked dilatation of the duodenum above

this s})hincter and frequently the ])yIorus is wide open. This condition may

Fig. 157.—Diagram of the Stomach and Duodenum. Showing tlie Pylorus (p), the Common Du-ct

(c d), the Duet of W'irsung («•), and also the location of the increase in circular muscle fibres at s.

The latter, however, is exaggerated in the drawing, as it is never nearly so powerful a spliincter as

the pylorus, but it is usually broader than the pylorus.

exist independently or it may exist as a complication of ulcer of the stomach,

duodenal ulcer, or cholecystitis. It has never been observed in connection with

a marked degree of gastric dilatation, probably because the obstruction due to

the presence of this sphincter is not sufficient to cause a dilatation of the stomach.

It is well to b/ear this condition in mind in all cases, because it \^'ill serve to

explain a number of cases in which the conditions found at the time of operation

do not correspond with the diagnosis.

Carcinoma of the Stomach.—The surgical treatment of carcinoma of the

stomach has received much attention during the last twenty-five years,—that

is, since it was first introduced by Billroth. Woelfler, Mikulicz, Czerny, Kocher,

Mayo-Robson, Moynihan, Hartmann, and many others abroad, and, in this

country, Mayo, Monro, Murphy, and others have written extensively on this

subject, and have developed a technique which is as far advanced as is the
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tt'chniquo connectetl with the sur^ncal treatnioiit of any other abdominal con-

dition.

The important i)oint in the .^^ur^ical trcatnu'iit of carcinoma of the stomach

is to be able to make an early diagnosis. The success of the treatment depends

quite as much upon this diagnosis as upon the operative technique after the

diagnosis has been made. It is, however, but rarely that an early diagnosis is

made in these cases. Ix'cause, as a rule, they do not come into the hands of the

surgeon until they are far advanced, excei)t when they come with a mistaken

diagnosis of ulcer of the stomach.

The medical practitioner should bear constantly in mind the importance of

what has been stated above, in order that he may place any patient who may be

suspected of having carcinoma of the stomach, under surgical treatment as early

as possi])le.

Recently Elsberg has i)ublished a method which, when fully developed,

promises to equal the tuberculin test in tulierculosis in the diagnosis of even the

earliest beginning of carcinoma. It is likely that the method will undergo im-

portant changes in the near future, and therefore it will not be best to describe

it in its present form.

The fact that gastric ulcer and carcinoma both occur most frequently in the

pyloric end of the stomach, would indicate that the carcinoma may have

developed upon the ulcer. This belief has been borne out by a study of the

histories of many cases. Fuetterer has also shown experimentally that carci-

noma—at least in some instances—develops from a gastric ulcer. These facts

point toward the advisability of undertaking surgical treatment at an early stage

of the disease in cases in which it is not possible, without an exploratory incision,

to make a i)Ositive diffei'ential diagnosis between carcinoma of the stomach and

gastric ulcer.

Di.\GXOSis.—In the eai-ly stages of carcinoma of the stomach the symjjtoms

are practically the same as those which have already been described as charac-

terizing ga.stric ulcer. Later, when the carcinoma becomes ulcerated, there are

distinct .><ymptoms due to the absorption of septic material. The hemorrhage

differs little from that observed in gastric ulcci-. Still hitei' in the coui'se of the

disease, there is an unmistakable cachexia, which is more or less marked accord-

ing to the extent of the carcinoma in the stomach itself or of its metastases in

other organs, or according to the degree to whicii it has invaded surrounding

structures. That nuich of the cachexia is due to absorption, from the stomach

and intestines, of ])roducts of decomposition, is proven by the fact that this

condition is usually reduced, to a marked degree, whenever gastric lavage is

employed regularly two oi- three hours after food has been taken. .\t a still

later .stage of the disease, a distinct tumor may be felt through tiie al)dominal

walls*, this recognition being facilitated by the emaciation of the i)atient as well

as by the growtii of the tumor. I'nfoi-tuiiatelw when the latter has reached

such a size that it can be palpated through the abdominal walls, it is usually too

late to obtain a permanent cure.

Often the presenc»' of a tumor is simulated by the contraction of the rectus



SURGICAL DISEASES OF STOMACH AND (ESOPHAGUS. 395

abdominis muscle which takes place when palpation is made. This condition

is especially marked in the presence of gastric ulcer in which there has been

acute irritation.

Chemical Examination of tJie Sio7nach. Contents.—In advanced carcinoma

of the stomach the chemical examination of the stomach contents, obtained an

hour after a test meal has been given, usually shows the absence of free hydro-

chloric acid and the presence of lactic acid. It is well to make this test; neverthe-

less, a negative result should always be ignored when a diagnosis of carcinoma

has been made from a study of the history and the remaining symptoms. This

test is not reliable during the early stages of the disease, when surgical treatment

promises a fair chance for relief. It is conseciuenth' not advisable to allow the

patient to advance to a hopeless condition in order to make a diagnosis by means

of this test.

Microscopic Examination of the Stomcich Contents.—In the early stages

of carcinoma of the stomach the microscopic examination of the contents of

this organ usually shows nothing but blood and other substances which are

regularly found in the contents obtained from the normal stomach or from one

in which only benign ulcers are present. In the more advanced cases of the

disease the Boas-Opler bacillus is likely to be found, and it is often possible to

siphon out, through a stomach tube, fragments of the tumor tissue together with

the stomach contents; but here, again, the patient's condition has reached such

a point that surgical treatment will be of no permanent benefit to him. If, then,

cases of carcinoma of the stomach are to be benefited by surgical interference, it

is necessary to operate during the early stages when the local disease is still

quite circumscribed. In order to carry out this early treatment it may often

be necessary to make an exploratory incision for the purpose of confimiing or

disproving the diagnosis. It is usually possible to make a positive diagnosis

after the abdomen has been opened, and after one has been able to palpate the

growth carefully ; but even then it is sometimes impossible to make a differential

diagnosis between an indurated ulcer and a carcinoma. Surgeons who have

had much experience in operating for the relief of this condition, have occasion-

ally, while laboring under the belief that they were removing a beginning carci-

noma, removed in reality what proved afterward to be a non-malignant indurated

ulcer of the pylorus; and vice versa. This error is of but slight importance, as

the same treatment may be properly applied to both of these conditions ; the only

difference between the two being that a somewhat more extensive operation is

indicated in the presence of an incipient carcinoma because of the likelihood of a

recurrence if any of the surrounding lymph nodes are not removed.

Technique of the Operation for the Removal of a Carcinoma of

THE Stomach.—In determining how large a portion of the stomach should be

excised, in a case of carcinoma of this organ, it is well to bear in mind the dis-

tribution of the lymph nodes as well as the distribution of the arteries. The

removal of all the affected nodes is necessary if the patient is to be made

reasonably safe against a recurrence. A knowledge of the distribution of the

arteries is necessary in order that the surgeon may determine just how much of
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the organ may 1h' i-i-ihovihI with relative safety as regards the iininediate re-

covery. So far as the latter (luestioii is coiu'eriieii. it matters little how larjie a

portion of the pyloric end of the stomach is removed, [provided one does not j^o

beyond the i)oint of entrance of the coronary artery; but, when a <iivater portion

is HMnoved, the mortality is immediately increased to a great degree. Fortu-

nately, the removal of this limited portion of the stomach suffices in a vast

majority of cases.

These points are illustrated beautifully by the anatomical studies of Hartmann

and C'uneo, which show that the lymph nodes which are infected in case of car-

cinoma of the stomach do not usually extend beyond the point of entrance of

the coronary artery.

Fig. 1")S shows the area of the stomach which usually remains fi-ee from

infection with carcinoma. The portion to the cardiac side of the area, which is

included between the dotted lines, is known as the dome of the stomach. This

portion usually remains free from carcinoma in all operable cases. The dotti'd

lines rei)resent the lines of choice through which different surgeons make their

incisions in partial gastrectomy for carcinoma of the ])yl()rus. The I'emaining

jjortion of the oigan with its lym|)h channels is likely to l)e invoh'cd, and so also

are the lymph nodes along the greater and the lesser ciu'vatures.

If we bear this disti'ibution of the lymj)hatics in mind we shall be more likely

to make a complete excision of all of the disea.sed tissues than would be possible

if we were to i)roceed empirically altogether. There can be no doubt but that,

in this as in every other region of the body, the success of an excision of car-

cinoma depends upon the extensive removal of surrounding tis.sues as well as

upon the careful removal of the lymph nodes which are in a i)osition in which

they are likely to become invaded.

A\'henever the tumor itself has invaded an\- of the immediate!}' surrounding

tissues its removal does not j)romise a sufficient likelihood of permanent cure to

be worth while. In fact, if the obstruction is o\-ercom(> by j)erforniing a gastro-

enterostomy, the tumor fre(|uently ceases for a time to grow, its ulcerated

surfaces heal, and the geiiei-al condition of the patient im))roves to a mai'ked

degree. This can usually be improved by gi\'ing the patient one or two grains of

mi'thyl blue (pyoctanin) three or four tunes a day, and from five to ten drops of

oil of eucalyi)tus an equal number of times. These remedies seem to exert a

disinfecting effect upon the ulcerated surfaces. On the other hand, if an attemjjt

is made to remo\(' oi- partially remove these carcinomata, in easels in which the

complete rejuoNa! is iin|)ossible, one fi-e(|uently ob.serves a very rnp\(\ increase in

the gi'owth. The o|)eration seetus, in many of these cases, to stimulate the

growth to a maiked degree. l'"or lliis i-easoii it seems wise not to attempt the

removal of a carcinoma of the stomach in any case in which it is plain that a

complete I'emoval is imjiossible.

Some yeai"s ago, there was laid down, by a number of surgeons, a I'ule accoi'd-

ing to which gasti'cclomy or jiarlial gastrectomy was peiiiiitled only in eases in

which there was no secondary in\'ol\'ement of l\'in|)h nodes, because it seemed

certain ti+at in all of these cases the disease uuist ha\"e advanced to a hopeless
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degree at the time of the op(>ration. Further experienee has shown, however,

that this was too broad a supposition. It has been found, for example, that in

many cases the enlarged lymph nodes are inflammatory in character and do not

contain secondary carcinoma. In any given case, then, in which it seems

possible to remove the entire primary growth, it is best to undertake this even

,_j,

Fig. 158.—Stomach with Carcinoma of the Pylorus. The diagram shows the arrangement of the

blood-vessels along the greater and lesser curvatures, and it also indicates, by means of dotted lines,

where the different surgeons prefer to make their incisions in partial gastrectomy for the relief of

carcinoma of the pylorus.

though there be an involvement of lymph nodes. Of course, the latter must be

very carefully removed at the same time.

It may be well to enumerate the dangers which this thorough excision

involves, so that they may be kept in mind during each step of the operation:

—

(1) There is danger of necrosis of the remaining portion of the stomach if

care is not taken to [^reserve a sufficient supply of l)lood from the lesser curvature
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of the stonuich. Oiilinarily lliis (lander can \)v avoided hy not caiTyinjj; the

inrision bcyontl a point a lilllc t<i the ri.ulit of tiie coronary artery, but, in case

of an anomalous distribution, which is not ahogether unconinion, care nuist be

taken to preserve a suitable arterial branch.

\'2) Injury to the pancreas is likely to be followed by fat necrosis and by

suppuration. In case such an injuiy occiu's. the surface should I)e carefully

sutured and a ^auze or cigarette drain should be introduced down to the i)oint

of injury and out of the ui)i)er an,iilt> of the abdominal wound.

(3) The loop of the duodenum lyin.u behind the i)yloric end of the stomach

may be injured. This can be avoided easily by bearinji in mind the location of

this intestine.

(4) The median colic artery may be caught, and this may result in a gangrene

of the transverse colon. This danger may be avoided l)y lifting up the pyloric

end of the stomach and clamping and severing the greater omentum step by

step.

()) There is danger of infection. This danger must of course be avoided by

carefully packing away the surrounding structures with gauze pads.

((>) There is danger from tension between the jejunum and the stump of the

stomach. Tliis danger can be avoided by selecting the proper portion of the

jejimum to which the stomach is to be attached.

(7) There is danger from pneumonia following the operation. This danger

is probably due in large measiu'e to unnecessarily severe manipulations during

the operation and to the position in which the patient is placed after the opera-

tion. As soon as possible after the ojjcration the patient should be placed in a

sitting or semi-sitting ))osition, and, imtil this can be done, the head end of the

bed shoiUd be elevated twelve inches. The patient can usually be placed in

the semi-sitting position within six hoiu's after the operation.

(8) Another post-operative danger, which may be mentioned here, consists

of the acute dilatation of the remnant of the stomach—an occurrence which is

accompanied with pain and dysjHKea and sometimes with nausea. This should

be relieved by the introduction of a stomach tube and by the tise of gastric lavage,

care being taken not to introduce more than fi'om 200 to 300 c.c. of fluid at a

time tlu-ough the tube, and to measure carefully the amount withdrawn as well

n.< the amount iiit loduced.

(9) Post-operative vomiting constitutes a real danger which shoukl be

rehevcxl innnediately by the use of gastric lavage, which may be rei)eated as

often as may be found necc^ssary for permanently stopping the nausea and

vomiting.

Gastrostomy.

\\ licnc\('i- tlici'e is a complete closure of ihc o'sophagus from any cause, or

when there is so extensive a narrowing of this tube that not even li(|uids can be

introduced into the .stomach, it will become neces.sary to provide^ a means for

the introduction of nourishment and fluids into the stomach in order to |)revent

stai'vatioii or death from tliir>t. l\>i a tiuir il i> i)o,-,-iMc lo o\'ci-coiuc ihc
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distress of these patients by the administration of nourishment and water per

rectum or by the subcutaneous injection of normal salt solution; but this will

not suffice for any considerable period of time. It is consequently far better to

perform gastrostomy as soon as the patient fails to obtain an amount of liquid

nourishment sufficient to maintain his weight and strength.

The operation is borne well if performed before the i)atient is exhausted by

hunger and thirst, and, for a time, the benefit to the patient is so great that the

operation is one of the most satisfactory procedures which the surgeon is called

upon to perform for the relief of patients suffering from malignant disease.

One condition, however, must be secured by the operation, because without it

the patient usually is even more unhappy than he was before the operation.

The gastrostomy opening must absolutely i)revent any leakage of stomach

contents. Any operation which does not insure this condition must be rejected

as useless.

Technique of the Operation.—An incision about 5 cm. (1| in. to 3 in.) long

is made parallel with, and splitting the middle of, the left rectus abdomuiis

muscle, half-way between the ensiform appendix of the sternum and the um-

bilicus. The precise length of the incision will depend upon the extent of the

contraction of the stomach and the thickness of its wall. In the case of a

contracted stomach with a thick wall it is necessary to make the incision longer

than in the case of a large, thin-w^alled stomach, in order to secure a sufficient

amount of space for performing the necessary manipulations without causing

too much traumatism. The anterior wall of the stomach is then drawn out

through this incision (Fig. 159), and at the most prominent point two separate

silk or linen purse-string sutures are applied in concentric circles and left imtied.

The inner circle

—

i.e., the circle described by the first suture—is about three-

fourths of an inch in diameter. It is well to start at different points about the

circle with each suture, in order to prevent confusion. These sutures pass

through all the layers of the stomach wall down to, but not through, the mucous

membrane, as shown in Fig. IGO. A small puncture is then made in the centre

of the inner circle, and through this is introduced a Jacobs retention catheter

from \ to 1 cm. in diameter. The pushing in of this catheter thi'ough the small

opening causes the tissues of the stomach wall to become infolded, and this in-

folding is still further increased when the purse-string sutures are drawn tight.

The circular purse-string sutures are next tied in succession, the one nearest

the tube being tied first. In this manner more and more of the wall of the

stomach is inverted, until a sufficient amount has been turned in to prevent

permanently any leakage even if the tube is removed temporarily. This can be

still further accomplished by placing a few Lembert sutures on each side of the

tube, as shown in Fig. 160.

The enlargement at the end of the tube prevents its slipping out of the

opening. The stomach is then sutured to the peritoneum and the transvci-salis

fascia with catgut sutures; and it is further supported by a deep suture which,

placed on either side of the tube, grasps in succession all of the layers of the

abdominal wall and then all the layers of the stomach wall down to, but not
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throu^'h, thf mucous nuMiihrani'. These sutures may consist of silkworm-gut

or of silk. (Fig. IGl.)

If this method is carefully carried out, the opening may be maintained for an

indefinite period of time without danger of leakage.

The projecting i)ortion of the tube is fastened to an abdominal bandage and

its end is closed with a cork. If the patient desires food, he attaches a funnel to

the end of the tube and pours any kind of \u\\m\ nourishment into the stomach,

being careful to do this slowly. .\ largv glass syringe may be used in place of

I'l.;. l.Vt. ( ;:,-ir..-ti.iii\ >', Stoiiiaih. " "' aU'l '• ''', circular silk sutures; .r, point of puiifture

for introduction of tube.

the fumicl if puivcs (»r any otliri' scnii-liiiuid substances which arc too thick to

lun thnnigh a tube, are to be given.

If the patient wishes to enjoy the taste of food he may chew the food thor-

oughly and then place it in the syringe and force it through the tube into the

^•tomach. In this j.lan thcic is I he fnrthci- advantage of having the food mixed

with saliva during the act of mastication.

In some of these patients who have become much reduced in stivngth, the

adhesions fonned between the stomach and the alidomiiia! wall aiv very frail
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and require to be increased by means of some irritation. For this purpose the

use of iodoform gauze has proven very satisfactory. It is applied in the follow-

ing manner:—A piece of iodoform gauze is folded around the feeding tube, as

shown in Fig. 162, and stitched to the stomach ])y a numl)er of interrupted catgut

sutures. All of the other stej^s of the operation are carried out as above, this

simply being an additional safeguard. After about ten days the catgut sutures

will l)e absorbed and the gauze may l)e withdrawn. It will usually be found

that by this time the adhesions betw(>en the stomach and the al)dominal wall

have become quite firm.

Many of these patients gain considerably in weight after this operation has

Fig. 160.—The Diagram Shows how Lembort Sutures have been .Applied on Each Side of the

Catheter in order to invert the wall of the stomach further and thus [prevent leakage.

been performed, because the stomach and intestines are usually entirely free

from disease. In many instances the freedom from irritation of the constricted

portion of the oesophagus results in a subsidence of the obstruction, so that these

patients frequently become able again to take liquids through the mouth.

If, owing to the marked character of the oesophageal obstruction, the patient

has suffered severely from thirst before the operation, half a pint of warm normal

salt solution should be i^oured into the stomach through the feeding tube at the

ck)se of the operation, and this procedure should be repeated every half-hour

until the patient is satisfied. If he has still been able to swallow before the

vf)L. VII.—26
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oi)cration. hv may In- allowed to drink water naturally after its completion.

l)rovided this causes no distress or annoyance. Otherwise, the water should be

^iven entirely throu-:h the feedin.u tube. In the mean time the patient should

he fed re.iiulaiiy e\cry thive houis with peptonized milk, raw e,u^-. the juice

extracted from n)ast beef or broiled st(>ak. rich broths, soups, and nuish. The

food can be poured into the stomach throu^di a funnel, or an ordinary ^lass

svrini^e niav lie attached to th(^ feedinu' tube and this will .serve as a funnel.

I'lc. nil.—fJastnistiiiiiy. l)i:i{ir;irii shows :i .lucohs rct<'iiti(iii ciithctcr (r) in place, n. Deep silk-

\Vf)rm-KUt siif uros fur dosing woiiml in tlic alxloiiiiiiul wail . I>. catfiut suture unit in^c t lie peritonciMn and
the trunsv«'rsari.s fascia with the stonuK-h.

Later, the patient may chew thoron^hly any kind of food ami thus mix it with

salixa. lie can then inject this throuLch the feeding tube into the stomach.

Wit/iTs ( last I'ostoiiiy ()peration.

Another method which has ^i\cn cxcejlcnl results i.s that introduced by

Witzel. It has been satisfactorily employed in many ca.ses. The principle

involved is identical with that of the operation which has just been described.

Techni<|ue of the ( )peration. — The stomach is a|)proa('hed by an obliipie

incision made below the left costal arch and canied throui^h the skin and fa.scia.
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This incision passes through the anterior sheath of the rectus a1)dominis muscle

;

then through the muscle itself, causing a vertical separation of its fibres, next

through the posterior sheath of this muscle ; and, finally, through the peritoneum.

A portion of the anterior wall of the stomach is now drawn through the wound.

A velvet-eyed rubber tube is laid against the anterior wall of the stomach, gen-

erally in such a position as to correspond with the outer wound, with the blunt

end of the tube toward the cardiac end of the stomach aiul the opposite end

of the instrument directed toward the lesser curvature. A jxjrtion of the tube,

about two or three inches in length, is now buried in the anterior stomach wall

Fig. 162.—Diagram Showing the Manner of Introducing a Piece of Iodoform Gauze. The gauze

is folded around tlie catheter and attached to tlie wall of the stomach by catgut sutures.

by means of Lambert catgut sutures placed from an eighth to a fourth of an inch

apart and extending at least half an inch beyond the point at which the tube is

to enter the stomach. This tube is so placed as to avoid the larger vessels.

(Fig. 163.) All the sutures except the three or four at the lower end of the tube,

are next tied, thus burying the instrument in the tissues. This part of the

stomach wall is then held in such a way as to sei^arate it from the posterior wall

and to make the site of entrance of the tube into the stomach prominent. A

quick stab wound is next made with a narrow sharp-pointed bistoury through

all the layers of the stomach wall at the point of prominence. The end of the

tube is then thrust through the opening into the cavity of the stomach, and the

three or four sutures which were temporarily left untied at the lower end of the
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tube, arc at once tied, tlici-chy prcvciitiii^- leakage from the stomach. (Fig. 104.)

The stomach i.s now allowed to drop back into the. abdominal cavity, but the

portion of the stomach which contains the buried tube remains in contact with

the edgi's of the wound. Tlu' serous and nui.scular layers of the stomach in the

inunediate neighborhood of the tube are next united l)y interrupted catgut

sutures with the two edges of the parietal ])eritoneum. (Fig. 1(>4.) The external

alKJominal wound is then closed in the usual manner, the rubber tube being

allowed to project through it. (Fig. lb").) In order that it may be held in its

l)ro|)er place, a silk suture is passed through the outer part of its wall and is

fastened to th(^ skin. The tube is left in place for four oi- five days, and then

a soft-rubber tube is inserted wliene\'('i- it is necessary to feed the patient.

If at any time thci-c should be a small amount of leakau'e, sufficient to irritate

Fir;. 1(').3.—Witzol's mctliod of Gastro.stoiny. Tlic diagram shows the manner of burying the tube
\n the fol<l of thi- stoiuacli wall by means of Lciubert'.s .sutures, (.\fter Rieliardson.)

the skin, it is well to introduce a tube slightly larger and to conline the patient

exclusively for several days to egg-albuincii diet. The whites of two eggs may
be gi\-en through the tube four times a day at inter\'als of four hours. This

remoN'cs the irritating eifect of the ga.'-t ric juice, and after the second day the

larger tube may be replaced by a smaller one, as (|uite a marked narrowing of

the canal will haxc taken ])lace in the mean time. The feeding in general must

(jf course be carried on as described in connection with the Inst operation.

.Marwedel's .Metliol of ( last I'ostomy.

This operation resembles Wit/iTs in most of its es.sentials. In two respects,

however, the procedure is dilferent. The tube is buried between the nuicous

coat, on the one hand, and the serous :uul muscular c(jats on the other; and the



SURGICAL DISEASES OF STOMACH AND (ESOPHAGUS. 405

parietal peritoneum is sutured to the skin before the stomach wall is attached to

the edges of the incision in the abdominal parietes.

Technique of the Operation.—As soon as the peritoneal cavity is opened the

parietal peritoneum is brought out and sutured to the skin at the margin of the

wound. The anterior wall of the stomach is brought up and sutured to the

parietal peritoneum at the edges of the wound. An incision about two inches

long is now made through the serous and muscular coats of the stomach. The

serous and nmscular coats are then dissected from the muscosa on both sides

for a short distance. A rubber tube is next laid between the split coats of the

stomach, which are then sutured over it with catgut. The sutures at the lower

Fig. 164. Fig. 165.

Fig. 164.—Diagram Showing a Later Stage of Witzel's Metliod of Gastrostomy. The stomach is

sutured to the abdominal parietes, and the sutures for closing the outside abdominal wound are in

place. (After Richardson.)

Fig. 165.—Diagram Showing Witzel's Method of Gastrostomy Completed. (After Richardson.)

end extend beyond the intended opening and are placed, but not tied. WTien

all the rest are tied an opening is made through the mucous coat, the tube is

thrust into the cavity of the stomach, and the lower stitches are at once tied.

The margins of the abdominal wound are then sutured together with silkworm-

gut.

The Ssabanajew-Frank Gastrostomy Operation.

This operation has also given excellent functional results, especially in cases

in which there is a soft and pliable stomach wall, and more particularly in those

in which the stomach is reasonably large. There are many cases, however, in

which, nothwithstanding the fact that they require a gastrostomy, the operation

cannot be satisfactorily employed. These are cases in which very little food
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has been introduced into the stomach for a number of weeks or months, and in

which therefore the organ will be much contracted. In the presence of such a

contraction it is not practicable to perfomi the oi)eration satisfactorily.

Technique of the Oi)eration.—An incision, from 5 to 7 cm. long, is made

parallel to and along the left edge of the costal arch, as indicated in Fig. 166.

The rectus muscle is sej^arated vertically by blunt dissection. A second incision

2 cm. long is now mad(> ivuallel to, and 3 cm. above, the first incision. The

skin between these two incisions is tunneled, and a cone-shaped portion of the

Fig. inc.—(ia.'^troslnmy ; llu- .'^^iiliaiiajcw-l'iaiik ( )|K'ratiiiM. a h, Priiiiar>' iiieision ; (I, secondary
incision ; c, fold of .stoinacb drawu out by means of suture c.

anterior wall of the stomach is drawn out (by means of a silk traction ligature

pas.sed through the serous and muscular coats) through the opening made by

the first incision and is then pulled through the tunnel, its free end projecting

a distance of 2 cm. beyond the opening of the latter. (Fig. 167.) The apex

of the cone is nearer the greater tlian the lesser curvature ant! nearer the cardiac

than the pyloric end of the organ. ( )nly so much of the stomach as may readily

pass through the tunn(>l described above should be drawn out. The edges of

the skin wound are carefully sutured to this projecting portion of the stomach
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and the wall of the organ further down is sutured to the edge of the peritoneum

and the transversalis fascia, in order to reduce the tension upon the skin. (Fig.

167.) The projecting portion of the stomach may now be opened, or, if the case

is not very urgent, it is better to open the stomach several days later, in order

that firm adhesions may take place in the mean time. The projecting portion

of the stomach passing over the edge of the ribs form.s an efficient valve to

prevent leakage.

A modification of this operation which has been adopted by a number of

Fig. 167.—Gastrostomy. The diagram shows a later stage of the Ssabanajew-Frank operation.

The portion of the stomacli wliicli was drawn tlirough the opening made by the primary incision is

here represented as being pulled through the canal made underneath the skin bj^ the secondary incision.

surgeons, consists in making the same incision that has been described in the

previous two operations and then proceeding with the operation according to

the method that has just been described. This incision, as shown in Fig. 168,

has the advantage of being a muscle-splitting operation, which leaves the

abdominal wall somewhat stronger than does the incision emi)loycd in the

Ssbanajew-Frank operation.

The remaining steps of the operation are the same as those just described.
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II. SURGERY OF THE CESOPHAGUS.

Surgon- of the ivsophagus, in coniiiarison with surgery of the rest of the

gastro-intostinal tract, is Hniited, and probably will always remain so on account

of the nature and position of the organ itself.

In many conditions the treatment is of a jialliative nature. The distress

from interference with the function of the oesophagus is so great that these

l)alliativ(^ measures seem worth while.

Introductory Remarks with Regard to the Anatomy or the (Esophagus.

The nesoi)hagus has three coats: an outer or nuiscular coat, which is composed

Fig. 108.—GastroHtomy by a SliKlitly Modifiecl Method. In the diagram the incision in the

ahiloininul wall i.s vertical in.stead of oblique.

of two layers; an imier nuicous or glandular coat, which is covered with pave-

ment epithelium; and a middle connective-tissue la^'er, which unites the two

[)rincii)al layers. Tlie dulcr iaxci- of the muscular coat is composed of longitu-

dinal fibres, and the inner layer of circular fibres. The longitudinal fibres arc

attached anterif)rly to the jjosterior surface of the cricoid cartilage; the circular

ones are a continuation downward of the fibres of the inferior constrictor muscle.
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The oesophagus is about ten inches in length and extends from the lower

end of the pharynx to the stomach. Its position, in the greater portion of its

course, is a little to the left of the middle line. At its commencement it is in

the median line; then it inclines to the left until it reaches a point near the

middle of its course, where it passes to the middle line back of the arch of the

aorta and then deviates to the left again, goes forward through the diaphragm,

and enters the stomach to the left and in front of the arch of the aorta, at the

eleventh thoracic vertebra.

The oesophagus, at its beginning, is represented by a transverse slit, and as

it descends it becomes more of a tube until, at the point where it passes through

the diaphragm, a transverse section of it is nearly round. According to Mosher* *

the oesophagus has four constrictions. The most important one is at the

beginning of the tube, back of the cricoid cartilage. The next narrowing of

importance is at the cardiac end, where the oesophagus passes through the

diaphragm. The constriction back of the arch of the aorta and that behind

the left main bronchus are of less importance.

Methods of Examination.—The most common method of examining the

oesophagus is that by means of bougies. In exploring the tube it is important

to remember that under normal conditions the oesophagus possesses the four

constrictions mentioned above. It is also important to know the total length

of the oesophagus and the distance of its most important portions from the front

teeth. The oesophagus is ten inches (about 26 cm.) in length. It begins at a

point six inches (15 cm.) distant from the incisor teeth and passes through the

diaphragm sixteen inches (40 cm.) from the same teeth. It is crossed by the

arch of the aorta at a point ten inches from the incisor teeth.

The examination with the bougie should be conducted very carefully and

slowly, for in this way only is it possible to follow the course of the OE-sophagus

without inflicting an injury, especially when it is in a diseased condition.

Two kinds of bougies may be used for sounding the oesophagus: the English

bougies or the olive-tipped bougies. The former are constructed of a woven
texture impregnated with a gummy material, and they can be softened or

hardened by placing them in warm or cold water respectively. In this manner

they can be bent into any desired shape. The olive-pointed bougies consist

of a flexible, hard-rubber staff, on the point of which is placed an olive-shaped

tip of hard rubber or ivory.

When a stricture is present, it is easier to determine its location by means

of the olive-tipped bougie than by the English bougie. Before sounding an

resophagus, artificial teeth should be removed and the patient should be ex-

amined for aneuiysm of the aorta. The passing of bougies, in cases of aortic

aneurysm, has been known to cause death from hemorrhage.

Patients who are being examined for the first time are apt to gag, thus

rendering the examination very unpleasant. This can be overcome, to a great

degree, by first spraying the pharynx with a four-per-cent solution of cocaine,

the patient being allowed to swallow a little of the same, and then waiting five

* These numbers refer to thp Bibliography at the end of the article.
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minutes before passing th(> sounds. The bougies arc passed with the patient in

the sitting posture. The patient sits with the head (>rect or bent a Httle forward,

then the operator places the index finger of his left hand on the base of the

tongue, i)ressing downward and forwanl, while with the right hand he passes

the bougie along the posterior wall of the pharynx to the beginning of the

crsophagus. The patient is now told to swallow and the bougie will pass on

into the oesophagus.

A bougie half an inch in diameter should pass easily through every portion

of the (vsophagus. Its failure to i)ass is a sign of a stricture. A bougie three-

fourths of an inch in diameter is as large as should ever l)e used in dilating a

stricture.

If, in passing a bougie, one meets with an obstruction, it is sufficient, under

normal conditions, to withdraw the instrument a short distance and then to

advance it again, or the difficulty may be overcome by asking the patient to

swallow or to bend the head a little forward. Examination of the oesophagus

with bougies frequently takes the place of inspection and palpation.

(Esophagoscopy.—(Esophagoscopy cannot be considered an important aid

in diagnosis. Little can be detemiined by this means that cannot be deter-

mined by the more simple methods of examination. The simplest and safest

form of a^soi^hagoscopy is that by means of a straight tube, the light being

thrown into this either by a Leiter panelectroscope or by a Casper electroscope.

Numerous de\-ices for d'sophagoscojiy have been invented during the past few

yeai-s, but not much evidence of value has accumulated from their use. Einhorn

is one of the few authorities who place reliance upon this clinical method in

diagnosis.

Radioscopy.—Radioscopy is frequently a valuable aid in the diagnosis of

asoi)hag('al lesions, especially in the location of foreign bodies. It may also

be considered in connection with the diagnosis of strictures, dilatation, and

diverticula.

A fairly well-defined outline of the oesophagus can be obtained by an

x-ray ]jhotograi)h, provided a large quantity of bismuth, mixed with some

starchy food, is administered just before the picture is taken.

Percussion.—Percussion is of minor importance in the diagnosis of lesions

of the (esoi)hagus. In the case of a diverticulum in the neck, if the sac is filled

with gas, percussion will give a tympanitic note; if filled with food, it will give

a dull note. Occasionally, in the presence of a tumor of the a^sophagus, one

is al)le to determine a dull area corresponding to the location of the growth.

Diseases and Ix.iuries of the (Esophagus.

Malformation of the (Esophagus.—The congenital deformities of the (esoph-

agus possess very little jiractical significance. In the majority of these cases

the patients have other deformities at the same time, as a result of which they

are either born dead or die a few days after birth. Such children have so little

vitality that only in rare cases would they be able to stand the necessary surgical
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measures. The most common deformity is division of the CESophagus into two

portions, usually two blind pouches, which may or may not communicate with

the trachea. The origin of this deformity is explained by the development of

the oesophagus and the trachea. The trachea and lungs are developed from the

ventral portion of the foregut. For some time there is a cleft between the

trachea and oesophagus before separation becomes complete. Disturbances

of development during this period may produce the various kinds of deformity.

In such cases the children are unable to swallow at all, or else the food comes

back through the nose. They can live only a short time (thirteen days being the

longest period, according to von Hacker -). They die of inanition or from pneu-

monia caused by the entrance of food from the upper portion, or by the escape of

mucus from the lower portion, into the lungs. Gastrostomy has been suggested

for the relief of the condition.

Inflammatory Processes of the (Esophagus.—Acute Catarrhal Inflamma-

tion.—KqwIq catarrhal inflammation of the oesophagus may result from the

irritation caused by foreign bodies, or from a mild scalding, or from swallowing

some chemical agent of an irritating nature, but not strong enough to cauterize.

The disorder is characterized by the secretion of mucoid material. (The more

severe forms of inflammation are described farther on^ under the head of Toxic

(Esophagitis.)

Chronic Catarrhal Inflammation.—Chronic catarrhal inflammation of the

oesophagus occurs in chronic alcoholics, and also in cases of stenosis of the

oesophagus from various causes—as, for example, from the accumulation of food

in the dilated portion above the stricture. It is characterized occasionally by

hypera^mia, which in time leads to ectasis and a marked thickening of the

epithelium. The oesophagoscope will show a cloudiness of the mucous mem-

brane, which secretes a sticky mucoid substance. These cases usually recover

without any complications when the cause of the inflammation is relieved.

Diphtheritic Inflammation.—Diphtheritic inflammation of the oesophagus

is not of frequent occurrence. The diphtheritic membrane occasionally extends

from the pharynx into the oesophagus, and in rare cases true diphtheritic ulcers

have been observed. Recently von Eiselberg, Erlich, and von Hacker ^ have

observed cicatricial formation following these diphtheritic ulcere.

Thrush.—Thrush involving the oesophagus should not be confused with

diphtheria. It occurs most often in children, but is occasionally seen in adults

who have become exhausted from disease. It usually extends from the mouth

and fomis a yellowish or grayish white deposit. The frequent application of a

three-per-cent solution of borax will usually effect a cure in these cases.

Toxic (Esophagitis.—Toxic or corrosive oesophagitis occurs after the ingestion

of some chemical caustic substance, or after the swallowing of a scalding fluid.

From a surgical standpoint toxic oesophagitis is the most important inflammation

of the oesophagus, because of the complications which are apt to follow, especially

the formation of strictures. In cases where the injury is only superficial, the

epithelial layer alone may be thrown off and no complications will follow. Where

the erosion is deep enough, however, to cause a slough of the entire thickness of
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the mucosa, with perhaps some of the muscular coat, the inflammation may

extend beyond the trsophagus, giving rise to a peri-oesophageal abscess which

extends into the mediastinum. The eroded area undergoes cicatrization after

the slough is thrown off. anil, a.^ a result of the contraction of this scar tissue, a

stricture is apt to result. Swallowing of a large amount of one of the concen-

trateil alkalies or acids is apt to end fatally on account of the slough which it

usually causes in the stomach.

The author recently had under his care the case of a woman who tried to commit

suicide by swallowing one ounce of strong hydrochloric acid. She was remarkably

free from oesophageal symptoms, but, nine days after the ingestion of the acid, she

vomited a large roll of tissue, which proved to be a considerable portion of the

mucous lining of the stomach. This tissue was in one piece, was somewhat gan-

grenous in appearance, and measured fifty square inches. The patient was kept

on liquid food and she had no symptoms referable to the oesophagus, but she

complained somewhat of a burning pain in the stomach. At the end of about

four weeks she began to lose in weight rapidly, and every second or third day

would vomit a large amount of dark fluid. I first saw her twelve weeks after the

swallowing of the acid. At this time she complained of a large swelling in the

abdomen, which conveyed to her the impression of being a large sack of water. She

was greatly emaciated, and, on examination, there was found a softish mass which

extended from the epigastrium to the symphysis pubis. A distinct splashing sound

could be elicited, and there was observed a peristaltic wave which started in the

left inguinal region and traveled upward to the region of the pylorus. A stomach

tube was inserted without any difficulty, and a large quantity (about five quarts)

of a dark-brownish fluid was withdrawn. The patient was placed on rectal feeding

and gastric lavage was carried out three times daily for three days. Then a

laparotomy was performed. The stomach was found to have contracted to the

level of the umbilicus, and there was a cicatricial mass in the pyloric end of the

organ which caused practically a complete obstruction of the pylorus. A gastro-

enterostomy was performed. The patient did very well for nine days, when she

died suddenly from pulmonary embolism. Examination of the oesophagus at the

autopsy showed no evidence of injury from the swallowing of the acid.

Treatment.—The treatment of corrosive (rsophagitis is i)rincipally sympto-

matic at first—viz., rectal feeding and the administration of ice and narcotics.

Examination with bougies should not be undertaken as long as there is any

evidence of recent ulceration. Such ulcerations usually pereist for from two

to four weeks according to the degree of the burn. After four weeks bougies

" may be passed as a j)roi)liyla('tic measure against the formation of a stricture.

Phlecjmon of the (Eaophagus.—Phlegmonous iiiflainuiation of the (esophagus

is of rare occurrence. This jnu-ulent inflammation may occur after penetrating

injuries and injuries cau.sed by caustics, or through an extension from an abscess

of the stomach, or, finally, through a rui)ture of the peri-crsophageal abscess.

The inflammation may be circumscribed or it may be diffuse, extending over a

large area. An al)sce.ss may form in such a manner as to i)ro(luce a bulging of

the mucous membrane of the (esoi)hagus and thus cause an obstruction. Such

abscesses usually ruptuiv spontaneously into the (esophagus. The symptoms,
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in these cases, vary. They consist of fever, chills, difficulty in swallowing, and

pain along the course of the oesophagus, especially behind the sternum. There

may be coughing and regurgitation of pus if an abscess has already formed.

The treatment is ordiiuii'ily symptomatic, but some authors suggest a3Sophagos-

copy and incision in case of abscess formation.

Ulcer of the (Esophagus.—\'arious forms of ulceration are met with in the

a^sophagus—the gangrenous ulcer from i)ressure, the syphilitic, the tuberculous,

and the peptic or round ulcers. Gangrenous ulcers may be caused by pressure

exeiled either from within or from without. Goitre or some other tumor may
make pressure upon the cricoid or one of the tracheal rings, and this pressure,

being transferred to the (esoi)hagus, may e\-entually cause a necrosis of one or

both of the walls. Aneurysm of the aorta may act in the same manner; and so

also may foreign bodies lodged within the oesophageal tube.

Syphilitic ulcers may occur in the oesophagus, but they are very rare. They

usually are situated in the upper portion of this tube. The lesion is ordinarily

a gumma, and it frequently results in scar formation causing constriction. In

many cases the diagnosis is made by noticing the effect of antisyphilitic treat-

ment.

The occurrence of a tuberculous ulcer has recently been positively determined,

but such ulcers are very rare.

Peptic or round ulcers, analogous to those found in the stomach, occasionally

are found in the oesophagus. They are frequently associated with ulcers of the

stomach and are situated in the lower portion of the oesophagus. They may or

may not cause symptoms, but when such symptoms are present they are those

of gastric ulcer.

New-Growths of the (Esophagus.—Carcinoma.—Carcinoma is the most

frequent of the new-growths of the a'sophagus; in fact, it is the most common
disease met with in the oesophagus. It may occur either as a primary or as a

secondary growth. AMien secondary, it usually occurs by direct extension from

some neighboring organ. It may also occur through inoculation from the

secretion of a carcinomatous ulcer higher up in the gastro-intestinal tract.

Carcinoma of the oesophagus is most common in the male, and, as is true

of other carcinomas, it is usually a disease of advanced life. The gro^^'th itself

is usually situated at one of the normal constrictions of the oesophagus—as, for

example, opposite the cricoid cartilage, at the bifurcation of the trachea, and at

the hiatus of the oesophagus. This fact rather favors the \-iew that there may

be some connection between repeated irritations and the development of car-

cinoma, as these j)ortions of the canal are more constantly subjected to irritation

than is the rest of the oesophagus. Strictures also are most connnon at these

points. So it is possible that carcinoma develops in a cicatrical stricture or in

some other scar.

It is estimated that about fifty per cent of the cases of crsophageal carcinoma

occur at the cardia or just above where the (esophagus passes through the

diaphragm; about forty i^er cent are found near the l)ifurcation of the trachea;

and less than ten per cent are located in the cervical portion of the a'Sophagus.
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Symptoms.—^Thc most imi)ortant and usually the (^ai'licst symptom of

carcinoma of the (vsophagik; is dysphagia. The manifestations are those of a

slowly advancing stenosis. The patient, when he first consults a i)hysician.

usually gives a liistory of having been in good health until within a few months,

at which time he began to have some difficulty in swallowing meat or other coarse

food. This condition gradually becomes worse; the patient has difficulty in

swallowing the .soft foods, and fiiiall\- he coiitines himself to rKjuid food. By

the time the patient consults the surgeon, it will usually be found that he has

been living on Tuiuids for a considerable time on account of the difhculty of

swallowing solitls. Hand-in-haiid with the difficulty of swallowing, there are

usually a sense of weakness and a i)rogrcssive loss of weight.

Consitlerable improvement may be noted upon the administration of non-

irritating licjuid foods. Thus, a gain of several pounds may follow the adminis-

tration of an abundance of milk, cream, and raw eggs, but it lasts only for a

short tune. There is seldom any vomiting, but usually a regurgitation of food

and large (piantities of nmcus. This regurgitation may take place very quietly

and is entirely different from vomiting. In the later stages the accumulation

of thick tenacious mucus above the stenosis may cause gagging and retching

which are very annoying to the patient.

It is n(n unconnnon for the i)atient to have, rather early in the disease, some

degree of hoai-seness, which gradually becomes more jjronounced on account of

the further involvem.ent of the recurrent laryngeal nerve. Seeling'' ix^jjorts a

case of carcinoma of the a"soi)hagus in which the hoarseness was the earliest

symptom, i)receding the dysphagia by a few months. This hoarseness did not

follow a cold or any disturbance of the respiratory tract.

As a rule, there is more or less ]iain associated with carcinoma of the oesopha-

gus. The pain is described as a sense of burning or i)rt'ssure in the throat or

chest, especially during swallowing. Occasionally the i)ain jjrecedes the dyspha-

gia. It is fi-e(|uently perceived in the back, radiating to the shoulders and the

back of the neck. The loss of weight and strength in these cases is at first due

to the dysphagia, and later it results also from the malignant pathological

process. In advanced cases it is not unconuiion to have a contracted \)\i\n\ on

one .'^ide. According to Hitzig this is found in about one-sixth of the cases.

The left pui)il is the one most fretpiently involved. This symptom is due to

the j)ressure upon the sympathetic nerve.

While an involvement of the recurrent nerves may occasionally be found as

an early symi)t(jm. it mo.st often means that the disease has made considerable

j)rogress. The pressure may be due to the growth it.self. but is probably most

often due to ;ui involvement of the lymph nodes. Besides hoarseness, this

pressure may cau.se attacks of dyspncea.

If the di.sease advances towai'd the s|)inal column, the j)atient may develoj)

a paraplegia, either from coni|iression or from destruction of the spinal cord.

If this hapjx'ns before the signs of obstruction of the (esophagus are marked,

the case may sinmlate one of caries of the spine.

Diagnosis.—By taking a careful liistory of the case one can usually obtain
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many important diagnostic points. In a patient with slowly progressing

oesophageal stenosis, for the production of which no traumatic, specific, or other

etiological factor can be found, it is proper to assume that the obstruction is

more apt to be due to a new-growth than to a cicatricial lesion. And if, in

addition, the patient be past forty years of age and of the male sex, and if, besides

the above-mentioned symptoms, there be emaciation and cachexia, the diagnosis

of carcinoma becomes fairly certain.

On palpation a tumor or induration is occasionally felt in the neck. This

may be the primary growth, but most often it represents one or more lymph
nodes which have become affected by metastasis. Examination with bougies

may further aid in the diagnosis by detemiining the existence of an obstruction

and the exact spot at which it is located. This examination may \)yo\q negative,

even though a carcinoma be present. The growth may be so small that the

bougie may glide past it without encountering a definite resistance. A negative

examination may also be due to the fact that necrosis has taken place, or to the

fact that the portion of the tumor which projects into the lumen of the oesopha-

gus is growing only in the long axis of the tube, so that it causes no obstruction.

After ulceration has taken place, additional information may often be obtained

by passing a stomach tube or a hollow bougie; for particles of tissue are apt to

be caught in the fenestra of the tube, and an examination of these particles

may enable one to make a positive diagnosis.

It is often difficult to differentiate between carcinoma of the oesophagus and

aneurysm of the aorta. Kucken* reports two cases of carcinoma of the oesoph-

agus in which the diagnosis of aneurysm of the aorta was made and in which

the correct diagnosis was not even suspected until it was revealed by autopsy.

If one bears in mind the arrangement of the lymph nodes of the mediastinum,

he will readily perceive how two conditions so diverse as an aneurysm of the

aorta and carcinoma of the oesophagus may cause almost identical symptoms.

The lymph nodes are in actual contact with the a^sophagus, so that in many
cases secondary involvement of these structures occurs very early, often in the

beginning of a carcinoma of the (esophagus. This being the case, we have in

the mediastinum a tumor which may cause the ordinary signs and symptoms

that are produced by an aneurysm in the same location. The lymph nodes

may enlarge so nmch more rapidly than the primary tumor, that there may be

symptoms of intrathoracic pressure before there are any signs of obstruction of

the oesophagus. In such a case as this, the symptoms would naturally be the

same in both conditions, for these symptoms are due to pressure on the same

structures.

Dyspnoea, which is a fairly constant sign in cases of aneurysm of the aorta,

is at the same time almost as constant a sign in carcinoma of the a'sophagus.

In both the aneurysm and the mediastinal metastasis resulting from an trsopha-

geal cancer, the dyspnoea is due to pressure on the bronchi or the trachea.

Involvement of the recurrent laryngeal nerve is usually considered to be a

confirmatory sign of aortic aneurysm, but the facts will not warrant such a

conclusion. For example, Schech ^ collected forty-two cases of paralysis of the
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recuiTont laryngeal iici-vc. ami in this series he found five cases which wcic due

to aneurysm of the at)rta. four cases to carcinoma of the a^sophagus, and three

cases to mediastinal and pulmoiiaiy (umoi's. Thus we see how little aid the

synii)tom of ivcunvnt jiaralxsis affords \u differentiating hetween aneurysm

of the aorta and carcinoma of the (esophagus.

Dysphagia very naturally causes one to think that he is dealing with a

growth of the (psophagus. Lcbcrt," however, states that, in one-third of all

cases of aneurysm of the aorta, the a^sophagus is compressed sufficiently to

cause dysphagia. 1'A(mi though the aneurysm do(>s not press directly on the

a'soi)hagus, it can cause dysphagia by i)ressure on the vagus or its o?sophageal

branches.

Even the presence of cachexia does not add very strong evidence in favor of

carcinoma, for a large pi-oi)ortion of all i)atients suffering from aneurysm of the

aorta show a well-pron()Uiice(l secondary ana'uiia dnv to a comi)licating nejjhritis

or endarteritis.

Thus we see that it is often difficult to diffeivntiate l)(>tween carcinoma of

the cpsophagus and aneurysm of the aorta, when the growth is situated in the

thoracic portion of the (i\sophagus, esju'cially if tiiere is an early involvenu>nt of

the mediastinal lymph nodes.

Prognosis.—-The i)rognosis of carcinoma of the crsophagus is always im-

fa\-orai)le. So far as is known, no permanent cures have been obtained even

after resection. The avei'age duration of the disease is from six months to two

years. As a rule, tiie majority of the cases succumb one year after the first

manifestations of the disease.

Death usually takes place slowly from inanition and carcinomatous cachexia,

or there may be the ty{)ical picture of pyaemia, \\diere the wall is perforated

ami a rupture takes place into one of the air passages, death occurs as a result of

pneumonia or of gangrene of the lung. Occasionally these cases meet with a

rapid or a sudden death from erosion and i-upture into the large blood-vessels.

Treatment.—The treatment comprises the following non-operative pro-

cedures: dilatation with bougies and dilatation by perman(>nt tubage. The

operative methods are: resection of the o'sophagus, (esophagostomy, and

gastrostomy.

Dilatation with bougies is (juile widely employed, especially by the general

pi-actitionei"s. This is usually successful f(ir a time, as the soft carcinomatous

tissue yields i-e;idily. This foi-m of ticatment is often unax'oidable. as the

|)atient will not consent to the em|)loyment of any opeiative j)i-oce(lure. It

should be borne in mind that the bougies cause mechanical iiiitation and that

the growth may be excited by their use. (Ii'eat cai'e should be exercised in the

use of the bougies on account of the danger of perforating into a neighboring

organ during the |)roceduic. The conical-shaped English bougies are the best

for this purpose, as they are sofi and pliable. They ;iic intioduced as described

in a preceding pari of Ihe article. < )ccasioiiall\ llie (•.•iicinoiiiatous stricture is

HO small that it will be impossible t(» pass the bougie through il. If sucli be the

case, there should first be |)assed a filiform bougie to the end of which is attached
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a conical stool spiral bougie such as is shown in Fig. 109. Whon this is with-

drawn, a small-sized English bougio is employed, and then afterward bougies of

a larger size arc passed. Some temporary relief is afforded in this manner.

Permanent dilatation by introducing a hard-rubber tube into the stricture

is seldom used. Unpleasant accidents may occur, such as breaking or swallowing

Fig. 169.—Oesophageal Hougie.s. A, (iradiuited Hexible bougie, hollow and made of spiral steel;

B, lead rod to be placed in lumen of A, enabling the operator to give the bougie definite curves; C,

short, D, long filiform bougie to be screwed into the distal end of .4.

the string; and, besides, the constant presence^ of the string in the mouth is very

annoying to the patient.

Resection of the Oesophagus.

The majority of cases of carcinoma of the a?sophagus are not accessible to

radical treatment. The author has had no personal experience in resection of

the oesophagus for carcinoma. In the few cases recorded in the literature on

the subject, the immediate mortality is high and the relief in the other cases was

only transitory.

It is finite probable that with the further development of Sautn-J^ruch's
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method of operating within a pneumatic cabinet, luuler negatiNc i)ressure, a

."Satisfactory oju^ration for resection of the (rsophaj^us in cases of carcinoma may

he made i)()ssil)le. In \\)():\ Professor von Mikulicz apjiointed Sauerl)ruch to

inv(>stipite the (|uestion as to how the occurrence of a pneumothorax in intra-

thoracic suro;ery mi<iht best l)e pn^vented. the main point to l)e considered beinji

the finding; of a i)ractical method of carrying- out transpl(>ural resection of the

oesophagus for carcinoma—a procethn-(> which, up to the date named, had been

followed by disastrous results in experiments both uj^on animals and ui)on the

human subject.

Saucrbruch.-" taking as a basis th(> known fact that the difference l)etween

Fig 170.—Sauorhrucli's Pneumatic C'abiiiPt. a. OpeninR of tlic pijx' tluU cDimccts with the .suc-

tion i)ump: b. valve to let in :iir ;iiiil rcpulate tiie iifKati\c air pressure.

the intrabronchial pressure and the pressure at the surface of the ])leura is about

7 or 8 nun. Ilg, conceived the idea that if this normal relation.shij) of i)re.ssure

could be maintained while the thorax was oj)en, a pneumothorax would not

occiu'. With ihe object of testing tlii> belief he coiK-t luct ed his pneiunatic

cabinet. (Fig. 17U.) This cabinet has the shape of a cube. It is large enough

to accommodate the operator and two a.^sistants. and it contains an oi)eraling

table and two small hinged tables foi' instruments and dressings. The (looi-. the

ceiling, and the four walls, uji to ;i licigtit of about one metre, consist of iron :
the

re.st of the walls are constructed of strong gla.-^s. The whole cabinet is made

absolutelv air-tight, the door being held tightly closed by means of an iron bar

which presses it against a thick rubber encasement. In the end opposite the

dooi-, on a level with the top of the oi»erating table, there is a circular opiMiing

which is clo.sed by a I'ubber se|)tum. The rubber has a circular opening through

which the head of the patient can be foiced without difficulty, whereupon
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xhe septum spontaneoiish' closes around the neck like a cuff. On the other

side of the chaniljer, near the top, is an opening with which is connected a

suction jiumj). Next to this there is a valve which ])erniits the renewal of air

^^•ithin and regtilates the rarefaction of the air with respect to the air-pressure.

This can be regulated from within the chamber. It has been proven that a

negative pressure of 1(J millimetres is sufficient to guarantee the expansion of

the lung.

The preparation for an oi)eration within the chamber is as follows:—All

instruments and supplies are prepared and placed in the cabinet. The patient,

partially antrsthetized, is brought into the chamber and placed ujjon the table;

the head, foi'ced through the i-ubber cuff, rests outside upon a small table beside

which the ana-sthetist has his seat. The oj)erator and assistants take their

places, the dooi- of the cabinet is then closed, and the api)aratus is set in motion.

As soon as the manometer shows an air-i)i-essur(> of minus 10 to 15 millimetres

the operation begins. The operator does not experience any special difficulty

in breathing. Sauerbruch calculated that in the cabinet, with a negative pressure

of 10 millimetres of mercury, one lives under the same atmospheric pressure

as on a mountain having a height of 300 metres (about one thousand feet).

Q^sophagostomy.

CEsophagostomy is occasionally performed and the patient fed through the

fistulous opening thus established. This operation is applicable only in cases

of carcinoma situated high up in the cervical i)ortion, at which point the opening

can be made below the stricture. It is doubtful whether feeding through an

oesophageal fistula is less annoxing to the ])atient than through a gastrostomy

opening. At all events, the latter procedure is much easier for the patient to

carry out himself. Asa rule, a gastrostomy is preferable to an (psophagostomy

as a method of providing these patients with the means of obtaining nourishment.

The technique of the operation is described under the heading of Foreign

Bodies in the (Esophagus. (Page 422 et seq.)

Gastrostomy.

Gastrostomy is indicated where the patient cannot take enough food by the

mouth, as is shown by rapid emaciation. The earlier the operation is performed

the more satisfactory will be the result. If a ])ositive diagnosis of carcinoma is

made, a gastrostomy should be performed even though the patient can still

swallow liquids. The operation, of course, cannot stop the progress of the

disease, but it ma}' inhibit the ichorous decomposition which is caused by food

remaining in the ulcerated area. As a result of the oju-ration the carcinoma

may grow less i-a})idl\-, because the continuous iri'itation from the passage of

food has thereby been relieved. Oftentimes both physicians and surgeons decide

upon an operation too late. This accounts for ihe fact that the mortality is

rather high in this operation. If gastrostomy is perfoi'med at the proper time,

the life of the patient may be i)rolonged for s(>veral months or even for a longer

i:)eriod than one year.
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If tlio obstriK'tion is (•oini)l('te the operation shoukl bo i)('rforniod at oiico

after an evacuation of the bowels has been secured by means of a large enema.

On tile otlier liand, if tlierc is still a nanow channel throutih the obstruction, it

is well to administer some saline mineral water every morninti; for several days,

in order to secure a free evacuation of the bowels, because one frequ(>ntly finds,

in these cases, lnv^c accunuilations in the colon, the result of j)rolon<^ed con-

stipation. The removal of these accunuilations is very desirable, as the ))atient

will bear the operation much better if there is no decomiiosinfi material in any

))art of the intestinal canal.

If the patient is veiy weak it is often i)()ssil)le to increase his stren<i;th con-

siderably l\v giN'ing him the various concentrated and predigested foods in

considerabl(> ([uantities at regular intervals of two or three hours for a few days.

Ordinarily, however, the.se patients bear the ojxM'ation well if it is jierformed

rapitUy and with a minimum amount of traumatism. It is therefore only

necessary to gi\c the above })rei)arat()iy treatment to patients who have had

little or no care jHwious to their admission to the hosj)itaI.

The Held of operation is prepared as in eveiv abdominal operation.

(For further details regarding the operation of gastrostomy the reader is

referi-ed to what has already been said upon this subject in the first part of this

article. See page .'^9S et seq.)

Ci/sls, PdjiilloHKiUi. Mijomata, and SarcoDiata of (he (iLsopJuHjux.—Many of

the growths occurring in the (esoj)hagus, such as warts, cysts, jjajiillomata.

fibromata, and lipomata, possess only a ])athoIogicaI interest, as they rarel}^

cause disturbance.

Klebs has pointed out the analogy between diseases of the (rsophagus and

those of the skin. Thus, in the a'sophagus are found warts which are usually

small and which spread over different ])ortions of the tube. It would seem

pi'obable that these warts might dex-elo]) into carcinoma, as hap])ens in the case

of walls of the skin, Init. u|) to the ])reseiit time, such a transfoi'mation has

ne\-er been demonstrated.

Retention cysts of the nmcous glands have also been described. On account

of their small size they usual!\- do not cause any symptoms.

Fibromata and lipomata also occur, but they are very rare. They are usually

auto|)sy findings, as the}' run their course without ])i'oducing symptoms.

Sai'comata of the (esophagus are rather lare. and the symptoms and course

of the disease are similar to those of carcinoma. A jjositive diagnosis can be

made only by securing a portion (^f the tissue for microscoj)ical examination.

The treatment is the same as that described for carcinoma.

Polypi or peduiKMilatecl tumoi's of the (eso|)hagus ai'e lathei- rare. They are

usiiall}' attached in the u|)per end of the (esophagus, in the region of the cricoid

c-artilage. If they are small, they cause no sym|itoms : the lai-ger ones may cause

difficulty in swallowing, and occasionally the di-^tal end of the polyjjus is thrown

upward into the thi-oat causing choking and difficulty in bi'eathing.

Cul)bins " has lepoitecl u ca.se of (esophageal polyj) which was removed l)y

operation. The patient was forty-five years of age and had previously been
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healthy. During the a(hnmistration of an anaesthetic for the reduction of a

di.slocated shoulder-joint, the patient vomited, and during this act a pedunculated

tumor was extruded from the mouth. The tumor was grasped and measured and

found to protrude four inches from the mouth. The patient's wife would not

consent to the removal of the tumor; so it was returned into the mouth and the

patient swallowed it. Later, he was anaesthetized again, and several attempts

were made to remove the polyp by introducing forceps down through the oesopha-

gus, but these efforts were unsuccessful. Shortly afterward, the patient began to

develop symptoms of obstruction and at the end of tlirce months the obstruction

was so marked that he was unable to swallow anything but liquids. He was now
prepared for an operation on the neck, and attempts were made to nauseate him,

so that he would throw up the tumor. His stomach was filled with water and

some apomorphine given, hut no fluids would come up. He was then ana'sthetized,

but all attempts made to draw the tumor fiom the oesophagus failed. A lateral

oe.sophagotomy was performed, and the tumor was found situated on the anterior

portion of the oesophagus, with the pedicle a little to the left of the median line,

just above the cricoid cartilage, and extending down the oesophagus a distance

of about seven inches. It was ligated and removed and the wound closed with

packing. The tumor measured 16 cm. in length and 5 cm. in diameter; its pedicle

measured 1 cm. It weighed 210 grams.

Injuries of the (Esophagus.—Trauma from an Internal Source.—The injuries

of the oesophagus whicli arc pi-oduced by violence from within are: those result-

ing from swallowing the A'arious corrosive drugs, those inflicted by foreign bodies

that have been swallowed, and the injuries caused by passing bougies, coin-

catchers, and other instruments. Injuries from the passing of instruments are

particularly liable to occur in the presence of pathological changes such as

carcinoma, ulcer, stricture, etc. Perforation of the oesophagus is a serious

condition, as it may result in a fatal mediastinitis or pleuritis.

External Injuries of the Oesophagus.—The oesophagus, being so deeply situ-

ated, is very rareh' injured by violence from without. Wounds of the cervical

portion are the most common, and they usually occur as a result of at-

tempted suicide. These wounds, as a rule, are situated high up on the neck in

the region of the larynx or hyoid bone, and consequently the wound of the

alimentary canal is either high u]) in the a^sophagus or in the pharynx. In these

cases the respiratory ])assages are practically always injured at the same time.

The characteristic sign of injury of the oesophagus is the escape of food

through the external wound, although this may be absent even in gunshot

or stab wounds if the edges of the wound are in close apposition.

Injury of the oesophagus alone in the thoracic portion of its course is extremely

i-are. Such an injury may result from a dagger, a bayonet, or a bullet. Injuries

of adjacent organs, such as the heart, the lungs, the large vessels, etc., which are

usually fatal in themselves on account of their anatomical position, are apt to

occur at the same time. The danger from injury to tlie oesophagus is in itself

very serious, as food is likely to escape into the surrounding tissues and to cause

an ichorous abscess, a mediastinitis, or a pleuritis.

Treatment.—When the injury is in the cervical portion, the first things to
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1)(* (lone are to control tho heinorrha^o and to i)r('vent asphyxia. It is frequently

necessary to perform a tracheotomy. If the condition is such as to wan-ant an

operation an attempt .should ix' made to suture the ivsophagus, and also the

trachea if that has been severed. The best method to adopt is that employed

in suturino; the intestines; the nuicous membrane beinji; sutured first and then

the nuiscular coat over this.

In case tlie injury is in the thoracic jmrtion, the treatment is practically

hopeless. It is usually limited to feeding the patient per rectum or through a

stomach tube, if this can be passed down beyond the injured portion. If the

])ati('nt is in a condition to stand an ojxTation. a gastrostomy will afford the best

means of fredini:' him.

Foreign Bodies in the (Esophagus.—The lodging of foreign bodies in the

(i'soi)hagus is not an unconnnon occurrence and is classed as one of the emergen-

cies in the practice of surgery; it frecjuently requires prompt action on the part

of the surgeon. The accid(>nt is most often seen in the very young and the

in.sane. The foreign bodies most often found are: coins, buttons, pins, keys,

glass beads, bones, and various kinds of small toys. Foreign bodies such as

fish l)ones. fmit stones, and pi(>c(>s of glass and enamel, are freciuently found in

food. In adults the foreign body most frecjuently found in the (esophagus is

a poorly fitted set of aitificial teeth which have not been remoNcd at night or

which have been swallowed during an attack of syncope or convulsions.

Hugh M. Rigby ' reports the case of a child who swallowed a toy bicycle

wliicii became lodged in the cesophagus at a point seven inches distant from the

teeth.

From what has been said it will be seen how gr(>at is the variety of foreign

bodies which may call for consideration. The situation at which a foreign body

may become lodged depends considerably upon the nature and size of the object.

In the case of small pointed bodies, which penetrate the mucous membrane

easily, they may lodge at any |)oint in the course of the (esophagus. Yery large

bodies cannot, as a rule. i»ass the isthmus and remain lodged in the pharynx.

Small sharp-j)ointe(l bodies, like fish-bones and wooden splinters, which project

fnni a moi-sel of food, are apt to l)e driven into the wall of the pharynx during

the first act of swallowing. Large bodies which ])a.ss the isthmus are apt to

become impacted at the upper bolder of the cricoid cartilage, or where the

(esophagus is ci'ossed i)y the left bronchus, or where the (esophagus passes

through the diaphragm.

Sym|)toms. The symptoms \ar\' according to the situation of the foreign

body and according to its size and shape and th(> amoimt of obstruction present;

they also vary in accordance with the amount of pressure exerted upon (Jther

organs, such as the trachea oi' the lai\n\. Nausea, a sense of obstruction and

|)aiii on attempting to swallow, and occasionally a reflex cough are usually

present. If the body is huge and remains in the ]>hai-yn\, it may j)ress ui)()n

the opening in the larynx and cause choking, accompanied by cyanosis, etc.

If the obstiiiction is complete, all food will be i-egurgitate(|. When the



SURGICAL DISEASES OF STOMACH AND (ESOPHAGUS. 423

obstruction i.-< high up in the oesophagus the regurgitation will take place im-

mediately on attempting to swallow ; if it is low down a little time may intervene

before the food is regurgitated.

In cases in which the foreign body has sharp edges which cause injury, the

patient complains of a stabbing pain at a definite jioint on attempting to swallow.

This point, when the foreign body is situated high up, is likely to correspond to

the location of the obstruction. When the impaction is lower down, the pain is

usually referred to the region of the sternum, though the obstruction may be at

a lower level.

Diagnosis.—Occasionally a positive diagnosis of an impacted foreign body

can be made simply from the histoiy of the case and the symj^itoms. On account

of the serious complications which may arise from a foreign body remaining in

the oesophagus a long time, an attempt should be made, even in doubtful cases,

to detennine the presence or absence of a foreign body.

The phar3'nx should be inspected by means of a mirror and palpation should

be made with the finger. External palj^ation should also be made, as large

bodies in the cer\acal portion of the (psophagus can often be felt, or there may be

a point of tenderness corresponding to the location of the foreign body.

In most cases a foreign body can be detected by passing a bougie, and its

precise situation may also be determined in this mamier. The best bougie to

emjjloy for this purpose is a whalebone staff with a cylindrical tip of ivory or

metal. When a foreign body is touched with such an instrument, a clicking or

rubbing sound can be heard or at least felt

.

Examination with the j-ray, either by means of the fluoroscope or by the

aid of an j;-ray photograph, is an important aid in diagnosis and has proved to

be entirely practicable in many instances.

The cesophagoscope may be used in these cases both as a means of diagnosis

and as an aid to treatment. Sippy ^ says: 'Hhat the chief value of the cesopha-

goscope is for removal of fore'gn bodies. Here it becomes indispensable." A
foi'eign body fimily lodged in the oesophagus constitutes a serious condition;

unless removed, it sooner or later causes the death of the patient.

The early use of the cesophagoscope for the removal of a foreign body must

be strongly urged. During the first day or two after a foreign body is lodged,

very little inflammation is present, but, after three or four days or a week, this

inflammation becomes intense. An abscess may form; perforation of the wall

of the oesophagus is apt to follow: and, above all, after the lapse of a short time,

the inflanuiiation surrounding the foreign body becomes so marked as to render

its extraction a difficult matter. AVhene\er, therefore, a foreign body is lodged

in the (esophagus in an inaccessible possition, from which it cannot be dislodged

either upward or downward, the oesoj^hagoscope should be used at once; and,

with the aid of this instmment, it will be found that, in a great many cases, the

foreign body can be extracted.

Treatment.—The treatment of foreign bodies lodged in the oesophagus should

be instituted as soon as the diagnosis has been made. The various methods

which dispense with a cutting operation should be tried first—namely, extraction
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through tho mouth; forcing the foreign Ixuly down into the stomach; extraction

with the aid of the (rso|)iiagoscoi)e.

Extraction through the mouth should be attempted in cases of foreign hocHes

which, by their character and situation, ean be removed without undue force.

The longer a foreign body has ben embedded, the more cautious should one be

I Ui. 171.— LutttT I'orcep:^.

in one's efforts to remove it. The various forms of ))haryngeal and (rsophageal

forcej)s are adapted princijially to the removal of foreign bodies from the pliarynx

and uj)i)er (rso|)hagus. (Figs. 171, 172, 173.) Fig. 174 represents an instrument

—Graefe's coin-catcher—which, when it is passed beyond the fonngn body and

then withdrawn, is likely to catch the body and bring it out. This instrument

is useful in cases in which the object is lodged in the lower portion of the (esopha-

gus and does not completely obstruct the tube. The Weiss fishbone catcher,

with ring, metal tiji, and Synii)son's hook contrivanc(\ is represented in Fig. 175.

It is ])assed beyond the object with the biistler fold(>d and held in ))lace by

In;. I7J. l'h;iryiiRi';il I'urccp.s.

Sympson's contrivance (a): it i.-^ then opened like an uinl)ivll;i ;ind the walls of

the (e.sophagus are swej)t from below upward by withdrawing the insti'ument

held open, as in }>. Thi.- instrument is most useful in removing fishl)ones and
other small objects. Graefe's coin catcher ( I-'ig. 171) consists of a whalebone

staff, one end of which carries a small sponge, the other end being pi-ovided either
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with a shallow basket which turns on a hinge, or with a smooth double hook

movable in both directions. The instrument is passed beyond the foreign body

and then turned ujion its axis before being withdrawn.

After the (Psophagus has been examined with a bougie and the location of the

foreign body has been determined, (rsophagoscopy should be j^erformed with the

intention of extracting the foreign body through the mouth or of pushing it into

the stomach. There are many cases in which a foreign body can be removed

through the mouth by aid of the crsophagoscope, an a^sophagotomy or possibly

a gastrotomy being thus avoided. (Esophagoscopy should be attempted only by

those who have had special training and have mastered the technique of the

procedure.

A foreign body should not be pushed down into the stomach unless one is

fairly certain that the procedure will not be a disadvantage to the patient. The

Fk;. 173.—Qi^sophageal Forceps.

cases in which this method is justifiable are those in which the foreign body is

smooth and is not too large to pass the pylorus, and which, besides, cannot be

easily grasped with extraction forceps. The procedure is also permissible in

cases in which the foreign body is of a soft nature, such as a piece of meat, a

potato, etc. The best instrument for this purpose is the ordinary bougie with

a cylindrical ti}). In case a foreign body passes into the stomach, or is pushed

down into the stomach, its passage will be facilitated by feeding the patient

mashed potatoes for a few days.

Where the methods mentioned above are unsuccessful, or where they are

contra-indicated, a surgical operation should be performed. E^Tn though the

foreign body be of such a nature that it will probably not pass the pylorus safely,

it is justifiable to push it down into the stomach and perform a gastrotomy later,

for the latter operation is much simpler and less dangerous where a foreign body

is situated in the stomach than where it is impacted in the oesophagus.

There are two methods of approach: one by an external a^sophagotomy,

and the other by a gastrotomy. The selection of the method must depend upon

the location of the impaction. As a rule, if the impacted body is located at the
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cricoid cartilage or at any spot above the suprasternal notch, an cfsophagotomy

should be performed; if it is located below the sternal notch, a gastrotomy

should be done.

CEsophagotoniy.

The patient is anu'sthetized and placed with the shoulders wc^ll raised and

a sand bag under the neck, so as to throw the head somewhat backward. An
incision is made on the left side of the neck, along a line corresponding with the

anterior border of the sterno-mastoid muscle. It is carried directly down to

the muscle. Blunt dissection is now used until the anterior belly of the omo-

hyoid muscle is reached. This muscle and the sterno-thyroid and sterno-hyoid

muscles are retracted inwai'd. Tlie lateral wall of the trachea can now be felt.

and, when the wound is .stretched oikmi, the (rsoj)hagus should be seen immedi-

ately behind the trachea. Great assistance in locating this tube can be rendered

by i)lacing a bougie with a large bulb in the oesophagus and pressing the end

toward the wound. The oesophagus is now separated from its connections, both

anteriorly and posteriorly, by means of blunt dissection, so that it is possible to

bring the a>soj)hagus up near the edges of the skin wound. The remainder of

Fig. 174 —Graefe's Coin-catcher.

the wound is now packed off with small pads so as to prevent any discharge

which might come from the (rsophagus from infecting the wound. An incision

is next made upon the bulb and the cut edges of the (rsophagus arc grasped by

means of two mouse-toothed forceps. The oesophagus is then explored by

means of the Hngei", and the foi'eigii body is removed by the aid of a curved

j)air of (rsoi)hageal forceps. Cireat care should be taken to sponge away any

mucus that escai)es from the cesoi)hagus. After the foreign Ixxly bas been

removed, the wound in the (esophagus should be closed with two layers of catgut

sutures, the outer low consisting of Lembert stitches. A small drain is now

carried down to the (esophagus, all of the deep structures are sutured in their

normal position with catgut, and the margins of the skin are ai)proximated with

hoi'sehair stitches. The jiatient should i-ecei\-e no food or li(|uids by way of

the mouth for a week or ten days. In well-nourished i)atients the nourishment

;'nd fluids can be administered per reel inn. In very weak indi\iduals the nourish-

ment can be given by passing a tube thi'ough the nose down into the stomach.

The prognosis, in ca.ses of (esoj)hagotomy, depends mainly ujjon the time at

which the ojK'ration is performed. If it is performed within the hrst twenty-four

to forty-eight hours, the |)rognosis is good; if it is |)erformed after this tune, and

if ulceration or ]»erforatioii has taken |)lace. the jirognosis is very grave.
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Gastrotoniy for the Removal of a Foreign Body in the (Esophagus.

The removal of a foreign body through the stomach is justifial:)le in all cases

in which the body is situated too low in the thoracic portion of the a^sophagus

to be reached b}^ ccsophagotomy, and in which,

at the same time, it cannot be removed l)y

other means. It is indicated, therefore, in

cases in which the foreign body is situated

more than 26 cm. (10 inches) from the teeth,

as well as in those in which the body is lodged

in the cardiac end of the (esophagus; and it is

especially indicated in cases in which the

foreign body is large and angular or irregularly

shaped.

In performing gastrotoniy for the removal

of a foreign body in the a-sophagus, the surgeon

should make the incision through the edge of

the left rectus abdominis muscle or obliciuel}-

along the costal margin. When the perito-

neal cavity is opened the intestines should be

packed away by means of sterile gauze pads,

to guard against soiling the peritoneum by

any leakage from the stomach. The dome of

the stomach is now brought forward and out

of the peritoneal cavity, if possible. The

stomach wall is grasped with mouse-toothed

stomach forceps and then incised. The con-

tents of the organ should l)e removed l)y pack-

ing dry gauze pads in and out through the

opening in the stomach wall. The lower end

of the crsophagus is now explored by passing

one finger through the opening in the stomach

wall. The edges of the stomach wound should

be held well beyond the edges of the abdom-

inal wound, a pair of oesophageal forceps should

be passed through this opening up into the

oesophagus, and the foreign body should, if

possible, be extracted. In the more difficult

cases, in which various procedures are neces-

sary in order to loosen and bring down the

foreign body, it is most practicable to enlarge

the incision and pass the whole hand into the

stomach, as reconnnended by Richardson. If

the foreign body cannot be reached with the

finger and removed by the aid of forceps, the string method, as used by Bull and

Fig. 17.5.—Weiss Fishbone Catcher.

a, Bristle folded and instrument ready

to be introduced; b, bristle expanded

and instrument ready to be withdrawn;

c, Sympson's hook contrivance.
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Fiiiiu'v, should be tried. A small sound or houf^ie is passed either through the

mouth or from below through the »!;astrotomy oiH'uinji;. A string, which has been

armed with a small sponge or i)ieee of gauze is attached to the end of the sound

and jiulled back through the (eso|)hagus. An attempt is now made, by drawing

this sponge through the (esophagus, either to bring the foreign body up and out

through the mouth, or to pull it downward into the stomach. After the foreign

body has been ri'inovetl. the management of the opening in the stomach dejx'uds

upon the amount of traumatism which has been indicted upon the crsoi^hagus.

If the foi-eign body is removed {>arly and with little injury to the a^sophagus, the

wound in the stomach should be completely closed by first applying a Council

suture to the two edges antl then covering the area by means of a Lembert

stitch. In case the foreign botly has hvvn ])resent for a consi(l(>rable length of

time, thus favoring the belief that an ulcerated condition may exist, or if the

(rsoi)hagus is injured considerably during the removal of the foreign body, then

a temi)orary gastrostomy should be done for the jnupose of administering food

until the a\sophagus shall have recovered from the injuries inflicted. The

gastrostomy should l)e so ])lanned that the o|)ening in the stomach will close

spontaneously in a short time. This can be accom{)lished l)v carefully folding

the serous surface of the stomach inward around the feeding tube, thus making

it impossible for any eversion of the mucous lining of the stomach to take place.

If this is done in the manner described, the fistula in the stomach will close in a

short time after the removal of the feeding tub(\

Among the comjjlications which may follow the swallowing of a foi'eign

body the most important are hemorrhage and j)hleginonous processes resulting

from injury to the (Psoi)hagus. Ulceration, perforation, or gangrene of the

oesophagus is apt to be followed by a phlegmonous process which may lead to

suppuration in the pleura, in the mediastinum, or in the loose connective tissue

between the vertebral colunm and the (rsophagus, or it may result in i)neumonia

or in gangrene of the lungs.

In the presence of any of the above-named comi)lications, the prognosis is

usuall\' unfaNorable.

Stricture of the (Esophagus.—Of the organic strictures of the (esoi)hagus,

those which are caused by carcinoma are the most freciuent; the ne.xt, in the

order of frequency, being the cicatricial stenosis, the result of the healing of an

ulceration. The latter is produced by some form of traumati.sni, such as the

swallowing of a caustic alkali, an acid, or a hot fluid; and it may also be caused

In* a wound or by tiie prolonged lodgment of a foi'cign body. It is occasionally

due to lyphoid ulcci-;ition. Tlioinpson '" reports three cases which came under

his ob.servation and nine other cases which have been described in literature.

The most common cause —and this is es|)ecially true in children— is the

accidental swallowing of concentrated lye. In adults, carbolic acid, ammonia,

etc., are fi'cvpiently taken, but in only a small proj)()i-|ion of the cases does the

l)atient liv(Mo develop a cicatrix; the immediate mortality is high. Occasion-

ally the breaking down of a syphilitic gumma mav leave an ulcer, and the heal-

ing of this legion causes a stenosis. Tubei-culous ulcei'ation of the (esophagus
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is very rare. The healing of an ulcer of the cardia which extends into the

oesophagus may, in rare cases, result in a cicatricial stenosis of the oesophagus.

Spasmodic stricture of the oesophagus is not a rare condition, and must always

be kept in mind when one is considering the causes of obstruction of the

oesophagus.

A pressure-stenosis of the oesophagus may result from extra-oesophageal

conditions, such as tumors involving the thyroid body, enlarged tracheal and

mediastinal lymph nodes, aneurysms, pericardial effusions, peri-oesophageal

abscess, and spondylitis.

Although strictures may occur at any part of the oesophagus, they are most

frequently found at the site of the three natural constrictions of the oesophagus

—

viz., at the entrance of the oesophagus, at the level of the bifurcation of the

trachea, and in the region of the hiatus of the oesophagus.

Symptoms.—Difficulty in swallowing is present in all cases of stricture of

the cesophagus. The degree of dysphagia depends upon the degree of stenosis.

In cases of cicatricial stenosis the narrowing usually develops slowly, and the

dysphagia comes on gradually. At first, the patient experiences difficulty in

swallowing solid food, especially meat. Early in the disease there is usually a

sense of pain or discomfort in the oesophagus at the point of the stricture,

especially during the act of swallowing. Occasionally, the patients locate the

stricture incorrectly, as the pain may be referred to the region of the sternum

and cricoid cartilage when the obstruction is located in the lower portion of the

oesophagus. As the stenosis increases, the difficulty in swallowing becomes more

marked, and the patient soon develops a rather characteristic symptom—that,

namely, of being careful to take only a small amount of food at a time, and then

to swallow it slowly. He frequently gags, and then carries out certain motions

with his head. There is often regurgitation of food. If the obstruction is high

up in the cesophagus, this regurgitation takes place immediately; if it is lower

down, a short time may intervene before the regurgitation takes place. Where

the obstruction is very marked, mucus and swallowed saliva accunuilate in the

cesophagus and constitute a great annoyance to the patient by being frequently

regurgitated into the mouth. As soon as the ol^struction is j^ronounced. loss of

weight takes place from lack of sufficient nourishment.

Diagnosis.—In mechanical stricture of the (esophagus there is present a

group of symptoms which are self-e\ddent ; of these, the dysphagia and the

regurgitation of food are the most prominent. When a patient complains of

difficulty in swallowing or of vomiting at the time of eating, we should put him

to the test and observe what happens during the ingestion of food and drinks.

Even though the obstruction has existed for only a short time, we shall observe

that the patient has learned to eat slowly, to take only small bites of food, and

to masticate very carefully. If the stenosis is very mark(>d, even li(iuids will be

taken slowly, and it will be evident that the patient is making an effort to cause

the food to go down. If he is urged to eat more rapidly, he will say that it is

impossible. If eating is forced, there will be a regurgitation of food usually mixed

with mucus. This takes place without any effort on the part of the patient and
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is very clifforcnt from tho expulsive effort which usually accompanies vomiting.

Th(^ ])atient can practically always distinguish the difference between the act of

vomiting and the re.iiur.u'itation of food. If the history of a i)atient indicates the

presence of a stenosis, we can confirm the (ha,iiiiosis by passing a stomach tube

or bougie. Before such instruments are used, however, a careful examination

of the ])atient should be made to determine if there is any contra-indication to

the employment of this measure. The presence of an aneurysm, or of high-grade

arteriosclerosis, or of pronounced heart incompetency renders the procedure

unsafe. As a rule, it is best to ))ass a soft stomach tube first; but the exact

location and degree of the ol)struction can be more accurately dctcniiincd by the

emi)loyment of bougies with olive tips. The diagnosis and location of an

oesophageal stenosis is usually easy, but to determine the exact nature of the

obstruction is often a difficult matter. In adults carcinoma is by far the most

common cause of stricture. It is characterized by the same symptoms as those

describetl above. Its onset is usually gradual, although the inability to swallow-

solids may come on suddenly. The course of carcinoma is progressive, there is

a gradualloss of weight, and later there is cachexia. Metastatic gi-owths should

always be looked for, although they an^ rarely of value in the early diagnosis.

As there is a tendency toward early ulceration in carcinoma, the presence of

blood in the stools is an important diagnostic sign. In carcinoma the passage

of even a soft stomach tube usually causes bleeding on account of the presence

of an ulcerating surface.

In cicatricial stenosis there will be a gradual and persistent obstruction, with

the absence of the above-mentioned symptoms. There is usually a history of

swallowing some caustic acid or alkali. This history, together with the presence

of a firm obstruction as determined by the passing of a bougie, will usually

suffice to make the diagnosis of cicatricial stenosis.

Treat.mext.—Much can be done to prevent tiie formation of troublesome

strictures following traumatisms of the (esophagus by treating the condition

before contraction takes ijlace. After a patient has swallowed some caustic

substance, Meyer suggests that systematic sounding should be instituted after

the lapse of from two to four weeks. Foreign bodies should not be allowed to

remain in the oesophagus until ulceration has taken place.

Measures to he Emploj/ed in DiUitalde Strictures.—Gradual dilatation is the

operation of choice in this class of cases. If the .stricture is not too tight the

woven fiexil)le bougies are suitable for this i)mpose. The bougie is lul)ricated

with vaseline, olive oil, or glycerin, and passed in the method described in the

section relating to the examination of the crsophagus. (Page 410.) In the

tighter strictures a bougie with a whalebone stem, to which may be attached

ivory olive-sha|)ed tips of diffen^nt sizes, will be found mo.st valuable. These

tips should be made lf)ng and tapering, so that they may enter the stricture with

greater ease than do tiie oidinary oli\-e-shape(l lijis. and the size em|)loyed should

gradually increase. Tiiere are many cases in which the woven flexible bougie

or the olive-shaped tij)s cannot be pa.'^sed, ;uid the surgeon is then apt to pro-

nounce the case one of imj)ermeable .strictuic. 1 lowever, in these cases one may,
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with care and gentlenes.s, easily pass a filiform bougie, even though several sit-

tings are required. In such cases several small filiform bougies, on one end of

which screw threads are cut so that it may be attached to a flexible dilator, as

shown in Fig. 169, should be inserted (one after the other) into the oesophagus

and gently pushed against the stricture in the same manner as filiforms are

inserted into the urethra. By manipulating first one bougie and then another,

one will usually succeed in causing one of them to slip through. The tapering

flexible bougie is now attached to the filiform, which serves as a guide, and the

bougie is then pushed on through the stricture. After the filiform has been

passed a few times, the passage of the woven flexible bougie or one of the olive-

shaped tips can probably be effected. These should be passed in increasing

sizes at intervals of two or three times a week. After a few days, when the

patient has become accustomed to this procedure, the largest flexible bougie

passed should be left in place for a period of from five to fifteen minutes.

Many months are usually required for the thorough dilatation of one of these

strictures, and, after the patient is apparently cured, sounds should be passed

occasionally for several years.

Methods to he Employed in Non-Dilatable Strictures.—In strictures which are

impermeable from above, or which cannot be successful!}^ treated by dilatation

through the mouth, the treatment depends upon the condition of the patient and

upon the location of the stricture. If the patient is in an exhausted condition

from prolonged starvation, a temporary gastrostomy should be performed and

the patient nourished in this way until his general condition shall have improved.

By this means, rest is given to the affected parts and then, later on, it may be

possible to dilate the stricture from above ; or, if it be not possible, some form

of retrograde dilatation may be used.

The following is quoted from Mayo ": ''For stricture in the vicinity of the

cricoid cartilage external oesophagotomy, after Billroth, is the operation of

choice. Like the perineal cut for stricture of the urethra, the funnel-shaped

retraction of the cut portion is caused by adhesion to the external tissues divided

and it lessens future contraction. This operation, first performed by Mitchell

and later by Annandale, has stood the test and should not be long delayed.

''For dense stricture above the arch of the aorta and below the point which

can be directly divided, Gussenbauer's combined oesophagotomy is the best

operation; through an external incision in the neck a tenotome is introduced

and passed downward to the stricture, which is then di\'ided."

The most common, as well as the most serious, strictures are those at the

lower end of the oesophagus. The best method of dealing with these is by some

form of retrograde dilatation.

Esophageal strictures which are impeiTneable from above, will almost in-

variably permit the passage of a bougie from below, because the pressure of the

food in trying to pass down the oesophagus renders the canal basin-shaped, while

on the distal side the oesophagus is funnel-shaped. Thus naturally a bougie

will pass more readily upward through the stricture.

The Author's Method.—The same incision is made as that which is used in
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orilinaiy ^gastrostomy. The stomach wall is brought out of the wound and a

purse-string suture is api)lied in such a manner as to describe a circle one inch

and a half in dianictcr. An incisiou is next made in the stomach wall large

enough to admit one fing(M-. A filiform l)()Ugie is now passed through the stric-

ture, either from above or in a retrograde manner. A silk cord is attached to

the end of the bougie and jjulled up through the (Psophagus and out through the

mouth. A stronger silk cord is attached to this one and in turn is di'awn through

downward. This performance is re])eated until a very powei'ful silk cord has

been drawn through double and tied upon itself, as shown in Pig. 170. The

Fin. 176.— Dilatation of Stricture of tlio Ovsopliagus. Tlic diagram sliows a continuous double

thread of heavy silk passed throu^li the mouth, pharynx, (esophagus, stoniacli, and gastrotomy wound,

and from tiiis to the nKnith a rubber drainage tube <lra\vM tliroiigh by tlie loop in the string, and

a secon<l drainage tube looped into the first, to be drawn back through the -stricture.

fee* ling tube is fastened in the stomach by tying the j)ur.se string. The silk cord

is left in jilace; it passes around through the oesophagus and stomach and out

alongside the feeding tube, so that it cannot be dislodged by any accidental

manij)ulation. The operation is then comi)lete(l by suturing the stomach to

the |)ei-itoneum and transversalis fascia.

The feeding tube is left ill place for a few da\'s while t he stomach is becoming

thoroughly attached to the abdominal w.all. ilming which time the p.atieiit re-

ceives an abundance of nourishing h)oi|.

The dilatation is now begun in the folhtwing maimer: —Bv means of tlu;
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continuous double cord another cord is carried through the stomach into the

oesophagus and out through the mouth. This cord should again be double, so

that a rubber drainage tube may be looped into it and drawn through the

stricture, as shown in Fig. 176. In this diagram, however, the rubber tube is

looped chrectly upon the original silk cord, which is not a safe practice, because,

if the cord should break, it might be difficult to replace it, while there is no

danger of its breaking in simply carrying through another cord. The rubber

will stretch out into a thin body when drawn through a tight stricture, but when
relaxed it will act as a powerful dilator. The size of the rubber tube may be

increased, or any desired number of tubes may be drawn through the stricture

Fig. 177.—Dilatation of a Stricture of the CEsophagus. In this diagram a large double tube is

represented as having been drawn into the stricture, in which position it is left for a time in order that

it may exert a dilating influence.

at the same time, as the calibre of the latter increases. (See Fig. 177.) The

rubber tubes may be drawn back and forth. The first one is drawn through the

mouth and out of the opening in the stomach by means of the silk cord. The

dilatation can now be carried on by looping a larger rubber tube through the

loop of the other tube. By means of the latter, draw the larger tube up through

and out of the mouth, and then repeat this until as large a tube as desired may

be drawn through the stricture. This, however, requires a large opening in the

stomach, which is not necessary if the tubes are simply looped into the silk cord;

and by alternating the direction of the pull, the tube is first drawn out by its

VOL. vii.—28
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free ends and then in l)v the silk loop. Later on, a Barnes dilator in a collapsed

condition may be drawn into the stricture, as shown in Fig. 178. In this diagram

the dilator is being drawn up from below, but it can be drawn down from above

with no more difficulty. The fact that the dilator is engaged in the stricture

may be recognized by the difficulty which one experiences in drawing it into the

narrow opening. It should also be noted that the shoulders upon the bag have

a tendency to keep it from slipping beyond the stricture.

Wlien once in place the Barnes dilator is inflated with air by means of a rubber

bulb. The patient's own sensations must serve as a guide to the degree of

Fig. 178.—Dilatation of a Stricture of tiu- <E.sopliagii.s. The diagram shows a Barnes dilator intro-

duced after partial dilatation has been accomplished by the method illustrated in Figs. 176 and 177.

dilatation which it is safe to make use of at any given time, and to the length of

time during which it is wise to leave the dilator in place.

Sippy has constructed a dilator which is superior to the Barnes dilator and

wliich can be used in the same manner. The dilator consists of a rubber bag,

about three and one-half inches long, encased in a silk bag, which limits accu-

rately the distention which may be produced. When inflated with air the silk

bag has a circumference of about 15 cm. The dilating force is accurately

controlled by this bag, and the maximum pressure is exerted at the point desired.

The silk bag is itself covered with a rubber bag, to prevent friction.

In case simj)l(' dilatation, cither by the use of the rubber tubes or by means

of the Barnes dilator, does not exjjand the stricture rapidly enough, the edges
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of the stricture may be rendered tense either by drawing as many rubber tubes

as one can into the stricture or by employing the inflated bag, as shown in Fig.

179, and then using the silk cord after the fashion of a chain saw (as is done in

the method of Abbe) and thus cutting the edges of the stricture. After a con-

siderable degree of dilatation has been accomplished, it is well to attempt the

passage of oesophageal bougies from above. These should be passed every day

at first, then once a week for several months, and finally once a month for

many years. The patient can be taught to pass the bougies himself, and he

should then report personally to the surgeon from time to time. This is

O •
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Abl^o says:
—"This has l)ocn intorostin^ to nio from a physiological point of

view. We ordinarily think of the stomach as pictured in anatomy, showing a

funnel-shaped expansion of the aesophagus where it joins (he stomach wall. It

has never been my experience to find this condition in the living stomach. As

one's finger passes back and forth over its upper interior asjject, one feels an

even surface more like the interior of any dome-shaped cavity. This surface is

maintained by th(^ circular sphincteric muscle layers, and it is not until a moment's

]ir(^ssure of the finger at the right place causes them

to yield, that it slips upward into the oesophagus.

" I have never seen this point stated in any surgical

work, and it has interested me as representing an al-

ways present physiological condition which prevents

food regurgitation."

^^'hen the (esophageal opening has been located,

a long filiform whalebone bougie, guided by the index

finger, is passed u|) along the (Esophagus from the

stomach to the mouth. To the end of this a heavy

silk string is tied and pulled up into and out of the

mouth. A tapering bougie is now passed up along

the string and through the stricture until it becomes

wedged tight in the latter. (Fig. 180.) The string is

now pulled back and foi'th like a saw, cutting the

tight stricture band. (Fig. 181.) As the stricture

gives way, the bougie is passed further up until it

again becomes tight; the string-sawing is then re-

peated until a large l)0ugie can be passed from the

stomach to the mouth. Instead of passing the

bougie uj) along the string, as described above, one

may draw through the (i^sophagus a second string,

to the lower end of which a Billroth dilating bougie is

tied, and by means of this string the bougie is drawn

upward until it becomes tightly engaged in the stric-

ture; the sawing process may then be employed in

the manner described above.

The fundamental ])rinciple of this operation is this: the dilator must be

pressed tightly into the stricture in order that the string moving to and fro may

eat its way through the stricture. No tissue A\ill be affected by the string,

except where it is on the stretch.

The gastrotomy opening may be closed immediately after the cutting

process is completed, or it may be l(>ft open for a few days until it is demonstrated

that a large-sized bougie may be readily jjassed from above. Bougies should be

passed evei'v otlier day at first, then weekly, then once a month for a year, and

after that once each year.

In some cases it is possible U) pass a small-sized bougie through the stricture

from above, but these stnctures are so dense that they will not yield to the

Fig. 180.—Abbe's Striiif;-

cutting Method. The dilating

bougie and string are in place
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bougies. For such a case, Dr. Joseph D. Bryant devised a small bougie that

carried a string around the advancing end down from above through the

stricture for the purpose of cutting the latter by the string method without

performing a gastrotomy. Abbe ^- modified this bougie in such a manner as

to make its use more simple and practical. He devised a dilating metal guide

which carries a string down to the face of the stricture and back again, so that,

working entirely from the patient's mouth, he was able to wear a passage

through the stricture on the same principle that api3lies in his original string-

cutting operation. The patient's head is held back in a position which will

render the oesophagus as straight as possible. The instrument is gently pushed

Fig. 181.—Diagram Illustrating Abbe's String-cutting Method for CEsophageal Stricture.

down the oesophagus until the probe-ending guide engages in the stricture and

the metal shoulder bears hard upon it. \yhile the operator forces the instru-

ment onward, the assistant pulls the string back and forth in the tube and

wears away the cicatrix where the string passes against it.

Billroth's Method.—A filiform bougie is passed into a gastrostoni}' opening

and up through the stricture to the mouth or out through an external crsopha-

gotomy opening, and a strong thread is drawn down through and out of th(^

opening in the stomach. Then, to the lower end are fastened in succession

conical bougies the tips of which are capped by a metal point into which the

string is tied. From the smallest to the largest ones, these are thus safely
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drawn up through the stricture, witli no daugcr of perforating the wall of

the oesophagus.

In perfomiing any of the retrograde methods of dilatation one is apt to have

diffieulty in passing the first string through the stricture. It may not only be

impossible to pass a bougie from above, but one may also exi)erience great

difficult}' in finding the cardiac opening. In such cases a silk thread may be

floated through from above, as advocated l)y Dunham. This is accomplished

by having the patient swallow a silk thread down to the stricture. The patient

is then given a swallow of water. As this trickles down through the stricture

it may carry the thread through with it, and then the thread can be fished out

through the gastric fistula.

Hagenbach reported a case in which he was unable to find the stricture from

below after making a gastric fistula. He caus(>d the patient to swallow a per-

forated shot to which a thread was attached. This passed through the stricture

into the stomach and was hookcxl out of the fistula, and thus acted as a guide for

the future dilatations.

Dr. Morris " reports a case of stricture of the a?sophagus following the drink-

ing of hydrochloric acid and describes a method of forming a gastric fistula.

"Charles M., seventy-one years of age, drank hydrochloric acid by accident.

The a?sophagus became nearly or completely occluded during the following three

weeks.- Rectal alimentation. Loss of weight, 30 pounds. Patient extremely

feeble when I first saw him on Xovember 25th, 1907. Operation at St. Mark's

Hospital on the following day. Incision parallel with the left costal border, in

the expectation of performing Witzel's operation. Stomach so much contracted

that it was found impossible to perform this operation. A ribbon of skin about

an inch wide was dissected away from either side of the original incision. Ribbons

about four inches long remained attached at their cephalad ends. Free ends of

ribbons drawn into an opening in the stomach near attachment of gastro-colic

omentum and sutured to mucosa in such a way as to leave a round tube of skin.

Margins of ribbons sutured in such a way as to complete this tube. Gastro-colic

omentum easily wrapped about the tube and sutured to the abdominal wall to

guard against leakage and to help furnish lymph circulation for the tube of skin.

Rubber tube left within the skin tube with one end in the stomach and the other

end free outside. Wound closed. Operation performed rapidly and it seemed to

be very satisfactory from a mechanical point of view. Patient, too feeble to

rally, died the following day.—When occasion presents itself for repeating the

operation, I .shall dissect up a strip of .skin four or five inches long and two inches

broad, for making the skin tube, instead of having it consist of two ribbons of skin.

So far as I can judge, this skin tube can be carried to the stomach easily, no matter

how much it may be contracted and n^tracted; and the operation appears to be

more simple than tlie cla.ssical ones. The skin tube lies obliquely to the plane of

the abdominal wall and would apparently remain cIoscmI against leakage of stomach

contents, and at the same time would allow passage of the feeding tube."

Dr. Eugene Bircher'^ describes a j)lastic ojK'ration for the relief of stenosis of

the Q'sophagus. He calls it "(Esophago-Jejuno-Ga.strostomie." The operation

was perfonned by Professor Roux and is described as follows:

—
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A piece of jejunum sufficiently long to reach from the stomach to the mouth
was isolated and cut off. The lower end was implanted into the stomach and the

upper end was carried through the abdominal wall. The skin from the sternum
was undermined and, opposite the upper end of the sternum, an opening was made
in the skin through which the end of the jejunum was drawn out. The edges of

this wound were sutured to this free end of the jejunum. Care was taken in

loosening the jejunum to secure for it a sufficient blood-supply. Food was intro-

duced through the jejunum into the stomach, and this food could pass out into the

intestines through the remaining portion of the jejunum which was attached to

the stomach.

Kocher attempted to use this method, but failed, as the patient was advanced

in years and the circulation was not sufficient to supply the portion of the

jejunum which was to be transplanted. It was consequently necessary to make
a jejunostomy.

Bircher has devised another operation in which he forms a subcutaneous

oesophagus out of a portion of the skin of the chest which he attaches to the an-

terior gastrostomy opening. The operation was performed twice and promised

well, but the patient died from intercurrent disease.

Diverticula of the CEsophagus.—Diverticula of the oesophagus are pouch-like

sacculations of a portion of the circumference of the tube. The characteristic

feature of a true diverticulum is to be found in the fact that it is a sharpl}^ de-

fined, pouchrlike protrusion of the oesophageal wall lined with mucous membrane.

According to their etiology three forms of oesophageal diverticula are recog-

nized : pressure diverticula, traction diverticula, and traction-pressure diverticula.

Traction diverticula seldom produce any symptoms by which they may be

recognized during life, and they are only occasionally found at autopsy. Traction

diverticula are generally the result of the traction caused by the shrinkage of

some scar tissue attached to the wall of the oesophagus. This is most often the

result of softening and suppuration of mediastinal and bronchial lymph nodes,

especially in tuberculosis of the latter. These nodes are. usually situated at a

point near which the oesophagus crosses the left bronchus. They are commonly

adherent to the oesophagus, and, as cicatrization takes place, the anterior wall

of the oesophagus is drawn out, thus giving rise to small dilatations of the

oesophagus, as first described by Rokitansky.^^ Traction diverticula may also

result from the spreading of an inflammation from the pleura or pericardium to

the oesophagus and its surrounding areolar tissue. They are generally small

funnel-shaped recesses, and their walls may consist of all the tunics of the

oesophagus or of the mucous membrane alone.

Zenker ^*' speaks of the direction of the lumen of these pouches as being

practically always oblicjue or horizontal, with the orifice directed downward.

This direction of the lumen of the sac, which affords only a slight chance for the

arrest and retention of food, probably explains why clinical symptoms are so

rarely observed in pressure diverticula.

Although traction diverticula are generally looked upon as being of slight

importance, they may result in perforation of the wall of the diverticulum and
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thus become a serious menace to life. When perforation takes place it i.>< either

from some sharp foreign body becominji lodged within, or from ulceration caused

by pressure of retained food. When death results from a traction diverticulum,

it is generally due to the fact that a perforation causes an infection of the medias-

tinum or a gangrenous iMicumoiiia. There are on record a few cases in which

particles of food have become arn^sted in the sac and have caused a degree of

distention which has eventually resulted in the formation of a pressure diver-

ticulum. To this group of cases Olkonamides *^ has given the name ''traction-

pulsion diverticula." These cases are of clinical importance because they give

rise to the same symptoms as do those which are primarily caused by pressure.

Regurgitation, vomiting, dyspnoea, and pain from pressure when the diverticu-

lum is filled with food are symptoms common to this group and to the pressure

diverticula.

In the case of traction diverticula there is no satisfactory treatment, even

though the diagnosis is made during life. The treatment is limited to pro-

phylactic measures, such as avoiding rapid eating and drinking and limiting the

patient to a liquid and soft diet. If the traction diverticulum becomes a traction-

pressure diverticulum, death from inanition is the usual termination. Relief by
means of surgical measures other than a gastrostomy is unattainable on account

of the deep location of the sac.

Halsted,^* for convenience of description and because of the difference in

the clinical importance and mode of development and the variation in the symp-
toms produced, classified pressure diverticula as follows:

—

(1) Those of the pharynx proper.

(2) Those at the pharN-ngo-crsophageal junction (the border-Hne cases or

Rosenthal's "Grenz-diverticula").

(3) Diverticula having their origin in the middle third of the crsophagus,

somewhere near the bifurcation of the trachea, mostly just above the left bron-

chus (the epibronchial group of Leutgert).

(4) The deep-seated diverticula—those in which the origin is below the

level of the left bronchus, while the fundus is located a variable distance above,

but usually near, the diai)hragm. These have been termed "epiphrenal

diverticula."

The diverticula of the first group are usually on the lateral aspect of the

fpsophagus and are not placed posteriorly as are those of the j^haryngo-rrsopha-

geal type. Most of the lateral diverticula of the a\sophagus are of congenital

origin, probably originating from the remains of the third and fourth branchial

clefts.

Trauma may bean important fnctoi- in the development of a diverticulum of

the i)harynx. Excessive pressure within the i)harynx, from continued blowing

on wind instruments or from shouting, may—if the pharyngeal wall has been

weakened from previous disease—result in the formation of a diverticulum.

The chief symj)toms, in diverticulum of the i)harynx, are cough and dyspnoea,

both of which symptoms are due to the escape of the contents of the sac into the

air passages and also in part to the pressure exerted upon the larynx or the
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recurrent larj^ngeal nerve. As a rule, the oesophagus is not obstructed to an}'

marked degree, and the patient does not suffer from inanition, as happens in

cases of oesophageal diverticulum.

The pharyngo-oesophageal pressure diverticulum, which is also known as

Zenker's diverticulum, is the most common and the most important from a

clinical standpoint. Diverticula of this class develop exclusively in the median
line posteriorly, at a natural defect in the posterior wall of the a\sophagus, just

below the pharyngo-oesophageal opening. The origin of these diverticula has

not been definitel}^ deteraiined. It has been assumed that pressure from within,

caused by regurgitation of food or by severe retching and vomiting, may result in

a bulging of the oesophageal wall at this point. Cases have been reported in

which the symptoms of a diverticulum developed soon after the arrest of a foreign

body, such as a piece of bone, in this portion of the oesophagus. The accumula-

tion of food at this point may result in a pouch-like dilatation, which at first

develops posteriorly and later is dragged to one side, to the left, the fundus

being in relation to the lateral wall of the oesophagus. As the diverticulum

develops, it extends downward along the course of the oesophagus and displaces

the latter so that the axis of the pharynx and the orifice of the diverticulum are

in a hne, thus making it easy for the food to enter the diverticulum. The

capacity of the pouch varies from a few cubic centimetres to a half-litre or more.

In the early stages the symptoms may be only slight, such as dryness and

irritation about the throat. Later, the sensation of a foreign body may be pres-

ent. As the sacculation becomes larger, the food accumulated in the sac crowds

its wall against the oesophagus and obstructs the lumen of the latter.

^^Tien this stage is reached there will be difficult deglutition and regurgitation

of food. According to Sippy ^^ a tumor is discoverable in one-third of the cases.

This may be situated posteriorly or to one side of the oesophagus, but rarely on

both sides. The majority of the patients learn that, by holding the head in a

certain position, they will be able to swallow . others learn to empty the sac by

making pressure upon it with the hand. It frequently occurs that hours are

consumed in taking a meal. In some cases a peculiar gurgling sound is heard

during the act of swallowing. In most cases there is a constant retention of

particles of food in the sac, and in consequence a fetor is produced which may
become intolerable. It is often noticed that the patient can swallow better

during the early part of the meal. As the sac fills, it crowds upon the oesophagus

and obstructs its lumen.

The diagnosis can usually be made from the above symptoms. The history

of the gradual development of these disturbances and the regurgitation of

unaltered food should always arouse suspicion of a diverticulum. If a tumor

develops in the neck during a meal and can be emptied by pressure, the prob-

ability that a diverticulum exists is greatly increased. If a bougie is passed,

it is usually arrested at a point near the cricoid cartilage. If the bougie is

slightly withdrawn and the direction of its point changed, it may pass on into the

stomach. It frequently hapjjens that a bougie may pass readily one day and

not the next. Occasionally, when a bougie has passed into the diverticulum, a
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second bougie may at the same time be passed on into the stomach. This would

be impossible if there were only a stenosis. Bismuth suspended in oatmeal

gruel may be administered and an x-ray picture taken. If the sacculation is

sufficiently marked the picture will show the location and approximate size of

the sac.

Diverticula which are situated at the level of the left bronchus are rare and

are known as the epibronchial diverticula of Leutgert. This authority believes

that the anatomical relations between the (vsophagus and the left bronchus

exi)lain the origin of these diverticula at this point and also account for the

frequency of the dcvcloiJUH^nt of carcinoma of the crsophagus at the same point.

On examining specimens of the crsophagus, after it had been removed with the

lungs and bronchi intact, Lcnitgert found that there is a distinct bulging of the

anterior wall of this tube at the point where it is crossed by the left bronchus.

Above this point there is a more or less distinctly marked recess, varying in differ-

ent specimens from a slight depression to a pocket deep enough to admit the tip

of a finger. He believes that the obstruction caused by the left bronchus is

sufficient temporarily to arrest the food, and that the presence of the latter,

esjx'cially if it hai)])('ns to form an abnormally large bolus, may deepen this

epibronchial pocket and thus lead to the formation of a diverticulum.

Diverticula of the lower third of the oesophagus are mostly situated just

above the diaphragm, and for this reason they have been named epiphrenal

diverticula. The etiology of this group has never been definitely determined.

The supposition is that some of these are traction-pulsion diverticula, although

there are few lymph nodes in this part of the crsojjhagus. Some of these divertic-

ula probalily owe their origin to a constriction of th(> (rsoi)hagus at a ])oint where

it passes through the diaphragm. This constriction may be due to the contrac-

tion of a cicatrix or it may be dependent upon a congenitally narrow opening in

the diaphragm.

The symptoms of the deep-seated diverticula are vomiting or regurgitation

of food during or soon after the meal. After vf)miting, the patients are again

able to resume their eating. Occasionally it is found that, after eating a small

cjuantity of food, there is a sense of weight or pressure in the region of the

sternum. These disturbances slowly increase; larger ciuantities of food are

\-omited and less food enters the stomach, so that the patient gradually becomes

emaciated.

The diagnosis is based upon the clinical history and upon the results obtained

by an examination with bougies. For this jnn-pose a bougie with a curved tip

like that of a Mereicr catheter is most convenient. With these bougies it is

usually easy to pass by the diverticulum or, by turning the i)oint, to ent{>r the

sacculation. It is also easy to determine whether the diverticulum is situated

to the right or to the left. A bisnuith mixture may be administered and an

x-ray photograph taken for the puipose of determining the size and location of

the diverticulum.

The treatnuint of (esophageal diverticula in the cervical region may be either

n(jn-operative or surgical. The non-oj)erative plan of treatment consists in
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the persistent use of sounds and stomach tubes. Permanent benefit to the pa-

tient can rarely be expected by this method of treatment. The surgical treatment

consists of either a palliative or a radical operation. The palliative procedure

consists in performing a gastrostomy to secure a means of administering food.

When the patient is in a bad general condition, it may be advisable to perform

a temporary gastrostomy in order to make it possible to improve the patient's

general condition sufficiently to justify the performing of the radical operation.

This also affords a method of administering food without feeding by the mouth
until the wound in the oesophagus has healed. Extirpation of the sac, as first

suggested by Kluge, is considered the best method for effecting a permanent

cure of this condition. The chief danger from the operation seems to be from

infection, which may occur from the contents of the sac during its removal or

from leakage from the oesophageal wound after it has been sutured. The
technique of the operation is as follows :—An incision is made along the anterior

border of the sterno-cleido-mastoid muscle, from the level of the hyoid bone to

the clavicle. The cesophagus is now reached by means of blunt dissection. No
vessels of any importance are encountered except the superior thyroid and

occasionally the inferior thyroid. Either one or both of these may be ligated.

The thyroid gland can be drawn to one side and, if not enlarged, it will not be

in the way. The sac, when located, should be carefully enucleated like that of

a hernia. The most important step in the operation is the closing of the

oesophagus after the removal of the diverticulum. Probably the best method

is the one employed in suturing the edges of an intestinal wound. According

to this method, the mucosa is first sutured, then the muscular coat, and finally

the adventitia, catgut being used for the first two layers and silk for the last.

Halsted, after considering all the various methods of suturing the opening in

the cesophagus, expresses the belief that the most satisfactory result will be

obtained if the following course is adopted:—First, pass a purse-string stitch

around the neck of the sac ; second, apply (distal to this) a temporary ligature

to the neck of the sac; third, perform abscission of the sac beyond the temporary

ligature; fourth, invaginate the end of the stump and tie the purse-string

suture; fifth, introduce Lembert's sutures of catgut into the neck of the sac;

and, sixth, close the defects in the muscular wall of the oesophagus by sutures.

It is advisable to drain the wound by carrying a piece of iodoform gauze or

a cigarette drain from the oesophageal suture out through the skin incision.

Girard -" devised an operation for the radical cure of those diverticula of the

cesophagus which have small or medium-sized sacs. The operation consists in

cutting down upon the oesophagus, enucleating the diverticulum, invaginating

the sac into the cesophagus, and closing the defect in the muscular wall by

suturing. He operated upon two patients by this method. In one case an

ideal result was obtained ; in the other, a fistula followed, but it healed in a short

time.

Goldmann ^^ describes an operation for the cure of diverticulum of the oesopha-

gus w^hich seems to merit especial attention. He introduces a probe into the

diverticulum and makes an incision along the anterior portion of the stemo-
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clc'ido-niastoid inusclc. Then lie ck'vates the exposed portion of the thyroid

gland and removes it if it is enlarged. He next, with the aid of the guide in

the diverticulum, dissects out the latter very carefully without disturbing its

attachment to the d^sophagus. Then he draws out the sac into the upi)er angle

of the wound, and temporarily attaches its end to the skin with fine sutures,

after it has been ligated with catgut ligatures at its entrance into the (esophagus.

Finally, he tampons the wound in the immediate vicinity of the diverticulum

and closes the remainder of the wound. A week later, the gauze tampon is

removed and the di\Trticulum is cut off outside of the catgut ligature. The

entire wound is by this time lined b}^ protective granulations, so that even if

there be a slight leakage, as in thv case of the ])atient d(>scribed, this will do no

harm, because there can be no absorption and because drainage is then necessary.

The drainage, however, may be removed as soon as it is certain that there will be

no leakage.

The treatment of the epibronchial diverticula and the diverticula located

just above the diaphragm is unsatisfactory. Irrigation with some mild anti-

septic solution will prevent irritation and ulceration of the mucous membrane.

These irrigations and the passage of bougies often afford considerable relief.

Idiopathic Dilatation of the (Esophagus.—By idiopathic dilatation of the

oesophagus is meant a dilatation with no ascertainable organic cause. The

oesophagus usually becomes dilated throughout a large portion of its extent;

sometimes it is involved, practically throughout its (>ntire length, in a spindle-

shaped or cylindrical dilatation. Our lack of knowledge of the etiology of this

condition is indicated by the variety of the names under which the cases have

been reported—cardiospasm; idiopathic, fusiform, or diffuse dilatation; and

dilatation without anatomical stenosis. Herrick," in wanting upon this subject,

quotes Lassen as grouping the pathogenesis of the condition under the following

five heads:

—

(1) There may be primary spasm of the cardia, with secondary dilatation

of the oesophagus above the spasm and hypertrophy of musculature—conditions

very similar to those encountered in the stomach, where we have dilatation of

that organ following oV)struction of the i)ylorus.

(2) Primarily, we may have a predisposition to muscular weakness, a con-

dition of atony allowing stagnation of food to occur; next, dilatation; and then,

through irritation, spasm of the cardia. This view is held by Sorenheim.

(.3) A third view is that advanced by Kraus. According to him, there has

been found, in exjx'i'iments on lower animals, that contraction of the cardia,

with relaxation of the circular fibics of the oesophagus, may take jilace through

defective vagus innei'vation. He believes that the same thing may occur in man.

(4) A fourth view is that of j>rimary o'sojihagitis with secondary reflex spasm

of the cardia and, later, dilatation.

(o) There is found, al times, as a congenital condition, a pouch just above

the cardia. This j)ouch, which is spoken of .sometimes as the VornuKjcn, or car-

diac antrum, may, through an accumulation of food, or under the constant press-

ure of food, dilate; and this influence may serve as the basis for the dilatation.
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Probably no one of the agencies referred to in these theories is entirely

responsible for the condition. It is possible also that several of these factors

might act in combination to produce this condition in a given case. Clinically,

so far as we can judge from the history of these cases, a definite spasm of the

cardia seems to be one of the earliest manifestations of dilatation of the a^sopha-

gus. Plummer,-^ from a study of the histories in a large number of cases, founiJ

that spasm was almost invariably present at the outset, and that this symptom
was followed, at a later period, by the evidence of dilatation—that is, by retention

of food in the (rsophagus. He considers this the most convincing evidence that

the spasm precedes the dilatation, and that primary atony is relatively a rare

condition. The fact that, early in these cases, there is evidence of muscular

hypertrophy in nearly all cases which have come to a post-mortem examination

would speak against primary atony, and furnish further evidence in favor of

primary spasm. There seems to be no reason why spasm should occur in

primary atony unless we accept Kraus' theory of a simultaneous atony and
spasm from degenerative changes in the vagus. His theory rests upon the

finding of degenerated fibres in the vagus in one case in which an autopsy was

made. His observations have not been confirmed.

The cause of the spasm is a matter of speculation. In the majority of the

cases a definite etiological factor cannot be found. In a few of the cases reported

there were gross lesions of the oesophagus, such as ulcers, fissures, and carcinoma

of both the cardia and the stomach. Plummer has found three cases of car-

cinoma comphcated by cardiospasm, and one case of hour-glass stomach due to

syphilis with secondary cardiospasm. In his study of forty cases of cardiospasm,

onh' three of the cases had neurasthenic symptoms ; and evidence of the existence

of cYsophagitis previous to the onset of the cardiospasm could not be elicited from

any of them.

Sippy states that "the spasm is on a nervous basis; hence the condition is

likely to be found in nervous individuals." This symptom has developed after

profound emotional disturbances, such as fright, grief, and worry. In one case

reported, the difficulty in swallowing followed the suppression of menstruation;

the patient feared that she was pregnant. A blow on the sternum was the

exciting cause of the spasm in another case. The condition has developed

during the course of an acute infectious disease—such, for example, as pneu-

monia and scarlet fever. A case of congenital origin has been reported. The

symptoms of cardiospasm may be divided into three stages: first, cardiospasm

with some difficulty in swallowing, but no regurgitation of food; second, cardio-

spasm with immediate regurgitation of food; third, cardiospasm with the dilated

oesophagus, with retention of food in its dilated portion, and with regurgitation

of this food at irregular intervals after taking.

In the majority of cases the first attack of spasms occurs suddenly while

eating. A spasmodic choking sensation is experienced at some point along the

course of the oesophagus, most often located in the region of the cardia. Tliis

sensation is rarely described as a pain and may be referred entirely to the epigas-

tric region or to the upper portion of the oesophagus. Sometimes the spasm is
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described as a delay in the passage of food, or it is said that the food sticks beneath

the sternum. Soon it is noticcnl that the patient eats very slowly antl finds it

difficult to swallow. It may hv necessary to wash the food down witii water.

The patient may go through certain movements of the body and arms, or take

deep breaths, in order to force the food down.

In the second stage the regurgitation of food occurs immediatc^ly after

swallowing. During the early portion of the progress of the affection the attacks

occur periodically, but with varying degrees of intensity, and with remissions or

intemiissions covering days, weeks, months, or years. The affection pursues

its slow and unmodified course. As the cardiospasm becomes more complete,

the regurgitation of the food and the secretions of the cesophagus come on more

frequently and more regularly.

In the third stage, after dilatation is established, the spasmodic choking

sensation may be absent. The patient is able to take the first i)ortion of his

meal (juite comfortably, but the food is retained in the dilated crsophagus instead

of passing on into the stomach. After the sac is filled, further food is regurgitated

or forces some of the preceding portion into the stomach. Of the contents of

the oesophagus at the close of a meal, the more fluid portion may gradually slip

through into the stomach. The solid food with mucus is usually regurgitated

later at irregular intervals. Solid food like meats may remain in the a?sophagus

for several days. Plummer states that the sac never completely empties itself

and that on many occasions he has withdrawn from two to sixteen ounces of

food after the patient has fasted for from twenty-four to thirty-six hours. The

regurgitation of food is often looked upon as vomiting both by the imtient and

by the physician. Some patients insist that the food enters the stomach but

will not stay there, while others state that it lodges beneath the sternum. Prac-

tically all of them complain of a sense of weight and discomfort in the chest and

they also declare that the regurgitated food is not sour.

The diagnosis of cardiospasm is apt to be difficult in the beginning, especially

in patients who might be suspected, on account of their age, to be suffering from

carcinoma of the cardia. But, in advanced cases, the diagnosis should not be

difficult. Generally, the diagnosis can be i)remised from the history. Accord-

ing to this, the patient, without previous warning, exj)eriences sudden difficulty

in swallowing, or he unconsciously gets into the habit of nibbling his solid food

and following each act of deglutition with a swallow of water. At first, li(|iiids

are often swallowed with greater difficulty than solids. After dilatation has

taken place the obstruction is observed just as markedly when litjuids as when

solids are swallowed.

Holmes -* states that "when dysphagia occurs with a TKiuid, especially with

cold water, it is almost diagnostic of cardiospasm as opposed to stricture from

any other cause."

Dysphagia is a most conmion symptom, but the difliculty in swallowing

usually fluctuates more than it does when tiie stricture is due to organic disease.

Normally, immediately after swallowing food or drink, the (psophagus will bo

found empty. When cardiospasm is present a considerable (luantity of liquid
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containing food particles and mucus may be withdrawn from the cesophao-us

even hours after food or drink is taken. In one of Sippy's cases 500 c.c. of water
could be aspirated from the oesophagus several minutes after it had been swal-

lowed. The stenosis was so impervious to liquids that one ounce of oViyc oil

given at night was recovered from the oesophagus the next morning practically

without the loss of a drop, and yet the lower end of the oesojahagus presented no
anatomical narrowing.

An important diagnostic feature is to be found in the fact that there may be
little or no obstruction to the passage of a bougie, even in cases

in which a large quantity of food is retained in the oesophagus.

In the average case, when a sound is passed, it will be tempo-

rarily arrested at the cardia, and then, when slight pressure is

made, it will pass on into the stomach. A large bougie will

often pass as easily as a small one. This is not true in case of an

organic stricture. For these cases Plummer has devised an olive-

tipped bougie which may be passed on a silk thread as a guide.

(Fig. 182). The patient slowly swallows six yards of silk thread.

This passes down through a sufficient number of coils of intestine

to prevent its withdrawal w^hen it is pulled taut. Plummer
has the patient swallow three yards in the afternoon and three

yards on the following morning. In this manner the first por-

tion forms a snarl in the oesophagus or .stomach and then passes

out, in this snarled state, into the intestines during the night;

the remaining portion passes afterward without snarling. The

olive-shaped tips for threading on this string are drilled from

the tip to one side of the base. The olive-shaped tip, after

being fastened on the end of a whalebone staff, is threaded upon

the silk thread protruding from the mouth. The string is now

pulled taut as the sound is passed on down the oesophagus.

The silk thread, acting as a guide, directs the bougie straight

into the orifice at the cardia, and thus the resistance which is

encountered when the olive-shaped tip is made to slide along the flaring wall

of the oesophagus, or when it has to straighten out some fold just as it is

about to enter the cardia, is avoided. The character of the resistance met

with at the cardia is of the utmost importance in the differential diagnosis of

organic and spasmodic stricture of the cardia.

Excitement, overwork, and worry are apt to increase the spasm. The patient

frequently awakes at night and finds food upon the pillow or finds his mouth

and posterior nares filled with contents of the oesophagus. In organic stricture

the retention of food and mucus is slight in comparison with what it may be as

the result of cardiospasm. A"-ray pictures of the dilated trsophagus may be

obtained by having the patient swallow bismuth subnitrate (suspended in oatmeal

gruel) until the choking sensation occurs. Then the photograph should be taken.

It happens very rarely that a diverticulum is the cause of an obstruction at

the cardia. There should therefore seldom be any diflficulty in differentiating

Fig. 18 2.—
Whalebone Staff

with Olive
Drilled for Silk

Thread.
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the condition from cardiospasm. Rumpel's differential test consists of first

introducing into the stomach a stomach tube with lateral perforations in its

lower half: then another tube, without perforations, is passed into the diver-

ticulum. Ai'ater is now introduced through (he tube sujjposed to be in a diver-

ticulum. The first fiuid collects in tlu' diverticulum and does not pass through

the other tube into the stomach. When more fluid is introduced and the

diverticulum is full and oN-crflows, the fluid passes through the long tube into

the stomach and can be recovered from that point. Tliecon tents of the diver-

ticulum can be removed separately through the short tube. If one is dealing

with uniform dilatation of the (rso])hagus, the fluid at once escapes from the

short tube into the crsophagus and then through the long tube into the stomach

and can be recovered from that point.

To complete the diagnosis of cardiospasm an a^sophagoscopic examination

should be made.

Forcible dilatation is the best method of treating cardiospasm. Until

recently the treatment of cardiospasm has consisted of such ineffectual measures

as the following: looking after the })atient's general condition; placing the

patient under the best hygienic conditions; restricting the diet to fluid non-

irritating substances; prescribing effei^vescent drinks; administering sedatives;

passing large bougies; and, as a last resort, performing a gastrostoni}'. The

passing of bougies has been followed by good results in some cases, but, if there

is much dilatation of the oesophagus, such results are only temporary. It is

impossible actually to stretch the orifice by passing sounds, because one cannot

pass a bougie large enough to produce actual stretching of the nuiscle fibres.

Other means have been devised for stretching the cardia. Rosenheim and

others have used rubber bags which were introduced as far as the s(>at of the

stricture and then distended with fluid or air. When the bag was distended,

expansion took place at the points of least resistance,—that is, downward into

the stomach and upward into the dilated oesophagus,—and conseciuently very

little stretching occurred at the desired ])oint. This method, however, gave

better results than did the ])assing of sounds. Mikulicz -' reports that he has

o|)erated ui)on four cases, apparently with j)erfect success. He performed a

gastrostomy and then passed an instrument resembling a uterine dilator through

the stomach into the cardia. The instrument was gradually opened until the

blades w'cre separated to a distance of about 7 cm. (nearly 3 inches). Two
of the cases were j)erfectly well at the end of eighteen months and two others

at the end of rather more than nine months. Mikulicz's idea in em])loying

such forcible dilatation of th<' cardia was to i)ro(luce an effect similar to that

produced in sti'etching any sphincter to a point pi'o(lucti\-e of ])ai-alysis. This

grave operation is justified only when the condition is serious and when equally

good results cannot be obtained by simpler means. In the majority of cases

forcible dilatation can be accomplished fiom above without the aid of a cutting

operation.

Sippy has constructed a dilator consisting of a rubber bag which is about 10

cm. long and is encased in a silk bag that limits the distention ))ro(luced. \Mien
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the bag is inflated the circumference measures about lo cm. (6 inches), ^^'ith

this bag the maximum pressure is exerted at the desired point. The silk co\-er-

ing is encased in a rubber cover to prevent friction. A long non-elastic rubber

tube is attached to the bag at one end and connected with an air pump at its

other end. It is essential to measure the amount of pressure exerted within

the bag during the dilatation, and this is accomplished by connecting a column

of mercury with the tube that passes from the bag to the pump. The exact

distance of the cardia from the incisor teeth is measured by a bougie. The bag,

in a collapsed condition, is carried down into the cardia by means of a whalebone

staff. The dilatation is now accomplished by distending the bag with air. The

cardia will stand a pressure of 500 mm., but Sippy has found that a pressure

of from 100 to 300 mm., exerted for a period of three minutes, suffices in most

cases to accomplish the object desired. The number of dilatations requisite

ranges from one to ten. This method of treatment is used without the aid of

an anaesthetic.

The immediate results obtained from this method of treatment are most

striking.
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SURGICAL DISEASES OF THE DIAPHRAGM, AND
SUBPHRENIC ABSCESS.

By J. CHARLES REEVE. Jr.. M.D., Dayton, Ohio.

I. GROSS ANATOMY.

Surgical anatomy will first elaim a few words. In forcnnl expiration the

right arch is on a level, in front, with the fourth costal cartilage; on the side, with

the fifth, sixth, and seventh ribs; and behind, with the eighth. This is 2 cm.

higher than the left arch. In a forced inspiration it descends for a distance of

from 2^ to 5 cm. A small defect in the muscular tissue exists between the

attachment to the xiphoid process and the neighboring cartilage. This area

might be used as a place of drainage between the anterior mediastinum and the

abdominal cavity.

The relations of the peritoneum to the diaphragm are of the utmost im-

portance, as we shall see under Subphrenic Abscess, and we therefore think it

adyisable to give here Godlee's re^'^ew of these relations. {Brit. Med. Jour..

1900, II.) A considerable portion of the diaphragm is not covered by the

peritoneum. On the right side it is completely in contact with other struc-

tures without the intervention of this membrane, except in front of the anterior

layer of the right lateral ligament of the liver and for a small part of the right

cms corresponding to the Spigelian lobe, which is covered by the })ostcrior layer

of the lesser omentum. The latter touches also a small portion of the left crus.

reaching outward to the inner edge of the suprarenal capsule and upward as

far as the commencement of the gastro-hepatic omentum. The remainder of

the left side is covered by the peritoneum only above and in front of the

gastro-splenic omentum and the flexure of the colon—in other words, in front

of a line nearly corresponding to the outer border of the kidney. But from the

parts usually described as covered by the peritoneum two narrow portions must

be excluded: one that mns outward from the middle line and corresponds to

the left lateral ligament of the liver (which ligament extends to the lower

border of tlic left lobe neai' the back); and a second one which I'uns forward

from the same ])oint and corresponds to the upper attachment of the falcifoiin

ligament. The structures in actual contact with the under surface of the dia-

phragm are: near (lie middle line, beliind, the right crus, the head of the j)an-

creas; to the right of this, the vena cava and the right renal vein, se|)ai"ating

the right crus from the .second portion of the duodenum; and, to the left of it,

the cardiac end of the stomach. Ivich suprarenal ca|)sule touches the flia|)hi'agm

al)o\-(' tlic intci'iiai arcuate ligament. The I'cni.'iindci' of the right side of the
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diaphragm is in contact with the Hver, while the remainder of the left side of

that structure touches part of the left lobe of the liver, a portion of the

stomach, the convex posterior surface of the spleen, and the splenic flexure of

the colon. Of the kidneys, the portion which is in contact with the diaphragm

is the upper part of the posterior surface; of the stomach, it is a part of the

left end—an area of peculiar shape.

II. HISTOLOGY.

LympJiatics.—The lymphatics of the diaphragm are of great importance, not

so much because the organ is rich in these vessels as because they are the

means by which infection is carried from the under to the upper surface, or

vice versa. Each lateral half of the diaphragm has a distinct system of

lymphatics, one of the peculiarities of which is that it possesses only a few

vessels of intercommunication. (Kiittner, German Cong, of Surg., 1903.)

These vessels are in quite direct communication with various viscera above

and below the organ, but in particular with the pleura above and with the

parietal peritoneum and the liver, through the falciform ligament, below.

Muscatello, in 1895, showed that fluids and solids may pass through the

endothelial layer of the peritoneum—fluids in many places, the solid particles

only through the spaces of the central tendon of the diaphragm. Experimenting

with carmine, etc., Clark {Jour. Am. Med. Asso., Aug. 10th, 1901) found that his

results were in entire accord with Muscatello's statements in regard to the rapidity

of transportation of granules and the routes which they took. Shortly after

the injection of the pigments the central tendon of the diaphragm, which nor-

mally has the appearance of ground glass, becomes intensely colored through

the deposition of the granules in the diaphragmatic lymph spaces.

The important question as to the manner in which infection is taken up

b}' the lymphatics and transferred from the abdominal cavity to the upper sur-

face of the diaphragm has received a number of conflicting explanations, but

has finally been most thoroughly worked out by McCallum {Johns Hopkins Hos-

pital Bulletin, Vol. XIV., p. 146, May, 1903), and we shall here make free use

of his experiments and delicate plates. As to the mechanism of the entrance

of fluids into any of these (lymphatic) channels by direct filtration, under the

laws of osmosis and mechanical pressure, it is easily understood. It is not,

however, so easy to explain the method by which insoluble granules gain

entrance. That they do so with great rapidity has been long known.

There have prevailed two ideas concerning the openings in the peritoneum.

According to one view the so-called stomata are openings of considerable size,

surrounded more or less regularly by a radial arrangement of cells; according

to the other, the stigmata with which the name of Arnold has been frequently

associated, are conceived of as much more minute openings, which may occur

along the line of union of two adjacent epithelial cells or at the point of union

of several. Although the diaphragmatic peritoneum is not the only part of the
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peritonoiim engafit'cl in absorption, it is gciu'rally agreed that it is the most

actively absorbing portion. In order to comprehend the mechanism of absorp-

tion it is necessar}' to study esj)ecially the minute anatomical relations of the

lumina of the lymphatic channels on that side of the diaphragm which faces

the socalled cavity of the peritoneum. It will ivadily l)e seen that the crucial

point is the demonstration of the entrance of the granules into the lumina,

for. once they are within the lymphatic channel, their transportation to the

pleural side of the diai)hragm is an easy matter to understand. Passing through

the diaphragm are short lymphatic trunks which connect the network on the

pleural surface with tiuit on the jx-ritoneal. On this surface nuiscle bundles

run for the mo.st i)art i)arallel with one another and also to some extent radially,

being separated by connective tissue in which lie the lymphatic canals. These

canals, which also run partly in parallel and to a less extent in radial directions,

receive the communicating canals from the pleural surface. They are somewhat

beaded or bulged along their course, but it has not yet been determined whether

they are or are not provided with valves (as are those of the pleural side, viz.,

with long filmy valves). The}^ project a little aliove the muscle into the over-

lying connective tissue on the peritoneal side. The bundles of this connective-

tissue layer are in general parallel with one another, but diverge here and there

to leave lozenge-shaped spaces which in man often measure from 2 to 3 mm. in

length. The connective-tissue bundles, and therefore also these spaces, run in

a direction transversely or obliquely across the radially arranged muscle fibres.

Now the parallel lym])hatic canals are most abundanth' connected by anas-

tomosing channels which run oblicjuely or transversely across the intervening

muscle bundles and lie gen(>rally nearer the peritoneum than the radial trunks

themselves. In general, all of these anastomosing channels open into the radial

tiimks by exceedingly wide and numerous openings, so that there is the freest

possible intercommunication. In their arching course they come to lie in the

spaces between the connective-tissue fibres of the layer overlying the muscle, that

is, in the lozenge-shaped spaces, and here they are separated from the peritoneal

cavity by only an extraordinarily thin layer of tissue. (Fig. 183.) These anas-

tomosing sac-like channels are easily seen with the naked eye. They appear as

clear areas, generally a little sunken below the surrounding tissue, but when

distended they are elevated above the surroundings and a])p(>ar as tiny vesicles.

When granular matter is injected into the jx'ritoneal cavity it is found on

examination, after a time, that these blind sacs—lacuna>, we will call them^
are injected with this material and from them we can trace it into anastomosing

trunks of the pleural network, into the efferent tnmks, and then very readily

into the media.stinal lymph nodes (and thence to the subclavian vein).

Where actual entrance of the pigment into the lacuna* has not yet occurred,

it is found deposited almost exclusively upon their roofs. It is also found that

when the lacuna) lie between the conncctixc-tissiic bundles and are thus situated

oblifjuely or transversely over the muscles, they are themselves traversed by

finer fibrils which cross them oblicjuely and which consist no doubt merely of

diverging su|)erficial fibres of the main layer. When, therefore, the lacunte
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are examined in their distended condition one sees these fibrils cross its biilo-ino-

surface hke ropes across a full sail. Elastic fibres, too, often stretch across the

roofs of the lacuna>. The endothelial lining of these ultimate lymphatics is

shown to be an exquisitely complete one; over the whole surface of the distended

lacunie the endothelial cells are adjusted to one another with the utmost delicacy

and accuracy, there being no signs of a preformed opening.

Thus is fashioned one part of the roof of a lacuna. Another important one

is the layer of peritoneal epithelial cells which present the following character-

istics:—The cell body is relatively small, contains the nucleus surrounded by
granular protoplasm, is quite widely separated from the adjacent cells, and is

connected with them only by protoplasmic processes or bridges. Over these gaps,

however, the perfectly hyaline, thin, fiat superficial layer of the cells extends

like the widely projecting eaves of a house, to meet (or almost meet) a similar

Fig. 183.—Diaphragm of a Dog in which the Lymphatics have been Injected with Silver Nitrate.

The lacunae are intended to appear as arching anastomoses between the radial trunks which lie at a

lower level antl to communicate with them freely by wide openings. (W. G. MacCallum, in the Johns
Hopkins Hospital Bulletin, May, 1903.)

projecting layer from the next cell. Both Kollossow and Muscatello find that

the lining is a perfect one. The significance of the partial separation of the

cells, which results from a contraction of their protoplasm, will be explained

farther on.

What then is the nature of the tissue which lies between the peritoneal epitheli-

um and the endothelium of the lymphatic? A homogeneous basement membrane

lies directly beneath the epithelium. It is imperforate everywhere except in

those areas in which it forms a part of the roof of the lymphatic, and there it is

pierced with numerous fenestrations. There can be made out in the roofs of the

lacuna' between the epithelium and the endothelium, a lattice work of fibres

which has a general resemblance to a fenestrated membrane. Close examina-

tion shows, however, that it really consists of anastomosing bundles of fibrils

which form more or less rounded meshes. (Fig. 184.) Fine elastic fibrils and
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scattoivtl connoc'tiv(-t issue cells make u\) the reniaiiKU'r of the tissue which

sei)arates the lu'ritoneal epithelium from th(> lymphatic endothelium, a tissue

wliich is thus sei-n to he far from compact and which on section shows

ahuudant wide cr(>vices and spaces, the significance of which will appear later.

If wf iniect the lymphatics with a colored solution under pressure the fluid which

comes through is colored too. l)ut if we use a suspension such as carmine, the

fluid which filters through is clear, the suspended

l)articles being left behind. This exi)eriment, therefore,

shows the completeness of the mciiibi-ane.

It appeai-s, then, that the peritoneal cavity is lined

by a complete layer of epithelial cells which lie on a

basement membrane that is uniformly thin except

where it overlies the lymi)hatic lacuna^, at which

points it is represented by a lattice work of fibrils

that separates the peritoneal epithelimii from the sur-

face of the lymphatic. Approaching the peritoneum

at these points are the sacs or lacuna^ which are the

absorbing terminals of the diaphragmatic lymphatics,

and which, while possessed of a complete lining of

endothelium, are separated from the peritoneal cavity

only l)y the loosely woven connective tissue and the

l)eritoneal epithelium.

^^'e have to deal, th(>refor(% with at least three ele-

ments which can afford a certain obstruction to the

progi'ess of the material absorbed from the perito-

neal cavity, viz., the epithelial layer, the basement membrane, and the en-

dothelial layer. After the injection of a large <iuantity of India ink into the

jieritoneum the fiuid in that cavity is soon found to be practically a thick sus-

pension of amoeboid leucocytes, a great many of which are found to be laden

with pigment granules. The lacuna' in the diaphragm are found to contain

a great (juantity of pigment, a large part of which is contained in leucocytes.

Leucocytes generally laden with ))igment swarm about over the surface of the

UuMUKc, and leucocytes thus laden can actually be seen in large numbers mak^

iiuj their way irith iluir hxid of piipiicul l/iroitf/li the rooffi of the lacuna-. (Fig.

IS"). I Often one can see four or five going through different points in the roof

of one lacuna. The epithelial cells, and especially those which lie over the lacuna?,

are fre(|Uently phagocytic and become loaded with pigment. Similarly, the con-

nect ive-ti.ssue cells underlying them may often show a pigment coiilent. Fi-

nally, thr- endothelial cells in the lymphatic become swollen and loaded with

|)igmeiit. Hence, it may with reason be concluded that ))hagoc3'tosis at least

plays a ve?-y important part in tlir ad of transportation.

Respiratory movement has been em|>liasize(l as an aid to absorption; the

lym|)hatic cliaimels being alternately distended and compressed, and an actual

pumping action being carried on. In order to detennine. by actual experi-

mentation, whether or not this aid is necessary to absorption in the living dog,

Fir,. 1S4.—Enclothdiuin of

a Lymphatic Lafuiia Sliow-

iim (III' I'rnce.<.-< of Si'parutinii

of >niall Portions of tlict'cli

IVxly trom tin- Klon^atfd
Process. (W. O. MacCalluiii

in I lie Johns Hopkins Hos-
pital HuUftxn, May, 19(13.

»
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an elimination of the respiratory movement was brought about. It was found,

after each such experiment, that there was always a fairly abundant injection

of the lacuna^. The vital activity of the cells (phagocytosis) is, therefore, capable

of inducing by itself an injection of the lymphatics. That this is not the only

factor, however, is shown by the presence of free pigment granules in the lacunae;

and, in order to determine how these granules effected an entrance into the

lacuna^, it was decided to eliminate one by one the possible adjuvant factors.

In the first place, the agency of the leucocytes was eliminated, while the respira-

tory movements were maintained. The elimination of the active phagocy-

tosis of the epithelial and endothelial cells was effected by partially paralyzing

the cells with chemicals. Despite this paralyzing effect the cells still retained

'*^-:

y^.\\>ijy-yxW ^ 'f^i

,'
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cellular spaces. We are warranted in ascribing tlicir ))r()gress through the three

layers to the pumping action of the respiratory movements.

No supjjort whatever, as it appeal's to us, can he found for the statement

that there exists an oj)en connnunication between the i)eritoneum and the

lymphatics, nor is it j)ermissiblc to uphold the idea that the peritoneal cavity

fomis a part of the lymphatic system. The mechanical aspiration of granules

through the lax cell membrane by the respiratory movements is possible, but it

plays a part distinctly secondary to ])hagocytosis as a means of absorption.

Tlic diaphragm is something more than a mere organ of respiration: indeed,

Forbes {Amer. Jour. Med. Sc, July, ISSO) goes so far as to consider it more

as an api)endage to the circulatory sjstem. That portion of the diaphragm

which is attached to the l)ase of the pericardium is prevented from descending

—' ^ '-) 'i... . , ^

>%
''

'' -
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Fig. 186.—Surface of Peritoneal Epitlielium, Showing Mode of Distribution of Pigment injected into
the peritoneal cavitj-. (W. G. MacCalkini, in the Johns Hopkins Hospital BvUetin, May, 1903.)

in inspirations by the .superior tendinous crurfr of the diaphragm, which are formed
by the lateral i)arts of the fibrous pericardium ascending on both .s;ides to be

attached to the ai)ex of the bony thoracic cone, and through the deep cervical

fascia to the processes of the cervical V(>rtebra3 and to each stylo-maxillary

ligament. The.se superior crurte of the diaphragm are connected by transverse

and oblique fibrous bands, thus forming a fibrous scaffolding for the support and
protection of the heart and its great vessels. This fibrous scaffolding is made
ten.se and open for the lodgment and for the protection of tiie heart and the

large cardiac ves.sels and foi- tlic i»roiiiotion of the cii-culation of the blood through

them by the contraction of the muscular diaphragm indei)endently of the

descent of the muscular wings. The oju-ning for the vena cava, the highest

point in the central tendon, has a fixed {)osition. The edges of this opening being

inexten.sible and continuous with the external coat of the vessel, the vein re-

mains patulous throughout the respiratory act. and the blood is therefore sucked
up through tlie cava into the thorax whenev<'r the diai)hragm contracts. It

is the contraction of the diaphragm, and not its descent, that is necessary for

effecting this result. Forbes further consitlei-s that it is bv the traction of the
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diaphragm through this filjroiis structure that the closure of the ductus arterio-

sus of the newly horn infant is effected.

This influence of the diaphragm upon the circulation is shown by the fact

that the first effect of an injury inflicted upon this organ is experienced by the

heart; and, in support of this, are adduced the cases of Deruginsky, Reeve, and

othere, to be presented farther on.

If one side of the diaphragm is lacerated or paralyzed, the heart is pushed

Fig. 187.—Superficial Layer of Diaphragm Stained with Silver >sitrate, etc., Showing the Lattice

Work of Fibres Overlving the Lacuna?. ( W. G. MacCallum, in the Johns Hopkins Hospital Bulletin,

May, 190.3.)

over to the opposite side by the atmospheric pressure, the lateral fibrous scaffold-

ing being no longer supported on the affected side. In bilateral paralysis, the

heart is pushed backward.

III. NEW-GROWTHS OF THE DIAPHRAGM.

Almost no mention of tumors of the diaphragm is made in literature. Two
cases of secondary sarcoma of this organ will.be mentioned below. It is not

believed that sarcoma of the diaphragm is ever primary. Instances of lipoma

of the organ are known, and this is not surprising since some fat naturally exists

in the diaphragm. Enchondroma can easily encroach on it, as tumors of this

nature are of frequent occurrence on the costal arch. Cysts have been dis-

covered on the diaphragm and their " rupture may cause perforation of this

organ.

IV. FAULTS OF DEVELOPMENT.

The development of the diaphragm takes place centrifugally—that is, from

the central leaflet (floor of the pericardium) outward. This explains why con-

genital defects, which are presumably from incomplete development, are so
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nmch less fiviiuent in the central portion, the writer having found but one

ease where an opening into the ])eriear(liuni existed. The almost complete re-

striction of defects to the left side leads to the assumj^tion that the leftside

develops later than the rifjht: indeed, this detluction is the only explanation

we have for this phenomenon and that of eventration.

The actual openings are more often in the muscular than in the tendinous

portion: they are fretjuently found in the fleshy portion between the left and

middle leaflets. They are circular in shape and. as n-gards their size, they may be

.so large tiiat tliey occupy the greater i)art of the (liai)hragm. Owing to the fact

tliat the two serous membranes (pleural and jieritoneal) are continuous at the

opening, the margin of the latter is everywhere smooth. It is stated that all

congenital hernias are false, that is, they are not provided with a sac or a serous

covering; this condition being due to the fact that the congenital opening is

not covered with peritoneum, the latter membrane joining the pleural around

the edge of the opening. An apparent exception is shown in Frey's case, shortly

to follow. Subjects of these congenital hernias are otherwise well-formed babies,

but they generally do not sur\dve more than a few houi"s or days, although

there arc instances on record where they have reached adult age.

Frey gives, in the Montreal Medical Journal, August, 1895, a \-er}' thorough

account and dissection of an adult case of congenital hernia, which shows other

congenital changes in the diaphragm and a very movable kidney.

"Age 57. Family history negative. Was able to work all day long until

a fortnight previous to his admission, when he first noticed swelling of feet and a

paroxysmal shortness of breath. During the next week he continued his heavy

work, as cook in a camp. By the end of this time, his dyspnoea prevented him

from sleeping, nor could he lie down for more than a few minutes at a time. His

appetite completely failed him. He then worked at otld jobs, never giving up

until his admission to the hospital. For five days liefore, the orthopnoea had been

constant. As a boy he was always healthy and strong; as a cook he was able to

work hard. Since youtli lie had taken alcohol in great quantities, and the

only time he had noticed dy.spna^a on exertion, was five years ago. He was an

extremely stout man of large frame and broad chest, and large flabby muscles.

On admission, the general cyanosis was very marked, and. during the paroxysm
of dysj)na\i. the face and neck became of a deep purple hue. and the superficial

veins engorged and prominent. The heart impulse could neither be seen nor

palpated. The sounds were very faint, distant, and exceedingly irregular. The
heait was beating 110 to the minute, but only 70 beats to the minute reached tiie

ra<lial artery, very irregular and compressible. On the left base of the chest

behind, although (lulne.s.s on percussion was more marked tiian on tiie i-ight side,

no adventitioiis i^ounds were heard. This condition was not accounted for (huing

life. The liver dulnes.s was masked by intestinal t^'mpany. The patient died,

very cyanotic, with tiic most extreme paroxysm of dypsncea. death extending

over several hour.s. On autopsy. ;i large mass of omental tissue, a portion of the

.stomach, and a i)art of the kidney were projected into tiie tiioracic cavity. Tiie

diaphragm was removed in its entirety, with all the organs in coniKMtion with the

heinia. I'revious to its removal, the faet that tlie rigiit ki(lne\- was so high, led
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to an examination of the extent of motility of the organ, and it was found that the

kidney could be easily moved as far upward as the fourth rib, while there was equally

full movement downward. On spreading out the diaphragm it was found to be of

relatively great size in circumference, and very muscular, save in the hinder portion of

the left side. The left leaflet was not more than one-fourth the size of the middle

tendinous portion. This made the muscle about the left border of the diaphragm
appear unusually extensive. [Or does it not mean that the opening to be described

intruded on the tendinous, rather than on the muscular portion?—J. C. R.] The
right crus was readily made out and was stout and prominent, while the left was
with difficulty isolated, and was comparatively small and thin. Almost immediately

behind, and to the left of this tendinous portion, separated from the edge of the

latter by a muscular band 5 mm. in width, and more prominent, thick, and bulky

than the neighboring muscular tissue, lay the defective portion. This may be con-

sidered as being composed of two portions: viz., a full opening, or more truly

openings, extending from the thoracic into the abdominal cavity, and a large

area of thinning of the diaphragmatic tissue. This thinning was represented

purely as a layer of fused serous coats of the two cavities, with no intervening

muscle (or tissue). This thinned tissue formed independent coverings over the

portion of the stomach protruding as a hernia, into the thoracic cavity, and over

the left kidney, the protrusion not being through the free openings. The entire

defective area measured 79 x 79 mm."

In another case {Le Bulletin Medical, Dec. 19th, 1904), that of an infant, which

died on the second day, the convex surface of the liver showed a furrow pro-

duced by the cutting edge of the diaphragmatic opening. The heart was pushed

back and to the right, the base being at the right nipple and the upper boundary

at the right border of the sternum. The opening in the diaphragm was large

and occupied the left half. The stomach was in a vertical position and occupied

the left half of the thorax, and a part of the liver, the transverse colon, and the

small intestine had also escaped from the abdomen.

In some of the cases reported the spleen and the greater part of the small

intestine w^ere found in the thoracic ca\'ity.

An important, though rare, congenital defect, for it is considered to be con-

genital, is the Eventration of the diaphragm. (Sailer and Rhein, Ainer. Journal

Medical So., 1905; N. S., CXXIX., 688, 705.) This expression signifies an

abnoiTnally high position of the diaphragm in the trunk, this position being due

to the relaxation of the organ which results from a deficienc}^ of muscular fibre.

It has been called by some, although incorrectly, pseudohypertrophic lipoma-

tosis of the muscle. The symptoms are usually slight or they are entirely lack-

ing, and the condition does not interfere with the duration of life. All reported

cases are pathologically much alike. The condition is always found on the left

side, the diaphragm on this side reaching to the third rib; but the right half

of the organ may also in these cases reach a somewhat higher level. Even-

tration of the diaphragm has very seldom been diagnosed; it is usually mistaken

for hernia, and also sometimes for hypoplasia of the lung, for dextrocardia, for

primary defects of the diaphragm, and for acquired lesions such as phrenic

paralysis. In all cases there are : nomial resonance on percussion in the upper
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part of the left lun^: tyin])any below a certain line, which varies from the

fourth to the second rib: tyininmy posteriorly, usually from the angle of the

scapula down: the ordinary signs of d(>xtrocardia; the signs which ai)pearto

indicate the presence of viscera abnormally present in the lower part of the left

thora.x; sounds of gurgling and splashing, especially when liquids have been

swallowed: an area of dulness in the lower part of the thorax after the patient

has taken a considerable amount of food; and sometimes distinct hipjiocratic

succussion sounds. Frequently there is, on the posterior aspect of the thorax,

an area of dulness due to dislocation of the spleen. Litten's phenomenon is usu-

ally absent. As a jiuncture for diagnostic purposes and even an oix>ration

have been undertaken under these circumstances,—and, of course, with danger,

—it is well to exclude all other causes of tympany in the lower part of the chest

before one resorts to either of these measures.

A condition similar to that which has just been described, but acquired and

not congenital, is Lahn's degeneration of the diaphragm (Lancet, Aug. 17th, 1S78),

in which the muscular tissue becomes thinner and paler than normal.

Phrenoptosis, which is an acquired condition, is the reverse of eventration.

It is a downward displacement of the diaphragm. Glenard {Revue des Maladies

de la Xutrition, 1905) considers it as merely an accessory episode of the general

tendency to ptosis.

Other diseases of the diaphragm which may possibly assume some imjwrtance

from a surgical viewpoint, are rheumatism, spasm (clonic and tonic). i)araly-

sis, and purulent diaphragmatic pleurisy. There are certain signs of the latter

which arc worth noting. Besides the local pain, the phrenic nerve becomes the

seat of hypera:>sthesia at its superficial expansion in the epigastrium, esjjecially

over a small area located a few inches below the xiphoid cartilage. At the

same time an exaggerated sensibility is manifest in the course of the nerve in

the neck. Another .sign is depression of the last rib.

After empyema, and especially after Schede's and similar operations, the

diaphragm, under the influence of abdominal pressure, encroaches more than

it normally should upon the i)leural space. Thus, the lower part of this space

is obliterated to a much greater degree and earlier than the upper.

\. WOUNDS AND HERNI.E OF THE DTAPTTRAr;:^!.

Wounds.—Wounds of the diaphragm are hardly ])ossible, without an ac-

companying wouml of the thoracic or abdominal cavities, and inde(>d the wound-

ing of all three is usual. The W('dge-sha])ed sjjace between the diai)hragm and

the ribs is called the costo-diaphragmatic sinus, ami to the very bottom «•!

this the lungs do not reach. A penetrating wound in this region will ilivide

the (liai)hragm and open both pleural and aixlominal cavities, without wound-

ing the lung. Such a case is found in the "Surgical Ili.-^tory of the War of the

Pvcbcllion." In this case (that of Robert Stolpe) a musket ball entered the

side of the chest and jx-nct rated thence into the alimentary canal, from which
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it was later passed. A mass of lung tissue, the size of a small orange, pro-

jected from the body, and could not be replaced. It sloughed off, and tlie

surface of the wound became coveretl with epithelium. After this there was
but slight evidence of (abdominal) hernia, the protruding mass of lung act-

ing, no doubt, as a })lock to protrusion of any of the abdominal \'iscera. Manv
months later, the small remaining tumor suddenly increased in size, after a

strain in lifting, the respiratory sountls in it became feeble, pressure on it pro-

duced gurgling and nausea, nausea manifested itself after eating, and there

was local pain. A portion of the stomach had evidently escaped into the

tumor, which varied in size and contained both lung and stomach. In a simi-

lar case, in which bile in addition escaped into the tumor, there was so little

prostration that the subject was able, soon after he had been injured and with-

out any protective dressings over the wound, to walk a mile and a half. He
eventually recovered and voluntarily re-entered the campaign.

Wounding of the neighboring viscera is an almost invariable occurrence

when the diaphragm suffers, and the liver, spleen, and lungs are frequently

involved, especially the first two.

Rupture or tear of the diaphragm from a blow, a crush, or a strain is com-

mon. For the production of such a tear or rupture it is not necessary that the

patient should strain very hard or that he should receive a severe blow; and

consequently we are compelled to assume that in some of these cases there must

have been a congenital weak spot. The blow need not be of such a character

as to cause a penetration of the parietes or even of the skin, nor is it necessary

that any of the other viscera should be wounded. These indirect tears are

more common in middle-aged men, and there is on record a case in which the

patient sufTered two successive tears of the diaphragm with hernia. A crush

may be so severe as to precipitate most of the abdominal viscera into the thorax;

the result, of course, being the death of the patient.

Wounds of the diaphragm, in connection with the wounding of other organs,

may be ver}^ severe, and still recovery may take place. Such a case, of an

unusual charact^er, suggestive as to treatment, and well worth recording, is nar-

rated by Abbe in the Transactions of the New York Surgical Society, Dec. 14th,

1898.

A man, while riding a bicycle, impaled himself on the shaft of a wagon. The

shaft fir.st penetrated the right arm, separating the biceps and vessels from the

humerus; thence it crushed into the chest, breaking the tenth rib at the mid-

axillary line, and tore through the diaphragm and liver, detaching the latter some-

what from its posterior support. The shaft next swept in a backward direction,

making a ragged, flat laceration through the liver, in which could be laid the flat

of the hand, caught the kidney against the spine, and cut its upper third al-

most completely off. It was several hours before shock passed off, and then the

urine was intensely bloody. The tenth rib was resected in order to give plenty

of room in reaching the pleura, from which was sponged a quart of clotted blood,

mixed with bile and urine. The lacerated wound in the diaphragm was now en-

larged to admit the hand. As blood flowed freely from the liver, a temporary
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packing was placed in the wound of this organ while an incision was made below

the ribs to reach the kitiney. This organ was palpated with both hands, one

hand being introduced into each incision. The patient's condition did not permit

of resection of the kidney. Extravasated blood was wiped from the peritoneal

cavity, but no intestinal contents were found. Iodoform gauze was now intro-

duced through the upper opening and firmly packed in the wound, beginning at

the kidney and continuing up through the liver and between the liver and the

chest wall. The gauze was then brought up through the diaphragm and the

chest wall. A lighter tamponade was placed in the pleura below the retracted

lung and the lower wound was partially sutured. The patient barely rallied and

it was a month before he was out of ilanger; and during this time urine and

much of the bile were discharged through the wound. High fever. The bile first

ceased, but the urine continued to flow through the now narrow sinus for a period

of two and a half months.

Wounds of the diaphragm may occur in operations undertaken for other

purposes. Thus, for example, Deruginsky (Annals of Surgery, May, 1906)

removed a portion of the diaphragm in the course of an operation for the eradi-

cation of a sarcoma of the chest wall. In a prexious operation which he had

perfonned for the same purpose, the incisions required did not involve the dia-

phragm, but they did penetrate the thorax. In spite of the resulting pneumo-

thorax, the patient breathed quietly and her pulse was unaffected; and after

the operation there was no dyspnoea. We mention this absence of embarrass-

ment, as regards the respiration and pulse, because of its bearing on the hin-

drance which a jmeumothorax is supposed to offer to operative })rocedures upon

the diaphragm, a subject which will be dwelt ui)on later. A large gauze tampon

was placed in the pleural cavity, and, when this tampon was removed on the

fifth day. it was observed that no air entered. At the later oi)eration (that

for the removal of the sarcoma which had returned after the first operation) the

chest wall, from the seventh to the twelfth rib, was removed, together with a

portion of the diaphragm. On this occasion when the pleural cavity was opened,

the lung immediately collapsed, and at the bottom of the cavity the heart could

be seen undergoing rhythmical contractions. Again, the thoracic cavity was

filled with a gauze tampon; and at this moment threatening heart failure

developed, although the respiration continued to be regular. Saline infusion

and other restorative measures were employed. Before resection of the dia-

phragm was undertaken, this structure was carefully dissected from the peri-

toneum; and while this was being done there occurred some retching, which

cau.sed the peritoneum to protrude into the pleural cavity lik(> a bladder, while

alK)ve it the heart could be seen suspended, temporarily deprived of its lowci-

altachments. The projecting peritoneum was pushed back and held by the

hand of an a.ssistant. To the surface of the cut muscular ti.ssue, from which

the sarcomatous nodules had been removed, the cautery was now applied,

and then the cut edge of the diaphragm was sutured to the seventh rib, whereby

the thoracic cavity was separated from the abdominal. A tampon was intro-

duced into the inferior angle of the wound, an<l the external wound was su-
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tiirecl. ]\Iarked shock followed, but the patient breathed freely and the

respiration was of a quiet character. On the seventh daj^ following the oper-

ation there was some dyspnoea, which was not relieved by removal of the

tampon. An exploratory puncture made on the eleventh day revealed neither

air nor fluid in the {pleural cavity, but a stitch abscess was opened, and the

ojjening of this abscess seemed to relieve the moderate fever and the dyspnoea

which were present. The lung expanded. Eleven weeks later when the

autopsy was made, it was ascertained that the diaphragmatic curtain had been

entirely restored, the edge of the organ having become adherent to the lower

border of the seventh rib along the line where the sutures had been applied.

About two-thirds of the entire diaphragm (?) had been taken away. The

lung was adherent to the parietal pleura, by sarcomatous rather than by in-

flammatory tissue.

In several respects, the author's case * is very similar to the one reported

above, although the amount of diaphragm removed was not nearly so large.

The enchondroma sarcomatosum (?) of the chest wall measured thirty-three

inches in its circumference, necessitating the removal of a piece of the chest

wall equal in area to two outspread hands. Fully a third of the growth was

inside the chest and attached to the diaphragm. As a result of the operation

the whole pleural ca\ity was exposed to view, including the pulsating pericardial

sac and the completely retracted lung. No attempt was made to preserve the

peritoneum. The remains of the diaphragm and some fascia were brought

together to make a partition between the abdominal and thoracic cavities, the

skin flaps pre\dously made were sutured, and all spaces, including the pleural

ca\dty, were drained by, but not packed with, gauze. There had been little

disturbance of respiration during the operation, and the onlj'' reactions ol>

served afterward were occasional attacks of d3^spnoea with rapid pulse and, on

the third day, a single rise of temperature (to 103° F.) that lasted for an hour.

Some of these disturbances were caused, or accompanied b}^, moderate abdom-

inal tympany. Recently, the writer, while removing a large kidney, was

obliged to di^^de the two lower ribs, and he forewarned the anaesthetist carefully

to watch the patient when the pleura was opened. Close observation, however,

failed to discover any change in the respiration or the pulse, although slight

symptoms of shock gradually came on, as in the three other cases.

Wounding of the diaphragm has, in the past, been considered very dangerous,

because of the imagined interference with the bellows action of the thorax.

This and a similar fear of pneumothorax are responsible for devices looking

to the maintenance of respiration while the chest is open. One of these is the

Fell-0'Dw^er method of artificial respiration, a procedure which dates back

to an early period and which has not been as widely adopted as it deserves to bet

In this method, air under pressure is intermittently supplied by a bellows that

is worked by the foot, and this air is conducted to the trachea (by way of the

* Annals of Surgery, May, 1903.

t Journal of the American Medical Association, June 9th, 190U: Buck's ' Reference Hand-

book of the Medical Sciences."
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larynx) l\v a tube like that used for intubation i)urposes. A similar process is

tiiat tlescribcd by Brauer in the Deutsche vied. Wochenschrift, Sept. 21st, 190o,

and April oth, 19()(). Another plan is to employ the Sauerbruch pneumatic

cabinet * which was devised in the Breslau Clinic under Mikulicz's direction.

In this cabinet are coiilined ihe opei-ator's and the i)atient's bodies; the latter's

head projecting through an air-tight orifice and collar. A negative^ pressure of

from 12 to Ki nun. of mercury is maintained within the chamber. In it Sauer-

bruch has performed extensive operations (involving both pleura') on the chests

of dogs, with no ill results to lungs or respiration. He has devised an oesopha-

gotomy of the lower end of the organ liy means of a thoracotomy and division

of the diaphragm. Of the two inventions, the cabinet is ])robably the more

practical, but the Fell-0'Dwyer has the advantage of being more easily obtained

and transported. (See also page 418 et seq. in the present volume.)

Green, in Surgery, Gynecology, and Obstetrics (Chicago, May, 19U()), has gone

into these methods thoroughly, but his experiments and the gathered examples

seem to him to argue cjuite as much against the use of j)()sitive pressure as they

tlo in favor of its use. If this be true—and, in the light of the above operations

and many similar ones which might be adduced, the truth seems to be estab-

lished—we may conclude that these methods of respiration are unnecessary

where but one pleura is opened, and that possibly a positive pressure is actually

prejudicial. In those cases in which both pleura^ are opened the employment

of such artificial aids is positively necessary. These remarks apply to adults.

Chiklren are much more disturbed by an open })leural cavity because the tissues

of the mediastinum are less stable and make a ])oor barrier between the two

sidi's.

The preceding statements seem, therefore, to dispose of one bugbear of

the surgery of the chest—a bugbear that at one time a])peared to be of a very

serious character. As a matter of course, the can^ful surgeon will limit as nmch

as possil)le the ingress and egress of air through the opening in the chest wall,

and this can be cjuite effectual!}- accomplished by the insertion of a firm gauze

tanij)on in the orifice of the oi)ening when the manipulations no longer reciuire

it to be kept open. The entire filling of the pleural cavity, as was done by

Deruginsky, seems unnecessary, if not positively harmful; indeed, it appeared

in that case to be the cause of the embarrassiiicnt of the heart. Seidel places, over

penetrating wounds of the chest, an air-tight case provided with a window

through which inspection may be made and which is constantly connected with

a paitial vacuiuu. The object of this contrivance is to facilitate drainage and

expand the lung.

The surgeon will not hesitate to enlarge wounds of the diaphragm wlu-n

hemorrhage, incarceration, or adhesion invites. For closing defects the only

iciiK'dial measure for which we j)ossess a precedent is that of drawing together

whatever remnants of tissue can be made available; and experience justifies

the statement that very uncertain substitutes seem to suffice as a partition

• Mittlieilungcn a. <1. Gr(MiZK<'l)i<'icii (1. .Mi.l n. ("liir., l'.i()4, xiii.; W. Meyer, in Annals of

Surgcrj-, May, 1905; Boston Med. ami Siir^;. .Jour., .\|)ril l.itli, l'J()5.
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between the thoracic and the abdominal cavities. A stronger partition, if it

could be obtained, would, of course, be better, especially on the left side, where

there is not the firm support of the liver; but there seems to be little material

from which to shift flaps. The only supply that seems to suggest itself is the

inner surface of the abdominal parietes, and this would hardly be utilized,

unless there were already an extensive opening. Deruginsky's practice of

preserving the peritoneum seems to be neither advisable nor necessary, except

when infection is present. To leave that membrane intact, in a case of ma-

lignant disease of the diaphragm, would, in these days of indifference to the

open abdomen, Ije simply to invite a recurrence of the disease.

In such severe injuries as those which occurred in Abbe's case, there is, of

course, little opportunity to do more than apply promptly and thoroughly a

tamponade, while holding one's self ready to attack the complications as they

successively arise

.

In the case of nephrectomy mentioned above, in which the diaphragm was

detached from the ribs, the writer re-attached it by wrapping it around the

lower edge of the rib, thus reaching better tissue in which to place the sutures

and making a cover for the exposed and roughened ends of the ribs.

The best route by which wounds of the diaphragm may be approached will

be discussed under the heading of Treatment in the next section of this article.

Diaphragmatic Hernia.—Cases of congenital diaphragmatic hernia in the

newborn have been discussed under defects of the diaphragm. Acc^uired hernia

may take place through congenital openings or thinnings, through some of the

natural openings such as the stretched aortic or oesophageal opening, or, finally,

through tears; and when a trauma is the causative agent the hernia may be

produced immediately or only at some later period. The large majority of the

tears—over five-sixths of them—are on the left side. The reason given for this is

that the mass of liver substance protects the diaphragm and to a certain extent

unites it to the right side ; but it is probable that the real reason for the difference

is to be found in the fact, already stated above, that defects of development which

cause a thinning of the diaphragm are found more commonly on the left side. The

mptures which take place in the muscular portion are only moderately in excess

of those which occur in the tendinous portion. Congenital hernias number over

a third of all diaphragmatic hernias, those from direct injury a third, and those

from indirect injury a quarter.

Ninety per cent of acquired hernias are false, that is, devoid of sac, the serous

coverings having been absent (at birth) or ruptured at the time of protrusion,

thus leaving the escaped organs naked in the thoracic cavity. The order of

frequency with which the several abdominal organs escape through the rupture

may be stated as follows:—stomach, omentum, and colon. Besides these a

large part of the small bowel, the spleen, the liver, the caecum, and the kidney

have been found.

With the increase of our knowledge of diaphragmatic hernia, it has been

ascertained that this affection is not so rare as was once supposed. Of the

cases collected before 1874, but two-tenths of one per cent had been diagnosed

VOL. VII.—30
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before death. In the case of an open wound with })rotruding abdominal viscera,

there seems to he no excuse for overlooking a diaphragmatic hcn-nia. On the

other hand, if only a bit of omentum has escapetl into the pleural cavity, the

only symptoms present may be those of indigestion, malaise, etc.—that is.

the symptoms of an adhesion. Still more obscure are the symptoms in such a

case as the following: A young man was taken with sudden pain in the umbilicus;

the pain remained entirely abdominal and no rise of temperature nor other

symptoms occiu-red for three days. Then the symptoms assumed such a grave

character that surgical interference became necessary, and thus the existence of

a diaphragmatic hernia was discovered. If the opening in the diai)hragm is

very large, so large that the abdominal viscera lie in both cavities and without

constriction, there may be more or less pain, inability to lie on the side, and

shortness of breath, but there may be little else in the way of symptoms. There

is also likely to be some e\idence of pneumothorax, and intestinal gurgling will

be heard within the thoracic cavity.

If a portion of the intestinal tract is suddenly forced through a relatively

small opening in the diaphragm, the symptoms will be those of obstruction;

but if the volume of displaced organs is large; the embarrassment to respiration

and circulation, due to the crowded condition of the thoracic cavity, will over-

shadow the symptoms of obstruction and may, indeed, be the cause of an early

fatal ending. Such an ending has taken place as early as from the eleventh to

the fifteenth hour after the accident. The writer has seen complete collapse occur

some time after the performance of an al)dominal section,—from which the

patient sul)sequently recovered,—and yet, when the abdomen was re-opened,

nothing could be found to explain the condition except a very moderate intestinal

distention. If distention of abdominal viscera can cause such disturbance, when

they are still within the al)domen, it is fair to assume that an encroachment of

much smaller bulk in the thorax may suffice to cause dangerous sym})toms.

Again, acute dilatation of the stomach, which occurs at times after the dis-

turbance caused by some slight operation, may be assumed to crowd the thorax,

even when only a i)art of the organ stands at a higher level than the diaphragm.

If an early fatal issue does not occur in those cases in which a part of the al>

dominal viscera pas.ses through the opening into the pleural cavity, then in the

course of time the symptoms of incarceration, obstruction, or strangulation

dominate the scene. These several conditions will be ojjserved in the cases of

hernia to be mentioned in detail farther on. Pain is usually present, though it

may be absent. Distention of the abdomen is the rule, ^^'hen, as a rare event,

retraction does occur, it is due probably to constriction, located high up in the

alimentary canal. This not onl}- f)bviates much of an accumulation above the

constricted point, but the vomiting which it induces keeps the canal emptied.

The physical .signs, when a hollow viscus is the part incarcerated in the hernia,

have a resemblance to tho.se of j)neumothorax in that they comprise a tympanitic

note over the hernia, amphoric tinkling, and sometimes succu.ssion sounds.

Excessive thirst is the rule, and hiccough is fairly often present. Litten *

Deutsche mcd. Worlicnsrlirift, So. .5, 1895; al.so Vol. I., p. 52'J, of the present work.
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describes a "diaphragmatic phenomenon'' for this lesion as he does for sub-

phrenic abscess and other thoracic disorders. It consists of a xdsible horizontal

depression crossing the lower side of the chest and moving up and down with

respiration—a sign which is of special value in unilateral conditions. In

ruptures of the diaphragm with hernia this phenomenon can be seen below

the t}inpanitic area and may be of importance when the tympany of the

abdomen is slight.

^Yhen the Roentgen rays are used, the canal is rendered visible by the intro-

duction of bismuth, mercury, or a stomach tube. If, by the aid of these, it is

visible above the convex diaphragmatic line, its presence in this situation fur-

nishes adec[uate proof of the existence of a diaphragmatic hernia. On the

other hand, a negative finding would not exclude a hernial protmsion, for a

constriction would be competent to prevent the passage of these objects along

the canal.

In very obscure cases a manoeuvre of Maragliano's* may be tried, but it must

be resorted to early, before a weakening of the bowel wall would render bursting

likely, and, of course, no force should be employed. The patient in ]\Iaragliano's

case was suffering from influenza at the time, and the hernia developed suddenly

during a fit of coughing. After ordinary measm*es of diagnosis had been con-

sidered, the intestines were inflated by a pump introduced per rectum; and it

was found, after the inflation, that the abdomen was not ' increased percep-

tibly in girth nor the diaphragm cUsplaced upward. It was discovered, how-

ever, that the thorax had increased one centimetre in girth. It was also noticed

that, simultaneously with each insufflation, a sound was audible in the fifth

interspace. The procedure, as described up to this point, and if carried out

with care, is a commendable one; but as much cannot be said of what fol-

lows, and it is described only to be condemned. Maragliano introduced a

hollow needle into the left thorax (and presumably into the intestinal canal

there lodged) and injected a certain amount of liquid. Bubbling could be

heard as the residual air in the pump entered the intestine. The intestine

was distended with fluid when a dulness appeared in the thorax over an area

where there had previously been resonance. The final step, which I have just

described, might be permissible under some circumstances.

In a case in which there was much constriction at the borders of the open-

ing, one would hardly be justified in excluding a protrusion of a hollow ^'iscus

into the pleural cavity if a negative result were obtained from the first stage

of Maragliano's procedure, or from the later injection of fluid, or from an ex-

amination with the .r-ray.

Other points connected with the diagnosis have already been discussed

under Wounds of the Diaphragm.

Diaphragmatic hernia is occasionally discovered post mortevi in patients

who have died from other causes, and in whom there had been little reason to

suspect such a condition during life. This corresponds with the frequent ob-

servation that a patient seemingly recovers from a traumatic hernia, or from

* Gaz. degli Osped. e delle Clin., Feb. loth, 1897.
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the accident wliicli causctl the latter, and yet at some iater date i'Xj)eriences

a ilan^orous attack. The lollowinu- brief histoiies relate to cases of this nature:

—

A fall of thii'ty feet fi-actured the femur and bruised the chest, hut did not

fracture any ribs. Collapse and vomiting. Some shiftinjr dulness in the flanks.

Patient made ))i()iz:ress undei' medical treatment and in two months was dischar<ied.

Afterward he ha<l attacks of pain in the epijiast rium, increased by taking light

food, but theie was no vomiting. Two months latei- he was seized with severe

pain and vomiting and died in two days. Stomach and colon had escaped through

an opening in the diai)hragm the size of the index finger. {Brit. Med. Jovr., Dec.

22(1. 1000.)

A man was squeezed between cars; no ribs were broken; he recovered. Six-

teen weeks later, he died with failing heart and dyspnoea. Autopsy: large and

small intestine in the pleural cavity, adherent to each other and to the lungs.

{London Laturt, June 30th, 1880.)

A stal) wound in the seventh intercostal space. Patient well in two weeks.

Two and a half years later, obstruction of the bowels; cadiotomy. Autopsy:

part of the omentum and seven inches of the colon found in the left pleural cavity;

weakening of old cicatrix in the diaphragm. (Trans. St. Louis Med. Soc, Jan.

31st, 1801.)

Sudden symptoms of internal strangulation of the bowels in a well man; in

addition, dyspncea and pain; no strain; death in tw'enty-four hours. Autopsy:

Eighteen inciies of small intestine in the pericardial sac; congenital opening in

the diaphragm the .size of a silver quarter of a dollar. {Brit. Med. Jour., Jan. 7th,

1890.)

Dennis, in the St. Paul Med. Jour., Oct., 1905, publishes a case which, because

of its bearing on this point of latency, as well as on account of other features, is

i-eported in some detail.—A young man received a severe blow on the left thorax

from a bugg>' pole, and, while the wound was not of a penetrating nature, the

injury kept him in bed three weeks, and it was three months before he felt entirely

well. From the twelfth to the eighteenth month after the accident he suffered

from indigestion and constipation, and, during the recent six weeks, he has lost

fifteen pounds in weight, his appetite alternating between gootl and poor. Two
weeks ago he was thrown over the head of a pony, with the result of a little lame-

ness only. Next, he was seized with nausea and vomiting after doing .some jump-

ing and then immediate!}' afterward swimming for half an hour. The vomiting

continued on the second day; abdomen retracted and slightly tender in the epi-

gastric region. Calomel followed by enemas on the third day gave one good move-

ment; later, there was no result. On the fourth day, the pulse and temperature

were normal, the tongue clean; patient able to walk; much retraction of the

abdomen; no pain; respiration nearly normal: vomiting continued. Fifth day,

operation. Incision in epigastrium. It was found that the omentum, the trans-

verse colon, and the greater part of the stomach had escaped into the plem-al

cavity through a hernial opening in the left side of the diaphragm. It was diffi-

cult to draw these out, because the negative state of the pleural cavity caused

the displaced organs to be draxcn hack xnth each respiration, even against strong

pulling on them. An extensive adhesion of the omentum to the upper surface

of the diaphragm added to the difficulties. Resection of a rib stopped the suction

and m.ade it j)ossible to i-ediice the dis|)laced oigans. [Would not a simple incision
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of sufficient size between two ribs have accomplished the same purpose?—J. C. 1^.]

The opening in the diaphragm was found to consist of a spUt of the muscle til)res

about three and a half inches long, the edges of which fell together when the hernia

was replaced. In order to provide the edges of this opening with an adequate

support, gauze was packed behind it, in the angle between the chest wall and the

upper surface of the diaphragm, and the free end of the mass was brought out

through the wound in the thorax. Dyspnoea, which made it impracticable to

suture the diaphragm, was relieved for some days by the use of oxygen. On the

fourth day an attempt was made to suture the diaphragm, but the plastic exudate,

which by that time had formed, concealed the wound so effectually that it could not

be found. Despite the facts that the wound had not been sutured and that an em-

pyema subsequently developed, what appeared to be a complete and permanent

cure followed—due probably to the formation of adhesions between the thoracic

wall and the damaged diaphragm.

Do these latent cases, even when examined in the fuller ofRcial records,

prove that the hernia has not existed from the first, and that the rent in the

diaphragm has remained for long periods patent, though empty? We think

not, although that such maj^ be the case in some instances is possible. The fact

of finding adhesions between the imprisoned viscera, and between them and the

pleura, casts suspicion on the recent occurrence of their extrusion; and when it

is remembered how innocuous great scrotal hernias may be not\\ithstanding the

fact that their necks are small, and how long large foreign bodies may remain

in vital regions unsuspected by anybody, it can easily be imagined that the

abdominal organs have, in these cases, been in the thorax from the time of

the original injury, and that, as may be observed in inguinal hernia, they have

in many instances been gradually protruded. The sudden onset of symp-

toms of obstruction or strangulation proves nothing as to the recent protru-

sion of the viscera, for other internal hernias are known to remain latent for

years before revealing themselves. Improbability pleads against the claim,

foimded on clinical cases similar to the preceding, that a tear of the dia-

phragm remains unhealed, for generall}^ it is in the form of a separation of fibres

and would be expected to fall together as naturally as the fibres in ^IcBm'ney's

incision for appendicectomy, and as we have seen them do in Dennis' case.

As a compromise this explanation is offered:—At the time of injury a fold

of peritoneum only may have been nipped by the rent and may have formed

adhesions, or a viscus may have pushed a sac before it through the diaphragm

and then have fallen back leaving the sac to adhere. There would then be

a permanent weaK spot or opening through which at any time viscera might

be forced.

This latency of hernia wdll be seen in a number of the cases to which reference

is about to be made for other reasons. Chandler's case, for example, furnishes an

instance of the occurrence of a hernia through one of the natural openings of

the diaphragm—an opening, it is true, which had been enlarged by trauma.

(Chandler's Case.) Ten years previously the man had fallen from a tree, in-

juring himself so severe!}' that he was confined to his bed for six weeks. When



470 AMERICAN PRACTICE OF SURGERY.

he started to work he complained of a sharp pain deep in the left Iwpochondriac

redon. The pain, of varying severity, had continued until the present attack,

when it became suddenlv quite severe and death ensued in twenty-four hours.

At the autopsy the liver was found dragged to the centre of the abdomen, its

l>order being (.lark and congested; the spleen was congested and pressed upward

and back; the oesophageal opening in the diaphragm was ruptured, admitting

a ball one inch and a half in diameter, and through this opening the stomach, all

the small intestines (to a point eight inches above the ileo-csecal valve) and also

that part of the large intestine which is included between the hepatic flexure and

a point eight inches above the sigmoid flexure, had escaped into the thoracic cavity.

The intestines were almost coal-black and distended.

\l. TREATMENT OF WOUNDS AND HERNIiE OF THE DIAPHRAGM.

Even though patients sundve the original accident, as w^e have seen that

they do in many instances, there still remains the necessity for an early opera-

tion, because they are li\dng under an impending calamity. (It is assumed,

of course, that an acceptable diagnosis of hernia has been made.)

Lenormant, of the Fnuich Surgical Society, whose article * we freely use,

asked the (luestion, whether, in the presence of a wound of the diaphragm

which had been satisfactorily diagnosticated, an immediate operation should

be performed. The answer given was unanimously in the affirmative. Indubi-

table reasons were given by Font Reaulx. The w^ounds under consideration

invoh'e both the abdominal and the thoracic cavities, and it is now a well-estab-

hshed custom, if serious symptoms invite, to enter either of these cavities when

wounded. In cases of this kind there are almost always accompanying lesions

of the viscera of either cavity or of both, and these almost always require opera-

tion for their correction. As has been plainly shown, the existence of an open-

ing between the two cavities already exposes the patient to great perils.

Although cicatrization of a wounded diaphragm has been proved possible by

Refetto's experiments on dogs, such cicatrization is known to be rare. The

rarity of this event is due to the persistence of the primitive hernia.

The mortality of these wounds, if left to themselves, is very considerable.

In 1893 Frey collected 33 cases in which no attempt at treatment had been

made. Of this number 29 died. In 2 of the cases there was a hernia of the

omentum, and in 29 there were hernia; of other viscera. Death by strangulation

occurred in 21 ; it took ]i\ncv immediately in one-third of these, and at some later

time in the remaining two-thirds. More recently, Font Reaulx has collected 21

cases which had been left uutrcalcd and in which 16 deaths occurred. In addi-

tion to the lamentable results i)n'viously cited, maybe mentioned cases by von

Bergniann, Spillman, and Severeanen (each one case) and by Schaetzler (two

cases). On the other hand, cases in which operative interfercncc has proved

successful are now easy to find. Among the number may be mentioned that of

a man whose chest had been wounded by the tusk of a wild boar. From the

* Kcviic (if cliirurtric. 1!)().'{. xxvii.



THE DIAPHRAGM, AND SUBPHRENIC ABSCESS. 471

wound, which was located in the eighth interspace, a loop of intestine protruded.

An operation performed immediately after the injury gave permanent relief.

Walker has reported the following case :*

—

A young man was pinioned under a falling tree, but not crushed. Shock

extreme; pulse rapid, thready, and intermittent; dyspnoea marked; respirations

shallow, jerky, and rapid; pain agonizing in left breast, increased by coughing, etc.

Among the other symptoms observed were: a short cough, with sputum streaked

with blood; vomiting at first of simple food but later stercoraceous; abdomen

chstended; no result from enemata; diminished expansion of left chest; the

base of it tympanitic, with amphoric breathing; a succussion sound heard on

shaking the thorax ; apex of heart cUsplaced two inches to the right ; seven or eight

ribs fractured on the left side. The abdomen was opened in the epigastric region.

A knuckle of ]:)0wel eight inches long and much congested was found firmly held

in a rent in the diaphragm. It was reduced after considerable traction and with

some difficulty. Air then rushed in and out through the opening, which was in

the muscular part of the diaphragm and admitted three fingers. Lung and heart

easily palpated; the former showed no rupture; there was no blood in the pleural

cavity, but clotted blood (three ounces) was found in the abdomen. With difficulty,

four interrupted sutures were placed in the diaphragm; the patient's concUtion

prevented the introduction of any adcUtional sutures. Pain and tympany con-

tinued for twelve hours, but these symptoms were relieved by free catharsis effected

by the use of salines. Rapid recovery. Work as a carpenter resumed.

Altogether, three hundred cases of operation have been reported. Some of

them, like those just reported, had uninterrupted recoveries; in others there

were serious complications; but all ultimately recovered. To the latter class

belongs Manana's case, m which the wound was in the seventh left interspace.

The eighth and ninth ribs were resected, food was found in the pleural cavity,

and the rent in the stomach was sewed up. Persistent pleurisy followed, but

eventually healing took place.

Successful operative cases have been reported by Nimi, of Naples, Italy.

In one of these, in which there had been a stab wound, resection of a portion of

the eighth rib was found to be necessary. With the removal of this part of the

rib it was discovered that there was a wound, 25 mm. long, in the diaphragm;

and after this wound had l)een sufficiently enlarged it was seen that a wound,

2 cm. long, also exi.sted in the stomach. The latter wound and also that in the

diaphragm were sutured. No drainage. Outside walls sutured. In another

of Nimi's cases two wounds were found in the liver and one in the kidney, both

of them requiring to be sutured in order to check a considerable hemorrhage.

In a third case the hemorrhage, which came from a vessel in the diaphragm

and was considerable, was controlled by ligature.

The conclusion is therefore warranted that, whenever it is possible to affirm

the existence of a wound of the diaphragm, with or without a wound of the

viscera, the indication is urgent to interfere, in order to close the wound and

thus to prevent all possibility of consecutive hernia.

* Trans. Amer. Surg. Association, 1900, p. 246.
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In some caties a diagnosis can be made with certainty, as, for example, when

a portion of the omentum or of some other abdominal viscus emerges through

the wound. Instances of this manifestation, which is of rather frequent occur-

rence, have already been given. In such cases a diagnosis is evident and the

coui*se to jjui'sue clear; but when there is no certain sign, when the seat and

direction of a wound of the chest make it probable, however, that a lesion of

the diai)hragm exists, the surgeon ought, by dii-ect exj^loration of the wound

and by careful examination of the superior part of the alxlomen, to assure

himself of the state of the muscle and then to decide whc^ther or not he should

undertake to suture the tear in the organ.

When an operation is decided upon, the question arises, \\'hat is the best

route to follow? Surgical opinion is divided. Some—as, for example, Refetto,

Schoenwerth, Glantenay, and Auvray—have given the preference to a coeliot-

oniy. while others advocate the route by way of the thorax. Borouck followed

the alxlominal route in a case in which transpleural interference was prevented

by hemorrhage. This is the only case on record in which it was found nec-

essary to abandon the route b}' way of the chest.

T)ie Abdominal Route.—The results of these cases of ca^liotomy (eight in all)

are far from brilliant. Two were cured. Refetto, by the abdominal incision,

could not reach the wound in the diaphragm and was then obliged to perfomi

at the same time a thoracotomy. Death followed. Four succumbed to wounds

of the stomach, the existence of which had not been perceived at the time of

the operation. Of the two coeliotomies described in detail on a previous {)age,

that performed by Dennis had to be supplemented by an opening in the chest

to prevent suction (successful), and in Walker's case it was found nec(>ssary

to exert upon the viscera a degree of traction that many surgeons would not

like to make, especiall>' if the operation was performed a considerable length

of time after the wound had been inflicted. As special difficulties of the abdomi-

nal route may be mentioned the following:—It is not at all easy by this route

to reach the wounded viscera, the wounds themselves being situated, as a rule,

vis-a-vis to the oj^ening in the diaphragm; prolonged and difficult mana?uvres

are required to bring the wounds into view: the sac itself, being located above

the diaphragm, cannot l)e reached directly by this route, if it should be found

necessary to enlarge the tear, the task will prove difficult of accomplishment

by waj' of the abdominal ojiening; and, finally, it will be found exceedingly

difficult by this route to api)ly sutures to the diai)hragm, repeated trials being

often re(juired before success is attained. In Dennis' case, for example, the

attempt had to be abandoned. The difficulty is due not alone to the dome shape

of the region in which the suturing must be done, but also to the presence of the

stomach and colon, organs which are difficult to keej) out of the way of the needle,

and which make .suturing actually dangerous. The only period at which the

adoption of the abdominal route is ixTiiiissible is that innnediately following

the inffiction of tlie wound, Ix'fore adhesions and tight constrictions have had

time to fonn. In the case of inguinal hernias an exactly analogous situation

is encounteied when the attempt is made to attack thr hernia from the
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peritoneal cavity. Two or three times, in the hi.^tory of surgery, strong

advocates have arisen for the plan of approaching these hernias from within,

but they have always been met with deaf ears.

The Thoracic Route.—This route presents great advantages. It has one

decided merit, viz., that the external wound itself serves as a guide. The chest

is to be opened at the site of this wound, and the course of the wounding in-

strument is to be followed step by step. This coui"se is not nccessar}^ when the

diagnosis is made certain by the presence of a hernial protrusion at the mouth
of the wound or by other unmistakable signs, but it is to be followed w^hen proba-

bilities are to be rendered certainties by exploration. Further, this is the most

direct route ; it affords space for reducing the hernia if one is found to exist, and

for enlarging the diaphragmatic wound and treating the sac, and it also permits

the use of pincettes in holding the edges of the wound together while suturing

is being done. There are two objections to thoracotomy. The first is the danger

of pneumothorax. Lenomiant reports great diversity of opinion in regard to

this, but, after the full discussion of the subject already given under "\^'ounds

of the Diaphragm, it will be necessary only to add that, in twenty-two of his

cases, the difficulty was not mentioned once. The second objection is, that

the route does not permit exploration of the peritoneum and its contents.

This objection is valid in regard to those cases in which it is necessary to remove

from the peritoneal cavity particles of food, blood, etc.; but, in the cases in

which it is important to ascertain what viscera have been wounded, we have

seen that the objection lies the other way, that such wounds have been more

often overlooked in operations by way of the abdominal route than in those l^y

way of the thorax. This is doubtless because the wounds in the viscera lie

vis-a-vis to those in the diaphragm ; and then, so far as treating these wounds

is concerned, Nimi and others have shown us that the stomach, liver, and kid-

ney can be successfully sutured from above. Of course, no hard or fast rules

can be made for sm'gical procedures, and each case will be approached according

to its individual features; but, from the observations given, the superiority

of the transpleural route in the treatment of thoracico-abdominal wounds

seems to be indisputablj' established. The experience gained from clinical

observation is confimied by that which is furnished by the statistics of these two

operations; the mortality for cceliotomy being 62.5 per cent, while for thoracot-

omy it is only thirteen per cent

.

Technique of the Operation.—A regular technique is difficult to establish,

because of the great variations in the wound. A few of the different procedures

will be mentioned here. Some operators use a large trap-door opening; Rydy-

gier makes an incision in the fifth or sixth interspace, commencing at the

costal cartilage. From the posterior end of this a vertical incision is made

downward, covering several interspaces, and the triangular flap of skin, muscle,

and bone is turned downward and inward. Slobet makes an elliptical cut that

extends from the fourth rib obliquely do\\'nward to the ele\enth ril) and then

upward to the fourth. After this flap has been reflected he divides the seventh,

eighth, and ninth ribs in front and behind. Rochard suggests excision of the
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ninth rib throu>ih an incision about fifteen centimetres in length; the operation

to be proceeded with only after retraction of the lung has taken place. Resection

of one rib is certainly often suf-

RectusMuscle ^

Costal arch

Peritoneum
and

tvonsversalis
m uscle

Fig. 188.—Incision. Flap turned back, exposing cos-

tal arch, to which the peritoneum and transversalis

muscle remain attachetl. (Willy Meyer, in the Journal of

the A iiirrican Medical Association, October, 1906.)

\j V O I
fieient, and it is seldom that the

-H ^^ RectusMusnl. .^'^ I

.^^^j^j^j^ ^^^^^ p^^^^^ ^j^^^^p ^j^^

eighth rib in front, or the seventh

Ix^hind. Sometimes there is al-

ready lo.ss of rib tissue (in one case

the fragment measured 24 cm. in

length) and a trap door can then

be lifted with little further divis-

ion. Notwithstanding the state-

ment that, in a mere separation

of the fibres of the diaphragm,

th(^ edges of the wound would

fall together without the aid of

sutures, we must adopt the stern

lesson of clinical experience and

suture the wound in every case

where the patient's condition per-

mits it. This can be best done by holding each edge quiet by means of a

pincette and then uniting the two, after accurate coaptation, by means of a

continuous or glove stitch of chromicized catgut. Through an opening in the

chest wall this is not a difficult

procedure, because of the dome-

like upward curving of the dia-

phragm. In each individual case

the question whether drainage is

to be used or not, will have to be

decided upon its merits. Suc-

cessful results have been obtained

in some cases without drainage.

There need be no hesitation about

enlarging the wound in the dia-

])hragm if, for the puipose of re-

ducing a hernia or of repairing

viscera, such a step seems desira-

ble. In fact, it is preferable to

make such an enlargement rather

than to use any force in our at-

temi)ts at reduction. If ])iicu-

mothorax cau.ses trouble after the

operation a measure may be adojjted which was used in tiie Civil Wur and

long before, viz., the removal of the air from the chest by aspiration. What-
ever air may remain beliind is usually .soon absorbed.

Peritoneum
and

transversalis
\m uscle.

Fig. ISO.—Incision. Flap turned back, showing tiie

seventh, eighth, ninth, and tenth costal cartilages divid-

ed close to where they join the ribs, and also the .seventh

cartilage divided near the sternum. (Willy Meyer, in the

Journal of the American Medical Association, October,
1!»U(3.)
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Another mode of traversing the chest, in order to reach the diaphragm, is

that first used by Walther in 1892. According to this plan the same course is

pursued as that which is adopted in all cases where intentionally we traverse

the pleura to reach the liver, that is, by stitching the diaphragm to the parietes

of the thorax, a method that will be further described under Subdiaphragmatic

Abscess. The plan has been followed by von Frey, Amante, Henri Girard,

Zeidler, and Grekow. Lenomiant has had "no personal experience with the

method, but, from nn^ cases, the other plan has seemed so simple of execution,

and has given such perfect results—to others as well as to myself—that I see

no reason for abandoning the latter." Unless infection be present this course

certainly seems unnecessary. As in the case of hernias in other parts of the

bod}-, protruded omentum had

Costal arch
euevted

aphrogm

better be amputated, especially

so if the mass is of considerable

bulk.

Other points of technique

will be found in the sections of

this article which relate to the

treatment of wounds and of sub-

diaphragmatic abscess.

The conclusions given above

in regard to the policy of oper-

ating ''remain true and reliable

whether there are or are not ac-

companying wounds of idscera;

upon the latter depends largely

the gravity of the prognosis."

On the other hand, if these con-

clusions prove true in chronic

diaphragmatic hernia, in cases in

which we have reason to suspect

the existence of hernia, do they also hold true for the interval between an

accident and the appearance of strangulation? Should an operation of elec-

tion be undertaken for the radical cure of a diaphragmatic hernia? The only

case of this kind which we are able to report is Llobet's,* in which by means

of an extensive plastic operation on the side of the chest, an old hernia was

cured. A man had received, twelve years before, a deep puncture in the

eighth intercostal space on the right side. This injury was followed, in the

course of forty-eight hours, by a small swelHng which increased in size when

the patient coughed. At the end of twelve months it had become as large

as a hen's egg, and subsequently, although it did not enlarge, it caused

increasing pain and discomfort, and much difficulty in breathing. Otherwise

the patient was in fair health. The respiratory movements were less free than

normal. A flap of chest wall was made in the manner described in detail in

*Re\iie tie chirurgie, Mar., 1895.

Fig. 190.—Incision. The skin-muscle flap having been

returned to its place, it and the underlying costal arch were

then raised and turned back against the wall of the chest,

thus exposing the liver fully to view and showing the he-

patic ligament being pulled toward the median line. (WiUy
Meyer, in the Journal of the American Medical Association,

October, 1906.)
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Llolu't's artiflc. After it had Im'cii lifted up it was seen tliat tlie extei-nal tiinior

formed i)art of a lar>!;e hernia, containing omentum and a ])()rtion of th(^ trans-

vei-so colon. The protruded omentum and the hernial sac were resected and

the opening in the diaphragm was c1os(h1 by two rows of sutures—one for the

peritoneum alone and one for the muscle. The traj) door was then replaced, the

detached portion of the ninth rib being fixed in its place by wire suture, and

the structures by two rows of sutures. The hernial orifice in the eighth inter-

sj)ace was closed by a suture.

At the end of the third week, the

[)atient was regarded as abso-

lutely cured.

This ease, when considered in

connection with the general prin-

ciples of (lia])hragmatic surgery

now so well elucidated, will lead

surgeons at the present time to

treat an old phrenic hernia in

precisely the same manner as

they do any disability which

imperils the patient's life—viz..

1w a systematic ojieration.

Dr. E. W}-llys Andrews, in

Surycrji, (ri/ncvcolog!/, and Ob-

stetrics, Feb., 1907, makes the

following suggestion with refer-

ence to suturing the diaphragm :

—

"The diaphragm (from the abdo-

men) was difficult of suture. The

expedient was adopted of making

a transpleural exclusion by one or

two deep loop oi' mattress stitches.

These extended through an inter-

costal space across the lower angle of the pleural cavity into the peritoneum, through

the diaphragm, where the fingers inside received the needle. The latter was then

pushed back on the other side of the cut and then through the skin. In this way
the thin edge of the pleural cavity, as well as the wound in the diaphragm and the

wound in the chest wall, were occluded, the lung having receded. The rushing of

air at once ceased."

For syncojK', especially that resulting from chloroform narcosis, it has been

projiosed to apply rhythmic massage to the heart by inserting the hand through

an incision in the ejiigasl liiun and gi'asping the oi'gan through the dia])hragm

without o|)ening the latter. (Such an opening, however, has been made in a

few ca.ses.) In a majority of the twenty-five cases re) )orted (Rcruc dc cliirurcjie,

Paris, VM)i\, XX\T., No .'i) the cardiac contractions continued as long as the

ma.s.sage lasted.

Divided hepatic

Fig. 191.—Incision. IIf]iatic ligament dividod as high

up as whcro it is attacliccl to the <Haphragni. Strong
traction is being u.sed upon tiie hgainent in a direction

f>artly downward and partly toward the median line for

the purpose of bringing tiie liver more extensively into

view. (Willy Meyer, in tlie Journal of the A7nerican Med-
ical Association, October, 1900.)
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Fig. 192.—Straight Median Incision. Rectus mu.scle
is pulled outward and upward, the peritoneum and
transversalis muscle toward the median line. The
costal arch is exposed. (Willy Meyer, in the Journal
of the American Medical Association, October, 1906.)

To reach the dome of the diaphragm AMlly Meyer (in the Journal of the

American Medical Association, Oct. (Ith, 100(1) recommends the following plan
of resecting the costal arch. He
was driven, on the spur of the

moment, to adopt this course in

removing a large spleen, and he

suggests that it may be followed to

advantage in reaching the cardia in

operating in case of shot wounds

of the diaphragm, etc. To the

median abdominal incision is to be

added a transverse one, which

should extend to the tip of the

eleventh rib. The space between

the posterior surface of the belly of

the rectus and the mass of tissue

composed of the peritoneum, the

posterior sheath of the rectus, and

the transversalis fascia, is then en-

tered. From here, by means of

blunt dissection, there is no diffi-

culty in reaching the border of the costal cartilages (Fig. 188), for the simple

reason that the rectus and the external oblique muscles have their origins farther

up on the thorax and are attached

to the latter, in the portion which

is concerned in the present opera-

tion, by very loose connective tis-

sue only. Then the seventh car-

tilage, which represents the union

of three separate costal cartilages,

was cautiously divided by the

knife close to its sternal attach-

ment, and the seventh, eighth,

ninth, and tenth cartilages were

likewise divided just in front of

their union with the ribs (Fig.

189). After this has been ac-

complished the flap composed of

skin and muscle is replaced in its

normal position and two sharp

retractors (or, better, the assist-

ant's hands) are hooked into the

peritoneum, and the costal arch is raised. Later, the osteoplastic flap is re-

turned and pressed into position, the edges of the incision are sutured, and the

abdomen is well strapped with zinc adhesive plasterand snugly bound by a binder.

Fir,. 193.—Straight Median Incision ; cartilages of the
eighth, ninth, and tenth ribs divided. In this specimen
the cartilage of the eighth rib is not united with that of

the seventh near the sternum. (Willy Meyer, in the Jour-
nal of the American Medical Association, October, 1906.)
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In case of need the ribs may be clividcd in i)lare of their cartilages, the divi-

sion being made at points located farther outward, and in addition the fifth and

sixth ribs may also be divided. The convex surface of the liver can be better

reached by pulling on the susjiensory ligament (Fig. 190) or by dividing the

latter and then using it for strong downward traction (Fig. 191).

From operations made ui)on the cadaver Meyer has learned that the usual

median (or rectus) incision can

^^(•ll be combined with osteo-

plastic resection, without mak-

ing at the same time the trans-

verse incision mentioned above

(Figs. 192, 193, and 194), but of

course the amount of available

space which will be secured in

this manner will not be as great

as that afforded by the T-shaped

incision or by an oblique incision

extending from the xiphoid

cartilage to the tip of the tenth

rib (Fig. 195). If the latter in-

cision is primarily feasible it will

afford excellent access, but in

order to close it properly it will

be found desirable to employ

through-and-through sutures.

I cannot leave the subject

without contrasting, by means

of a cjuotation only twenty-five

yeare old, the present state of

the surgeiy of this region with that of 1881. "We are silent on the subject

of treatment. We cannot hope to close the aperture [in the diaphragm] by any

measures which science or mechanical surgery would justify; could we accurately

detect the existence of a protrusion it were in vain to attempt its reduction with

any benefit to the patient, or credit to ourselves." (Holmes' "Syst. of Surg.")

Fig. 194.—Straight Median Incision. Lumbar region

of the cadaver raised ; skin-muscle-bone flap pulled upward
and outward, exposing a large area of the stomach; the

cardia incised (the dark area in the centre of the picture),

and the cut edges held apart by hooks. (Willy Meyer, in

the Journal of the American Medical Association, October,

1906.)

VH. SUBPHRENIC ABSCESS.

In preparing this section, the freest use has been made of M. Griineisen's

comprehensive article, "Uebcr die subphrenischen Abscessen," Archiv f. kli-

niscfie Chirurgie, 1903, No. 70.

Collections of pus under the diaphragm can come from different organs, and

the course of the case is influenced a good deal by the location which the pus

occupies

—

i.e., whether it is within or without the peritoneal covering. Such

collections are separated from the rest of the peritoneal cavity by the transverse
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colon with its mesocolon and its attached omentum, these structures together

crossing the cavity like a partition. A focus of inflammation or of suppuration

located below the diaphragm may be barred from the remainder of the cavity

by adhesions between the colon, omentum, and parietes. Out of 288 cases

the cause is distributed among the various organs in the following proportions

(percentages): Stomach, 32.2; appendix, 26; biliary passages, 8; thorax, 3.8;

intestines, 3 ;
perinephritic struc-

tures, 3; female genitals, 3;

pancreas, 2; spleen, 2; duode-

num, 1; ribs, 0.5; and the re-

mainder, in unknowTi parts, 5.

The distribution according to

causes was: traumatic, 3.8 per

cent; echinococcus, 2 per cent;

metastatic, 2 per cent. An un-

usually important part in etiol-

ogy is played by the appendix.

Apparently far removed and

without close anatomical rela-

tionship, this organ still sup-

plies the cause in a large num-

ber of cases. A second much

smaller group of primary causes

is found in diseased ribs, pleura,

and mediastinum, but, taken all

together, these lead to very few

cases of subphrenic abscess.

The locations of the pus collections may be as various as the causes. With

reference to this point, it will be found that two large groups may first be dis-

tinguished—the intraperitoneal and the extraperitoneal, i.e., those whose walls

are entirely made up of peritoneum, and the others which spread themselves be-

tween the tissues of the diaphragm and its peritoneal covering. Of these two

classes of cases the intraperitoneal is decidedly the more common. The ex-

traperitoneal collections cannot, of course, occupy the whole dome of the dia-

phragm, because the peritoneum is attached so firmly at places that it cannot

be stripped off by the fluid. Hence, retroperitoneal subphrenic abscesses can

be spoken of as such only in a restricted sense, rather as suppurations that

reach up under the diaphragm. But these retroperitoneal phlegmons may enter

the peritoneal cavity by breaking through the membrane, between the liver

and the diaphragm. Abscesses of this nature and source are often connected

with perityphlitic (appendiceal) abscesses. Maydl has observed that extra-

peritoneal abscesses perforate more freely into the chest cavity than do those

of the intraperitoneal type, but, in the case of the latter, exudation into the

pleura is more frequent.

Besides this division into intraperitoneal and extraperitoneal subphrenic

Fig. 195.—Oblique Incision. After division of the costal

cartilages, as before (Fig. 193), an osteoplastic flap is

raised, exposing the vault of the diaphragm, and an incision

is made in the cardia. (Willy Meyer, in the Journal of

the American Medical Association, October, 1906.)
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abscesses, the position as to right or left calls for consideration, for there is some

variety of boundaries here, especially on the left side, where several different

organs are to be found. On this side are to be described three regions of occu-

pancy: 1. the "space" between the liver and the diai)hragm; 2, "loge peri-

splcnique," a region which is bounded on the inncu- side by the stomach and the

jiancreas, on the outer by the (liai)hragni and the ribs, and above by the dia-

phragm and the outer pail of the left lobe of the liver; 3, the '' loge rctrostoma-

chale,^' the bursa omentalis or "lesser cavity." In general, to the first of these

regions may be assigned abscesses resulting from perforation of the stomach;

to the third, those from perforation of the stomach and from pancreatic suppura-

tion; but all such designations of limits can be schematic only, as the variations

and overextensions are so numerous. Only the intraperitoneal right-sided

abscesses between the liver convexity and the diaphragm, and the left-sided

ones containing gas are characteristic, and this to a limited extent. Usually

we may assume that abscesses lie on the same side of the body as the organs

from which they spring. Especially is this true of retroperitoneal abscesses. In

the case of intrai)eritoneal abscesses, there are more exceptions, but even of

these it is still generally true. Abscesses of appendiceal or gall-duct origin lie

on the right side, those originating in a ])erforation of the stomach and in si)lenic

disease lie on the left. In the case of an abscess originating in the stomach the

location will probably be on the right side if the disease started from a carcinoma,

because the pylorus is the part more frequently affected by cancer; but it will

be located on the left side if the disease started from an ulcer of that organ.

Occasional!}- tiiese abscesses are a ])art, or more often a remnant, of a general

peritonitis, in which, after absorption has tak(>n place, or after operative drainage,

some vestiges remain encapsuled behind the colon or under the diaphragm,

and these at any time niay assume an acute i)hlegmonous character.

Children are less disposed to this affliction than adults, the proportion given

in the latest statistics being about eighteen per cent. In them the abscess

is likely to develop suddenly and to run a «iuick course, and Maydl shows that

the cause is very seldom to be found in the sub(liaj)hragmatic region. Parie-

tal (costal) caries is a more fretiuent factor than it is in adults, and so is tabes

mesenterica. Disease of the appendix is now known to be a fretjuent cause

of subphrenic abscess in children.

The course of abscesses of this region may be extremely slow, or indeed

they may slumber for long periods. A man convalescing from typhoid developed

on ihe left side an abscess wliich was approached thiough the pleura. The knife

could find but one .small .spot in the stony wall of the ab.scess through which

an opening could be made. The abscess was drained. Later, the calcareous

walls were removed from the liver, stomach, si:)leen, omentum, and transverse

(;olon. The presence of the bacillus of typhoid was tlemonstrated. From

the character of its wall it was evident that the abscess nuist have existed

for a long time, and that it must have Ijecome reinfected by typhoid bacilli.

(Erft. Med. Jour., Dec. 22(1, 1909.)

The character of the abscess contents depends on the origin of (he trouble.
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It may be creamy pus from the kidney or rib: thin, dirty-looking, foul-smelHng

pus from the appendix: a thin, serous fluid when it represents a remnant from

a general peritonitis : pus mixed with gas \Ahen it has originated from an appen-

dicitis, or, as was observed in one case, a fluid of a golden green color; and a

dirty-looking pus, with gas and particles of food and a (hstinctly sour smell,

when it has originated from a perforated stomach. Sometimes, in an abscess

which has originated from a perforated stomach or from a perforated duodenum,

the cavity, although large, may contain almost no pus, but, instead, putrid gas

—a circumstance which may lead to serious mistakes when aspiration is re-

sorted to as a test. The frec|uency with whicli such collections contain gas has

been much overestimated. Furthemiore, the origin of the gas has received

various explanations, some maintaining that it comes only from the perforation

of a gas-holding viscus, while others claim that it is generated by gas-producing

organisms. Both are correct. Perforation of gas-holding organs is known to

occur as a frequent cause of such abscesses, and gas can certainly escape at the

same time. Then, again, if a perforation occurs without escape of gas the

extravasated mattere contain organic material which is ready for putrefaction

-

—

i.e., for the development of putrefactive bacteria. Or, without the presence

of a perforation, organisms can readil}^ pass through the inflamed bowel wall,

as we know they do in strangulations. Finally, we have gas-producing inflam-

mations in other parts of the body. Claimont and Rauzi (Wiener klinische

Woche?isch., 1905, X\TII., No. 25) fully support Griineisen in his contention that

in abscesses such as are here under consideration, gas may and often does come

from bacterial growth, while Leyden, on the other hand, maintains that it comes

from a perforation only. The first proven case was Weber's, and the responsible

parasite the Paracolibacillus aerogenes. As showing the difficulty of reaching

a conclusion as to the source of the gas such a case as the followdng may be cited:

—The patient, an adult, after suffering for four weeks from what was called a

"peritonitis'' (which might easily have been pleurisy), passed into a condition

of collapse, with coughing, breathlessness, stitches in the left side, etc. A large

abscess was found beneath the diaphragm. It contained putrid gas, but no

stomach contents. Operation and the establishment of drainage failed to

prevent a fatal issue. At the autopsy were found: a large empyema; two

small perforations in the very thin diaphragm, both of them leading into the ad-

herent limg; a large round ulcer in the stomach which was adherent to the

liver.

Sympto77is.—It is generally claimed to be impossible to give an harmonious

clinical picture of this affection or to distinguish it clearly from other diseases,

so many are the different aspects and changing conditions under which it is

met. This is doubtless true, since subphrenic abscess is a malady which results

from or accompanies other and often very various ailments—in short, is a symp-

tom of some other trouble. While it may not always be practicable to ascertain

the mode of origin of a subphrenic abscess, it is agreed that, only by the earliest

possible recognition of the condition and a correct perception of the clinical

picture, are we able to undertake the one practical measure for its relief, viz.,

VOL. vu.—.31
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the emptying of the abscess. On this account it will be desirable to present,

from the confusing multitude of symptoms, only the relatively constant fea-

tures.

Tlie subphrenic abscess is a circumscribed peritonitis. AVe see the beginning

of it under the features of an acute or gradually developing peritonitis. Often,

after some insignificant complaint, which it was only possible afterward to refer

to the original disease, the ]mtient suffers sudden collapse, nausea, vomiting, and

pain. In other cases, especially those in which the disease advances beliind

the peritoneum, the course is of a more insidious character, the picture less

clear. The subjective symptoms are naturally and correspondingly various.

Shooting pains between the shoulders and singultus, which are mentioned by

many as characteristic symptoms, have not been observed b}^ othei-s. In most

cases there is a distinct rise of temperature, and this is the only piece of evi-

dence which reveals the existence of an infection. The absence of fever does

not disprove the presence of an abscess.

Physical examination often shows characteristic signs. There may be, on

the affected side of the lower part of the thorax, a rounding out which does not

take part naturally in the breathing. The interspaces are obliterated, widened,

or protruded, and are often painful under pressure. "Litten's diaphragm phe-

nomenon," in which the position of the diaphragm on the thoracic wall is to

be seen by inspection, is not noticed by many observers, but an inflammatory

oedema of the loin or of the lower thorax may be discovered. This latter mani-

festation is more frequent in the case of a retroperitoneal than in that of an

intraperitoneal abscess. Breathing sounds may be heard below the level of

the dulness, and, if a deep inspiration be made, the line at which the breathing

sounds and the vocal resonance are heard, and at which the fremitus is felt,

will be distinctly lowered. Liver dulness may be distinguished from abscess

by the fact that the former is distinctly lessened by the knee-elbow or prone

jjosition. If a very emaciated patient is examined in a good light, it will be

noted, if the pleura be healthy, that the lower margin of the lung moves up and

down with respiration, and further confirmation of this fact may be obtained

by auscultation and percussion. Then, in addition, it can be determined, in

the case of a subphrenic abscess, that the area of dulness is situated below

this line. The dull area and the tympanitic area may extend as high as the

second rib and as far down as the iliac fossa.

Whether the subphrenic abscess lies to the right or to the left, or in front

or behind, are cjuestions to which usually an answer can be given. An abscess

on the right side may reach from the middle line behind to the ligamentum sus-

pen.sorium of the liver, and will be limited in front either by adhesions between

the imrietcs and the liver or by the transverse mesocolon. \\'hen, therefore,

such an abscess is present, there will be found a nmch depressed liver border

together with the area of liver dulness ( = abscess dulness) much increased up-

ward. In typical cases the ui)per line of this area of dulness is convex upward.

Abov(! this line will be found normal lung sounds, j)rovided there be no intra-

)il(nr;i! fluid. In some cases this line may be depressed by inspiration, but
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necessarily only to a slight extent, since the diaphragm is weakened and lamed

by the inflammatory process and its mobility interfered with in some measure
by the mass of pus accumulated beneath it. Winiwarter considers that this

upward extension of the area of dulness comes less from an elevation of the

diaphragm by fluid than from an oedematous thickening of the same from

inflammation. At any rate, the upper line of dulness is not as distinct as in

pleuritic effusion.

If gas is mingled with the pus, its presence is to be recognized b}^ its clear

tjTiipanitic note and bell-like sound, which changes its position mth the change

in position of the patient, but which persistently maintains its position at the

top of the dull area. In the upright position there are to be found, from above

downward, normal limg resonance, a sharply outlined tjTnpanitic zone, and

then the duhaess—a characteristic and pathognomonic grouping of these three

zones.

Very similar are the relations of those subphrenic gas abscesses which arc

located on the left side and which originate from a perforation of the stomach.

The walls are formed above by the diaphragm, on the right by the falciform liga-

ment, and below by the very much depressed left lobe of the liver in conjunc-

tion with the stomach and spleen. The epigastrium protrudes; the abdomen

below the abscess is soft and compressible. The diaphragm occupies a high

position. In the epigastrium is found tympanites. Here, then, we have again

the same grouping of three zones.

Pressure symptoms, in the case of large abscesses, are generally less pro-

nounced than they are in pleural exudates, and the degree of displacement

caused is manifested particularly in the abdominal viscera because of their greater

compressibility and mobility. Although the upper limit of the area of dul-

ness may extend above the normal line of the diaphragm, the lung may still

possess fair expansive power and may exhibit nomial soimds. In left-sided

abscesses the heart is pressed somewhat upward, not to the right; in right-

sided abscesses it is pressed only a little to the left.

More obscure are the abscesses which originate in disease of the kidneys

or the ribs. So far as their location is concerned these develop on the back

wall of the thorax and they may escape detection for a long time before the}*

take on rapid growth. In man}- cases they present onl3'4he signs of a small

pleuritic effusion, and when they are accompanied, as thej^ frequently are,

by such an effusion, it is almost impossible to demonstrate their presence. In

many of these cases the first thing that calls attention to the real seat of the

trouble is the development of a secondar}^ pleurisy.

The participation of the pleura is by far the most frecjuent and practically

the most important complication of subphrenic abscess; important because it

often changes or dominates the clinical picture and the physical signs, and

again, because it often recjuires an additional surgical attack. This concomi-

tant inflammation is rendered almost inevitable by the extensive contiguity of

the two spaces. The disturbance may be confined to a simple fibrous exudate,

which causes adhesion to take place between the leaves of the pleura, or gives
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rise to a colloctioii of iluul of varying diiiKMisions and composition (from sterile

serum to actual i)us). The virulence of such an exudate, however, is gen-

erally much less than that of the original abscess, the peritoneum seeming to act

as a filter. This infection of the pleiu'a comes about in various ways, and is

favored by the movement of the diaphragm, as explained in the earlier part

of this article (page 454). It may take place in any of the following ways:

—

By metastases, by way of the h\oad stream.

By means of germs carried through the lymphatics of the diaphragm.

By the direct gro\Hh of germs through the diaphragm.

By an advance of the inllannnation l^y way of the retroperitoneal and retro-

pleura 1 tissues.

l^ecause of the nearness of the two cavities, the fii"st—that is, the indirect

—coui'Sc will be very seldom followed. If the abscess is retroperitoneal, the

fourth course is the natural one; if it is intraperitoneal, either the second or

the third course is the one likely to be followed. Burkhardt has carried out a

series of exi)eriments which show that the third course is possible, and the

following rei)ort of an autopsy furnishes good corroborative evidence:

—

Stomach adherent to the anterior abdominal wall, the attachment beginning

in the middle line and reaching to the arch of the ribs. Within the area of the

attachment is a perforation with sharp edges, the size of a five-cent nickel. A
right pleural abscess. The subphrenic abscess extends over the whole top of the

liver. Near the highest point of the abscess may be seen several crater-formed

ulcers in the diaphragmatic peritoneum; they reach almost to the pleural surface

but do not cjuite penetrate. On the corresponding pleural surface are deposits of

pus which lead indirectly to the empyema.

The following case furnishes an illustration of the fourth course:

—

The patient was taken suddenly ill (1<S91), and nine days later a retroca^cal

phlegmon (probaljly of appendiceal origin) was opened l)y an incision over the

crest of the ilium. After four days, the incision was enlarged diagonally upward

because of extension of the phlegmon. T' ere was found a large abscess which

had surrounded the kidney and had loosened it from its fat capsule; the kidney

itself was liealthy. The abscess extended ol)liquely upward behind the peritoneum

under the diaphragm to the spine. The suppuration advanced through the dia-

phragm to the retropknn-al ti.ssues. Nine days later, resection of the eighth and

ninth ri])s was performed, and thus acce.ss was gained to a flat limited abscess

near the spine. In the pleural cavity there was serous exudate which later became

absorbed.

Such a i)crfoi-ation of the diaphragm is seen more frctiucully in cases of retro-

jjcritoneal abscess, while inflannnation of the pleura (serous exudate) without

perforation is more common in the intraperitoneal variety. This is because of

the protection aftordcd by the serous covering, which shields the diaphragm

from the harm tliat bacteria or their toxins may inflict. The moderate

degree of intrathoracic inflannnation which accompanies a subphrenic abscess

is not to be determined l)y i)hysical .signs, but only through the opportunity of

inspecting the parts which is afforded by an operation or by an autopsy. The
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frequency of this complication is therefore not to be stated with any degree of

certainty; it is estimated at sixty-six per cent.

If the suppurative perforation of the diaphragm occurs at a point where

there is an old pleuritic adhesion, the abscess will empty itself directly into

the lung and thus a spontaneous cure may be efTected. Leyden held that this

was, to a certain extent, a typical course; but, since the malady has become a

surgical one. this outcome is seldom witnessed. Such an occurrence is mani-

fested by a sudden and distressing cough, accompanied by the expectoration

of great cjuantities of diity pus. With the emptying of the abscess this puru-

lent discharge at once ceases, but such a lung fistula has been known to persist

for six months before healing finally occurred.

Analogous to the pleuritic is the pericardial complication, which occurs in

rare cases. In most of these the purulent pericarditis coexists with empyema

and there is no direct communication between the two ca^ities. In the follow-

ing instance the cjuestion naturally suggests itself. Might not this condition,

which was observed at the post-mortem examination, have resulted from the

perforation of a subphrenic abscess through the diaphragm into the pericardium?

The apex of the heart was fomid bound to the pericardium and to the diaphragm

by a fibrous mass one inch square and nearly one inch thick. The death of

this patient, who had occasionally suffered from slight difficulty in breathing,

occurred suddenly. In another case the pericardium was found to be thickened

over an area about one inch and a half in diameter and this thickened portion

was mistaken for the diaphragTii.

The degree to which the sjinptoms of a subphrenic abscess will be altered

by an accompanying ]ileuritis will vary greatly accorchng to the severity of

the complicating disease. The more severe the thoracic complication the more

apt is it to obliterate the manifestations of the primary trouble, and thus to

obscure the diagnosis. Yet, as we have said, the secondary pleurisy may be

the first thing to direct the surgeon's attention to that region of the body. If

a simple subphrenic abscess without gas is complicated by a pleuritic effusion,

then the area of dulness caused by the fonner passes directly into that which

is dependent upon the presence of the latter. All previously mentioned differ-

entiations between the two fall to the ground; the displacement downward

of the liver, etc., can be equally well accounted for by the pleural exudate.

With abscesses containing gas the conditions are different. In these cases there

will be, between the first and second zones of the three described above

—

i.e.,

between the lung resonance and the tympanites due to the gas—a fourth zone,

viz., that corresponding to the dulness caused by the presence of the exudate,

.Ind here let me call attention to the importance of making an examination

of this kind—provided no serious contra-indications exist—with the patient in

both the sitting and the lying-down posture.

Another' complication of subdiaphragmatic abscess is that in which the

l^erforation takes place into the general peritoneal cavity. Attention has

already been called to the fact that the subphrenic collection of pus may be an

encysted part of the products of a previous peritonitis. It is possible, however,
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that a general peritonitis may dcveloi) from that which occupies a hmitod area

under the diaphragm—a catastrophe, fortunately, which is seldom reported.

One such case occurred thn>e years after th(> performance of a pistro-intestinal

anastomosis, the abscess coming from a new perforation in the jejunum.

Perforation into oth(>r hollow organs is so rare as to l)e neghgible. That

such may be most serious in its consequence is shown, however, by a single case

of jxM-foration into the bowel. In this case the abscess cavity filled with gas;

artificial drainage was established; but, in spite of this, the opening of communi-

cation did not close, and the suppuration continued its course to a fatal

termination.

Other complications are those which commonly occur in all abscesses, and

which are therefore of no particular significance here ; I refer to metastases in

kidneys, lungs, brain, etc. One case may be mentioned where a gall stone

offered the point of least resistance to a pytemic abscess. A fatal cholempyema

followed.

Diagnos^if<.—In spite of the fact that a large number of these cases are not

and cannot be certainly diagnosed, we are continually increasing our success

in the treatment of these comparatively rare diseases because of increasing

knowledge. It is therefore of special importance to obtain a full history of

the case, for by its aid we may be able to learn that the primary disease was

located in the abdomen, or at least that a primary origin within the chest is

highly improbable. If there is a secondary rise of temperature in such a case,

subphrenic abscess must be kept -in mind as well as other complicatioas. As

an instance of such a secondary rise of temperature, and as an illustration of

how little help, tow-ard the establishment of a diagnosis, is often furnished by

the existing signs and symptoms, the following case is given by Hartwell.

(Trans. New York Surgical Society, March 8th, 1905.)

The patient, a woman of 48, had suffered for seven days from pain in

the right hypochondriac and anterior lumbar regions. (Her previous history

was not ol)tainable.) Slie was poorly nourished. Thoracic viscera were normal.

There was considerable tenderness in the right lumbar region, and a tumor, which

gave the impre.ssion of being a kidney, 'could be felt ju.st above the iliac spine.

There was also tenderness in tlie region of the right appendix. Temperature, 100° to

102.5° F.; pulse. 100 to 120; respiration, 24 to 28. Pain persisted with varying

intensity. Because neither the condition of the kidney nor that of the appendix

.seemed to account for the .symptoms a compromise incision was made. The tumor

proved to be a kidney. There wei-e many adhesions in the neighborhood of the gall

bladder and the transverse fissure of the liver, and a les-ser number around the ap-

l)eii(lix. There were no indications, however, of a cholecystitis nor of an abscess

in this region. The adhesions were broken up and the structures around the

subhepatic region were freed; the appendix was removed; and, by means of a

posterior incision, the kidney was .secured. The appendix showed a very mild

grade of inflammation. Foi- five days following the operation the symptoms were

entirely relieved, and the temperatiu-e and pulse were normal. Then, for the fol-

iowintz; two weeks, a temperature of 100.5° F. was frequently reached. Both

wouikIs lioiiled. Ten days Inter, lier temperature ro.se to 102° F. Her health and
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strength gradually deteriorated, and rales developed over the right lower chest;

a diagnosis of pulmonary tuberculosis was made. She returned to her home and

remained there three weeks, during which time her irregular fever and pain per-

sisted and the emaciation progressed. Six weeks from the date of the first operation

the presence of fluid was demonstrated in the right chest, low down, and a punc-

ture made through the ninth space, in the posterior axillary line, afforded escape

to pus. An inch and a half of the ninth rib was resected just anterior to the angle

of the scapula. The pleural ca\dty was closed by stitching the two layers to-

gether and by gauze packing. An incision made through the two pleural layers

and the diaphragm exposed to view the posterior superior surface of the liver.

The cedema and fibrous exudate indicated the proximity of pus. An incision

was then made into the presenting surface of the liver and a blunt instrument

was pushed onward until it afforded escape to some thin grayish pus. This open-

ing was enlarged and almost a quart of the fluid was evacuated. The abscess

seemed to be rather under (or behind?) the liver than in its substance; the punc-

ture passed through the organ near its posterior surface. The kidney still re-

mained fixed. The wound was packed and drained. A prompt and uninterrupted

recovery followed. By the end of five weeks- the cavity of the wound had become

obliterated. The pleura did not become infected.

There are no certain physical signs by which in all cases collections of fluid

above the diaphragm can be distinguished from those situated below this struc-

ture. In the case of large abscesses the following signs may be mentioned:

a sharp horizontal or convex line limiting the area of dulness above; the sud-

den transition from dulness to vesicular breathing; and, in the case of gas-

holding abscesses, Leyden's points which may be relied upon as classical. In

cases of pyopneumothorax in the lower part of the chest, the following signs

are of importance : full percussion note down to the edge of the ribs; then dulness

in the lower rear regions where the fremitus and murmur fail; metallic tinkling

and succussion sounds are distinct ; at the same time signs are to be found which

show that above this region the lungs are intact and expansible, and that they are

carried down with deep inspiration. The dulness which indicates the presence

of an exudation changes cjuickly and distinctly when the position of the body

is changed, but this sign is much less pronounced in the case of a collection of

fluid beneath the diaphragm.

It is not possible to make a differential diagnosis between a subphrenic

abscess and an encapsulated basal empyema. Under these conditions all signs

apply with equal value to collections imder and to those over the diaphragm.

In right pleural effusions it may be of some assistance to remember that the

heart is displaced to the left and the liver dowmward, whereas in subphrenic

abscess there is a distinct area of resonance betwTen the dulness of the heart

and the corresponding lateral boundary- of the chest. The region over the

dofsal vertebrae also gives a clear sound on percussion. (Trivius, Medizinskoje

Ohozrenji, Warsaw, Nov. 6th, 1894.) For further aid in establishing the diag-

nosis the history will have to be relied on. Equally impossible is it to detemiine

positively the existence of .a subphrenic abscess that contains no gas, when a

large pleural exudate coexists. But when gas appears in the abscess, the diag-
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nosis is inatle easier by the presence of a zone of tympanites between the two

zones of duhiess.

If, with the s^inptonis of ]ileiiral effusion, there is found a tynij^anitic area

which changes its ])lace with resj)iration, but which does not rise to the highest

point under change of position, as it does in true pyopneumothorax, ])ut on the

contrary remains confined to a circumscribed spot within the area of dulness,

then may one with some degree of certainty make the diagnosis of a subphrenic

abscess. But, it must not be forgotten that a pyopneumothorax encapsuled

within the thorax, at its lower part, shows the same features. Where an ex-

perienced man is led to the discovery of a subphrenic abscess through the pres-

ence of a pleural exudate it is generally in a case in which the abscess is small,

is situated low down and behind, and is covered by the pleural exudate. These

cases are rare, but the surgeon should suspect the existence of such an abscess

when his operative interference (for the relief of the })leural exudate) is not

followed by the relief which he has a right to expect, or when the badness of

the ])atient's condition is out of all i)roportion to the extent of the pleural disease.

The next step in reaching a diagnosis is to make an exploratory puncture,

a measure which can seldom be dispensed with. A hollow needle of sufficient

length and str(>ngth, while attached to the exhaust of an aspirator, is slowly

introduced and (still under exhaust) withdrawn. In this way very shallow

abscesses, which might otherwise be overlooked, can be found. The ))uncture

had better be made in the area of most intense dulness, and best if it can be

made in the last interspace or beneath the costal arch. If possible, the punc-

ture should be made at that point when^ it is intended later to incise. Thus,

the possible establishment of a separate infected tract, ^^•hich might lead to

suppuration, may be avoided. Several, or even many punctures should be made

before the search is abandoned ; it being assumed that there was sufficient ground

on which to make the first punctuiv. With the usual precautions, the pro-

cedure is hamiless, unless perchance the bowel should be penetrated, which is

scarcely a possible thing. Infection of the pleura is unlikely to occur, because

the muscular planes of the diai)hragm (luickly close the opening. It is imi)or-

tant that, while withdrawing the needle, it be kept attached to the flexible suc-

tion tube of the syringe, in order that no pus be spilled along the track.

If it be found necessary to penetrate cjuite deeply before reaching pus, a

subphrenic abscess is mon^ likely than a pleui'itic exudation. The passage of

the needle through the diaphragm can usually be discovered by the sense of

toucli. but Fiirbringer's claim that this is further shown by the penduliimdike

movement of the needle is probably unreliable, as is al.so Pfuhl's sign of the

same— viz., a flow rhythmical with the resinration. Puncture may disclose two

collections by withdrawing different material from different depths of the same

puncture or from flifferent i)unctures. Such a finding has occurred in one

in.sfance where sevei-al encapsulated collections lay in the jileura. As a rule,

however, the finding of dilTerent kinds of fluid, when such a puncture is made,

means that thei'e are separate collections of fluid aboNc and below the diaphragm.

In view of tlie fact that snp])urat ion may de\elo|) in the course of the puncture.
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this little operation should never be undertaken except when the surgeon is

ready to follow it immediately by incision.

Means of diagnosis are far from exhausted if the Roentgen rays have not

been used. If the lung or pleura is not at the same time diseased observations

made with the fluoroscope give particularly clear results. If gas is present

with the pus the picture is very characteristic—a perfectly clear field lying

above a dark shadow and bounded above by the line of the diaphragm with its

usual contour. Upon shaking the patient, the motion of the fluid can plainly

be seen. Monro reports a case in which these ra3^s showed the position and

outlines of the abscess clearly, after rib resection and several punctures had

failed to reach it.

Liver abscess and subphrenic abscess have naturally been mistaken, one

for the other.

Prognosis.—At this late day in the development of surgical knowledge

and from what has already been said, it is scarcely necessary to state that a

favorable result is to be obtained only from the establishment of thorough

drainage at the earliest possible moment. It is therefore equally necessarj^ to

establish the diagnosis earh', and this can almost ahA'ays be done. The results

of operation are difficult to give, since the vigor of the attack and the point

of origin vary so greatly. As a rough estimate, it may be said that two-thirds

of the cases, in the hands of competent surgeons, have recovered after operation,

and one-third have died. This seemingly high mortality is easily accounted

for when it is remembered that the collection drained

—

i.e.. the subphrenic

abscess—is secondary,—a s}Tiiptom only of some other primary trouble. A
large pail of this mortality, in the past, belongs to cases which originated in

an appendicitis. With the greater know^ledge which we now possess in regard

to this trouble, we shall expect not onl}' a greater proportion of lives saved,

bu.t also fewer cases which are pennitted to advance so far. Most of the deaths

occur soon after the operation—a fact which shows at how late a stage it was

undertaken and then, besides, after the subphrenic abscess has been emptied,

there usually remains, for attack, the primary affection, not to mention later

complications (like empyema) which nnist be operated upon.

The following brief history of a case (\'anlair. Revue de Medecine, No. 7, 1893)

shows from what serious and complicated conditions a child of six may recover

and also the undesirability of not operating more promptly:

—

The patient, a child of 6, was suddenly seized with a chill, followed b}' fever,

and there soon developed tj^mpanites, diarrhoea, and pain in the epigastrium.

The breathing became accelerated, but there was no cough nor any peritoneal

effusion. On the tenth day there were found evidences of a l^eginning effusion

at the base of the right lung and at the same time a painful tumor. Avhich gave

forth a dull sound on percussion, was observed in the epigastrium. Broncho-

pneumonia developed at the base of the left lung. There were chills and irregular

pyrexia, and there was an appreciable (_legree of emaciation. After several days

percussion revealed the existence of tympanites over the centre of the tumor,

with dulness and a sensation of resistance over the peripheral portions. In a
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few more days pneumothorax appeared at the middle of the right side of the

chest; it was not accompanied by cough. A thrombosis was discovered in the

left femoral vein, and there was a hard painful tumor above Poupart's ligament.

When an opening was made in the epigastrium, pus appeared, followed by fecal

matter; then, with each inspiration, there was an escape of gas. The cavity com-

municated with the colon by a small opening and with the pleural cavity by a larger

perforation through the diaphragm. The opening in the colon was sutured, the

cavity was drained by a special opening, and the chest by an opening low down

on the lateral wall. Later events were: a fecal fistula; fresh provision for drainage;

a pleuro-pneumonic fistula; eclampsia; final cure.

Treatment.—There are tw^o principal indications for treatment, viz., to empty

the abscess completely and to provide for subsequent free drainage. It is not

necessary to say that aspiration through a needle does not satisfy either of

these indications. The fact that it has in a few instances succeeded does not

alter the wisdom of the rule that this procedure should not be employed for

therapeutic purposes ; for where it has succeeded it is because the abscess was very

small or the infection was of a mild grade. The dangers of aspiration arc now

too well known not to counteract these few favorable results.

Subphrenic abscess can be approached by two routes—that through the

lower aperture of the thorax and that through its bony wall. The relative

advantages of these have been discussed fully in the section relating to Dia-

phragmatic Hernia. The disadvantage of crossing the pleura is often nil,

since adhesions arc generally present. For retroperitoneal (perinephritic,

etc.) abscesses the lumbar incision is naturally adopted; for those which owt

their origin to a perforation of the stomach, the epigastric route, with or with-

out a counter-opening through the loin or between the ribs, is preferable; for

abscesses on the right side where the liver is much depressed, the incision along

the costal arch will be found convenient; and for collections that do not reach

beyond the confines of the chest, resection of a rib will be necessary. Against

the last plan many surgeons have protested, some attempting in every case

to attack the disease through the loin, pushing aside the pleura, and resect-

ing or not the eleventh and twelfth ribs. On the other hand, accumulating

experience has shown that op(>ning the pleura is of little danger (see also under

Wounds of the Diai^hragm) and furnishes the fr(>est drainage. If the leaves

of the pleura are found not to be adherent to each other, the question arises,

Sliould the pleural cavity still be opened? In reply I would say that it can

safely be done l)y first removing from the ])leural cavity any exudate that

may be present, and then ])acking round about with gauze or drawing the

dia{)hragm by guy-sutures against the parietes before incising this structure.

l*A'en when there are adhesions there is often also an exudate at the same time,

and if this remains or becomes iiife('te<l, the |)leui-a can be di-ained by further

i-esection, or both tlie |)lem'al and the abscess cavities may be drained by a single

ojx'iiing. The exudate may also be withdrawn by an as])irator and the open-

ing closed bv sutiu'c: <»i\ without ojx'ning the ])leui'a, (tne may sew its costal

la\-ei- to the (lia|ihragiii and then make an opening thnrngh both structures.
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Subsequent absorption of the fluid has been observed to take place after the

emplo>Tiient of both methods. When there are neither adhesions nor an

exudate a similar course should be followed: the parietal pleura should be

stitched by a continuous back stitch to the diaphragm, the line of suture

should be protected by gauze, and then the abscess should be opened. To
be sure, infection has in several instances followed this procedure, and in one

of them a large collection of serum formed and was later absorbed, but it is

still the best course to pursue. The solidity and impermeability of this line of

union is shown by two cases; there was poured out a serous exudate which

did not become infected. Operators who choose by preference the lower incision

only, have been obliged, in some cases, to resort later to the resection of a rib.

A warning is here given against searching at once for the origin of the trouble.

In addition to the usually unfavorable condition of the patient a contra-indication

to such search exists in the danger of thereby destroying protecting adhesions,

just as the .search for a diseased appendix destroys, in" some cases, the life-

saving limiting adhesions which may have formed aroimd it.

It is better to administer a general anaesthetic than to employ local anaes-

thesia, for it is necessar}', in most cases, to make both a resection and a counter-

opening. Local anaesthesia should be reserved for the weakest patients.

Mention of the method of Cantlie (Internatmnal Clinics, Vol. LV.) in reaching

deep hepatic and subphrenic abscesses, should not be omitted, as it is distinctly

more than aspiration and is founded on much experience. After locating the

collection by aspiration, Cantlie substitutes a wide trocar for the needle. Through

the latter he passes a rubber tube, which is held in place while the trocar is \\dth-

drawTi. The tube is then stitched in place and connected with siphon drainage.

The following case, which occurred in the practice of the writer, shows the

importance of dependent drainage. Shortly after receiving a strain in lifting, a

young man developed the symptoms of internal abscess, and in the course of six-

teen days this was l)ulging prominently over the region of the gall-bladder, with

dulness over that quadrant of the abdomen and the lower part of the right chest.

The collection was easily opened, but a counter-opening in a dependent position

was not sought because the surroundings (in the country) were not suitable for

an extensive surgical procedure. Directions were left regarding posture to facili-

tate drainage, but these were not followed. At the end of three weeks the patient

was found to be extremely ill and much emaciated from the sapra?mia caused by

the faulty drainage. There were still reasons for not searching for a place for

counter-drainage; so the patient was placed on his face and instructions were

given that he should maintain this position, only sUght variations of attitude being

permitted. In three days he was symptomaticalh' well.

Subphrenic Abscesses of Appendicitic Ohigix.

Ver}^ mild grades of inflamimation of the appendix, even the so-called latent

appendicitis, may start the gravest sccondar}^ infections. Most of the latter

are intraperitoneal, but the form of appendicitis which is most prone to cause

them is the form in which the inflammation advances toward the retroca^cal

tissues.
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It has Ix'c'ii found hy cxpcriincnl that, when coloriiiij; matter and i)iis arc

injected into the tissues suiToiuKUnij; the api)endix, they follow a oourse first

between the layei^s of its mesenterioluni, next alon^ the tissues lying behind the

CiT'Cuni and ascending colon, and tht^i ii])ward to the kidney or the liver. Perfora-

tion of the appendix is not necessary for such transference. There has been

reported a case in which the inflamed but unruptured apjjendix was removed

on the third day of th(> illness, and j'ct in the mesenteriolum of this appendix

there were found several small abscesses. On the eleventh day appeared the

fii"st sjTuptom (secondary rise of temperature) of subphrenic abscess, which was

emptied by an incision thirteen days after the first operation. In another

case the aj^pendix was found lying in the tissues behind the ca'cum, the peri-

toneal cavity showing neither adhesions nor abdominal fhiid. The tij) of the

api)endix showed a ]ierforation that opened into a large retroperitoneal al)scess

which extended as high up as the top of the kidney, and finalh' communi-

cated with an intraperitoneal abscess the size of a man's fist.

The different means by which infection reaches the hepatic region from the

apjx'ndix have been estimated and ol)served by Monro, and presented 1)\' him

in an article which was j)ublished in the Annals of Surgery, Nov., 190."). In

addition to the ways mentioned—viz., by means of the lymphatics behind

the peritoneum, with or without the formation of an abscess on the way, and with

or without a pre-existing abscess of the apjxMidix—it must be remembered that

infection may be propagated by a pylephlebitis of the i)oi'tal vein. It is in cases

of this nature that hepatic abscesses, which are inuch more frequent in the

right ]ol)e than in the left, form an intermediate step between th(^ original focus

of infection and the subphrenic collection of pus, just as later we shall see the

same thing taking place when the infection comes via the hepatic duct. Trans-

ference by the portal vein is naturally more rapid than by the lymphatics

and usually gives a violent clinical course. Different observers hold different

opinions as to the respective parts played by the lymphatics and the veins, or

at least as to the route travelled when the infection api)ears in the Ywcw Re-

troperitoneal lym])hangitis is often to be demonstrated after ajjpendicitis,

and yet in these same cases it is the portal system Ijy way of which the metas-

tasis takes place.

Diagnosis of portal pylephlebitis in the couree of an appendicitis is now a

possibility; such a diagnosis having been made by Monro two days after the

])atient entered the hosjjital and twelve days after she was taken ill. In this

particular case thei-e was nothing to call attention to the appendicitis except

a distinctly local tendei-ness on dee|) ])ressure—a condition which had been \nv-

viously overlooked. There was also slight jaundice. Several liver abscesses

were immediately opened and also an ai)pendiceal abscess. A slight jaundice

which manifests itself between the piimary and secondaiy fevers of the illness

has been considered a sign of a tiu'ombophlebitis, and it is believed by some

that the latter may in some cases be only transient and that s))ontaneous recov-

ery may follow. Chills ai'e suggesti\-e of a pylephlebitis. The following case

illustrates these j)oints and also shows the great length of time which may



THE DIAPHRAGM, AND SUBPHRENIC ABSCESS. 493

elapse before the secondary abscess forms, or at least before it makes its

appearance :

—

A woman had an appendiceal abscess which was opened; the appendix,

however, was not found. No improvement followed; instead, she ha'd delirium

and chills, and a month later a large mottled liver was explored with negative

results. The jaundice then faded, but an abscess in the neck required opening.

Three and a half months after the first operation, during a slow convalescence,

a swelling appeared in the right lumbar region. This was opened between the ninth

and tenth ribs and foul pus was evacuated. Recovery followed.

Indeed, the appearance of the secondary abscess maj^ be delayed for so

long a time that no traces remain of the original inflammation in the appendix,

or, if any such be found, they will consist merely of a little thickening or of some

adhesions

—

i.e., of lesions which seem so much out of proportion to the grave

secondary condition that many might hesitate to infer a connection between

the two.

That a slight phlebitis may be mastered by the organism has received no

proof in the dead-house, but the experiments of Lemaire support this view.

They show that the liver offers, against the colon bacillus, protection to the

general system up to a certain extent ; i)urification of the infection (if it be not

too violent) taking place in a few hours, and repeated purification occurring

if the reinfection be not of too violent a character and if it do not take place

too soon after the preceding infection. Other authorities state that they have

found in the liver cicatrices of small healed abscesses, or abscesses that were

encapsided. Because of this ability of the liver to neutralize successive doses

of toxic material, if not too large, and also because all portal infections are not

the result of thrond^i or of emboli in gross, it may be possible in a given case

to improve the outlook for a favorable issue by lessening (at the first operative

interference) the supi)ly of noxious material. This may be accomplished by the

complete removal of the inflamed appendix as a reservoir of toxic material,

and also of its mesenteriolum, which, as we have seen, may contain foci of

suppuration.

Subphrenic abscesses that originate m portal infection are much less circum-

scribed than those which have developed through direct extension or through

lymphatic communication. Consequently they are much less amenable to

drainage. Young adults, it is claimed, furnish most of the cases of portal in-

fection following appendicitis ; but, as the same age furnishes most of the cases

of appendicitis, it is difficult to fonn a correct estimate in regard to this point.

The course of retroperitoneal abscesses is deteraiined by the course of the

lymphatics, never by gravity. We may, in some measure, be forewarned of

their approach by the fact that, during an attack of appendicitis, the body tem-

perature reaches an abnormal height. The temperature of an uncomi^licated

appendicitis is generally cjuite moderate, so that, when the fever attains an

unusual height and is accompanied by chills, the inference is warranted that

an invasion of the posterior lymphatics or tissues has probably taken place.
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By the tinic this i)hk'gnioii has reached the subphrenic space, we sliould be

ready t(i meet it there.

The second case mentioned in this section (p. 481) shows that a retroperi-

toneal abscess often becomes, in its final stage, an intraperitoneal one. This

is explained (see under Anatomy of the Diai)hragm) by the fact that the at-

tachment of the diaphragm to its serous covering is relatively firm, and conse-

quently, \Ahen a retroi)eritoneal absc(>ss reaches the dome, it cannot enlarge

much further without breaking through the diaphragm, or, more easily, through

the peritoneum into the ]jeritoneal cavity.

A purely intraperitoneal abscess may develop irom an appendicitis in the fol-

lowing ways: the pus may be transferred bodily, as after a {XM-foration has talcen

place; an abscess may develop in some pocket near the liver which the cleansing

of the abdominal cavity failed to reach , or, finally, the subdiaphragmatic abscess

may follow a general peritonitis (of appendicitic origin) where the jxM-itoneal

cavity and the iliac fossa have not been opened. Another and most unusual

way is that in which the appendiceal abscess becomes encapsu lee 1 1 hrough adhesions

and thus a channel is formed which reaches actually to the phrenic region. In

such a case the channel may reveal itself to external touch as a resistant mass

extending from the ilium to the liver. The course usually followed is through

the fossa that Ues outside the ascending colon and between tliat and the abdomi-

nal parietes; the position of the appendix ajipearing to dctcrniine this ui)ward

course of the pus outside the Ciccum. An abnornuilly high ciecum naturally

adds to the safety of this walling-off process, and in one such case the pus was

actually directed to the left side of the diaphragm. Finally, as was shown in a

case upon which the writer o))erated, it seems permissil)lc to assume that the

pus may, in individuals who have long and movable organs, be transferred intra-

peritoneally in still another manner. In the case referred to there was found, on

the inner surface of the abdominal i)arietes, a little dextrad of the mammary
line and nearer the ribs than the ilium, a small abscess, the walls of which were

formed externally by the abdominal parietes, and on all other sides, by thick,

gristly masses of omentum. In close proximity, but not (at the time of the

operation) directly in contact with the abscess cavity (although at one time it

doubtless did lie in contact with it), lay the tip of the api^entlix deeply buried

in the same adhesions. At the point of its nearest approach were the evidences

of ])revious perforation or gangrene, while the rest of the organ was normal.

If this small direct aijjx'ndiceal abscess had advanced but an inch and a half

further, it would have touched the convex surface of the liver.

The fact that an appendix is dependent and that the pus escaping from it

Hows into the pelvis does not ])reclude the development (from this source) of

a subpiirenic abscess. In confirmation of this statement may be mentioned

a recorded case in which the pelvic collection of i)us penetrated to the root of

the mesentery and, ascending along the spine, formed a right-sided subphrenic

abscess. There were, in this case, many adhesions in the pelvis, in both pleura-,

and in several i)arts of the abdomen, and the mesenteric lymph nodes wen* en-

larged and swollen.
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When a left-sided subphrenic abscess comes from the appendix, it is, in all

probability, an intraperitoneal one and usually represents something left oNcr

from a general peritonitis, as explained above. The retroperitoneal abscess of

appendicitic origin must culminate on the right side. It will now be seen that it

is no easy matter to determine the course w^hich has been travelled by an absc(\ss,

whether intraperitoneal or extraperitoneal. Sometimes retroperitoneal phleg-

mons coexist with intraperitoneal abscesses. Which one of the two is to be

considered the i)riniary trouble will be decided by a careful weighing of the

evidence. The following case will serve as an illustration of such a combination

as that to which I have just referred:

—

During the progress of an abdominal operation an intraperitoneal encapsu-

lated appendiceal abscess was opened. By aspiration through the seventh right

interspace a quantity (circa 300 c.c.) of cloudy fluid was removed. Then the

tenth rib was resected and a liver abscess, composed of foul-smelling pus, was

evacuated. It was found afterward that the area of dulness on the right side,

extending up as high as the fourth rib, had not diminished perceptibly. Several

punctures were made and the eighth rib was resected. In this way it was found

possible to drain a large subphrenic abscess through an opening in the anterior

axillary line. Recovery began; then followed a renewed rise of bod}- temperature

and increased discharge from the abscess. Resection of the ninth rib in the

scapular line; pleura found to be non-adherent; transpleural opening of abscess

in back of liver; drainage. Five abscesses developed in the thigh, and death

occurred soon afterward. At the autopsy the following conditions were found:—

Atelectasis of the right lung; between the rectum and the bladder there was an

unopened abscess; a pus canal existed between the kidney, the liver, and the

parietes, with a side channel that led between the right pleura and the spine.

Although some of these collections of pus were intraperitoneal, most of them were

certainly retroperitoneal.

The contents of these abscesses correspond to their origin; the pus is usually

thin and dirty and always foul-smelling. Gas has been found very seldom

and then in retroperitoneal collections, showing that it had originated from

bacterial growi;h and had not escaped through an opening in the intestinal

canal. Osmosis of gas through a membrane, however, should not be forgotten

as a possible source of gas, or at least of odor, in an abscess lying in close pro-

pinquity to the bowel.

Thoracic complications are not rare in these cases, and, in a few instances,

perforation into the lung has taken place. Dr. Rufus D. Hall, of Cincinnati,

has reported such a case. Ten days after an appendiceal abscess had been opened

the patient became very ill and remained so for two or three weeks, when an

abscess opened into the lung and bronchi, a pint or more of pus being discharged

in a few hours. The discharge lasted for several weeks, after w^hich the patient

recovered.

Pericarditis has been reported as a consequent complication.

The time which elapses between the appearance of the first symptoms

indicating the development of the complication, and the rupture of the sub-
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diaphragmatic abscess, may not be more than five days, but, if the period be

estimated from the attack of appendicitis—the real beginning of the trouble,

—

it will l)e found to be nuich longer. In some cases it has appeared as late as six

weeks after the appendicitis.

The prognosis, as a matter of course, varies greatly in the different cases.

The coui"se followed by the pus in its advance from the appendix to the neigh-

borhood of the diaphragm would seem to have considerable influence upon the

beha^•ior of the secondai}' tlisease. It must also be remembered, as I have

already stated, that infections which travel l)y way of the j)()rtal vein are specially

virulent. It is also a fact, however, that the statistics furnished by different

obser\-ers are quite contradictory. The abscesses that contain gas are particu-

larly fatal. Griineisen's wide experience in these cases supports the claim of

many consei'vative surgeons that mere drainage of a simple appendiceal abscess

is sufficient to effect a cure in almost all cases. He had no recurrences after

simple incision and drainage of both collections of pus, although it is true that

in one instance there was a fiecal fistula which would not close until a resection

of the bowel had been made. It would seem as if the plan of treatment which

has just been mentioned did not harmonize with the suggestion previously

given, viz., that the entire organ and its peritoneal stalk be removed. The

meaning that I intended to convey is this : where there are no contra-indications

to the removal of the appendix, this structure should be removed thoroughly;

but I hold that a well-circumscribed abscess, which can be reached without

opening the general abdominal cavity, often constitutes a contra-indication to

such removal.

It is not yet i)ossible to give the proportion of subi)hrenic abscesses that

follow an appendicitis, because the results from modern methods have not been

tabulated. Webei-, who operates early, reports but nine in three hundred and

fifty cases. Naturally, the earlier the operation, the less often are such sujv

purative complications to be expected. An operation on the third day did

not, it is true, prevent the formation of an abscess on the eighth; but the "third

day" is an uncertain term, as we have ])ointed out, jjecause no man knows

which was the first (la\'.

SuBi'HUKXic Abscesses of Gastric Origix.

In these cases there must be a perforation of tiie viscus. and such a perfora-

tion results either from an ulcer, simple or carcinomatous, or from a trauma.

By far the larger numl)er come from a simple ulcer, and those which come from

a cairinomatous ulcer occur so late in the process that they can have no interest

for the surgeon. If the ulcer perforates into the free peritoneal cavity a limita-

tion (A the inflammation is \'eiy unlikely, although this is liel|)ed by the jjrompt

meteorism and by any gas which may collect above the stomach and thus push

the latter down against the intestines. It is also helped by the fact that an

ulcer is usually accompanied by perigastric adhesions before it perforates.

\\ Iii'ii an ulcei- thus pei-forates, it cau.ses suppiu'ation uiuler the adhesions and
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the pus may then slowly push its way to the diaphragm. The pushing of

an aspirating-needk^ toward the diaphragm during the act of ex])iration may
also be responsible for the advance of the pus in that direction.

A perforation located on the posterior wall of the stomach makes much
stronger and thicker adhesions, which thus bind the organ tightly to the left

lobe of the liver and to the pancreas. Perforations on the anterior wall and near

the greater curvature are more likely to excite a general peritonitis; and yet

there are on record some exceptional cases in which a circumscribed abscess

formed as a result of a perforation in this part of the stomach wall. Perfora-

tions in the posterior wall and lesser curvature are likely to be followed by an

infection of the lesser abdominal cavity. A rupture near the fundus is rare, but

is much more apt than those located in other parts of the stomach to lead to a

perforation through the diaphragm. An abscess which owes its origin to ulcer-

ation of the fundus of the stomach is generally on the left side. The course of

these abscesses may be slow (subacute), as shown in the following case [Erft.

Med. Journal, May 22d, 1897):—

A man who had suffered from dyspepsia, but who had never had hgematemesis,

was seized with severe epigastric pain and vomiting. Morphine relieved the pain

and the vomiting ceased. It was afterward thought that at this time a small

pei'f(jration must have occurred in the stomach or the duodenum. Ten days later,

the patient had severe catching pain at the lower angle of the right scapula where

coarse friction sounds were heard. Short cough but no expectoration. Tem-
perature, 101° F.; pulse, 114. No signs of peiitonitis. Two days hiter the entire

border of the diapln-agm was displaced upward. The area of liver dulness was

replaced with tympanites, which extended as high up as the nipple. At the base

of the chest on the right sitle there was marked dulness as high up as the angle

of the scapula, and the l:>reathing-sounds were entirely absent. Above the tym-

panitic area was a transverse band of dulness, two inches wide. Dyspnoea consid-

eraljle. The tympanites of the stomach was easily differentiated. Two days

later, an incision in the posterior axillary line, between the eighth and ninth ribs,

affoi'ded escape to a large amount of pus and gas. Serum was found in the pleura,

and two weeks later this had changed to pus, which was aspirated.

On the other hand, the course may be extremely rapid, as is shown in the

following case, which was reported by Meyer (*S^^ Petersburger medicimsche

Wochennchrift, No. 40, 1892) as a case of phlegmonous gastritis:

—

A man who had indulged in over-eating had, on the following day, a chill and

some slight delirium, with vomiting of bile soon afterward. The vomiting con-

tinued and in a few days there were marked evidences of peritonitis, with slight

jaundice and albuminuria. The area of hepatic dulness increased in extent, while

posteriorly the pulmonary sounds became impaired. Pulmonary oedema, death.

Autopsy: Pleural cavities contained a little turbid serum with coagula; in the

pericardium there was an excess of clear serum. The diaphragm was elevated

to such an extent that the heart lay in a horizontal position. The upper surface

of the Hver, and the ileum just above the valve, were covered with pus and fibrin.

(In view of the fact that, at this date, examinations of the appendix were rare,

is it not possible that fuhninating inflammation of this organ was the prime cause

VOL. vn.—32
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of these lesions?) The small peritoneal cavity contained a purulent and fibrinous

fluid. Spleen enlarged. The portal vein contained a recent thrombus. The

funilus of the stomach presented ecchymoses of the mucous membrane, and close

to the cardia, on the posterior wall, were two small abscesses that lay between

the mucosa and the muscularis and contained thickened pus. Some implication

of the cUu-a matei-.

\ subi)hi-enic abscess of gastric origin is usually much expanded and occu-

pies the entire left half of the diaphragmatic d(jnie. The left lobe of the liver,

the stomach, and the spleen are pushed down in such a manner as to leave

space for a great cavity which is separated from the general peritoneal cavity

by the transverse colon and nieso-colon, the walls of which are attached to the

parietcs by adhesions. The front wall of the abscess cavity is formed by the

omentum and abdominal parietes, and the right wall by the ligamentum sus-

pensoriuni which has been pushed to the right. That particles of food are not

often found in the abscess is due to the fact that the first perforation is usually

minute in size, permitting the gas and thin fluid to pass, but not the thicker

material. In most of these cases the jjleura is later involved, but it is only

very seldom that the inflammation culminates in an empyema. Perforation

of the diaphragm occurs rather more frequently than in abscesses of appen-

dicitic origin.

The general clinical picture is nmch more characteristic than is that of an

abscess of appendicitic origin. The value of Leyden's signs of "subphrenic

pyopneumothorax" is now established. The history seldom fails to point to

long-standing stomach trouble. The attack is sudden and is characterized by

collapse. The length of time between the occurrence of a jx'rforation and the

aj)pearance of the abscess varies from four days to four \\-eeks. Severe internal

bleeding may dominate the picture.

The following case w'ill show the complex character of these abscesses:

—

A woman with stomach difficulties had a sudden attack of pain and ha:!ma-

temesis. Abdominal distention and tenderness; behind the uterus an elastic

swelling. On the twelfth day incision was made in the posterior fornix; it gave

exit to a light-brown, foul-smelling pus. Fourteenth day: elastic tympanitic

resistance, of the size of an apple, in the epigastrium. Fifteenth day: gas and

putrid pus (without food particles) were evacuated from this tumor (abscess) which

was located between the diaphragm and the stomach. No perforation discovered.

Convalescence set in. On the twenty-seventh day fever. ])ain in the left side, and

a diminution of the discharge were noted. External wound closed. Thirty-

second day: splenic dulne.ss enlarged; tympany; friction sounds; diaphragm

elevated 2 cm. Several punctures were made before pus was at last found. Then

an incision was made parallel to the ribs, and it was found that the abscess cavity

reached forward to the mammary line, upward to the sixth rib, and backward to

the posterior axillary line. On the one hundre(l and twenty-sixth day, gastro-

enterostomy was performed for the relief of the gastric ulcer.

In this case the pus took a course the reverse of that observed in a previous

case, where it asceiidcd lichiiid the jK-riloueuin from the region of the pelvis.
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There is on record a case in which a subphrenic abscess of gastric origin

healed without open drainage—a rare event. Presumably, in this case, encap-

sulation took place at the point where the gastric ulcer was preparing to per-

forate. Notwdthstanding the fact that many punctures were made, no abscess

was found, but a large collection of gas was drawn off. Even when the contents

of an empyema were emptied by resection of a rib, no evidence of a subphrenic

abscess was discovered. A later gastro-enterostomy proved that such an abscess

had existed, as evidenced by the obliteration of the subphrenic space and by the

presence of scars. The great accumulation of gas had prevented much extra-

vasation of fluid.

Among the complications pyopneumothorax is extremely rare, and so is

pericarditis. The mediastinum was implicated in a single case. The propor-

tion of cases of ulcer which rujjture dircctl}^ through the diaphragm is variously

stated.

Typical cases, with protrusion of the epigastrium, are best opened at that

point, with a counter-opening at the side. If the abscess is located nearer the

back, a resection alone will do.

The prognosis is not quite so good as w^hen the abscess is of appendicitic

origin. Cases even of pneumothorax, if subacute, are known to have healed

where drainage alone was provided.

Subphrenic Abscesses of Duodenal Origin.

These abscesses are usually located on the right side, to the right of the

falciform ligament. In the following unique case the pus pushed its way from

the front of the duodenum, through adhesions, to the front edge of the liver

and thence to its convexity:

—

The first symptoms—stomach cramps—were observed by the patient early

in January. During the following month they became more frequent and more
severe, and at the same time it was noted that a tumor existed in the csecal region

and that it was increasing in size. An area of dulness was also noted in the right

lower thorax. A puncture made in this region gave negative results. At the be-

ginning of March it was found that the area of duhiess extended as high up as

the angle of the scapula. March 7th: high fever; protrusion, in part tympanitic,

in the region of the liver. In the cajcal region there were felt two "strings" or

bands which reached to the liver region. Slight icterus. March 12th: several

punctures negative; pus reached in the ninth space behind; resection of rib; inci-

sion of the diaphragm. After several punctures of the liver, pus was found well

to the front, in an illy defined cavity. Much lileeding from the opening that had

been made with a l)lunt instrument; tamponade; improvement; tympany re-

mained. March 22d: several punctures gave gas only, and it was inferred that

the bowel had been entered. Soon afterward chills. March 28th: puncture gave

escape to offensive gas. Incision at costal arch in mammary line opened a smooth-

walled cavity between the liver and the diaphragm; it contained little pus but

much gas. Death. Autopsy: Strong adhesions between the ascending colon

and the liver, they enclosed a pus canal the size of the finger. This canal ex-
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tended from the anterior superior spine of the ihuni to the convexity of the hver,

and also led under the omentum to tiie duodenum where there was a perforation

and where stomach contents were found. The subphrenic region was found

distended to the level of the second rib. One-half litre of pus was present in the

right pleura. A perforation penetrated through the diaphragm and the pleura.

In the substance of the dia]ihiagm were several abscesses. In addition to the

abscess in the liver which had been opened, there was another which appeared to

have no connection with either the portal or the hepatic vein. The appendix

was found lying in the midst of the adhesions, but it was intact.

Subphrenic Abscesses of Chol.\ngitic .\nd Echinococcic Origin.

Thei'c are two ways in which it is possible for the infection to spread from

the gall-tract to the subphrenic space. It may, for example, pass through a per-

foration in the gall-bladder or gall-ducts and give rise to a pericystic abscess in

or under the liver, and this in turn may, at some later date, involve the under

surface of the diai)hragni. Evidence of these tlifferent stei)s may often be seen

in operations on the gall-tract. In the next place the gall-ducts may be greatly

distended {e.g., through the presence of obstructing gall-stones), and this condi-

tion of distention may extend back as far as the finer ramifications in the liver.

Should these become infected, the inflammation may easily pass to the convex

surface of the liver. The following condensed report of an autopsy furnishes

the only example of this condition of which I have any knowledge:

—

Extreme icterus; the upper surface of the left lobe of the liver covered with

thick purulent lymph, beneath which may be seen nuiltiple focal abscesses that

extend down into the liver substance; old adhesions surrounding the hepatic

ducts; common duct impermeable below, widely dilated, and containing disin-

tegrating gall-stones; liver enlarged, hard, and deeply bile-stained.

The course last described is the same as that observed in cases in which the

subphrenic abscess owes its origin to echinococcus disease. There is, however,

one ai)|)reciable difference between the two: in cholangitis the abscesses are

very snuill, while in the case of echinococcus disease large cysts break through.

The course pursued in cholangitis is shown in the following brief account;

—

The patient had had gall-stone colic for a year without icterus. At time of

operation there was slight fever, and the abdomen was distended and tender,

especially over the liver. No discoverable tumor. An incision over the gall-

bladder released much sweet l)ile. Bladder itself quite small; no perforation

found. Eile had passed between the adhesions as far as the convexity of the right

lobe of the liver. Stone in cystic duct; otherwise the passages were free. Un-

eventful recovery.

Abscesses such as are now under consideration are generally right-sided

and intraperitoneal; as a rule, they also contain bile and occasionally stones.

(Jn accoimt of its instructive character I will give here a brief account of one

of Maclarcn's ca.scs of subi>liiviiic abscess of cholangit ic oi'igin.
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The abscess, which reached from the Uver to the umbilicus, was incised and a

quart of bile-stained pus was evacuated. The gall-bladder filled with stones

could be felt above. Drainage established. Improved health. Four and a half

months later, a second operation showed a contracted, universally adherent gall-

bladder containing stones and no bile. The liver was very firmly fixed, and, in

separating adhesions between the liver and the diaphragm, the finger unexpectedly

broke into a large abscess. Without withdrawing the finger, which was allowed

to remain in the abscess cavity until the following manoeuvre was completed, the

operator resected two inches of the seventh rib in the anterior axillary line, opened

the pleura, tamponed the opening all around until all inspiratory sounds had

ceased, then opened the abscess through the diaphragm and let out eight ounces of

thick, offensive pus. Counter-opening in the back. Seven days later, two stones

were discharged. Slow recovery followed.

The history of the ailment and the general position of the region diseased

will, in most cases, lead to the adoption of a correct diagnosis. The height of the

u])per limit of the liver will aid the surgeon in determining whether or not a

perforation has taken place in the gall-bladder. As to the best method of oper-

ating, the decision should depend upon the object which the surgeon has in view.

If he desires to attack the primar}^ disease he should make his incision in the

rectus abdominis muscle; but, if his chief object is to secure proper drainage, he

should make his incision in the patient's back. When an abscess of the liver

is present at the same time, it may be found best to press the organ firmly up-

ward and then to reach the abscess from above by making an incision through

the diaphragm.

In a fair share of the few cases of echinococcus which have been reported,

a previous operation for removal of cj^sts has been responsible for contami-

nating the subphrenic space and thus establishing in this locality an additional

centre for the growth of the parasite. As the echinococcus is often found in the

liver, that organ is responsible for a large percentage of the cases of subphrenic

echinococci, the cysts of which, being located either on or in that organ, often

burst into the space under discussion. The following cases show that it is not

always possible to make out clearly the true nature of the disorder :

—

For five months the patient had suffered from typical gall-stone colic. When
he came under observation he had fever and was intensely jaundiced. He also

had catarrh of the bladder, for the relief of which an incision was made and drain-

age established. Three weeks later, thoracotomy; a large echinococcic sac was

emptied and partly drained. For a short time bile appeared in the fluid that

escaped from the wound in the sac. As the pleura had been sutured at the time

of the resection, the pleural cavity remained uninfected.

In another case it was evident, from the fact that daughter cysts had occa-

sionally passed by the bowel with accompanying colic and icterus, that there must

have existed a communication between the cyst and the gall-passages. Not-

withstanding the existence of a general peritonitis and of great prostration, Lobker's

operation was performed. An incision made in the bulging epigastrium gave exit

to large quantities of a cloudy serous fluid from the abdominal cavity. The cut

edges of the peritoneum were sewed to the parietes, as was also the left lobe of the
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liver. An opening was then nuulc in the liver and two litres of pus, containing

numerous vesicles and a large portion of the parent cyst in necrotic pieces, were

evacuated. The <'yst occupied the whole space between the liver and the dia-

phragm. After the effects of the shock had passed off, the patient made a rapid

recovery.

The Australian surgeons have had much experience with echinococcus disease,

and it may. therefore, be advantageous to mention their method of attacking

a cyst of the ujiper surface of the liver. After resecting the eighth or ninth

rib uvar the costal arch, they make one bold stroke of the knife through the

diaphragm into the cyst. Then they insert one finger, pull out the cyst, and

insert a drain, thus completing the operation in five or si.x minutes.

Subphrenic Abscesses of Splenic Origin.

These abscesses are generally caused by the lodgment of a septic embolus in

the spleen. The various sources from which such an embolus may come are

these: endocarditis, pyirmia, typhoid fever, rheumatism, etc. That the spleen

has first broken down is shown by the necropsy, or by finding in the discharge

pieces of spleen, of microscopic dimensions or of some size. Post-paitum

sepsis, as a matter of course, furnishes a plentiful number of cases. These

al)scesses always lie within the arched space formed by the bony thorax, to the

left side and behind. They are neither to be clearly palpated, nor percussed.

A diagnosis is seldom made. The first symptom is pain, due to splenitis, and

it may manifest itself as early as eight weeks before the disease is recognized.

Since the abscess in the spleen is secondary and the subphrenic abscess tertiary

to some other trouble, the illness is commonly of a severe character, with high

fever, symptoms of a gcnieral sejnic condition, and dulling of the sensoriuin.

Generally, the presence of a pleural exudate is the only thing that is demonstrated

by the examination. In most cases empyema develops as a complication.

In some instances perforation of the diaphragm has occurred. The finding of

bloody pus may be considered characteristic of a burst splenic abscess.

The prognosis in the present class of cases, as in the other classes, depends on

the nature of the primary distinbance. If the abscess owes its origin to an ul-

cerative endocarditis the outlook is naturally hopeless. In all cases the course

is long and the prognosis uncertain and at best unfavorable. Nevertheless, a

cure has followed the establishment of drainage even when the conditions were

sevenv The spleen has been known to be extruded from the abdomen by an

abscess in which it floated, this abscess bursting at the navel. Resection of a

rib is indicated in all cases, especially as the thoracic viscera are so frequently

implicated in this form of the di.sease. In one of the cases observed, a gas-

containing abscess developed over the spleen eight days after an attack of

tyi)hoi(i fever. Puncture in the ninth interspace revealed the presence of pus.

After an absence of one year the j)atient returned and a resection of the tenth

ril) was made. Pieces of spleen were discharged. Eleven weeks later he died

of a violent pneumonia. At the aut()]>sy strong adhesions were found b(>tween
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tli(> lung antl the spleen, and abscesses containing air were found in the latter

organ.

Subphrenic Abscesses of Rarer Origin.

Subphrenic abscesses of pcmcreatic origin are rare, because the usual primary

cause, necrosis, is rare. Pancreatic calculi must not be forgotten as a possible

cause. The collection of pus is confined to the bursa omentahs. It develops

in an upward direction and toward the left, where it is easily attacked from the

side. In one case, after resection of a rib, the diaphragm was incised, and a

tough, fixed, rough membrane, which proved to be the inflamed peritoneum,

protiiided from the wound. It was not found necessary, as is usually the

case, to incise the peripancreatic abscess from in front, and thus to open the

peritoneal cavity. This may indeed be the better way of reaching pancreatic

abscesses, if they show signs of developing toward the loin, for better drainage

is thus secured and the general cavity of the peritoneum is protected.

Subphrenic abscesses of perinephritic origin are rare, notwithstanding the

fact that suppuration of the kidney is relatively common. In the fii*st place,

only the upper pole of the kidney is in contact with the diaphragm. Conse-

quently, when the pus of a renal abscess breaks its way through the capsule of

the kidney it must firet perforate or dissect up the peritoneum before it can forai

a distinct abscess beneath the diaphragm. Then, in the next place, perine-

phritic abscesses have a greater tendency to descend beneath the psoas fascia

to the pelvis than to force their way uj)ward. Finally, the setting up of a

retropleural inflammation or an empyema, even after the perforation of the

diaphragm has taken place, is a more frequent result of the bursting of a renal

abscess than is the development of a subphrenic collection of pus. Doubtless,

in a nimiber of instances the existence of the renal abscess has been overlooked.

Urine free from contamination does not necessarily exclude pyonephrosis. In

one case of subphrenic abscess it was erroneously supposed, when it was incised,

that it was of appendiceal origin, because the pus came from a ca\ity that ex-

tended along the psoas to the pelvis. As a matter of fact, the source of the trouble

lay in a stone in the kidney, with kinking of the ureter. Tuberculosis is naturally

a not infrequent cause and requires nephrectomy, partial or complete.

J. Wm. AATiite points out that pains about the loin or the hip-joint are often

symptoms of this abscess: and a still more valuable symptom is flexion of the

thigh and the trunk, with pain when it is extended (tension of the psoas under

the Hgamentum arcuatum internum). AMien such symptoms are associated

with some obscure disease of the lower part of the thorax the surgeon should not

fail to examine the upper part of the abdominal cavity.

Costal disease can lead to subphrenic abscess only when the ribs affected

are adjacent to the diaphragm, and then only when they are diseased on their

inner surfaces. The necrosis has always been of a tuberculous nature, although

trauma must be conceded as a possible cause. However, in those cases in which

a trauma has been the direct exciting cause it has been found that tuberculous

disease of the bone previously exi.stcd. In one instance the costal necrosis ap-
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pearccl to ho of a inotastatic nature, following a furuncle. The .^ul)i)hreni('

abscesses of costal origin are jieneraily slow in foiiniiii:;. seven months having

elapsed in one ca.so between the first pain and the recognition of the trouble.

There may be a collection of ])us outside as well as inside the rihs. If the

abscess heals after mere ein])tying, the presumption is that it was not caused

by a necrosed rib, particularly not by a necrosis of tuberculous origin.

While pleural injkunination so often follows subdiaphragmatic disease, the

revei'se is rare. The disturbance may go so far as to produce fibrinous dei)osits,

but we have no means at our command b}' which we can actually demonstrate

this during life. Even where the lower abscess develops consecutively to a

higher one, the causative connection can only be surmised.

Lyinpliadenitis and suppuration of mesenteric hjmph nodes may be causes of

a subphrenic abscess. The subsequent rupture of the latter or of the retroperi-

toneal abscess into the peritoneal cavity, occurring coincidently with the col-

lapse or disapi)earance of the swelling due to the abscess, may easily be mis-

taken for the occurrence of a i)erforation caused by a tyi)hoid intestinal ulcer.

The violent infection which soon supervenes may be sufficient to distinguish it

from the typhoid accident.—Since tabes mesenterica is known in the fcetus, such

a catastrophe may occur very early in life. Nobel has reported a case of this

nature in which the infant had suffered, since the time of its birth, from tabes.

On the fifty-first day several ounces of creamy pus burst from the navel. Au-

toi)sy showed the subphrenic abscess intermediary between the caseated lymph

nodes and the navel.—Pyo.salpinx following labor is rei)orted as the cau.se in

some cases. As gonorrhoea is now considered the u.sual cause of this jx'lvic

condition, it will be proper here to ascribe the cau.se to the coccus of Neisser.

It is claimed that abscess of the liver is a necessary intermediate stage in such

tran.'^ference.

Among the other possible causes of a subj)hrenic absce.^s may be mentioned

hematocele, bullet wounds, strains and contusions causing extravasations,

typhoid furuncles, especially of the face, childbirth, and mediastinal abscess.



SURGICAL TREATMENT OF GENERAL SEPTIC
PERITONITIS.

By ANDREW J. McCOSH. M.D.. LL.D., New York City.

Introductory Remarks.—Septic peritonitis is a surgical disease and its treat-

ment should be exclusively surgical. Until the year 1880 the treatment of general

peritonitis had been mainly medical. Toward the middle of the last century

Alonzo Clark, of New York, introduced his well-knoTATi method, the most impor-

tant feature of which was the gi\'ing of large doses of opium. For thirty years

this continued to be the most popular and successful method and its almost uni-

vei-sal employment certainly reduced the mortality of this grave disease. About

the year 1880, the operative interference was first considered and laparotomy

soon became the prominent method of treatment. It quickly displaced the older

methods and was accepted as the most rational and successful plan of treat-

ment. It cannot be said, however, that all surgeons are entirely in accord as to

the propriety of operating in all cases of general septic peritonitis. The majorit}-

undoubtedly favor operative interference at all stages of the disease. Others

favor operation in the primary stage only, and still a third party prefer treat-

ment by rest and starvation, with postponement of the operation in the ex-

pectation that localization of the septic process will result. The details of the

numerous operative methods have greatly varied. That the results which have

followed these various plans of treatment do not seem, until within recent

years, to ha^•e greatly differed, is a proof of the strong reparative power pos-

sessed by the human peritoneum, and of its ability to abort or localize septic

processes. Recently there has been greater unanimity of opinion as regards the

principles of treatment. There is still, however, considerable difference of opin-

ion as to the operative details. Elaborate and jminstaking methods are rapidly

disappearing in favor of simpler measures. The result of this change from the

thorough but more complicated methods of the past to the simpler ones of the

present has been most encouraging. The mortality of the disease has been

greatly reduced.

It must be distinctly understood that the same methods should not always

be employed in the treatment of general septic peritonitis. Operation is gen-

erally, but not invariably, indicated. The removal of the infecting focus is in-

dicated, and is of the greatest importance, but cannot always be safely accom-

plished. There are many exceptions to all such general rules. The adoption

of any one method for all cases is a mistake. The principles of treatment are

not always the same, and the details of jjractice should vary accordingly. While

it is true that immediate operation is indicated in the majority of cases, yet it is

505
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also tme that in certain other cases it is contra-indicated. There is also, in

certain cases, an elective time for operation. The cause of the peritonitis

must, to a certain extent, influence the decision as to which of these coui"ses it

is best to a(]o]it.

Causes of Septic Peritonitis.—The causes of peritonitis are varied and numer-

ous. To call peritonitis spontaneous is simply to display our ignorance. It is ques-

tionable \vh(>ther it is logical to attribute peritonitis to rheumatism or exposure

to cold. Traumatism can be regarded as a direct cause of aseptic, and an indirect

cause of septic, peritonitis. It is always possible for aseptic peritonitis to be-

come septic, as it is not difficult, especiall}^ if the intestinal wall has been in-

jured, for bacteria to migrate into the peritoneal cavity. Under certain condi-

tions, even without visible lesion of the intestine, bacteria may pass through its

wall. Septic peritonitis can, however, have but a single cause, viz., infection

by i)athogenic bacteria. The germs alone, without other irritating material,

may enter the peritoneal cavity, or in addition there may be the contents of one

of the hollow viscera, or otlier foivign material. Inasmuch as the etiology of

the disease influences the trc^atment it will not be amiss to mention the usual

causes of general septic peritonitis. These are mentioned below in the order of

their approximate frequency. Appendicitis heads the list, and is responsible

for nearly four-fifths of the cases.

(1) Ap])endicitis—any of the various types of inflannnation.

(2) Perforative ulcei"s of the stomach and duodenum.

(3) Puerperal infection (extension from a puerperal uterus)

.

(4) Perforation of the Intestine due to

(a) Typhoid ulcei-s. (c) Tuberculosis.

(b) Foreign bodies. (d) Diverticula.

(5) Suppuration or gangrene of

(a) Gall-bladder. (e) Kidney.

(b) Liver. (f) Pancreas.

(c) Meckel's diverticulum. (g) Lymph nodes.

(d) Spleen. (h) Prostate.

(6) Traumatic rupture of

(a) Stomach. (c) Gall-bladder.

(b) Intestine. (d) Uiiiiary bladder.

(7) A septic embolus from some distant focus, as a ))n('unu)nia or a menin-

gitis.

(8) Pyelophlebitis.

(9) Suppuration or breaking-down of an intra-abdominal neoplasm.

flO) Post-operativo,

Prophylactic Precautions.—Prevention, as a matter of course, should be the

keynote in the treatment of all abdominal diseases which tend toward peri-

tonitis. This article deals solely with septic peritonitis already established.

The most important point in its treatment is the early recognition of its develop-

ment. This is not always easy. While generally the onset is announced by

frank and distinct changes in the symptoms of the causative disease, yet occasion-
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ally the first symptoms noted are those of peritonitis, the causative disease not

having been recognized. In other cases the grave symptoms of peritonitis develop

so slowly and insidiously that the septic inflammation has already become more
or less generalized before we are really aware of the development of this dan-

gerous complication. This treacherous behavior of certain abdominal diseases

—

as. for example, appendicitis—is the strongest argument for early operation.

Could such a rule be established, the number of cases of peritonitis would be

greatly reduced. It is also true that where, for one reason or another, early

operation has not been perfomied, peritonitis would be a much less frequent

complication were proper precautions observed concerning food and medication.

(See Ochsner's method, on page 522.) The physician and surgeon are often to

blame for neglect of such precautions. Overfeedmg and castor oil are responsible

for many a case of peritonitis and for many a death.

Terminology.—There has been, and there still is, some confusion as to the

proper adjectives to employ in describing the different forms of peritonitis.

The terms ''general" and "diffuse" are considered as synonymous. WTien

employed, they mean that the septic inflammation has extended throughout the

entire peritoneal cavity. It is useless as well as impossible to ascertain whether

or not ever\^ square millimetre of surface is affected, but, for either one of these

terms to be appropriately employed, there must be infection in all quarters of

the ca\dty, extending up into each flank and down each loin into the bottom of the

pehis. The term " diffuse" is rather to be preferred. The term ''universal"

is also appropriate, though less popular. The term ''spreading" is largely

employed, but is somewhat indefinite, as it does not indicate the extent of the

spread, which may be slight or extensive. In comiection with this term, we

must not forget that peritonitis is frequently a conservative process. It may
be Nature's method of protecting herself from a local septic lesion. A perito-

nitis may spread in an attempt to surroimd this lesion by adherent structures,

and we should be careful not to regard this beneficial measure as a spreading

septic infection. We should therefore be careful, in certain cases, not to handi-

cap Nature by a too hasty operation. This conservative and protective attempt,

however, often fails, and there is need of most skilful and careful observation

in order to decide whether or not it is to be successful.

(1) We will fii-st 3onsider those cases of peritonitis which have been caused

by a frank and free perforation of one of the hollow \dscera (stomach or intestine).

Under these conditions a steady stream of septic as well as of chemically and

mechanically irritating material continues to flow into the general cavity of the

peritoneum. This structure, as a rule, is capable of absorbing a considerable

amount of poison, but when this steady stream continues to issue forth through

the perforation in the gastric or intestinal wall, its localization or absorption

carmot be expected and the occurrence of such a fortunate outcome is so unusual

that its possibility should be entirely ignored. Immediate operation is de-

manded. The general principles and details of the operation, to be later de-

scribed, should be carried out; but, in addition, it is often necessary, and always

wise, to remove by irrigation the foreign material which has escaped into the
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abdominal cavity. At the same time the jjcrforation or tear must be appro-

priately repaired.

(2) Apj)endieitis is by far the most frequent cause of general septic peritonitis.

It is accountable for about eighty per cent of the cases. The jieritonitis may re-

sult from direct extension of the septic inflammation caused by the diseased ap-

l)endix. or it may be excited by infection from the poisonous material which

issues from a perforation in its wall.

One occasionally encounters cases of j)eritonitis in which the cause cannot

be ascertained prior to the operation. General!}', however, cNcn in tiiese ob-

scure cases, there is some symptom or other which directs susi)icion to a dehnite

organ. If there be an absolute lack of such symptoms, both positive and neg-

ative, it is generally wise, especially if the patient be a male, to make a i^ro-

visional diagnosis of appendicitis. According to the doctrine of i)robabilities this

diagnosis will, in most caj^es, prove correct.

K\er}- surgeon of large experience must encounter a certain number of mori-

l)und patients. As regards acuteness of judgment and surgical wisdom, some

communities are better educated than others, yet in every locality there will

always be found timid and unwise practitioners, men who will allow their pa-

tients to drift on and on toward a fatal general peritonitis. This neglig(>nce,

however, is not the only reason why desperate cases will fall into the sui'geon's

hands, for it is not an unusual thing to see a fulminating peritonitis blaze up

almost without warning,—a case that is hopeless from the hrst. In many of

these semi-moribund cases it is a difficult task for the surgeon to decide

whether or not operation be indicated or justified. In some of them it is cer-

tain that an operation should not even be considered, for it will be woi-se than

u.>^eless and will only bring discredit on surgery.

It is needless to describe the appearance of a dying man. The young sur-

geon, however, who has not yet seen many patients in this state, shoukl not

be decei\'ed by the mental alertness which they sometimes manifest. The jjulse

may be imjierceptible at the wrist, the extremities cold and blue, and yet the

patient may be bright and.talkative uj) to the very moment of his death. The

excessive anxiety of exj)re.ssion is. however, generally very noticeable. The

difficulty of deciding is even greater when we encounter j)atients who, though

desperately ill, are yet not in sucii a dcploiable condition as to exclude all chances

for recovery if they are subjected to a promjit and rapidly comi)leted operation.

There is the possibility always that the patient, especially if he be below middle

age, may be rescued from the very jaws of death. He should not be deprived

of this chance, faint as it is. It is not easy to describe in words the signs and

appearances which make the ca.se hopeless and contra-indicate opeiative in-

terference. If the vomiting be excessive and profuse, the countenance dusky,

the finger-nails blue, the pulse loO and almost imperceptible, it is generally

wi.ser to abstain from ojK'ration, esjx'cially if the patient has pa.s.sed his thirty-

fifth year, liut if the patient be a child or a healthy young adult, there may
be—even under such desperate circumstances—a ])ossibility of recovery should

an operation be |)crfornie(I. The <'ont ra-indications are even stronger if tiu'
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niiiid is confused and dull. This is apt to indicate profound septic or uruimic

poisoning, and renders the prognosis hopeless.

The arriving at a decision is perhaps less difficult when the condition of

the patient appears less desi;erate, when the pulse, though perhaps 130 to 140, is

yet distinctly felt at the wrist, and when the sluggishness of the circulation is

less marked. In all these cases it is understood, of course, that the other symp-

toms (vomiting, distention, etc.) are typical of a general peritonitis. The point

of the greatest importance, in reaching a conclusion, is perhaps the age and nat-

ural constitutional resistance of the patient. While it is not true that nearly

every youthful person will recover and nearly every old person die, if operated

upon for peritonitis, irrespective of the type of operation perfomied, yet this

strong statement contains a certain kernel of truth. The prognosis of elderly

patients with these alarming symptoms is exceedingly bad, and is practically

hopeless if they have led dissipated lives. The young and previously healthy

l^atient. who has led a moral life, has always some chance for recover}-. There

is no other disease in which youth counts for so much in its influence upon a

favorable prognosis. It is always well to be perfectly frank with the patient's

friends, and to allow them to share in the responsibility of electing or reject-

ing operation. Some families prefer to take the chance of an operation,

even if it is not better than one in one hundred, while others would, under

the same circumstances, decline to take the risk. It is justifiable, even when

we know that the risk is very great, to advise operation in a case in which the

outlook is otherwise absolutely hopeless. "^Vhen, through an intestinal perfora-

tion, septic material continues to pour, we must conclude that operation affords

the onh^ possible chance of recovery. It is easier under these circumstances,

even in the most desperate cases, to recommend operative interference. Where,

however, appendicitis is the cause, the sepsis factory may not be so active,

and may at any time "close down"; in other words, the case cannot be judged

as absolutely hopeless. Under such conditions, therefore, we are not always

warranted in taking such ver}'^ great risks. It is the surgeon's duty to advise

operation if there be the slightest chance for recovery. He must not take his

reputation into consideration, nor shrink from the possible criticism which may be

directed against him for ''cutting up" a dying man. His first duty is toward

his jjatient ; he must, however, protect himself by a frank statement, to the

friends, of the extreme gravdty of the operation. Fortunately, within the last

few years, the medical profession have become more alert in their recognition

of symptoms which are suspicious of peritonitis, and are more ready to call for

the services of a surgeon. The public, at least, now recognize that appendicitis

and kindred diseases demand the opinion of a surgeon. As a consecjuence, fewer

moribund cases are thrown into our hands.

All cases of septic peritonitis are, however, veiy serious, and we must ex-

pect that many a desperately ill man will still demand our attention. ^^ hen

our opinion is sought for a patient who is in the primary stage of a general septic

peritonitis (due to appendicitis), what plan of treatment shall we advise? Shall

it be operation or the so-called Ochsner method? A categorical answer cannot
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be given to this question. Tho great niajority of surgeons, however, would rec-

ommend immediate operation in all such cases. There can be no question biit

that, for children or young adults, this should l)e an almost invariable rule.

When, however, the patient is an elderly or broken-do^^•n individual, there is

room for difference of opinion. The danger of an ojx'ration is veiy great. A
considerable proportion of these patients can be safely carried along, by the

adoption of the Ochsner method of treatment, until the j)rocess localizes itself,

and then a less dangerous operation can be 'performed. Unfortunately, this

happy result does not always follow, and when the jx-ritonitis continues to ad-

vance, we may then regret that the non-operative plan was selected.

It is of the utmost importance that we should recognize that, in certain pa-

tients, at the very commencement of their peritonitis, their resistance may not

be as great as it will be after the expiration of a few hours, the fighting qualities

having been more or less overwhelmed by the sudden attack of the sepsis.

The local conditions are unfavorable for an immediate oj^eration. The intes-

tines are markedly distended and paretic. The heart is much depressed by the

suddenness of the blood infection. In a few hours both these conditions may have

improved. The intestines will probably i)artially recover their tone, the leuco-

cytes will increase rapidly in number, and the phagocytes will be better prepared

to carry on the fight. A delay of a few hours is therefore sometimes of advan-

tage. The surgeon must wait, however, knife in hand, ready to interfere at a

moment's notice, should the patient fail to show signs of gain in his powers of

resistance.

When a jDatient is brought to us in the more advanced stage of general peri-

tonitis,—say, on the second or third day of the disease,—what plan of treatment

shall we advise? The arriving at a decision is now more difficult. The chances

of recovery under any plan of treatment are slight. Operation will, howevci-,

in the average case, probably give a slightly better chance for recovery than will

the adoption of the Ochsner method. ]\Iuch depends on the age and natural

resistance of the patient. In reaching a decision all the personal and social

features of the case should be taken into consideration. The weight of surgical

opinion, however, rather favors operation. And yet, an intelligent minority of

surgeons would doubtless prefer treatment by the Ochsner method.

(3) The type of peritonitis which owes its develojnnent to the other causes

mentioned above is very similar to the two types alread}' described. The in-

dications for treatment are also similar, and the choice of method will somewhat

depend on the quantity and quality of the septic material which is escaping

into and infecting the j)eritoneal cavity.

Ante-Operative Preparation of the Patient.—The ante-operative prcjjara-

tioii «tf ttic i)aticiit who is sulTcring from general sei)tic jK'ritonitis is not of so

much importance as it is in hii)arotomies which are peifoiined for the relief of

other conditions. He should not be disturbed by elaborate preparations, either

local or general. His entire vitality should be preserved in order that he may
stand the shock of the operation, and that he may make a strong fight againsl

the se|)sis from which he ali'eady suffers. He must not !)e annoyed by measures



SURGICAL TREATMENT OF SEPTIC PERITONITIS. 511

which will canst' either physical or mental irritation. Such measures are some-

times enforced simph' because it is the rule of the institution or of the surgeon.*

These patients are in a desperatel}- weak condition, and it is of especial im-

portance that they be not disturbed by the fussing over trifles which, perhaps

for a strong patient, may be quite harmless, though annoying, but which, for

this class of patient, may be absolutely dangerous. It is difficult to enunciate

definite rules for the i^reparation of these patients. Every operator is apt to

have his own methods. The state of the gastro-intestinal tract and the force of

the heart are the conditions which demand the most attention. As regards the

stomach, it is of course important that it be as empty as possible. If, however,

it appeal's to be comparatively quiet and not overfilled with fluid, it is better

that it should not be disturbed. If, on the other hand, it is filled with fluid

which is generally of a spinach-green or dark-brown color, or of the character

of coffee grounds, it is generally wise to emplo}^ lavage, either before the ana^s-

thestic is administered or before ana^sthetization has been carried to the full

surgical degree. In a case of peritonitis in which there is profuse vomiting, it

is never wise to employ lavage when the patient is fully under the influence of the

anaesthetic, as there is always danger that the substances vomited may enter

the trachea and pass downward into the lungs. This is, indeed, one of the calam-

ities which may happen during the operation itself, when the patient is pouring

out large quantities of dark-colored fluid. If the reflexes be totally abolished,

the danger of self-drowning is considerable. A great responsibility rests on the

anaesthetist. Death on the table has occurred more than once from this cause.

Lavage during the progress of the operation may be necessary because the con-

stant flooding of the mouth and pharynx prevents the proper administration

of the anaesthetic and imperils the life of the patient by the immediate risk of

drowning and also by the later danger of inspiration pneumonia.

As regards the intestinal tract, it may be said that, if any doubt exists as to

the generalization of the peritonitis, a cleansing enema should not be given, for

its effect will be still further to spread the infection. On the other hand, it

must be admitted that the effect of such a lavage will in some measure be bene-

ficial in relieving the intestinal distention, but this advantage is more than offset

by the greater danger of the extension of the peritonitis. Should the peritonitis

be general, this danger need not be feared, and the administration of such an

enema immediately prior to the operation is often of advantage. Possibly the

fluid injected will not be expelled; but, even if such failure result, no harm will

follow, for after a temporary discomfort the water quickly passes into the blood-

vessels, which usually have been sadly depleted by the vomiting.

It is generally wise to omit skin preparation until the patient it at least

partially anaesthetized. Some patients, however, will not be disturbed by shav-

ing and the application of a green-soajj poultice. If this can be accomplished it

will be of advantage, for, after anirsthesia is complete, not an extra moment

should be consumed with skin preparation.

*The enforcement of general rules for the preparation of patients, while perhaps necessary

in large institutions, is often disastrous to the comfort of the patients.
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The Administration of an Anaesthetic.—The anaesthetist isof more importance

than the anirsthetic. Ether, if administered by an inexperienced man, is more

(lanjjerous than chloroform when given by an exjjert. The latter anaesthetic,

howevei-, should never be eniployt>d unless a skilled anaesthetist can be secured.

Under ordinai'v circumstances ether is the safer reagent, and it should be ad-

ministered by the so-called "open method." As a rule, the circulation is poor,

and the i)reliminary use of nitrous oxide gas, unless it be administered conjointly

with oxygen, is ajit to increase its sluggishness. Sometimes the preliminary use

of chloroform, until the reflexes are abolished, is of advantage. AVhatever be

the ana'sthetic chosen, the duration of its administration should be as short, and

the degree of anirsthesia as light, as possible. Spinal ana'sthesia is but rarely

indicated. Its depressing effect on the heart is greater than is that of a general

anaesthetic skilfully administcn-ed. In the case of some patients, local ana'sthesia

may be advisable, but its disturbing mental effc^ct and the depressing influences

of most of the drugs used for this purpose, should not be forgotten.

Operative Technique.— Rapidity and gentleness are the two important

(lualities of the successful ojx-rator, but they are of even more essential import-

ance when the laparotomy is performed for peritonitis. In operations of this

character, the slow or rough operator cannot expect favorable results. His

mortality will be nnich greater than is that of the surgeon who works rapidly and

handles the intestinal coils with delicacy, ^'ery few of these patients will suc-

cessfully withstand an o])erative period of more than thirty minutes; indeed,

any laparotomy for jx'ritonitis should be comi)leted well within this half-hour

l)eriod. Too much attention cannot be given to these features of the operation.

Many a surgeon wonders why his results are inferior to those of other operators.

He does \\c\\ to wonder, for the explanation may sometimes be his cumbersome

and clumsy technique. An operation is often prolonged many minutes because

of lack of comi)lete jjreparation of all the necessary parajihernalia. Everything

should be ready for immediate use. The failure to sterilize some instrument or

to j^rovide solutions at the proper temi)erature may mean a delay of several

minutes. Such delay may turn the scale. The wrong suture material or the

awkward needle may mean aggravation of the surgeon and j)erhaps less perfect

techniciue. Improper temperature of the solutions may increase traumatism or

induce shock. Poor assistance on the part of surgeons or nurse may cause un-

warrantable delay. Because of the great importance of such complete i)rej)ara-

tion, the surgeon him.self or an exjH'rienced assistant should critically examine

the entire operative outfit before the patient is placed u])oii the operating table.

For this purpo.se, two pairs of eyes are better than one. Surgeons are apt to have

their own peculiarities as regards instruments, sutures, sponges, compresses,

etc. Every ojK'rator will work better with his own assistants and with his own

tools than with those of another. It is well, therefore, for the operator to be

per.sonally certain that instruments which are satisfactory to himself, are at

hand and ready for immediate use. It may be thought that excessive import-

ance is being given to these details, but they are really the most ini|)()rtant part

of the entire operative proeedure. NO other details will so influence results.
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Operators who employ radically different methods will often obtain results that

are almost equally favorable, but, on investigation of their technique, it will be

generally found that these men, besides being gentle in their manipulations,

complete the operation rapidly, mainly because of thorough preparation and

well-trained assistants.

The Incision.—The incision should be of such length that the surgeon may
quickly and properly remove the cause of the peritonitis. A length of from 7

to 12 cm. (3 to 5 inches) generally suffices for this purpose. If this length does

not afford ample approach, the incision can easily be made longer in a few seconds.

In operations for desperate conditions, the future strength of the abdominal wall

is of comparatively minor importance, but the surgeon's endeavor should al-

ways be to avoid unnecessary damage to any part of man's anatomy. The pos-

sibility of future hernia should always be borne in mind, as some form of inter-

muscular incision will often prove as efficient as one which passes directly through

the abdominal muscles. The McBurney gridiron incision will sometimes afford

sufficient space for the necessary manipulations, especially if the operator be

accustomed to work through a small incision. More frequently, however, a

larger opening is needed, and this can easily be provided by extending the Mc-

Burney incision by means of a transverse (Lennander) or a vertical (Weir) cut

through the anterior sheath of the rectus muscle, which is then retracted in-

ward toward the median line. The Kammerer (or Battle) incision is most

satisfactory, though perhaps it is not so well suited for the purpose of drainage.

Probably, however, the incision which is best suited for the majority of opera-

tors is a vertical one directly over the right rectus, with vertical separation of

its fibres. Another excellent incision which is much employed, is one along

the outer border of«the right rectus muscle. This has the advantage of giving

abundance of room for any intra-abdominal work, but it is somewhat more likely

to be followed by hernia. If the incision employed be the obhque one, directly

through all the abdominal muscles, the chances for future hernia are great. The

position of the incision should necessarily var}' according to the location of the

original lesion. An area should be selected which will give the readiest access

to the lesion. Its adaptability for purposes of drainage should also be considered,

but this feature is not of so much importance because a counter-opening can al-

ways be made for this purpose. The lesion is most frequently to be found in

the right half of the abdominal cavity—as, for example, a perforated appendix

or ^leckel's diverticulum, a gastric, duodenal, or typhoid ulcer, a gangrenous

gall-bladder, a pancreatitis, a right-sided pyosalpinx, etc. In all of these con-

ditions a vertical incision through the right rectus muscle will afford easy access

to the lesion. Indeed, in cases of doubt, but where the right side is suspected,

this incision is probably the most satisfactory. It will not, of course, reach such

lesions as a perforated diverticulum of the colon, an abscess of the spleen, or even,

perhaps, a perforating ulcer of the cardiac end of the stomach, but all of these are

unusual conditions which could not be reached by even a median incision. If, in

a case in which the cause of the peritonitis is unknown, there be no signs point-

ing to a left-sided lesion, one of the incisions through the right rectus should gen-

voL. VII.—33
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erally be selected, as there are about ten chances to oik^ that the lesion will be

found to the right of the median line. WlKM-evcr the orijiinal incision be situated,

a secondaiy opening may be found necessary, either for readier access to the

lesion or for jnu-poses of drainage. Uncertainty as to the nature and posi-

tion of the original lesion is not at all uncommon, lender these circumstances,

the original incision should be as short as possible, as it can afterward be length-

ened upward or downward according to the situation of the lesion, and thus

unnecessary cutting of the alxlominal wall may be avoided.

The incision should be made quickly down to the ju'ritoneuin. This struc-

ture, however, should be divided most can^fully, as thei'e is always risk of injur-

ing the distended intestines which are in close approximation or even slightly

adherent to this structure. It is useless in these operations to protect the edges

of the wound from skin contamination by means of layers of gauze. As soon as

the peritoneum has been divided, fluid, which may be either turbid serum or pus,

escapes. It merely flows out and does not issue in a spurt as it is aj^t to do

when a localized abscess has been opened. The intestines, usually much con-

gested and distended, are then apt to crowd themselves out of the wound. They

miist be gently restrained by gloved fingers, rubber protective, or moist pads of

gauze. While they are thus protected and h(»ld aside, search is made for the

cause of the peritonitis; and in this s(»arch Ijoth the sense of sight and that of

touch are employed. Usually some definite organ is at least suspected, and

should be at once sought out and examined. If the lesion involves the stomach

or the intestine, the unhealthy portion should be Ijrought out of the wound and

rapidly repaired. If it be located in an organ which cannot be brought to the

surface, it should be so isolated by gauze that the necessary manipulations can be

safely made. While this is Ix-ing accomplished, the intestines are generally

troublesome, crowding themselves into the o"i)erativ(' field and— if deep suturing

is used—causing embarrassment to the o))erator. They should be carefully

restrained and protected by moist gauze pads held in place, perhaps, by l)roa(l

retractors. Sheets of rubber protective are even less injurious. It is of the

greatest importance to avoid damage to the serous coat of the Ijowel. Removal of

the endothelial cells oj^ens up new avenues to infection. While these details

are being accomplished, if it be the operator's desire to employ irrigation, the

nozzle of the irrigating tube should be introduced as soon as the decision that

irrigation is desiral)le has been reached. Many valualjle minutes can thus be

saved. During all this time it is of the greatest importance that the intestines

be carefully protected from injury, as little exposed to the air as possible, and

kept warm and moist. Mere contact of the intestinal wall with gauze, if dry,

will |)r()duce a slight irritation, and for this reason the gauze pads should be as

gently applied and as scantily employed as is i)()ssible. Patches or plaiiues of

lymph (fibrin) are frequently seen scattered over and adherent to the intestinal

coils. It is often a temptation to pick them ofl" the wall of the bowel, l)ut this

should not be done, because the result would be a raw surface, and a new

area expo.sed to infection.

The Type of Operation Emploijed.—The general tyi)e of operation, which in
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this year of 1909 is generally adopted, is a gradual development from the various

methods that have been practised in the past. It has been reached mainly

through the principle of excluding those useless and burdensome details which

experience has shown to be not only unnecessary but also dangerous. Amer-

ican surgeons deserve the main credit for the development of this modern oper-

ation. Our technique, however, is not definitely settled, and it must be dis-

tinctly undei'stood that no one method is suitable for all cases. As to some of

the minor details of the operation, there are still radical differences of opinion.

In a general way, the steps of the operation are as follows :

—
^The intestines must

be handled with delicacy and kept warm and moist. Search for the lesion must

be conducted cautiously but rapidly. When found, it must be suitably

repaired or removed. If there be masses or quantities of foreign material,

irrigation with hot salt solution should be employed for their removal. If the

fluid be turbid serum or thin pus, irrigation had better not be employed; if

it consist of thick and foul pus the advisability of irrigation must be decided

by the operator's personal judgment. Each separate collection of pus should

be opened and, if necessary, separately drained. Drainage, in the shape of a

small tube or cigarette, is usually ad\isable; preference being given to the

tube if the pus be foul and thick or if there be a sloughing area far from the ab-

dominal wound. In the absence of these conditions the cigarette will usually

suffice. It is often wise to make a counter-opening for drainage, either in the

loin or (if the patient be a female) through Douglas' sac into the vagina, in order

that pocketing of pus in these regions may be prevented. The wound should be

[mrtially closed by sutures, and retention sutures (left untied, but ready to be

tied later) should be passed through the abdominal wall close to the point where

drainage emerges. If the patient is in collapse on the table, a venous infusion

of 1,000 c.c. of salt solution may be given. It would be simpler to com-

mence proctoclysis on the table, but unfortunately it is apt to be rejected when

the patient is under the influence of the anaesthetic. It should be at once begun,

however, when the patient reaches the bed. Whiskey can be added to the

solution. The patient should be immediately placed in Fowler's position.

Unless the patient is in a condition of grave shock drugs should not be employed.

It is much wiser to rely on hot salt solution injected into a vein under the skin,

or via the rectum. It is especially unwise to whip up a tired heart by injections

of strychnine. The winning post is still far off, and reserve strength is needed

for the ensuing fight. Much harm is often done by medication on the table or

at the close of the operation. An hour or two later the demand for stimulation

may be greater. Should proctoclysis, however, have been employed, the blood-

vessels will have been partially, at least, supplied with fluid, and this later post-

operative critical period will then not be so apt to follow.

Irrigation.—At the present day there is considerable difference of opinion con-

cerning the advisability of employing peritoneal irrigation. Surgeons are, per-

haps, equally divided in their opinions on this important (question. The modern

tendency, however, seems to be toward omitting this step, at least as a routine

procedure. Of course, in certain cases, its employment must evidently be
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beneficial, as when there are present in the peritoneal cavity particles of foreign

material or irritating liquids—as, for example, partially digested food, fecal

matter, masses of blood, or the contents of an abscess, lender such circum-

stances, removal of these irritating substances is indicated, and this can best be

accomi)lished by free flushing of the cavity with hot salt solution. The presence

of such substances is most deh-terious, and all arguuicnls as to tlie danger of

spreading th(^ inf(H'tion by means of the irrigating fluid nuist be ignored. Such

conditions are apt to follow gastric or intestinal perforations, rui)tured pyosal-

pinx and ovarian cysts, and traumatic lacerations of blood-vessels, liver, or spleen.

Under these circumstances irrigation is distinctly indicated.

The situation, however, is very different when there has been no such escape

of foreign material into the i^eritoneal cavity. Its own exudate, the result of

the septic inflammation, constitutes then the only abnormal material ])resent.

This exudate may be scanty, as in "dry" peritonitis, or it may consist of turbid

serum or |)us more or less abundant in quantity. Two important questions

then present themselves : Is it beneficial to wash away as much of this secretion

as is possible, or shall we allow as much of it as will not escape of its own accord

through the wound, to remain in the peritoneal cavity? In this latter case,

Nature nmst be trusted to dispose of it as she will. These are questions which

at present are engaging the attention of many abdominal surgeons. The path-

ologists are also trying to aid in the solution. So far, the answers received are

by no means satisfactory to all surgeons, and as a consequence there are radical

differences of opinion. Before the problem is solved, one must first learn whether

the action of this peritoneal secretion be mainly injurious or mainly beneficial.

If a satisfactory conclusion with regard to this point could be reached, the indi-

cations as regards drainage would be clear.

The advantages of irrigation are: (1) Eflficient removal of foreign material

—

on this point surgeons are i)ractically agreed; (2) the safer and more prompt

elimination of the bacteria and their septic products. That the removal, in a

large measure, of the peritoneal exudate can thus be accomplished is self-evident.

The advocates of irrigation claim that it is advantageous to remove from the

abdomen the bulk of the exudate, and that also, by the dilution of what re-

mains, the osmotic current is directed away from the peritoneal cavity. They

maintain—and experiments in a measure support their claim—that fliuids arc

absorbed from the peritoneal cavity by osmosis, rather than by way of the lym-

phatics, and that, consequently, l(>ss burden is thrown on the kidneys, liver, etc.,

if the concentration of the peritoneal fiuid be reductnl. On the other hand, the

opponents of irrigation maintain, in the fust plac<\ that infection is more widely

disseminated by its use, and that bacteria are carried in i)r()fusi()n into regions

where formerly their growth had been limited; and, in the second place, that

irrigation is immediately followed by a severe blood infection, the bacteria in

the blood-vessels greatly increasing in number in a very few minutes. This

latter jwint seems to be well-established, antl it accounts for many cases of what

was formerly called "secondary shock"—a condition which, as we now know, is

caused by an over[)o\veriiig toxa'iiiia.
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For purposes of irrigation, various solutions have been employed. .Many of

them have possessed irritant as well as antiseptic qualities. All have practically

been abandoned, just as has been the case in other branches cf surgery, in favor

of bland solutions, non-irritating, and resembling blood serum in their constitu-

tion. Salt solution, in physiological strength, has been very generally adopted.

Ringer's solution has also been employed, because of its supposedly less irritating

qualities. The solution should have a temperature slightly above blood heat

(102° to 108° F.). It should be delivered from the nozzle with moderate force,

and the stream should be fairly large, so that the cleansing process may be

effected as rapidly and as thoroughly as possible. As a matter of course com-

plete cleansing is impossible, and too much time should not be expended on this

detaO of the operation. Either the rubber hose itself may be employed, or

there may be attached to it either a long glass nozzle, perforated with numerous

openings, or one of the double-current irrigating nozzles devised for this purpose.

The latter nozzle permits both an entering and an emerging stream. The latter

stream should wash outward toward the opening in the abdominal wall, and not

away from it. For this reason the entering stream should first be delivered as

far away from the seat of the lesion as is possible and the most distant areas

should be first made clean. It is especially wise to cleanse thoroughly the

flanks and the spaces below the diaphragm. The exudate, through the action

of the force of gravity, is apt to collect in the loins. The under surface of the

diaphragm absorbs bacteria with great rapidity, and this is the most dangerous

region in the abdominal cavity in which to allow septic material to collect. Our

endeavor, therefore, should be to wash away from this region, toward the pe.vis,

especially if the abdominal incision be situated below the umbilicus. The

pelvis is at the other end of the scale so far as danger of absorption is concerned.

It is better able to take care of septic material than is any other i)art of the cavity.

Should the incision be situated above the umbilicus, a secondary opening, either

in the loin or above the symphysis pubis, can always be made for drainage. The

cleansing should be as thorough as the limit of time allows, for it is unwise to

consume more than a few minutes in this process. If the irrigation be carried

out simultaneously with the other steps of the operation, but little additional

time is needed. It must be borne in mind that complete cleansing is

impossible.

The beneficial effect of the hot solution is at once felt, and the heart is stim-

ulated. The extremities become warmer. Some of the fluid is at once absorbed

into the blood-vessels, and the beneficial effect is shown in an improved circula-

tion. As a rule, replenishment of the fluid which has been lost through vomit-

ing is badly needed. Further to supply this want it is beneficial, at the close

of the operation, to allow a litre or more of the solution to remain in the peri-

toneal cavity. In the course of ten or fifteen minutes this will have been

absorbed. The stream should be allowed to flow until the sutures have been

inserted and the wound is ready for the dressing. By conducting the process in

this manner, no time will be wasted, the peritoneal surfaces will be kept moist,

and the vessels will be kept supplied with artificial serum. The argument has
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also been advaiiecHl that the solution which remains in the cavity will prevent the

adhesion of peritoneal surfaces. This is probably fallacious reasoning.

Drainage.—Drainage is another of the modern problems which provokes

discussion, and about which there is still considerable difference of opinion.

Surgeons are not by any means in agreement, either as to the principles or as to

the ])ractice of drainage; indeed, their view^s are often radically different. In

America, at least, the tendency is toward less and less drainage. Many of the

(ierman surgeons, however, still cling to the tamponade of gauze. The in-

sertion of bare gauze into the peritoneal cavity, unless in exceptional cases,

is no longer popular in this country, and is now but rarely employed. Of

course, when necrotic tissue remains, or when a sloughing process is likely to

follo\A-, a light tamponade of gauze is often necessary—as, for example, when the

inflametl appendix has not been removed. A few operators are now entirely

omitting peritoneal drainage, and they claim that no disaster has followed.

In many cases this may be a safe practice, but it is never wise to conclude that

sloughing or suppuration will not follow in tlie neighl)orhood of the septic lesion,

even if this has been appan^ntly removed. It is but seldom that any harm can

result from the presence, for thirty-six hours, of a smooth and slender drain, and

at the end of this period it can generally be determined whether or not its further

employment is necessary. It is therefore unwise entirely to omit drainage, and

the great majority of surgeons habitually employ, for a short period at least,

drainage of some sort.

Methods of drainag(> differ. As a rule, drains should be slender and their

external coats smooth. Multiple drainage from several openings is apt to be,

not only useless, but also injurious. As regards drainage material, perforated

rubber tubes (perhaps si)lit longitudinally) and cigarette drains (a strip of

gauze or lamp wick covered throughout its entire length l:)y rubber tissue) are

the most extensively emi)loyed, and give the most satisfactory results. These

different drains should not, however, be indiscriminately selected. If the secre-

tion consists of thin fluid, such as turbid serum, the cigarette drain will usually

suffice. It should generally be removed from the peritoneal cavity at the end

of thirty-six hours, unless the discharge in the mean time has changed into thick

l)us. The abdominal wall, however, should usually be drained for a day or two

longer; and this is accomplished either by not completely extracting the cigarette

or by substituting in its place another cigarette or a strip of rubber tissue or pro-

tective. The cigarette drain can be extracted without pain provided that the end

of the gauze has not projected beyond its rubber cover, and provided no dis-

turbance of the intestinal coils accompanies its removal. Instead of the cigar-

ette a small rubber tul)e, i)eriiaps sjjlit longitudinally, can be employed. Some

operators consider that a stout strip of rul)ber tissue or protective may be sul>

stituted and, in many cases, this slight foiiii «tf drainage seems to be efficient

as well as sufficient. The inexperienced surgeon, however, had better employ

the larger drain. A large pei*sonal experience is needed in order to decide wisely

in what cases drainage can be safely omitted. In cases of doubt, it is always

better to drain.
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If, however, the peritoneal exudate be pus, or if a deep foul abscess has been

opened, a soft-rubber tube is the best form of drainage. If the walls of the ab-

scess cavity be covered with necrotic tissue, a strip of gauze may be loosely

packed in the cavity and its end brought out through a drainage tube. In this

manner bare gauze will not rest against the intestinal coils at any point, but will be

in direct contact with the walls of the sloughing cavity. The strip can be gradu-

ally extracted, a piece two or three inches long being drawn out on the third and

each of the succeeding days up to the sixth or seventh, by which time the cavity

will have cleared up and further drainage will no longer be needed. As a rule,

plain sterile gauze or lampwick is best for this purpose, but, if circumstances

point to the probability that the gauze must remain undisturbed for several

days, iodoform gauze may be substituted. Among the conditions which indi-

cate the impropriety of early removal of gauze, is the existence of a foul ab-

scess located at some distance from the abdominal wound. Such a cavity must

probably be drained for many days. Early removal of the drainage would

probably be followed by the so-called pocketing of pus and the formation of a

local deeply situated abscess, the recognition and localization of which might

be very difficult. This state of affairs might be expected to follow the removal

of a sloughing appendix frorti Douglas' cul-de-sac. Removal of the gauze at

an earlier period than the third or fourth day would be unwise, for its replace-

ment, prior to the formation of a canal with uncollapsible walls, would be a most

hazardous and uncertain procedure. At the end of four or five days, however,

the drain can be safely removed and a new strip of gauze or a tube substituted.

It is sometimes wise, for purposes of more direct drainage, to make a secondary

opening—as, for example, above the pubis, posteriorly in the loin, or through the

vaginal vault. Through such an opening, a tube, strip of gauze, or both com-

bined, may pass directly into the infected region. In patients with very thick

abdominal walls and heavy muscles, it is at times of advantage to employ a glass

drainage tube (2 cm. in diameter). Through this may run a strip of gauze

which can be easily replaced when it becomes foul. It has been asserted that a

glass tube is more likely than one of rubber to cause a fecal fistula. It is doubt-

ful, however, whether this assertion is correct. The main objection to a drainage

tube of any kind is the tendency, which it apparently has, to cause ulceration of

the wall of the bowel at the spot against which it rests. This results eventually

in a perforation, with a fecal fistula. For this reason, a tube should never

remain, in exactly the same position, longer than forty-eight hours. A slight

change in its relationship, effected by rotating it or by withdrawing it for a short

distance, will largely obviate the danger of its producing a fecal fistula. A tube

split longitudinally is also less likely to cause ulceration. The formation of a

perforation is sometimes rightly attributed to the negligence of the surgeon, who

has permitted the employment of a tube the end or the side openings of which had

not been properly polished—such rough places in the glass are always a source of

danger. Care should be taken that all edges be made as smooth and rounded as

possible.

Drainage of the peritoneal cavity for a period longer than thirty-six or forty-
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eight hours is rarely practicable. A small local area can be drained almost

indefinitely, but all true peritoneal drainage soon ceases. It was long a fallacy

that, because abundant i)urulent secretion would continue to flow from the drain

for days or \\ecks, the presence of the tube was necessary to carry away the poi-

sonous products from the peritoneal ('a\ity. Under this impression the surgeon

was formerly in the habit of sucking out periodically, with a syringe, the fluid

which had collected in the drainage tube. It is now recognized that this theory

of benefit being derived from prolonged peritoneal drainage is false. The

drain is a foreign body. Its presence is resented, and the peritoneal surfaces in

its immetliate neighborhood continue to secrete fluid in abundance sim]:)ly in

order to wash out the foreign body. Such irritation is not only useless but harm-

ful. It is a purely local drainage, the tube having been, by adherent peritoneal

surfaces, shut completely off from the general cavity. It is unwise, therefore,

to allow a peritoneal drain to remain longer than two days, for it has a decided

tendency to cause intestinal stasis, if not obstruction. If, however, the tube

or gauze has been employed for the drainage of a sloughing cavity, its ])i'esence

is needed until the sloughing process has ceased and the reparative process has

begun.

Evisceration, or the deliberate removal of the bulk of the intestinal coils from

the abdominal cavity for a brief time, is rarely indicated. Indeed, all efforts should

be made to prevent the escape of the intestines from their cavity. In past yeai*s,

evisceration was often employed for purposes of more thorough cleansing. It

was then thought that the more thorough was the cleansing of the peritoneal

cavity, the better were the chances for recovery. With this object in view v\n\

rubbing the peritoneal surfaces with gauze was sometimes practised. This

latter procedure is distinctly objectionable. It is of the greatest importance that

the endothelial covering should not be disturbed, and consequently it is now

generally believed that there should be as little handling of the intestines as

possible. Even if the fingers be covered with rubber gloves all mani|)ulation

should be as gentle as possible. Evisceration undoubtedly causes shock. Heat

is abstracted, and surfaces become more or less dry in spite of protection by hot

moist towels, etc. The intestinal coils are much distended and their return into

the abdomen is accomplished with difficulty. This may be very great, d(>niand-

ing deeper ana'sthesia, the loss of many precious minutes, and nuich handling.

If the intestines should have freely escaped, despite our best (efforts to restrain

them, this troublesome complication may face us. There is not sufficient room

in the abdomen for these distended organs. The time and manipulations needed

for their replacement will greatly increase the shock of the operation. To avoid

this and to make possible an easy and gentle replacement it is sometimes neces-

sary to make a small incision in the wall of the ileum and allow gas and intestinal

contents to escape.

Temporary PJnterostoiny.—An opening such as has just been described, made

for the purjjosc of causing the collapse of the distended intestines, is termed

a temporary enterostomy. The incision should hv made i)arallel to the long

axis of the bowel. A length of 2 cm. (
,' iiicli) is generally sufficient. A certain
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amount of gas and much fluid will at once escape. The inexperienced, however,

will be surprised at the slight amount of collapse produced. The opening will

drain the contents of a portion of bowel not much longer than two feet, and the

distention of the remaining coils will be unaffected. In order to empty these a

milking process may be employed, but this is more objectionable and less effectual

than Monk's device of threading the intestines over a stiff tube of rubber, glass,

or silver. Several feet of bowel can thus be emptied. Of course, in these manip-

ulations, in order to prevent infection from the escaping gas and feces, the in-

testinal coil which is to be opened must be well drawn out of the wound and away
from the other coils, which must be thoroughly jDrotected by warm moist towels.

The patient should be turned on the side toward the operator. If the ileostomy

be made merely for the purpose of temporarily emptying the bowel, the opening

should be at once closed by a row of Lembert sutures of fine silk. After the

necessary washing has been done, the bowel is returned.

It may be deemed best, however, to make a permanent enterostomy. Some

surgeons have great faith in the efficacy of one or more such openings. The

main advantage is the resulting relief of the enormous intestinal distention which

commonly exists, and the removal of the decomposing contents. The thoracic

organs are relieved from pressure and intestinal absorption is diminished. If

desired, the bowel can be w^ashed out, and nutritive fluids poured in through the

intestinal opening. The immediate disadvantages are the additional time neces-

sary for the establishment of the fistula and the additional wound, with the in-

creased traumatism. The later risks are those attending any intestinal operation

—accidents, it is true, but occurrences, nevertheless, which must be taken into

consideration ; and then, besides, there are the disagreeable features of an arti-

ficial anus and the additional dressings which it requires. Of equal importance

is the secondary operation for closure which is generally necessary, and which

often, in order to prevent inanition, must be performed on a weak patient. If,

however, the caecum had been selected,—and it is the part which ordinarily should

be selected for the enterostomy,—this danger of malnutrition is little to be feared.

Such a fistula will sometimes close spontaneously. It is believed by some

surgeons, however, that through an opening situated so low down the small

intestine cannot be satisfactorily emptied; and, to secure this desirable result,

it has been suggested that an additional opening be made in the jejunum, so

that effective irrigation may be practised. Multiple openings have even been

practised. Except under most unusual circumstances, more than one enter-

ostomy does not seem justifiable, and this should be made in the csecum or

lower ileum. It is not a procedure, however, which can be generally recom-

mended. The majority of surgeons do not favor its employment.

A permanent enterostomy is best made by inserting a tube into the intestinal

opening. Several tubes have been devised for this purpose. The best is one or

other of the variously shaped Mixter tubes. This is fastened into th(^ bowel by

means of a purse-string suture, and the adjacent surfaces of visceral and parietal

peritoneum are united by sutures.

The injection of sulphate of magnesia in concentrated solution into the upper
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part of the small intestine by means of a hypodermic needle has been employed

by some operators with apparent benefit. It is doubtful. howcATr. whether in

the ordinary case this is an ad\isable procedure*.

Multiple drainage openings are, as a rule, inadvisable; they may, however,

be required in cases where there are separate individual collections of pus.

It was formerly the practice of some surgeons to employ such openings for in-

termittent or continuous peritoneal irrigation. This is a dangerous practice,

however, and has l)een practically abandoned.

The Ochsner Method.—The principles on which this method is based were

first promulgated by A. J. Ochsner, and consequently it is generally known as

his plan of treatment. It is true that, for some time, all of its details had been

in more or less general use, and many surgeons were independently arriving at

somewhat similar conclusions; but Ochsner deserves all credit for his original

combination of these details and for his bold advocacy of their wide range of

a})plicability. When first introduced, the method was violently assailed. It

was met by a storm of criticism, and extreme positions were taken on each side

of the question. Perhaps extravagant claims were made by its enthusiastic

advocates; but, on the other hand, its opponents put forward, with great fervor,

arguments and statistics to prove that the method was most dangerous, and that,

if it were generally adopted, the mortality of appendicitis would be greatly in-

creased. Many of its opponents, however, do not seem to have given the method

a fair trial, and the greatest difference of opinion still exists, as regards both its

real value and its range of applicability. It is undoubtedly a measure which has

worked harm as well as good. The excellent results which have been reported

as due to the Ochsner method have encouraged timid or ignorant practitioners

to postpone, in a most unjustifiable manner, needful operations. These men
have entirely misunderstood Ochsner's recommendations as to the range of

applicability of his method. Through their ignorance or obstinacy they have

allowed patients, who could certainly have been saved by an early operation, to

drift into a state which is practically hopeless. As an excuse for adopting such a

course they point to the excellent results which have been secured by the star-

vation method. It seems at times as if they wilfully twisted Ochsner's own

expressions; for certainly no man is more earnest than he in his advocacy of

early operation. He believes, as do all surgeons, that extension of the infection

can be prevented by early removal of the appendix. This is true as long as the

infection is confined to the appendix. When, however, it has spread beyond

the limits of this structure and has involved the neighboring peritoneum, he

advocates delay and the employment of his method of treatment until the in-

fective process shall have located itself and the spreading peritonitis shall have

subsided.

It should be said, on the other hand, that the influence which Ochsner's

method has exerted is in many respects beneficial. Ai)art from their direct

bearing on the individual case, the results of the practice of this method have

distinctly shown that many a case of peritonitis can be saved without the per-

formance of an immediate operation, and that, if this be delayed for some hours
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or even days, the patient may be placed in a stronger position to resist the fresh

access of sepsis which is so apt to follow every septic operation. This delay will

often allow the blood to marshal its forces into better battle array, and will

enable the intestines to recover some of the tone which has been temporarih',

at least, weakened by the blow of the enemy. The pulse will become fuller,

the abdominal distention will become less marked, and the whole aspect of the

patient will improve. The demonstration of such a rally, temporary thougli it

may be. is j^erhaps the best evidence of the benefits which have been deri\-ed

from the practice of the Ochsncr method. The lesson thus taught is gradually,

though far too slowly, influencing the practitioner to abandon the emplojTnent

of cathartics, and to trust to starvation. Ochsner thus expresses his views:

—

"This form of treatment cannot supplant the operative treatment of acute

appendicitis, but it can and should be used to reduce the mortality by changing

the class of cases in which the mortality is greatest into another class in which

the mortality is very small after operation. It will take patients who are sure to

die in the hands of the average surgeon, and will place them in a condition in

which any surgeon with reasonable skill, and clean hands, can make a safe opera-

tion." He believes that the distribution and extension of the infection are ac-

complished by the peristaltic action of the small intestine; and the inhibition

of this movement constitutes the most important detail of his treatment. He
also believes that the spread of the peritonitis can gradually be stopjjed, and that

the extensive inflammation which already exists will gradualh' subside, provided

that the intestinal peristalsis can be arrested. It is his endeavor, while the

diffuse inflammation is gradually subsiding, to confine the septic process to the

immediate neighborhood of the original lesion. He claims that, in the great

majority of cases, it is possible to do this. As a mle, at the later date,—that is,

in five or six days,—the local abscess must be opened and the appendix re-

moved. The operation, under these circumstances, is comparatively simple, and

the risk attending it is very trifhng in comparison '^ith the risk of removing the

appendix from an abdomen whose peritoneum is the seat of a diffuse inflam-

mation. It is especially in this class of cases that the operative mortahty is so

great, and the advocates of the Ochsner method claim that its adoption in the

treatment of these patients has saved many lives. As a rule, the patient does

not escape without abscess formation, but occasionally even this wall be absorbed,

and no operation ^Aill be needed. There seems to be no doubt but that pus can

be absorbed, even in large quantities, by the peritoneum.

The two important features of the method are: fii-st, absolute starvation; sec-

ond, the removal from the small intestine of all particles of food or any other mate-

rial which might produce peristalsis. The administration of food of any kind,

or of cathartics, should be absolutely prohibited. Even tea, broth, or acid or aro-

matic drinks of any kind are forbidden. \'omiting, in order to rid the stomach

and intestines of irritating contents, is encouraged. No attempt should be

made to stop the emesis, except, perhaps, by the employment of lavage. Re-

verse peristalsis will often completely empty the small intestine. Should there

be persistent nausea or gagging, or much abdominal distention, gastric lavage
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should be employed. It should be repeated at intervals until the stomach and

small intestines are emptied. Peristalsis ^\•ill then subside. The blood-vessels

should be sui)i)lied with water. Large enemata should, however, never be

employed. They are most dangerous, because of their excitation of ])eri-

stalsis. Small enemata of four or five ounces may be administered, but tlie drop

method of proctoclysis is distinctly preferal)le. The chances for localization of

the se})tic process and subsidenc(> of the diffuse inflammation are much greater,

if, from the commencement of \hv attack, no food or drugs have been admin-

istered. Castor oil is especially pit judicial to a happy outcome.

The weakest point in the argument in favor of the method is the indefinite-

ness of what is termed the early stage of appendicitis. The boundary line be-

tween this stage and the next can rarely be defined. On the average, the early

stage temiinates at the end of the first thirty-six houi-s, but, unfortunately, there

are many exceptions to any such rule, and the early stage may either not be

recognized or be only of a few hours' duration. No surgc^on, even he with the

widest experience and keenest judgment, can determine with certainty whether

or not the disease is limited to the appendix.

The views as to the relative value of this method differ so widelj' that it is

not easy to express any definite opinion. The surgeon of experience must rely

on his own observations. The tyro, however, is lacking in personal experience,

and he nuist therefore be guided by what he has seen and read. He should be

familiar with both sides of the (juestion. When the api)li('ability of the method

for advanced cases of appendicitis and for diffuse ])eritonitis was first urged by

Ochsner, the mortality of thes(> o])erations was very gn^at—for the appendicitis

cases, fifteen per cent; for the peritonitis cases, from forty to fifty per cent,

although some operators reported a much smaller mortality. There can be

little doubt but that, uj) to the year 1902, Ochsner's treatment of these cases

was more successful in saving life than was operation. In the last three or four

years, however, the mortality of operation has been gradually decreasing, and

at the present day it is not greater than eight or ten per cent for the grave class of

ajipendicitis cases and perhaps ten or fifteen per cent for those of peritonitis.

Far better results than this have been reported, but these figures represent ap-

proximately the death-rate of the average surgeon. The arguments, therefore,

for the adoption of the Ochsner method are less forcible at the present day than

they were eight or ten years ago. It is doubtful whether its general adoption will

give as good results as will operation when ix-rformed by a skilful surgeon. \Mien

the services, however, of a clever surgeon cannot be obtained, its employment

is probably preferable to a bungling ojK'ration. There exist good reasons why

the method should be adopted in certain selected cases. \\'hat is this type of

case in which its adoi)tion, if not absolutely indicated, should at least be con-

sidered? The most important is the elderly patient with grave symptoms.

The mortality attending immediate o])eratii)n on this class of |)ati(>nt is great,

and if, in addition, he be handicajjjjed by diseased liver or kidneys, the risk of

operation is enormous. Peritonitis in this class of patients, especially if they

have led dissipated lives, is, under any form of treatment, a very fatal disease.
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Immediate operation, however, i.s attended with a greater mortality than i.s

treatment according to the Ochsner method. At the opposite end of the scale

are children or yoimg healthy adults. For these, operation is indicated at every

stage of the disease. Between these two extremes, are the debatable cases, and
they are decidedly in the majority. Each surgeon must here decide for himself.

If lacking in experience, he must be influenced by the views of the men in whom
he has confidence. It should be understood, however, that the majority of sur-

geons favor immediate operation in all these patients. Should he operate, he will

be supported by the weight of surgical opinion. Should he not operate, and the

patient die, he may not only blame himself for his adoption of the conserv^ative

course, but may also subject himself to the adverse criticism of his colleagues

and the patient's friends. His choice of method should also be influenced by
his own skill and experience. If he knows that he can complete the operation

within twenty minutes, he should be more inclined to ad\dse operative inter-

ference. A fair statement of views entertained by surgeons as to the general

applicability of the method in cases of advanced appendicitis and peritonitis,

would seem to be as follows:

—

(a) The majority of surgeons (probably seventy per cent) are opposed to

its adoption.

(6) A minority of perhaps fifteen per cent favor its universal adoption.

(c) Another minority of perhaps fifteen per cent favor its adoption in selected

cases only.

After-Treatment.—AMiile the technical features of the operation itself are

of the greater importance, yet the final result is more or less influenced by the

subsequent management of the patient. Special attention should be paid to the

replenishment of the blood-vessels with fluid, to the condition of the gastro-

intestinal tract, to the maintenance of mental quietude, and to posture. The

patient, at the close of the operation, is apt to be in a more or less collapsed condi-

tion, but at a later period (varying from thirty minutes to five hours) this state

of collapse is apt to be still greater. The nervous shock of the operation is partly

responsible, but this later grave condition, which appears after the patient has

been returned to bed, is mainly due to the increase in the number of bacteria in

the blood, as the result of change in the osmotic current and of the exposure of

new areas to infection. ''Secondary shock" was the name sometimes applied

to this condition, and it was frequently the forerunner of death. In anticipation

of its possible occurrence, the nervous system should be quieted by a hypodermic

injection of morphine (gr. | to gr. |) given at the close of the operation. The

heart should be strengthened to withstand the toxic action of the bacteria, and

the patient should be immediately placed in Fowler's position. The most reliable

and comfortable means of quieting the nervous system and improving the cir-

culation, is supplying the blood-vessels with a fluid as nearly resembling serum

as possible. This should be supplied in a slow and gentle manner. If the con-

dition of shock is well-marked, it may be necessary to inject 1,200 c.c. at once

into a vein. As a temporary stimulant to tide over a crisis, it is vastly

superior to any other. A slow and continuous supply of water is, however, of
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more porniancnt hciiefit. Hypodormocl3'sis of the same amount is often an ad-

vantageous method of achninistration, but even this may be too rapid, and, be-

sides, the process is one which generally causes discomfort and mental distress to

the patient. The rectum is the preferable route. The ordinarj^ enema of from

eight to ten ounces is certainly effectual, but less so than the continuous current

which flows in drop by drop, and is as slowly absorbed. This method of proc-

toclysis should be at once begun, as soon as the patient is placed in bed. Orders

for its preparation should have been given in advance, so that there may be no

dela>- in its administration. Its intermittent use should be continued for two

or three days, or at least until the patient's stomach is sufficiently (juiet to retain

litiuids. Started immediately ahcr the completion of the operation, the pro-

cedure should be continuously employed for two, three, or four hours. It can

then be discontinued for an hour or two, to be again resumed and continued

for a couple of hours. This intermittent proctoclysis should be maintained for at

least twenty-four hours, there being perhaps twelve hours for rest and tweh'e

hours during which the current is kept flowing into the intestinal canal. On

the second day the periods of rest may be prolonged, and, as soon as water can

be retained by the stomach, the procedure may be discontinued. The effect of

this rectal sipping of salt solution is not only markedly beneficial to the heart, but

it also restores tone to the intestines, quiets spasm, and diminishes the paretic

condition. Under its influence the heart-beat becomes stronger, the pulse fuller,

the tongue moist er, and the skin less dusky. Often, on the second or third day,

flatus will (juietly pass along through the bowel and be properly expelled. As

a rule, neither cathartics nor purgative enemata are needed.



TUBERCULOUS PERITONITIS.

By NATHAN JACOBSON, M.D., Sumcuse, New York.

Historical Remarks.—The chronic fomis of peritonitis have been known
to the profession for many hundred years. Hippocrates resorted to the use of

a hot iron to puncture the abdomen for the removal of fluid in cases of ascites.

Celsus also recommended the withdrawal of the fluid from the abdomen for

the relief of this condition, and some of the cases so treated recovered and re-

mained well. Marcello Donato, of Mantua, about the year 1600, is said to

have been the first to discriminate between general and localized ascitic accumu-

lations. It was about the same time that Santoro, a professor at Padua, invented

an instiaunent which was a forerunner of our present trocar and cannula, and

was then substituted for the instruments previously used in the withdrawal of

fluids from the abdomen. It remained, however, for Louis, of Paris, in 1825,

to give expression to the thought that the chronic forms of peritonitis are usually

of tuberculous character. Henoch,^ * in 1855, described cases of chronic con-

traction of the omentum associated with a large amount of fluid in the abdomen

and the presence of pseudomembranes upon the peritoneum. These patients

were, without doubt, suffering from tuberculous peritonitis. It was in 1862

that Spencer Wells, operating upon a case which he had diagnosticated as ovarian

cyst, found, to his astonishment, in an abdomen filled with ascitic fluid, wide-

spread nodular growths upon the peritoneum. After he had cleansed the

abdominal cavity and had closed the wound, the patient, to his surprise, not

only made an operative but indeed a pennanent recovery. That the true

character of tuberculous peritonitis was not recognized even as recently as

1882 is evidenced in the article written by Heineke ^ on " Surgical Diseases of the

Abdomen," in Billroth and Pitha's " System of Surgery." His statement is, that

"chronic tuberculous peritonitis is to be assumed to exist when, in addition to

the ascitic accumulation, tuberculosis of other organs or caseous foci in some

other parts of the body can be found." Evidently the experience of Spencer

Wells had made but little impression upon the medical profession. It remained

for Koenig ^ in 1884 to appreciate this condition and, as a result of his investi-

gations, deliberately to recommend for it surgical treatment. In the description

of his cases he discriminated, for the first time, between the ascitic collections

in the abdomen of tiiberculous origin and those arising from other causes.

He demonstrated also that this condition could occur as an ascites or in the

form of multiple cysts, and that there need not necessarily be other evident

* These numbers refer to the corresponding numbers in the Bibliography at the end of the

article.
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tuberculous foci in the hod}-. Tliis paper attracted the attention of the entire

profession and his jirediction that tul)erculosis locaHzed here would prove as

amenable to surgical treatment as had other forms of surgical tuberculosis,

has been abundantly verified. In the same year Dr. C. B. Adams, of Framing-

ham. Mass., performed one of the first oi)erati()n.< in this country for tuberculous

peritonitis.

Etiology and P.\thogexesis.—The frequency with which tuberculous

peritonitis occurs is variously stated. Altschul,^ at the International Congress

on Tuberculosis hekl in Washington in the autunm of 1908, stated that, in

10.322 autopsies, tu])erculous peritonitis was found 299 times—a trifle under

3 per cent. In 2,230 autopsies performed at the Charite in Berlin, Koenig

reported that there were 107 cases, or nearly 5 per cent. Cummings, of Phila-

delphia, found it 92 times in 3,495 autopsies—that is, in 2.7 per cent. Sick, of

Hamburg, and Muenstermann, of Muenster, reported the lowest percentages

—

namely, 1.8 per cent and 1.6 per cent respectively. The highest rate was

recorded by Borschke, of Vienna,—namely, 5.3 per cent. BirchcM,'' who collected

the statistics of 19,184 autopsies from nine different sources, found tuberculous

peritonitis in 071,—an average, therefore, of 3.5 pen- cent.

The occurrence of tuberculous peritonitis as a primary affection has been

questioned. That it is ver}- rare is without doubt true. A few undisputed

cases, however, are on record. Benndorf^ reported a case in which he found

tubercles disseminated throughout th(^ entire peritoneum, yet, after a careful

search of the rest of the body at the autopsy, he was unable to discover any

other foci of the disease. Meissner ^ reported a similar case. Cummings •* found,

in the 92 cases referred to, 3 which were primary. Of the 4() cases of peri-

toneal tuberculosis reported by Muenstermann," 2 were primary. In 4,250

autopsies reported by Borschke, of \'ienna, 226 cases of peritoneal tuberculosis

were disclosed, and in but two instances was the disease primary. It is ai)parent,

therefore, that the study of large numbers of cases of tuberculous peritonitis

leads to the conclusion that in about 2 per cent the disease is foimd to be a

primary affection.

On the other hand, there is usually evidence of coincident tuberculous

disease of other organs. This occurs most frequently in the lungs, which Koenig

found involved in 92 per cent of his cases. Sick in 85 per cent, and Cummings

in 84 per cent. The intestines were likewise affected with tuberculosis in 74

per cent of Koenig's cases and in ()5 {)er cent of those of Sick, while Cununings

discovered this complication in but 32 per cent. Additionally, these same

observers found the Fallopian tubes and the ovaries, the pleura, the kidneys,

the liver, lymjjh nodes in various localities, the spleen, and the mesentery fre-

quently involved in a tuberculous process. General tuberculosis was discovered

by Koenig in 10 per cent of the bodies examined on the autopsy table.

We are therefore confronted, in the study of tuberculous peritonitis, by a

condition which, in exceptional cases, is limited to the peritoneal cavity and

may not only involve at the same time other important structures, but may be

merely one of the manifestations of a general tuberculosis. This deeply concerns
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us, whether we view this pathological conditicju from a clinical, a therapeutic, or

a prognostic standpoint.

There are, however, other features to be discussed in considering the etiology

and pathogenesis. The statements thus far made rej^resent the findings at the

autopsy ta,ble. Xatmall\'. these do not present a correct view of the situation

as we encounter it in vivo. It is rather surprising that even 2 per cent of the

cases have proceeded to a fatal issue without provoking, or being associated

with, tuberculous manifestations in other parts of the body. It is obviously

unfair to assume that tuberculous peritonitis as seen by the surgeon presents

the same picture as that which is unfolded to the pathological anatomist. The

disease is brought to the attention of the fonuer, if not at its inception, at

least usually at an early stage; while the latter has occasion to witness only the

widespread devastation caused by the dissemination of tul:)ercles.

It is interesting to note that the ]\Iayo brothers/" of Rochester, Minnesota,

were able to report that in 5,687 patients upon whom intra-abdominal operations

had been performed during the ten years teiTninating October 1st, 1904, 184

(or about 3 per cent) gave e^^dence of tuberculous disease. Localized intestinal

tuberculosis occurred 21 times ; in 13 of these cases they were able to demonstrate

that this was the primary tuberculous lesion, whereas in the other 8 they were

uncertain as to this point. During the same period, in 1,888 cases in which

they had removed the appendix this organ was found to be involved in a

tuberculous process 29 times. They frecjuenth' found caseous hmrph nodes in

the meso-appendix. Geographical location apparently exerts an influence in

the dissemination and appearance of tuberculous disease. The Mayos state

that, living as they do in an agricultural community, pulmonary tuberculosis is

comparatively infrequent, while abdominal, bone, joint, and lymphatic affections

of this character are cjuite common.

It is stated that, in the United States, GO per cent of all cadavers show

evidence of healed or active tuberculosis, while in Gennany the percentage is

said to be as high as 86 per cent. Xothnagel " calls attention to this discrepancy

and refers to the report of 4,250 autopsies by Borschke, in 1,393 of which tuber-

culous lesions were found, and, of this number, 226 {i.e., over 16 per cent) showed

involvement of the peritoneum. It is claimed, furthermore, that tuberculous

peritonitis occurs more frequently in \'ienna than in any other part of the globe.

Heredity is undoubtedly an important etiological factor. Shattuck ^- found

such a history in 20 per cent of his cases, Rotch ^^ in 30 per cent, Haene in 35

per cent, and Lauper" in 40 per cent. In this connection it should be stated

that congenital cases have been placed on record. The earliest report is that

of Manclair and Alglave.^^ In this report there is narrated the case of a

child who, when three days old, was seized with vomiting, and died on the

sixth day. The autopsy showed advanced tuberculous peritonitis associated

with intestinal obstmction. The mesenteric hTuph nodes contained many

bacilli and giant cells. Another case is reported by Brouardel. In this instance

the child died when ten weeks old. In each of these cases the mother had a

tuberculous condition of the genitalia.

VOL. VII.—34
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Age is without doubt an important factor. Lauper " states that tuberculous

peritonitis occurs most frecjuently in the second half of the second decennium.

Rotch '^ has prepared a i^aper based upon the cases admitted into the Children's

Hospital of Boston between the yeai"s 1884 and 1902—in all, 69 cases. He
states that th(» disease occurs in infancy or childhood, but does so iiuich more

frequently during the latter period. He has o])served that the occurrence of

tuberculous peritonitis in infancy is usually a manifestation of general tuberculo-

sis, but he states that "it is this chronic tuberculous peritonitis, occurring in

individuals most frequently from one and a half to four yeare of age, which can

be treated as a disease per se, and which gives us the largest percentage of

recoveries from tuberculous peritonitis by means of laparotomy."

The youngest patient operated upon by the writer was twenty-two months

of age. The disease had existed at least six months and the child was ex-

tremely weak and emaciated, but made a good recovery after operation. He
is now nine years of age and a splendid specimen of youthful vigor.

In determining the influence of age on the development of tuberculous

peritonitis it is interesting to compare two tables—one American and the other

Gennan. The first table represents the experience of the Massachusetts General

Hospital, and is derived from two separate papers, the first of which is by Shat-

tuck ^- and covers the 98 cases which were treated during the ten years terminat-

ing in 1900. The second table, which is by Stone,^® takes up the cases in the

same hospital (122 in all) which were under treatment between 1900 and 1907;

the two sets of cases making a total of 220. In 178 the disease occurred before

the thirtieth year of life, and in only 42 at an age later than thirty. In 29 it

appeared between the first and tenth years, in 60 between the tenth and

twentieth, and in 89 from the twentieth to the thirtieth years. Evidently,

tuberculous peritonitis occurred most frequently in the third decade, while, in

more than 80 per cent of all of the cases treated in the IVIassachusetts General

Hospital during these seventeen years, the patients had not attained the

thirtieth year of life.

On the other hand, of 164 personal cases reported by Nothnagel " from his

own clinic none occurred before the tenth year of life. Of the remainder, 28

occurred between the tenth and the twentieth years, 37 between the twentieth

and thirtieth, 50 from the thirtieth to the fortieth, 31 from the fortieth to the

fiftieth, 12 from the fiftieth to the sixtieth, and 6 from the sixtieth to the seven-

tieth years. It ai)pears, therefore, that, in 99 of his 1<)4 cases (or in (iO per cent),

the disease occurred later than the thirtieth year of life: and the fourth decatle

seems to have been the one during which it api)eared most frequently. In a

paper published by Merordt not a single case under twenty years of age is men-

tioned. Ochsner " states that, of 32 cases operated upon by him and re-

ported in 1902 to the American Surgical Association, 20 were less than thirty

yeai-s of age, and only 12 older. One-third of his j)atients were not twenty yeai"s

of age. It would seem, from the foregoing, that the discasi; ai)pears at an

earlier period of life in this country than abroad. .\n exception to this, however,

is to be found in the experience of the surgical clinic of Goettingen. Of 40 cases
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reported by Dr. Karl Thoenes,'^ 28 (or 70 per cent) were under twenty years of

age. However, after reviewing the statistics of all countries, I believe that it

is fair to conclude that tuberculous peritonitis occurs most frequently from the

twentieth to the fortieth year of life.

The study of the relation of sex to tuberculous peritonitis is likewise in-

teresting, ^layo ^"^ states that, in his experience, the disease occurs four times

as frequenth' in the female as in the male. Of Ochsner's 32 cases," 24 were

women; of the 40 cases operated on by Thoenes, 25 were women; 16 of the 22

cases operated upon by Lauper ^* were women. However, of the 164 cases re-

ported by Nothnagel, 101 were men and 63 were women. Of 69 cases reported

by Rotch, 39 were boys and 30 girls. Of 122 patients forming the basis of the

paper by Stone, 62 were males and 60 females ; w^hile, in the paper prepared by

Shattuck, 67 were women and 31 men. Nothnagel states that 90 per cent of

all the patients operated upon for tuberculous peritonitis are women, and he

seeks to explain this on the ground that in many instances an erroneous diagnosis

had been made, the symptoms present having been referred to some diseased

condition of the female sexual apparatus. For this reason, early operations are

more frequently perfonned upon women.

On the other hand, at the autopsy table a large proportion of the subjects

presenting tuberculous invasion of the peritoneum have been males. Bircher,^

collecting the statistics of various hospitals, found that, in 452 autopsies where

death was caused by tuberculous peritonitis, 338 (or 74 per cent) were males

as against 124 (or 26 per cent) females. Bybee ^^ reported that, in 872 autopsies

made at the Cook County Hospital of Chicago, tuberculous peritonitis was

found in 30, 28 of these being in males and but 2 in females. Vierordt found

80 per cent in males, Sick 83.1 per cent, and Cummings 66.3 per cent. If all

of these figures be summarized it would appear that, on the autopsy table, the

disease is found three times as frequently in males as in females.

Occasionally traumatism has been the provoking cause of tuberculous

peritonitis. Bircher^ mentions one case in w^hich the disease appeared fifteen

days after the receipt of an injuiy and was apparently precipitated by the

rupture of tuberculous mesenteric lymph nodes. Heintze ^^ reports three cases

of acute traumatic peritonitis of a tuberculous nature. In one of our own cases

a young woman sustained a fall while riding a bicycle, striking upon her chest

and abdomen. Tuberculous pleurisy, as well as tuberculous peritonitis, followed

;

the latter running a furious course and causing her death in six weeks. In all

of the reported cases due to traumatism the course has been a verj- acute one.

Without doubt the tubercle bacillus is the essential cause of tuberculosis.

It is a matter of great interest to detemiine, if possible, the port of entry in those

cases in which it is responsible for the development of tuberculous peritonitis.

Three methods of invasion are possible: by way of the blood stream, by way of

the l}Tiiphatic channels, and by direct extension from a contiguous focus. The

tubercle bacillus only exceptionally finds its way to the peritoneum by way of

the circulation, and then only, as a rule, in those cases in which we are evidently

dealing with a general miliary tuberculosis. Many of the German observers
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arc inclinocl to dosi^iuitt' this class of cases as "peritoneal tul)crculosis" rather

than as "tuberculous i)eritoiiitis." because of the absence of inflammatory

manifestations. The lynii)hatic route is of much greater importance in the

pathogenesis of tuberculous i)eritonitis, by reason of the fact that the peritoneum,

mesentery, and intestinal walls are richly supplied with lymphatics.

The question has recently been raised by Koch as to whether human and

bovine tuberculosis are dejiendent ui)on the same bacillus. While he insists

that th(\v are s(>j)arate and distinct, \'on Behring holds that they are identical.

Raw -' taki>s the ground that they are distinct varieties of an original s])ecies,

each capable of producing distinctly characteristic lesions in the human body.

He believes that, particularly during the milk-drinking period of early life, the

bovine tubercle bacillus is capable of producing certain lesions. In 100 care-

fully conducted autopsies on children dying of tubm-culosis, many of them

ordinary cases of phthisis and several of them abdominal and meningeal forms,

he found that 38 showed tuberculous intestinal ulcers with caseating mesenteric

lymph nodes, and that 23 had caseating mesenteric l}inph nodes without intes-

tinal ulcere. He concludes that the human tubercle bacilli, whether introduced

primarily with food or swallowed secondarily with th(> sjjutum in those suffering

from phthisis, will cause intestinal ulcers, and that bovine tubercle bacilli in-

gested with milk will rapidly i)ass through the intestines leaving no trace behind,

attack the mesenteric lymph nodes, and then si)read to the lungs and be dis-

tributed all over the body. There are a few recorded cases in which the perfora-

tion of a tuberculous gastric ulcer has been responsible foi- the occurrence of

tuberculous peritonitis.

In a recent address Prof. A. E. Calmette," of France, takes the ground that

the respiratory tract is so strongly guarded that onh' in exceptional easels can

there be direct admission of tubercle bacilli through this route. On the other

hand, he maintains that the most frequent source of invasion is through the

intestinal tract. This, he holds, is the result of the ingestion, not only of milk

from tuberculous cows, but also of food contaminated either directly- or indirectly

by means of tuberculous sputum. The bacilli penetrate the intestinal walls,

enter the blood- or the l^miph-circulation, and, being thus transported, produce

tui)erculous disease in various localities of the body. The intestinal nuicosa

can give transit to tubercle baciUi and yet not show afterward any trace of their

pas.sage. In his research work he has produced, in this way, tuberculous disease

of the pleura, of the joints, and of the genito-urinary apparatus. Pulmonary

tuberculosis, therefore, is, according to Calmette, a secondary manifestation,

the i)riniary invasion taking place by way of the int(>stinal tract. If this view

is correct it sccmus surprising that we do not (ind tuberculous jxM'itonitis more

fre([uently as an early evidence of tuberculous disease in the human body.

Murphy,^ on the other hand, while regarding tiie intestinal tract as the

usual route through which the infcctidii ti-;i\("ls in its course to the peiitoneum,

holds that, in the female, the genital tract is mor(> often the jxtital of entry.

Thei'e is very strong ground for (piestioning this claim. When tuberculo.'^is

attacks the female genitalia I he I'"all()|)ian tubes are usually the site of the
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greatest activity of the disease. The fundus of the uterus is affected to a much
less degree, the cervix rarely, and the vagina only occasionally. All of this

would seem to argue against tuberculous peritonitis being due to an ascending

genital invasion. On the other hand, experimental study has shown that there

is a peritoneal current which flows toward the Fallopian tubes, and it is assumed

that the frecjuent involvement of these tubes is secondary to the peritoneal

disease rather than the ])rimary affection. Furthermore, Baumgartner. as a

result of inoculation of the genital tract of the rabbit at different levels, found

that, while tuberculosis might spread by continuity to other structures in the

genital tract, its tendency was to travel downward rather than upward. His

conclusion is: "Since tuberculous infection of the genital apparatus in the

female is most frequent in its upper extremity and there is little evidence of an

asc(Miding affection, it seems reasonable to assume that the Fallopian tube may
be readily infected from the peritoneal cavity." Out of 194 cases of tuberculous

disease of the female genitalia reported by Mayer the tuberculous process

implicated the peritoneum in 110. On the other hand, the literature of the

subject contains the records of a large number of autopsies upon female patients

in whose Fallopian tubes, notwithstanding the fact that they had succumbed

to tuberculous peritonitis, no evidence of tuberculous disease was discovered.

Biggs -* reports the case of a child, twenty months old, in whom a post-mortem

examination disclosed coincident tuberculous disease of the peritoneum, tubes,

and uterus in association with tuberculous ulceration of the bowels, which latter

lesion was evidently the primary focus of the disease. Tubal infection with

tuberculosis, through sexual intercourse with a tuberculous man, no doubt does

occur. Gelpke ^^ records the case of a woman, of healthy parentage, who became

infected by a tuberculous husband who died before their child was born. The

child lived about a year and died of tul^erculous meningitis. Soon after the

birth of the child the mother developed tuberculous peritonitis, the disease

beginning apparently in the left Fallopian tube. She never had had any previous

tuberculous invasion of her lymph nodes, lungs, or intestines. This question

nmst remain for the present sub judice. There can, however, be no doubt that

when invasion of the Fallopian tubes has occurred, whether this be a primarj^

or a secondary manifestation, toxins as well as tubercle bacilli may be produced,

and the latter may multiply so rapidly in them that, for the time being, these

structures become the actual storm centre, and their removal becomes im-

perative.

Pathological Anatomy.—Pathologists and clinicians seem to differ as to

a classification of the forais of tuberculous peritonitis. The former group the

cases according to the findings on the post-mortem table, while the latter—

be they internists or surgeons—are governed in their division by the syniptom-

atology. It is a question whether one can create sharp lines of division. But

few cases will absolutely fit into a given group, be that based upon its ]:)athological

or on its clinical picture. As stated before, Kauffmann -^ makes two di\asions.

To the first he gives the name "tuberculosis of the peritoneum," to the second,

that of "tuberculous peritonitis." Under the former head are included those
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cases in which the disease progresses without any e^'ide^t inflammatory mani-

festations, and in which, nevertheless, there are found at autopsy gray tuberculous

nodules that are widely distributed over the i)eritoneum and intraperitoneal

organs. Naturally, this variety is discovered more frequently by the patholo-

gist than by the clinician, and it may therefore be excluded from our presc^nt

consideration. Tuberculous peritonitis is usually divided into three groups:

—

The first and most fre(iu(>ntly encountered is the ascitic variety of the disease;

the second is the adhesive, and the third the caseous. In the ascitic variety

there is usually, in the free peritoneal cavity, a large accumulation of fluid, which

varies in character, being at times clear yellow, serous or sero-fibrinous, occa-

sionally hemorrhagic, and rarely purulent. The amount of effusion varies. It

may be slight in some cases and very al)undant in others. Occasionally tubercle

bacilli are found in this exudate. However, it is not always possible, even in

cases in which tuberculous peritonitis is i)ositiv(>ly present, to demonstrate

the presence of the bacilli. Tubercles are usually found upon the peritoneum in

great alDundance. They vary in size from the smallest millet seed to quite large

caseous nodules. Very frequently the intestines are covered with a fibrinous

exudate, which may lead to the fomiation of adhesions, between the intestines

or between these structures and the abdominal wall. The parietal peritoneum

is usually infiltrated with numerous small gray transparent nodules and the

resulting thickening is constant and quite characteristic. The mesentery and

omentum are likewise involved, and the latter is particularly changed, being

converted into a dense, hard, contracted mass which is beset with tubercles and

is drawn to the upper part of the abdomen where it strongly simulates a tumor.

The fil^rinous exudate leads to plastic formation, and adhesions result, not only

between the intestines but also between them and the other intra-abdominal

structures. Fixed spaces are thus created in which fluid collects or is h(^ld

imprisoned. In this way what appear to be distinctly localized collections of

fluid are formed in the abdomen,—a condition which has frequently been

mistaken for intra-alxlominal cystic tumors. Cirrhotic changes in the liver and

spleen are frequently associated with tulx'rculous disease of the peritoneum.

The tendency to the formation of a plastic exudate with adhesions has often

led to the encapsuling of tuberculous masses, and without doubt it is in this

way that sometimes the process is arrested. On the other hand, the tuberculous

process may advance to a stage of caseation with subsequent purulent accumula-

tion, or it may lead to ulceration and perforation. As a result of this process,

not only may a fistulous communication between various intestinal loops be

established, but surface destruction may also occur and a perforation in the

neighl)orhood of the uml)iHcus follow, as a result of which a fecal fistula is

established at this point. Again, the adhesions may lead to intestinal con-

striction—serious enough, in some cases, to constitute complete obstruction of

the bowels. The mesenteric and the retroperitoneal lymph nodes may become

extensi\'ely involved, in which case th(>y ai)i)ear as large tuberculous tumors.

In the female the Fallopian tubes and ovaries may be invaded either primarily

or secondarilv. The caseous vari(>ty of the disease, when advancing to the
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suppurative stage, frequently becomes contaminated with other infectious

organisms, and we have then to deal wdth a mixed infection. ]\Iost surgeons

make a special group of such cases.

It must be emphasized, however, as stated before, that these various path-

ological conditions present no fixed border line, and a division into specific groups

is more artificial than real. There are, no doubt, varying degrees of intensity,

some cases being mild, presenting few tubercles and little exudate, and charac-

terized by only slight involvement of the peritoneimi. Such cases often proceed

to a spontaneous cure. In a more severe variety the peritoneal invasion is of

a more serious nature; the effusion becomes more abundant and fibrinous, and

is apt to form a plastic exudate. In this class of cases the omentum presents

the characteristic contraction and the appearance as if it were the seat of a

tumor. Then again, in some cases, the exudate is encapsuled, the tuberculous

process being limited and the disease showing a tendency to recovery. In the

severest type of cases there is caseation associated with mixed infection and

resulting sepsis. In the mild cases bacilli have either been found in small numbers

or not at all. On the other hand, in the caseous variety, associated with mixed

infection, cultures have shown the presence of micro-organisms of the most

virulent type.

Most surgeons classify the cases as ascitic or dry. The difference between the

two groups is rather clinical than pathological, for it is evident that with any of

the pathological varieties there may be present a greater or a smaller amount

of effusion or none at all.

Bruns-^ was the first to describe cases in which the earliest evidence of a

tuberculous invasion of the peritoneum was found in the hernial sac. Sub-

seciuentl}^ Roth and Petit furnished confirmatory contributions. Of the twenty-

two cases reported by Roth,-^ fourteen involved the sac alone; in three the

process was limited to the contents of the sac; and in the remaining five both

the sac and the contents showed evidence of tuberculosis. In nine hundred

hernise reported by Petit fifteen were tuberculous; in five of them there was

evidence of inherited tuberculosis. It is fair to assume, that in all of these cases

the tuberculous process was not limited to the hernial sac, but was of such a mild

type or so little advanced as not to give evidence of a general tuberculous

peritonitis. The claim, however, has been advanced that hernia predisposes

to tuberculosis. Reference has already been made to the coincident involve-

ment of other organs with tuberculosis and the marked infrequency with which

a tuberculous process remains restricted to the peritoneum without involvement

of other structures.

Sy.mpto:\l\tology.—In all fomis of tuberculous peritonitis the early mani-

festations are indefinite. The experience gained at the clinic of Kocher, in

Berne, as related by Lauper," presents a good clinical picture. He states that

there is a prodromal period which in more than one-half of the cases covers

many months, or possibly an entire year. During this period there are gradual

loss of appetite, languor, malaise, and vague abdominal complaints with irregu-

laritv in the action of the bowels. At the conclusion of this period, in nearly
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all of the cases, thfiv occurs a sudden outl)rcak of acute inanifcstatioiis. This

is characterized by sevei"e alxloininal i)ain referred to the re'>i(Mi of th(> uinhilicus,

by sudden appearance of fever, and by increased loss of aj)j3etite, often associated

with vomiting or distress at the pit of the stomach. In at least one-third of

the cases the vomiting is severe. About one-half of the patients c(Mnplain of

some form of urinary disturbance. Some suffer from jjainful urination, while

others complain of 'pain at the completion of the urinary act, together with the

usual distressing symjjtoms of cystitis. Menstrual irregularities are j)resent

m one-half of the cases occurring in women. In some, menstruation is |)rofuse,

in others irregular and associated with dysmenorrhcra. About two-thirds of

the patients have some form of disturbance of the bowel function. In perhaps

one-half of this number diarrhoea and constipation alternate, the one with the

other. A smaller number suffer from constiijation alone, and this is found to

be particularly true in children. Only in occasional instances is there persistent

diarrha^a. This may be associated with colic. Maylard ^ makes the statement

that when general emaciation, anorexia, diarrhoea, furred tongue, evening ris(> of

temperatur(% etc., are known to exist prior to the manifestations of any jjositive

abdominal symptoms it is more than likely that ulceration of the bowels has

been the cause of the tuberculous ]ieritonitis. He states, furthermore, that the

recurrence of intermittent attacks of pain before the ai)ijearance of local signs

in the abdomen indicates either a tuberculous imi)lication of the intestines or the

presence of adhesions resulting from an antecedent attack of tuberculous jjcri-

tonitis. The temperature may remain unaffected, but in severe fomis it is

always elevated, and in suppurating cases it assumes a hectic type. About

four-hfths of all patients suffer from al:)dominal pain, which is usualh' quite

general. It may be a.s.sociated with areas of tenderness, and, where the female

genitalia are primarily or coincidently affected, the tenderness is particularly

evident in the neighborhood of the Falloi)ian tubes.

The most constant local manifestation is increase in the size of the abdomen.

This is usually dependent upon the presence of ascites, but the effusion is not

the only cause of this enlargement. In the dry cases it is usually due to the

presence of tympanites. Sometimes the ascitic fluid is so limited in amount
that it can be recognized only by having the patient stand and lean forward.

Thomayer^ calls attention to the maimer in which the omentum and mesen-

tery are retracted. The omentum, after being drawn to the uppvv part of the

abdomen, is carried to the left side because of the retraction of the mesentery.

Conseciuently there appears, in tuberculous peritonitis, a firm tumor located

largely in the left ui)i)er (luadrant of the abdomen, while tlie intestines collect

in the right low(>r (juadrant where a tympanitic area is present. Further physical

examination, ])articularly in the adhesive type, may reveal the presence of

localized collections of fluid suggesting the presence of intra-abdominal cysts.

In other cases, there are sometimes found masses of doughy consistence due to

the enlargement of mesenteric or retroijeritoneal lymj)h nodes, possibly in a

state of caseation.

Dyspnoja is a frefjuent complaint, and is usually dependent upon the in-
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creased size of the abdomen. Emaciation is most constant, being present in

about eighty per cent of all cases, and, in an advanced stage of the disease, it is

associated with exhaustion.

The clinical course is exceedingly variable. Cases may proceed to a fatal

termination unrecognized. Gelpke -'^ refers to the case of an insane man who
shoveled snow the day before he died. The autopsy re^-ealed an old caseous

form of tuberculous peritonitis. On the other hand, in the acute miliary forni

the progress may be exceedingly rapid, the cachexia l^eing pronounced and
death occurring at an early date. As has been stated, in chronic cases it often

occurs that the acute symptoms are preceded, during a long period of time, by
disorders of an ill-defined nature. In a large number of these cases no distressing

s\Tiiptoms whatsoever are evident, and the first abnormal manifestation which

calls attention to the ])ati('nt is the sudden or gi'adual increase in the size of the

abdomen.

The experience of the Berne clinic, as reported by LaujX'r,^^—viz., that the

disease frequently presents an inactive prodromal period, followed by acute

manifestations,—is confirmed by Gelpke ^' and also ])y the experience of the

^Massachusetts General Hospital, as appears in the paj^ers of both Shattuck ^^

and Stone. ^^ This was the coiu'se observed in about one-third of their patients.

In over one-half of their cases, as soon as the tuberculous peritonitis had reached

such a degree of development that one could make a positive diagnosis, there

was found undoubted e\ddence of tuberculous disease in other parts of the body.

Usually this was manifested by the presence of an abnonnal condition at the

apices of the lungs, by the existence of a pleurisy, or by the fact that there was

enlargement of several lymph nodes. Symptoms of obstruction of the bowels

were noted by these observers particularly in the adhesive variety of the disease.

This was made manifest not only l^y such symptoms as vomiting or constipation

or the inability to expel gases, but objectively by the character of the distention

of the abdomen. In about one-third of the cases there was free ascites,

—

i.e.,

the fluid shifted with the movements of the body.

Blood examinations were made in 96 of the 122 cases reported by Stone.

In iJS a leucocyte count of 10.000 or less was observed, in 21 the leucocytosis

ranged from 10,000 to 14,000, in the remaining 17 it varied from 14,000 to

40,000. In the case in which the highest count was made there was no fluid,

but there were numerous intestinal ulcerations. In a case presenting a leucocyte

count of 28.000 there was a rapidly developing abscess. In one of 27,000 there

had been an acute attack of vomiting and diai'rhoea. In one case in which there

Vv-as a leucocytosis of 22.000, there was but little fluid in the abdomen but marked

tenderness about the Fallopian tubes; while in another which had the same

count the stools contained blood. In a case with a leucocyte count of 21,000

the right tube was filled with foul pus, and the same was true in two other cases

—one with a leucoc}i-e count of 20,000 and the other with a count of 18,000.

These observations led Stone ^"^ to conclude that a high leucocyte count, associated

with tuberculous peritonitis, indicates the presence of sepsis in some fonn, and

that in non-septic cases the tuberculous jjrocess is attended with a low count.
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In about one-half of the cases occurring in women there were found either fixation

of the uterus and a dense mass in the Douglas cul-de-sac or parametric changes

associated with diseased adnexa.

Examination of the urine occasionally discloses the presence of albumin.

In about one-fifth of all cases there is an increase in indican. ^'ery rarely,

tubercle bacilli are found in the urine. They are, however, (juite frequently

discovered in the stools.

In a case reported by Gelpke,^ in which there was found, in the upper part

of the abdomen, a collection of pus which broke spontaneously through the

navel, a post-mortem examination showed that the disease had been dependent

upon the presence of two irregular perforating tuberculous ulcers at the pyloric

end of the stomach. Similar cases have been reported by Strappler^" and Cone.^^

Dl\gxosis.—The diagnosis of tuberculous peritonitis is not always easily

made. It is essential to study the previous history of the patient. Evidence

of pre-existing tuberculous disease in other parts of the body may be of marked

service, not only in determining the nature of a doubtful case, but also as in-

dicating the site of the primary tuberculous focus. It becomes necessary,

therefore, to investigate the cause of such existing symptoms as cough, diarrhcca,

menstrual derangements, or manifestations suggesting pehdc disease. During

the latent period which so frequently precedes the outbreak of acute symptoms
it will usually be impossible to make a diagnosis, because of the absence of

any characteristic signs. Not until the abdomen presents positive evidence of

invasion would one be justified in suggesting a diagnosis of tuberculous perito-

nitis. Nor is its differentiation even then a simple matter.

The firet case successfully operated upon by Sj)encer Wells, to which reference

has already been made, was in a woman who was thought to have an ovarian cyst.

This mistake frequently occui-s, especially when the ascitic fluid becomes en-

cysted. Other forms of abdominal tumore have been presumed to exist until

an incision of the abdomen has disclosed tuberculous peritonitis. Gelpke ^

reports the case of a twelve-year-old boy in whom a tumor the size of a fist had

formed below the umbilicus. Sarcoma was suspected; l)ut the tumor was found

to be made up of a mass of tuberculous omentum and intestines. In another

instance Gelpke had diagnosticated myoma of the uterus, but a tuberculous

tumor was found in that case also. Briddon^- records a case of tuberculous

Ijeritonitis in whiqh the diagnosis had seemed to rest between a tumor of the

omentum and an enlarged floating kidney. Holmes ^^ and Eisendrath^* report

instances in which this condition had been diagnosticated as hydronephrosis.

Treves,"^'' in an interesting paper, mentions the fact that tuberculous peritonitis

has mimicked cyst of the liver, tuberculous kidney, appendicular abscess, internal

hernia, and fibroma and sarcoma of the abdominal wall. One of our own cases,

which occurred in a man sixty years of age, presented a history of having had

early in life pulmonary hemorrhages, and, upon physical examination of the chest,

the existence of an old but latent tuberculous process was recognized at the

apex of one of his lungs. There were marked ascites, moderate fever, and alter-

nating diarrhcra and constipation. The omentum was retracted and drawn to
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the upper portion of the abdomen, .\fter an incision had been made and a vent

had been provided for the ascitic accumulation, innumerable nodules, apparent ly
tuberculous in character, were found covering the parietal peritoneum and the

intestines as well as structures—such as the gall-bladder and the stomach

—

in the upper part of the abdomen. A piece of omentum having been cut out and

subjected to microscopic examination it was ascertained that the case was one

of peritoneal carcinosis. The suljsequent clinical course verified the diagnosis.

In this class of cases a positive diagnosis can be made only by the pathologist.

As a rule, the tubercles are found to be miliary in size. Thoenes ^^ reports

an unusual case in which the nodules were as large as hazelnuts. The macro-

scopic diagnosis was sarcoma. Miscroscopic examination, however, showed

the condition to be tuberculous.

Tuberculous retroperitoneal lymph nodes have also been mistaken for

malignant tumors of the stomach, intestines, gall-bladder, and kidneys. The

Thomayer ^^ sign (page 536) may be helpful, as most of the malignant tiunors in

the upper part of the abdomen are found to the right of the median line, while

the tuberculous omentum, when contracted, occupies a site to the left.

Tuberculous ascites is usually of more rapid development than is an ovarian

tumor. Cirrhosis of the liver, as has been stated, may appear as a comphcation

of tuberculous peritonitis. When occurring as a result of the ordinary form of

cirrhosis the ascitic accumulation is of darker color than that found in tuber-

culous conditions, the color being brown in the cirrhotic disturbance and

usually light yellow in tuberculous peritonitis. ^loreover, in the latter affection

the ascitic effusion may be bloody or purulent. However, it is essential, in

differentiating between these two conditions, that a careful survey of the history

and the entire clinical picture be made.

Occasionally the disease has been mistaken for t^^phoid fever. In one of

our own cases this question was raised, and a differentiation was made by

injecting tuberculin hypodermically. The reaction following its use was ex-

ceedingly violent and almost proved fatal to the patient. In the end, however,

it was helpful, as she proceeded to recovery without operation. The ascitic

fluid has been used to inoculate animals for the purpose of diagnosis. Such a

series of investigations was instituted by Gelpke,-^ but it was found that, even

in cases which were undoubtedly tuberculous, injections into guinea-pigs and

rabbits were more often negative than positive in their results. Borchgrevink

found that inoculations with material taken from excised tuberculous masses

were more apt to yield positive results. Out of eleven cases operated upon,

there were five in which the character of the disease was positively demonstrated

by inoculation. The ascitic fluid, after being withdrawn, has frequently been

used for the production of gro\\i;hs upon agar or in bouillon, but, even when the

material used was taken from subjects who subsequently succumbed to the

disease, the result frequently proved negative.

Recently tuberculin has been used in various ways for the purpose of making

a positive diagnosis. In our experience we have occasionally obtained positive

reactions after employing the method of Calmette. Stone ^^ injected tuberculin
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in thirty-one of his Massachusetts Cleneraf Hospital cases. Five d'u\ not react;

two were doubtful; and in one there was no report. Two of the fi\'e not reacting

were found to have extensive peritonitis. In the other cases no oi)eration was

performed.

Progxosis.—In an address delivered before the Chicago .Surgical Soci(>ty

in October, 1903, Muri)hy -^ (juoted the opinions of many surgeons,—mostly

Gennan, however.—to the effect that at that date luitin-orable views were held

by them as to the result of the surgical treatment of tul)erculous peritonitis.

Czerny,^^ discussing the siu'gical procedure recommended by Koenig, ex-

pressed himself thus: ''As tuberculous peritonitis never occurs as a primary

affection, this manifestation is but a new station in the route of the disease to

Golgotha; and the usefulness of an operation so little radical as this is not to be

understood." Fortunately, few surgeons prognosticate so gloomy a futun^ for

those suffering from this diseased condition.

It is without doubt very difficult to express an oijinion in general terms as

to the prognosis when the peritoneum is involved in a tuberculous process. The

general as well as the local conditions existing in each individual case are to be

carefully considered. Since the affection usually occurs as a secondary' mani-

festation, the location and extent of the jH-imary focus are important. Not less

so, however, is the coincident involvement of other organs, as well as the general

condition of the patient and the degree of resistance which he is able to offer.

If we can be certain that the tuberculous invasion of the peritoneum is the

primary disturbance and that it is still a localized process, the outcome should

be most ))romising. This is ai)i)areiit in those cases in which it has been unex-

pectedly discovered in j)atients during the progress oC an oi)eration for tiie cure

of hernia. Moreover, it is now known that in certain niikl forms the disease ma}'

even heal spontaneously.

When Koenig, in 1884, proposed, as a cure for tuberculous peritonitis, that

an incision be made into t\w alxlomen, his suggestion was based upon the

satisfactory results which had followed a similar procediu-e in the withdrawal of

fluids from the pleural and synovial cavities when affected with tuberculous

disease. In none of these instances did the effusion contain great numbers of

tubercle bacilli, and yet removal of the fluid usually was followed by a cure. It

was soon discovered that tlie ])resence or absence of an effusion in t he peritoneal

cavity seriously influenced the outcome of the surgical treatment of tuberculous

peritonitis. The cases in which no fluid is present are by most authorities re-

garded as presenting a |)Oorer prognosis than those which are associated with

pronounced ascites. As was stated undei- the head of etiology the [)ercentage

of recoveries after oj>eration is larger in children than it is in adults. The

exception to this rule, howe\'er. will he found in infants, in whom, as stated j)re-

viou.sly, tuberculous invasion of the ])eiitoneuni is but a i)art of a general tuber-

culosis and hence presents an ahnost hopeless prognosis.

In the case—that of a child only twenty-two months old—o])erated upon by

the writer, there was scarcely any ascitic fluid, but large masses of diseased lymph

nodes were present in the abdomen. His recovery fioni a most unpromising condi-
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tion was, in a large measure, attriliutablc to the post-operative treatment. Every
advantage was given him in the way of change of chmate, excellent nursing, and
close attention to his physical wants. There is no doubt that the prognosis in

all cases might be materially improved if the same hygienic, dietetic, and other

measures regarded as essential for the treatment of pulmonarv tuberculosis

could be enjoyed by those suffering from tuberculous peritonitis.

Certain specific symptoms are to be considered in connection with the

prognosis. A persistently high temperature is suggestive of a mixed infection

and hence forebodes an unfavorable outcome. Diarrhoea associated with mucous
or bloody stools imjjlies intestinal involvement, and hence is to be regarded as

a serious manifestation. Marked emaciation indicates a weakened resistance

and a poor j^rospect of recovery.

The possibility of tuberculous disease being awakened in other organs or

structures while the process is active in the peritoneum is not to be forgotten.

Not infrequently tuberculous meningitis has been lighted up under these con-

ditions. Symptoms of intestinal obstruction were reported by Johnson " as

having resulted, in a given case, from the deposition of tubercles in certain

tributaries of the superior mesenteric vein.

In forecasting the future of patients who have recovered from tuberculous

peritonitis one must not lose sight of the fact that the resulting adhesions may
at some time become responsible for partial or complete obstruction of the

bowels. Experience has taught that the younger the patient the more apt are

the exudates to be entirely absorbed and the less the danger of trouble from

subsecjuent adhesions.

Treatmp:xt.—General Measures.—As long ago as 1864, Bamberger spoke of

the spontaneous cure of certain forms of chronic peritonitis which evidently

were of tuberculous character, and he emphasized the importance of hygiene

and diet in their medical treatment. Rest in bed in the recumbent })osture,

to favor the absorj)tion of fluid, and breathing pure air (to be secured by

having the windows left widely open or, better still, by subjecting the patient

to what is known as the out-door treatment) are essential. The appetite is to be

stimulated and nutritious food is to be given in abundance. A healthful

climate or residence in the mountains or at the seashore is to be advised.

In a w^ord, every effort must be made to improve the general health of the

patient and to increase his powers of resistance. Recently Borchgrevink ^^ has

put forth the claim that a larger percentage of the cases of tuberculous peri-

tonitis can be cured by hygienic and medical than by surgical means, and

Fenger^^ has asserted "that nature cures tuberculosis of the peritoneum better

than does the surgeon." In a table which has been prepared by Bircher^ and

which includes two hundred and thirty-four cases thus treated in eight large

hospitals in Europe and the United States, it is set forth that one hundred

were cured. These observations have led to a careful review, on the part of

many investigators, of the treatment of this disease, and at the present time our

ideas are undergoing revision. A broader view of the indications for treatment

is bein" taken.
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It is essential, as has been previously stated, that it be determined, if possible,

whether the disease be primary or whether its appearance in the abdomen be

secondary to another tuberculous lesion, and, if so, where the original focus may
be located. If perchance it be seated in the intestines and if the presence of

tuberculous ulceration be surmised, the use of sonu^ iodine preparation internally

has been advised by Yeo^" and Miserocchi,^* who hold that, just as it can be

demonstrated that this drug is eliminated in the excretions of the body, it is

also probably secreted in the peritoneal cavity in quantities sufficient to act

as an antitoxin or to serve as a bactericide. As much if not more benefit is

secured from the administration of some creosote preparation. Our own

preference is for guaiacol, which has apparently been of great service in relieving

the intestinal symptoms as well as in influencing favorably the general condition

of the patient. In this class of cases the regulation of the diet is particularly

essential; the latter should be of a bland and non-irritating character.

External Applications.—Various applications to the abdomen have been

advised, but they are of doubtful utility. Knox *^ has seen marked im])rovement

attend firmly strapping the abdomen—a procedure which he employed for a

double purpose. In the first place, it secures rest by furnishing mechanical

support to the abdomen and at the same time restricting its movements; and,

in the second place, it causes an exaggeration of the thoracic movements and

induces aspiration, whereby lymphatic absorption may be increased and the

removal of the fluid favored.

Caesar *^ reports the case of a child seven years of age whose abdomen was so

distended that she could not see her toes, but who, under rest in bed and the

local application of mercurial inunction and a firm flannel bandage, was able,

in the course of a month, to run about. Except for the presence of some

enlarged lymph nodes, the child appeared to be quite well.

Serum Treatment.—Reference has been made to the use of tuberculin for

diagnostic purposes. It has also been used therapeutically. Two methods

have been employed. In the first, one of the many sera has been made use of,

while in the second a vaccine has been emj)loyed. A comin-ehensive review of

this subject appears in Maylard's work, in the chapter on Abdominal Tuberculo-

sis, which was written by Hunter.

^'an Huellen and Sonnenberg " have called attention to the wisdom of using

the anti-tuberculous scrum of Marmorek when surgical procedures have failed

to eradicate localized tuberculous jjrocesses. The claim is made that, from the

u.se of this serum, there occurs an improvement in the general as well as in the

local condition. Two cases of tuberculous peritonitis were treated by these

writei*s with this serum. In one of the patients, whose condition was most un-

l)romising, a complete cure, as it seemed, had been effected. The other patient,

though improved, was still under treatment at the time of the publication of the

])apcr.

Hunter reaches the conckision that as yet the scrum treatment for tuberculous

disease cannot be recommended. He draws attention to the difference between

the toxin of diphtheria an<l that of tuberculosis. The former is a diffusible
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toxin produced by a micro-organism which is always local in its growth; while

the latter is endogenous and is probably liberated only when the bacillus dies or

comes in intimate contact with some tissue cell which it proceeds to destroy.

According to his belief, the problem in tuberculosis will be to find an anti-

bacterial rather than an antitoxic substance.

A vaccine is defined by Wright ^ as "any chemical substance which, when in-

troduced into the organism, causes there an elaboration of protective substances."

The vaccine is derived from the bacteria themselves. Upon entering the body it

unites vnih the natural antibacterial substances existing in the blood. The tu-

bercle bacilh are acted upon mainly by opsonins. The opsonic index, which,

in this instance, is the measure of the capacity of the blood-serum to aid white

corpuscles to take up tubercle bacilli, forms some measure of the resistance which

our tissues are able to offer to this organism. The tubercle bacilli grow best in

people having a low opsonic index. In treating a tuberculous lesion it is essential

to increase the opsonic content of the blood, and the vaccine used for the purpose

must be antibacterial. Koch's ''old" tubercuhn is of little use, as it contains

only soluble products of the bacilli and gives no immunity as regards the action

of the more important endogenous toxins. This immunity is conferred by
Koch's ''new" tuberculin, or "tuberculin R," which is made from the dis-

integrated bacilli themselves. It consists of 10 milligrammes of the dried tubercle

bacilli in 1 c.c. of a forty-per-cent solution of glycerin in water. The doses range

from s^oTo ^o ero" ^g- The treatment demands much time, and the estimation

of the opsonic index requires special education.

Riviere,^ at the annual meeting of the British Medical Association in 1907,

discussed the value of tuberculin in the treatment of tuberculous peritonitis

in children. Under its use nearly all of his patients improved rapidly. One
child, who was going down hill for many months under medical treatment, was

regarded as being beyond help. Immediately after the tuberculin treatment

was begun, she became cheerful and her weight increased (from October to

the following July) from twenty-five to forty-two pounds. In another article
*^

upon the same subject Ri\iere takes up the cjuestion of dosage, together with

other details of treatment. He considers the proper dose, for a child one year

of age, to be from ^^ooo to -giro
o" ™&- '> ^^r one five years old, 4 q\ q mg. ; and

for a child of ten or twelve, -g-oVo ^^g- The injections are repeated at intervals

of two weeks. He believes it to be essential, even in administering the average

dose, to watch the opsonic index.

Treatment by Means of the X-ray, etc.—In a recent and very exhaustive review

of the subject Bircher^ reports the result of his experience with the .r-ray in the

treatment of tuberculous peritonitis. He refers to the use, first made b}' Finsen,

of concentrated rays of sunlight, and later of the electric light, to destroy bacterial

life in the treatment of tuberculosis. Since 1898 Bircher has used the Roentgen

rays, either alone or in connection with operative procedures, in the treatment of

various forms of tuberculous peritonitis. Others had used it before with varying

results. At first, Bircher resorted to it only in inoperable cases, and in many

of these the results were remarkable. He used an instrument having 110 volts
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and two to three anijX'res, witli a inaxiiniiiii spark-gap of 500 mm. He used

hard or mediuni-hard tubes. The treatments were gi\-en dail}- for from three

to four weeks, in sessions of fifteen to thirty minutes, dejx'iiding ui)on the

character of the tube and the enchu'ance of the ))atient. If no improvement

foHowcd. tlie treatment was interrupted for two weeks and then resumed. If,

after this resumption of the treatment, no im})rovement occurred, it was alto-

gether discontinued. Of sixteen cases not cured by a singk> laparotomy', seven

were cured by the use of the j'-ray : fi^•e W(>re improved ; and four died. Patients

reacted diff(>rently to the Roentgen rays. For example, in one case an ojH'ra-

tion had failed to give relief. The j-ray used for twelve weeks aj^jjarently

did not imj)rove the situation. Then there followed a second ojieration, at which

a ventral hernia i-esulting from the first operation was cured, and after this the

patient made a complete recovery from her tuberculous disease. In another

cas(\ the x-ray failing to give the desired i-(>lief, an operation was performed.

No improvement followed this procedure, but. after a second course of seventeen

days with the a:-rays, a marked improvement took i)lace, and the i)atient was

ultimately cured without further oi)eration. In a patient sufiering from the

adhesive variety of tuberculous peritonitis, oi)erative treatment had l)een

attended witii no benefit, but the emi)loyment of the .r-ray was followed In-

great improvement. In cases in which the disease was either so mild as not to

justify an operation or so severe as not to warrant it, fifty per cent were cured by

this agent. In some instances in which the j'-ray was used with benefit and

then discontinued, the patient subsequently went on to a comi)lete cure. Bircher

mentions other instances in which direct benefit attended the use of the Roentgen

rays. Seemingly he has established, for this therajH'Utic agent, a definite place

in the treatment of tuberculous peritonitis. In the adhesive or plastic varieties

of the disease, in which a surgical procedure offers but little encouragement, the

use of Roentgen rays is indicated as preliminary to. or in many cases in place

of, a surgical ojx'ration. It is also to be advised for those patients who are

extremely cachectic, and in whom, consecpiently, surgical intervention would

hardly be wari'anted. It is suitable also for the milder forms of tuberculous

peritonitis. Sub.se(|uent]y to the oi)eration the Roentgen rays may be used to

advantage in all cases in which the fluid that reappears after the operation shows

no disposition to disappear, even after the lapse of two weeks. The j)roc(>dure

may be employed in any casein which there is evidence of recurrence. It can

be alternated with the high-freciuency current.

In some of our own cases we have employed the I{oentgen-i-ay treatment in

as.sociation with a surgical operation, and the i)lan has j^roved of substantial

\ alue. It has Ijeen our practice to give one j-ray treatment weekly, a very hard

tube being employed and the rays l)eing allowed to j)ass through a leather filter.

On the other days of the week, or on alternate days, high-fre(iucncy treatments

are given, a vacuum tube being used for the purpose.

Operative Treatment.—The earliest and sim])lest of all surgical jjrocedures

is that of tapping the abdomen. Obxiously its application was limited to the

a.scitic cases. Moiv iv<'e(itlv, aftcf llic \\illi(hawal of the lluid with a trocar
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and cannula, various drugs, the normal salt solution, and air or oxygen have
been introduced into the ]3eritoneal cavity. About 1890, and for a number of

succeeding years, this practice was strongly recommended by certain French,

Italian, and Vienna surgeons, and a number of cures were placed on record.

Mader, of Vienna, reports four cases, of which he cured three by simple tapping,

and Mosetig-Moorhof,"** Nolen,^^ and Duran eight cases, in which, after the fluid

had been withdrawn, the abdomen was inflated with sterilized air, with the

result of curing seven. Seganti ^° claims to have cured twelve cases by tapping

and irrigating with nomial salt solution; while Riva,'^^ another Italian surgeon,

reports eleven cures by tapping and then using sterile water, instead of the

nomial salt solution. Of ten cases which had been treated by the same method,

Baylas reports six cured and four improved. The total number of cases

recorded as having been ti'eated along these lines is, up to the present time,

forty-eight, of which forty-one are said to have been cured.

Carvi reports that he had under treatment, for two months, a patient from

whom he withdrew daily from five hundred to one thousand grammes of fluid

with a trocar and cannula, and in the end the patient recovered.

The treatment by tapping is based on the assumption that the most im-

portant step is the withdrawal of the ascitic fluid. This assumption is not

altogether warranted. ^Moreover, this method is not entirely free from danger,

as the risk of damaging the intestines is considerable. That tapping very

frequently is of no avail is e^-idenced l)y the fact that many patients who have

been pre\dously so treated, subsequently require radical operation. Thoenes,

in a series of thirty-one cases in which he performed laparotomy, states that

eight had been tapped. In view of the splendid results obtained by aspiration

in tul:)erculous pleurisy, this necessary conclusion is very disajjiiointing.

The recurrence of ascitic accumulations has led to the recommendation of

continuous drainage for the cure of obstinate cases. This procedure has also

been undertaken in advanced conditions. Ochsner" reports that he operated

upon a married woman, twenty-six years of age, whose ovaries, tubes, and uterus

were embedded in a mass of tuberculous tissue so extensive as to render the

removal of these organs a hopeless undertaking. The ciecum, small intestines,

and omentum were also matted together. Both the \'isceral and the parietal

peritoneum were thickly studded with miliary tubercles. Ascitic fluid filled the

remaining abdominal space. Ochsner inserted a drainage tube with the hope of

gi\dng the patient temporary relief, and then closed the abdominal wound

around the tube. The patient made a slow recovery, being able to leave the

hospital in six weeks. In reporting the case, eleven yeare after the operation,

he was able to state that "the patient is a strong healthy woman and has given

birth to two healthy children."

At the International Congress held in Berlin in 1890, Koenig^^ reported upon

131 cases subjected to operation during the six years which had elapsed since he

first recommended surgical treatment. The operative mortality was 3 per cent.

One hundred and seven of the cases, or 81 per cent, terminated favorably. Of

these, 23 were improved and 84 (or 64 per cent) recovered. Of the latter num-
VOL. VII.—.35
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her, 34 had hccii under observation for more than two years after operation,

30 of whom were known to have remained jx-rfectly well. It can therefore be

said of tliese eases that at least 25 per cent had been jjermanently cured.

Bas(>d upon their surp;ical treatment, these cases made three groups. Those

of the fii'st ii'i'^Hj) were treated by simjile incision. In the cases of the second

group tile abdomen was tirst opened and then, after all of the fluid which i)o.^sibly

could be removed had been withdrawn, various drugs or medicated solutions

were introduced into the iJei'itoiical ca\'it>'. In the third grou|) such diseased

organs as the ovaries, tubes, api)endix, or intestines, were removed.

Among tile various bactericidal di'ugs that had been introduced into the

peritoneal cavity were solutions of salicylic acid, thymol, corro.^ive sul)limate,

and carbolic acid. In eighty of the cases iodoform had either been dustecl into

the abdomen or rubbed into some of the di.-<eased structures. In ttfty cases no

antibacterial agent was used and apparently tlu> lai'gest percentage of cures

followed this line of procedure. Cures occurred in each of the ^arieties, as well

as at different stages of advancement of the disease. It is therefore permissible

to say that, to each of these methods of treatment, cures of the various forms of

tuberculous ])eritonitis may l)e credited.

At the conclusion of his i)ai)er Koenig, after considering the factors which

had been responsil)le for these results, states that we are in the presence of a

riddle which he is unable to solve, and he expresses thv hope that, with frequent

incision of the abdomen and energetic and scientific investigation, its solution

may some day be reached. Since that date no field of surgery has l)een more

earnestly subjected to investigation than has this, and yet we are by no means

prei)ared to give a satisfactory exj)lanation. A careful survey of the suliject

during the (piarter of a century which has elai)sed since Koenig placed the

diagnosis of tuberculous i)eritonitis upon a more secure basis, and suggested

for this diseased process surgical relief, justifi(>s the assertion that, in properly

selected cases, operative measures ha\(' cured many cases previou.sly regarded

as incural)le. Watson Cheyne,^^ in his Harveian Lectures deh\( red in 1S9().

makes this statement in sj^eaking of the operative treatment of tuberculous

jwritonitis: ''All, even the gravest forms, show some good results, and there

is no form in which we can say that laj)ai'otomy is absolutely useless." While

in most cases we can judge of the patient's recovery after operation only by the

.sul).^e(|uent clinical course of the case, in many instances tiue anatomical cures

have been demonstrated—that is to say, the disappearance of the tubercles has

been pi-o\eii by a laparotomy |)erfoi'nied later for the I'elief of some other

condition.

N'arioiis explanations of this ha|)py termination dt' the siu'gical pi'ocedui'es

instituted lia\'e been oll'ered. It has been at I ri billed to the admission of sunlight :

to the antagonism produced by the admission of bacteria introduced at the time

of the operation; to the irritation resulting from the manii>ulations incident

to the operation; to the alteration efTected in the ciiculation. as a result of

wllich the J)ressui"e upfui the blood-\'essels ami lymphatics is i-ehe\'ed, the

activity of the circulation is inci'ea.^ed. and the process of absorjition is gi-eatly
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favored; to the production of adhesions and the oonsequent isolation of tuber-

culous masses; and, finally, to the stimulating effect of the exposure of the

peritoneum to the air.

It has been noticed that in those patients from whose abdominal cavities

a large amount of ascitic fluid has been removed, the results of the operation

are apt to be particularh^ favorable. Espenscheid "" reports that he had (52

per cent of operative cures in his ascitic cases as against 18 |)er cent in the dry

ones. The experi(>nce of other surgeons is given by Murphy in the address

referred to above. He presents the following statistics: ''Margarucci, 250

operations in Italy, with 85 per cent cures; Yon Krencki, 266 operations, with

71.5 per cent cures in the ascitic, 61.6 per cent in the adhesive, and 75 per cent

in the encysted cases; Thomas, 346 operations, with 73 per cent cures in the

ascitic, and 57 per cent for both the encysted and the dry; Roersch. 358 opera-

tions, with 70 per cent recoveries; Addosides, 405 operations, with 75 percent

recoveries; and Hall, of C'incinnati, 110 cases, of which only 4 occurred in

males (and in them he attributed the source of the disease to the appendix)

and 106 in females (in whom he found this structure responsible for the condition

in but 8). Ninety-four of Hall's cases (or 89 per cent) are reported to have made
S}^lll)tomatic cures. The claim put forth, thcrcfoi'f. that by incision the ascitic

has been converted into the dry form, and that this is a step toward repair, can

hardly be accepted, as the dry cases are generally regarded as presenting a more

unfavorable {jrognosis.
'

'

^'arious explanations have been offered to account for the more favorable

outcome of operations in the ascitic cases. It has been claimed, for instance,

that the exudate possesses certain poisonous properties which are removed by

means of laparotonn\ Wright and Douglas^' found that the ascitic accumula-

tion is sometimes poorer in protective substances than the i^aticnt's blood, and

they therefore assume that the evacuation of the old and stagnant lymph and

the transudation of new and potent lymph from the blood-vessels furnishes the

probable explanation of the benefits attending the removal of the ascitic fluid

in tuberculous peritonitis.

The bacteriological study of the ascitic fluid has Ix-cn of nuich interest.

Recent ascitic accumulations have l^een fountl usualh" free from tubercle bacilli.

Lauper" claims to have positively found them in cases of nine months' and

thirty months' standing, as well as in an exceptional case of two months' dura-

tion, in which there was a coincident double pleurisy. Mayo ^" states that, where

the disease has been of tubal origin, ascitic effusion separates the fimbriated

extremity from the surrounding tissue, and that after the fluid has been removed

adhesions form at the end of the tube preventing re-infection of the peritoneum

and limiting the process to the pelvis.

Gatti,'^'' as a result of carefully conducted animal experimentation, has

demonstrated that, after the performance of a laparotomy, there collects in the

abdomen a bloody serum which possesses bactericidal and antitoxic properties,

and that to the presence of this serum the cure is to be attributed. AS^atson

Cheyne '^ also accepts this view. In animals in which h(^ had provoked experi-
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mental tuberculous peritonitis Gatti found that, if the effusion was removed

from the abilomen at an earl}' period after its formation, the animals di(>(l;

whereas, if it was allowed to remain undisturbed or was removed at a late pc^riod,

the animals recovered. It also appeared, as a result of his studies, that the

presence of caseous tubercles in animals always foretold a fatal termination.

It has been demonstrated that this condition is l)v no means so (generally fatal

in the human race.

In considering the treatment of tuberculous peritonitis it is essential to

decitle how long medical and hygienic measures are to be continued and when the

opportune time has arrived for surgical intervention. To a certain extent

this decision is influenced by the conditions existing in each individual case.

The rapidity with which the disease is progressing, the general health and vigor

of the patient, and the condition of the other organs of the body are imi)ortant

factors in determining this question. As long as there is any evident improve-

ment medical treatment should be continued. If, however, after a reasonable

period of time has elapsed, the fever has not abated, if emaciation is progressing,

if the patient's strength is failing, and if the ascitic effusion shows no indication

of disappearing, operative intei-vention is indicated—provided, of course, the

patient possesses the necessary degree of vigor. Should the patient improve

for a time, and should ihvn a halt occur in his imj^rovement, this course of events

may likewise be regarded as an indication for oi)eration. On tlie other hand,

if the lungs or the intestines be markedly involved, an operation offers but

slight prospect of effecting an improvement. However, it has occurred to us,

as it has to other surgeons, that the coincident involvement of the pleura, as

evidenced by an effusion in one or both cavities of the chest, is, not only no bar

to operation, Init rather an inducciiicnt to operate; for tlu' pleural effusion has

disappeared after a laj)arotomy and has not recurred.

Shattuck *- states that if, after a lajjse of six weeks, there has been no evident

improvement, the time for operation has arrived. Cheyne^* fixes this same

period for the acute forms, but a longer one for chronic cases. To early opera-

tions Gelpke -^ takes exception, and he reaches this conclusion as a result of his

own as well as the experience of many of the German clinics—those, for example,

of Lindner and of Kocher; the Frauenklinik of Bonn; the Heidelberg Clinic;

Runge's and Braun's clinics at Goettingen; and the Fi-auenklinik of Tuebingen.

Lindner rejxjrted upon 47 operated cases in which the duration of the disease

could be determined. There were 3-4 recoveries. Of those patients who re-

covered it was known that tuberculous peritonitis had existed in 11 for less than

six months, and in 23 for a longer period. Of the 13 who died, it was kno^\^l

that in 4 it had been present for less than six weeks, and in 4 for two to three

months jji'ioi- t > the ojx'iatioii. The remaining .'5 patients wei'e operated upon

when the disease was more than three months old.

In the clinic of Kocher, at Berne, the periotl of existence of the disease

before operation was known in 14 cashes. Of these patients 10 were cured,

9 of them having suffered for periods varying from six months to four and one-

half years, while in only one had the disease been jjresent for only seven wcH^ks.
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This patient had marked ascites as well as a double pleurisy. The 4 who
died included one case of three weeks' and another of five or six weeks'

duration. In the remaining 2 the disease had been present six months. In

one of these patients the serum found was turbid and curdy, and the intestines

were matted together, while in the other the serum was bloody, many large

caseous masses were present, and the intestines were matted together. The

latter patient also had pulmonary tuberculosis.

The Frauenklinik of Bonn had a record of 16 cases with a known duration.

Of these patients 11 died and only 5 made a recovery. In one of the latter

patients the disease had been present three months, in two others it had been

present four months, in the fourth patient it had been present six months and

in the fifth nine months. Of the 11 who died, 6 had suffered from tuberculous

peritonitis for less than three months and none longer than six months. Some

of them were advanced in years and others had pulmonary complications.

At the Heidelberg clinic there were 24 cures out of 36 cases with a kno^^ii

history. In 5 of the latter the disease had existed less than three months,

in 2 for a j^eriod of three months, in 1 four months, and in the remaining 16

for periods longer than six months. Of the 12 patients who died 9 had been

afflicted with tuberculous peritonitis for a period shorter than two months. In

the others it had existed three months; one of the patients dying of hemor-

rhage due to ha?mophilia, while each of the remaining two had pulmonar}^

tuberculosis.

From Runge's clinic at Goettingen there are reported 16 cases, with 8

recoveries and 8 deaths. Of the 8 who died after the operation, the disease

is said to have been present in 7 for a period of seven weeks or less, and in

the eighth for only three months; while, of the 8 who recovered, only 2 were

operated upon early.

From the clinic of Braun at Goettingen there are reported 28 cases in which

the duration is recorded. Seventeen of these patients reco^•ered. One of

the latter was a boy of twelve w^ho was enormously ascitic, although the dis-

ease had existed but six and one-half weeks. Two others had a history of

about two months' illness. In 7 the disease had existed for from thi-ee to

four months; in 4, from six to seven months; in 2, for one year; and in

1, for from two to three years. In the 9 who died the disease was known

to have existed in no case longer than seven weeks, and in some for only about

two weeks.

The Frauenklinik of Tucbingen was able to report on 27 0})crative cases

in which the duration of the disease was known. Of these patients, 11 were

cured and 16 died. Of those cured, 5 had tuberculous peritonitis for four months

or less, while in the remaining 6 the duration of the disease was given as

ranging from seven and one-half to eighteen months. Of the 16 who died, 10

were known to have had the disease for a period of two months or less, and in

but 4 had it been present for from six months to a year.

The experiences narrated in the preceding paragraphs apparently justify the

conclusion that early operation for tuberculous peritonitis is contra-indicated.
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It seems certain that the best results are obtained when the manifestations have

beeonie stationary, and that th(\v are never so good if surgical treatment be

instituted while tlic process is acute. Nature should be ,iii\-eii an oiiportunit^'

to erect her own jjrotective barriers. The.se results are entirely in accord with

tho.se obtained by datti""' in his animal (>x|)eiinientati()n, to which reference

has previously been made.

Technicjue of the Operation.—The usual incision is through the abdominal

wall, although Condamin and Lohlein recommend oj)erating through the vaginal

vault. They claim, in favor of this ])roce(lure. that there is less danger of in-

fection, that there is no llabillt}' to the production of a venti'al hernia, that

there is less shock, and that recovery follows more i)romi)tly. Seven cases were

operated ui)on by them, with four riH'overies. Baumgart '" has expressed the

same view with regard to this procedure: and yet it has few advocates.

The abdominal incision is usually carried through the median lin(\ Care

shoidd l)e exercis(>d, in cases in which adhesions are i)resent. to avoid damaging

the intestines, and th(> aim .shoidd be, in every case, to enter the free jx'ritoneal

cavity. Stone'" m(>ntions three cases as having sustained rui)tui'e of the in-

testines in the course of operation. Many surgeons have had sinular experiences.

The operation originally suggested by Koenig^ consistecl in making a simple

incision, evacuating the fluid, and closing the abdomen without diainage. Soon

afterwai'd. however, many additions to this simple ])rocedure wei'e suggested.

The abdominal cavity was flushed with medicated solutions, normal .salt

solution, and sterile water. Mikulicz was the first to attribute to iodoform

bactericidal jji'ojx'i-ties in tubei'cidous affections and to appl\- this dmg to the

affected areas in tubercidous peritonitis. For a nund^er of years the majority

of surgeons followed this practice, but ex]ierience has shown that the ca.ses do

fully as well, If not better, without the use of li'rigatioii oi' the Introduction of

drug> Into the abdomen. Drainage was also ))ractlsed for a time by many
surgeons in the ascitic cases; but this ])r()cediu"e is not without its dangers. It

favois sejjtic infection and may lead to intestinal ulceration and the sub.s(M|uent

production of a fecal hstula, or be responsible for a lasting tuberculous sinus.

For these reasons the use of drains has l)een practically abandoned, except in

such rare instances as th(> case of Ochsner." previously mentioned.

Suigeons are divided In tlieli' views as to the necessity of instituting simple

or exlensi\'e procedui'es to obtain a cui'e. \\ . J. Mayo'" ex])i'esses himself as

being in favor of radical ])roce(lures. He states that ca.s(>s treated by incision

alone at his hands fre(|uently did not remain well: that they retununl to him

suffering either from relap.se of the peiitoiieal affection or from some other form

of tuberculous infection. Some I'et uriied as iiiaii\' as foiu' oi- five times. Failure

to cure by sim])le lai)arolomy inihiced him to undertake extensive ojx'rations

—

in some cases even hysterectomy. The sid)se(|uent examination of the organs

iemo\-ed did not jiistiry these extl'euie Ilieasui'es. This has also been the ex-

perience of the (lerman surgeons. In many cases the tuberculous j)roce.ss causes

extensi\-(' matting together of the pel\lc oigans and they become so buried in a

ma.ss of exudate as to be practically umccognizable. To attempt their enudea-
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tion would be to incur great risk of rupturing intestines, not to speak of the

ultimate formation of incurable fistula?.

Murphy '^ was })erhaps the first American surgeon to lay stress upon the

association of tuberculous peritonitis and salpingitis. He emphasized the fact

that repeatedly he had found tuberculous ulcerations of the mucous surfaces

lining the Fallopian tubes, in which channels practically a form of lupus had been

established. He became a strong advocate of the genital origin of tuberculous

peritonitis in woman and of the necessity of performing salpingectomy' for its cure.

Mayo ^^ states that in twenty-six cases he has been able to enucleate tuber-

culous Fallo})ian tubes coexisting with tuberculous peritonitis, and that each

time he found the site of the most extensive peritoneal involvement to be nearest

them. It is held that sterility is the rule after tubal tuberculosis.

Gelpke^'^ sums up his experience with this condition as follows:—One married

woman remained sterile; two who were immarried became amenorrhoeic ; and

three, in whom presumably this form of disease existed, continued to menstruate

normally. Hegar calls attention to the fact that infantile genitalia are fre-

c^uently found in women who, in their childhood, had tuberculous peritonitis.

The surgeons who are opposed to the efforts at radical removal of the struct-

ures involved in the tuberculous process, maintain that, since simple laparotomy

has led so frequently to permanent ciu'es in cases where the peritoneum was

found studded with myriads of tubercles and the omentum converted into a

hard tuberculous mass, there is no reason to doubt the recuperative power of

nature to overcome a relatively insignificant condition like a tubal invasion.

Between the conflicting and extreme views held, on the one hand, by those

who are advocates of a simple surgical procedure, and, on the other, by those

who favor an attempt to remove radically what is apparently the primary focus,

there must be a middle course. After one has entered the abdominal cavity

and has given vent to the ascitic accumulation, one should inspect the appen-

dicular region, in the male, and this region as well as the Fallopian tubes, in the

female. If it be found possible, without risk of damaging the intestines or

other structures, to remove these diseased parts,—the fact of their being diseased

having first been established,—this should unquestionably be done. If, how-

ever, they are found to l^e firmly embedded, and if, conscqueritly, their removal

would prove a matter of great difficulty, it is undoubtedly wiser not to attem{)t

their enucleation. Fatal septic peritonitis has been awakened in many cases

by such efforts, while, in those who recovered from the operation, fecal fistulse,

as has already been stated, have frequently been established, and these fistuhe

either terminated in a fatal issue or became the source of much discomfort and

annoyance. The dry variety of tuberculous peritonitis is particularly favorable

to the formation of such fistula\ That they aiv easily produced is e\-ident

from the facts that Albert caused one by simply serai)ing the peritoneum and

Koenig another by merely rubbing iodoform into an infected area.

The recurrence, after operation, of manifestations which indicate beyond

a doubt that the pathological process is still active, does not necessarily imply

that the case is beyond aid. It is here that the Roentgen-ray treatment, asso-
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ciated with hygienic measures, proves helpful. The failure to cure a given case

by a single operation docs not preclude further operative procedures, provided

the patient's condition warrants them. D'Ui-so^* operated upon one case four

times in the course of nine months, and in the end a perfect recovery rewarded

his efforts. CJalvani^" is a most earnest advocate of this procedure. Murphy-^

ha>i collected the records of seventy recurrent operations. In one case it was

noted that, at the first operation, the alxlominal end of one FallojMan tube and

the neighboring peritoneum were studded with tubercles, and that, at the second

operation, the same condition was present on the opposite side, while the first

was found to have healed completely.

Subsequent la]\arotomies performed for other conditions furnish an o])]-)or-

tunity for studying the results of the surgical treatment of tuberculous peritoni-

tis. Israel found that nodules of the size of cherry pits had disappeared thirty-

six days after the operation. Catinari foinid the pcn-itoneum perfectly smooth

two months after the first operation; Herzfeld" found two cases cured—one

eight months, the other four and one-half years afterward, and Thoenes^*

three cases cured, four, eight, and eleven years respectively after the operation.

Jordan^- collected ten cases in which an absolute anatomical cure could thus

be demonstrated, and in addition four instances of i)atients dying of other

conditions, in whom the tuberculous jieritonitis was found hcvaled at the autopsy.

The prospect for a cure, in the adhesive variety of tuberculous i)eritonitis,

is not so promising. It is in these cases, particularly, that great care should be

exercised not to injure the walls of the intestines. Localized accumulations of

fluid may be emptied, but no attempt should be made to remove the cyst walls.

Any form of tuberculous invasion of the peritoneum may develop a mixed

infection and become septic. AMien this state of affairs exists surgery is

usually of doubtful utility. Some surgeons have expressed the opinion that

medical treatment along the lines previously indicated affords a better outlook

than does surgical intervention. If operation be undertaken the procedure

should be an extremely conservative one. The danger of damage to the in-

testine nuist never be lost sight of, and no attempt to remove septic masses

should be made if, in the endeavor to accomplish this, the separation of these

masses is not very easily accomplished. Even the introduction of drainage, in

this class of cases, may be followed by serious consequences. Murphy -^ reports

the case of a young woman whose disorder had been diagnosticated as typhoid

fever. Below the level of the umbilicus, the abdomen was dull : nodular masses

could be felt in the cul-de-sac. Upon oiH'uing the abdomen he entered a ]nis

cavity. No intestines were in sight. He removed the Fallopian tulx's and

jilaced both gauze and tube drainage, which were removed on the fourth day.

The fever disapi)eared after the operation, but soon returned, and the i)atient

died some weeks later. Murphy is of the opinion that, had he not drained, the

patient might have recovered.

When, in the course of an opeiation upon a i)atient belonging to this class

of eases, the intestines arc ruptured, the suture of the rent is usually of little

avail. In the course of a few davs the line breaks down and the forces are dis-
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charged freely through th(i wound, or a general peritonitis follows. Entercc-

tomy has been performed under these conditions, and while, in rare cases, it has

been helpful, most surgeons have found it useless.

Occasionally patients have been operated upon at a time when the disease

had already advanced too far to warrant the use of a general anspsthetic. Abbe "^

presented to the New York Surgical Society, at its meeting on Feb. 24th, 1897,

a woman, twenty-five years of age, upon whom he had operated eight months

before for tuberculous peritonitis. The disease had existed six months at the

time of operation. She had been tapped twice. She had become quite emaci-

ated and had a cough; her respirations were labored and rapid; there w^as

pleural effusion, and the abdomen was greatly distended with ascitic fluid. An
incision, three inches in length, was made under cocaine anaesthesia, the ascitic

effusion was evacuated, and the abdomen was flushed with a saline solution.

Her convalescence advanced rapidly and apparently her recovery was complete.

She had gained twenty-five pounds in weight.

Tuberculous sinuses have always offered an obstinate resistance to treat-

ment. Recently Beck*'^ has suggested a new method for curing them. It

consists in the injection of the sinuses with a paste which is composed of bismuth

suspended in vaseline, and which may be rendered firmer by the addition of

other ingredients. In the early treatment he recommends that 33 parts of

bismuth be added to 67 parts of vaseline, brought to a melting point, and then

gently injected after the mouth of the sinus has been purified with 95-per-cent

alcohol. For use at a later period he advises that the preparation be made of

30 parts of bismuth, 5 parts each of white wax and paraffin (120° melting point),

and 60 parts of vaseline. These mixtures are not permanent and must be

warmed each time before they are used. The injections are repeated as often

as the conditions present in each case may indicate. An ordinary glass urethral

syringe is used for these injections.
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ABDOMINAL HERNIA.

Bii E. WYLLYS ANDREWS, M.D.. Chicago, Illinois.

General Coxsideratioxs.

Ix a \Alde sense the word "hernia"" inckides protrusions of all organs from

their cavities, as of the brain from the skull, of the lung from the chest, and of

the syno\aal membranes from a joint.

The hernias of the abdomen are so distinct a class of affections as almost to

monopolize the use of the term.

In physical characteristics the abdomen differs from all other cavities of the

body. Its walls are more flexible and elastic, its contents more movable, and

its natural orifices more numerous and less protected. It is opened more often

by accident or design, and as a result weak }:)oints in its contour are left, and it

is, to a greater extent than other caWties, subject to yielding of its walls under

internal pressure. Its circumference and its floor, as well as its roof, are not

only passively movable, but in constant active motion. The largest blood-

vessels, as well as the largest digestive canals, pass through one or more of

these constantly mo^'ing walls, which at the same time hold back the air- and

fluid-containing hollow \'iscera from making their escape.

A difficult mechanical problem is presented in making these various outlets

and inlets of the closed abdomen ample in size, flexible in movement, and safe

against escape under pneimiatic and hydrostatic pressure. Yet this is what

nature accomplishes in connection vnth the diaphragm, the duodenal fossa, the

iirachus, the pelvic floor, the inguinal canals, and the outlets of the femoral

vessels.

It should rather excite our wonder that failure to withstand the strains upon

the abdomen do not more often cause gi^'ing way of its walls, than that 5deld-

ing is only occasionally met with.

It is becoming more apparent that either congenital deficiency or the effects

of wounds is present in a large proportion of all hernias of the abdomen,

so that we may well say that the normal, well-developed abdomen (Fig. 196)

rarely fails in its function of retaining its contents perfectly. The large part

played by congenital defect (Fig. 197), and the relatively small part by trauma

are matters which are now well understood: but this is less true of the rarer

forms of hernia—ventral, diaphragmatic, lumbar, ischiatic, etc.—than of the

commoner inguinal and femoral varieties.

The fluid- and air-fillid viscera "of the abdomen 1)ehave like free air or

fluid, exerting their hydrostatic and i)neumatic i)ressure almost eciually in all

directions. Hence they tend to protrude through nearly every side and corner
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of the belly—upward throu^^h its roof, the diaphragm; downward through its

floor, the pelvis; l)ackward through the loin; forward between the recti or

through the umbilicus; along the line of all its natural orifices, and into all the

folds and loops of its mesenteric attachments. This gives rise to a large variety

of anatomical forms of hernia, many of which are of minor clinical importance

because rarely seen, while others are so common as to make up nearly all re-

lated clinical experience.

The main value of a study of the rare and obscin-e forms, especially of internal

or concealed varieties, is to aid in the differential diagnosis of general abdominal

surgical troubles. Certain of these, internal or concealed hernias—as those of

the duodenal fossa, foramen of Winslow, obturator hernia, etc.—are very

rarely tliscovered except through some accident or by reason of strangulation.

The commoner hernias—inguinal, femoral, umbilical, ventral—have in

Fig. 190. Fig. 197.

Fig. 196.—Normal Contour of .Vbdominal Wall. (From Petrequin.)

Fig. 197.—Weak .Vbdoininal Wall. (From Petrequin.)

recent years received so much attention that their management has become a

highly developed specialty in surgery. The o])erative cure of hernia has been

entirely revolutionized since 1889, the date of Bassini's first paper, so that data

and statistics only one or two decades old are entirely valueless, as are most of

the methods of an earlier date. It is impossible to give too much attention

to the etiology, i)athology, and treatment of these very jjrevalent affections,

mainly becau.'^e their fretiuency is of an economic importance now recognized

by all ('mj)l(jyers of laboi-, including nearly every (h pailment of Government

activity. At least one in every fifteen or twenty of all males in every com-

munity is ineligible—by having hernia—for service ni Anny, Navy, Police, or

Fire Department. Insurance conij)anies demand that proper trusses be used

by all applicants. Civil and military (l('i)artments usually accept candidates
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after radical-cure operations, and in America the army medical bureaus have

detailed specialists in certain hospitals to operate upon the large number of

cases in which this condition appears after enlistment.

Certain associated complications or accidents, especialh' of abdominal

hernia, have given rise to such practical discriminations as irreducible hernia,

incarcerated hernia, inflamed hernia, and strangulated hernia.

Irreducibility of the first kind is due to adhesion of the contents of the sac

to each other, or to the sac itself, and often to both combined. Instances of

this nature are usually best relieved by prompt operative procedure.

In incarcerated hernia irreducibility is dependent on occlusion of the bowel

by fecal matter or foreign agents such as pits and seeds of fruit and other un-

digestible material. In these cases irreducibility can frequently be overcome

by dislodging the obstmeting agents by means of properly exercised manipu-

lation. If this fails, however, operative interference will be required to effect

a cure.

The designation, inflamed hernia, is applied commonly to hernia when con-

tents or sac, or sometimes both together, are inflamed, because of a direct in-

jury or the violence due to unwise manipulation for the purpose of reduction.

Operative practice for effecting a final cure is required sooner or later in this

class of cases; but, when practicable, mitigation or relief of the inflammatory

feature should precede operation.

Strangulated hernia is a common designation of a very important physical

condition of the bowel, which, after brief and cautious and unsuccessful taxis,

should, when advisable, be treated by operation for radical cure, as will here-

after be expressed.

Types of Abdo?*iixal Herxia.

Inguinal Hernia.—The topographical anatomy of the inguino-abdominal

region is beautifully illustrated in several modern atlases, notably the stereo-

scopic photographs of Enderlen and Gasser and the works of Petrequin, Guyon,

Paulet, and Koeberle. However, no artificial pictures of anatomy can fit one

for surgical effort in any degree comparable to that which can be secured by

frequent dissection of the parts in question. We may follow Gilis in diiiding

the groin into two opposing regions united (or separated) by the fold of

Poupart's ligament. These two planes are:

—

1. The inguino-abdominal region.

2. The inguino-crural region.

The inguino-abdominal plane is a triangle whose base is Poupart's ligament,

inner side the linea alba, and upper limit a horizontal line between the two

anterior superior spines of the ilia. The abdominal wall in this region is made

up of the following superposed tissues: (a) Skin; (h) Superficial and deep

fasciae, or subcutaneous tissue; (c) Aponeurosis of external oblique muscle;

{d) Striated muscular tissue (internal oblique and transversalis muscles) and

conjoined tendon; (e) Transversalis fascia; (/) Subperitoneal tissue; Cg) Peri-

toneum. Each of these deserves separate consideration in the study of hernia.
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Skin.—The skin of the "m.iiuiiial rc.i^ion is softer, tliiniicr. and more freely

movable than that above. It is thickly supplied with hair follicles and sebaceous

glands. The use of truss-j)ads jiroduces, in the groin, atrophic, depressed, or

discolored jiatchcs which are of diagnostic Nalue. This is sometimes of im-

])oi1ance when an old hernia is suspected as an element in ol)Scure abdominal

disease.

Superjh'ial Fascia.—The paimiculus of the groin is diN'ided to some extent

into two layei's by librous lamella', which are occasionally so firm as to cause

the inexju'rienced oju'rator to mistake them for the deep aponeurosis. The

fibrous formations in this subcutaneous fat are well developed over Poupart's

Hts. Fici. I'.IO.

Fir;. 198.—Di.s.secti()ii Sliowinj; l",xt('rii;il ()l)li(|iu' Muscle ami Situation of I'.xtcnial Ring; the

superficial oijiga.stric vessels lia\'e not been divided. (From Kndcrlcn and (Idsscr.)

Fk;. 100.— Dissection Showing the l''>xternal ( )l)li(iue Muscle Inverted so as to expose to view the

internal obli<iue, the creniaster, the cord, the ring, anil the interior of the inguinal canal. (From
Enderlcn and Gasser.)

ligament and I'ctain the skin in a deep groove at the inguino-femoial fold, no

matter how great the obesity. These fibres are by some writers gi\-en the name

"suspensory ligament of the groin." The deeper of the layers of the superficial

fascia of these ))arts has fibrous bands attached to the cribriform fascia, exter-

nal ring, and anterioi- rectus sheath. Some yellow elastic fibres are pi'esenl in

the central or sui)rai)ubic j)ortions and the.se merge with the coverings of the

cord or tunica j)rojiria and also spread out as they descend into the scrotum,

so as to form the true susj)ensory ai)i)aratus of the sac, and join in continuity

with the dartos. \'elpeau. from studies in conii»ara1i\-e anatomy, asserts that

this structure is the analogue of a muscle found in some mammals, and ht^

names it the ventricr. It is called by Sappey the "susi)ensory of the scrotum."
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Thompson names the whole cellular space "fascia femoralis abdominalis," and

the condensed part at the ring "fibrous cover of the external ring" (inter-

columnar fascia). The inguinal region contains numerous superficial and deep

lymph nodes which are of great importance in a diagnostic sense. Its vessels

are the superficial epigastric vein and artery, which lie some distance apart.

Branches from the circumflex ilii and external pubic vessels also cross the groin

and lower iliac fossa.

External Oblique.—The aponeurosis of this muscle is made up of coarse

fibres which mainly run parallel to Poupart's ligament and of which the latter

is the lowest part. This forms the aponeurotic insertion of the external oblique

muscle and transmits its powerful contractile force to the pelvis, groin, and

middle line. But this ai)oneurosis is so flat and broad that it constitutes here

Fig. 200.—The Three Iiigiiiiial Fossie. 1, External fossa; 2, middle fossa; .3, internal fossa; 4,

deep epigastric vessels; 5, umbilical artery; 6, urachus. {From Petrequin.)

the most important factor of the anterior abdominal wall; also it overlies the

other layers of the abdominal wall. This layer has, therefore, both an active

and a passive function, according to the state of the part. The opposite

muscles interlace or reinforce each other—markedl}' so at the pubis.

The External Ring.—The lower and inner bundles of the aponeurosis (pil-

lars), as they approach their insertion on each side of the pubis, diverge so as

to leave a triangular opening—the external abdominal ring. (Figs. 198 and

199.) These (one on each side) are 2 or 2.5 cm. in length and 1 or 1.5 in width.

The Red Muscle or Roof of the Canal—The two striated muscles (internal

obhque and transversalis), with one insertion (the conjoined tendon), are ex-

posed when the aponeurosis of the external oblique is divided. Only the lower

fibres of these muscles come into this field. They are inserted, as the con-

joined tendon, into the crest of the pubis and the pectineal line, and, when
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deficient, the posterior wall of the canal at this situation is much weakened.

This is i>robal->ly a congenital defect in many even of the acquired direct in-

guinal hernias. Looi>ed fibres of this red muscle, descending alono; the cord,

are called the cremaster muscle, and arc iiiuch hypcrtrophii'd in large hernias.

Tratisversalis Fascia.—This layer lies beneath tht' abdominal muscles, and

attains its greatest thickness in the lower abdomen and the inguinal region.

Gilis has shown that this fascia is distinct from the conjoined tendon. It is

the structure which forms the true internal inguinal ring, and as such deserves

special attention in j^lastic operations for the repair of hernia. A better idea

of this layer can be had by a posteri-

or or internal view of its openings,

booking from the inner ring toward

the pubis one sees, in Hesselbach's

triangle, a "weak spot," which is the

])()int of ])i'()trusion of some hernias.

At the inner border, toward Hes-

selbach's ligament, the fibrous mar-

gins of the ring are much more firm.

^^^len the ring is enlarged by hernial

protrusion it yields principally on its

inner or pubic side, thus shortening

the canal.

Subserous Fat.—This fat contains

three areas of different densities:

that about the internal ring; the

ei)igastric area; and the prevesical

area.

1. About the Internal Ring.

—

This region has the peritoneum close-

ly united to the fascia, but lobules

of fat protrude with the cord in some

cases and need attention lest they prevent firm closure by operation.

2. Epigastric Area.—This region has a very loose investment of adipose

tisues in which the dee]) ciJigastric artery finds its way internally to the ring.

In men it is 5 cm. outside the pubis, in women about 4 cm. from the same point.

This epigastric area of the subserous fat also carries two other important struct-

ures, viz., the vas deferens and the spermatic vessels which here come together

to fonn the cord.

3. Prevesical Area.—This large space, composed of loose tissues, lies below

the reflected peritoneum rather than in front of it. It is surgically important

from the fact that, in hernia of the bladder, the ])eritoneum usually is left

behind, forming the so-called sliding hernia or one without a sac.

Peritoneum.—To study this layer properly tlie abdomen should be opened.

A false or imjierfect idea of its anatomy is obtained in hernia operations, which

often are j)lanned to deal mainly with the muscles, sometimes only those in

Fig. 201.—Dissection Slunving the Deepest Lay-
ers of the Abdominal Wall or the Transversalis

Fascia. Deep-red muscle retracted. (From End-
erlen and Gasser.)
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front of the cord. The most important information obtained from an internal

examination of the peritoneal side is that it is not flat or uniform, but contains

three depressions. These are termed the internal, middle, and external inguinal

fosScT. (Fig. 200.) The internal fossa is bounded by the middle line or urachus
and the umbilical artery. The middle fossa lies between the umbilical artery

and the epigastric vessels. The external fossa lies outside the deep epigastric

vessels. It contains the vestiges of the processus vaginalis of the cord and,

in congenital hernias, communicates freely with the tunica vaginalis. Hessel-

bach's triangle includes the space lying between the deep epigastric artery,^^H
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this process is reflected from the surface of the <2;reat vessels to form the se})-

tum cruralc. In the inguinal canal this fascia, as shown hy the photograph

(Fig. 201). tills the whole space between the cord and the exit iind the i)ul)is.

Its lower insei-ti(Mi, between the femoral vein and the jjubis, is into (Jimbernat's

ligament and the jx'ctineal line within, and is continuous with the pelvic fascia

without.

IIcsscl!>acli's Ligament.—Looked at from within the bordei' of the internal

ring Hesselbach's ligament is seen to be a fiiin and crescent-shaped structure.

(See Figs. 202 and 203.) It may be seen veiy distinctly if the i)eritoneum is

l"u:. 204. Fig. 205.

Fig. 204.—Pliotograph of a Horizontal Section of the Trunk of a Nine-Months Fiptus. The
picture represents a view of the pelvi.s a.s seen from within the abdominal cavity. Tlie uraduis ami
unibiUcal ves.sels are twisted. Tlie sigmoid flexure is in jilace. lioth testes have entered tlie inguinal
canals and have descended almost to a point beyond the inner ring on each side. (From Enderlen and
Gaxscr.

)

V\c,. 205.—Photographic View of Congenital Hernias (Double) at Hirth. In tiie dissection the
anterior abdominal wall has been pulled down far enough to expose the pelvis. Both vaginal processes
are open. {From Kndcrlen and Gasser.)

removed. The fibres form almost a ''Z.'' the upper liml) of which is

Douglas' arch or ligament and the obli(|ue line Hesselbach's ligament. M
the outer side of this ligament the cord, vessels, nerves, and vas deferens

unite to pass into the canal as one bundle. The di.ssection, in oi)erations

for the ladical cure of a hernia, should be carried down to this jjoint. in

order thoroughly to obliterate the sac. When this is done, congenital sacs,

as well as.f)rdinary ones, can be ligated, inasmuch as the cord is extraperitoneal

above this point. Hesselbach's ligament merges laterally into the general

surface of the t ransversalis fascia, especially toward tiie .symphysis, and passes

without a break into Pouj)art's ligament. The inguinal canal and its con-
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tents—the spermatic cord covered ])y creniastcr mi'.scle and a fi])rous sheath

described above—have four principal vessels: (1) the artery of the \ a:< deferens;

(2) the spermatic artery; (3) the anterior group of veins and lynij^hatics;

(4) the posterior group. A small branch on the fibrous covering of the cord

is called by Bouveret the "'funicular artery." The vas deferens is plainly dis-

tinguished from the other vessels of the cord by its thick walls, which give it

the appearance of a solid cord. The spermatic cord, as a whole, often con-

tains masses of adipose tissue and varices, which in the aggregate are large

enough to interfere with efforts to close the canal by sutures. The removal

Fig. 206. Fig. 207.

Fig. 206.—Photograph of the Peh-ie and Lower Abdominal Region of a Child (not over One Year
Old), with Single Congenital Hernia Discovered at the Time of Birtli. On the left side of the picture

(the child's right side) a persistent processus vaginalis may be seen: on the opposite side (the child's

left side) the processus is closed. {From Enderlen and Gasser.)

Fig. 207.—Photograph of the Inner Aspect of the Lower .\bdominal Wall of an .\dult in whom
there Existed a Large Double Hernia. Xote the fact that on tlie left side the bowel is incarcerated.

{From Enderlen and Casser.)

of the .sac, together with these l()l)nl('s of fat and the vai'ices. usually reduces

the cord to manageable size.

In women the canal transmits the round ligament—a structure much smaller

than the spermatic cord. Its vessels are seldom enlarged or of material im-

portance.

Form and Dimensions of the Inguinal Canal.—The canal, as a whole, is of

triangular section, having an inferior, a po.sterior, and an anterior wall. For

part of its cour.se the cord lies between the transversalis muscle and the fascia,

so that these layers may be said to be of the walls of the canal. Further down,

the cord passes beneath the internal ()bli(iuc and transversalis muscles, these

structures being sometimes called the roof of the canal. At the lowe.st portion
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of tho canal its antiTior and posterior walls aro rospoctivcly tlic external oblique

aponeurosis and the eonjoined ti-ndon, and the floor of Poupart's ligament and

crest of the pubis. The length of the canal, as obtained by Blaise in a series

of measurements, varies from 4 to 4.4 cm. (If inch). Gilis, however, places

it at from 5 to cm. (2^ inches). As obsei-ved in hernia operations, the canal

departs very widely, in its dimensions, fi'om the normal averages, being larger

in diameter in certain cases, while

in othei-s its length is shortened or

even abolished.

The physiological function of the

complex planes of tissue, above de-

scribed, may -well be reviewed before

we consider the etiolog}- and treat-

ment of hernia. As these planes are

mostly active muscular layers we

should consider any method of sup-

port or operative mending imperfect

which does not secure their physio-

logical action as an element in re-

j)air. The obliquity of the canal is

an important source of its strength,

and should be preserved or restored.

Muscular and tendinous fibres should

be preserved, as nearly as possible, in

their natural relation, and should not

be too much disabled by operative

efforts.

Fig. 208.—Photograph Showing a Dissection of

a Large Inguino-Scrotal Hernia. The intestine lies

in the tunica vaginaHs in direct contact with the

testicle. {From Enderlen and Gasser.)

Congenital Ahnormities and Arrested Development in Inguinal Hernia.—The

role of congenital defect, as a factor in inguinal hernia, is so prominent that it is

cited by some observei-s as a universal cause, to the exclusion of all othei-s.

This is perhaps an extreme view, as it would deny the existence of really acquired

hernias, even when they appear in late life, but would assume that at least a

congenital predisi)osition was j^resent in these cases. Many observei-s are now

sceptical about the so-called traumatic hernias frequently met witli in industrial

employees, especially as a basis for personal-injury suits-at-law. On this side

of the Atlantic it may be said that statistics prove that a large percentage of

the hernias acquired in adult life occur in persons who had ruptures in childhood.

The affection is also markedly hereditary.

True congenital hernia is best understood by a study of the abdomen from

within, that is, by looking at its orifices from the peritoneal side, and by dissec-

tions of foetuses at various stages of development. .\ veiy accurate idea of the

anatomy at this i)eriod of life may be ol)tained by a study of the accompany-

ing figures, which have been coi)i(>d from a series of stereoscopic photographs

representing di.ssections made by Enderlen and Ga.'^ser. (Figs. 202-209.) Fig.

202 represents a horizontal section of a four-months fietus, and shows the
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testes as true iiitra-abdoniinal organs. In the eight-months foetus (Fig. 203) the

testis has partly begun its descent, but is still within the abdomen. In Fig.

204 the organs have passed on almost into the canals, leaving the processus vagi-

nalis open on each side. In Fig. 205 they have passed entirely through. Fig. 206

shows a child, in its first year, in whom the processus vaginalis is completely

closed upon one side, while, upon the other, it is still open—a condition which

forms at least a potential hernia.

Fig. 207 shows both sides widely

open, forming two hernias, one of

which has its contents unreduced.

Figs. 208 and 209 show, respective-

ly, a dissection and the external

appearance of a scrotal hernia.

Pathological Changes in

Hernia.

As distinguished from the

nomial anatomy, the pathological

anatomy of hernia shows marked

alterations in the structure and re-

lations of the parts.

Hernial Opening or Ring.—
Every hernia has an opening which

is either a congenital abnormity or

an acquired defect. The classifi-

cation of hernias is based upon

the location of these openings or

"rings." Thus, in the inguinal

canal we have inguinal hernias, in

the femoral canal femoral, and still

others named in a similar manner after the localities where they occur—as. for

example, umbilical, ventral, ischiatic, obturator, diaphragmatic, semilunar,

incisional, etc.

The Hernial Sac.—The hernial sac consists of a peritoneal pouch escaping at

the ring. It usually carries a connective-tissue investment and hence may have

layers of fat and some vessels outside its wall. These may make the sac some-

what difficult to identify upon inspection or by dissection. In some cases the

translucency of the sac wall is such that it may be difficult or impossible to

distinguish, by mere inspection, the external fat from fatty contents, i.e.,

omentum. In case the latter is adherent to the inner surface, as in certain

femoral and umbilical hernias, and if, at the same time, the external layer of

adipose tissue is thick, the sac cannot be isolated or safely incised except by

seeking a new point remote from the adhesion.

Every hernial sac has a body, a neck, and a fundus, but extraordinary varia-

FiG. 209.—Large Scrotal Hernia. (Author's Case.}
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tions occur in the form and size. \'cry .^mall or recent hernias, such as the

shallow, direct inguinal, may have no permanent sac, the peritoneal j^ouch

apiiearing only when the hernia protrudes and returning with it. Man}^ sacs

are comj)o.>^ed of thin, flexible ])eritoneum, while others acquire hypcM'trophied,

inelastic walls from continued irritation or vascular and tro))hic disturbances.

The nt'ck of an iiiu'uinal oi' a femoral sac is often a condensed fibrous ring, easily

seen, when it is drawn down in operating, to be the narrowest j)orti()n and to be

marked by a hai'd white line on the inner asjx'ct. This inelastic band marks

the i»oint of compression in a strangulated hernia. On account of the pi'essure

of pads or through other irritating influ( nces a sac may be obliterated by adhesive

inflammation at its jiroximal part ; and when this ha{)pens there is left a cavity

which becomes distended with S(>rous fluid. In this way cysts or hydroceles

of the cord or (»f the canal of Xuck are formed. The same irritations cause the

hernial contents to become adherent, thus rendering the hernia wholly or partly

irreducible. For the same reason deformities of an hour-glass form are not un-

common, and the presence of th?se may convey to the obser\'er the impression

that there are several rings, one below or distal to another, with dilated pouches

between. These rings look as if they represented each a former neck of the sac

which had been pushed or dragged farther down, allowing a new one to form

abov(\ A very imjxjrtant ^•a^iation is i-epresented by the formation of diAci-

ticula, which give the api)earance of double or multiple sacs. The importance

of these diverticula lies in the fact that, in oi)eration for the radical cure of

hernia, a failure may be exi)ected if any of them are overlooked.

The occasional absence of a sac in a hernia is a ])lien()menon which, although

at first puzzling, may easily be explained. In abdominal wounds which open

adjoining cavities, as the pleura or pericardium, hernia of the intestines takes

place without any pei'itoiieal covering. I have seen two such cases in Cook

County Hospital, and in both of them nearly all the intestines were found in one

pleural cavity, from traumatic diaphragmatic hernia. In one of these cases

the opening had been established by a stab wound, and in the other there had

occurred a traumatic I'ujjtui'e of the diaphi-agm.

Another instance of absence of sac is seen in those foi'ms of inguinal or

femoral hernia which are called "sliding hei-nia," or "heii;ia //;// (jlisscment.'"

The colon on either side may slide into such an inguinal or femoral canal by

escaping from its own mesocolon, and hence be devoid of peiitoneum wholly or

in part. The ea.'^e with which the i)eritoneum is lifted from the large intestine

at its posterir)r wall, or its absence there deft side), is well shown by the old

ojx'ration of lumbal' colostomy, which was done without opening the general

l)eritoneal cavity. Again, when the bladder enters the lieiiiia, it almost never

has a sac. For this i-eason inexperienced ()j)erators may ojjcn it, mistaking

it for the sac itself.

Contents of the Ilcniidl Sac.—The omentum, often in the form of slender

processes, is ajit to find its wa\' into the smallest hernial opening. Next in

frer|uency. owing to its mobility and small size, comes the small intestine.

'1 Ik' lai-ge bowel, the sigmoid, the (-ecum with the apjiendix, and occasionally
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the transverse colon, also sometimes form a part of the contents of the sac.

The l3la(l(ler, uterus, tubes, and ovaries are met with only in comparatively

rare instances. In hernia of the diaphragm the stomach and even the liver

may be found. Organs that remain for a long period in a hernial sac become

altered in appearance. The omentum is condensed and oedematous and the

intestine may become grooved and marked by hour-glass contractions at the

points where pressure is exerted. Sometimes these structures arc surrounded

by serous exudate. Masses of adipose tissue in the canal sometimes cause an

appearance of hernia when none really exists. The condition is aptly termed

"hernia adiposa." It is more often an accompaniment of a true hernia than an

independent condition. Such lobular masses are developed from the properi-

toneal fat. They are usually of small dimensions, but they may occasionally

attain the size of a hen's egg. Such masses of adipose tissue require careful

removal in operations for radical cure, as their presence tends to prevent good

closure by suture of the canal. Each lobular mass of fat may possibly enclose

a complete sac and hernia; hence care is needed in examining and removing

them. In the prevesical space and in lumbar hernia the masses of adipose

tissue are usually dense and thick.

General Symptoms axd Diagnosis of Hernia.

Reducible Hernia.—Reducible hernias cause tumors at one or other of the

natural or false orifices; and these tumors, unlike all the other forms, appear

and disappear with change of posture or on pressure. The characteristic of

reducibility is a cardinal diagnostic point in all hernias. It is true that certain

other swellings—for example, funicular hydroceles or psoas abscesses pointing

below Poupart's ligament—may give rise to enlargements and imjmlses which

simulate hernias. These usually have additional signs, local or general, which

make the differential diagnosis positive on thorough examination. General

symptoms due to bowel disturbance or to interference with the bladder, tubes,

or ovaries, may be present in greater or less degree. There are usually few

general symptoms other than a sense of weight or dragging, even in the largest

hernia when perfectly reducible. Inspection and palpation show, not only

large or small tumors which can be pushed back into the abdomen, but enlarged

orifices or rings which are felt with the fingers after reduction. The exact con-

tents of the hernia can rarely be made out with certainty by external palpation.

Irreducible Hernia.—The diagnosis of an irreducible hernia may be a more

difficult matter, especially if it is located in the inguinal or femoral canal and

if inflammation be present. The painful tumor may then, if no intestinal

symi)toms are present, be mistaken for adenitis, and the disease may go on to

gangrene and abscess formation before the truth is ascertained. In inflamed

bubonocele the inguinal canal is occupied in part by a tender structure, which

fact can be determined by carrying the finger into the canal. If an inflamed

node overlie the canal the node can be caught between the underlying fingers

and the thumb of either hand, thus rentlcring possible an immediate diagnosis
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between these conditions. If the i)art involved consists sinii)ly of onientiun,

unaccompanied b}' intestine, no serious results may follow, l)ut if the bladder,

a part of the colon, or one wall of the small intestine, is perforated, there results

at this jwint a fistula. Often one encounters irreducible and incarcerated

hernias of large size which do not luidergo strangulation. Thesp arc not

amenable to tiiisses and they tend to grow larger. They are constant 1}- in danger

of a sudden increase and strangulation. To a greater degree than is true of

reducible hernias the}' cause constipation, irregular peristalsis, and mild or severe

chronic bowel obstruction, with indicanuria and a low grade of toxsemia. On
account of their being a menace to life and health they should be treated by

surgical interference.

Inflamed and Stranriulatcd Hernia.—Strangulation and inflammation of a

hernia are often coincident lesions. They may be entirely independent, the

one of the other, or they may mutually aggravate each other. Strangulation

means interference with the vascular circulation, so that gangrene of the in-

testines or omentum, as well as mechanical obstruction, more or less rapidly

supervenes. If, under sudden abdominal pressure, a larger amount or a new

portion of intestine is forced into a hernia it will l)e retained there l)y its own
elastic distention and by the ])ressure of the rings. When this occurs, a sudden

onset of i)ain is often felt at the j)oint of obstruction, and there follows an

attack of colic, due to reversed peristalsis. The symptoms may vary some-

what according to the part of the intestine involved, but in general they are

those of acute intestinal obstruction, as described in another article in the pres-

ent volume. Vomiting (which in time becomes fecal), obstipation, collapse, and

signs of imj^ending peritonitis rapidly appear. In a few hours, in most cases,

the patient's condition assumes a dangerous aspect. Unless early reduction is

obtained by taxis, gangrene and perforation occur in the sac and the patient

suffers from septic intoxication and also from a severe grade of shock, which

is due, not so much at first to the peritonitis, as to the intensit}' of the local

inflammatory reaction. Early operation is required if reduction is not secured.

After the lapse of only a few hours gangrenous contents of the sac may recjuire

resection of the bowel or omentum in a patient who is ill able to withstand a

major operation. The combined effect of these risks is such as to give the oi)er-

ation a high mortality. In some hospitals it has been as high as forty or fifty

per cent, due partly to the late cases, l)ut under no eii-cumstances is the mor-

tality rate low. The occurrence of such cases constantly in every connnunity

is a strong argument for the general adoption of radical-cure operations, since

these are quite free from risk and would foi-estai! the occurrence of strangu-

lation.

General Rkmahks (>x the Tre.vtmf.xt of a Straxgul.\ted IIkhxia.

Wuel!>tein names three types of trnatment that may be employed in the

early stage of strangulation:— (1) By medication; (2) by taxis; (li) by opera-

tion.

Treatment hy Medication. —Liiih confidence should be placed in local or
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general iiiedication in strangulation, yet as good authorities as Gussenbauer and
also Finkelstein report benefit from spraying or washing the hernial tumor with
ether and from applying ic(^ locally, to reduce congestion and as an aid to taxis.

Other measures that may be employed in preparation for, or as an aid in, taxis,

are the rubber bandages, which, in the case of large tumors, should be applied

around the tumor or over the hands of the operator, to assist his muscular

efforts. The bandages so employed should be specially made; they should be

thin and long, about half the weight and strength of the ordinary Martin or

Esmarch bandages.

The posture of the patient may assist reduction, or it may even accomplish

it alone through the action of the force of gravity. Thus, if the hernia is near

the pelvis, the hips may be elevated, by which means the blood current and
the fecal flow will be diverted from the parts. The dependent viscera also tend

to gravitate toward the diaphragm, away from the inguinal canal. An extreme

use of this adjuvant to reduction is practised by completely inverting the patient,

either by standing him upon his head or by suspending him by his feet or flexed

knees. A person who is not too heavy may be suspended by fixing his knees

across another person's shoulders, so that he hangs head downward upon his

back. If the supporting person now walks or jars his burden by stepj^ing back-

ward and forward, the hernia will occasionally undergo a spontaneous reduction.

These crude methods are not to be advised except in emergencies, when suitable

tilting appliances are not at hand. The foregoing measures, when employed,

should be briefly and cautiously applied, so that no sacrifice of a better oppor-

tunity will occur.

Treatment hy Taxis.—In most cases taxis or direct external force must be

resorted to before an incarcerated or strangulated hernia can be reduced. Taxis

is not so simple and innocent a procedure as might be inferred. Efforts at taxis

may defeat their own aim by reason of being incorrectly applied. A certain

manipulation is required for the successful reduction of a hernia, and this man-

ipulation is learned more particularly in reducing the same kind of a hernia on

successive occasions. In general, it is important to learn the fact that reduc-

tion by taxis is not a process of pushing in. Inward or backward pressure

toward the ring is generally the least likely of all efforts to reduce the strangu-

lation. The effective motion is one which may be described as a pulling away,

combined with a squeezing together of the mass laterally. The whole mass

should be grasped by the hand with as smooth a hold as possible. If it is

large, it should be held by the palms rather than with the fingers. If it is

extra large, the light rubber bandages should be employed for the purpose of

assisting the hands. The mass being held in this way, it should be pulled

gently away, as if to draw down more hernial contents. This tends to unfold

and disengage rather than to cause further kinking of the bowel. At the same

time steady but light compression laterally of the whole mass should be made.

This tends to empty the blood-vessels and to expel whatever may be contained

in the lumen of the intestine. It is rare that reductfion is immediately accom-

plished. The greatest hope of eventual success comes from continuous appli-



570 AMERICAN PRACTICE OF SURGERY.

cation of the force just desciihcil. especially the compressing force, until the

vascular distention is reducetl. The value of the rubber bandage as a means

of relieving the surgeon's muscles, ^vill l)e ai)i)arent. (leneral amesthesia is

usually needed in the severe cases, esjX'cially if the alnlomen is rigid. After

a few moments of steady compression the direction of the pull can be varied

somewhat, with the object of finding, experinientariy, the direction of the

canal. In successful cases the first encouraging sign is generally a gurgle felt

or heard—this noise signifying that something lias j^assetl back into the ab-

domen; and this something is more likely to be the air or Huid in the intestine

than the latter structure itself. It is, however, a very favorable sign, espe-

cially if repeated in the course of a few moments. After several repetitions of

this gurgle of reduction it will usually be noted that the tumor decreases in

size, and not unconunonl}" it slips l)ack at last suddenly, like an ordinary re-

ducible hernia. Such taxis rcMpiires great gentleness and skill, that (mu be

accjuired only by practice.

Treatment by Operation.—Patients under the influence of an anaesthetic

should be so prepared that, if taxis fails, innnediate operation may be done.

Herniotomy for strangulation was formerly done in a way very different from

that employed in the operation for a radical cure. \'ery small incisions were

made, and anything like a free dissection of the serous canals or the abdominal

wall was avoided. Exactly the opposite should be our present practice.

All idea of avoiding the peritoneum is now given up, and the free incisions which

usually characterize the radical method of cure should be employed here.

Especially should we avoid the methods of cutting the rings with long herniotomy

directors and probe-pointed knives passed up through narrow orifices. We
should be prepared in all cases to examine the tissues we cut and, if the patient

is in good condition, to finish the operation in precisel}- the same manner as

we would one for a radical cure of hernia. If, however, the i)atient's condition

is not good, and if it be found that the intestine needs operative repair, all the

more imperative will be the duty to make a free incision, in order that we may
get projx'r access to the field of woi-k and to the coils of intestine.

The resection of a gangrenous intestine or the rejjair of other lesions (as of

bladder, tube, ovary, etc.) diffei-s in no way from similar opei'ations for other

affections. (See the articles on " Surgical Diseases and Wounds ot the Intcstiiics,

Bladder," etc., in this and the following volume.)

The repair of the abdominal wall after hei'iiiotomy ai)proaches most nearly

the ideal standard when it is accomj)lished by one of the operations later to be

described. Should the ])atient be too })rofoun(lly under the influence of shock,

or if the local infection is too intense, owing to the presence of a gangrenous

sac. pus, etc., the wound may be packed liglitly, as in septic laparotomies, or

liurricdly closed in ])ait of its course while a light tamj)()nade is employed for

the remainder of the wound.

The repeated occurfciice of st i-angulated hernia and the numerous deaths

caused by it. e\'(ii in patients wearing trusses, should waiMi us that new ad-

i..onitioiis are needed to diminish or abolish the death rate. This bi-injis us at
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once to a consideration of the value of curative operations and the risks whicli

attend them.

The rare danger of operation for the radical cure of hernia is to be balanced

again.st the certain risk of strangulation. When the radical operation had
been perfected to such a degree that its risk per se was nil, it became a safer

method of treatment to advise, in healthy subjects, than the use of trusses.

As many deaths are cau.sed annually by strangulation, a heavy responsibility

rests upon the physician who fails to advise curative treatment by means of

an operation. An}- one of large experience in medical practice is able to recall

instances of fatal strangulation and of narrow escapes after desperate opera-

tions. An earlier radical operation would have obviated these complications

without special danger to the patient.

It is ti-uc that only a few years ago the best surgical text-books were correct

in stating that curati^•e opei-ations were attended by some risk and many relapses.

This made it questional )]e wh(>ther a ])atient's welfare was best subserved by

operation or by conser\atisni. Only a slight operative mortality would at

that time be sufficient to turn the balance in favor of non-operative measures,

except when the latter had been tried and had been found unsuccessful. These

statistical argiunents are now reversed by the long series of successful cases

without any mortality, vhich many of the best clinics report, and by the coni-

I)arative rarity of recurrence. The improved statistics in radical cure are due

mainly to improved technique, but also partly to a better selection of cases.

Modern reports are based upon large series of moderate-sized, uncomplicated

hernias. The older statistics were made to include a greater proportion of

large, adherent, or in some way complicated hernias, upon which it became

absolutely necessary to operate by reason of the failure of other methods of

treatment. Even now complicated or giant hernias give operative risk and

should, so far as prognosis is concerned, be classified separately. We may,

therefore, group operative cases in the following manner:

—

(1) Small or medium-sized reducible hernias.—Rare mortality.

(2) ^\'rv large and incarceratt^d hernias.—Slight mortality.

(3) Strangulated hernias.—Large mortalitv.

Classes 1, 2, and 3 should l)e kei)t distinct for statistical purposes. The last

two comprise cases which often, despite the obvious risk, demand operation

for the purpose of relieving or preventing still greater danger. Their very

existence is a self-reproach, since, if they had been cured by operation at an

earlier period, these hernias would not have become large or dangerous.

History of the Different Methods of Effecting a Radical Cure.—The very

ancient origin of the cure of hernia by operation is well known. Both cutting

operations and spring trusses were employed at the earliest historical period of

medical science. The operation for inguinal rupture was rather connnon in

mediaeval times, especially in France. Castration on the affected side was found

to favor an easy solution of the problem of closing the ring, and this practice

became so common that it was interdicted by statute on grounds of iniblic

policy.
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In the pcriixl just Ix'foiv and just after tlio (.lawn of Listcrism operations for

the cure of hernia were ilcviscd by many cHnicians, and it would be easy to find, in

the treatises of from twenty to fifty \-ears a)!;o, accounts of scort^s of these methods,

many of which bear the names of distinguished surgeons and are characterized

by much ingenuity. Thus, in treatises which are still on our shelves, we may

find the descriptions of oi)erations known as the A\'ood, Wutzer, Heaton,

McDowell, Ball, Xussbaum, Barker, Baxter, Czerny, and Woelfler operations,

—not to mention a score of others.—all poss{\ssing more or less merit and many

of them still somewhat generally used. The drawbacks to all these methods

are their comparative inefficiency and the

greater risk that attends them. After

abdominal surg(>ry undei'went its brilliant

development, dui'ing the decade from 1880

to 1890, a new hernia era became i)Ossible

and was indeed inevitable—an era in which

all jirevious fear fi-oin (){)ening the peritoneal

cavity was abolished. This fear had been

the most serious drawback to the develop-

ment of a radical method of curing hernia,

for it prevented free dissection of the struct-

ures involved and promoted half-way

measures and makeshifts. The Wood and

Wutzer operations avoided opening the skin

by invaginating it with wire or silk sutures.

Other methods—known as "sewing the

l)illars," etc.—contemplated only the clos-

ure of the external ring. None of them

sought to rei)air the breach in the wall from

its deepest layers outwartl, nor to make a

very high extirpation of th(> sac. The

canal, in these methods, was not widely opened; hence no true i)lastic oi)era-

tions could be done on its interior.

These more or less faulty methods wei-e subslilut(Ml, in 1880, by what arc

I)i'oj)ci-ly known as open operations, i.e., open dissections of the canal for the

purpose of repairing the deep or inmost layers of the al)doniinal wall. The

general adoption of this principle followed the publication of Bassini's first

paper, in which were rej)ort('d several hundred eases that had been treated by

his now well-known mdliod. It is true that he credits Macewen, of Glasgow,

Scotland, with being the originator of several of his important steps. Previous

to l)oth of these, Henry O. Marcy, of Boston, Mass., had j)ractised and

published an open operation which contains th(> essential featui'es of both the

Scotch and the Italian methods and includes the use, for the first time, of the

buned tendon suture. iMU'ojx'an and American surgeons almost immediately

adopted the Bassini techni(|ue or Marcy 's and ^hlcewen's technique, as modified

by Bassini. Its emj)loyment became general, and it still iviiiaiiis the most

Fig. 210.—Bassini's Operation. Step 1 and
tstep 2 completed. (From Bouveret.)
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frequently used method in Europe. In America also it meets with considerable

favor, but it is not used quite so generally as abroad.

Nearly every later operation follows, of necessit}^, in the general lines of the

Marcy-JMacewen-Bassini technique. They differ from the Bassini method as

much as from its predecessors, but, on account of the wdde use and great prestige

of the Italian's method, all later operations are often classed as modifications

of it. Thus we read of the Bassini-Fournel operation in France—a procc^dure

which is identical with the Andrews operation, but was published some yc^ars

later; of the Bassini-Girard method in Switzerland—the same operation,

probably independently devised; of the

Bassini-Andrews method—also the same as

the two last-mentioned, and published some

years in advance of either.

Other divergent methods, such as Koch-

er's Verlagerungsmethode, Phelps' method

of employing wire coils, and Willy Meyer's

use of filigree, are relatively little used, or

are used only in exceptional cases.

Technique of Bassini's Method: Step 1.

—The canal in this operation is split along

its whole length, after the skin has been

divided, so as to afford access to the internal

ring. Step 2.—The hernial sac is next

sought and freed until it can be separated

from the margins of the inner ring, and

even a little higher up or deeper down; no

portion even of the neck of the sac being

permitted to remain behind. After the sac

has been opened and its interior has been

inspected, it is extirpated, if empty, by

transfixing and ligating its neck at the highest possible point. The aim should

be to leave no portion long enough to form even a dimple or funnel leading into

the false opening. (Fig. 210.)

Step 3.—The next and most important step is the plastic obliteration of

the false opening by means of a row of stitches which shall close the deep layei-s

or posterior wall of the canal, at the spot where the false opening was barely

large enough to transmit the cord. The latter should be relieved of all masses of

adipose tissue, in order to reduce its size. The position and number of these deep

stitches depend upon the size of the ring and the direction of the enlargement.

They usually seem to restore the anatomy of the canal in the most effective

manner when they are inserted internally to the deej) ring, that is, between

it and the pubis. The dilatation or stretching of the ring rarely or never takes

place in an outward direction, but practically always inward. In Bassini's

operation the cord is lifted out of the way and the stitches are placed behind it.

(Fig. 211.) The needle is passed through the internal oblique and transversalis

Fig. 211.—Bassini's Operation. Step 3.

Deep suture placed, while the cord is tem-
porarily raised. (From Bouveret.)
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and an effort is niadc to include also the transversalis fascia, which actually

forms the internal rin^. Followers of Bassini are apt to forget the iini)ortance

which he attaches to this step, and to include muscle only in this stitch. Bas-

sini, in ojH'rating, pushes a Hat director into the iimer rin^ next the peritoneum.

With this he lifts all the structures excejjt i)eritoneuin. to insure their Ix-inj;

caught by the needle. The needle is next carried down behind the shelving

edge of Poupart's ligament (seen on its inner aspect in the lower side of the

canal) and brought out through the ligament. The needle being passed from

within outward, the vessels are not endangered. If the reversed direction is

used in passing the stitch, extrcnne care

nuist be taken to prevent the needle ])oint

from injuring the femoral vein and artery.

This accident has been reported several

times. It can be avoided by placing the

finger between the vessels and the liga-

ment. The latter may then be puIKmI foi--

ward a little; after which the needle i)oint

is caught on the finger tip and guided into

the canal. In doing this the operator rests

the back of the finger upon the great ves-

sels and is thus able to feel distinctly th(>ir

pulsation. From two to five interruj^ted

stitches are placed in this manner in the

l)osterior wall of the canal, the cord being

held temporarily to one side. The lowest

of these stitches thould be placed very near

the pubic end and should include (limbcr-

nat's ligament, if the deep hernial opening

extends to its margin. The ujjpermost

stitch should narrow the ring around the

cord as much as possible without constricting its vessels. Bassini leaves

the director above-mentioned in the inner ring, until this upper stitch is

tied. It is then withdrawn, a little extra space being thus left for the cord.

In doubtful cases the spermatic arteiy may be i)alpated before and after

tying the ui)per stitch. If tying it sto])s the pulsation in this small ve.s.sel

the stitch should be discarded. The occasional loss of a testis from gan-

grene after a hernia ()])eration points to the need of care again.st too tight

closure around the cord. At the same time it is im|)()rtant to narrow the ring

as nmch as practicable, in order that the exit of the liernia may the more

effectually be blocked. (Fig. 212.)

Step 4.—The next step in the Bassini method is the i-euniting of the external

oblique aj)oneurosis oN'er the new canal oi' the reconstructed old canal. This

may be done with continuous oi- with interrupted stitches. I have observed,

in Professor Ba.ssini's own work, that he places two interrupted stitches at

each end, the intei'N'eniu"; edges being brought to'i;ether l)\' a continuous sutui'e.

-m *^,

Fig. 212.— Bassini'.s Operation. Step 4.

The pord is replaced upon the repaired

posterior wall. (From Bouveret.)
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Step 5.—The final .step is the closure of the skin. Bassini himself uses the

form of suture shown in Fig. 231. This and all the deej) sutures are of braided

silk thread previously sterilized by boiling in glycerin. Most American and
European oix'rators use absorbable^ stitch material for the buried suture. Chrom-
icized catgut is to be preferred. Plain catgut is not durable enough, as it lasts

only a few days before it undergoes absorption; it is sometimes a cause of

failure if used in herniotomy. Kangaroo tendon, the usefulness of which was
discovered by Henry 0. Marcy, is an ideal, durable animrJ. ligature. It resists

absorption longer than chromicized gut does—in some cases for as long a time

as from four to eight weeks. I have used

this exclusively for the deeper fascial suture

in over fourteen hundred herniotomies.

Dr. W. B. Coley reports a large number of

cases (2,500) in which he has used it suc-

cessfully in the Hospital for Ruptured

and Crippled, New York City. The ma-

terial is less well known in Europe than in

America.

Merits and Demerits of the Marcy-

Macewen-Bassini Operation.—The method

just described is deservedly popular, safe,

and rational, as W'cll as easy of execution.

Analyzing the elements which contriljute to

this success we are impressed with the vital

importance of two steps, viz., the high ex-

tirpation of the sac (a step which was not

original with Bassini) and, as a corollary,

the open dissection quite up to the perito-

neal layer. It was the failure to make this

open dissection which marred the work of

the earlier operators. They failed to per-

form a tiTie plastic operation and tried to

substitute various kinds of blind suturing.

The failure to extirpate the sac high up caused numerous relapses or partial

relapses, as when a scrotal hernia returned (or remained) as a bubonocele.

Probably the simple removal of this sac would alone be sufficient to cure many

small hernias without any suturing of the canal. As the muscles and the fascia

are denuded by stripping out the sac, they would often fall together as well with-

out stitches as with them, and might unite firmly under the pressure of band-

ages. Dr. A. J. Ochsner, of Chicago, has demonstrated that this is true in

femoral hernia. It may be ecjually true of small obJicjue inguinal hernias.

When, however, the rings are greatly enlarged, even th(> Bassini suture is diffi-

cult to place and of doubtful permanence. The inner margin of the dilated

orifice then extends from Hesselbach's ligament (outer border of conjoined

tendon) almost or quite to the rectus muscle. The internal and external

Fig. 21.3.—Method of Lvicas-C'liampion-

niere. This perhaps is the earliest sug-

gestion of an overlapping method, but is

more probably a crumpling up and evert-

ing of layers. A similar mattress stitch

was used by Macewen. Botli methods were
employed before that of Bassini. {From
Bouveret, after Lucas-Chanipionniere.)
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rin^s arc dragged into lino so as to form an antcro-postorior opening. On

account of the absence or displacement of the conjoined tendon, the outer

edge of the rectus sheath or nuiscle must l)e utilized in making th(^ deep

stitch. This drags the rectus outward and Poujjart's ligament ui)ward and

inward, and even then one does not secure a good j)()stenor wall for the canal.

The principal element of a successful ])lastic operation—namely, a well-nourished

flap, without tension—is wanting. Exactly the reverse conditions are found,

viz., a thin and i)oorly nourished fla]) under severe tension. These defects in the

Bassini method ol)viously have impressed all operators when they encountered

large rings. The need of something to supplement the defective anatomy is thenat

Fig. 214.—The Andrews Operation. Step 1. The skin is pinched up while the incision is being
made. (Orujinal.)

once evident. An ideal method would be one which supplie*! a well-nourished flap

of suchami)le size that it could l)e brought over the weak spot without tension.

It is extremely interesting to note the unanimity with which this need has

been felt—a unanimity manifested by the large number of the ingenious methods

which have been suggested for the purpose. To enumerate a few of these:

Halsted divided the rectus sheath and spread the nuiscular bundles out b}'

attaching them to Poupart's ligament; AA'oelfler everted the anterior sheath of

the same muscle, thus making a kind of trap-door flap which closed the rings

when it was sutured over them: the anterior part of the fascia lata has been

turned upward to form the same sort of flap: the tensor vagina* femoris nm.sclc

has been dis.sected loose and turned u|)\var(l to fill the canal: the scrotal skin

and even the testicle have been invaginated to plug up the canal (measures
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which constitute in ;i certain sense a flap method); bone grafts (Weir), sponge

grafts, and wire filiuree have been inserted to meet the same indications. In

this category should also b*e placed the obsolete method of McBurney, who
packed the hernial canal wide open, forcing it to heal by granulation so as to

develop a large mass of scar tissue. These methods all introduce elements of

risk and uncertainty, and none of them is now largely employed. It remained

for the method of imbrication of Andrews to sui)i)ly, in the treatment of inguinal

hernia, the ste}) needed to secure the object of all these difficult and ingenious

methods without in any way adding to the severity of the herniotomy or to

the length of time rerjuired for its performance. This method was published

Fig. 21.5. -The Andrews Operation. Step 1 continued. The skin flaps are held while the artery

forceps are applied one after the other. {Original.)

in 1895 and subsequently l)y ( Hrard, in Berne, in 1S98, and b}- Professor Fournel,

in Paris, in 1900, each writer apparently being unaware of the other's work.

Lucas-Championniere had still earlier suggested doubling up of the abdominal

layers (Fig. 213), as had also Macewen, but this was more by everting than by

o\'erlapping the cut edges, and did not constitute true imbrication.

Tlie Andrews Operation for the Cure of Inguinal Hernia.—Two types of imbri-

cation or overlapping—a posterior, behind the cord, and an anterior, in front of

the cord—are described in the original publication {Chicago Medical Recorder,

July, 1895).

Posterior imbrication appeals to those who like the Bassini method; anterior

imbrication, to those who object to ''transplanting the cord." Anterior im-

brication leaves the cord behind the deep sutuiv line. Of late, the tendency

VOL. VII.—37
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has been rather toward the anterior opci-atioii, and in this nioveniont Dr. Fer-

guson, of Chicago, has been a pioneer. Dr. Coley, of Xew ^ork, infoinis us tiiat

ho uses both types, l)Ut rather more often the posterior-stitch method. I'lie

minor details described l)elo\v may vai-y with different oj)erators. but they should

ne\-er vary with the same operatoi'. S])(>ed and smoothness come from uni-

formit}' of ])rocedure. and such uniformity should be culti\'ated. In this way

I'ach oj)eration becomes a rehearsal foi' th(> n(>xt.

Step 1. Skin Incision. TIh' incision should be made '2 or ."> cm. abo\-e

Poujiart's ligament, and it should run in a direction iJai-aHel to the inner two-

thirds of this ligament . In athilts its length should be from lo to IS cm. (li

inches to 7i inches). The o])erator should pinch up a fold of >kin trans\-ersely

to the groin with the left hand, and an assistant should hold the same fold at

a point 3 or 4 cm. (about an inch and a half) distant. Raise this fold to a

Fir.. 216.—The Andrews Operation. Step 2. Dividinj^ the external oljliqne. (Orii/hidl.)

height of from 7 to 10 cm. (two and a half to thive and a half inches) and cut

through it to its very base by one stroke of a large, keen-edged scalpel. (Fig.

214.) Continue holding up the pinched-up margins, ivlaxing slightly until the

e|)igastric and other vessels are seen and .secured. Then diop the skin and pick

up every smallest bleeding point. (Fig. 215.) Do not allow cNcn di-o|)lets of

blood to continue running. Expose the external ring and apoiieuiosis cleanly.

Stej) 2.

—

()))ening the Inguinal Canal.—Do not insert a diivctor and split

the ring up from below, but sj)lit the ext(M-nal obli(|ue aponeui'osis the length

of the canal by one sti-aight cut from aboxc between its lihres. (Fig. 21().)

Fvi'i't the lowci- segment and I'un the scal|>el handle along its inner as|)ect.

exposing freely the shelving inner edge of Poupart's ligament.

Step 3.—Removing the Sac.—Eithei' lift up the coi-d as a whole on the

finger, which reijuii'o some blunt dissection, oi' let it lie ;idheren1 to the sui'-

rounding paits, according as \-ou wish to rejiaii' the I'ing behind or in li'oni o|
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the cord. In either case remove, by tying them off above the ring, any masses

of acHpose tissue that may be situated high up. Do not remove any veins or

cremaster fibres. Willi a small, keen-edg<'d knife cut a buttonhole in the fascia

propria of the cord, until you see the pearly-white sac-wall. (Fig. 217.) Th(i

steps of this procedure are like those of a hydrocele dissection. Seize this wall

Fig. 217.—The Andrews Operation. Step 3. Dividing the cord layers in order to find the sac.

(Original.)

with blunt forceps and strip it rapidly out by pushing away the cord elements

with dry gauze. (Fig. 218 ) Now and then one encounters strong adhesions

which require nicking or cutting. In congenital hernias do not take time to

sew a process of the sac around the cord. Follow well up into the abdomen

Fig. 218.—The Andrews Operation. Step 3 continued. Gauze sponge used for stripping the

coverings from the sac. (Original.)

until a point is found where the cord and sac diverge. At this point the sac-

neck can be ligated without the danger of inclosing the vas or any vessels.

In scrotal hernias stri)) out the sac, if it is easily separable. If it is not

easily separable, cut it off in the canal, and return the scrotal part to the

scrotum, either with a gauze drain, through the lower end of the scrotal skin or
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else (Eisendratli^ cvertiHl as in a hydrocele "bottle*" opcmtion. Pull the

testes freely \ijt into the wound whei-('\-ei- this may he found necessary. In a

nuniher of cases it has been found that the scrotal sac is the seat of a hydrocele.

Some of these require sul)se(|uent tai)i)inii;. hut in many other instances the

hytlrocele causes no trouble. A\'ith the fin^icr separate the i)arictal peritoneum,

throughout a zone 2 or 3 cm. broad, all arountl th(> ring, so that it shall not be

attached to the muscles and may be drawn down freely. ()j)en the sac widely at

its fundus and look very carefully ov(>r its interior for adherent omentum or

l)owel, especially at its neck. ( Fig. 210.) Keep this opening under the (\ve up to

the moment of ligating, and watch carefully that nothing slips into it. For

narrow sacs a simj)le hgature, and for large ones a suture ligature or a purse-

string closure are best. The Macewen j^ad, consisting of the folded-iii> sac. pos-

sesses neither great fault nor abundant merit. AVe sometimes use it in atypical

Fig. 219.—Tlie .Vmlnw.s Operation. FurtluT continuation of step 3. Sac deligated. The fundus
is open for inspection. {Original.)

large hernias for the purpose of increasing for a time the amount of new deposit

at the weak point, but we arc somewhat scei)tical as to its permanent value.

On account of the loosening of the surrounding peritoneum, the cut-off sac will

retract well beyond the muscles. If the stumj:) lies visil)le in the ring, it is too

long and will form a funnel or dimple inside, and tend to bring on another

])rotrusion. (Fig. 220.) Ifthestumj) does not disai)j)ear wholly, remove more

of it. In the progress of .step 3 one sometimes encounters abnormal conditions

of the cord, such as thrombosis of the spermatic vein and cysts of the sper-

matic cord (Fig. 221) or the round ligament. Cases like these are reported

by Ran.sohoff, of Cincinnati (Annals of Surgery, Aug.. 1909).

Stej) 4. Deep Suture.—The manner of jjrocedure, in this step, differs

according to whether an anterior or a jmsterior iml)rication is the kind of oi)era-

tion preferred.

(a) In anteiior ind)i"ication j)lace fi-om two to fi\'e strong stitches in such
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a manner as to unite the conjoined tendon and muscles, together with the upper

segment of the external obliciue. firmly down to Poupart's ligament, all in front

of the cord, which is thus pushed backward and toward the ))ul)is. The lower

flap of the external oblicjue is left free for step o.

(6) In posterior imbrication lift up the cord on a loop of tape, or on Andrews'

hernia-retractor (Fig. 222) which holds the wound open and has an adjustable

hook upon which the cord may be suspended. Pass the deep stitch behind the

cord by first lifting Poupart's ligament on the left forefinger and pushing the

needle from outside the fascia behind it. The needle point is guided by the

forefinger and cannot then injure the vessels. It is vitally important, in direct

hernias and in the case of large rings, to get the first deop stitch as near the

Fig. 220.—Dimple or Funnel of Peritoneum Seen from Inside when the Sac is not Extirpated entirely

from the ring. This error in technique, in the .\iidrews Operation, causes a tendency to relapse after

herniotomy. (Original.)

pubic end of the ligament as possible. It often includes a little of Gimbernat's

ligament. Dr. ^lalcolm Harris first called my attention to the importance of

this, and one cannot commend too much the thorough wa}' in which he clears

the structures and fortifies this weak end of the suture line by i)lacing (according

to his method) the first wire suture almost against the sjTiiphj'sis. From its

entrance point the needle is guided by the forefinger into the canal. It is then

picked up and the opposing muscle entered from wdthin outward. The lowest

or first stitch in large rings should include a little of the rectus muscle, tne

sheath being split open to allow this. In small rings this is not necessary.

Do not resort to the Woelflcr method of everting a traj>door flap of rectus

sheath, or for that matter to any other mutilating flap method. The im-

brication is of itself a perfect flap transplantation, and will fill the largest

rings without great tension.

After the transverealis fascia and conjoined tendon or nuiscles ha^•e l)een
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transfixed, wr have what would l)c a Bassini stitch in mattress form. To this

we now add the mai-,i2;iii of the cxtci'nal ohli(iue. citiuT in the same loop or by

passinii the needk'. which has ah-eady jjicrced the deep muscle, downward and

forwanl through Poupart's ligament and hack to catch the external ()hli((U(>.

The needle is next i)asscd out just in front of Pou|)art's ligament, so that it

emerge.s about o nun. in front of whei'e it entered, and surrounds the ligament.

It is thus a mattre.ss stitch with the knot ju>t inside the skin and fat of the

groin. From two to li\-e such deej) stitches are used. It is a mi.stake to place

them very near together, oi' to tie tiiem \rvy tigiuly. The up])erniost or outer-

most stitch should narrow the ring snugly around the cord. Tie this one first

Fig. 221.—Cyst of tlie Cord. {From Ransohoff, in Amuils of Siinjcrn. An-:., 1000.)

and watch the effect on the spermatic artery. Commonly this \-essel can be

felt pulsating before and after the stitch has been tie(l. If in doubt, discai-d the

upjier stitch.

Step ). Second Deep Suture.— Lap tiie lower segment of the external

oblicjue upward acro.ss the ujjper. In case the cord has been laised. it goes

between these layers. (Fig. 225.) They oNcilap to the extent of about .'5 cm.

(a little over one inch) at the cxtei'ual I'ing, thus strengtliening and narrowing

this dilatecl orifice. Suture them in this position tightly enough, by means of

a lock-stitch i-unning seam, to cause part of the strain to beai- down on the

deeper stitches. It will then be seen that the strength of the abdominal wall
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has been doubled l)y redoubling its thickness; also, that these overlapped

surfaces are more sure to unite firmly than is the case when one of the edge-to-

edge methods is employed. (Figs. 225, 226, 227, 228.)

Step 6. Skin Closure.—After the bleeding has been very thoroughly arrested,

sew the edges of the skin together with a trocar-i)ointed needle held in the

fingers; or, if that method be preferred, apply metal clips. (Fig. 229.) The
following form of buttonhole continuous suture will please those who have not

yet employed it:—After the first knot has been tied, thrust the needle through

both flaps at points about 1 cm. (nearly half an inch) from their edges. AVith

the skin thus transfixed, wind the slack of the thread twice around the point

of the needle, instead of once, as in the ordinary lock-stitch. (Figs. 230 and 231.)

Fig. 222.—The Andrews Operation. Step 4. Anterior imbrication. {Original.)

Then draw the thread up until it is just tight between the stitches, but does

not pucker. There is no back-slip, and each stitch holds by friction. The

following stitches are applied in the same manner. This gives a ridge-shaped

suture-line like a double row of stitches.

It is not usual to drain these wounds, except in rare cases in which

there has been much dissection and in which oozing persists. In such cases

it is well to insert a small drain through an independent buttonhole—not

through the angle of the incision. In young children seal the wound with

collodion or with comj^ound tincture of Ijenzoin. (Fig. 232.) Firmly bandage

l)oth groins with wide spica bandages. In young and restless patients it is

sometimes well to pad thc^ hips, trunk, and tliighs with antiseptic cotton, and to
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ap])lv a lifiht plastcr-of-Paris or stai'ch haiula^'c from the chest down to the

knees. (Fig. 233.) There is usually no advantage in redressing these cases.

They are well on the eighth, ninth, or tenth day, and then should be allowed

to be up and take ordinary exercise at once. Let no hinder or truss be used

after the patient is discharged from treatment.

Femoral Hernia.—The inguino-crural triangle is sei)arated from the inguino-

abdominal. as above stated, by Poupail's ligament. In its upper part, which

lies along the course of the great blood-vessels, are found the femoral or crural

hernias.

The etiology of femoral hernia is less perfectly understood than that of

inguinal hernia. Th(> part j)layed by a congenital defect of th(^ sac or ring is

Fig. 223.—The Andruw.s Operation. Tlie drawing shows the manner of u:iing the hernia retractor

in posterior imbrication. (Original.)

not conmionly recogniz(>d. Some modern wiiters, as A\'uellslein. deny that

femoral hernia is evei' congenital or that it occurs in eai'ly life. On the other

hand, many ob.servations give weight to the claim that abnormal peritoneal

tubes or pouches do sometimes apjx'ar along the track of the vessels, and that

these abnormalities are congenital me.soblastic prolongations in f(etal life. TJie

occurrence of a scrotal femoral hernia, or the finding of the broad ligament in

a femoral canal, ))oints to the i)rol)al)le partici))ation of an embryological factor

in the production of some of the.se hei'nias.

Anatomy.—The anatoniical layeis aic the same e.\t(M'nally in tiiis form as

in inguinal hernia, namely, skin and external fascia'. Lymph nodes are more

numerous, as are also venous l)ranclies in the subcutaneous fat. The deep

fa.seia, in this sj)ace the fascia lata, is jx-iforateil by the saphenous opening or
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ring, the concave margin of which (the falciform process) is crossed at its lower

part by the long saphenous vein as it enters the saphenous opening. (Fig.

234.) The fascia lata in front and Poupart's ligament are connected by fascial

processes with the pectineal fascia and muscle and the ileo-psoas muscle behind.

These fascial planes guard the great vessels, the external iliac vein and arterv,

as they lie in Scarpa's triaagle. and tend to prevent the occurrence of hernia,

either inside or outside the vein and artery, as the latter descend into the groin.

These fascial bands merge with Gimbernat's ligament on the inner side, i)rac-

tically closing the space up to the sheath of the vein. A similar band, which

closes the space outside the femoral artery at its passage under Poupart's liga-

ment, goes to the ileopectineal eminence: it is called the ileopectineal ligament.

Fig. 224.—The Andrews Operation, The cord is here shown to have been restored to its natural

position. (Orifjinal.)

On neither side does adequate space for a canal exist normally, there being

only sufficient room for one or two lymi)h nodes, called " Rosemnueller's

glands."

The space in question, bounded by Poupart"s ligament in front and the

pectineal ridge and muscle behind, is sometimes called the "lacuna muscularis."

In addition to the great vessels it also transmits the psoas and iliacus musculo-

tendon and the anterior crural nerve. It is filled also by loose adipose tissue

and is closed by peritoneum, which, in normal subjects, is slightly hollowed or

depressed, forming the fovea femoralis, which is analogous to the fovea in-

guinalis or slight dimple opposite the inguinal ring. This depression forms the

starting point of a femoral hernia.

Pathology.—"The peritoneum is forced into the femoral canal and thus forais
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a sac in the direction of the saphenous openino;. out of which it passes to form

a tumor under the sl^in. (Fig. 235.) The hernia, when complete, has two

rings—an inner small one at Poupart's ligament, and an outer larger one at the

saphenous ring.—a sj)ace or canal connecting the two. This canal has for its

outer wall the sheath of the femoral vessels, and the deei) epigastric artery lies

ordinarily to its outer side. On account of the great irregularity in the dis-

position of this and the obturator vessels, warning should be given against

using any deep-cutting instrument, such as the probe-pointed herniotomy knife

and the hernia director. Open dissection should supei'sede the older blind

methods with their attendant danger of hemorrhage.

The walls of this canal and of the rings are incapable of great enlargement.

Fig. 225.—The Andrews Operation. Stop .5. Sprond buriod suturo: layers ovcrlajiped. Note the

close resemblanec of the I'ouniel method to tliis jirocedure. (Orif/iiuU.)

Hence femoral hernias seldom attain laige size, and as a consequence they are

cjuite often overlooked. The rigid, small, and haid rings also cause strangula-

tion to be more fre(|uent than is the case in inguinal hernia. The \'ery

small femoral hernias j)resent difficulties in diagnosis and may, if buried in the

subcutaneous fat, be overlooked altogether. In ease only omentum is in the

sac, and if this becomes strangulated, the condition may easily be mistaken

for an inflamed lymph node. In case of a strangulated intestine the obstruc-

tion may be attributed to the wrong cause, and so the hernia may remain un-

detected until it is too late to afford relief.

.\ double femoral hei'nia may occur in tlie same indixidual. (See Fig. 236.)

/)i(t(l/ios}s.—The diffei-ential diagnosis of feinoi'al fi'oiii inguinal hei'uia is

made by the location of the former below P()U|)art's ligament; but, as the ex-
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ternal tumor sometimes presses ui)\\artl in front of the inguinal canal, it may
occasionally be impossible to decide which variety is j^resent until the skin has

been opened. Other conditions to be differentiated from femoral hernia are

normal and inflamed h-mjih nodes. One reason for this similarity between the

two conditions is to b<' found in the fact that many of the femoral sacs are

small and have a globular form. Large varices about the ring, due to saccular

dilatation of the long saphenous vein, present the appearance of tumors which

sometimes almost perfectly simulate hernial protrusions. These are reducible,

reappear when the patient assumes the erect position, and give an impulse

when he coughs. It may be possible to make the differential diagnosis by

occluding the external iliac vein with firm

l)ressure on the abdominal wall, which pre-

vents reflux of the blood into the varix.

The bruit of blood i:)assing through a large

vessel may also be heard with the stetho-

scope. In addition, the presence of associ-

ated varices will call attention to the same

condition at the ring. Another test is to

ol^serve the difference in the sensations ex-

perienced on j3al])ation when the supposed

hernia is forced int(j the sac by straining

or l^y coughing. A true hernia gives the

sensation of a solid l)ody sliding under the

fingers, while the varix fills up with fluid

only.

Psoas or lumbar abscesses point in this

region, the pus following the psoas fascia

along the muscle and making its exit just

below Poupart's ligament. In cold abscesses

the tumor is painless and exactly simulates

femoral hernia on inspection and i)ali)ation.

As they may disappear on pressure or on

change of posture, they are not rarely mistaken for irreducible hernia. Several

cases have come under our observation in which trusses were placed upon such

swellings. The differential diagnosis can always be made by testing the ex-

tension of the hip. Limitation of ex-tension is an early and marked sjmiptom

in lumbar abscesses due to spondylitis or other causes associated with the psoas

and iliacus nuiscles.

Atypical Forms of Femoral Hernia.

—

While the ordinary route of a femoral

hernia is internal to the great vessels, the bowel ma}^ exceptionally pass do\ATi

externally to the sheath of the femoral artery. This anomalous form has been

called "external femoral hernia" by Bahr (1898), and cases have been reported

by Mcllvane. Narrath, Fabricius. Tloquet. and Axhausen. The route of these

hernias is between the ileopectineal ligament (see above) and the femoral artery,

at which point the anatomical studies of Leinhart show that a weak place exists.

Fig. 226.—The Bassini-Foumel Oper-

ation, Identical -nnth the Girard and the

.\ndrews Operations. (From Bouveret.)
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The very ()l)li(iiu' tlircctiou of this li.mimciit from Poupart's ligament hackward

leaves a ti'i a uvular spaee, wider in front, which is somewhat unsupi)ort('(l in

the inune(liat(> vicinity of the vessel sheath. (Fig. 237.) Hesselhach. Sr.,

describes bands which pass from the anterior iliacus sheath to the transversalis

fascia and crural arch, forming a sort of guide or sei)tuni leading toward tliis

weak point. "External femoral hernia" may occur in three forms correspontl-

ing to the routes taken by the escaping bowel: (1) Outside the great vess(>ls;

(2) alongside the deep epigastric vessels; (3) alongside the muscle behind the

vessels. (Fig. 238.) Maydl also describes a still I'arer form which makes its

way inside the vessel sheaths.

Treatment of Femoral //tv/i/a.—Operative treatment is more imperative in

Fic Fig. 228.

Fig. 227.—Tlio Bassini-Fournol Operation. The drawing shows tho oxtcrnal oliliqiic aponciirosi.s

ovcrlappi'd. (From Bouverct.)

Fig. 22S.— Anterior Position of Cord outside of all Fascia'. This has been advocated hy Postoniski

and IlaNted. {Oriijiiml.)

femoral than in inguinal hernia because the liability t(» strangulation is greater,

because the lesion itself is small and is theicfoiv likely to be underrated as

regards its importance, and because the icsults obtained by the ust' of trusses

are so imp(>rfect.

S|)rengel reviews fifty vai'ieties of operation for 1 his affection published since

1870. .\ccording to (loebel all the known methods may be arranged in the

following five gnnips: —
1. Sac Extirjjation—by ligation, by burying the stumj), and by skin in-

vagination. (Sociii.)

2. Suture Methods for Ring.s

—

(a) Without reconstructing canal, by uniting Poupart's to Cooper's

ligament. (Czerny, liillroth, Schede, Hotlini, xon Frey, (^)uarnesi.)
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(b) Under special canal closure (Kuester, Bassini)

—

(1) Witli purse-string (Triconi)
; (2) with displacement of sac stump

(Berger, Parry, O'Hara, Rotter, Kocher); (3) with abdomen or inguinal

canal opened for higii removal of sac (Tuffier, Ruggi, Nasi, Buonomocci,
Gushing, Edebohls, Reed, Lawson Tait).

(c) By direct union of Poui)art's ligament to pubes (Roux's wire nails,

Nicoll, Covazzani).

(d) With division of Poupart's ligament (Fabricius, Delageniere).

3. Plastic operations to implant muscular tissue. (Lotheissen, Cadivella,

Parlovecchio.)

4. Plastic flaps. (Talzer.) Fibrous or musculo-tendinous flaps, (Watson-

FiG. 229.—The External W^ound Closed by Metal Clips which give a ridge-shaped suture line.

(Original.)

Cheyne, McArdale, Maunsell Moulin, Swartz.) Periosteal flaps, (von Mikulicz.)

Osteoplastic flaps. (Trendelenburg, Korte,)

5. Heteroplastic. (Talzer, Schwarz, Thiriar.)

It is not possible to state w^hich of these divergent methods has become best

established. Nearly all mutilating flap operations or heteroplastic methods

have been abandoned for simple suture at the rings after high extirpation of

the sac. Ochsner asserts that sac extirpation alone, without suture, will cure

all cases. There is good evidence in favor of this belief, since femoral rings are

small and the sac denudation would leave surfaces well fitted to unite. All

operations have the first step in common.

Step 1. Skin Incision.—Many authorities advise making a skin opening,

over the ring, in the long axis of the thigh. An incision parallel to Poupart's
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ligament is, we believe, to be preferred. It gives acee.^s to the inguinal eanal if

such a step is desiretl.

Step 2.—The sac lies underneath the skin and fascia^ and is often embedded

in a hrni layer of fat. The greatest viuv is needed to avoid injuring its con-

tents if irreducil)le. A very thick ^\•all should at once excite suspicion that it

may be a sliding hernia of the blatlder or colon, in which ca.so no sac will be

pre.*!ent. These viscera slide into the hernia below the peritoneal reflection

and are often ojiened, by mistake, for the sac. \Mien the .'^ac has been identi-

fied and explored it should W detached, by blunt dissection, thi-oughout the

whole length of the canal, drawn down and amputatetl. or dealt with from

above by opening the inguinal canal or al)donien.

Step 3;—The closure of the deep ring is theoretically possible by suturing

Poupart's ligament to Cooper's ligament and the pectineal fascia. This is a

step which seems unsatisfactory on account of the dis])arity between the struct-

Fig. 230.—Tlie Andrcw.s Operation. Step G. Method of elo.sing the skin wound by double-locked

buttonhole stitches. Note the fact that the slack thread is wound twice around the trocar neeille point,

causing each segment to remain taut like an interrupted suture. {Orujinul.)

ures united. It can be accomplished by two or three mattrei^s stitches extending

from the pubis to the sheath of tlie vein. Extreme caution is to be observed

not to prick the latter with the needle.

Stttj) 4.—The outer ring or sa|)henous oj)ening is also narrowed by suturing

the falciform i)rocess across antl oveilapping the fa.scia lata, gi'eat care being

taken not to wound or con.strict the long sa|)henous vein.

Opeiafiiig Through the Inguinal Canal. In l-'i-aiik's method the .sac is di'awn

out through the inguinal ring, ligated, and re.sected. the ends of the ligature

l)eing drawn out through the nni.scles at a j)oint some distance above and then

tied at this point. The tendency to hernia is then corrected by suturing the

jjo.sterior margin of Poupart's ligament to the pectineal fascia and the periosteum

of the horizontal branch of the pubis; after which, four threads are pas.sed

through the triangular ligament, so as to draw it up to the nniscles above.

Roux's Nail Operation.—Roux fastens with a doiihlc-iiointed n;iil the edge

of Pou]fart's ligament to the hoi-izonlal ramus of the jmbis as a radical means
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of curing femoral hernia. Since 1904 Hochenegg, in the Menna CHnic, has

appHed this technicjiie in thirty-eight cases of femoral hernia, all but eight of

them women; general ana\sthesia being used in thirty-three. The ultimate

outcome—the interval of time since the operation ranging from six months to

four years—is known in twenty-eight cases. The results have been satisfactory

in every respect, even in one case in which the nail was felt to be loose. The

outcome, he believes, compares favorably with that obtained by other methods,

while the simjjlicity of the operation commends it for certain cases.

Post-operative Complications.—Aside from stitch abscesses, which are now

Fig. 231.—The Andrews Operation Completed. The skin remains in a ridge-shaped Une like that

wliich results from the use of the clips. If plain catgut is used this ridge flattens out in from fi\-e to

seven days. (Original.)

relatively rare in hernia work, certain other causes of failure or relapse occasion-

ally may be encountered.

Post-operative Desmoid.—One of the most interesting and rarest of these

complications is chronic inflammatory induration of the abdominal wall, a

lesion which occasionally follows herniotomy. This was first noted by Grasser,

who reported two cases, and later by Schaffer, Baker, Frank, and Kreuter. I

have seen two instances of this rare disease in about fifteen hundred herniotomies.

In one case a massive swelling, which presented the appearance of a sarcoma,

persisted for six months after inguinal herniotonn-. This was nearly painless and

was not accompanied by fever. The mass was explored for concealed stitch

abscess, but with negative results, and finally it disappeared by resolution. In a

second case, seen during the last year, a tumor as large as a man's fist was located

in the groin. This tumor made its appearance three weeks after operation and
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continued to exist for lour months without j)us formation. Those masses seem

to me to resemble the so-calletl " Holzphlejimone" or ho;neous abscesses of the

neck—an obscure affection of a chronic infiammatory type, sometimes called

''cancroid" or cancer-lik(>, but always endin<i- in recovery. Schaffer observes

that they are of the same type as the desmoids of the abdoniinal wall (see i)a^-e

83 of the present volume) and have their orij^in at some point in the immediate

vicinity of a buried ligature, especially at the neck of the sac. No treatment is

known to hasten the disappearance of these masses. They may last months or

even years, but eventually they disappear spontaneously.

Cysts. Hydroceles, and Ha-matoceles After Herniotomy.
—

'\\'hen an adherent

sac ha.s been dissectinl from the femoral or scrotal tissues, th(» cavity thus left

may become tilled with bloody or serous exudate, and a i)ost-operative tumor

Fig. 232.—Method of Sealing Herniotomy Woumi.sin Young Subject.s witli Strip.s of Fabric .-saturated

with flexible collodion or with conipoiuul tincture of benzoin. {Original.)

maybe the result. Cysts may also foi-m fi'om some])ortion of the sac, in a scrotal

hernia, having l)een left behind. Such complications are not tlie rule, and they

iiia\- be avoided by using temporai-y drains or by exert iiig linn pressui'e with

bandages. The scrotal i)ai't of an inguinal hernia tiia\- be left, as is done in the

Kocher or the O'llara opeiation. oi- it may be i-emo\-e(l entirel}', as is easily

done in most cases, by blunt dissection. In \-erv adherent sacs and in con-

genital hernias one is compelled to lea\(' it behind. To prevent the formation

of a hydrocele J usually invert it ('bottle ojK'ration''), or insert an iodofonn

gauze strip through (he bottom of the sac to cause adhesive obliteration. Even

if this is not done it is j-ather exceptional to liave cystic swelling occur.

Varicocele occasionally seems to be produced or in<'rease(l by herniotomy.

This is due to interference with the venous circulation. Too tight closure of

the internal ring should be avoided. When varices exist on the cord it is often

best to i'enio\'e tliein high up during the hei'niotomy.
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Femoral Hernia Following Inguinal H('rni(jtoniy, and Inguinal Hernia

Following Femoral Herniotomy.—Such an occurrence is not at all uncommon.

Probably most of these cases were not caused by the operation. It is well

to note, however, that the closure of one orifice tends somewhat to draw

apart the other, especially in methods which deform or displace Poupart's

ligament, which forms the u]jper boundary of the femoral and the lower of the

inguinal canal.

Palliative Treatment of Intjainal and Femoral Hernia.—The use of trusses,

pads, and bandages in inguinal and femoral hernia l)ecomes necessary in adults

as a temporary measure, and, in young children, as a possible curative measure

in suitable cases. In congenital hernia the closure of the vaginal process may
be completed shortly after birth instead of earlier. This is assisted by the use

Fig. 233.—Dressing Suitable for Application after Herniotomy (double or single). Rubber or

gutta-percha tissue is placed o^•er gauze to shield it from fluids escaping from the urinary tract. In

young and restless subjects the outer bandages may consist of plaster of Paris or of silicate of sodium.

{Oriyinal.)

of some support, but, in many cases, it tends to take place without any assist-

ance. As the early natural time of closure passes, the chances of spontaneous

healing grow less. In the first year, or even in the first two years, of life many

hernias disappear. Some of them re-appear in later childhood or in adult life.

A large number of so-called act{uired hernias are merely relapses of former con-

genital ones. This will be found to be markedly true when the facts relating

to the personal and the family history are accurately obtained. Less importance,

therefore, should be attached to natural cures than was formerly done. It is

true, nevertheless, that a consideral:)le number of hernias do disappear in early

life, either with or without the use of supports.

In infancy the best support is the "yarn truss," a large soft hank of wool

yarn tied like a figure-of-eight or spica upon the groin. In the opinion of Drs.

Walls, Abt, and other pediatrists this gives better average results than does a

spring truss. Spring trusses for use in infants should be wateiproofed by

VOL. VII.—38
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having their spnngs and jiads cnrloscd in ccnuloid, vulcanite, or rubber. They

may be kept on tlie i)atient constantly, even during bathing.

For adults si)ring trusses take the plact^ of all other b(>lts oi- binders, except

in certain atypical or very large hernias. Ocasionally an irreducible hernia

of large size, as in the scrotum, may reiiuire, to prevent further enlargement, a

special form of sac or support mod(>lled to its i)articular shape.

Spring trusses are furnished by most manufacturers upon the following

specifications:—(1) Measurement around the hips, below crests of ilia (Fig.

1>;39); (2) side—right, left, or double; (3) kind—inguinal, femoral, scrotal; (4)

size of ring; (5) location of ring, direct, indirect; (0) kind of pad—hard, soft,

1



ABDOMINAL HERNIA. 595

rudimentary or i)otential pouch from birth. Clinically, it is practicable to

classify ruptures at the navel into: (1) Congenital funicular hernia of the cord;

(2) infantile hernias, which develop shortly after Ijirth; (3) accjuired hernias

which appear in adult life.

Under normal conditions the umbilical ring closes at birth, the obliteration

of the ductus omphalo-entericus takes i)lace normally, and the visceral or

peritoneal cavity closes perfectly, with no pouch left in the fcetal end of the

umbilical cord. If such a pouch does remain from fcetal life it is enclosed only

by the dilated network of cord ^'essels and the thin layers of ^^'harton's jelly and
the amnion. (Figs. 242 and 243.)

The opening at the umbilicus may be excessively large and the tumor thin-

FiG. 235.—Femoral Hernia. (Original.)

walled and translucent at birth, or it may be small and dense. Such congenital

sacs are analogous to the conditions observed in spina bifida, cleft palate, and

other failures of coalescence in f(etal life. So great is the defect in some cases

that nearly all the hollow viscera and the liver, sj^leen, and even the pancreas

may be contained in the hernial tumor. Great danger of ulceration and fatal

infection is present in the large thin-walled sacs. The smaller varieties, in

which the hernia is covered with natural skin, are usually reducible by direct

pressure. Most of the infantile and accjuired umbilical hernias are of this kind,

and attain large siz(^ only when left imsupported for long periods.

Strangulated Umbilical Hernia.—Two extremc^s in size of umbilical hernia

are especially dangerous when strangulation takes j)lace. The ver}' small

globular sacs, which represent one extreme, are often hidden in the panniculus

and can be discovered only by palpation. When strangulation occurs in such

cases an error of diagnosis is likely to be made, and the truth is generally not

revealed until it is too late to save the patient's lif(^ by operation. The other
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cxtrcnio

—

ov a vci}' hxv^v sac—pn^soiits another danjijer. due to the c'onij)le.x:

iiiultiplo form of the i)n)trii(lin^ mass. Xumcrous scjHa diN'idc ils intorior

into a series of separate eom])artments or lobules of one sae. One or more of

these may be strangulated and not others. We have .seen one pocket of such

a hernia containing adherent noinial intestine, and another adjoining with

gangrenous bowel. This leads to great diHiculties and dangers in performing

herniotomy.

As the patients who hax'e these enormous sacs are often in a septic condition

and weakened l)y obesity and senility, it is best, in certain cases, to do the

slightest operation which will relieve the ob.^t ruction, if possible, under gas or

local ana'sthcsia. The radical operation may b(^ done later.

Treatment.—Under mechanical treatment, if begun early, excei)tionally

good results are obtained in voung children. It is as if Nature needed onlv a

Fig. 2.3fi.—Di.s.section nf I'dvis fruin within ; tin- piritumuiu has been removed. Thi.s .specimen
sliows double femoral hernia and double external femoral hernia in the same individual. (From ICn-

drrlcn mid dnsscr.)

little more time to complete a closure already begun. Belts, trusses, and pads

are of far less utility than broad adhesive straps, which should l)e i)laced tran.s-

vensely across the navel in such a manner as to draw the lateral margins of the

opening together. Plaster strij)s are also valuable as a protection when the

tumor is thin-walled and in danger of ulceration. The ring itself may be covered

by a pad of .small size which .should be held in |)Iace by straps of adhesive plaster,

or the latter may be used alone if the cnimpled sae loi-ms its own ])a(l. To sup-

|)ort the first straps, additional ones may be laid over them either ol)li(|uely or

in the same direction. (Fig. 214.)

The Radical Operation foi rmbilical Ih-rnia.- Two rather opposite types of

operation have come into general use foi- umbilical hernia those which depend
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iipijii plastic restoration by Ijringing the sejjarated recti muscles once more into

apposition, and those which utilize the thin fibrous edges of the ring without

further dissection. Keen, of Philadelphia, first advocated excision of the navel

as a step in radical cure. This was adojjted by Lucas-Championniere, Kocher,

and many others. Many oi)erators—Pfannenstiel, Grasser, Wuellstein, and

others—devised methods of mobilizing and replacing the (lisj)laced recti so as

to bring them edge to edge over the ring. These muscles ha\'e even been divid(>d

trans vei-sel}^ and crossed like a letter X to strengthen the wall at the weak point.

Hartmann caused the ends of the cut muscles to overlaj). Heinrich and also

Cahen made rectangular flaps of one rectus and then, having turned them

laterally, sewed them into slits of corresponthng size in the other rectus. Gold-

spohn, of Chicago, devised a method by means of which the recti were forced

against each other and anchored in this position by a deci) (|uilted suture.

Fig. 237.—Dissection of a Large Femoral Hernia, show-ing its close relation with Poupart's ligament,

the femoral artery, and the femoral and saphenous veins. (From Enderlen and Gasser.)

Of the other types of operation, W. J. Mayo's method of closure by means of a

transvei-se or horizontal line of division with overlapped edges,* is the most popu-

lar in America. (Figs. 245, 246, and 247.) The valuable feature of this method

is to be found in the fact, hitherto little appreciated, that the direction of the

greatest rela.xation in the i^endulous abdomen is from above downward, not

circumferenrially. This is exactly the oii])osite of the pre^•ailing belief with re-

gard to this condition. Yet if we api;)ly the test of drawing the edges together,

it will always be found easier to approximate the margins of the ring from

above downward than laterally. This is sufficient evidence that they will unite

* The imbrication method, which .Mayo was the first to employ in operations for the cure

of umbilical hernia.
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Ix'ttor ill tliat jiositiou. Thodrctically. the normal aiiatoinieal condit ions arc

not restored, hut ratiier dct'onncd hy this step, since the diastasis of the recti

is not I'chcx'cd hut increasecL In i)i'acticc the opeiation has <i;i^•cn excellent

results.

The skin incision should he made in either a ti'ans\-erse or a vertical dii'cction,

aeconlin<i to the type of operation, and should be elliptical, so as to excise the

umbilicus and most of the tumor if the latter haj^ipen to be large. Eff'orts to

cut down ujion the sac and dissect it from its overlyino; skin are dangerous in

large obstructed hernias, on account of the close union Ix'tweeii the i)eritoneum

and the skin. The sac will usually be torn or cut in attempting this, and the

di.s.section will prove bloody and tedious. It is much easier to cut down to the

fascial margins of the ring on each side, so as to remove the entire mass, skin

and sac included. Not infre(|uently the omentum is so adherent to the sac

l"i(i. 23.8.—External or I'reniu.sculur I'cniorul llcruia. (Oriyinal.)

lining that it nuist be amputated at the ring. The j)critoneum may uoxt ho

detached and sutured as in an oi-dinary laparotonn'.

In case closure of the ga]) in the recti is attempted, these muscles must be

mobilized by ojx'ning their sheaths a long distance above and below. In fact,

they are often sepai-ated througiiout nearly their whole length. A tlee|) fascial

suture is next inserted, thus ,sectu-ing a sti'ong support from the posterior rectus.

Then the muscles themseh'es ai'e brought together by means of a deep or quilted

suture and the edges of the sheatli of the anterior I'ectus are uiiilid by a separate

line of stitches in front. The tension on all these layers is exti-(Mne and the

operation often pioxcs unsatisfactoiy on this account. It is as if the whole

sti'etching of the abdomen had been in the longitudinal lather than in the

e(|uatoi'ial direction, and the stitches .seem scai'cely able to bear the strain of

reducing the circumference. The o|)posite techni(|ue of longitudinal rather

tliaii e(|uatorial direction of closui'c has b(>come popular because of the case with

which it mav be executed and the ceilainl\' of the result.
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The form of the ring is always circular. Its edges can be made to overlap

by the introduction of three or four d(>ep mattress stitches, which carry the

upper border behind the lower a distance of fi'om t\vo to four centimetres.

The free overlapping lower edge is next sutured to the front of the upper segment.

The two segments thus imbricated constitute a wall of double thickness, and,

Fig. 239. Fig. 240.

Fig. 230.—Line of Measurement to be Employed in Ordering a Spring Truss.

Fig. 240.—Elastic Belt Truss.

inasmuch as one line of sutures supports the other, failure of union is unlikely to

occur.

Ventral Hernia.—-Hernial protrusions through breaches in the musculature

appear, not only after wounds but also spontaneously, at various parts of the

abdominal wall. Diastasis of the recti above or below the navel causes hernias

at the linea alba. In the lower abdomen these hernias may be large and saucer-

FiG. 241.—Single and Double Hard-Pad American Spring Trusses.

shaped or dome-shaped; they amount to little more than a i)Ouched condition

of the abdominal wall below the navel, and they do not endanger life by strangu-

lation. If bandages are worn, such hernias cause little discomfort, and they

may not require other treatment. In the upper abdomen the hernias of the

linea alba are a type by themselves, having a peculiar history and requiring
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o]HM'ativo cun'. They arc ai)tly called "('j)i^astri(' hernias." They ai)pear in

the middle line, about ihree inches ahow the naxcl. as <:;l()l)ular sacs, often

buried in the superficial fat so as to be detected only by palliation. AMicn

irreducible they give no impulse and are easily mistaken for small lipomas or

other external solid tumoi's. In t;cneral, small globular masses in this location

may be looked upon with some degree of suspicion, especially if they are accom-

panied by deep ])ain or digestive trouble. In somc^ instances they contain, not

only omentum, but also small segments of the wall of the small intestine, the

colon, or the stomach, and they cause jjain and other disturbances which might

easily be mistaken for manifestations of gastric

ulcer or of gall-stone disease or for an acute in-

digestion. In other cases the hernial tumors are

i-educibie and the usual impulse at the ring can

be felt.

Etiology.—A very conunon cause of \-entral

hei'uia is found in wounds, j)articularly oj)era-

tive wounds in the al)dominal wall. Formerly

this complication was more frequent than it is

at present. Layer-by-layer closure of kparotomy

wounds has largely taken the place of the single

line of deep through-and-thi'ough stitches which

formerly were so conunonly emjtloyed. The old

method ix-rmitted gaping of the strong fascial

layers, even when the skin and peritoneum ap-

j)eared, at the tinu^ of the ojjeration, to have been

bi-ought together smoothly. The integrity of the

wall against hernial ])rotrusion depends solely

., , . ,. ., ,, upon the strength of these fascia', and, when
cavity; ,4, amniotic cavity; yJ, oin- ' "^ '

phaio-ine.sentcric duct; A", umbilical there lias bccu ucglect ill appi'oximatiiig niccly

the edges of the divided fascia, the skin and

j)eritoneum alone cannot resist the development of a hernia.

The most common cause of ventral hernia, at present, is infection, which

causes stitch abscesses and, as a corollary, necessitates drainage. Many ojx'ra-

tions u})on internal |)us collections are of such a nature as to compel the use of

large drains, thus jjreveiiting primary union of the whole or a part of the wound.

In many cases only a small part of the stitches become infected to such a degree

as to destroy union, but in other cases the greatest care cannot prevent all parts

of the sutui'e line fi-oni undergoing suppuration and delayed union. Healing

by granulation lea\'es large hai'd cicatrices which seem amply strong enough to

jjrevent hernia, but which, in the course of a few months or years, become atten-

uate(l and thensti'etch to an almost unlimited degree. ( )ne may therefore infer

in a general way, fnjin the size and massi\-eness of the scar, just how great will

be the subse(|uent hernial j)rotrusion. These cicatrices occasionally stretch to a

balloon-like degi-ee of thinness (as, for exam|)le, after certain appendix operations)

so that th(! coils of intestine can be seen outlined through their walls. More

Fig. 242.—Schematic Section of a

Congenital Umbilical Hernia.

n rt, Ring; iJ, abdominal wall; be,

adhesions and new vessels from the

lining of the amniotic cavity ; //, sac
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commonly' the hernial protrusion hes between two layers of the muscles or out-

side the muscles in the subcutaneous fat. Such hernias have sacs which may be

bottle-like, with narrow orifices passing through the muscles. \>ntral hernias

occur in the site of laparotomy wounds at the middle line, in the region of the

appendix, in the epigastric and gall-tract regions, and in the lumbar region, at

the site of the incision made for a kidney operation. They also may ap{)ear at

the site of any wound or laceration due to an injury or a stab or bullet wound.

In the Mercy Hospital Clinic I recently had under my care a patient who, in

consequence of a crushing injury of the chest and abdomen, had experienced a

false hernia of the colon and part of the liver, complicating a hernia of the lung.

Recovery took place in due time, and, after the final healing, a true ventral hernia

persisted in the right hypochondrium.

Treatment.—Palliation by bandages, belts, and spring trusses may pre-

vent increase in the size of the protrusion. In many cases the prophylactic

use of such supports fails to prevent hernia from appearing, but it may restrain

the tumor from assuming large proportions.

Operations ujjon ventral hernia vary with the locality, the degree of the

Fig. 24.3.—Diagram Showing a Congenital Hernia of the Navel and Cord. The sac contains both
hollow and sohd viscera. (From Wilms.)

[/, Umbihcal cord
; 7, intestine; L, liver; L T, round hganient ; V, stomach; C, colon; R, ring.

deformity, and the amount of destruction of tissue which has taken place about
the false opening. In many cases dangerous adhesions exist between the vis-

cera and the interior of the sac. In other cases destructive cutting of nmsclcs

or their motor nerves has caused large breaches in the smooth contour of the

abdominal wall which can never be restored by merely suturing the layers. In

such cases it may be better to resort to flap methods, as by imbrication of rec-

tangular f\aps of the rectus sheath, and to make an anatomical dissection having

for its purpose to free the various planes of fascia, in order that afterward they

may be restored to their normal relations.

The treatment of epigastric hernia should be by operation. The small sac
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should he i-ciii()\('(l and the iiiiiuitc opening" or riii.u' should he closed by one or

more stitches. In o])erations upon those small hernias the same cai'e should 1)0

exercised not to wound any hernial contents, as is obserN'ed in ojierations upon

the larger hernias.

It is not possible to plan any one oi)erati\'e method which, with slight modi-

fications, may be adopted for ventral hernias in various parts of the abdomen.

In a large proportion of hernias due to post-operative suppuration and character-

ized by seal's whicli have formed adhesions in many different directions, I find

it nuich easier to enter the abdomen from one side rathei- than through the scar

or sac. I make an ellii)tical incision around the whole cicatricial area, and then,

after the nec<»ssary dissection, I remo^•(> tlu> entire mass, thus making it possible

to secure a lineai- wound when the opposite edges are brought together and

sutiu'ed. Aftei- removal has be(>n accom])lished 1 open tlieabdomen at a point

to one side of the ring. If it be found that the ouKMitum is adherent, the i)ortion

which is adherent ma}' be frecnl or cut oiT. \\'hen the bowel is found to be ad-

herent to the sac the separation calls for the most careful dissection. Herein

HHif

liiii [Hi?

f -s"':-,!
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opening, or as much as is possible under moderate tension. A number of mat-

tress stitches are made to hold the deeper segment at a semicircular line inside

th(> opposing edge. The overlapping margin of the outer layer is then sutured

firmly so that it shall bear its share of the tension of the wound. If the fascial

part of the incision, as mentioned above, is somewhat to one side of the skin

incision, this relation of the jjarts favors union with a minimum of adhesion

between layers.

Obturator Hernia.—The obturator foramen is closed by a strong septum,

the obturator membrane, which is usually in two layers separated by light

areolar tissue. The obturator internus and externus nniscles, which spring

from the inner and outer siu'faces of this membrane, pass toward the trochanter

major as external rotators of the femur. The ol)turator canal or sulcus permits

the passage of the ol)turator ner\'e, artery, antl vein in the order named, from

Fig. 24.5.—The Drawinp; Show.s the First Stage of Mayo's Transverse Suturing of the Umbihcal

Ring by tlie Imbrication Method. (From Bryant's "Operative Surgery," Appleton & Co., New

York, 190.5.)

above downward. This canal is normally less than 2 cm. in length and only

large enough to transmit the nerve and vessels in their course through the

obturator membranes beneath the horizontal ramus of the pubis.

Hernias through the ol^turator foramen appear in the front of the thigh not

far from the location of the femoral artery, but at a somewhat greater depth

or more posteriorly. There exists some evidence in favor of the belief that

they may sometimes be of congenital origin, but clinically they are not often

seen in children. Men are less often affected than women, and, in the cases

belonging to the latter sex, it appears from the reports that the patients wer(>

of an advanced age, several of them beyond the sixtieth year of life. This may

be explained by the facts that the pelvis is wider in women, that the bones are

more tilted, and that atrophy and the dei)osit of fat are often observed in ad-

vanced age. Obturator hernias may be double or single and may contain either
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omentum or intestine. Cases are rej^orted in \vhich the hernial sae contained

the tubes, ovaries, or the bladder.

DiAGXOSis.—On aeeount of the small and deeply buried sac the dia<inosis

of obturator hernia may be tlifticult or impossible except when stranii;nlation

occui*s. Pali)ation may give negative results except when made bimanually

through the vagina or the rectum. With the bladd(>r and rectum previously

emptied it is possible to detect a cord-like mass leading downward to the obtura-

tor foramen. Another sign that is usually present is retraction of, or slight loss

of power to extend, the thigh. This is also a symi)tom of psoas and iliac

abscess.

The Hou'ship-Roniherg Sign.—One trustworthy sym])tom of obturator iiernia

is the Howship-Romberg sign. It consists of neuralgias and i)ar2esthesias of

the obturator nerve. This symptom is especially marked when the hei-nia is

under great pressui'e or is strangulated. The i)ain is referred along the inner

Fio. 246.—Tlie Drawing Sliows the Second Stage of Mayo's Transverse Suturing of the rinhilical

Ring by the Imbrication Method. (From Bryant'.s "Operative Surgery," Aijplcton iV: Co., New
York, 1905.

)

aspect of the thigh to the knee or to a point a little below the knee, and some-

times to the region of the hip-joint

—

i.e., to the i)arts which are su))i)lied by

the obturator nerve. Pain may be accompanied by iiuinbncss, piickling and

formication, and occasionally by hypenesthesia and (^v(^n nuiscular i)aralysis.

The differentiation of obturator hernia from a femoral hernia and from

psoas abscess defjends upon the exact'localization, the tumor in the obturator

variety coming fi-oin underneath the jx'ctineus nmscles and fascia rather than in

front of them. Many cases have been diagnosed only after strangulation has

persisted for some time. In a case of howel obstruction of unknown oi'igin

a careful examination for obtuiator iiernia sliould be made, and the condition

excluded in arriving at a diagnosis.

TkI':.\t.mknt.—The treatment of obtui'ator hernia has given a high mortality

—about forty per cent, according to the statistics of II. Schmidt. This is due

to the late stage of the disease and the tact that tiie sul)je('ts wei'e mostly aged
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foel)le women. Few or no case.s have been operated upon except for strangula-

tion. Under non-ojx'rative treatment the results have been much worse,

according to Schmidt—that is, fifty-six cases with a mortality of one hundred
per cent. The operation of choice should in some cases, especially those in

which the diagnosis is in doubt, be a laparotomy from above. The strangulated

bowel can then be dealt with in whatever manner its condition calls for. For
direct operations upon the hernia a vertical incision is made over the saphenous

opening. The inner margin of the i)ectineus muscle is drawn outward after the

fascia lata has been divided. It is sometimes better to divide the pectineus

longitudinally !>}• blunt sei;)aration of its fibres or to cut its origin i)artly from

the bone. The sac is found between the ileo-psoas and the adductor brevis

Fig. 247.—The Third Stage of Mayo's Transverse Suturinf;; of the UmbiHeal Rinj; by the Imbrication

Method. (From Bryant's "Operative Surgery," Appleton & Co., New York, 1905.)

muscles, it having passed above the obturator externus muscle. More rarely

it passes behind and below this tendon. The exploration and extirpation of

the sac in this narrow space, without injuring the vessels and nerves which lie

against it, is a difficult operation. The location of the vessels may be made

out by palpation, and, by the aid of this knowledge, one may divide the con-

striction without injuring them. The outward direction of the cut aids greatly in

warding off the possibility of this accident. On account of the danger of such a

complication it is doubtless wiser to resort to a laparotomy, as mentioned above.

Riedel advised the securing of a freer opening by resecting the i)ubic ramus,

which forms the upper boundary of the ring. Bardenheuer closes the gap which

such an operation produces by utilizing a flap of the pectineus muscle or by

making an osteoperiostfvil flap of the bone itself.

Ischiatic or Sciatic Hernia.—The sciatic notch is crossed by the great sacro-

sciatic ligament in such a manner as to form the greater sciatic foramen, an

opening which is partly filled by the pyriformis muscle. Two spaces are left

—
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one above this iiiiiscle and one helow it. The ujiper space affords a jmssa^ie to

the superior .tihiteal \-essels and ner\-e. and tlie ]i)\\ry one ti-ansmits the isehiatie

vessels and nerves and tlie internal j)udie v(>ssels and nerves. These spaces

above and below th(> j)}-i"if()nnis muscle ai'c th(> sites of two tyjx's of sciatic hernia

named by (!arre "hernia suprapxrifoi-mis" and "hernia infrapyi'ifoi-mis." In

both forms till' hernial tumor i^rotrudes underneath the gluteus maximus and

is therefore deeply buried. A third form of sciatic hernia is found at the lesser

sciatic foramen, throujih which i)ass the obturator internus muscle and its nerve

and also the internal jiudic ner\'es and vessels. This thii'd type is also called

"hernia spinotuberosa" and is the least common form. (Fig. 24S.)

Mo.st of the sciatic hernias have occurred in women past middle life. In

addition to the pain which usually accompanies all hernias, theic is one other

sign of diagnostic value, \'iz., the presence of a tumor, which is located beneath

the gluteal mu.scles on one side and which in most ca.ses disappears on i)re.-^sure.

Sometimes these hernial tumors are very large and they may ext(>n(l to the

anal region and eN'en to the coccyx. The differential iliagnosis is to be maile from

an aneurysm of the gluteal artery, from a cold abscess, and from a neoplasm

(for example, a teratoma) located behind the sacrum.

The treatment of sciatic hernia by any form of truss is not practicable.

Few oi^erations have been j)erformed except in the emergency of strangulation.

When one operates, the best course is to make the incision l)etwe(>n the tuber-

osity of the ischium and the coccyx, in a direction parallel to the lower border

of the gluteus maximus. This nmsclc should be bisected by a second ujjward cut,

the two together forming a T-shaped incision. The gluteus niedius must next be

exjiosed and divided high enough to enable the operator to reach th(^ sj)ace above

or below the i)yriformis nuiscle, according to the type of the hei'iiia. The large

size of the vessels encountered makes this operation often bloody and difficult.

After a wide exposure and careful haanostasis it is usually possible to isolate

and remove the sac, and to place stitches in the muscular and ligamentous

margin of the ring.

Perineal Hernia.—Hernias in the perineum in men and women occur both

independently and in as.sociation with j)rolai)se of various organs (the aims,

uterus, bladtler, etc.). At the i)oints where the natural outlets of thes(> vi.scera

(rectinn. \agina, etc.) i)a.ss through the pehic floor or pailition, an opportunity

is afforded for the (levelo})ineiit of a hei'iiia. A ])ossible congenital element is

suggested by Ebner, who cites the facts that the j)ouch of Douglas (recto-

vaginal i)ouch) and the recto-vesical pouch aic relati\-ely deej)er in the fietus

and in infancy than tiiey are in adults, and that they may even form diver-

ticula, as in the case of infantile or congenital inguinal hernias. The natui'al

])elvic orifices (urethral, vaginal, I'ectal) are ])erforations through the urogenital

diaphragm, wliich latter, may be delined as a ceiilral ligamentous septum of

the pel\-ic flooi", the lateral halves of which are composed of muscular ti.ssue

—

I.e., tlu; two levator ani muscles. Tlu; physiological outlets for the viscera also

afford [)assag(? to the vessels and nerves, and the icmaining si)ace is filled with

layers of adipose tissue. Probably age and sedentai'v life cause some atroj>li>' of
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these structures. They may also be weakened by scar tissue from rectal opera-

tions and from perineal lacerations in confinement, and l)y the more horizontal

direction assumed by the levator ani after rei)eated {jregnancies.

Perineal hernias usually arc central,—that is, infrapul)ic,—but thc}^ may,

under certain circumstances, occujiy lateral positions in one or the other of the

ischiorectal fossiie. This occurs when the sac is forced through the fibres of the

levator ani near the tuber ischii, instead of between the two muscles. This is

termed by Borscke "hernia endopelvina." It is an incomplete perineal hernia

and may escape posteriorly so as to simulate sciatic hernia, as in cases rej)orted

by Garre. Again, when the jjrotrusion is very close to the symi)hysis it may
enter the labium majus and be mistaken for complete inguinal hernia.

Central perineal hernias usually appear, as their name indicates, in the

Fig. 248.—Dissection of the Gluteal Region, Showing an Ischiatic Hernia Escaping underneath the

Gluteus Maximus, between the Pyriformis and Obturator Muscles. {From Gasser.)

perineum, and arc easily diagnosed, especially in males, from the presence of

a reducible tumor of moderate size. The large hernias aw commonly associated

with some form of prolapse occurring behind, in front of, or to one side of, a

prolapsed rectum, vagina, or bladder. Grave accidents liavc followed the care-

less incision or attempted removal of hernial masses pressing ujjon these struct-

ures, in the erroneous belief that the masses in question were polypi or other

growths.

In general, the treatment of perineal hernia l)y trusses or supports is un-

satisfactory. A cure of the condition by ()i)eration is attempted generally in

connection with plastic operations on the perineum or rectum, and is only an

incident or step in this work.

Lumbar Hernia.—Hernia in the loin or lumbar muscles is one of the rarest
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foniis of nii)tiir(\ apix'ariii.i: only ahout once in four or five thousand cases of

lu-rnia cxaininrd. Paul HcrpT, in 1(1,SOO hernias of 10,000 patients examined

in the Paris hosi)itals, reported only two instances of lumbar hernia. Few

observers have seen more than one or two cases, a number of these hcm^ reported

as cured by operation by Grasser. Brown, Wolff. Hcin, dc C^uervain, Macready,

and others in Europe, also by Bull and Dowd in America.

There appears to exist, in the anatomical arrangement of the lumbar and

abdominal nuiscles, a certain predisposition to the formation of a weak point

below the twelftli rib. When the latissiiiius dorsi is drawn backward the origin

of the internal obliiiue and the border of the serratus posticus inferior are seen

to be separated by a space covered with fascia. This space is rhomboidal in

shape, bounded by the erector spimp l)ehiiid, by the external oblique in front,

and, as already stated, by the twelfth rib oi- the serratus above, and by tho

internal oblique nuiscle below. Its Moor is identical with the deep layer of the

lumbar fascia—the fascia lumbo-costalis of Kocher. This space is covered ))y

the latissinius dorsi muscle. Pettit's triangle, (^specially its upper angle, is also

believed to be a weak iK)int in the lumbar n^gion. Although this has been

disjjuted Ijy Braun, Dowd's successful operation, in a case of lumbar hernia,

was perfomied at this \n)\nt. (Fig. 249.)

Lumbar hernia may be either congenital or acquired. In fa'tal life or in

early infancy atrophy of the nuiscles of the loin may occur from nerve injury

or from jjoliomyelitis, causing a yielding and disi)lacement of their margins.

In adults the occurrence of lumbar hernia has been known to follow traumatism

by direct blows, by falls causing intra-abdominal ])ressure, by the strains of

coughing and of i)arturition, etc. The symptoms connnonly observed at the

time have b(>en a sensation as of tearing felt at the moment of protrusion. There

have also been rejwrted cases in which the hernia has taken place in the scar

tissue resulting from a cold abscess or a perinei)hritic abscess. The hernia may

be doul)le, as reported by Fedorows. In most cases a hernial sac has been

found, ))ut in 1889 Hutchinson reported an instance of a traumatic lumbar

hernia, the size of an orange, in which a sac was wholly lacking.

It is usually easy to determine the presence of a lumbar hei-nia, but not so

easy to determine its exact j)oint of exit or the location of the imier orifice. In

forty-nine cases Jeannel found only nine which had been examined by autopsy

or by operation. In fovu' cases only was the e.xact location determined, and,

of these, one was found at Pettit's triangle and three at the superior trigonum

lundmle.

The treatment of lumbar hernia may be like that of any ventral hernia, viz.,

by means of trusses, provided the hernia is reducible. Many cases have been

ob.served only after .strangulation had occurivtl. and they have been treated by

iicrniotomy. The operation is not diflicull and, in good subjects, is reasonably

safe. It consists (according to Dowd) in placing a double row of sutures in

the margins of the muscles after the sac has been extirpated down to the

orifice in the lumbar fascia. Kuestei-. in cases wheiv the defect was very large,

emjiloycd a special flap. He accoiiiplishe(| this by lifling up a large flap of skin.
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muscle, and periosteum from the crest of the iUum, rotating it, and then stitch-

ing it over the ring.

The Internal Hernias of the Abdomen.—The term retroperitoneal or internal

hernia is api)HtHl to those cases in which the viscera become entangled in their

own internal recesses, without giving rise to any \dsible external tumor of the

abdominal wall. Ln-agination and intussusception are not included here, nor

are cases in which coils of small intestine become strangulated by sliding under

bands of old adhesions or into apertures in their own mesentery. There

exist, along the course of the intestines themselves, several natural openings

into which loops of Ijowel, especially of the small intestine, ma}' slip and be-

come strangulated. It is usually when they are in a state of strangulation

that these hernias are observed; hence their im})ortance is chiefly as possible

Fig. 249.—Dissection of Right Lumbar Region, Showing Hernial Protrusion. Triangular Space below
the Twelfth Rib, the Latissimus Dorsi, and the External and Internal Oblique Muscles. {From Ender-

len.)

factors in acute intestinal obstruction. It is rare, in cases of this nature, that

a diagnosis of the true state of affairs has been made except at operation or

at autopsy. The chief locations of an internal hernia are: (1) the foramen of

Winslow; (2) the ligament of Treitz (duodeno-jejunal fossa); (3) under the

colon (ileoca^cal, ileoappendicular, etc.)
;

(-4) between the coils of the sigmoid

flexure (intersigmoid)

.

(1) Hernia at the Foramen of Winslow.—A few cases only—about twenty,

according to Moynihan—have been i)ut on record. It is difficult for the small

intestine to reach this foramen, which is located above the colon and duodenum

and behind the common duct. \\'hen the mesentery is abnormally long or is

continuous with the mesocolon, so that the latter is long and the colon not fixed to

the posterior wall, or when the foramen of Winslow is abnormally large, conditions

VOL. VII.—39
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may favor the passage of the bowel ihrou.H,)! this oi'iHce into (lie lesser peritoneal

cavity. Jeanbrau and Riche assert that, when this takes place, there is formed

a palpable tumor which is more dull on percussion than the rest of the abdomen.

This early tumefaction is imimrtant for the diagnosis. It may be directly in

the centre or more toward tlu^ riuht, and its centre may coincide with

the umbilicus, or it may lie considerably above it, but always below the

costal arch. In none of the cases on record was the trouble diagnosed earlv.

In some it was oNcrlooked even at the lauarotomy. The small intestin(> is

generally involved. The stomach is forced forward and the afferent looi)s of

intestine are di.stcnded and held immovable under the livei', high up to the

right. No hernial sac is visil)le except in the i-are cases in which the intestine

has slipped between the two sheets of the great omentum. When the finger is

able to trace the course of the incarcerated intestine, the i)ulsation of the large

hepatic artery can b(> ]ierceived. In the eleven cases in which an oixM'ation was

undertaken it was found, in all but four instances, to be too late to save the

patient. An incision into the intestine should be made to evacuate its contents;

after which the reduction of the hernia is easy. Between the v(Mia cava and

the duodenum there is a sheet of loose cellular tissue thi'ough which it is easy

to expose the lower part of the foramen of W'inslow after the anterior sheet of

the lesser omentum has been incised over the upper duodenum, in a direction

parallel to its longitudinal axis.

The treatment of this condition is by open laparotomy, and there is i)resented

to the surgeon a grave and almost insoluble problem as to how best to n^lieve

the constriction. Our exi)erience witli gall-tract surgery has made us familiar

with this orifice, as it is usually explored with the fing(>r wh(Mi an examination

of the conunon duct is made. The anterior margin of the ring is formed by the

gastrohepatic ligament, which carries the connnon duct, the portal vein, and

the hepatic artery. Posteriorly we find the vena cava in close relation. Divid-

ing the ring by cutting or tearing would seem to be impossible. Although J(>an-

brau and Riche worked out, on a cadaver, a method of accomplishing this by

mobilizing the structures in the ligament it has never been done on the living

subject, and probably could not be done without causing death. It would be

safer, as advised by Moynihan, to open the lesser jx'ritoneum and drain the

distended bowel to facilitate reduction, or to make a lateral anastomosis outside

the obstruction and oi)erate later for the hernia.

(2) Duodenal Hernia.—Duodenal hernia, or paraduodenal hernia, ajjpears

at the point of exit of the jejunum fi'oin beneath the transverse colon. Since

1857, when Treitz first described this condition, lunnerous other cases have been

reported.

The duodenum is not j)rovid((l with a mesentery and is the least movable

part of the small intestine. Emerging at the ligament of Treitz it becomes an

intraperitoneal organ where it joins the jejumim. At this })oint of emergence,

the duodeno-jejunal angle, several small fossa- are seen when the transverse

colon is di-awn upward and the field is well ex|)osed. The two main dej)ressions

are located, one upon the ri<:ht and tlie otliei' ujxm the left side of the jejunuin.
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and they arc the starting points, respectively, of a right-sided and a left-sided

duodenal hernia; in other words, these depressions are located to the right or

to the left of the bowel wall at the insertion of the transverse mesocolon. Upon
the left side there are haljitually two smaller fossiP—an anterior and a posterior

fossa—which form depressions in the i:»eritoneal fold of the mesocolon. Through
these fossa^, when enlarged, the hernial sac may extend on either side of the

bowel, so as to reach the region of the pancreas or even that of the left kidney.

The orifice may gradually become enlarged so as to allow an extension of the

hernial mass retroperitoneally as far as the spleen, the descending colon, or the

bifurcation of the aorta. In such cases a tumor usually may be felt by anterior

palpation, but the diagnosis has seldom been made except by opening the

abdomen.

Duodenal hernia was believed by Treitz always to be acquired, while Landzert

asserts that it is always of congenital origin. Its sudden appearance in adult life

points to a probable traumatic origin, as happens in a ventral hernia. Vautrin

has reported two cases, in one of which he ascribes the trouble to an old scoliosis.

The infliction, as regards the symptoms and the position of the tumor, is in

many respects like the hernia at Winslow's foramen. The more left-sided and
low^er location would usually distinguish it from the latter variety of hernia.

The operative indications are the same, except that more liberty in dividing

the constriction may be allowed. This orifice transmits the mesenteric vessels and

nerves as well as the duodenum and hernia, but it may be divided with com-

parative safety on three sides. Hence there is no special difficulty about reliev-

ing the strangulation and permitting reduction of the hernial mass.

(3) RetroccEcal Hernia.—Retrocecal varieties of retroperitoneal or internal

hernia are of two forms—a superior, just above the ileocaecal valve, and a lower

or inferior, just below that junction or at the mesoappendix. The location of

the sac is between the layers of the mesocolon and between the colon and lumbar

muscles. The weak point, through which a hernia occasionally protrudes, is

just at the angle above or at that below the rectangular insertion of the ileum into

the side of the caecum. From this location the hernia tends to follow the direc-

tion of the large bowel toward its hepatic flexure. The condition may resemble

an intussusception at the valve, but the tumor is more immovable and more
deeply located.

(4) Intersigmoid Hernia.—The sigmoid has a long mesocolon, which, when
lifted, is seen to be fan-shaped, with a central depression at the junction of its

root with the posterior abdominal wall. This is surrounded by the main trunk

of the sigmoid artery. Hernias through this weak point pass into a tunnel-

shaped channel that leads upward behind the peritoneum, in close relation with

the superior hemorrhoidal and colica sinistra arteries.

The treatment of retrocsecal and retrosigmoid hernias, if strangulated, meets

the same operative difficulties as are encountered when the hernia is located at

the foramen of Winslow. The vascular ring is almost complete and free division

of the constricting bands is impossible. Extirpation of the sac is practically

impossible in its inaccessible location. It must be left in situ, with the possi-
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bility of its forniiiii: a cyst. The rinji; itself may he cIoschI hy sutures if great-

care is taken to avoid the encircHng artery.

Hernias of the Diaphragm.—Something over five hunchvd cases of hernia

of the iliaphragm are umw on record, and ahno.st two-thirds of them were con-

genital. Thonia collected 433 cases, of which only ISl were ac(iuired; the

remainder (2r)2) were congenital. In 248 cases Lacher found that a sac was

reported only 24 times. These diai)hragmatic hernias have also been classified

as true hernias— (".c. hernias having jieritoneal sacs, while false hernias merely

consist of openings in tiie diaphragm through which the viscera escaped. The

former, the true hernias, constitute only one-tenth of {he whole number reported.

(Figs. 250 and 2.")l.i

Congenital absence or weakening of the central tendinous portion of the

Fig. 2.5().—DiapliniKinatic llfiiiia ICxpost-il in \ iew by Ui.s.si-i'tioii of tlie IMeural and Peritoneal

Cavities. 'J'liis is a "true hernia." i.e.. it lias a liernial sac. (From Endcrlcn and Gassrr.)

diaphragm allows the escape of intestine and slomadi, especially on the left side,

into one oi- biitli pleui'al (•a\'ilies. In acijuiivd lieniia the conditions are the

same, the cause being a wound or ru|)ture of the diaphragm. In some con-

genital cases the hei'nia has a true sac. esjx'cially at the (esophageal or the para-

sternal opening. .\s might l)e expected fiom its location the stomach is most

fre(|uently found in the hernial .sac. Rochard. in 330 cases, found that the

dilTerent abdominal organs formed a j)art of the hernia in the following order of

fre(|u<'ncy:

—

Stomach is" I)uo(leiunii 48

Colon 17 CiL'cuni 35

Intestine ]'•>'.'> Pancreas 12

Spleen 7s Left kidney 2

Liver (id {{iirlit kidiiev 1



ABDOMINAL HERNIA. 613

In 2(36 cases of hernia of the diaphragm in which several organs were involved

Lager found that the stomach was in the hernia in 161 cases and the colon in

145, while in 53 cases in which only one organ was involved the stomach was

implicated in 27, the colon in 13, the small intestine in 6, and the omentum only

once.

In the case of a severe trauma, which causes a large tear through the dia-

phragm, the stomach, lying against this opening, is the first organ to escape; it

is forced directly into the pleural cavit}^ by the difference of pressure in the two

cavities. In a case operated upon by me in 1909 the colon escaped trans-

{ileuralh^ into the open air imderneath the liver, the chest being torn open above

so as to expose the dome of the diaphragm. In spite of the facts that the lung

also prolapsed and that half a dozen ribs were fractured, the patient made a good

Fig. 251.—Dissection Exposing to View a "False" Diaphragmatic Hernia, or one without Hernial

Sac. Nearly all of the small intestines have escaped into the left pleural cavity. (From Enderlen and

Gasser. )

recovery. The wound in the diaphragm was sutured from above. Suppuration

ensued in the chest and the patient had a recurrence of ventral hernia after

leaving the hospital. In the preceding year I reported two other cases of dia-

phragmatic hernia which had come under my care in the Cook County Hospital.

In one of these—a case of stab wound, recovery took place; in the other a

traumatic rupture of the diaphragm was discovered at the autopsy. ^^ hen the

stomach enters the chest cavity, it is apt to drag after it consecutively the colon,

the jejunum and small intestine, the spleen, and the omentum. In small wounds

the omentum may be first to enter the opening. It contracts adhesions at this

point and afterward acts as a wedge to dilate the orifice. Then, later, it drags

first the colon and afterward the stomach by its low(>r border, thus inverting

and twisting its pyloric end. Repetto, by experiments on dogs, proved that the



614 A.MI:RI( AX PRACTICE OF SURGERY.

tomloney of the oincntuin to seek these ojx'iiiii.^s was constant. At the end of

eight ihiys it was always found adlierent to the horders of the orifice. Cranwell

rej)orts a ease in which this omental outpost i)receded the prolapse of the colon,

thus creating a kind of sac around the hernia. The organs of the chest arc

correspondingly eoniproniiseil, as the pleural ca\'ity is encroached upon, causing

dyspnoea and heart embarrassment. The herniated howel may also be compro-

mised and perforation ensue, as in Strupler's case, with sejjtic i)neunK)th()rax and

empyema. In other cases no strangulation occurs and few symptoms are noted.

Ciomez describes a case of stab wound of the diaphragm with few symptoms at

the time. After n^maining well and continuing at w^ork for a period of six months

the man was suddenly attacked with intestinal obstruction and died ([uickly

from strangulated hernia at the diai)hragni.

Symtto.ms.— In the majority of cases there are noticed some symptoms of

the hernia, either of abdominal or of thoracic origin. Pains located in the epi-

ga^strium and left hypochondrium and radiating toward the shoulder, and diges-

tive troubles are the symptoms usually noted. There may be tympanitic

resonance over the left che.<t, and there is usually dextrocardia. Herz observed

a case of hernia of the (liai)hragm in which the descending colon, especially the

splenic flexure, rose during inspiration and sank dui'ing exi)iration. He regards

this symptom of paradoxical resj)iration as inijjortant for the diffennitiation of

hernia from eventration of the diaj)hragm. The patient was a man of thirty, who

had always been healthy until two years previously, when he noticed that he was

becoming corpulent, that he perspired more freely than had been his habit, and

tliat he suffered occasionally from dysjuKra on exertion. One da}^ he exj)erienced

great dysi)n(ea while walking, and coughed considerably. These symj)toms be-

coming more severe, he entered the hospital, ('onii)laining of a sense of oi)i)ression

in the chest, especially at the lower third of the sterinini. The case proved to

be one of congenital hernia of tiie diaphragm with a large defect. The stomach

was in its normal place.

l)i.\GNOSis.—In making a diffei'ential diagnosis it will be found helpful to

employ insufflation with the stomach tube, and also to resort to the use of

radiography after the i)atient has ingested bisnuith.

Thkatmknt.—The treatnient of (liaj)hraginatic hernia does not include the

use of trusses or bandages and must Ix; mainly operative. In many cases the

a.ssociate<l injuries also call for operation. In one instance, for example, I

sutured a stab wound of the stomach and a similar wound of the diai)hragm

and intercostal s|>ace. Some stomach contents had soiled both peritoneum

and pleura, and a .secondary empyema re(|iiii-ed o|»er;ition latei'. When one

operates xilejy foi- the hernia the important (|uestioii is whether to make a

t ranspleuial or a transperitoneal operation. Familiarit\' with abdominal work

has led many operators to attempt the i'e|)air of th(>S(> wounds from l)elow.

Thus, Ileidenhain advises the alxlominal route for sim])Ie hernias and the

transpleural for strangulate(l cases. \\'ahring(>r collected twenty-six ca,ses of

which twenty-two were operated upon by the abdominal and four by the j)leural

r<tute. The feai'of o|tening the pimra without the aid af't'ordecl by the pneumatic
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cabinet has deterred operators in general from opening the chest in these cases.

In only ten instances was the diagnosis made before operation. As no one oper-

ator has a large series of cases, it is important to determine, if possible, which

method of procedure has the greater advantages. I believe that the trans-

pleural route should be the one of choice in all cases requiring operation at all.

The dangers of pneumothorax have been greatly overestimated and are largely

illusory. The chest can be opened upon either side, as a rule, without much

collapse of the lung. I have refjeatedly seen it thrusting itself out of a wound

at each respiration, and not at all collapsed. Temporary collapse, however, does

not cause as much shock and dyspnoea as was formerly believed. It is difficult

or impossible to place stitches in the higher part of the diaphragm from the

abdominal side, and practically impossible to detach adherent omentum or

viscera from below. Cordier reports a case of failure, with fatal result, from an

Fig. 252.—Operation for Diaphragmatic Hernia by the Transpleural Route. {From Cranwell.)

attempt to do this. All the steps are simplified and made safe when the pleural

cavity is opened, as the dome of the diaphragm rises and reaches almost to the

parietal pleura. Lejars advises the pleural route in irreducible hernia because

the abdominal route gives so many failures. Cranwell confirms this and strongly

advocates the pleural route, citing cases of failure from oi)eration below; many

of these attempts having l:)een made by good operators, like Abel, ^lartin,

Schwartz, and Rochard. Like the French, the Italian surgeons were early ad-

vocates of the transpleural route and obtained brilliant results thereby. Post-

empski, Nine, and Sorrentino have practised and advocated operating through

the chest wall. In fifty-two transpleural operations collected by Neugebauer

the mortality was only 9.G per cent, while in ten laparotomies for the same affec-

tion the mortality was 50 per cent.

Technique of the Transpleural Operation for Diaphragmatic Hernia.—The

patient should lie in the reversed Trendelenburg or Fowler position, as in Crile's

operation about the neck. The use of the pneumatic compensating suit of Crile
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or constant watching of the blood-pressure is not recjuired. The incision should

extend from tlu> eijihth rib and should be curved with its convexity downward.

The ends of the incision should be nearly vertical and the eighth and ninth ribs

should be resected at these points. (Fig. 252.) The pleura may then be opened

and any adhesions broken up sufficiently to gain access to the cupola of the

diai)hragm. This lies very near the chest wall and can easily be repaired. If

neces.-^ary, in order to reduce the contents, the hernial opening may be enlarged.

The ring .-should then hv closed with durable catgut, tendon, or other suture

material. Cranwell used line silk to unite the two layers of the diaphragm sepa-

rately. Th(> i)leura should next be cleaned and dried locally by s{)onging with

soft pads, and the external wound should be closed without drainage if the

wound has been a clean one.

(The employment of local anaesthesia in hernia operations is considered on

page 255 of \'ol. IW—Dia|)hragmatic luM-nia is also discussed in Dr. J. C.

Reeve's article in the earlier part of the j^resent volume.)
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infla:\i:\iatory and other diseases of the
vermiform appendix.

Bii A.\l)h'/-:]V J. MrCOSlf. M.I).. LL.D., Xcu- York Citij.

I. ANATOMY AND PHYSIOLOGY OF THE APPENDIX.

Anatomy.—Tlic a])ii(Mi(lix vcniiifonnis lies in the njj;ht iliac fossa of the

abdoim-ii. If a line he di-awii fi-oiii th(> ri^lit aiitoi'ior sii])('i'i()r spinous i)roccss

of the ilium to the unihilicus, and if a point then be taken on this Hue two inches

fnjni the spinous ])roc(>ss, it will be found to correspond approximately to the

base of the appendix. In structure the appendix is similar to the rest of the

intestinal canal in that it lias four coats—mucous, submucous, muscular, and

serous. The mucous follicles are shallowc^r than those in the large intestine,

and there is relatively a very large amount of lymjjhoid tissue. This is one

reason for the jiroiieness of this organ to attacks of inflanmiation. The muscuhir

coat has the usual two layers—a circular internal and a longitudinal external.

The latter differs from that of the colon in that it is a uniform sheet instead of

Ix'ing in three l)an(is (ta'nia^ coli). The fact that the longitudinal muscular coat

of the a])p('n(lix is continuous with these three bands is an im{)ortant jwint to

remember in locating the base of the appendix. If any one of these ta>niie be

followed down it will be found to lead to the beginning of the appendix. In

eaily middle life the iimer coats of the appendix begin to atrophy, fat and con-

nective ti.>^sue being deposited in the submucous and muscular coats and the

organ as a whole undergoing considerable diminution in size. The lumen of the

appendix is normally continuous with that of the Cit'cum, the i)oint of conmiuni-

caiion varying in size between a j)in ])oint and a No. 7 French sound. It is often

|)rotecled by a fold of nmcous membrane, the function of which is doubtful.

This has been described by CJerlach as a valve. The length of the appendix

is (|uite vai-iablr. the usual limits !)eing from 3 to 8 cm., and the extreme liiiiits

from 1 to 24 cm. The diameter varies from 3 to a nun. It reaches its maxi-

mum size about pubei'ty. There are on record a few cases of true al)sence of

the appendix, wheiv no trace could be found after careful i)ost-mortem search

in subjects with no alxlftininal scars. They are (juite rare. The appendix has

also been found inxauinated into the ca'cal hnneii.

The sha|)e and position of the ajipendix are best understood by a consid-

eration (jf its develo|)nient. l-'arly in the second month of intra-uteriiie life

the intestinal canal is .-;o arranged that on profile it |)resents an X' -shaped loop.

From the fii-st descending lind) are developed the jejunum and the major portion

of the ileum; from the ascending, the terminal part of the ileum, the ileo-ca'cal

(JlS
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junction, and the ascending and the transverse colon; while from the terminal

limb come the descending colon, the sigmoid, and the rectum. The caecum first

appears, about the sixth week, as a lateral protrusion from the ascending limb of

this loop. At first, it is of the same calibre throughout, but, as growth advances,

the enlargement is far more marked in the proximal segment than in the distal

;

in other words, there are formed the csecum proper and the greatly reduced

terminal portion—the vermiform appendix. At this time (second month) the

ileo-CcPcal region is in the lower left quadrant of the abdominal cavity. Dur-

ing the third and fourth months this portion of the intestinal canal is gradually

crowded forward and then upward and to the right by the more rapidly growing

MfJ^"

Fig. 2.53.—Some of the Different Positions which the \'ermiform Appendix may Occupy. (From
Poirier et Charpy.) a, Internal position, showing shght concavity of the C£ecum and internal portion

of the appendix, which latter may extend much farther inward, even dowTiward into the pelvis; b,

external position; c, descending position; d, posterior surface of the csecum (ascending position);

e, appendix wrapped around the ileum; /, appendix wrapped around the csecum.

In the position shown in a the appendix arises from the inner aspect and most dependent portion

of the ctecum; it also turns outward and lies more or less removed from the outer side; or, as is the

case in a large majority of instances, the base of the appendix is found on the left and posterior aspect

of the etccum, perhaps extending dowTiward a certain distance, with an inclination either outward or

inward.
In about one out of fifty instances the appendix passes up beliind the csecum (extraperitoneal)

for a longer or shorter distance. Sometimes, however, it passes upward (extraperitoneal) at either

side of the colon, in rare instances even to the liver.

small intestine, so that it assumes a subhepatic position, the proximal part of

the colon lying transversely across the upper part of the abdomen. During the

remainder of foetal life the ca?cum and the ileo-colic junction migrate downward

into the right iliac fossa where they are found at birth. Failure of this rotation

to the subhepatic position or of the downward migration serves to explain the

rather uncommon adult conditions—those, namely, in which the appendix is

found either in the left iliac fossa, or well up under the liver.

The development of this part of the intestinal canal aids also in understand-

ing the relation of the site of the base of the appendix to the caecum and the
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sliapc of ihc lattci-. At lirst ot imifonn calihrc. the cuH-uni, with the iiioiv rajHtl

growth of the proximal i)ortioii. takes on a iiioiv conical shape, either remaining

straight or becoming convex, witli its concavity toward the ileum. (Fig. 253.)

Fig. 254.—Superior llco-Catal (Anterior Ileo-Colic) Fossa, in an Ailult.* (From Poirier et

Cliarpy.') «. Colon; b, ca-cvnu; c, mesentery; d, ileo-caecal artery; c, superior ileo-ca>cal fossa; /, in-

ferior ileo-ca-eal fold; g, ileum; h, meso-appendix ; i, vermiform appendix.

These are the conditions usually found a short time before birth. The three

longitudinal bands will be seen gradually converging to the base of the ludi-

mentary distal jiortion, to form the continuous external coat of the ap|)endix.

Fir.. 2.'5.''>. Inferior Ilro-Cac al 1..-., iro-t.-nor lleo-ai)pendieaI Fos.sa), in an Adult. (From
Poirier <f Cliarpy.) n. lleo-appendical fold; h, inferior ileo-ra-eal fossa; c, ileum; rf, mesentery;
c, uppendieul urtvry; /, ileo-apiteiiilical artery; 7, m(so-appeii<li\- ; h. raeuin.

The ca'cum proper may then develoj) e<|ually on all sides, giving rise to the more
unusual adult forms those, namely, in which the ai)i)en(lix is .stn-n arising from
the nidst de|iendi III |»(.rtioii: or. as is the ease in the large majority of instances,

* Ilc'o-folic fo.s.sa, of Lockwood; superior ileo-ca-cil fo-^sa, of Troves.
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the main trrowth takes place on that portion which hes between the anterior and

the postero-external longitudinal bands, so that the base of the appendix is

found on the left and posterior aspects of the caecum. With practically no

gro^^th of the left pouch, the appendix will be found close under the ileo-cacal

junction. Consecj[uently, the base of the appendix may be found anywhere, on

the inner or posterior wall of the caecum, between its most dependent point

and the ileo-csecal junction.

Peritoneal Folds and Fossa.—The ileo-ca'cal artery, which is given off by

the superior mesenteric, divides into two terminal branches that straddle the

temiinal part of the ileum. The anterior branch is the smaller and passes down

over the anterior aspect of the ca'cum, to a point a little below^ the level of the

ileo-csecal junction. The posterior branch usualh- (li^•ides into two, one of

which passes into the inner and back part of the circum, while the other sup-

FiG. 256.—Retro-CcPcal (Subcsccal) Fossa. (From Poirier et Cliarpy.) a, Ileum; b, ileo-ca-cal

fold; c, inferior ileo-esecal fossa; d, meso-appendix ; c, superior cwcal fold; /, inferior cipcal fold; g,

retro-Ccfcal (subctecal) fossa.

plies the appendix. As these vessels pass to their termination they are enclosed in

peritoneal folds called the superior and inferior vascular folds. (Figs. 2.54 and 255.)

Of these, the superior (ventral or anterior fold) is the smaller and appears merely

as a curved ridge, often containing masses of epiploic fat. The shallow fossa

framed in its concavity is the superior ileo-csecal (or ileo-colic) fossa. (Fig. 254.)

In six per cent of cases this fold is the larger of the two and forms the mesentery

of the appendix. (Fig. 256.) The inferior (dorsal or posterior) vascular fold is

usually the larger and more important one of the two, forming the mesentery

of the appenchx and containing the appendicular artery. (Fig. 255.) A third

fold, theintemiediate or non-vascular fold (bloodless fold of Treves), is triangular,

attached above to the terminal portion of the ileum and rather on its dorsal

aspect, and below to the outer side of the csecum. It usually swings around to

blend with the inferior ileo-ciecal fold. (Figs. 254, 255, and 256.) Its base is free
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aiul forms one houmlary of thi' pocket ciiclos.-d hy tlicsc two folds and the ileum,

called the inferior or posti'rior ileo-ca'cal fossa. [VvA- ->'>•) Oecasionally this

intermediate fold swinjis forward to blend with the superior vascular fold and

to aid in the formation of the ileo-cohc fossa. {F'v^. 2:)0.)

Position of Ihe Appendix.—\^ a mle the t(>rminal part of the caecum and the

appendix hanjr unconnected in the ])eritoneal caA'ity. Rather frequently,

thoujih, the posterior surface of the caecum is

adherent to the i)arietal pei-itoneum. If these

adhesions extend farther tlown on the lateral

asjH'ct of the ca'cum than in the middle they

will enclose a shallow fossa, which can be seen

with its openiuii looking downward when the

ea'cum is lifted u}). This is known as the sub- .

ciecal or retrocircal fossa. (Fig. 2")6.) If the

a])pentlix is held up vertically behind the ca'cuni

(as the latter descends) it may be caught in

these adhesions and become entirely retroper-

itoneal and retrociucal. This retrocaecal posi-

tion of the appendix is (|uite common. Some-

times the tip of the appendix remains free on

the outer side of the ca'cum. (Fig. 256.) Per-

haps more frequently it is found to the left of

the ciecum, cither i)()inting up behind the ter-

minal part of the ileum, toward the spleen, or

downward and inward, perhaps with its tip

liaiiging over the brim of the i)elvis. Among

the more unconnnon positions may be men-

tioned these: in front of the ileo-ca>cal junc-

tion, in the subciecal fossa (S per cent); or

with its tip reaching over to the left side of

the jjelvis or even to the left iliac fossa (.05 per

cent). The caecum with its aj^jx^ndix has quite

inguinal hernial sac. The fact has already l)een

mentioned that the a))pendix, thi'(nigh faulty development, is sometimes

I(jcate(l undei- the liver or in the left ihac fossa.

Vasrulor and Nerve Sujyply.— Resides the ileo-ciecal arter}' mentioned above,

the ovarian artery is said to send a small branch to the apjH'ndix. This is not

always the ea.'^e. The veins draining the appendix send their blood back through

the sujH'rior mesenteric In the portal vein. The nerve supply is derived from

the cceliac plexus ihidugh the superior mesenteric plexus. The lymphatics

drain into the mesenterii- nodes and into others scattered along the inner and

posterior asjx'cts of the ca'cum and ascending colon.

Meso-nppendix.-'Yhi' shape and the size of the mesentei-iolum vary con-

siderably. As regards its shajH- this structure is described as either triangidar

or (|uadrilateral. A^ a rule, it completely enveloi)s the apju'iidix. In a tew

/

•^h

Fig. 257.—Internal Configuration
of the Circum; specimen taken from
an ailult. The bowel was first in-

flated, then dried; antl finally a part

of the external wall was excisetl.

(From Poirier et Chaqiv: " Trait(''

d'Anat. Humaine," Paris, 1901.)

a, Colon ; b, valve-like fold ; c,

ileo-colie valve; d, ileo-ea-eal orifice;

e, ileo-ca-cal valve; /, internal wall

of the ciecnm ; </. apjiendical orifice;

/(, ileum; i, vermiform a])pen(lix.

often been found in an
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or

cases, however, the serous coat does not completely encircle that organ, l)ut a

portion is practically extraperitoneal. It was this anatomical arrangement
which led to a most acrimonious discussion, between the years 1875 and 1885,

as to whether the appendix was an intraperitoneal or an extraperitoneal organ.

The meso-appendix extends most often to the tip of the appendix, though it

often apparently ceases about the junction of the outer and middle thirds

even proximal to the middle. A real mes-

entery is sometimes practically missing,

there being no layer arrangement, but

the appendix lies close along the posterior

wall of the ca-cum, to which it is bound

by a sheet of peritoneum which passes

over it. The mobility of the appendix

depends largely on the length of its mes-

entery, as does its accessibility at the time

of operation.

As the mesentery is considerably shorter

than the appendix it is responsible for the

curved shape of the latter. Because of

this difference in length, there are some-

times produced sharp bends or twists

which cause obstruction, stagnation, and

the formation of so-called stones (appen-

dicular colic.)

Physiology.—The appendix is a rudimentary organ, or a vestigial structure.

Its function is not needed for the preservation of life or health, but that it is

capable of exerting some influence on the intestinal digestion, can scarcely be

doubted. This influence, however, must be very slight, inasmuch as the tens

of thousands of patients whose appendices have been removed, cannot ap-

preciate that any distinct deleterious effect on their digestion has followed the

loss of that organ. It is very rich in lymphoid and glandular structures; indeed,

it has been called the "abdominal tonsil." Its glands secrete a considerable

amount of glairy mucus. It is a question whether or not this secretion has a

peculiar action of its own or is merely similar to that of the contiguous mucous
membrane of the caecum. This latter pouch changes its shape during the pas-

sage of chyme, and it is possible that the appendical secretion exerts some

influence on this act, as well as on the passage of faeces from the ileum through

the ileo-ca3cal valve. Macewen believes that the cells and nuclein of the solitary

follicles may have some controlling influence on the organisms that reach the

caecum. It is known that the Bacillus coli communis effects the disintegration

of some of the undigested material which finds its way into the lower part of

the ileum, and it may be that the appendical secretion has some controlling

influence over this germ.

Fig. 258.—Arteries of the C*cum, the
\'ermiforin Appendix, and the Terminal
Portion of the Ileum; \-iew from in front.
(From Poirier et Charpy.)

er, Ueo-colic artery ; b, anterior colico-ca'cal
artery; c, ileal artery; d, anterior ca-cal
artery; e, ileum; /, appendical artery; gr,

vermiform appendix.



624 AMERICAN PRACTICE OF SURGERY.

II. COXCKXITAL MALFORMATIONS AND NEW-GROWTHS OF
THE AITENDIX.

Congenital Malformations.—Such nialfonnations an- ^(nnally hut a part

of some congenital ilefect or abnormality of the intestinal canal. There have

been rejiortcd a few cases of complete transposition of the abdominal viscera,

where the appendix (with ca'cum) was located in the left iliac rejiion. Minor

grades of such transposition are also on record. Unusual length of the cu'cuui

may carry the appendix far out of its normal ])o.sition. For example, it may

lie far up under the edge of the liver, or well down in Douglas' cul-de-sac. The

ascending colon may be entirely wanting, and the csecum may be attached

to the transvei-se colon; the aj^pendix. in such a case, probably lying far back

FiCi. 2.59.—.Vrtfrics and W'iii.s of tliu Cit-uiu ami \'erniiforin Appendix, in an Adult; view from
behind. (Frcnn Poirier et Charpy.)

n, .AsrondinR colon; h, po.sterior colico-ca;cal artery and vein; c, posterior ca-cal artery and vein;
fl, appfiidical artery and vein, e, c:rcum.

toward the loin under the posterior ])art of the liver. There have been recorded

a few cases in which there was entire absence of ca'Cum and ap])en(lix. The

length and the thicknc.<s of the aj)pendix vary greatly, and .^ome of those cases

in which the ajtjiendix is represented only by a small knob or stump which i)ro-

jects from the ca-cum and is often without a canal, may be properly classed as

abnormalities. The writer has reported a case in which the api)endix had a

bifid origin from the ea-cum.

Intussusception. Intussusception of the apjx'ndix into the ca-cum occurs

very rarely. Intussusception (»f the ca'cum with its appendix is. however, not

so unconun<tn.

New-Growths.— (I) Bknkix Tu.moks. -.Among tlic benign tumors of the

apjx'ndix are reckoned: a, cysts; />, libro-myomata; c, papillomata.

Cy.sts.—Cysts are nearly always tlie result of i)revious inflammation, though
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possibly, in a few cases, true cyst formation may exist. Cysts, or at least cir-

cumscribed collections of clear or mucoid fluid, are not uncommon. In every

hundred operations, the surgeon will probably encounter one or perhaps two
cystic appendices. The distal portion alone may constitute the cyst, or the

middle portion alone may be involved, or the entire appendix may have
been converted into a so-called cyst. The contents are generally mucoid
or muco-purulent, though occa.><ionall}- the fluid may have entirely lost its

mucoid characteristics and appear to be clear serum. Occasionally the fluid

is tinged with blood. Such cystic conditions are termed hydrops, mucocele,

or empyema. The appendical contents are prevented from emptying them-

selves into the csecum by an occlusion of the lumen of the appendix at some
point. This constriction may be at the cuecal attachment or, indeed, at any

point of the appendical canal. It may not be perfectly tight, or its closed

condition may be intermittent, allowing, at times, part of the cyst contents to

escape into the Ciecum. These cy.sts vary greatly in size. In some cases the

ai)i)endix is but slightly larger than normal, in other cases it becomes enormously

distended, so that the length of the organ may be as much as 18 or even 25 cm.

(7 to 10 inches) and its circimiference 20 to 30 cm. (8 to 12 inches). Cystic

appendices the size of an orange or a Hamburg sausage, have been found both

at operation and at autopsy. The amount of fluid varies from a few drachms

to two and a half ounces. The neck of the cystic tumor, consisting of the nar-

row cicatrized basal portion of the appendix, may be but slightly narrower

than the normal thickness of that portion of the appendix, or it may be con-

stricted and shrunken to the size of a surgical probe; and, in at least one case

(writer's), the large cystic appendix was completely separated from the csecum

and lay embedded in the pelvic tissue some distance from the bowel.

Fihro-mijomata.—A few such tumors have been reported, but they have

probably originated from the longitudinal connective-tissue bands of the large

intestine and secondarily have involved the appendix.

Papillomata.—A few cases of growths of this nature are on record, but the

possibility of malignancy must always be suspected.

(2) Malignant Tumors.—Primary malignant involvement of the appen-

dix is comparatively rare. Seventy cases have been reported, but some of these

must be excluded on account of unsatisfactory microscopical reports. Of

course, cases of secondary involvement—as where the csecum is the part pri-

marily involved—are of much more frequent occurrence. In about 50 cases,

however, the malignant disease has been confined to the appendix. Of these,

42 have been classed as carcinoma, 4 as endothelioma, and 4 as sarcoma. The

most common fomis of cancer are the spheroidal-celled and columnar-celled

varieties. The malignancy of cancer of the appendix does not seem as marked

as that of the same disease in other parts of the intestinal canal. The diag-

nosis, in several of the cases, was made only after the results of a microscopical

examination had been learned, the disease having had no specially malignant

effect on the patient. Frequently, the cancer has been of very slow gro^^•th.

In several of the cases there was no suspicion of malignancy up to the time of

VOL. VII.—40
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the opcnition, the symptoms liaving boon moroly thoso of subacute or chronic

inflammation. Indeed, there are few special symptoms which will lead to a

iliajinosis of maHi^nant disease. Many of the patients have been comparatively

young, one bein<,' twelve yeai-s of age and another fifteen. It certainly appears

as if the appendix w(Mv attacked by cancer less often, but at a younger ago,

than are the other digestive organs. The ojierative results for malignant

diseases have been comparatively good. The mortality from the operation

has been about fifteen per .cent. Not a few of the cases are reported alive and

well several years after the operation.

No general rules can be given with regard to the proper manner of operating

ui)on those new-growths; the details of the procedure must be suited to meet

the peculiarities of each case.

III. ETIOLOGY AND PATHOLOGY OF APPENDICITIS.

Nomenclabure.—The name appendicitis was first suggested in 188G by Fitz,

of Boston, in his classic article on inflanmiatory diseases of the vermiform

appendix. Previous to that date, the terms perityphlitis, paratyphlitis, typh-

litis, and epityphlitis had been loosely and indiscriminately employed. This

was a time, however, when the aii))ondix was not recognized as the usual cause

of the inflammation in the neighborhood of the ciecum. The term appendicitis

is now very generally adopted, though some of the continental writers still

insist on retaining the old term perityphlitis. The term epityphlitis (Fitz)

is etymologically correct, but has not been favorably received or generally

adoi)ted.

Age.—Appendicitis is essentially a disease of childhood and young adult

life. The abundance of lymphoid tissue in the young and their reckless man-

ner of eating explain their greater tendency toward appendical inflammation.

With advancing j'oars, the tendency to appendicitis, or at least primary appen-

dicitis, decreases. If a patient reaches fifty without an attack he can feel as-

sured that he almost certainly will never have ai:)pondicitis. It is understood,

however, that, if the organ has been i)reviously inflamed, this comparative im-

nninity does not exist. In the writer's experience of three thousand cases,

about sixty jkt cent of the imtients experienced their first attack between

their tenth and thirtieth years. The ages at which the first symptom of ap-

pendicitis manifested itself are, in round numbers, as follows:

—

Three Thousand Cases.

In llic first veai
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The youngest of these cases was ten and a half months old; the oldest, seventy-

three years. A dozen or more operations on patients under one year of age

have been reported. One of the youngest cases ever operated upon for a per-

forated appendix was an infant sixty-one days old. One case of apparently

prenatal appendicitis has been reported.

Sex.—It was formerly supposed that appendicitis was much more preva-

lent among males than among females. It is now known that the disease occurs

almost as frequently, if not c{uite as frequently, in the female as in the male.

In the writer's three thousand cases, there was a slight predominance of

females. The former belief in the predominance of males was probably due to

the fact that the disease was not always recognized in the female. The latter

sex is apt to complain less than males, and there is often confusion between

discomfort from a chronic appendicitis and that from a cystic ovary, chronic

salpingitis, or a movable kidney.

Etiology.—The causation of appendicitis is so intimately associated with

its pathology, that vcrv little can be said here on the subject in addition to the

ver\' full account which will be found in the section on Pathology. It may be

stated briefly, however, that the most common direct cause of appendicitis is

undoubtedly intestinal indigestion. Trauma occupies quite a secondar}- place,

as do the parasites. With the exception of the so-called concretions, it is rare

to find any other foreign body within the appendix, certainly in not more than 0.5

per cent. Appendicitis is most common in spring and in summer, at which

periods the digestion is apt to be impaired—in the spring, because of the win-

ter's dissipation; in the summer, because of some indiscretion in diet. Certain

appendices, because of their peculiar anatomy, are especially liable to inflam-

mation. These peculiarities consist in their feeble blood supply, their narrow

necks, and their angulations or twists because of a short mesentery. In certain

families appendicitis is comparatively unknown, in others one or more mem-

bers of every generation have suffered from the disease. In several instances

the grandfather, the father, and several children have been thus affected. The

disease is undoubtedly hereditaiy, in the sense that there exists, through various

generations and various branches of a family, some anatomical peculiarity of

the appendix which renders it extremely hable to inflammation. The mechani-

cal friction from a movable kidney is an undoubted etiological factor in produc-

ing chronic appendicitis. The simultaneous existence of these two conditions

is quite noticeable. There may be some peculiar anatomical arrangement of

the mesenteries which is responsible for such a combination.

Classification of Varieties.—A logical and at the same time practical classi-

fication of the different forms of appendicular inflammation is difficult. That

based on the etiology of the disease is unsatisfactory. It is of course an infec-

tious disease, due to bacteria, but a distinction between a streptococcus appen-

dicitis, a pneumococcus appendicitis, and a colon-bacillus appendicitis can-

not be made, either anatomically or clinically. From a practical point of view

the pathological classification is not satisfactory. The classification which is

given under Pathology seems to be most in accordance with the pathological
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chanircs. Another excellent elassifieation. which is |)erhai)s more practical

than the one to which 1 have just referreil, is that of Deaver.

Deavp: h's Classi fication.

Acute Appe7idicitis.

(1) Catarrhal.

(2) Interstitial.

(3) Ulcerative.

(a) Non-perforative.

(6) Perforative.

(4) Gangrenous.

Chronic Appendicitis.

(1) Catarrhal.

A ,':erioiis ol)jection to any of these classifications is the impossibility of

(litTerentiating. at the bedside, between the various varieties. They not only

intermingle with each other, but, in one part of the apjjendix, one form may be

|)reilominant, while in another part a different form prevails. After removal of

a diseased appendix, the scars of former attacks, representing different types of

inHammation, may be distinctly seen. The steps of progression from one fomi

to another cannot be clinically recognized. Hence the danger of naming an

attack "catarrhal." The use of this term is apt to suggest the mild character

of the attack, and. in con.seijuence, a false confidence may be felt that the attack

is practically innocuous. There is no surgeon living who can know that an ul-

ceration is not rai)idly aj)])roaching the serous coat of the organ. Clinically,

the distinction between the "catarrhal" and the intei*stitial varieties is abso-

lutely unreliable. Even the differentiation from the gangrenous form cannot

always be assured.

It .seems safer, therefore, from the clinical point of view, to abandon the patho-

logical classification, and to describe inflammations of the appendix as:

—

Acute, Tuberculous,

Sul)acut(', Parasitic, and

Chronic U'ecurrent, relapsing, intermittent), Typhoid.

Between the acute and chronic varieties occur various grades of severity, which

may be called subacute, .semi-chronic, etc. The attacks of any one of these

fonns may recur iK'riodically, and the terms relapsing, recurring, and inter-

mittent are then employed. The period between the attacks is termed the

inlervdi the "cold" stage, "afroid." Such intervals of freedom may last for

days, weeks, or months; indeed, chronic ai)|)endicitis, with variable degrees

of .severity, may persist for years. The final outcome of a long-e.xisting, chronic

inflammation may Ix- a gradual connective-ti.ssue infiltration of the wall of the

appendix, with cont lactioii, shrinkage, and partial or complete obliteration

of the mucous coat as well as the calibre. This is termed (ippendicitis obliterans,

the result being a mere fibrous cord, with perha|)s here and there a patch of mu-
cous membrane.

Pathology. Theic is piobably no other organ in tiie body which is capa-
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bk' of undergoing such a variety of pathological changes as the verniifoini

appendix. Few organs are exposed to such a complex pathogenesis; and it

is rarely that such a clear connection can be traced, as here, between the causa-

tive factors and the resulting lesions. It is a distinct advantage, then, to have

fresh in mind some of the more prominent of these causative conditions before

proceeding to consider the pathological changes produced.

The causes of appendicitis which have a direct bearing on the pathological

changes may be divided into predisposing, exciting, and final.

The fact that obliterative processes have been found in the appendix in

fifty-six per cent of persons over sixty years of age, and in thirty-two per cent

of persons over twenty, would account for the circumstance that the great

majority of cases of appendicitis occur in childhood and early adult life.

The vermiform appendix is a blind sac with its orifice at the upper extremity.

It is relativel}^ long and of small calibre, and possesses an orifice which, narrow

at best, is still further diminished ^^hen the mucous membrane of the valve of

Gerlach is swollen. For these reasons, it is easy for stagnation of the contents

of the appendix to occur, and for sohd irritating particles, once entered, to

encounter difficulty in escaping.

The viability of the tissues, already of feeble vitality on account of the poor

development of the organ, may easily suffer further from the fact that the ap-

pendicular blood-supply is furnished through a single terminal artery. For

this reason, angulations, torsions, adhesions, and endovascular changes are capa-

ble of producing more serious consequences than in other tissues which possess

a more varied blood-supply.

The age during which appendicitis is most common

—

i.e., in the young

—is also that in which lymphoid tissue is most abundant. The amount of

lymphoid tissue in the neighborhood of Gerlach's valve and scattered through-

out the wall of the appendix is very great. The significance of this fact is evident

when it is recalled that lymphoid tissue throughout the body is prone to inflam-

mation whenever subject to even slight irritation by bacteria and their toxins.

Among the exciting causes, trauma, strains, and exposure to cold act as

they do in other parts of the body in producing inflammation. The causes of

digestive disorders exert a still greater influence. A fact, which helps to ex-

plain the influence of constipation, is the recent discovery of an increase of

virulence of the B. coli communis during that concUtion.

While appendicular concretions usually represent the result, rather than the

cause, of primary appendicitis, they and foreign bodies are an important factor

in the production of chronic recurring appendicitis, and may also provoke the

acute exacerbations in this condition.

Pins, shot, pieces of lead, bones, hairs, bristles, and various seeds and enter-

ozoa have been known to gain access to the appendix and provoke an inflamma-

tory process by producing abrasions of the mucosa, thus promoting the in-

vasion of infective microbes. They may also act indirectly by obstructing the

lumen or by causing pressure anaemia of the appendix wall and diminishing

the viability of the tissue.
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Of the intostinal parasites that act as exciting causes, the oxyuris

is found in some acutely intiained apin-ncUces and may have jji-ovoked the attack.

There is .some reason for thinking that the presence of Ascaris hunl)ricoides

is more often a.ssociated witli gangrenous appentUcitis, while the oxyuris and

trichoceplialus lead to chionic inflanunatory concUtions.

The immediate cause of appendicitis is always microbic infection. The

conditions in the ai>pendix are not only favorable for the growth of bacteria

of many kinds, but also for the sudden and rapid increase of virulence of bac-

teria which mav be imiocuous. or almost so, in other portions of the intestinal

tract: for the a|)pendix resembles very closely a test tube, and the contents

are very suitable media for the culture of bacteria.

The most important factor in the augmentation of the virulence of such an

organism as 1^. coli communis in the appendix is defective drainage. When

the drainage becomes impeded tliis organism multiplies rapidly and increases

in virulence, producing a toxin of high potentiality. As a result, the mucous

membrane becomes reduced in vitality and invasion of the wall of the organ is

a matter of easy accomplishment.

Great interest has attached recently to the bearing of Ruffer's observa-

tions of cellular phagocytosis in the appendix on the cause of appendicitis.

The phagocyting leucocytes in the intestinal wall are found to be most numer-

ous and most active in the lymphoid areas of the ciecum and the appendix.

This greater activity in the microbe-destroying j^-ocess disi^laced by the i>hago-

c>i;es implies, not a greater activity on their part, but a greater need for their

activity—in other words, a more vigorous invasion of the intestinal wall at

these points than at any other. The obtaining of a successful foothold by the

bacteria in these areas might well be explained by an exaltation of virulence

wliich would overpower the activity of these phagocytes, or by a diminution

in the sub.stance (known as opsonin) in the serum which renders bacteria pha-

gocytable, or by both. One or both of these conditions existing, the predilec-

tion of the api)endicular mucosa for l)acterial absori)tion would explain the

greater vulnerability of the appendix over other parts of the intestinal canal

to infectious pnjcesses.

Under these circumstances, not the l(>ast imi)ortant part of the pathology

of these forms of appendicitis is that which has to do, not only with the virulence

of the inciting organisms, but also with the opsonic content of the blood serum.

The bacteria found in inflammatory conditions of the appendix are the

following:

—

Staphyloccjccus pyogenes aureus, Anaerobes:

Stre|)tococcus, B. fragilis,

11 coli communis, B. ramosus,

B. lactis acrogenes, B. pcrfringens,

li. i>yo(yan«'Us, B. fusiformis,

B. fecalis alkaligenes, B. furcosus.

li. proteus vulgaris,

PlicUliiococcuS.
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Organisms of the latter group have been considered responsible fov gangren-

ous conditions of the appendix and for tlic intoxication which occurs in appen-

dicitis.

Streptococcus pyogenes is especially associated with all cases of very severe

infection, and is the usual cause of extensive and rapidly fatal peritonitis. It

is subject to marked variations in virulence.

AMiile the P>. coli communis us\ially occurs as a causative factor in ajjpen-

dicitis in connection with other organisms, it sometimes occurs alone. It under-

goes marked variations in virulence and this may be exalted by association

with other bacteria. The colon bacillus is usually associated \\ith the milder

type of the chsease, and with those processes which have little tendenc}^ to

spread, but ^^hi(•h form localized abscesses with the production of large c^uan-

tities of pus of a peculiarly fetid character.

Pnemiiococcus and staphylococcus have also been identified in an etiological

relationship in appenchcitis. The presence of B. pyocyaneus and B. proteus

^1llgaris is usually considered a secondaiy invasion of structures already diseased.

The frecjuent association of appendicitis with constitutional diseases has

led to the view of the possible relationship between the general infections and

this condition. This relationship has frequently been noticed between appen-

dicitis and rheumatism. The association of tonsillitis, which is frequently

connected with rheumatism, and appendicitis has been established. The

appendix and tonsils resemble each other, not onh^ in their anatomical pecul-

iarities and excessive hmiphoicl composition, but also in their predisposition

to inflannnatory involvement, especially at a youthful age.

Animal experimentation has demonstrated that the lymphoid tissue of the

appendix is the seat of predilection for the localization of infective organisms

derived from the general inoculation.

The association between some cases of appendicitis and attacks of influenza

has been firmly established. Such relationships have rarely been proven, how-

ever, by the bacterial examination of the ajjpendicular lesion. Cases of pneu-

mococcal, streptococcal, or staphylococcal infection of the apj^endix, as part of

a systemic process, are well known.

Disorders of the vermiform apjjendix may best be considered under such

headings as Appendicular Colic, Inflammation of the Appendix, Tuberculosis

of the Appendix, Actinomycosis of the Appendix. Typhoid Appendicitis, and

Amoebic Appendicitis.

(1) App?:xdic'Ular Colic.—Appendicular colic, although it frequently oc-

curs independently of any actively inflammatory process, is very often found to

have a pathological basis as the etiological factor. While stagnation of the

contents of the caecum, associated with gaseous distention, may account for

a great many of these cases, the larger number are undoubtedly caused by con-

cretions with or without strictures of the appendix, or by parasites—most

commonly Oxyuris vermicularis—within the lumen of the appendix. Adhesions

between the appendix and neighboi'ing organs, which have resulted from some

previous inflammatory i)rocess, may be responsible for the attack. A slight
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inflainmatorv process in the iioifj;hborho(xl of an apix'mlix which is ah-cady

bent or twisti'cl l>y its short nicso-ai^pcnihx. may also ])rc(hsi)osc to coUc. In

a few cai^es of chronic cohc. interstitial neuritis and atro})hy of the nerve fibres

fcjupplying the wall of the appendix have been noted.

(2) Infl.\mmatiox of thk Appendix.—Like inflannnation elsewhere in the

body, the inflanuiiatory manifestations in the appendix may commence acutely

or chronically. If the former be the case, the acute manifestations may subside

after a greater- or less interval of time, and the ])athological alterations may

persist as a chronic inllanimation. On th(> othei' hand, the condition may begin

as a chronic infianmiation.

An inftaniTuzition of the api)endix originating as a catarrh may, in a given

instance, progress to the interstitial variety. This in turn may be succeeded by

ulceration, which may or may not lead to perforation of the organ. Gangren-

ous aj^pendicitis may also follow in such a train of events, though it not in-

freciuently arises in a totally different manner. Again, an appendix which for

a longer or .shorter period of time has been the seat of chronic iiitlammation,

may suddenly undergo an acute exacerbation and may present the most intense

degrees of acute exudative inflammation, with suppuration, ulceration, or

gangrene.

The different tyjjcs of appendicitis will be briefly discussed here under the

following headings: Acute Catarrhal Ai)p(>ndicitis, Acute Exudative Apj^endi-

citis, Acute Oangrenous Api)endicitis, Chronic Catarrhal and Diffuse Aptten-

dicitis, Chronic Exudative Appendicitis, Obliterative Appendicitis, and Residual

Api)endicitis.

Acute Catarrhal AppendicitiH.—As the result of the onset of an acute catar-

rhal aj^pendicitis, the mucous membrane becomes swollen, hypenrmic, and

oedematous, and the appendix as a whole becomes stiffer and firmer to the

touch. A rai)id shedding of the epithelium of the general surface occurs, with

detachment and extrusion of the epithelial lining of the crypts of Lieberkuehn.

The nuicous membrane is infiltrated with leucocytes, and as a result there is

swelling with pressure upon and obliteration of many of the crypts. The
lumen contains leucocytes, granular debris, mucus, and easts of the interior

of the crypts. The blood-vessels of the mucosa and submucosa are congested.

In all but the milder forms of inflammation some swelling, congestion, and

serous infiltration of the lymjjh nodules will lie observed.

The i)rocess may cease at this ])oint and terminate in comi)lete restora-

tion of the mucous mend)rane to its former condition. But if the ])rocess

continues, the leucocytic infiltration of the submucosa becomes more marked,

the ba.-^ement meiid)rane may be destroyed, and the internal surface be-

comes ragged.

I'erfecl iccovery by new growth of ei)ithelium is at first possible, but the

shetlding may be complete over so large an area that it is impossible for the

epithelium to cover again the entire surface. Under the.se circumstances the

iiuier surface of the mucous membrane will then beconu' covered with granu-

lation ti.<sue; and. if the opposing granulating surfaces come in contact,
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fusion may be expected to take place. If the granulating area has been of

limited extent, the result of the fusion will be a stricture; but. if the entire sur-

face of the mucous membrane has been involved, obliteration of the appen-

dicular cavity will take place. As a result of such an obliteration the possi-

bility of futvu'e appendicular inflammation is almost entirely banished.

Acute interstitial appendicitis is the term usually applied by some authors

to a type of lesions resembling those of acute catarrhal appendicitis on the one

hand, and the acute suppurative form, on the other. The pathological altera-

tions described extend t(j the subnuicous. muscular, and subserous coats, and

consist of a diffuse infiltration by small round cells, with hyperplasia of, and

occasional abscess-formation in, the Ij'mphoid follicles.

Acute Exudative Appendicitis.—Acute exudative inflammation of the vermi-

form appendix, with a jjurulent exudation, occurs usuall}-. if not always, in

connection with a catarrhal appendicitis, and there is no sharp dividing line

between the two. A mild infection is commonly not suppurative, while a severe

infection induces sui)[)uration, unless the \-irulenc(' of the infective material is

so great that a fatal toxipmia results before the tissue has time to react.

As a result of acute exudative appendicitis the appendix is swollen, irregidar

in diameter, tense, exceedingly hypersemic, red, mottled with subperitoneal

extravasations of blood, often presenting light-yellowish or greenish-yellow

areas due to localized foci of sui){)uration or necrosis. If perforation be imminent

the area involved is usually brownish-green in color and soft, and is usually-

covered by some discolored exudate. Perforations are usually small, round or

irregular, with ragged edges.

The canal of the appendix contains a muco-purulent or purulent exudate,

often mingled with blood. The mucosa is swollen, intensely injected, and

hemorrhagic. Its surface is usually rough and may show erosions with ragged

irregular margins.

Erosions are produced Ijy the mechanical action of concretions and foreign

bodies, by the direct action of septic material upon the surface of the mucosa,

by the necrosis of an infected lymph follicle, or by the extension, into the lumen

of the canal, of an abscess focus originating in the deeper tissues; and in any

case the ulcerative process may involve a large portion of the mucosa, sul>

mucosa, muscular and serous coats, sometimes producing perforation of the

appendicular wall in the latter case.

Microscopically, there is marked congestion of all the coats, with degenera-

tion of the surface and glandular epithelium of the mucosa. All the coats are

infiltrated to a greater or less extent witli an exudate of serum, blood, poly-

morphonuclear, small round, and plasma cells. Ulcerations occur most com-

monly where the lymph nodes reach the surface of the mucous membrane,

and are frec^uently bordered with granulation tissue. Purulent thrombo-ar-

teritis and thrombo-j)hlebitis occur in some cases.

Abscesses may originate in the stroma or the lymph nodes, and they point

either in the direction of the lumen or in that of the peritoneal surface. Often,

when the muscular layer and even the subnuicosa show no perceptible change,
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a marked iiiHaiuinatory iractioii is found in the serous nicuibrano covering the

ajipenthx.

Rupture of the wall of the ai)|)endix. when jirodiiced by a i)erforating ulcer,

by the pointing of an intramural abscess, or by necrosis following pressure by

concretions, is usually gradual and is acconii)anicd by the formation of a i)eri-

toneal exudate and adhesions.

\\'iu'n the rupture. howev(>r, is due to circumscribed gangrene from throm-

l)osis or to a shari)-pointed foreign botly, there may be little local exudate and

few adhesions, but general ju'ritoneal exudation at a later time.

While perforations may occur at the base of the ap[)endix or at some inter-

mediate point, the favorite location is at or near the tip.

Acute Gangrenous Appendicitis.—While gangrenous appendicitis may follow

any of the previously described varieties of infiannnation of the appendix, it

i.s usually associated with the more severe forms or occurs as the direct result

of the activity of virulent l)acteria or from complete withdrawal of the blood-

supply from the organ (entire or only a part) as a result of twists, angulations,

or thrond^osis.

The area affected is greenish-black in color, swollen, soft, and malodorous.

In contradistinction to the other varieties of appendicitis, in which the organ

is usually surrounded by a purulent exudate or by adhesions, an appendix

which is the seat of a gangrenous or fulminating process may be found totally

detached from the cu'cum, free in the peritoneal cavity, with little evidence of

l»urulent exudate. At other times, it may be found free in a circumscrilu'd

abscess. If gangrene occur as the result of infection by very viruk^nt l^acteria,

or in consequence of absolute blocking of the blood-supply, th(^ entire appendix,

or a large portion of it, presents evidences of a very diffuse gangrene without

manifestations of a reactive inflammation.

If gangrene follow catarrhal or interstitial inflammation with ulceration,

there will be found, microscopically, the pathological i)icture characteristic of

these conditions, together with, in addition, abundant round-cell infiltration,

suppurative foci, larger and smaller areas of hemorrhage, and more or less ex-

tensi\(' necrosis. The area of demarcation on the stum]) shows necrosis with the

ordinary evidences of infiannnation.

Chronic Catarrhal (itul Dijfuse Appendicitis.—While cases of chronic catarrhal

ap|)endicitis in which the jtathological alterations are wholly, or almost wholly,

confined to the mucous membrane do occur, this is a very uncommon variety

of the aricction. .\s the result of such a process, the appendix is thicker, stiffer,

and firmer than nonnal. The mucous membrane is of a grayish color and

somewhat thickened. The cryi)ts of Lieberkuehn are moderately distended,

and the mucous membrane is covered with a layer of rather thick nuicus. The
calibre of (he lumen may \aiy at different levels. In the mucosa there are a

few round cells and spindle cells, and .some coimective-ti.ssue hyperplasia.

A far more common form of chronic a|)pendicitis, representing a jirocess

slightly more extensive than the preceding, is that known a> chronic diffuse ap-

jH-ndicitis. In this condition there is a librous-t issue t i-ansfoi'niation affectinu-
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to a greater or less degree all the coats of the appendix. There is some sclero-

sis of the blood-vessels and a certain degree of congestion is also present. The
mucous meml)rane is (rd(Mnatous or atrophic, consisting merely of a layer of

flattened epithelium resting directly upon a layer of dense cicatricial tissue.

It may contain many lymphoid and plasma cells. The solitary follicles may
be greatly swollen, but more frequently they are largely or wholly replaced by
fibrous tissue.

The fibrous-tissue proliferation, while usually most pronounced in the sub-

mucosa, may be well markc>d in the outer layers, frequently causing an atrophy

and replacement of the muscle fibres of the muscular layer. Ha^matogenous

pigmentation of this sclerotic tissue is not uncommon. The color of such an

appendix is less pink than normal, being more of a dull-yellowish ivory shade.

Chronic Exudative Appendicitis.—Chronic exudative appendicitis may fol-

low any of the previously described forms of appendicitis, or may occur as such

from the start. In this form of the disease there is a great tendency toward the

formation of connective tissue, and as a result there are increased thickness

and firmness of the organ and the formation of cicatrices, resulting in irregular

contraction of the lumen and distortions.

The changes which take place in the mucous membrane in the course of a

chronic catarrhal ai)i)endicitis are also observed in this form of the disease,

and in addition there may be found some hyperplasia of the submucous and

muscular coats. ]\Iore commonly, there will be foimd atrophy, with replace-

ment by cicatricial connective tissue, especially in those cases in which the mu-

cous membrane was originally the seat of ulceration. The wall of the appendix

is the seat of infiltration by small round and polymorphonuclear cells, resulting

at times in immense thickening of the tissue. The purulent infiltration is

sometimes diffuse, at other times it occurs as multiple foci in the wall. A
purulent exudate may be found on the surface of the mucous membrane, or on

the peritoneal surface as a diffuse process, or as a local abscess surrounded by

adhesions. This local abscess occurs usually, though not necessarily, as a

sequel to perforation of the appendix wall—the result of the pointing of an

intramural abscess or of necrosis produced by foreign bodies within the appendix.

Ohliterative Appendicitis.—This name is api)lied to the terminal process

resulting from some of the previously described forms of appendicitis, when the

lumen as a whole is occluded—a result which is generally due to an inflammatory

involution process, but occasionally to one of a non-inflammatory nature.

There may be marked thinning or atrophy of the organ, as a result of which it

becomes converted into a mere filamentous thread. The centre of a cross-

section is fibrous and contains little or no mucous membrane. While lymphoid

elements may be present, there are no well-formed follicles. The surrounding

tissue is dense and fibrous, and may contain a moderate amount of fat and

ha:>matogenous pigment. There are numerous nerve filaments which, when

squeezed by the new connective tissue, cause considerable discomfort.

Residual Appendicitis.—Acute or chronic appendicitis very rarely results

in a restitution to the nomial condition. In the mildest cases there is more or
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k'ss connrctivc-tissiH' hyperplasia, and as a constniuence a certain anioiuil of

rigidity and ('nfcchlrd muscular power i)crsists.

The term '"residual ai)penilicitis" is employed to desi<inate the various

deformities of the appendix which may follow acute or chronic inflammation

after the active disease has subsided. The results may he hypertrophy or atro-

phy of the apiu'ndix, stricture or obliteration of its lumen, cy.'^tic dilatation.

angulations, or twi.><ts du(> to adhesions or cicatricial contractions in tlie a])pen-

dix wall.

Retention cj'sts are formed as a result of the collection of the normal se-

cretion in a part of the lumen which is separated from the ca'cal outlet by an

obstruction. These cysts may reach a large size. Their walls are usually

attenuated and ti-ansparent. As a result of pressure atrophy of the nuicosa

the mucous secretion finally ceases and the fluid b(>comes serous or watery in

character.

If vimlent bacteria gain a foothold in the affected i)ortion of the appendix

a purulent exudate with a resulting empyema of the appendix may occur.

(3) TrniCHCULosis of tiik Appendix.—While primary tub(>rculosis of the

appendix is almo.st unknown, it is not imcommon to find tuberculous

lesions of the ajjpendix in connection with tuberculous conditions else-

where—most connnonly tul)erculous enteritis and peritonitis, and pulmonary

tuberculosis.

The gross lesion may present itself in the form of discrete miliary tubercles

at the base of an ulcer or beneath the j^'ritoneal coat; or a large {)art of the

mucous meml)rane may be converted into a discolored mass of caseation. His-

tologically, these' do not differ from similar lesions in other ))arts of the body.

Tul^ercle bacilli may be detected if properly stained. In addition there are

round-cell infiltration, giant cells, caseation, and partial or complete degenera-

tion of the cellular exudate.

(4) AcTixoMYCosisoF THE AiM'KXDix.—Actinomycosis of the appendix is the

most comnionof thcabdominalfoi'insof infection by the Streptothrix actinomyces,

though in .Vmerica these cases are rarely seen. Infection with this organism

results in sui)puration, with the development of indurated connective tissue

which contains small foci of \ms. Extensive burrowing, with formation of

fistuhe, is not uncommon. In the pus discharged the characteristic nodules,

of the size of a ])in's head and composed of Strejjtothrix actinomyces, may be

found.

()) Bii.iiAitziA .Vpi'KXDICITIS.—This i)arasite has been reported as the

cause of ai>|)endicitis in three cases.

(0) TvPHoii) Appkxdkitis.—In typhoid fever there may ]w changes in the

wall of the ai)i)endix of a character similar to thos(> in the wall of the small

intestine—that is, hypcr|»la>ia of the lyinplioid tissue, with ne osis resulting

in ulceration and |)ossil)ly i»erforation. .\s a result of such ulcerations, stenosis

or kinking of the ai)pendix may ensue, and this in turn may produce a condition

which may be the cause of a futuic attack of apjx'udicitis.

(7j A.MCEBic Ai'PKNDiciTis.—As a result of inllamniation of the ai)pen(lix
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due to Amoeba coli the mucosa is covered with the characteristic yellow gelat-

inous exudate and may suffer extensive areas of necrosis. The mucosa and
subniucosa are hypenemic and infiltrated with abundant round cells and a few
polymorphonuclear leucocytes. Ama^bcT may be found in the exudate and at

the base of the ulcers.

Complications and Sequelae.—Of the complications that pertain to appen-

dicitis, peritonitis is the most frequent. A slight degree of peritonitis is the

rule in all suppurative conditions of the appendix, and if the process is local,

as it is in the greater percentage of the suppurative cases, limitation by the

formation of adhesions usually occurs.

If the resulting peritonitis is diffuse, many adhesions may occur and small

abscesses form between the intestinal coils, or the entire peritoneal surface may
be bathed in pus.

The inflammation of the peritoneal covering of the appendix may extend

intraperitoneally and extraperitoneally to the retrocecal connective tissue

and to the caecum, and may cause the formation of adhesions. The pus of the

appendicular abscesses may also break through into various sections of the

intestines, oftenest into the caecum, more rarely into the ascending colon, the

duodenum, the rectum, the bladder, the uterus, the vagina, or even through

the abdominal wall externally. These escapes of pus may or may not be fol-

lowed by a spontaneous cure, according as the pus is emptied entirely or

partially.

Acute phlebitis, pylephlebitis, or thrombosis occasionally occurs as a secjuel

of appendicitis, and may give rise to infarction or to suppuration of the region

supplied by the affected vessel; or, through the various anastomoses with

vessels more directly connected with the general circulation, the inflammation

may result in embolism or in a general pytemic process.

Slight enlargement of the mesenteric lymph nodes in the locality corre-

sponding to the ileo-ca^cal region is to be expected in all active inflammations of

the appendix, and, on removal of the primary focus of infection, this enlargement

will generally soon subside. Suppurating lymi)h nodes, on the other hand,

may serve as a starting-point for an extension of the inflammatory process by

way of the lymphatics and thus give rise to a general septicaemia; or, by a direct

and continuous spread, the inflammation may produce suppuration in the hepatic

or subphrenic regions.

At times a peri-appendicular abscess may burrow upward behind the liver,

either through or posterior to the diaphragm, and may finally rupture into the

lung. Liver and subphrenic abscesses occasionally occur as a result of direct

infection through the portal system.

Numerous diseases may complicate appendicitis, both prior to and follow-

ing operation. Of these, the most common, as well as the most serious, are:—

•

Peritonitis; pylephlebitis, and liver abscess; subphrenic abscess; intestinal

obstruction: phlebitis. Rare complications or sequelae are:—Pleurisy, suj)-

puration of the abdominal w^ound, abscess of the liver, faecal fistula, pulmonary

embolus, hernia, pneumonia, hemorrhage from appendical stump, etc. Of these
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(lifforont conii)lications I will say but very little, as they are fully discussed in

(tthcr articles of this scries.

Peritonitis.—A certain amount of local peritonitis generally accompanies

fverv attack of ai)i)cn(licitis. In th(> (>arlier stages of the disease it is apt to be

onlv slight in degree and very limited in extent. A moderate local peritonitis

may be considered, in one rc'spect at least, as a most favorable complication,

as. in the case of l(>akage through or perforation of the appendical wall, it forms,

by its adhesive (lualities, a barrier against the spread of the infection, ^^hen.

howcvt-r. till' inflammation extends beyond the inmiediate neighborhood of the

appendix it may l)e regariled as a serious com])lication, its .seriousness depend-

ing on its extent and also on its sei)tic virulcncy. The greater the area of pei-i-

toneum inflamed, the greater the danger to the i)atient. A i)eritonitis limited

to the lower right abdominal tpiadrant renders the i)rognosis grave, though

nuich less so than if it crosses the median line or extends up as far as the liver.

.\ dirt"use peritonitis is, of course, the gravest of all. The mortality of the lat-

ter is great, and, if it develojjs after the o))eration, the i)rognosis is almost hope-

less. This difference in its fatality (before and after operation) is very noticeable.

Careful watch should therefore be kept, at both the periods named, for the de-

velopment of peritoneal symptoms. An increase in the abdominal distention;

a paresis of intestinal peristalsis; a distribution, as distinguished from a locali-

zation, of the pain and tenderness; an increase in the pulse rate—all these

are threatening symi)toms. And if to these be added the regurgitation of

mouthfuls of fluid from the stomach, jx'rhaps accomi);Lnie(l by belching of gas,

the i)rognosis becomes serious. One is warranted in assuming that the i)eri-

tonitis has become more or less generalized if vomiting then becomes fre(iuent

and if no flatus be expelled. The abdomen soon becomes very bloated and

tense. The distention may be enormous, like that of a balloon or a blown-uj)

football, or it may be more moderate, with the abdominal wall boardlike to the

touch. The i)ulse becomes small and rai)id, the extremities become bluish, res-

jjiration is shallow, and the countenance assumes a most anxious appearance.

The mind generally remains clear and the e\'es are bright. \'omiting persi.-;ts,

the fluid ejected being at first clear yellow, later brownish, and finally often

"spinach-green." The duration of the peritonitis, from its first symptom until

death, is u.sually from thirty-six hours to three daj's. This limit ma}^ be very

slightly extended in either directicm. The temi^erature may increase at the

onset and continue moderately elevated (101° to 103° Fahr.), or, on the other

hand, there may be but little change until just before death, when it often

ri.ses to 10:>° or 10(i° F.

Pjflephlehitis.—This is a not uncommon comjilication of suppurative or

gangrenous appendicitis, or it may occur in the non-sui)purative cases, should

se|)sis (le\'elop after tlie a] >] leinljcect ( miy. I'vli'i )lil(l>it is may develop befoi'e

or after the o|)eration. It is one of the most fatal complications. It occurs

in one per cent or two per cent of cases of acute apjx'udicitis. and is nearly al-

ways fatal. The sepsis may not extend beyond the \'eins in the immediate vicin-

ity, in which e\-enl it is ;i|it to result in absce.s.ses in the loin under the diaphragm.
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Often, however, it extends farther, and results in one or more Hver abscesses.

A septic puhiionary emboHsni may also result. The appendical vein empties
into the superior mesenteric, via the ileo-ciecal vein. There is thus a direct

channel of comnumication with the portal system. Septic thrombi may form
in any of these veins, and, from such thrombi, septic emboli may be carried di-

rectly to the liver. The supposedly primary thrombus is most often found in

the connnencement of the portal vein. This may extend in an irregular way
along the vein as far as the liver. Such thrombi may be either obturating or

mural. Undoubtedly, however, such a thrombus is secondary to one near

the ligated veins in the meso-appendix. From this there may be direct exten-

sion, or a septic embolus may be carried by the blood-current some distance

before it becomes fastened to the wall of a vein or becomes blocked by inability

(on account of its size) to go further.

The appendical veins communicate also with the systemic circulation by

means of the veins of Retzius—a fact which makes it possible for septic

ernboli to lodge in any of the blood-vessels of the body, most often in the lungs,

but also in the spleen or kidney. Thus a septic pleurisy, a pneumonia, a peri-

carditis, or an endocarditis may arise. The symptoms are those of an increased

sepsis. Often there are chills, and the temperature is apt to be very irregular;

rapid shoots upward, with a precipitous fall, being not unusual. The tongue

becomes veiy dry. The patient looks septic and rapidly becomes ill. There

may be some pain in the right lumbar region, but the mind generally becomes

sluggish, and but little interest is taken in the subjective symptoms. Accord-

ing to the location and extent of the septic phlel^itis, the disease progresses.

It is always a most serious complication, and, if the portal vein be involved,

death usually results in two or three days after the appearance of the symptoms.

Operation is of little use, unless there be separate abscess cavities, which can

then be opened and drained. The main indication is to build up by every pos-

sible means the patient's strength. It is especially important to guard the di-

gestive functions; therefore drugs should be avoided. As long as such a course

is possible, abundance of water and whiskey should be administered b}^ rectum,

while the stomach is reserved for nutritious drinks. Efforts should be made to

raise the opsonic index, and, if the infecting germ has been identified, the spe-

cific serums can be injected.

Liver Abscess.—As already explained, such a complication usually results

from an infective embolus or thrombus which has been carried along the i)ortal

vein. It may possibly, however, be caused by infection carried along the lym-

phatic vessels. Though these do not connect directly with the liver, the com-

munication may be made through the lymphatics of the abdominal wall; or,

what is perhaps more common, the suppurative process may extend directly

from an abscess. Whichever be the origin, such abscesses are most often mul-

tiple. The symptoms are those already described as arising when the portal

veins become infected. In addition, there may be more or less jaundice. There

is apt to be delirium, and the obstinate dryness of th(> tongue is especially

noticeable. The treatment is operation, but th(^ results are apt to be discourag-
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ing. l)ccau^^e the abscesses are generally imiltiple. Efforts should be made, how-

ever, to locate the collections of pus and, if possible, to open and drain them.

Sjnnptoms.—The symptoms of appendicitis are usually easy of recognition

and tlu- diagnosis unmistakable. There is, however, no disease in the domain

of surgery which at times is more treacherous, and which is more ai)t to deceive

and suri)rise the surgeon. Not only is the diagnosis of the disease sometimes

most difficult, but a true recognition of its severity is often impossible. There

are certain cardinal symptoms—such as pain, nausea, tenderness, and muscular

rigidity—which we expect to find in every case of appendicitis, but not infre-

quently one or more of these signs are wanting, and occasionally all three are

ab.^ent. We should naturally expect that the severity of the inflammation would

l)e in direct ratio t(j the se^-erity of the sjinptoms. Such is apt to be the case, but

there are so many excei)tions to this rule that it is wiser not to feel too confident

in regard to its infallibility. Pain and local tenderness are two symptoms which

are practically always present in some degree in all types of appendicitis. The

surgeon with delicate touch will ;dso discover muscular rigidity or slight in-

crease of tension. Reflex symptoms referred to some portion of the gastro-

intestinal tract—such as nausea, vomiting, colic, constipation, or more rarely

diarrhcra—are almost in\'ariably present. Fe\'er and increased pulse rate

are also symptoms \\hich, in acute appendicitis, generally develop early in the

course of the attack, but the fever is apt to appear less early than do the above-

mentioned sym])toms and it is of less diagnostic value.

In chronic a]i|)endicitis these symptoms may be scarcely noticeable, but their

persistence or occasional occurrence, in spite of pro{)er hygiene, diet, and medi-

cation, should influence the surgeon to be constantly on the watch for their

development.

IV. SYMPTOMS, COURSE OF THE DISEASE, AND DIAGNOSIS OF
ACUTE APPENDICITIS.

The u.sual symptoms of acute ajjpendicitis are: jniin; nausea and vomiting;

fever and increased pulse rate; local tenderness; muscular rigidity; blood

changes; and abdominal distention. These symptoms appear, as a rule, in the

order just stated. The ])ain usually precedes the nausea, though occasionally

th«' nausea is the symptom first mentioned by the patient. Local tenderness

during the first few hours of the attack is seldom noted. Generally from three

to ten hours elapse Ix-fore the existence of the tenderness can be definitely de-

teniiined. Of these symptoms, i>robably the most variable is the fever. As a

rule, these symptoms appear within the fii"st ten horn's of the attack. Their

severity gives some indication of the severity of the inflanmiation, but we nmst

not forget that at times we shall be com])letely deceived if we base our prog-

nosis on any such j)remises; indeed, the j)ath()logical changes are often not

fairl>' e\|)re>sed by the symptoms. A most dangerous attack may crecj) on

insidiously without exciting alarm and without severe symptoms. The onset
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may for hours be apparently mild and almost harmless, ^^•lK'n suddenly, without

warning, the most critical symptoms may develop. No matter how slight the

inflanmiation may appear, we nuist regard the appendical region as mined
by the enemy and liable at any moment to explode, and that, often, when we
least expect the explosion. The surgeon who scoffs at the possibility of sur-

prises in appendicitis is either ignorant or reckless. It is an imcertain disease,

and the more experienced the surgeon the more anxious he feels. In his oper-

ations he is never surpris'ed if he finds marked disproportion between the

symjjtoms and the pathological conditions.

In an average case of appendicitis the patient first notices general abdominal

discomfort, especially marked in the region above the umbilicus. A feeling

of nausea, with perhaps vomiting, soon follows, and what was at firet merely

discomfort becomes severe pain, apt to be of a colicky character, and more or less

distributed through the abdomen. In a few hoin-s fever develops and the pulse

rate increases. The nausea, with perhaps \'omiting, is apt to continue for sev-

eral hours. The general colicky abdominal pain continues for six, eight, or ten

hours, and then becomes more and more localized in the right inguinal fossa.

About the same time this region becomes exquisitely sensitive to pressure, and

the muscles of the region become more resistant to touch. For the first few

hours there may be considerable restlessness. The patient may squimi and

toss about, thinking that he has eaten something which has disagreed with him.

He feels that if he could vomit he would be relieved, and in this purpose he

may sometimes tickle his posterior pharyngeal wall with his finger. He finds,

however, that this does not afford relief, and this knowledge increases his un-

happiness. The pain soon becomes so severe that he finds it more comfortable

to lie flat on his back, with, the right or perhaps both thighs flexed on his abdo-

men, than to assume any other position. Intestinal peristalsis soon ceases,

and the abdomen becomes distended. No gas can be expelled, and constipa-

tion becomes a})Solute. Blood changes develop within a few hours after the

attack. The leucocytes increase rapidly to 12,000, 15,000, 20,000. As a rule,

the differential count does not show much change during the first few hours

of the attack.

In a mild case the above-mentioned symptoms continue for about twenty or

twenty-four hours, and then begin to diminish. Tlie nausea ceases, the pain be-

comes less, and the iliac region becomes less exciuisitely sensitive to pressure. In

a favorable case, after the expiration of forty-eight hours, there should be no-

ticed a marked improvement. Nausea should have entirely ceased, temperature

and pulse rate should be lowered, gas should have been expelled from the rectum,

the abdominal distention should have largely disappeared, and the local pain

and tenderness, while not aljolishcd, should be distinctly diminished. If, in

the third twenty-four hours, such amelioration of symptoms does not take place,

the case is not a favorable one and should be regarded with anxiety, especially

if, in the blood count, the polynuclear cells have increasetl in number. At this

stage, or indeed at any stage, of the disease the polynuclear count is of the

greatest value.
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In a severe case tlie svinptonis. in the second twenty-four hours, do not

tliniinish. The nausea and voinitini;-. however, except in very severe cases,

should have ceased. The i)ain and local tenderness, as well as the nuiscular

rigidity, pei-sist. The tenijierature and pulse rate increase rather than dimin-

ish, and the ahdoniinal distention heconu's more pronounced. If. by the third

twenty-four hours, these symptoms are still on the increase the case should he

considered as very grave. Probably at this time a distinct tumor will be felt

in the right inguinal region. Under such conditions a cure by resolution will

rarely result. If this favoral)le outcome wei-e to follow, decided improvement

should have shown itself, at latest, before the exi)iration of the third day. This

improvement not having taken place, the probable course of the tlisease will

be cither toward a localized abscess or toward a general peritonitis.

(o) Course of the Disease toward a Localized Abscess.—When the coui-se of

the disease is toward a localized abscess, the abdominal distention will often

gradually subside, tiiere will be no recurrence of nausea or vomiting, and the

local tend(>rness and pain will become l(>ss marked. A more distinct and larger

tumor will, however, develop in the right inguinal region. The fever will prol)-

ably i)ei-sist and may assume a septic type. Such an abscess, if well walled in

by inflammatory exudate, may remain more or less stationary for many days

or even weeks, the pus resting perfectly trancjuil, decreasing in virulency, and

jX'rmitting of distinct amelioration of the symptoms. The abd(Mnen loses its

distended appearance and the bowels resume their normal functions. The

temperature may even l)e decidedly reduced, though it is apt to continue its

sejitic curve, with evening rise and morning remission. The blood changes,

however, will be very decided, the percentage of polynuclear cells remaining

high, even though the leucocytes have decreased in number. On the other

hand, the abscess may increase rapidly in size and tend to "point" in one direc-

tion or another. It may bvu'row downward toward the pelvis or backward

toward the loin, or it may "point"' anteriorly just above Poujxirt's ligament.

Instead of this frank course, t\\v walls of the abscess may allow an intraperitoneal

leakage to occur, with formation of secondary abscesses.

Secondary Abscesses.—The number and location of these will vary. The

most fre(juent position is in the pelvis, the next most frequent toward the loin,

depending more or less on the situation of the primary appendical abscess.

Such secondary collections of pus, however, may form at more distant points,

as in Douglas' cul-de-sac, in the left pelvic region, or near the uml)ilicus. Not

only ?iiay there be one such distant abscess, but theic may be nuiltiple collections

of pus at various points throughout the abdominal cavity. Such a condition

may be tenned a supi)urative peritonitis. Accompanying th(> extension of

the abscess or spread of the |)us, there is generally a distinct relapse of unfa-

vorable sym|)toms. These ai'e moic apl to indicate sejHic sui)|)uration than

|)eritoneal irritation. The tempeiatui'e. still ictaining its sei)tic curve, reaches

a greater ele\ation; the pulse incicases in rapidity; the tongue becomes dry

ami coated: and occasionally tiieic may be chills. The patient assumes a

se|)tic look, the .^kin is ])ale and sallow and pcrlmps, if the abscess be neai' the
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liver, tinged with jaundice. There will be a slow increase in the abdominal
distention, and the bowels will be very sluggish, with considerable stagnation
of gas. Pain is rather variable. It is seldom very severe, but there is a general

sense of soreness and the patient is apt to feel utterly miserable. Local ten-

derness is also variable. It is seldom acute, but deep pressure directly over
the abscess will, as a rule, distinctly hurt the patient. The abnomiality of

the blood will continue or even increase.

(h) Course of the Disease toward a General Pej'itonitis.—If the course of the

disease tends toward a general peritonitis, there ^111 be either sudden or gradual

increase in the unfavorable symptoms. The abdominal distention will increase,

the pulse will become more rapid and more wiry, and nausea, with belching of

gas and "secondary vomiting," \\'ill appear. The local pain and tenderness

may entirely cease, and there may no longer be any general abdominal soreness

and tenderness. The face assumes an anxious expression and the vomiting be-

comes more frecjuent and explosive in character; the material vomited being

at first brownish, but later becoming greenish in hue ("spinach-green"). The
abdomen becomes veiy hard, board-like, and enormously distended. Res-

piration becomes labored and shallow. The pulse increases in rapidity to 130,

130, 140. The extremities become cold, the finger-nails blue. The fever is

very variable. As a rule, the temperature does not rise proportionately to the

increase in gravity of other symptoms. It generally remains between 101°

and 103° F., though just before death it may rapidly rise to 105° or 106° F. In

certain cases, and these are the most unfax'oral^le, the temperature remains low

(under 100° F.) throughout the whole course of the disease: indeed, for part

of the time, it may be subnormal. The comparative freedom from fever,

especially if associated with a rapid pulse and a low leucocytosis, indicates

a lack of resistance on the part of the patient, and the prognosis in such

cases is always very grave. This is especially true if the polynuclear cells

increase to 80 per cent or above. An estimate of the number of these

cells serves as one of the most valuable guides that we possess,—one upon

which we base our judgment either as to the presence of pus or as to the

spread of the peritonitis.

"While the description just given is that of the most usual type of the disease,

there are, nevertheless, so many variations of t3^pe, and so many irregular symp-

toms in any tj^pe, that a more detailed description is necessary, both as to the

mode of onset and also as to the character of some of the special symptoms.

The disease is often most irregular in its development of symptoms. Frequently

one or more of the most characteristic symptoms is entirely absent, and when

they are present their prominence varies greatly. In many cases nausea and

vomiting are the predominant symptoms, while in other cases this predominance

must be accorded to pain and local tenderness. In certain severe cases the

collapse may be so great that it masks all other symptoms.

The Onset.—An attack is occasionally ushered in by a chill, but this is the

exception rather than the rule. Of course, the chilly sensations which usually

accompany fever may be experienced. The onset may be ver}^ sudden or ver\'
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gradual. Between these two extremes, its severity varies greatly. Three

grades of severity may be noted: very severe, moderately severe, and mild.

{a) A Wry Severe Onset.—The attack may be ushered in by the most alann-

ing symptoms. The patient is suddenly seized with intense al)donunal pain,

its e.xact location being indefinite. At the same time there may Ix- a chill or

vomiting. Signs of collapse rajjidly follow: excessive pallor, an extremely

anxious facial expression, a small rapid pulse, shallow respiration, and perhaps

sul)normal temperature. The abdomen rapidly becomes distended and vom-

iting continues. Such a group of symptoms indicates perforation with rapid

absorjjtion. The poison has made an unexpected assault on an unprepared

peritoneum, and. for a time at least, its resisting power is overwhelmed. After

a few hours it will be seen ^^hether or not the patient is able successfully to

concjuer the invader. This will be shown by an improvement in the circulation,

by tlie less distressed appearance of the patient, by an increase in the number

of leucocytes, and perhaps by an elevation of temperature. If, in addition,

there are signs of returning peristalsis, a cessation of vomiting, and a passing

of flatus, the case may be considered as one that is progressing fa\'orably, due

allowance being made for the violence of the onset. If, on the other hand, the

poison cannot successfully be resisted, the pulse remains small, rapid, and wiry;

the anxious look and the distressing respiration do not disappear; the abdom-

inal distention raj^idly increases, peristalsis l)eing paralyzed; vomiting persists

and becomes more frecjuent and projectile in character; the finger nails become

blue: and in twenty-four hours from the onset of the attack the patient's con-

dition is most desperate. Such an attack is called "fulminating," and the

prognosis is i)ractically hopeless, no matter what treatment may be adopted.

(h) A Moderately Severe Onset.—^The onset is less severe and more gradual.

Instead of the sudden pain and nausea, these symptoms will gradually develop

during a period of several houi"s. In fact, the pain and nausea may be so insig-

nificant that several hours (from ten to twenty-four) may elapse before the diag-

nosis can be made. .\t the end of this period, however, the symptoms may be

<|uite as pronovmced as in those cases in which the onset is more acute. The

same pathological lesions are produced, but in the one case the time for their

production is an hour or two, while in the other case this period amounts to as

nnich as from twelve to twenty-four hours.

(/•) A Mild Onset.—The onset is mild. There is no vomiting. Nausea

continues but a few horn's. .Vbdominal distention is practically absent. The

l)aiii is not severe and local tciidcrness is not ju'oiiounced. There is but little

elevation of temju'rature (100° to 100.")° F.) and the pulse remains about 90.

Instead of a change for the woi-se at the end of twelve or eighteen horn's (as in

the preceding group), the severity of the symi)toms does not increase, but

rather begins, on the second day of the disease, to diminish. I'nder this head-

ing may be mentioned what is sometimes called (ippendical colic. The normal

ap|»endix is, as a rule, i)ractically emiity. It is apt to r(>sent the entrance of

foreign matter. If there be an obstruction, due to infiammatoi'v swelling at the

ai)pendical neck, the muscular coats will try to force the contents out into the
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csecum, and as a result considerable colic may be excited. Even without

obstruction colic may be caused by the efforts of the appendix to rid itself of

the presence of an extra amount of fa^'cal matter.

The Further Course of the Disease.—The course of the disease will vary

greatly according to the amount of damage produced by the attack of inflam-

mation. For convenience the cases may be divided into three groups.

(a) First Grouj).—When the symptoms are due to mere inflammator\^ or

cedematous obstruction at the neck of the appendix (its narrowest point) there

may be a rather sudden and decided amelioration due to the yielding of the

obstruction before there has occurred any extensive inflammatory infiltration

of the mucous or submucous coats. Under these circumstances there will be

observed, on the second day, or, at the latest, on the third, the following change :

—

The pain and local tenderness rapidly diminish, the fever abates, the abdomen

becomes softer, gas is expelled, and very soon a distinct imj^rovement takes

place in the patient's appearance and feelings. Two or three more days will

elapse, however, before the local tenderness and pain ha\-e entirely disap[)eared,

though these may be noticed only on bodily movement, or when the ca'cum is

distended with gas. On the fovnlh or fifth day from the commencement of the

attack the patient should be practically w^ell, the only disagreeable remnant

of the attack being some sensitiveness of the csecal region when an extra amount

or an extra force of gas passes through. But if this latter symptom persists

for many days careful watch should be kept of the patient, for fear that some

lurking inflammation may again break out in a fresh attack, or that a chronic

appendicitis may ensue.

(6) Second Group.—The obstruction may not yield, and there is a general

infiltration of the mucous and submucous coats. In such an event symptoms

will persist probably throughout the second and perhaps even the third day.

The pain and local tenderness vn\\ continue, the abdominal distention does not

disappear, the pulse and temperature remain moderately elevated, and the

tongue remains furred. \^onnting, however, should cease. If the inflammation

is limited to a mere infiltration of the appendix, the symptoms will gradually

diminish on the third and fourth days of the attack. The change, however,

will not take place suddenly, but the al3domen ^^•ill gradually become softer,

the tenderness less acute, and the pulse and temi^erature lower. The impro^'e-

ment should be progressive, and, at the end of the sixth or the seventh day,

there should be no unfavorable signs remaining, except perhaps a slight local

tenderness. If the symptoms persist beyond the sixth or seventh day the

chances are strongly against resolution of the inflammation, and the inference

is warranted that there is either a persisting sulmcute inflammation of the

appendical walls, or an ulceration extending through the mucous membrane,

or an involvement of the tissues outside of the appendix. It is impossible in

most cases to determine which one of these conditions is causing the symptoms.

Of course, if they be due to a simple subacute catarrhal inflammation, they are

apt to be mild in character. For example, the fever is comparatively slight

and there is very httle abdominal distention, but a slight ache \\\\\ persist, and
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tlu'iv will be a spot where the local tenderness is quite acute. Flatulent indiges-

tion will also be a usual complaint. If, in addition to the inflammatory infiltra-

tion, there \)c actual ulceration the symptoms will depend more or less on the

dejtth of the ulcer. If it extends through the mucous coats alone the symptoms

may not he much more pronounced than they are in the cases belonging to

the fii-st grouj). Then> should be some absorption, however, and this may show

itself in the increase in the polynuclear cells. If the ulcer extends down to the

serous coat thi're is apt to be a change in the sym[)toms, due either to a local

peritonitis or to septic inflanmiation of the surrounding tissues, caused by the

escape, through the base of the ulcer, of bacteria or appendical contents.

There may be no distinct, or at least no visible, perforation ; and yet sufficient

bacteria will escape to set up either a local abscess or a general peritonitis.

(f) Third Croup.—When perforation occurs, the character and severity of

the symptoms will largely depend on whether the ])erforation be into the gen-

eral peritoneal cavity or whether the escaping poison be confined to a compar-

atively small area, limited by adherent structures, intestinal coils, omentum,

etc., which ha\'e been more or less matted together or plastered against the

api)endix by th(^ accunuilation of lymph. This limiting wall may be perfect or

at some one point it may be wanting. If the latter defect exist, the result will

be either a secondary abscess or a spreading or general peritonitis. It is of the

utmost importance, at the earliest moment after i)erforation has been suspected,

to detennine which one of these courses has been followed—that is, whether the

[)erforation has opened into the general peritoneal cavity or into a cavity which

is walled otT by adherent intestines. Unfortunately, in advance of the per-

foration, we can lu'ver with certainty detennine which of these courses will be

followed. These houi-s of uncertainty may be most critical. If we delay oi)era-

tion, in the expectation that a localized abscess will form, the favorable mo-

ment for interfer(>nce may slip by. Even after the occurrence of the jx-rforation

some hours may elapse before w'e can be sure which of the two coiu'ses has been

followed. The sudden perforation of an adherent appendix is generally accom-

j)anied by pronounced symptoms, and particularly by signs of peritoneal shock.

The pulse l)ecf)mes small and more rapid; there is often intense pain; the pa-

tient is conscious that he is severely ill and his anxious countenance reveals the

fact i)lainly ; his face is of a gray, ashen color; his respiration is shallow, and his

skin is likely to be covered with a cold sweat. Later, the increased distention

of the alxlomen and the occurrence of regurgitation from the stomach, followed

by vomiting, indicate without cjuestion that a general i)eritonitis is threatened.

Such a train of symptoms, however, does not always follow. The involve-

ment of the general peritoneum may take place more insidiously, and hours

may elap.se before the observer is aware that a general peritonitis is established.

This is especially ai)t to be the case in children. The symptoms change so

slowly that one is al>le to realize the gravity of the patient's condition only by

the most watchful anil painstaking observation. If adhesions have fortunately

prevented th(! escape of appendical contents into the general peritoneal cavity,

the .symptoms will iudicalc iiici-eascd sepsis rather than peritoneal irritation.
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At the nioincnt of perforation there may be sHght temporary pain and shock,

owing to a mild absorption; the pulse-rate may increase; and the patient may
look and feel for a short time distinctly more ill. If the leakage, however, be
quite limited these graver symptoms do not increase, nor is there apt to be much
evidence of peritoneal inflammation. Indeed, the \mm and local tenderness!

are often diminished because of relief of tension. The temperature and pulse

however, assume a course which indicates suppuration, and there may be chills.

The temperature is apt to rise to 103° F. and over in the evening, and toward
morning to drop two or three degrees. The blood changes also become more
marked, the polynuclear cells sho^^•ing marked increase. A tumor soon forms,

or, if one has already been observed, it increases in size. Later, a distinct sense

of fluctuation may be felt beneath McBurney's point, or (by rectal examination)

deep in the peh'is, or posteriorly in the loin. Secondary abscesses may develop

in any of these localities.

From the above descriptions it will be noted that there are three classes of

cases :

—

(1) Those in which the patient, under any fonn of treatment, will probably

die; the only chance for recovery being afforded by an operation—perhaps

early, perhaps later.

(2) Those in which the patient will spontaneously recover if properly treated.

The duration of the disease, in these cases, is from two to five days.

(3) Those in which the patient can not recover spontaneously, but in which

the prognosis, if operation be perfomied at the proper time, is veiy favorable.

If we exclude certain so-called "fulminating cases,"—cases which belong to the

first class and which are so desperate as to justify an uncjuestionably bad prog-

nosis,—there remains for consideration the large majority of patients, regarding

whom the outcome may be either favorable or unfavorable. In a certain pro-

portion of these cases it can be practically decided that perforation has occurred

at the very onset of the disease. In the great majority of these cases, however,

—cases in which the symptoms indicate the existence of only a moderate degree

of inflammation,—the appearances are most deceptive. It is exactly in this

class of cases that the inexperienced observer is apt to be deceived. Not only

do we never know the exact nature of the lesion, but we never can foretell what

mishap msiy occur. The change may take place cither gradually or suddenly.

The unfavorable symptoms may creep on almost imperceptibly, and the cases

in which the change is of this character are apt, perhaps, to prove more serious

than those in which the transition is more sudden. Such a rapid transition is

generally apt to occiu- on the second day of the disease, although the cases differ

greatly in this particular.

As already observed, the symptoms which occur ^^hen a favorable change

is in progress, arc in some respects similar to those which are caused by an un-

favorable change. A drop in the temperature, with diminution of the pain and

tenderness, may attract attention in either condition. In the one case it is

a most favorable, in the other a most dangerous symptom. In thi^ fonner case

the diminution of fever and pain is more apt to be gradual, in the latter it is apt
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to be siukU'n. One cannot, however, depentl on these distinctions, and the other

symptoms, such as distention, facies. and puls{\ must be closely scrutinized.

The inexperienced surgeon is often deceived by this ai)parent lull. The patient

may himself feel better, owing to relief of tension. If the surgeon is not mak-

ing frt'.iui-nt visits, the nui-se may report iniprovement
—

"less pain; patient

feels better." Many a life has been sacrificed through lack of careful and

cxi>enenced observation at this critical moment. The putting off of the oper-

ation because of api)arent imi)rov(>ment may render the prognosis absolutely

unfavorable. Even for the experienced surgeon it is often most difficult, some-

times impossible, to detennine on which route the disease is travelling. He may

hesitate to operate in the face of apparent improvement. The report of a

fall in temperature, and the patient's own feeling of improvement may cause

him to (luestion his better judgment. He may be persuaded to temporize for

an hour or two. and this is especially apt to be the case if he sees the patient

for the first time at this critical moment. Previous observations may have been

unreliable. It is only by the most careful scrutiny of all the symptoms that

he can, in this puzzling situation, arrive at a ju-st decision. The polynuclear

count will, at this juncture, be of the greatest value. A count of over eighty

per cent .should invariably decide the matter in fa\-or of immediate operation.

Analysis of the Sjrraptoms.—Pain.—Pain is \'eiy rarely absent. Some human

beings, of course, are wvy insensitive to pain, and in such patients the pain

may be insignificant. Its absence, however, should make us very suspicious

that the disease is not appendicitis. It is generally the first sym})tom of which

the patient complains. It is d(^scribed in various terms. Generally it is more

or less paroxysmal in character, due to gas passing through the ciccum. or to the

peristaltic action of the infiamed appendix endeavoring to force out its con-

tents pa.st the inflammatory obstruction at its base. The exact location of the

l)ain is apt. at first, to be indefinite. Some i)atients describe it as a general

colicky abdominal i)ain; others call it a boring, burning, stabbing, or tearing

pain; and still others describe it as a dull, sickening, depressing sensation.

In about half the cases the locality in which ])ain is at first felt is in the middle

of the abdomen, a short distance ai)ove the umi)ilicus. In some very acute cases,

where there has occurred a sudden unexpected perforation, the pain may be at

once felt in the right iliac region. Its severity varies. In about half the cases,

the attack begins with severe i)ain; in others there is a more gradual develop-

ment of jmin. For the fii*st hour or two the pain is of an ill-developed character,

and it is not described as severe until after the lai)se of a few hours. On an

average, the severity of the pain reaches its maximum about the fifth or sixth

hour of the disease. This, however, is very variai)le, as in some severe cases

the attaek begins with most seven' pain. In tavorable ca.ses the severity of the

l)ain diminishes during the second twenty-four houi-s of the attack. In unfar-

vorable ca.ses there is no such al)atement. but intense |)ain persists, until either

an abscess fonns or a general |)eritonitis develojjs. W'lierever primarily felt,

it soon becomes localized in the light iliac fos.sa. Generally, in from five to eight

hours the patient appreciates thai lie has more pain in his lower right abdomen
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than at any other part. Thi.s knowledge, however, may be first derived from the

faet that pressure by the examiner's finger causes local pain hi this region.

When pain has become localized in the right iliac region, it is apt to remain
more or less confined to this area, and the general abdominal })ain gradually be-

comes less prominent, or at all events it is overshadowed by the severity of the

local pain. This' latter persists until the inflanmiation undergoes resolution,

or the appendix is removed by operation, or a general peritonitis develops.

The disappearance of local pain, if accompanied by the general abdominal pain,

is apt to be a very unfavorable symptom. If attended by an increase in the

pulse-rate, by tympanites or abdominal rigidity, it is apt to mean the develop-

ment of a general peritonitis. A recurrence of pain after its severity has di-

minished is also an unfavorable sign, as it means a relajjse due to some serious

cause, which most probably is either a perforation or a spread of the peri-ap-

pendical inflammation.

Nausea and Vomiting.—One or other of these symptoms is rarely absent

in acute appendicitis. Vomiting occurs in certainly one-third of the acute

cases, nausea in practically all. Nausea and vomiting generally follow the pain,

but these three symptoms may appear simultaneously. If the nausea and

vomiting precede the pain by many hours, the disease is probably not appen-

dicitis. The nausea, which generally continues for hours, is apt to be of a most

unsatisfactory^ character; the patient feeling that an attack of vomiting would

be of no avail—a characteristic which distinguishes the nausea of this disease

from an ordinaiy gastric nausea. It is also not like the nausea of sea-sickness.

It seems to spring from a deeper area in the abdomen, and is apt to give the mi-

pression of a hea\y sickening weight in a region just above the umbilicus.

Vomiting ma}' usher in the attack; but, on the other hand, it may not occur

until some hours have elapsed. In veiy grave cases the vomiting may never

cease ; it recui-s persistently, at half-hourly or hourly intervals, up to the moment

of death or until relief is afforded by operation. In moderate cases, the vomit-

ing is generally limited to the first few hours of the attack. Primar}' ^-omiting,

unless in unfavorable cases, does not generally continue for more than three

or four hours, though in some cases this limit ma}' be extended. If it has once

ceased, its recurrence is a most unfavorable sign. Secondaiy vomiting, occur-

ring on the third or fourth day of the disease, is usually an indication that a

general peritonitis is developing.

Local Tenderness.—Local tenderness is one of the most constant, as well

as one of the most characteristic, symptoms. The time when it first a]>

l^ears varies. It may exist from the onset ; and then again several hours ma}^

elapse before its existence can be verified. Its absence for the first twelve or

fourteen hours deprives us of one of the most important symptoms, as without

it we can rarely be absolutely sure of the correctness of our diagnosis. The

degree of the tenderness varies. !Most fre(iuently it is very acute. The sen-

sitiveness is so excjuisite that even the weight of the sheet may cause pain.

In other cases, especially when the appendix is deeply situated toward the pi'h'is,

it is moderate in degree, considerable pressure being needed before the patient
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complains. The area over which it is fch also varies somewhat in extent. Its

point of maxinmm intensity, however, is nearly always at or near McBurncy's

jioint, beneath which lies the base of the appendix. In .McBurney's own words,

"the seat of the <j;reat(\>^t j)ain, determined by the pressure of one finger, lies

verv exactly between an inch and a half and two inches fiom the anterior s|)inous

j)rocess of the ilium, on a straight line drawn from this process to the umbilicus."

\t fii-st, however, the local tenderness is apt to involve a space about equal to

the palm of the hand; indeed, the surface of the entire right iliac fossa Is tender,

and often extiuisitely so. to pressure. As the disease progresses the maxinmm

ti'nderne.ss is apt to become more confined to McBurney's point. The tender-

ness pei-sists as long as the disease remains active and localized. It is one of

our most valuable signs for formation of judgment as to the progress of the

disease. Its persistence means continuance of the inflanmiation, its subsi-

ilence means either decrease of peritoneal inflanmiation or a general peritonitis

—which one of these, it may be possible to decide from the variations in the other

symptoms (the pulse, facial expression, tympanites, etc.). The point of maxi-

numi tenderness may not. however, be situated at, or indeed near, McBurney's

point. This will generally denote an unusual situation of the aj)pendix. The

point may be found lower down toward Poupart's ligauKMit, or vvvn more in-

ternally vmder the lower j)art of the right rectus muscle. It may also be situated

nearer the anterior iliac spine, or farther backward toward the loin. Occa-

sionally it is noted on a level with the umbilicus. Should there be uncertainty

as to the presence of local tenderness, further information may be obtained on

noting the location of greatest ])ain when the patient coughs, during which act

finn continuous pressure with the i)alms of the hands is exerted over the ui)per

and left lower abdomen. Under these circumstances, local pain may i)e felt in

the appendical region alone. This same localization of pain may also be con-

firmed by making with the hand energetic, cpiick palpations on the left side of

the abdomen. It should also be noted that the downward pressure of the pal-

pating finger may not be nearly as painful as the upwai'd sj)ring of the abdomi-

nal wall when i)re.ssure is reuioved.

Muiscidur Uujidity.—Muscular rigidity is jjcrhaps the most characteristic

symptom of peritoneal congestion and inflammation. Over an inflamed area

of peritoneum the muscles are "on guard" against traumatism. There is a

persi.stent contraction, and the slightest touch generally increases this tonic

contraction. The right rectus nmscle is especially sensitive, though the obli(|ue

muscles covering tlie intlaiiicd area are also affected. This rigidity varies .some-

what according to the extent of the inflammation and its |)roximity to the

surface. It is le.ss noticeable if the i?iflamed peritoneum is deeply situated.

either toward the pelvis or toward the loin. Its development is generally co-

incident with local tenderness. Some houis usually elaps(> befoi'c its presence

can be definitely recognized. Its >it nation gives some clue as to the location

of the appendix.

Examination for Miisculai- Rigidity.

—

l''\amination l'oi- nuiscular rigidity

as well as foi- local tenderness must be most carefully conducted. Delicacy



SURGICAL DISEASES OF THE VERMIFORM APPENDIX. 6.31

of touch is of essential importance. Any roughness, either of speech, manner,
or touch, is often a})t completely to mask this most valuable sign of diagnosis.

Warm hands are a necessity. If the hands are cold, palpation should be made
through a thin covering rath(>r than on the bare skin. The examination should

begin with a very gentle testing of the abdominal muscles of the entire abdo-

men; those of the upper area being examined first, while those of the right iliac

fossa arc reserved until the last. The palpation should be made by gentle

touches with the soft jmrts of the fingers. In this attempt to determine the

different degrees of muscular resistance every portion of the surface area should

l)e subjected to examination. At the same time the patient should be reassured

and he should be asked thoroughly to relax the abdominal muscles. Both recti

muscles should be most carefully tested, in order to ascertain if there l)e more
resistance to the touch on one side than on the other. If there be appendicitis,

there will generally be found an appreciable increase in the resistance imparted

to the fingei- as it gently taps the right muscle. This increase of resistance will

extend outward toward the anterior iliac spine, and in certain cases even well

over toward the nght loin. In many cases the muscles of the entire right iliac

fossa show a rigidity, while in others the resistance is limited to a smaller area;

but most often it is the right rectus which responds most distinctly to the exam-

ining finger. The spot where resistance is encountered and where there is also

tenderness may, however, be very small—perhaps limited to a circular spot

2 cm. (four-fifths inch) in diameter.

Fever.—Fever is a very variable and uncertain symptom. Generally there

is a decided rise of temperature, which in a few hours reaches 101°, 102°, 103°,

or even 104° F. The average temperature is from 101° to 103° F. This is gen-

erally reached within twelve hours of the commencement of the attack. Not

infrequently, however, the rise is more gradual—perhaps 100.5° for the first

twelve hours, 101° for the next, 102° for th(> next, and then a gradual subsidence,

if the attack is passing off, or a still greater rise if the attack continues. In some

cases there is but little fever, indeed much less than might be expected from

the severity of the other symptoms and from the nature of the pathological

changes of which these symptoms are the expression. A low temperature is

not by any means always a favorable symptom; indeed, in certain cases it is

most unfavorable, indicating, perhaps, a perforating appendicitis with but

little active resistance on the part of the patient, and with an absence of adhe-

sive peritoneal inflammation, without which no wall will be built up to surround

the escaping toxic material. A sudden drop of temperature, after the inflam-

mation is well estabhshed (say, on the second, third, or fourth day of the disease),

unless accompanied by distinct amelioration of other symptoms, is generally

most unfavorable, signifying a spread of the peritonitis. The young surgeon

nuist not be deceived by such a droj) and thus be led to conclude that it is a

hai)py change; on the contrary, his suspicions should be at once aroused, and

he should minutely examine for change in the other symptoms, such as an in-

creased pulse-rate, abdominal distention, disappearance of local pain, etc. A

rapid ri.se of temperature on the third or fourth day is always a threatening
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si^n. On tlicsc days tliciv sliould Ix' suhsidciicc, and a contrary course gi-ncr-

ally means dan.ircr. If fever exists for a day or two before either pain or nausea

appeai-s, we should susp(>ct some (Hsease other than apix'udicitis.

/>,j.y,. _The pulse is a more important guide than the temperature, hut its

rate is more important than its (juality. Increase of pulse-rate, from the he-

ginning to the end of the attack, is the rule. The increase, however, is not very

great, and often it scarc(^ly keeps pace with the temix'rature. In the average

attack a pulsi- of from 90 to 100 is usual during the first day of tlie disease.

On the secoml day, if the inflammation is jjrogressive, a still further rise to

some point between 100 and llo is usual. The course of events durijig the

next twenty-four hours generally detennines the outcome of the disease, whether

it is to he resolution of the inflammation, the formation of an abscess, or a gen-

eral peritonitis. On the third day a pulse above 100 means a seriouscondition,

and if it increa.ses much beyond this height the condition becomes threatening.

On the third day the i)ulsc should decrease in frequency. If it increases beyond

its second day's rate, the prospects for resolution are very unfavorable.

The character of the pulse, in the beginning of an ordinary attack, is simply

feverish in ((uality. When there is more or less peritonitis, it is apt to assume

the sharp, wiry, so-called peritoneal type. A rapid small pulse, without much

elevation of temjierature, is unfavorable. It is apt to mean considerable septic

absorption, with, on the ])art of the patient, feeble resistance. Under these

circumstances the diff(>rential blood-count will be of much corroborative value.

W hen general jKM-itonitis develo])s. the pulse generally ranges between 120 and

130 and soon rises to 140. .V pulse of 130 means that the prognosis is decidedly

desperate.

Facial Expression.—The anxious, so-called Hippocratic expression has for

centuries lu-en considered significant of peritoneal inflammation. This ex-

pression, however, is not always observed, nor is its ai)pearance always signifi-

cant of i)eritonitis. In many cases it is unquestionably a most valuable sign,

and the general facial appearance which causes the observer to remark, " he looks

very ill." is often an indication for operation. Other symptoms may he but

slight, but the sick look of the patient must always be taken into consideration

in one's estimation of the gravity of the case.

Blood-Connl.—The number of leucocytes, and the differential coiuit of the

various cells are often important guides for an estimation of the gravity of the

ca.se. From the very beginning of the attack an increase in the number of white

cells is the rule. There are, however, exceptions. In mild cases, there is gen-

erally, within a few hours from the commencement of the attack, a leucocytosis

of from 10,000 to 12.000. The case may not be very severe even if the leucocy-

tosis is 20.000. It means that thei'e is an active inflannnatory process, and that

the patient is making a good resistance against its iiu-oads. Even 30.000 white

cells need not cause alarm; in fact, if other symptoms are .severe, a high leucocy-

tosis is a imich more favorable sign than is a low count. This hyperleucocytosis

may contiinie throughout the entire course of the disease. The differential

count is of even nioi'e \'alue than the leucoc\-te count ;. indeed, it is genei'allv
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wiser not to place iniicli value on the leucocyte count unless the clift'ereiitial

count can be obtained for comparison. When a polynuclear count gives eighty

per cent and over, the chances are strongly in favor of supi)urati()n. This is

especially probable if the normal relationship between the numbers of different

white cells and the percentage of the i^olynuclear cells is much disturbed. The
normal leucocytosis varies, in adults, between 6,500 and 10,000. An}^ excess

of this latter figure may be regarded as a hyperleucocytosis. The normal pro-

portion of polynuclear cells varies, in adults, from sixty-five per cent to seventy-

fi\'e per cent. In inflammatory conditions there should be a proportionate

increase in both leucocytes and polynuclear cells. In inflammatory lesions

with a favorable prognosis this relationship should be more or less definite

—

i.e., according to rule. A digression from this rule in the way of excess of poly-

nuclear cells beyond the standard increase in white cells (for example, eighty-

two per cent i)olynuclear against 12,000 white cells) indicates a very septic proc-

ess, with absorption and a rather feeble resistance on the part of the patient.

In normal adults, the proportion of polynuclear to white cells varies somewhat,

and this variation may be even proportionately greater when patients with

different powers of resistance are attacked by inflammatory septic processes.

An}^ standard must be approximately rather than absolutely correct. Dr.

C. L. Gil^son has devised an illustrative standard which is based on one thousand

blood-examinations, made on cases with abdominal lesions. This standard

is as yet tentative, but has already been of great service to surgeons.

According to this chart (Fig. 260), a "rising line" would indicate serious,

and a "falling line" favorable, conditions. In children, however, reliance cannot

be safely placed in blood-counts. The polynuclear percentage is apt to be low,

and the leucocyte count very unreliable. In tuberculosis, also, it is apt to be

variable. If, with a high polynuclear count (eighty per cent and over), there be

combined a high leucocytosis (20,000 to 30,000), it is safe to infer, in a general

way, that a strong resistance is being made against a severe septic infection.

If, however, with a high polynuclear count, there be a low leucocyte count,

the patient is in grave peril. As already stated, there are a few exceptions to

these rules, and reliance should never be placed upon blood-counts alone. They

must be regarded simply as corroborative of testimony furnished by other

symptoms. At times, however, when these latter are uncertain, the blood

evidences may be of the greatest value. The plan of treatment may, in excep-

tional cases, hinge entirely on the relationship between leucocytosis and poly-

nuclear cells. If operation has been rejected or is inadvisable, the leucocyte

and differential counts should be made frequently—at least twice a day

—

during the critical period of the disease. Blood-examinations are almost as

impnjrtant as tem}jerature records. The following are examples of rather typi-

cal blood-counts :

—

1. Woman, married, 23, housewife. Attack of appendicitis a few months ago.

Present attack began on the day before admission to hospital. Acute onset. Pa-

tient prostrated, apathetic, very ill. Abdomen rigid over all. Shifting dulness

in flanks. Temp. 102.S° F.; pulser20; resp. 30. Leuc, 12,300; polyn. SS per cent.
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Low loucocyto count wiUi hiiih i)()lymicl(>ar percentage indicates a grave condition.

Patient had a perforated appendix with acute diffuse septic peritonitis. Operation

witliin forty-eight hours of on.set of attack. Convalescence tuiinterrupted. Good

recoveiy.

2. School boy of 14. Onset acute, witli chills, fever, and vomiting. Prostrated,

acutely ill. Abdomen rigid over all. Temp. 102° F.; pulse 104; resp. 24. Lcuc.

31,200; polyn. 90 per cent. High leucocyte count and high polynuclear count

indicate good resistance. Patient hatl a perforated appendix, with diffuse septic

Leccocytosis POLYNUCLE.\RS
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lie. 'JHll.— (iihsoii's Chart.

The chart is divided into units of one centimetre. A liorizoiital base-line is drawn as the starting-

point of the patliological leucoeytosis of ten tlioiisaiid on the left-liand side, wliile the other or right-

hand end of tlie buse-Hne (<)rre.'^])onds witli tlie index of 75 per eent polynuclear cells, the limit more or

less arbitrarily cho.sen. Variations in these proportions are indicated by making a dot at the proper

level of the left-hand or leucoeytosis side of the chart, while a similar dot at tlie proper le\el of its

percentage is made on the jjolynuclear side of the chart. These two dots are connected by a straight

line. The vertical distance between the two dots will represent the dis])r()portion between tiie two
count.s.

For example, suppose on ttie left a dot inilicating a leucocyte count of 11.(11)0 and on the right a

dot indicating 7(» per cent i)<)lynu<'lcar cells. The result woidd be indicated b\- a line which would be

ab.solutely horizontal, antl would be in<licative of a just proportion between the two elements of the

ojunt.

If, however, with the same leucoeytosis of 1 1 ,000, there were a polynuclear increase to 86 per eent,

the line connectinn these two points would have a steep rise from left to rifiht, and a measurement
of till' vertical distance br>tween these two points would give ten centimetres or ten unit.s.

peritonitis. ( )peiatioii within forty-eight houis of onset. Convalesceiice uneventful.

Patient discharged cured.

3. Male, 20. peddler. ()n.>;et acute, with abdominal pain localizeil in right lower

(|uadrant, and vomiting. Temp. 103.2° F.; pulse lid; resp. 2S. Patient prostrated

and acutely ill. Abdomen rigid below umbilicus, and there was extreme tenderness.

U-uc. 2.S,5(X); polyn. 94 per cent. Operation showed the existence of an acute

gangrenous ai)pendix. Patient made an imeventful recoveiy and was discharged

cured.

4. Male, caipenter, 22. Attack four days previously. On.set gradual, condition
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growing progressively worse. Patient was prostratcMl; did not look ver}- ill. Ab-
domen rigid and tender over MoBurney's point. Temp. 99° F.; pulse 88; resp. 20.

Leuc. 28,500; polyn. 94 per cent. Operation showed an acute suppurative appendix,
with no free fluid. Patient made a normal recovery and was discharged cured.

5. Female, school teacher, 29. Had previous attacks of colicky pain in abdo-
men. Present attack was of five days' duration. Condition was slowly but steadily

improving. Abdomen soft; slight tenderness and rigidity over McBurney's point.

Temp. 100.5° F.; pulse 88; resp. 24. Leuc. 11,000; polyn. 85 per cent. Operation

showed an acute catarrhal appendicitis which was relapsing.

Apparent exceptions to the above conclusions are shown by the two following

cases :

—

First case.—Maid, 22. Sudden onset on the day before she was admitted to the

hospital. Vomited three times and had severe pain over McBurney's point. Walked
into hospital complaining of pain in right side. Examination showed tenderness

and some rigidity over McBurney's point. Temp., pulse, and resp. were normal.

Leuc. 9,200; polyn. 72 per cent. Operation (thirty-six hours after onset of the

attack) revealed a perforated appendix, with a considerable amount of free purulent

fluid about the appendix and in the pelvis. Uneventful convalescence. Good
recovery.

Second case.—Male, banker, 43, single. Attack of two days' duration. Sud-

den onset, with vomiting and abdominal pain. Patient prostrated and acutely ill.

Abdomen distended and tympanitic over all. Leuc. 8,000; polyn. 67 per cent.

Operation revealed an acute suppurative appendicitis with diffuse sept'c peritonitis.

Patient died on the day following the operation. Low leucocyte coimt; low poly-

nuclear percentage; low power of resistance.

Posture.—During the first few hours of the attack, there is often restlessness,

the patient tossing about in bed. This is before the appearance of peritoneal

inflammation. After a few hours, or indeed perhaps from the very beginning of

the attack, the usual position adopted is the dorsal one, the patient lying per-

fectly flat and quiet on his back. The knees and thighs are generally flexed.

He is nearly always more comfortable with the knees, especially the right one,

drawn up. The greater the peritoneal involvement, the greater the tendency

to assume this position, and the greater the pain caused by any bodily move-

ment. However, there are exceptions to this rule, and certain patients are

more comfortable sitting on a chair or walking about. In such cases the appen-

dix is apt to be more deeply situated toward the right loin. Even in cases of

general peritonitis, the patient may be found sitting in a chair or even walking

painfully about the room.

Tumor.—In appendicitis the term "tumor" means an inflammatory mass

collected around an inflamed appendix. Several hours must elapse before such

an inflammatory mass can form. Before this, there may exist the sensation of

a mass. If this sensation be imparted to the examining finger, it is due to the

tonic spasm of the abdominal muscle which lies directly over the spot of in-

flammation. The muscle overlying an inflamed peritoneum acts "on guard."

The portion of the muscle which responds, by tonic contraction, to the inflam-

mation beneath it, may be of comparatively small extent, and thus gives the
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impression of a tlistinct mass. It is generally difficult—indeed, often im-

possible—to distin.iiuish sucii a muscle spasm from a mass of inflammatory

exudate. If a tumor can he felt during the first twelve hours of the attack,

it is safe to assume that it is merely a i)()i1ion of mu.'^cle in a state of contraction.

Indeed, it is rare for a i>alpal)Ie inflammatory exudate to appear within the first

twenty-four hours. An inflamed ajipendix can, however, he recognized hy palpa-

tion early in the course of the disease. To he felt hy the examiner's finger,

it nuist have a sujierficial situation, for, in an acute attack, deep pressure causes

too much pain. Merely its tip may he felt, though occasionally its whole length

can he ma|)i)ed out. Under these circumstances it is, of course, thickened,

stiffeneil. and swollen. If the acute stage persists after the expiration of twenty-

four houi-s, an inflammatory mass will generally hecome palpahle. It may,

however, not he distinctly felt until the second or the third day. Its shape,

size, and situation vary. Generally the mass is somewhat oval in shape, more

or less directly imder McBurney's point. If it he composed mainly of a thick-

ened ai)penilix and meso-appendix, it may seem ahout the size and shape of a

man's index finger or thumh. If omentum he wrapped ahout it, the size may
ap|)ear to hi- that of a hen's egg or a fat hanana. Instead of being felt beneath

McBurney's |)oint. it may he situated just above Poupait's ligament, more to-

ward the median line, under the lower part of the right rectus muscle; or it

may he located farther out, above the anterior superior spine of the ilium, or

still farther backward in the loin. Occasionally, also, the situation is so deep

that the tumor can he felt only on rectal or vaginal examination. It is at first

tender, but it may afterward lose nuich of its tenderness. It pursues one of

tw(j courses:— (a) It pei-si.sts for some days, gradually ])ecoming harder

and less sensitive, and then slowly undergoes resolution. A mass of consider-

able size may thus, in the course of a few weeks, entirely disappear. The

l)atient, however, in the mean time is running a great risk, for no one can know

how nnich jjiis is shut u|) in the interior of the mass, nor at what moment it may
bui^st through its confining walls, (h) Sui)purati()n goes on. The abscess

may develop with great rapidity for twelve or twenty-fovu' hours, or a week or

two may elapse before there is distinct evidence of pus. The average length

of time reipiired for the formation of pus—or at least for the foniiation of a

quantity sufficient to he easily discoveral)le—is probably four or five days.

\n al).«^ce."^s of some size may develop within twelve or fifteen hours from the

commencement (»f tlie attack, l)ut generally two or three days elai)se before

the formation of a distinct collection of pus can he determineil.

The fate of the |)atient. meantime, hangs in the balance. In a favorable case

the omentum and intestines at.lhering together form a wall around the suppu-

rating focus. This wall, however, is sometimes incomi)lete, and allows septic

material to .-li|» thr(»ugh sf)me gap and thus infect a large area: the result of

which is the formation of other abscesses, or, what is more i»robahle. the de-

velopment of a spreading jieritonitis.

Abdominal Distention.—In acute appendicitis more or less tympanitic dis-

tention is present. This is due to peritoneal congestion or inflanmiation. It
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furnishes one of our best guides for estimating the severity of the disease. The
prognosis of a case in which distention is marked, is generally unfavorable. At
first, the abdomen is but slightly fuller than usual, but quite soft. If the tym-
panites increases after the fii-st twelve or twenty-four hours, the case is a serious

one. Should the abdomen become largely distended and hard, it indicates that

a considerable area of peritoneum is inflamed. It is one of our most important

indications for operation. One of the most favorable symptoms is the passage

of flatus from the rectum, whether spontaneously or per rectal tube. The
gurgling of gas is a favorable sign; the complete absence of peiistalsis an unfa-

vorable one.

Jaundice.—Jaundice is an unfavorable symptom. It means either that

the peritoneal inflammation has extended up to the gall-bladder or the gall-

ducts, or that a pylephlebitis has started up, involving the portal circulation.

If due to the first-mentioned cause, the jaundice may not necessarily be a very

unfavorable symptom, especially if the case be one where the appendix lies high

up under the liver: but, if it be due to a pylephlebitis, the prognosis is wellnigh

hopeless.

Differential Diagnosis.—The diagnosis of acute appendicitis is generally

attended with difficulties, but occasionally, because of some unusual position

of the appendix or for other reasons, it becomes very uncertain. To differen-

tiate appendicitis from any one, or indeed more than one, of the following dis-

eases, is occasionally a difficult task: cholecystitis, salpingitis, extra-uterine

pregnancy, renal colic, acute indigestion, gastro-enteritis, typhoid fever, pan-

creatitis, and diai^hragmatic pleurisy.

1. Differentiation from Cholecystitis.—In a question of differentiation be-

tween these two conditions, the history is, of course, of great value. Many of

the subjective symptoms of the two diseases are very similar—as, for example,

the right-sided pain, vomiting, abdominal distention, fever, etc. The patient's

descrijDtion of former attacks of a similar nature may, on this account, not be

of nuich value, unless there is a history of decided jaundice, pain in the shoul-

der, or local tenderness, or rigidity distinctly localized. The difference in the

location of the pain, tenderness, and muscular rigidity, is usually, however,

sufficiently definite to settle the question. In cholecystitis these signs are most

prominent just below the free border of the ribs, at a point near the upper third

of the right rectus abdominis muscle. On account of a local plastic peritonitis,

however, the omentum, colon, and neighboring structures, below and around

the gall-bladder, may become acutely sensitive, so that the local signs may

extend well down toward the umbilical line, \ery much in the same area where

we would expect to find them were an upturned appendix inflamed or per-

forated near its tip. Jaundice would of course strongly favor the diagnosis of

cholecystitis, but it must not be forgotten that occasionally, in severe appen-

cficitis, there is slight jaundice. The diagnosis nuist largely rest on the sur-

geon's skin in palpation. If an area comparatively free from tenderness or a

rigidity can be demonstrated below the free border of the ribs and above the

maximum area of tenderness, the inflammation probably does not involve the

VOL. VII.—42
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gall-bladdiT. Accurati' observation of the distress caused by deep inspiration

while the palpating tingei-s rest on the skin over the region of the gall-bladder,

will also afford valual)Ie infomiation. A deep inspiration under these eireuni-

stanees is nuich niori' painful in cholecystitis than it would be in appendicitis.

In the latter disease, the tenderness is also apt to extend more outward toward

the lateral wall of the loin.

2. Differentiation from Salpingitis or from a Pelvic Peritonitis around a

Riilht-sided Pehnc Tumor.—Here, again, the history of the patient is of the

greatest value. An antecedent gonorrhtea, miscarriage, or pelvic inflamma-

tion will naturally turn the scale in favor of an inflammatory condition of the

pelvic organs. In salpingitis the pain, sensitiveness, and rigidity are, of course,

situati'tl considerably below the anterior superior iliac spine, while an inflamed

ai)i)enilix may be well down in the ])elvis, and not uncommonly is found adherent

to a tube, ovary, or the utems. It may even be adherent to the posterior wall

of the latter organ, or to the sides of Douglas' cxd-de-sac, or to the base of the

bladder. A vaginal examination will usually clear up the difficulty. In an

acute sali)ingitis, there is generally more or less pelvic peritonitis, and, as soon

as the finger of the examiner enters the vagina, it encounters an abnonnal de-

gree of heat, and the patient complains of tenderness, which becomes very acute

when the cervix or fornix is palpated. In apixMidicitis, on the other hand,

acute sensitiveness is not generally complained of until the finger is |)ushed

well up toward the right brim of the pelvis. In appendicitis, furthermore,

abdominal palpation usually elicits more pain than does the vaginal. A bloody

vaginal discharge^ faxors the diagnosis of salpingitis. Irritability of the blad-

der is an unreliable symptom, as far as differentiation goes. It may exist when

the inflamed apjH'ndical tij) is attached to the bladder, and is of course quite

common when the pelvic peritoneum is inflamed.

3. Differentiation fro7n Exlrar-aierine Pregnancy.—The history is here of vital

importanci'. The cessation of menstruation, the ])resence of signs of preg-

nancy, the bloody vaginal discharge, and the sudden severe pain, i)erhaps with

pallor and collapse, are classical symptoms which denote extra-uterine f(eta-

tioii and ruj)ture. If there be felt, also, a boggy mass in Douglas' cul-de-sac or

to the right of the uterus, the diagnosis is confirmed. Several of these synij)-

toms, however, may be wanting, and the diagnosis must then depend on the

comparative absence of local tenderness, and on the j^resence of an abnormal

ma,^s in the j pelvis.

4. DifferentuUion from Renal Calculus.—The history of the patient is of

value vmder these circumstances. Previous attacks of severe colicky pain,

radiating from the loin down the course of the m-eter, toward the bladder, with

perhaps frequency of urination, i>;iin in the head of the penis, and retraction

of the right testicle, would seem to indicate clearly the passage of a stone or

other foreign body down the ur(>ter; yet it must not be forgotten that both

(•onditions may exist simultaneously. The careful examination of the urine

shiiiild iicvei' be neglected. Should there be blond and ui'ic-acid crystals, the

presumption is .strongly in fa\-or of calcnlu.-^ or gi-a\cl. If pus also be found.
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it is still more confirmatory of irritation of the peh-is of the kidney by some
foreign body. The location of the tenderness elicited by palpation also differs.

In inflammatory conditions of the kidney there is apt to be a decided spot of

tenderness in the loin (Guyon's point), at a spot nearer the spinal column than

would probably be found in the case of an inflamed appendix which was bent

decidedly upward and backward—the examination of the blood would also here

prove of value. The number of leucocytes is generally greater in appendicitis.

The pulse-rate is too varying to be of much value, and the same remark applies

to the temperature. The latter, however, is more apt to be elevated in api)en-

dicitis, while the pulse-rate is generally slower than in a severe attack of renal

colic. While abdominal distention is also found in attacks of renal colic, this

symptom is apt to be more marked in cases of appendicitis.

5. Differentiation from Pancreatitis.—The difficulty of differentiating appen-

dicitis from this rare affection is apt to be greatest in the subacute or chronic

attacks of either of these two diseases. It is true, however, that a sudden per-

foration of an appendix into the general peritoneal cavity, with accompanying

peritoneal shock, may give symptoms similar to those expected in an acute

attack of pancreatitis. The signs of collapse—the rapid pulse; the pale, anxious

countenance; the cold, clammy skin;—the abdominal distention; the sighing

respiration,—all these may l)e present in both diseases. Under such con-

ditions the diagnosis is wellnigh imi)ossiblc. Pancreatitis is a rare disease,

it is not apt to occur in children or young adults, and it is more prevalent among
fat females. These facts should enter into our calculation. In pancreatitis

the pain and local tenderness are situated at a higher point than would be ex-

pected in ap})endicitis. By bimanual examination (one hand pressing up the

loin against the other hand in front) the mass of clotted blood can sometimes

be recognized. Tliis semisolid substance, however, might be confused with the

exudate around an upturned appendix.

(3. Diffei^entiation from Typhoid Fever.—It is sometimes difficult to distin-

guish a mild attack of appendicitis from enteric fever. In the latter, tenderness

in the right iliac fossa is not uncommon. It is, however, not acute, and is more

apt to be diffuse and less localized. The history of headache and hebetude,

with coated tongue, decidedly favors the diagnosis of typhoid fever. If fever

has existed for some time previous to the ))ain, the case is probably not one

of appendicitis. Nausea and vomiting are not apt to occur with typhoid fever.

Abdominal distention may be present in either disease. Pulse and tempera-

ture can be disregarded. The leucocyte count is apt to be greater in appen-

dicitis than in typhoid fever. Of course, if the Widal reaction is found, the diag-

nosis is practically settled; but this reaction is usually not present until the

fever is well advanced. It must also be borne in mind that appendicitis some-

times complicates typhoid fever.

7. Differentiation from Diaphragmatic Pleurisy.—It is sometimes exceedingly

difficult to distinguish between an acute appendicitis and an acute diaphrag-

matic pleurisy, or even a basal pneumonia. The sudden painful onset with

vomiting, the inability to take a deep insj)i ration, and even a certain amount
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of tt'iulerness and muscular liiiidity in the ri^ht hyi)oc'hondriac region, are

symptoms common to both diseases. It is especially in children that the

diagnosis is most difficult . In a (liai>hragmatic pleurisy many hours may elapse

before any abnormal physical sounds can be heard. To arrive, in certain cases,

at a correct diagnosis, houi's of observation may be necessary. These doubtful

cases arc among the most jjuzziing wliich the surgeon encounters. He knows

that delay, should the case be one of appendicitis, may be most dangerous,

and yet he drcails lest, if he do a laparotomy, he may find his diagnosis incorrect.

This error has Ix^en committed many times by experienced surgeons. Much

will d( prnd on th(> sm-geon's keenness of observation. He may notice a certain

fixation of the lower ribs, or a stoj^jiage. at this point, of the respiratory move-

ments. If the i)atient be a child, he will probably be verj' restless and will

toss ai)ont the bed more than he would were his appendix inflamed; but, even

in aj^pendicitis, the child is more apt to be restless than is the adult. If the

child be inclined to a.'^sume the usual adult dorsal position, with the thigh or

thighs drawn up. the chances are in favor of appendicitis. The passive flexion

and extension of the thigh on the abdomen are apt to be more resisted and

dreaded in appendicitis than they would be in |)leurisy.

8. Dijf'i'rctttidtion J'roni Acute Indiyestion.—For a f(>w hours the symptoms

in acute indigestion may be not unlike those which occur at the onset of appen-

dicitis. Pain and vomiting may be equally marked in each disease. With

acute indigestion, however, there should be no local tenderness, no muscular

rigidity, nor any changes in the blood. There is generally also no fever with

this disorder. In acute indigestion the symptoms should begin to abate in

the coui-se of a few hours, while in appendicitis thc}'^ should increase progres-

sively.

0. Differentiation from Gastro-Enteritis.—The onsets of gastro-enteritis and of

acute ai)pendicitis may be very similar. The pain in gastro-enteritis, however,

should not be as severe, neither should it pei-sist for so long a time as would be

expected in appendicitis. Fever may be present in both affections. There is

an absence of local tenderness and nmscular rigidity in gastro-enteritis, although,

if the cataiihal inflammation be largely confined to the large intestine, there

may be local tenderness over the caecum and also over the course of the colon. In

appendicitis dianh(ea is unusual, and mucus should not be found in the stools.

1'). iJifferentiatiou from Intestinal Obstruction.—Intestinal obstruction may
be due to bands, knots, twists, extensive plastic adhesions, hernia, intussus-

ception, abnormal conditions of Meckel's diverticuhnn. etc. In obstruction,

the local tenderness is generally less localized than it is in ai)pendicitis. The
j)ain. furthermore, is of a more colicky, spasmodic tyjH'; the wave of j)eristalsis

can often be both felt and seen to cease at some definite point; certain dis-

tended coils can be ma|)pe<l out, both by palpation and by .sight; the vomiting

is more |)ei-sisten( and more violent; tlic pulse is a|)t to be faster and the tem-

perature lower; indican is generally found in abundance in the m-ine; the blood

changes are less marked; and, finally, the vomiting soon becomes foul-smelling,

and later fiecal.
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11. Diffei^entiation from a Gastric or hdestinal Ulceration.—A gastric or an
intestinal ulceration, \\ith api)roaching or complete perforation, may produce
symptoms resembling those of appendicitis. The location of the pain and
tenderness are the two most important differentiating symptoms. The history

of the patient should be carefully reviewed. Vomiting may or may not be a
prominent symptom in gastric perforations, but in intestinal perforations it is

unexpected, unless a general peritonitis has developed. In perforations such

as we are now considering there is apt to be less elevation of temperature.

12. Differentiation from Tuberculous Peritonitis.—Tuberculous peritonitis, if

localized in the right iliac fossa, is most apt, in the male, to originate from a

tuberculous appendicitis; while, in the female, it originates more often in a

tuberculous salpingitis. The area of local tenderness is apt to be more ex-

tensive and the sensitiveness is less acute, ^^omiting is seldom a symptom.
The history of the patient is of great importance. If the case be of a subacute

character, the reaction to tuberculin may be tried.

13. Differentiation from Lead Colic.—The history, the blue line in the gums,

the absence of local pain, tenderness, and fever, the diffusiveness of the colic,

are symptoms which are generally so marked as to render the diagnosis of lead

colic comparatively simple.

V. SYMPTOMS, COURSE OF THE DISEASE, AND DIAGNOSIS OF
CHRONIC APPENDICITIS.

The symptoms of chronic appendicitis are very similar to those of the acute

form of the disease, but they are, of course, much milder in degree. Fever,

however, is generally absent, and all the symptoms are very variable and nuich

less persistent. There may be intervals of comparative freedom from even

discomfort, and then again at times the discomfort may be very pronounced

and considerable pain may be experienced. AMien this characteristic of sub-

sidence and recurrence is prominent, the terms "relapsing" or "recurrent"

are emi)loyed. There are many intermediate grades between acute and chronic

appendicitis, and the relapses are apt to assume a subacute character; the ap-

pendix, in the interval, remaining in a state of chronic inflammation.

The symptoms may be described as local and general.

Local Symptoms.—Localized Pain.—Localized pain, or a feeling more often

described as discomfort, is an almost invariable symptom of chronic appendi-

citis. It is more or less confined to the right iliac fossa, and is seldom described

as severe. It is rather an indefinite ache or soreness, and is apt to be increased

when the bowels are distended with gas. The patient is awai-e that he possesses

a right side. He may feel that the gas sticks in his right iliac region and pro-

duces colicky pain in that part of the abdomen; or he may describe the colic

as having become more or less general. Oftentimes he will press his hand

against the right lower abdomen to diminish the discomfort. He fears the

jolting caused by rides over rough roads or by sudden jars. He may exi)lain
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his symptoms by saying that he lias a ••bruised imisclc," or he may call it "a

Stitch in his side." For intervals of weeks there may bo freedom from even

discomfoit, and thi'n again for weeks the miserable ache will jx-rsist. It is

generally increased by iniliscretions in diet or by exposure to cokl. The patient,

of iiis own accord, learns to diet himself. He soon becomes aware that certain

articles of food will increase his tliscomfort.

L(M-nlizerI Tcnderucss.—At one time or another localized tenderness can

g(>nerally l)e tliscovered. A numl)er of examinations may, howe\er, be necessary

for its elicitation. and it may be entirely overlooked l>y the careless or hasty

examiner. Sometimes pressure nmst be very deeply made before the patient

complains. The tenderness can sometimes be discovered only when, during

th(> continuance of the deep pressure, the thigh is energetically flexed and

extended on the abdomen, thus making tense the psoas muscle. The tender-

ne:<s may be confined to the immediate neighborhood of McBurney's point, or

it niay be more or less appreciable over the entire iliac area. For weeks or

months one may fail to elicit this sign, and then, owing to the occurrence of

an increased congestion of the appendix, the local spot of tenderness may be

distinctly recognized for several successive days.

Miisculd)- Resistance.—Muscular resistance is apt to be rather an elusive

symptom, but, at one time or another in the course of the disease, a sensi-

tive examining finger can generally appreciate a difference in tension between

the right and the left rectus nmscles. If the appendix be deeply situated,

either toward the j^elvis or toward the loin, this sign may be absent.

It iiuist not be forgotten that, in certain cases of chronic appendicitis,

local symptoms are practically absent. It must also be borne in mind that,

in young healthy males, the iliac fossie are very sensitive to pressure. The jiossi-

bility of .so-called appendicito-phobia must also be considered. Because of the

fact that there have been numerous cases of appendicitis among the membcM-s

of his own family or among his friends, perhaps with disastrous results, the

patient ac(juires such a dread of the disease that imaginary pain and tenderness

in the right iliac region may develop. It is important, in such patients, that

duriiii: the examination their attention should be diverted.

General Sjmaptoms.—The general symi)toms are mainly connected with the

gast ro-intestinal tract. Some fonn of digestive disturbance practically always

accompanies chronic apjjendicitis. On careful examination of the patient's

history, it will often be learned that, on one or more previous occasions, there

had been acute attacks of what at the time was considered "biliousness," or

"intestinal indigestion." On cai^eful in([uiry as to the particulars of these

attacks, it will often be learned that pain was a very prominent symj)tom,

and that the vomiting continued for a longer time than would be expected, had

the attack been either acute indigestion or biliousness. A history of "bilious

attacks," especially in children, should always be carefully investigated, and

s|)ecial in(juiry should be made as to the amoimt of pain suffered. Apart from

these attacks, the digestion may have remained unim|>aired. Sooner or later,

however, a period ai'rives when tlie digestion, instead of returning to its noiinal
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condition after such an attack, becomes chronically deranged. This derange-

ment is generally of the intestinal form. Constipation is apt to be a pronounced
and troublesome symptom. Flatulency is complained of; the abdomen be-

comes bloated after any indiscretion in diet. Attacks of colic arc freciuenl,

and there is sometimes diarrhoea. It is often difficult to determine wh(>ther

the colic and flatulent dyspepsia be due to chronic appendicitis, to a chronic

catarrhal enteritis, or to ner\^ous dyspepsia. The history of the patient should

be most carefully scrutinized. The presence of mucus in the stools certainly

indicates the existence of a catarrh of the bowels, but this may have largely

disappeared, while the appendix, on account of its lack of free drainage, may
remain in a state of chronic inflammation. In other patients, it may be evident

that they are suffering from both enteritis and appendicitis. The enteritis, in all

of these cases, is probably curable; the reverse is true of the appendicitis.

Operation should be advised in these cases, and it will often be found that the

constipation, diarrhcea, or the various symptoms of nervous dyspepsia will

entirely disappear soon after the removal of the appendix; a chronic dyspeptic

will often be entirely restored to health. While constipation is the rule, there

are nevertheless cases in which the appendicitis is the cause of an intractable

mild diarrha>a. A constipation that persists after a "bilious attack," espe-

cially if accompanied by colicky pain, should always be regarded with suspicion.

Instead of the intestinal form of indigestion, the stomach may be the organ

most affected. Persistent nausea may be the chief complaint. The tongue

may remain coated and the breath foul. Vertigo and hiccough are unusual

symptoms of chronic appendicitis.

The Onset.—The mode of onset is variable. The chronic form ma}^ result

from an acute or a subacute attack; the symptoms of the latter almost, but not

entirely, subsiding, while at the same time there are left an indefinite ache in

the right iliac region, and some intestinal indigestion. On the other hand, the

disease may develop very insidiously, the symptoms creeping on so that the pa-

tient is scarcely aware at what time his complaints began. He has merely

noticed an almost imperceptible drift toward chronic intestinal indigestion,

and, for weeks or months, he persists in attributing the discomfort which he

experiences to this cause, until his attention is drawn to the preponderance of

discomfort in the right side. The disease may go on for months or years.

Between the exacerbations there may be intervals that last for weeks or months

or even for years. The exacerbations are very variable in severity and may

last for only a few hours, or they may continue for several weeks. The irregu-

larity of the symptoms may be very great, or there may be but little difference

from one week to another, the discomfort and flatulency being more or less

constant.

The constant digestive disturbances, with a more or less pei-sistent, nagging

ache; the mental strain caused by the ever-present dread of an acute attack;

and perhaps the anxiety caused by doubt as to the exact diagnosis, \^ill often

exert a deteriorating influence on the i^atient's general health, resulting in loss

of flesh and strength, and in more or less demoralization of the nervous system.
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Fever and raimlity of pulse ar(> generally al)sent. During the exacerbations,

however, there may l)e a slight febrile movement. The temperature, in these

eases, should always be tested in the reetum.

Diagnosis.—The diagnosis of chronic appendicitis is often very difficult.

It is espeeially difficult at times to differentiate it from the following diseases:

—

movable kidney ; cholelithiasis; chronic intestinal indigestion ; and chronic pan-

creatitis. A patient will often complain of a more or less indefinite discomfort

in the right side of the alxlomen. A slight tenderness may exist over an area

extending from the free border of the ribs almost to Poupart's ligament, and

in a backward direction as far as to the loin. This may be accompanied by

digestive tlisturbances, colic, flatulency, etc. It is often exceedingly difficult,

and occasionally impossible, to determine the exact cause of this right-sided

discomfort. The patient's history must be carefully studied. Have there been

mai-ked exacerbations in the course of the disease? Did the physician in at-

tendance make a careful examination, and was he able to locate the maximum

point of tenderness? Has there been irritability of th(^ bladder or any great

variation in the amount of urine passed? This latter sign may indicate an

int(>nnittent hydronephrosis, due generally to mobility of the kidney.

Careful palpation for tenderness and muscular rigidity will generally, if

repeated on several occasions, lead to a correct diagnosis. It is desirable to

examine the jjatient during the attacks of exacerbation, if such occur. The

maximum point of tenderness may then be found in one of three places—over

the gall-bladder, over the appendix, or over the kidney. Jaundice is, of course,

a most valuable sign, as it indicates a probable cholecystitis, as does also pain

in the region of the right shoulder blade. Probably the most puzzling prob-

lem will be to distinguish between a movable kidney and an appcMidicitis. The

former condition may often be found, as it is common in long-waisted, thin,

lax women. But. merely because the kidney is distinctly movable, we must

not conclude that the mobility of this organ is the cause of the soreness and

discomfort. It may be quite innocent. If, when grasped betw'cen the tw^o

hands, the kidney gives no sign of excessive tenderness, we must feel sceptical

as to its being the exciting cause, even if it be freely movable. If, however,

when it gets dislodged and remains more or less impacted opposite or below

the undjilicus, we find that ])ressure causes pain, then we should feel inclined to

place the blame on the kidney.

Pancreatitis is a rare disease. In its chronic form it can very seldom be

recognized. The pain and tenderness accompanying this disease should be

located at a rather higher point in the abdomen, more in the umbilical line, than

when the appendix is the seat of inflammation. The pain should also be

more acute and paroxysmal in character. Fi'oni chronic intestinal indigestion

a|)|)endicitis can be distinguished mainly by (he history, by the localization

of the i)ain and the tenderness, and by the patient's greater indifference to

careful dieting.
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\'I. TREATMENT OF APPENDICITIS.

A. Treatment of Acute Appendicitis.

The treatment of appendicitis is essentially surgical. This does not nec-

essarily mean operative interference in every case, but it means that the patient,

from the onset of the disease to its close, should be untler the observation of

one who is accustomed to study, on the operating-table, the treacherous be-

havior of an inflamed appendix. Not only is it important for the diagnosis,

and for the decision as to the proper moment for operation, that the surgeon
should be summoned at the commencement of the attack, but also, in the event

that immediate operation is not necessary, that he may be in a position to

advise as to the future conduct of the case. It is very foolish for any young
surgeon, or any medical man, to manage a case of appendicitis (unless it be one

of necessity) without the summoning of council. Should the result be unfa-

vorable, he will subject himself to severe and perhaps justifiable criticism. The
treatment should be varied according to the stage of the disease and according

to the peculiarities of each individual case. Rules can be given, but it must
be understood that there are exceptions to all these rules. Could the different

stages of the disease be definitely recognized, the rules could be made much
more precise. Unfortunately, the transition from one stage to another is often

so subtle that the change cannot be recognized. In certain severe cases of

perforation or sudden gangrene, there is no subtlety; the condition is unmis-

takable. But, in the majority of cases, the average cases, the change from

the early to the later stage may be so undemonstrative as to escape observation.

In the early stage the inflammation is confined to the appendix. Generally, the

mucous and submucous coats alone are involved; for, as soon as the serous

coat becomes infiltrated with inflammatory cells, the attack has reached the

borderland between the eai'ly stage and the later or second stage. When the

products of the septic inflammation have passed beyond the appendix, and

have excited a local or a spreading peritonitis, or a septic infiltration of the

neighboring cellular tissue, the attack is in the second stage. The indications

for treatment of these two stages are not the same. The rules for treatment

of the early stage are more definite than can be those for the second stage.

Treatment of the First or Earlier Stage of Appendicitis.—The "early

stage" of apj)endicitis is a rather loose term. It really means that the inflam-

mation is entirely confined to the appendix, that none of the appendical con-

tents have escaped, and that there is no peritonitis or septic process beyond

the appendix. In certain cases there is practically no early stage. A sudden

perforation or gangrene is the announcement of the disc^ase. In other cases,

the disease never passes beyond the early stage, the inflammation involving

the inner coats only of the appendix. Between these two extremes are found,

perhaps, the majority of cases. In these, however, the early stage is very vari-

able. An average duration is perhaps twenty-four hours, but often it is much

shorter, and again it may be considerably longer. There is generally no exact
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moment of tl•all^^ition from the early to tlie so-called later stage. A sudden,

unguarded perforation will often announce its occurrence by marked symptoms,

but more often there is a gradual spread of the inHanunation and sepsis from the

inner coats of the appendix outward, and to the neighboring tissues. When

either of these events occuivs, the disease may be said to have passed beyond the

early stage. .\ case may for days linger along without passing beyond this stage.

On the third, fourth, fifth, sixth, or even a later day, the conditions may be

unchanged; in other words, they are exactly as one would find them in other

ca.><es at the vnd of a few houi-s after the onset of the attack. In this class of

cases, where the symptoms "hang fire" after the third day, and show no pro-

gressive improvement, the removal of the appendix is indicated in preference

to waiting for an interval operation. If, even in the mildest attack, there be

no distinct change for the better during the third day of the disease, the out-

look for the complete subsidence of the attack is not promising, and there is

nsk in delaying operation.

In the early stage of acute appendicitis operation is undoubtedly the wisest

form of treatment. This should be the general rule, and there is no doubt but

that, in the hands of skilful surgeons, the universal application of this rule

gives the most favorable results. There are, however, excei^tions to this mle.

There may be certain conditions of the patient, certain peculiarities of the

attack, or certain obstacles in the surroundings, which contra-indicate imme-

diate operation. The great majority of surgeons have enthusiastically adopted

this rule of univei"sal operation in the early stages of the disease, and no inex-

perienced physician or surgeon should take upon himself, alone, the responsi-

bility of rejection or of postponement of an operation. It is only the wise and

experienced surgeon who has the slightest right to decide whether or not the

operation may, in certain cases, be postponed, antl even he, if he assumes this

position, will, .sooner or later, find himself mistaken, and will deeply regret his

supj)o.sed consen'atism. If the young physician or surgeon does not, in a doubt-

ful case, demand a consultation, he will run the risk of subjecting himself to

just blame, should the case result unfavorably. On the part of the physician

or surgeon who first sees the case, there should be a di.stinct enunciation of the

fact that operation is the safest treatment, and that there is risk in delay. If

the patient and friends decide to reject his proposition, the res})on.sibility rests

with them, and they should be made to understand this fact clearly. Appen-

dicitis is a most treacherous di.sease, and no rules can be given which will enable

the ol).s«'rver to detennine, at the outset of the disease, that its course is to be

mild and to terminate in recover}'. It can often be foretold that a general

peritonitis will certainly ensue, but never that it will not develop. An operation

in the interval between attacks is of course to be i)referred to one perfonned

during an acute attack, and it is on this account that the surgeon feels tempted

to postpone ojx'rative interference: he cherishes the hope that the acute attack

will <ii.saj)j)ear in the course of a week or two, and that then, at the later date,

the appendix can be more safely removed during the sf)-called "cold stage."

It is undoubtedly t lue that a large numbei-. |)i-ol)al)ly the majority, of cases of
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acute appendicitis \\ill successfully pass through the acute stage of the disease

to complete recovery from the attack. Knowing this to be a fact, the surgeon

is sometimes tempted—but only, it is true, in cases which are more or less sub-

acute in character, where there is no vomiting, where the pulse is good, where

there is no abdominal distention, and where there is only moderately pronounced

evidence of inflanmiatoiy trouble in the right iliac fossa—to adopt dilatory

tactics, in the hope that a spontaneous cure will take place. Out of such a

clear sky, however, there may at any moment come a dangerous explosion,

which completely clouds the prospects of further abatement,—in fact, may lead

to a fatal outcome. This is true even in cases where the inflammation, so far

as symptoms indicate, is apparently very mild and gives every evidence of an

early subsidence. Fears may be lulled by the apparent insignificance of the symp-

toms. These, however, do not always properly represent the extent or severity

of the inflanmiation. There may be an absence of vomiting, fever, and dis-

tention,—in brief, the signs of peritoneal involvement may be insignificant;

and yet in the depths of the iliac fossa there may be an appendix all ready to

undergo perforation, or ])erhaps an abscess fomied around an appendix which

is already perforated. It is apt to be the man of small experience and little

wisdom who feels confident that he can guide the patient over such treacherous

seas into a safe haven. The surgeon of wide experience may take chances with

such cases, and, with careful observation, he may guide the patient to recoveiy,

but it is a risky procedure, and sooner or later an unexpected peritonitis will cause

him to regret his course in certain cases. Then, again, the patient's relatives

and friends may object so strongly that the surgeon is prevailed upon to post-

pone operation. He should, however, state his opinion frankly, and then, if

it be rejected, the responsibility will rest on other shoulders. Under these

circumstances it will be his duty to watch the progress of the case closely, not

allowing many hours to intervene between his visits, so that he may be ready

once more to urge immediate interference, should more threatening symptoms

develop.

As already stated, there are exceptions to the general rule of "invariable

operation in the early stages of an acute appendicitis." Such exceptions may

be due to the miserable condition of the patient, to the character of the attack,

or to certain conditions in the circumstances or surroundings of the patient.

(1) The miserable condition of the patient.—The miserable condition of

the patient may be due to some complicating disease, such as advanced tuber-

culosis, cancer, grave heart lesions, severe nephritis, or impaired arteries. Each

case of this kind must be judged on its own merits, ^^^lich procedure offers

the least risk to a patient who is in such a deteriorated condition? On the

one hand, there are a half-hour's anaesthesia and an abdominal section; on the

other, there is an appendix liable to excite a general fatal peritonitis. The

risk of an operation on a patient suffering from any one of the above diseases

may be attended by such danger that it often appears less risky to place faith

in the spontaneous subsidence of the inflammation. In a case of cancer or

tuberculosis it is well to consult the wishes of the patient or his family. State
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thr case frankly and let thcni share tlic responsibility of the decision. In the

ca.^e of a patient with heart ilisease, the (juestion of cardiac compensation has

to be cari'fully weii^hed. .V lack of proper compensation should rather influence

the surgeon to avoid, if possible, the operation. If compensation is satisfactory,

the dangers of ana'sthesia are but slightly increased. In a case of nephritis,

the ana'sthesia may exert an injurious effect on the kidneys, and such cases

are more liable to develop peritonitis. The dangers must be weighed, one coui^se

against the other. Age, pecuniary recpiirenients, famih' histor}', personal his-

tory—all these must be tak(>n into consideration in seeking a decision as to the

best coui-se to pui*sue.

(2) The character of the attack.— If an adult is suddenly overwhelmed

at the out.set of the attack, the prognosis juider any method of treatment is most

unfavorable. The symi)toms aiv: the collapsed appearance of the patient,

the rajiid wiry pulse, the extrenu^ly anxious countenance, the cold extremities^

and the distended abdomen—all of them due to grave peritoneal shock, caused

by the escape and absorption of virulent germs or material fiom the appendix.

If the operation be performed while the patient is in this state, it will almost

certainly prove fatal, and will but ha.sten the end. Under such circumstances,

a delay of some hours will often r(>sult in a slight but distinct improvement of

the patient's condition. Nature's forces, which at first were staggered by the

suddenness of the attack, will often become better organized for resistance.

The leucocytes, at first rather low in number, rapidly increase to 30,000 or

40,000; some flatus may be expelled, the abdomen in consequence becoming

less tense; the pulse loses some of its wiry character; and the patient's whole

condition becomes less distressing. This favorable change is due to a general

decrease of the congestion (inflammation) of the peritoneum, and also in some

measure to the fact that the inflammation shows a tendency to localize itself

about the apiu'iidix. Nature is doing her be.st to wall in the inflamed organ.

The most constant and careful ob.servation is necessary at this time in order

to detennine whether Nature is to be successful or not in this attemi)t. and

also in order that the surgeon may decide when the time of selection arrives

for interference. If the general symptoms gradually subside, and if at the

same time a local exudate* manifests itself, the ojH'ration may be postponed

from hour to hour; and, if the course of the disease continues to be favorable,

two or three days may with advantage l)e allowed to elapse before one decides

that the most favorable moment loi- o|)eration has arrived. By this time there

will Ix' found a perforated and perhaps gangrenous appendix, shut off from the

general cavity of the peritoneum by a thick wall of infianiinatory material.

Drainage, unfortunately, will be necessary, but the risk attending sucii an

operation is but slight ; whereas, if it had been done in the beginning of the

attack, the dangei' would have been \cry gicat, and drainage even then could

not have been omitteil. Unfoitunately. the disease does not alwavs follow

this favorable course, and in diildivn or young adults the plan of treatment

just suggested should not be alteinptecj. but in older or dissipated patients

it certainly offers a better chance for i-eco\-ei-y than does immediate oper;ition.
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During this critical period of the disease the treatment should be carried out

very strictly, and the patient should be kept constantly under observation.

Rest and absolute starvation are the keystones of treatment.

(3) Conditions in the circumstances or surroundings of the patient which

make it preferable, even at some risk, to postpone operation.—In many cases

it is manifest that the operation is of such \ital importance that it must over-

shadow all other circumstances; but in certain cases where the attack is mild,

and especially if it be a repetition of others of a similar character, the risk of

postponement is not great,—provided, of course, that the medical man in at-

tendance be an experienced observer. The mere fact that, in past years,

many similar attacks have subsided spontaneously is no guarantee that the

present attack \\\\\ have such a successful outcome. The chances favor such a

course, but, as a rule, the risk of assuming that it will be followed in this particu-

lar attack is considerable. Ver\^ probably the final outcome of the case will

be complete recover\' and an obliterated appendix, but in the mean time, the

patient will be hanging on the verge of a precipice. The removal of the appen-

dix during such a mild attack is practically an interval operation. Probably

no drainage will be needed, and it will be not only a life-saving, but a time-

saving procedure. In advising removal of the appendix in the beginning of

the mild attacks, where naturally there may be some doubt as to the absolute

necessity of an operation, the probability of later attacks should be borne in

mind. A recurrence of the disease takes place in about seventy-five per cent

of the cases. The patient's realization of this fact and of the advisability of a

later intei^val operation will make a strong impression upon his mind in favor

of the immediate removal of the appendix. In some cases he will simply need

to be assured that the risk attending the operation is but slight and that in all

probability no drainage will be needed.

In cases where, for one reason or another, operation in the early stage is

not performed, the treatment should be carried out in the strictest manner. The

same rule applies also to cases where for a time a definite diagnosis cannot be

made. Skill and experience are needed quite as much under these circumstances

as they would be were the operation to be performed. The treatment should

consist largely in non-interference. Absolute rest of body and mind is most

important. In fact, the patient must be kept in bed, lying in whatever

position will be most comfortable. Nature and not the doctor should dictate

this. The doi-sal position will generally be preferred. If the symptoms look

threatening, it is best to elevate the head of the bed moderately (ten or fifteen

inches). This degree of elevation, which is usually agreeable to the patient,

tends to confine the inflammatory process to the pelvis and lower abdomen.

Starvation must be absolute. If the patient be kept quiet and if he be per-

mitted to drink a moderate amount of water, starvation for three, four, or five

days is borne without discomfort. Water, at fii-st allowed in small amounts,

may later be given freely. Should there be nausea and vomiting, however,

water should be sparingly given. Small saline enemata (six to eight ounces)

should be employed, if water cannot be freely administered. These should be
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repeated every six to ci^^ht hours. Absolutely nothinir hut water should he

])ermitted until the syinittonis have markedly subsided. Soups, as well as tea.

coffee, albuineii water, and es|)(>('ially tVuit juiees, should he i)ositively pro-

hilnted. The one object of treatment is to (|uiet intestinal peristalsis, and any

solid, salty, acid, or aromatic substances tlefeat this endeavor.

Internal Medication.—If possible, no dru^is should Ix' administered for the

relief of severe ])ain. It is a fact, however, that one is generally compelled to

give a small hypodermic of codeine (gr. \) or of morphine (gr. J). The former

shoukl be first tried. Moi|>liine is distinctly objectionable; but, if peristalsis

is very vigorous or restlessness very great, its use may be indicated. No more,

however, should l)e given than is just sufficient to quiet the intestinal move-

ments. A benumbing dose of opium or its derivatives is absolutely contra-

indicated. It is objectionable for the following reasons: first, because it masks

the sym])toms, thus rendering diagnosis difficult. It is apt, for example, to

abolish local tenderness and nniscular rigidity, and it also prevents th(> observer

from properly estimating the i)rogress of the inflammation. In the second

place, it is apt to produce paresis of the intestines and thus to encourage abdomi-

nal distention.

If the stomach is overloadeil with undigested food, it is often advisable to

wash it out by lavage. This should he done as gently as possible.

Carthartics, as a rule, are ol)jectionable. There can l)e no doubt but that

a sharj) jjurge, at the very commencement, may often be of marked benefit, but, on

the other hand, it may also result disastrously. It is never known which one of

these results will ensue. Certainly, many a patient has been killed by an

initiatory dose of castor oil or calomel. The violent peristalsis thus excited

may be the last straw to cause a complete and rapid })erforation. The ju-r-

foration, i)erhaps, could not have been |)i-evented, but, if the intestines had been

kept (|uiet, the ru])ture would ])robal)ly have been anticipated, and some pro-

tection would have been provided against the ai)iJroaching {)erforation. Of

course, the l)owels are often overloaded, and it would certainly be of advantage

to unload them: and uii(iuestional)ly, by good foitune, this is often accom-

plished without disastei- and with advantage to the patient. In a well-marked

ca.se of "catarrhal appendicitis" there is no danger; indeed, there is a positive

advantage in administering a cathartic do.se. But, as already stated, no man
can be suic that he has to deal with a i)urely catarrhal inflammation, and the

uncertainty and risk are entirely too great to warrant, except in rare cases, the

employment of cathai-sis. If the rectum he overloaded, a .small soapsuds enema
may be administered: hut it is seldom needed, for, if saline enemata are regu-

larly given. Nature will almost invaiiahly within twenty-four or thirty-six

houi-s, herself unload the bowel.

Local Aii/iliciitions.—Shall ice-watei- oi- hot-water hags he employed? One
or other is advi.suble. Some measure of relief will be afforded the patient and
satisfaction will be given to the family. Ice is generally preferable. It seems
to have .some slight effect in mitigating the inflaimnation around the appendix,

and certainly .-ilTords some relief from pain. Occasionally hot applications are
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preferable. If ice gives pain it should not be employed. In any event it

should be cautiously employed; it should not be allowed to cause freezing of

the skin. If the area treated be kept extremely cold for a long time, sensa-

tion is more or less lost, and the surgeon is deprived of the valuable signs of

local pain and tenderness. If the ice bag be employed continuously for many
hours, care also should be taken that it shall not produce gangrene of the skin.

If there be much general colicky pain hot-water bags and even turpentine

stupes may be advantageously employed. Great confidence, however, should

not be placed in the benefit to be derived from any form of local application.

Treatment of the Second or Later Stage of Appendicitis.—When the

inflammation has invoh'ed the serous coat of the appendix, and is extending

beyond the organ, the second or later stage may be said to have begun. As al-

ready stated, it is often impossible to tell at what exact moment this extension

occurs. When, however, there are increasing abdominal distention and an

increase of muscular tension in the right iliac fossa, and especially when second-

ary belching of gas or vomiting begins, we know that the inflammation is no

longer confined to the appendix, but that the neighboring coils of intestines

have become involved in peritoneal inflammation, or that a septic process is

spreading in the cellular tissue. AVhen such symptoms appear, there is always

a great regret that operation had not been performed in the earlier stage of the

disease. The case at once assumes a grave aspect. The mortality of the opera-

tion will now be raised from perhaps ten per cent to a percentage eight or ten

times as great. The questions then arise, Will better results be obtained if

operation be postponed until the disease has re-localized itself in the right iliac

fossa? and AMiat are the chances for such a localization? Opinions on these

subjects are dixided. They may be classed in three di\isions. The great

majority of surgeons are not willing to adopt a universal rule for the treatment

of cases which are in the dangerous stage of the disease. Each case must be

a rule unto itself. There are, however, many advocates, some of them very

enthusiastic, of each one of the three following principles of treatment:

—

1. Operation should be performed on practically all cases of this class.—

This is the treatment adopted by the majority of surgeons. The operative

mortaUty will be somewhere between eight per cent and ten per cent. In the

practice of some surgeons, this percentage may be lowered, and in that of others

it is perhaps considerably higher. Certainly, on theoretical and perhaps on

practical grounds, this plan of treatment is the best. The septic inflammation

has already extended beyond the appendix, and a spreading peritonitis has

begun or is threatened. What will stop this spread? Will the forces of Nature

call a halt? If so, how often will such a happy result occur? How can one

foretell such a fortunate course? These are some of the questions which nat-

urally suggest themselves. That the peritonitis and sepsis often spread and

become universal, every surgeon, unfortunately, knows. He sees these hope-

less cases so often that he dreads a moment's delay. He claims that a perito-

nitis limited to the lower right quadrant, or one invoking even as much as half

of the abdomen, can be more successfully combatcnl by operation than one
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which ha.-^ Ix'coino universal. Tiicrc can be no question as to the justice of

this claim. It is difficult to explain why the spread should not continue; and

certainly no one can tell why in one ca.^e it becomes localized while in another

it becomes general. There are no statistics of the slightest value as to the pro-

portion of cases in which the process localizes itself. It seems most reasonable

to block the spreading by an operation. The results of such a plan of treat-

ment are much superior to those which follow the plan of postponing operation

in the hope of localization. This, at least, is the opinion of the majority of

surgeons.

2. The same plan of treatment should not be adopted for all such cases.

—

A selection should be made, some cases being chosen for immediate operation,

while in others the question of operation is held in abeyance until the process

shall have localized itself in the right iliac fossa. Among operators it has for

years Ix-en a conviction that the mortality of operations performed on or about

thi' third day of the disease is very great. It is most often about this time that

the inflammation begins to spread, and the mortality of operations performed

at the moment when this spreading process first begins is, certainly, very great.

The operation is especially dangerous in those patients who have reached or

passed middle age, or who have led dissipated lives, or who have bad livers or

kidneys. It is agreed that in this class of cases it is much wiser to wait for local-

ization of the process, and it is believed that this localization will, under proper

treatment, frequently follow, and that the older the patient, the greater the

probability that it will occur. Results have shown that such a postponement,

in the cla.ss of patients mentioned, will give better results than the plan of im-

mediate operation. This, at least, is the argument presented by many wise

surgeons. They do not feel, however, that delay is justifiable in children or

healthy" young adults, in whom the risk of universal spreading of the inflam-

mation (peritonitis) is much greater, while at the same time the risks of oj)eration

are much smaller. Between these two extremes are many intermediate cases,

and it will he in the treatment of them that the wisdom of the surgeon will be

shown. In many cases where the patient is young or middle-aged, the decision

in each instance nmst be left to the individual surgeon. His decision should be

l)a.sed largely on his own experience. He should generally allow for a few hours'

observation, with careful relative blood examinations, before he arrives at a

decision. The symptoms which point to a localization of the ])rocess are:

absence or decrea.se of stomach regurgitation, softening of the abdomen in con-

junction with the pa.ssage of flatus, and the general improvement in appearance

and disposition of the patient.

.'i. Immediate operation should not be performed, but the patient should

Ix' carefully carried along, under continuous observation, to a stage where the

general symptoms will have subsided, and wheic a localized al)scess will have

fonned around the di.sea.sed appendix. This event may occur on the fourth,

fifth, sixth, or even a later day. \. J. Ochsner has been the i)rime advocate of

this plan of treatment, and he has many followers. There is no question but

tiiat his \-iews ha\'e modified the o|)inion of most surgeons in regard to uni\"ei"sal
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ojicration on patients in this stage of the disease. The advocates of this plan

of treatment claim that their mortality has been reduced from eight, nine, or

ten per cent to five or six per cent, by the adoption of this method. The strict-

est treatment, however, is necessary for successful results. The starvation

must be absolute. The reason why so many patients come to the surgeon

almost dead from a general peritonitis is that the treatment has not been

thoroughly carried out. Cathartics have been administered, or the patient

has been given fluid.or solid nourishment, either of which measures will certainly

defeat the beneficial effects of this plan of treatment. The intestines must be

kept at rest. Morphine is objectionable, but small hypodermic injections of

codeine may be advisable. If there be much vomiting the stomach should be

washed out. This must be done very gently, the patient resting on the right

side. The gastric lavage may be repeated every few hours if vomiting persists.

Under this plan of treatment, the symptoms will often improve, the abdomen

will become softer, flatus may be expelled, and the general rigidity and tender-

ness will gradually diminish. At the same time a mass will begin to appear

in the right iliac fossa. This will probably be rather hard and not specially

tender. It will probably enlarge slowly, in rare cases it may entirely disappear,

but generally fluctuation develops in the course of a few days. At the same

time, the temperature curve will assume a more distinctly .•^eptic character,

with an evening elevation. As soon as the mass is distinctly felt, it can be

rea^sonably assumed that the risk of general peritonitis is practically over.

The surgeon need, therefore, not be in great haste to open the abscess. As long

as the general symptoms continue to improve, the delay of a day or two, after

recognition of the mass, may often be an advantage, in allowing the general

congestion or inflammation to subside, and in more strongh' shutting off the

general cavity of the peritoneum from the localized process. It is of the ut-

most importance, during this period prior to operation, that most careful and

frequent obsei'vation be practised, and that irritation of the digestive tract be

carefully avoided. In order to prevent too active peristaltic movements or

colic, the nourishment should be confined to liquids of the simplest character.

Water only should be allowed as long as there remains an^-' symptom of general

congestion or inflammation of the peritoneum. Generally this restriction will

be necessary for forty-eight hours or longer. Then, for another day or two,

simple clear broths may be allowed. As a rule, it is wiser—for adults, at

least—to abstain from milk. Milk in any form is more liable to excite the

development of gas, and to act as a slight irritant. In infants and

young children, however, it may be employed. Fruit juices should be espe-

cially avoided.

Treatment of the Suppurative Stage.—As soon as it is determined that

suppuration has developed, the abscess should be opened at as early a date as

possible. By abscess is meant a localized collection of pus. There may be a

distinct tumor, which occasionally will give a wave of fluctuation, but more

often the mass feels quite hard. This lack of softness and fluctuation is ex-

plained by the fact that generally a thick wall of inflammatory material encloses

VOL. VII.—43
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the pus. Till- situation of thr abscess varies. Often it will be felt lyin^^ more

or less untler McHuriicy's point, thoiijj;h it is liable to e.xtend farther downward

toward Poui)art's lijianient. In aliout fifteen per cent of the cases its situation

will be toward the loin, above the crest of the ilium. Not infrequenth'. it will

be directly under the lower third of the right rectus muscle. Occasionally its

situation is deep in the pelvis, where it can be felt only on rectal or vaginal

examination. In a certain nund^er of cases no tumor can be felt. There may

even be an absence of rigidity or of marked tenderness. The diagnosis of

suj)i)uratit)n nmst rest upon the other symptoms—the presence of an even-

ing rise in tenij)erature, the more rapid pulse, the furred tongue, and the results

of the blood-count. There is a\)t to be persistent tenderness, especially if deep

pali)ation l)c made. The patient does not get well, he remains ill and feels very

miserable. It is seldom that the existence of secondary abscesses can be exactly

tliagnosed. They may be suspected, because of different areas of tenderness,

of bowel stagnation with distention, and of increased sepsis without peritonitic

.symptoms.

As a rule, the sooner an abscess is drained, the better the chance for recov-

ery. As a rule, also, the formation of an abscess indicates neglect or poor

judgment on the j^art of somebody. There are exceptions, however, to both

of these generalizations. As already exi)lained, there may be patients in whom,

as a result of a more or less diffused peritonitis, the process tends to localize

itself. When first the mass is recognized, the diffuse peritonitis may not have

entirely disappeared, and at the same time the process of localization may not

yet be complete. Under these circumstances, it may be beneficial to delay

the operation a few hours or even days, as such a delay permits the general

inflannnation to subside, th(> localizing wall to become more secure, and the

local septic focus to become less virulent. During this period of delay it is of

the utmost importance that the closest watch be kept for the develoi)ment of

dangerous symptoms. It may also be wise to delay operation in those cases

which have a very stormy onset, even where it is known that there is a i^er-

forated or gangrenous a])pendix. Under these conditions some hours are needed

b}' Nature's forces in order that they may array themselves in the best possible

order for the fight. If immediate operation be performed the additional strain

of the operation and the exposure of new surfaces to absorption may turn the

scale in favor of the invading poison rather than in favor of the j)atient. Under

all other circumstances, when the abscess is completely localized its innnediate

opening is indicated. This is perfoiined through one of the incisions whose

description follows. When the pus has been freely evacuated, the question

will then present itself: Shall the appendix always be removed? Generally,

yes; always, no—is the answer. In the i)ractice of the writer it has been

found wi.ser, in about one ])ei" cent of his operations in suppurative cases, not

to attem|)t the removal of tiie appendix at the |)i'iniary operation. There are

two different conditions of the diseased area which render it safer not to dis-

tui-b the parts, (a) In the lirst i)lace, the organ may be so buried in lynipli,

es|)ecially in long-standing cases, as to i-cndei- its I'ecognition most diflicult.
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To remove it under the circumstances would lay bare new areas over which
the pus would flow, and as a result there would be a local and perhaps a general

severe infection. If an inflanmiatory process has been piling layer after layer

of new material around the caecum and diseased appendix, the solid mass may
reach the size of a man's fist, or even that of a cocoa-nut. To dig into this mass,

when it is almost impossible to recognize the various structures, is a difficult and

sometimes hazardous procedure. There is risk, not only of spreading infec-

tion, but also of injuring the different mesenteries to such an extent that the

vitality of some part of the intestine will be imperilled. It is true that, in cases

in which the banking up of inflammatory material has been going on for weeks,

the pus has generally lost much of its \drulence and conseciuently the danger

of fresh absorption is slight; but there is much danger of damage to the peri-

toneal coat of the csecum or adherent small intestine. As a result of such

injury a slough in the wall of the intestine may follow, thus giving rise to a

fiocal fistula.

(b) In cases where there is an extensive collection of virulent pus, enclosed

by a rather delicate wall of adherent intestines and mesentery, it is sometimes

wiser not to injure the barrier and hunt for the aj^pendix. If it is readily seen

and can be easil}' removed, it is nearly always wiser to do the complete opera-

tion; but, if its discovery involves exposure of fresh surfaces, the hunt should

be postponed until a later period. The virulency of the pus must be decided

by the symptoms of septic absorption—the fever, dry tongue, etc. When the

sepsis is marked, the less the amount of injury done at the time of operation,

the better are the chances for recovery. In these gravely septic patients it

is not permissible to do more than to open the abscess and to supply adequate

drainage. Celerity and gentleness are the keynotes of the successful operation

in these patients.

The Operation.—The preparation of the room should be in accordance with

the rules given on page 143, Yo\. IV. An overhead light (skylight) is of the

greatest advantage.

The Preparatipn of the Intestinal Tract.—In anticipation of any abdominal

operation it is of great importance that the intestinal tract be as empty as pos-

sible. This emptiness applies to both fseces and flatus. The latter is of almost

as much importance as the former. If a patient's habits are good, it is well not

to alter them radically. In an attack of acute appendicitis no attention, be-

yond absolute starvation, should be given to the preparation of the intestinal

tract. Any stimulation of peristalsis is generally objectionable. A small

enema is alone permissible. Even this is often inadvisable in acute cases.

In subacute cases, however, it may be indicated if the rectum is overloaded.

In chronic appendicitis the intestinal tract can generally be thoroughly pre-

pared for the operation. Light and easily digested food should be ordered

for two or three days prior to the operation. During these days the bowels

should be gently but freely moved, if necessary, by the use of mild cathartics.

If the tongue is habitually clean and the bowels are regular, no strong cathartic

is needed; but, if constipation be a habit and if the liver be sluggish, a brisk
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cathartic (such as caloiiicl. pil. cath. co.. licorice powder, etc.) should be taken

four houi-s prior to oi)eratioii. On the afternoon or evening preceding the opera-

tion, a mild but etfectual laxative should be taken. In addition, enemata may

be needed. Any irritation, however, of the bowels, by the use of drastic cathar-

tics or by fre(|uent or irritating enemata, is to be avoided, as such measures

are ajn to increase the intestinal ga.ses. Solid food should not be taken during

the twelve hours prior to operation, but the i)atient should be encouraged to

drink water freely, and a cup of clear broth is often advisable during this last

pre|)aratory jieriod.

Preparaiion of the Skin.—^The preparation of the skin may be accomplished

largely before the patient reaches \\w operating-room, or it may be reserved

until after ana'sthesia is complete. Whatever method be adoi)ted, it nuist be

carried out thoroughly and it must be of such a nature as not to produce irri-

tation. Any method which causes irritation sufficient to produce blisters,

ve.sicles, or pustules, is distinctly bad. Great care should be taken to avoid

this if green-soap poultices are used. The details of cleansing the skin have

been fully tliscu.s.sed in another i)art of this work. (\'ol. I\'., article by Dr.

Geoi'ge Hen Johnston on "Preparations for an Operation.")

The Employment of ati Ancesthetic.—As a rule, a general anaesthetic should

be administered, ^^'hether this shall be gas combined with ether, pure chloro-

form, chloroform combined with oxygen, or pure ether, will depend on the sur-

geon's preference for one or other of these ana'sthetics. Whether or not an

anticii)at()i>' liyi»(tdeiniic injection of morjthine be given, will also depend on the

individual surgeon. Local ana-sthesia I)}' means of h3'i)odermic injections of co-

caine, eucaine, or stovaine, is rarely indicated. The operation can, unquestion-

ably, often be perfonned under local anaesthesia, but allthesedrugs possess certain

poisonous properties which are apt to upset the patient's functions quite as

much as does a general anaesthetic, and moreover the nervous strain to which

the conscious patient is subjected during the half-hour's oj)eration, has a very

decided depressing influence on the average American. It is very (luestionable

whether the shock from local anu'sthesia is not greater than that caused by

a well-administered general anu'sthetic. Spinal ana'sthesia, with stovaine or

possibly magnesium sulphate, is in rare cases permissible, but it should

be employed in exceptional cases only—cases, for examj)le, in which the

condition of the lungs or kidneys seems absolutely to contra-indicate chloro-

form or ether.

The Incision.—On account of the varying ))ositionsof the apjiendix the sur-

geon should not be wedded to any one incision. In a general way, the attitude

of the ai)i)endix is as follows:

—

Downward and inwaid 22 per cent. Outward 1 per cent.

J)()wnwar<l 1
_' percent. Dowtiwaid and outward 0.5 per cent.

Inward 7 per cent. In the pelvis 1.5 per cent.

l'j)ward ami inward . 20 per cent. Rctrociccal 19 per cent.

Upward and outward . S pcicent.

The Ix^st incision is one
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(a) which gives the readiest access to the appendix, especially to its base;

(b) which divides and injures the fewest muscle fibres;

(c) which divides and injures the fewest nerves;

(d) which affords the best opportunity for drainage; and

(e) which affords the greatest security against hernia.

No one special incision is suitable for all cases. An incision which is good

for the average case, may be a poor one for some special cases. The surgeon

will do better work through an incision which he has been in the habit of mak-

ing, than through one with which he has had little experience. The best in-

cisions are those which avoid division c^ the inner layer of the abdominal muscles.

These muscles should be either split by blunt dissection or temporarily dis-

placed. The most popular and most advantageous incisions are:

1. The McBurney or gridiron or intermuscular incision.

2. The Kammerer or Battle incision.

It is understood, of course, that a direct incision in an oblique direction

through all layers of the abdominal muscles may, in exceptional cases, be ad-

visable, but for an experienced or skilful surgeon this necessity rarely arises.

With such an incision, when drainage is not retjuired, the result will be fairly

good; but, if drainage be employed, there is a considerable liability of hernia.

Some surgeons still employ the old incision at the outer border of the rectus

muscle, but in cases where drainage is needed, there is danger of future hernia.

A better incision is one w^hich splits in a vertical direction the right rectus

nuiscle; but even this does not give the strongest protection against hernia.

Such an incision, however, is very convenient in cases where there is a question

of diagnosis between a cholecystitis and an appendicitis, or perhaps a pan-

creatitis. A short incision of this character can be first made at a compromise

point, and then, when the exact diagnosis has been made, it can readily be ex-

tended upward or downward according to circumstances. There are other

useful incisions, but, practically, they are but modifications of those already

mentioned. In the large majority of cases of appendicitis, whether acute,

subacute, or chronic, the choice should lie between the McBurney and the

Kammerer incisions. They, undoubtedly, best fulfil the qualifications already

mentioned. The choice will depend on the individual operator. One surgeon

will do better work through the McBurney and another through the Kammerer

incision. (See page 123 et seq.)

For the young or inexperienced operator the incision at the outer edge of,

or through, the right rectus muscle, is perhaps the safest. He will be able more

easily to recognize and handle the various structures. The incision which

ranks next, so far as readiness of view and ease of access are concerned, is the

Kammerer. This can be made as extensive as necessary, whereas, if the

McBurney incision be employed, there are limitations to its length; and yet,

even with this incision, if the sheath of the rectus muscle be opened, a large

exposure can be obtained. For the inexperienced, the Kammerer incision

is the easier and safer of the two. It is also to be preferred when one is deal-

ing with a certain group of cases—cases where the diagnosis is uncertain. For
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('\anii)lo. whiM-c there is iloiiht as to whether an aiipeiulicitis or a pyosalpinx

will be found, tiie Kaiiinierer incision affords an admirable exposure of both

these conditions. In the oi)inion of many surgeons, however, the McBunu^y

incision is considered the better one for the usual case of appendicitis. The

closure of the wountl can certainly be made very perfect, and, in case of drainage,

tliere is ])rol)al)ly the smallest chance for the development of hernia. Perhaps,

however, more skill and delicacy of touch are needed than is the case when the

Kannnerer incision is employed.

Which incision is the favorite? It is difficult to answer this question. In

our Eastern States the McBurney is perhaps the most popular. In the Western

States it does not ajjpear to enjoy the same popularity. In Europe many sur-

geons arc still clinging to the incision at the outer edge of, or through, the right

rectus muscle.

The length of the incision varies according to the judgment or skill of the

individual operator. The main requirement is that the incision shall l)e suffi-

ciently long to enable the surgeon safely to manipulate the different tissues.

The inexperienced operator, other qualities being equal, needs a longer incision

than does the experienced. The beginner should never handicap himself with

a short incision. One operator, with a two-inch incision, will perform equally

as good an oiJeration as will another with a three-inch or even a four-inch iii-

r-ision. On the other hand, the incision should never be made unnecessarily

long. This is especially true at the beginning of the operation. An incision

of moderate length (say, two inches) should first be made. If this prove in-

sufficient, it can be lengthened, and^more than this—its enlargement can

be '^iade in the direction where it is most needed. An appendix, or at least a

part of the organ, may l)e situated at some distance from the normal position.

If a long incision has been made, according to rule it may have to be still further

lengtheneil. in order to bring the pelvis or loin within reach; and it will only

then be seen that an inch or more at the other end might have been omitted.

Of course, the advantages of a long incision are evident. The whole operative

field lies exposed under the eyes of the surgeon. He is not hampered by work-

ing through a narrow oj)ening. He can see the various steps of his operation.

He can utilize both sight and touch for the recognition of different tissues or

structures. He can nioic easily guard against the escape of pus, and, should

there be deep hemorrhage, he can more easily secure th(> bleeding vessels. The

disadvantages of the long incision are the unneces.sary division of nerves and

cutting of muscle fibres. The nerve injuiy is of great importance, so far as the

strength of the abdominal wall is concerned. That |)ait of a muscle which is

dejjrived of its nerve su]j|)ly is apt to atro])hy, and there i-esults a weakencnl

and thimied aj)onem'osis. or a flabby muscle conditions which allow either

a bulging outwai'd of thai poitioii of the alidoiiiinal wall or the formation of a

true hernia. Eitlx-r of these results is a .source of great discomfort to the jm-

tient, and is apt to refiecf di.scredit on the surgeon. The cosmetic result is

also not to be disregarded. Some patients, esjiecially f(>males, are veiy particu-

lar in this resjM'ct, and the\' are xcry apt to select the surgeon who has the
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reputation of performing appendicectomy through a small incision. To pre-

vent unnecessary disfigurement, the incision in the skin should never be longer

than that through the muscles. The plates in books, describing operations,

necessarily show the skin incision longer than the opening through the muscles.

This, however, is for illustrative purposes only. The length of the incision in

acute appendicitis should vary from two to four inches. A slight extension

in either direction beyond these limits may be advisable. In thin patients the

incision does not need to be as long as is recjuired in cases where there is much
adipose tissue in the abdominal wall. An appendix that projects itself forward

can be removed through a shorter incision than is required for an appendix

which occupies a post-caecal position. An appendix which lies external to the

ctpcum can also be removed through a shorter incision than is required for an

appendix which lies far down in the pehds, or far backward and upward toward

the loin. The length of incision required in interval operations should vary

from one and a half to three inches. Slight abridgments or extensions of these

limits may be advisable, according to the length, position, or adherence of the

appendix. If there be a long appendix, stretching up five or six inches beyond

the CiPcum, and adherent throughout its entire length, it may be necessary

to extend the incision farther upward and outward toward the loin. In mod-

erately lean patients the primary incision should, as a rule, be not longer than

two inches. Later, this can be lengthened, if necessary, in either direction.

McBurney's Operation.—McBurney's operation is also called the inter-

muscular or gridiron operation. The skin incision, which varies in length from

one to three inches, is oblique, and "crosses a line drawn from the anterior

iliac spine to the umbilicus, nearly at right angles, about one inch from the

iliac spine, and is so situated that its upper third lies above that line." Such

is AlcBurney's original direction. The exact location must, however, be some-

what varied according to the position of the appenchx. It is often advisable

to place it a half-inch or so nearer the median line, and entirely below the im-

aginary line from the spine to the umbiUcus. On the other hand, it may be

wise to start the incision well alcove the iliac spine. An incision corresponding

in length and direction should then be made in the aponeurosis of the external

oblique muscle, including some of the muscle fibres. If possible, this muscle

should be di\dded by blunt dissection, rather than cut . The retraction of the

edges of this gap exposes the internal oblique muscle, whose fibres run almost

at right angles to the cut or gap in the external muscle. By blunt separation

of the fibres of the internal oblique and transversalis muscles, a gap is made

corresponding in length to the opening in the external oblique, but at right

angles to it. This separation of the fibres can be made by the thin handle

of the scalpel, the closed scissors, or a periosteal elevator. It is only in very

exceptional cases that any cutting is needed. The edges of the internal

oblique having been retracted, the transversalis fascia is exposed and dividend,

and finally the section of the peritoneum is made in the same direction. Should

more operating space be required toward the median line, the sheath of the

rectus muscle can be cut for a half-inch or more. This will make it possible to
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draw thi' rectus nuiscle inwaitl, and thus ample room will be secured for the

most complicated operation, provided the appendix l)e not situated toward the

loin. In the latter case the split in the muscle can be continued upward and

backward to an extent sufficient to meet almost any peculiarities of the case.

The wounil is closed l)y a continuous catgut suture of the peritoneum and

transversalis fascia. The separated fibres of the internal oblique nmscle are

then allowed to return to th{>ir natural position. They do this promjitly. and

in such a ju-rfect manner that it may be difficult to recognize where the sjjlit

occurred. It is l)etter. however, not to trust to this mere api)r()ximation of

the edges, but to secure their close apposition by one or two catgut stitches,

which, however, are to be tied so loo.sely that they cannot destroy, by strangu-

lation, any of the mu.scle fibres. The edges of the divided sheath of the muscle

should be ajjproximated with special care. The edges of the external oblique

aponeurosis should then be held in apposition by either continuous or inter-

ruptetl sutures of whatever material the operator prefers.

The Kammerer-Battle Incision.—The Kammerer-Battle incision, which is

vertical, varies from two to four inches in length, and runs an inch or so inter-

nally to the right semilunar line. (See Plate L.) It extends no deeper than

through the skin ami lays bare the sheath of the rectus muscle, which is divided

near its transverse centre, to a length corresponding to that of the skin incision.

The rectus muscle is now pulled inward and strongly retracted toward the

median line. Tho posterior sheath of the rectus and the transversalis fascia

are then divided exactly opposite the line along which the anterior sheath of

the muscle is divided. The peritoneum is opened in the same vertical direc-

tion. The deep epigastric artery and vein are often seen, but they should be

retracted downward and not divided. The wound is closed by a continuous

catgut suture that includes the iK'iitoneuni, tlie transversalis fascia, and the

posterior sheath of the rectus. Tlie latter muscle is then allowed to fall back

into place, completely covering the line of suture. If the retraction has rendered

the muscle lax, so that it does not incline to remain in place, a single light cat-

gut stitch may be inserted. The anterior sheath of the rectus is then sutured

with interrupted or continuous sutures of j)lain or chrcdiiicized catgut, accord-

ing to the choice of the operator.

There are various other incisions w'hich bear the names of specific surgeons.

Such are, for example, the Fowler, the Sonnenberg, the Boux, the Morris, and

othei-s still; but all are practically but slight modifications of one or other of

the two incisions already described, or of the straight incision along the right

semilunar line.

If the incision lias been wisely located the ca'cuin will generally be seen,

when the peritoneum is opened, lying directly beneath the wound. Somethnes,

however, a coil of the small int(>stine will be found overlapping the Civcum.

When this occui-s the intestine must be pushed gently toward the median line

by some blunt instniment or by a soft sponge or a pad of gauze. In causes of

general ciiteroijtosis, the ascending colon may be the part of tiic bowel first seen.
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If this be so, it should be gently manipulated upward toward its proper position.

Sometimes the right lower corner of the omentum may rest across the ciecum,

and when this condition exists the omentum nuist be pushed to one side.

Adherent Omentum.—In cases where there has been considerable inflanmia-

tion around the appendix, the omentum may be found adherent to the cipcum

or to the wall or floor of the right pelvis. AMien this condition exists the omen-

tum must be cautiously loosened from its connections, great care being takeii

that pus, which has been confined by the adhesions, may not be unexpectedly

released. If the peritoneum be fastened to a hard inflammatory mass, the sur-

rounding region should be protected l^y strips or pads of gauze, and sponges on

holders should be held in readiness to absorb any escaping pus. As a rule,

the omentum can be safely loosened without fear of bleeding. After it has been

separated from its attachments, however, there will generally be a few bleeding

points which require ligation. If the loosened edge is much thickened, and

especially if it has been fastened to the wall of an abscess, it is wiser to amputate

well beyond the thickened portion. If it be but a thin, ribbon-like process,

without much fat, one ligature (best of catgut) may suffice, but often the organ

must be divided, for purposes of safe ligation, into three or four portions. Great

care should be taken in doing this, as serious hemorrhages from ligated omental

stumps have occasionally occurred. After ligation, the omental stumps can be

left lying outside the abdomen, covered by a hot wet towel, until the close of the

operation, or they niay be at once returned and pressed out of the operative

field by gauze compresses.

The Search for the Appendix.—Occasionally no search is necessary, some

part (generally the tip of the organ) presenting itself as soon as the peritoneum

is divided. Its mesentery can then be grasped in an artery forceps and the

whole organ be gradually and gently drawn up through the wound. In acute

cases, however, even when the appendix is clearly seen, it is better to protect

the surrounding regions with gauze, in case of an unexpected rupture occurring

during the act of extraction. Before the organ can be completely extracted, it

may be necessary to ligate and divide its mesentery. It is seldom, however, that

the appendix can be so easily identified; indeed, in the majority of cases, pa-

tience and skill are needed in the search. Occasionally, the difficulty of rec-

ognizing the organ is very great, and nmch time may be expended before it can

be discovered. It is best first to exhaust the sense of sight. By drawing the

edges of the wound in different directions, and at the same time gently man-

ipulating the csecum with a pad of gauze, one can often recognize some portion

of the appendix. This should at once be seized by the fingers. When the

appendix is not quickly recognized, the index finger should be inserted and

should be made to explore in all directions in the hope that it may discover an

inflammatory mass or abscess. If a mass of any size should be discovered,

it is wise, before beginning an investigation of its nature and relations, to sur-

round it completely with gauze. A cautious separation of the component

parts of the mass will probably reveal the appendix. During this investigation

great care should be taken to catch in sponges or gauze pads any .escaping
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septic material. The conijionent parts of the mass can be separated, the one

from the other, hy the fingers, by gauze sponges, or by the closed scissors.

When neither the appendix nor an inflammatory mass can be readily seen or

felt, it is bt^st, in acute cases, slightly to enlarge the wound, so that a wider

\i('\v of the Civcal region may be obtained. In chronic cases, this is generally

unnecessary, for a sensitive finger should nearly always recognize the ai)pen-

di.\. even if it lie deeply in the pelvis or behind the circum. In the tactile search

the index finger should at once be carried downward toward the pelvis, and

then, skirting the right pelvic wall, it should cautiously feel its way upward

to the base of the circum. During this mana^uvre some part of the api)endix

can often be felt. If the effort fails, the finger may then be carried, first around

the external and then around the internal wall of the cu'cuin. If the finger

fails to identify the appendix, either below, externally, or internally, it may
then be assumed that this structure probably lies beyond the csecum. It must

then be gradually raised up, so that its posterior surface may be carefully in-

spected or palpated. When there is difficulty in finding the appendix, it must

be borne in mind that the longitudinal bands converge to form its wall. By
following the anterior band, the base of the appendix should be reached. This

rule is often of great service; but, unfortunately, in the most difficult cases

the appendix is so much displaced and there is so niucii new inflammatory

tissue that the rule is not always practically serviceable.

Delivery of the Appendix.—When any portion of the appendix has been

recognized, it is generally not difficult to trace the proximal and distal portions.

In acute cases the entire organ should be surrounded by gauze, so as, in the event

of a rupture of its walls, to prevent escape of its contents. In chronic cases no

such precaution is necessary. If the appendix be non-adherent, its mesentery

should be seized near the tip, in an artery forceps, and drawn up as far as possi-

ble through the wound. The appendix itself should never be grasped by
clamps or forceps, as such seizure may tear its coats, and allow of leakage. If

it is but slightly adherent, the finger or a gauze |)ad can be made gently to

separate the adhesions. If the base of the appendix has been first discovered,

it may be necessary to pull upward, by gentle manipulation with the fingei-s

or a gauze pad, the remainder of the organ. If it be very adherent, the course

just suggested may be found inadvisable, and, instead of beginning the sepa-

ration of its mesentery near the tij), one may more easily effect its detachment

by beginning near the l)a.-^e, a series of artery clamps being ai)plied, one after

the other, to the l)l(('(ling ves.sels. The final separation of the appendix from

its mesentery can be accomi)lishe(l by a single ligature applied in such a

manner as to include the entire breadth of the mesentery. It is often pref-

erable, however, and sometimes fjuite important, to clanij) the blood-vessels

separately, the necessary niiiiib( r of artery forceps thus being employed to

control the mesenteric hemoiiliage. If the api)endix be more or le.ss non-ad-

herent, the identification of the l>Iood-ve.s>^els i.s easy; if it be adherent, it may
be necessary to divide the tliickciic(| and sliortciied tiieso-appendix before

clamping the vessels. Hut, if these can be identified and if there be sufficient
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room, it is better carefully to catch each vessel and to divide the mesentery,
step by step, until the appendix hangs free. Occasionally, it may be so inti-

mately adherent to the ca>cal wall, and so plastered to it by lymph, that its

recognition is very difficult. Under such circumstances considerable gentle

tearing of the adhesions or the enveloping sheet of peritoneum may be necessary

before the organ can be enucleated. In cases where it lies high up behind the

caecum, the mesentery may be entirely absent, and under such circumstances

the enveloping sheet of peritoneum must be divided and the appendix freed.

When a mesentery is lacking, and where repeated attacks have produced much
inflammatory exudate, a long search may hv necessary before the organ can be

identified and removed. This concealment may prove very troublesome, not only

when the appendix lies behind the caecum, but also when it is tucked in between
the ileum and the caecum, or indeed when it occupies almost any position, pro-

vided it is plastered closely against the caecum, beneath layers of either fresh or

old inflammatory exudate. In certain cases the appendix may be so adherent

to adjacent tissues that it must be enucleated from its peritoneal coat, the

latter Ixnng in whole or in part left behind, in the position in which it was found

firmly adherent to neighboring structures. The organ will then be delivered

without its serous coat. While such a course is not necessary, it is sometimes

much wiser to resort to this manoeuvre than to attempt to dig out its peritoneal

covering, as this may be so intimately adherent to the caecum, ileum, or some
other portion of the intestine, that there will be danger of tearing the bowel

wall or of so impairing its A'itality that a fsecal fistula may later result.

Amputation of the Appendix.—The appendix should be separated from its

mesentery down to its very base. All bleeding vessels in the latter should first

have been secured. If clamps have been employed for this purpose, the ligation

may be done at once or postponed till after the amputation of the appendix.

There are numerous methods of treating the stump. The surgeon who is ac-

customed to one good method, and is satisfied with it, will probably get better

results if he generally confines himself to this and does not try new and uncer-

tain methods. No one method, however, can be indicated as suitable for all

cases. The surgeon should be familiar with the technique of at least two methods.

(a) Amputation of the Appendix by Means of the Ligature and Cautery.

—

The appendix being held up, a catgut ligature (No. 1 is best) is tied around

its base close to its origin from the caecum. The ends left long are held by an

assistant. A piece of gauze is spread over the caecum ; it completely surrounds

the base of the appendix l)elow the ligature. The appendix is clamped a half-

inch or so above the ligature. It is then divided by scissors or the cautery.

If scissors be used, they must immediately be cast aside as unclean. The stump

now projects about a quarter of an inch above the ligature. This stump is

slowly cauterized until only a very thin layer of l)urnt tissue projects above

the ligature. It is often wise then to tie the base with another ligature in the

same groove as the first, and to touch the charred stumi) a second time with

the black cautery, which should he allowed to cool gradually. For cauteri-

zation of the stump, white or red heat should never be employed. For the
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safe adoption of this nu'thod the point should he at black heat. It will he seen,

upon exanunation of tlie parts, how Init a tiny layer of charred tissue lies alcove

the ligature. Instead of the heat cautery, some surf2;(>ons use carbolic acid for

cauterization. To the writer this method seems inferior.

(6) Amputation of the Appendix by Means of the Purse-string Suture and

Inversion.—The base of the appendix can be surrounded by a very hne catgut

ligature or compressed between the blades of an artery clamp. A purse-string

suture is next inseiled in the serous coat of the circum, around the base of the

ajjpendix. and jx-rhaps a third of an inch beyond it. The ai)i)endix is then cut

or tied off, leakage from its distal i)oint b(>ing i:)revented by the pressure of a

clamp. About a quarter of an inch of stump should remain. This is held by

an assistant in the grasp of one or two anatomical forceps, and, as he inverts

the stump, the purse-string suture is tied, a minute dimple alone being seen

afterward in the outer wall of the ctecum. One or two Lembert sutures, to

pucker up the serous coat still further, may be then inserted if d(^sired.

During the inversion process thei-e is also a possibility of leakage if the stump

has not been temiwrarily closed l)v pressure of a forcei)s. If the technique has

l3cen properly executed, no such accid(>nts arc possible, but there have been

several castas of fatal hemorrhage from stumps treated in this manner. If the

ligature and cautery method is imi)roi)erly carried out, leakage maj' also occur

from the stump, either from sli])ping of the ligature or from too deep cauteri-

zation. Such accidents, however, should never happen.

(c) Amputation of the Appendix by the Cuff Method.—A circular incision

through the |x»ritoneal coat alone of the appendix is made at a point about

half an inch above its base. The cuff of serous membrane is then dissected

down to the very base. Inside the cuf^", and around the appendical base (minus

its j)eritoneal coat), is tied a fine catgut ligature. Above this ligature the appen-

dix (imicous and muscular coats) is then divided, leakage being j^revented in

the manner alread)' described. The cuff is then tied or sutured over the stump,

antl, if desired, an additional Lembert suture may be employed.

It is difficult to express a decided opinion as to which of these methods is

generally the best. The surgeon should be familiar with all of them. There

are still other methods of treating the stump—as, for example, that of Dr.

Deaver. who cuts off the appendix "flush with the caecum" and then immediately

do.ses the o|)ening in the cu'cum by two rows of sutures—the first row including

the serous, muscular, and submucous coats, the second one (Lembert) the serous

coat only. The two methods, however, which seem the simplest and safest

are the two first described, viz., the ligature and cautery method, and the

pui'se-string and invei*sion method. There is considerable difference of oj)inion

as to which of the two is to be picfeired. Theoi-etically, the first-mentioned is

supposed to be unscientific, as it leaves a small surface uncovered by peritoneum,

and po.ssibly sf3me i)rotru(ling nuicous membiane. The results, however, have

been so .satisfactory that many surgeons .still i)refer it to any other, and the

results which they obtain are certainly unsurpassed. A |;)erfectly smooth cica-

ti'ix results. The cauterization must, lioweNcr, be carried out most carefully
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and thoroughl}-. It is not suitable for cases where the appendix has a very
flaring base (so-called obliciiie origin). The purse-string suture is in such cases

more appropriate. On theoretical grounds, it is certainl}- the most perfect

method, and the practical results have been excellent. Its dangers are: the

unduly deep insertion of the needle, as it is passed in making the purse-string

suture, and possibl}' the leakage from a blood-vessel or the wounding of such a

vessel.

TJie Operation, in Suppurative Appendicitis.—Some one of the incisions

already described should be selected, and the location of the abscess should

determine where it is to be made. So far as' the operation is concerned, ap-

pendical abscesses should be di\'ided into two classes: those which are adherent

and those which are non-adherent to the abdominal wall.

[G] Adherent Abscesses.—Careful palpation, aided perhaps by percussion,

will general]}- determine to which particular part of the painful peritoneum the

abscess wall adheres. An appropriate incision should be made directly over

the adherent area. The peritoneum will be found much thickened, and a con-

siderable thickness also of inflannnatory exudate, which forms the wall of the

abscess, must often be perforated before pus is reached. Entrance to the al>

scess should be made most cautiously, for fear of wounding an adherent coil

of intestine. This procedure is carried out without entering the general peri-

toneal cavity. The opening should be at first very small, so that an}' sudden

gush of pus may be avoided, as the collapse of the walls of the abscess following

such a gush might result in their separation from the parietal peritoneum, and

possibly also in the escape of pus in this direction. The pus should be care-

fully caught on sponges or gauze pads. Occasionally the tension is so great

that the purulent fluid may spurt out through the small opening with consid-

erable force. After the abscess has been slowly and cautiously emptied, the

opening in its wall may be enlarged and the cavity carefully sponged dry.

Search is then made for the appendix. If any part of it can be seen or felt, it

should be removed. If it can not be discovered, it is often best to desist from

the attempt to remove it. This can be more safely accomplished at a later date,

—say, in from two to four weeks,—when at the same time the abdominal mus-

cles can be completely sutured. Irrigation of the cavity is inadvisable, as leak-

age into the general cavity of the peritoneum and infection may result. The

abscess cavity, however, should be carefully sponged diy. In all cases drainage

of the abscess cavity is advisable. For this purpose a medium-sized perforated

rubber drainage tube is generally best. Two may be needed. If the cavity

be very large, and especially if the appendix has not been removed, some loose

packing with gauze is often of advantage. Should a faecal fistula develop, this

packing will protect the neighborhood. If the abscess has a deep location

toward the loin, a counter-opening just above the crest of the ilium, near or a

little back of its middle line, is often of great advantage, and may ward off

the development of a secondaiy abscess in this region. In females, if the ab-

scess be situated deep in the pelvis, a counter-opening through the vagina will

often prove of service. The amputation of the appendix is sometimes attended
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with considerable difficulty. The ha^c of the appendix, down to its cu'cal

attachment, may be partially or comi)letely gangrenous, and even the ca'cal

wall for some furthi-r distance may be very friable. A brittle layer of lymph,

jHThaps in a slou^diing condition, covei-s the area about the appendical base.

The tissues are so friable that sutures tear out. No stump can be formed.

The Oldening in the ca'cal wall left l)y removal of the ai)pendix may be difficult to

reach. The edges are not only friable but may be very much thickened. No

rules can be given for the closure of these troublesome openings. Lend^ert

sutures of catgut shoukl be emi)loyed to bring together, as closely as possible,

the serous surfaces. Layei-s of poorly nourished lymi)h may, however, inter-

fere with satisfactory approximation. The adjoining tissues (mesenteries,

omentum, the (•pii)l()ic apiH-ndiccs. and the layers of lymph) may be utilized

to aid in strengthening and reinforcing the suture line. If, in the event of

the ai)pendix not being removed, it is planned to do so at a later date, there

is not nnich need for suturing the wound unless it be very extensive. A loose

gauze packing, and perhaps partial approximation of th(> edges of the wound

with a loose stitch, will suffice to restrain the intestines. If, howi'ver, the

apjxMidix has been removed, as much of the abdominal wound should be closed

by suture as is considered safe l)y the surgeon. Generally, it can be closed quite

tightly around the drainage tube. One or two provisional sutures of silk may

be in.serted through skin and external oblique muscle, but they should be left

untieil. The subsec|uent local treatment must vary somewhat according to

the amount and virulence of the discharge. Generally, forty-eight hours can

safely elapse l)efore the dicssing will have to be changed. By that time, if the

discharge is moderate in amount, the tube may sometimes be entireh' removed,

and in its place a thin wick of gauze, that reaches down just through the ab-

dominal wall, may be inserted. Generally, however, the discharge is so free

that early removal of the tube is inadmissible. The wound should then be

irrigated with normal salt solution, and the tube should, i)erhaps, be slightly

shortened. This procei^s should be rei)eated daily, the tube being shortened

as rai»idly as po.^sible. If gauze has been inserted, unless the discharge is very

abundant, it will adhere .^o clo.sely that considerable pain will be caused by its

removal. It is generally better to leave it undisturbed for about four days, and

even then it may be necessary to administer gas for its extraction. When the

tube or the original gauze strij) has l)een removed, one or both of the (?) ca^cal

sutures may be tied and the wound comi)letely closed, with the exception of

a small crack, through which a tiny sliver of gauze or rubber tissue may be

in.'^ertcd.

(/;) Non-adheicnt Abscesses.—The geneial peritoneal cavity is entered

as soon Jis the peritoneum is incised. The abscess may be situated not far from

the alxJomina! wall, or it ma\ be deep dovm toward the ])elvis or the loin. The

adjacent, and perhaps overlapping, intestinal coils should be gently juished aside,

and held back by gauze pads. These should be so arranged that they will

form a surrounding wall on all sides of the abscess, and thus protect the adjacent

intestines and neighboring structiu'es from the ])us which may escai)e when the
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abscess is opened. This opening should be done most carefully. The wall

of the abscess will, in part at least, be fomied by adherent intestinal coils and
probably omentum. These should be cautiously separated, the one from the

other, and sponges or gauze pads should be in readiness to absorb the pus as it

escapes. The further technique of the operation is similar to that described

in the preceding paragraph.

Closure of the Wound.—The first requisite of a cicatrized wound is that it

be strong and sufficiently firm to resist any tendency to future hernia. It is

of course assumed that the wound in clean cases wall pursue an aseptic course.

The cicatrix should also be as short and neat as possible. There are various

methods of closing a wound, any one of which will give an excellent result.

The separate suturing of the different layers is unquestionably the best method.

The special technique will depend somewhat on the nature of the incision. As
a rule, the peritoneum should be closed by a continuous suture of catgut. If

McBurney's operation has been chosen, the incision in the internal oblique

should be closed by one or two intermpted catgut sutures, loosely tied so as

not to constrict the muscle fibres. The closure of its fascia is rather important,

and, if the muscle be thin, this alone may be sufficient without passing the su-

tures through the muscle itself. The external oblique is then closed by either a

continuous or an interrupted suture of catgut. By many, chromicized cat-

gut is preferred, or at least a catgut that will last for not less than ten days.

It is often of advantage, with the object of preventing "dead space" between

the skin and external muscles, to grasp both of these structures in a single silk

suture, which is tied on the skin surface. If Kammerer's incision has been

employed the muscle is allowed, after the peritoneum and the posterior sheath of

the rectus have been separately sutured, to fall back over this suture line. Its

anterior sheath is then sutured by strong catgut. Finally, the suturing of

the skin is made according to the choice of the operator. "\Miatever method

be employed, the tissues should never be strangulated by sutures drawn too

tightly. Space should always be allowed for swelHng. It is always good

policy not to leave noticeable suture marks in the skin. Deeply indented cross

lines are but rarely justifiable. They indicate too tight suturing. In pumlent

cases it is wiser to abstain from the use of buried chromicized catgut or of any

other material which is not quickly absorbed. Retention sutures of silk or silk-

worm gut, passed through the skin and external muscle, are a great safeguard.

These should not be immediately tied, but should rather be left in position

ready for use in approximating the edges of the wound when suppuration has

practically ceased.

Removal of the Appendix through a Nephropexy Incision.—The combination

of appendicitis and movable kidney is so common that the necessity often arises

for an operation which shall relieve both conditions. The question then will

be. Shall two separate incisions be made, or shall the appendix be removed

through the nephropexy incision in the loin? This must be decided by the shape

and size of the patient, the location and adhesions of the appendix, and the

skill of the operator. The appendix can unquestionably often be removed
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with saft'tv tliioii^^h the postiM-ior wouiul. but rarely with case. In a certain

j)rop()rtion of i)atients it will prove to hv rather a diffieult, and perhaps even

a dangerous, procedui-e. In about one jiatient in three the oi)eration will be

comparatively easy; in ju'rhaijs another third it will be possible but difficult;

and in the remainder it will ])v tlangerous or iini)ossibk>. Belonging to this

latter class are jjatients who have deep narrow pelves and adherent appendices

which reach down toward the base of the pelvis. As a rule, the operation is

nuich more difhcult in men than in women. The removal of the appendix

is performed by drawing the edges of the lower end of the nei^hropexy incision

forwartl so as to expose the peritoneum on the inner side of the descending

colon. An opening is made of such a size that it will admit two' fingers into

th(> i)eritoneal cavity. The circum is then dragged upward, and the operator's

finger feels for the appendix. It may be necessary to draw a considerable por-

tion of the ca'cum out through the wound befoi-e the appendix can be reach(>d.

If the base l)e first found, and the remainder refuses to come into sight when

gi-ntle traction is emi)loyed, it is wiser to desist in the attempt to remove the

organ through the lumbar incision. If, however, it comes easily into view,

the details of its removal will l)e those already described. After the amputa-

tion of the appendix the caecum is pushed back into place, and the peritoneal

wound is sutur(>d. The ai)pendicectomy should of course precede the kidney

fixation. The operation is one not to be att(>mi)ted by the young or inexperi-

enced operator. As a rule, it seems wiser, in the majority of cases demanding

both oix'rations, to plan an anterior incision for the apjjcndix and a j)osterior

one for the kidney.

After-Treatment.—General rules may be given, but the peculiarities of each

case must l)e carefully considered. As a rule, rest in the dorsal position for

the first twenty-four hours should be reconnnended. This does not, however,

forbid a slight tilting of a shoulder or a hip, and the patient is generally most

comfortable when the knees are flexed over a jjillow. After twenty-four hours

have elapsed the patient can generally with .safety be turned on the side. There

is great difference of opinion as to the length of time during which the patient

should be confined to bed. The limits, in ck'an, non-drained cases, are from

five to twenty days. Of course', some extremists extend these limits in one

or the other direction. .\ fair, and, it seems to the writer, a wise period for

confinement t<t bed is from twelve to fourteen days in clean cases. In cases

that ha\'e been drained, a week or two, or even longer, may usuall}' be added

Xi) the.se figures. It is not always necessary to confine )jatients to bed till the

sinus be closed; but, when there is progressive healing, this will advance more

rapidly if the patient remain (juiet. If the sinus become sluggish and refuses

to heal, a modeiate amount of moxcment in the fresh air may increase the

vital activity of the tissues. It should always be born(> in mind that it is not

.so much the too early ai)andonment of the bed that is injurious, as it is the

yielding to the ever-present tem|)lation of too great activity when one is re-

leased from the confines of the sick-room. As has already been mentioned,

the upright ))osition advocated by Fowlei' is of the greatest ben(>fit in supj)ura-
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tive cases. This should be continued for four or five days, and, as a rule, it is

not disliked by the patient.

Various disorders may arise during convalescence, and these we will consider

briefly in the following paragraphs.

Pain.—In the majority of cases, a hypodermic injection of a small dose of

codeine or morphine is indicated immediately after the operation. Codeine

is ])referable to morphine. After this first hypodermic it is, as a rule, wise to

abstain from the use of morphine. If its administration be continued a tem-

porary desire for the drug will be established, and, as a result, peristalsis becomes

sluggish, flatulent distention is apt to be troublesome, and the digestion is often

impaired. It may, however, be advisable to continue the use of codeine in

small doses for several days. The administration of sodium bromide by rectal

enemata is often of great benefit in nervous patients. One drachm may be

given in six ounces of water, every eight or ten hours.

Disturbance of the Gastro-Intestinal Tract.—As soon as the ether vomiting

has ceas(Hl water in small quantities ma}^ be allowed. The amount should be

gradually increased. As a rule, it is wiser to limit the patient to water during

the first twenty-four hours. If the stomach is then quiet, hot broths may be

allowed. It is wiser not to give milk (except to children) until gas has been

freely passed. A certain amount of intestinal paresis is always caused by the

opening of the abdomen and the handling of the intestines. This persists gen-

erally for twenty-four hours and, if morphine has been given, for probably a longer

time. In the ordinary case no effort should be made, for a day or two at least,

to excite peristalsis, and for this reason no irritating drinks (lemonade, orange-

ade, etc.), should be permitted. If the patient complains of thirst or shows

signs of poor circulation, small rectal enemata of salt solution (from six to

eight ounces) may be advantageously given evcuy six or seven hours. In

septic cases these enemata should he begun immediately after the operation

and should be regularly administered for several days. As soon as the bowels

have moved, soft diet may be begun. A cathartic should be given on the third

or fourth day, unless contra-indicated by some good reason—as, for example,

the fear that an intestinal fistula may develop or that the peritonitis may
spread. If frequent saline enemata have been employed, the bowels will often

move without the use of drugs; but, if there be no fiiecal movement on the third

or fourth day, it is wise to administer an efficient cathartic. Calomel, in very

small repeated doses, is popular and genei'allv efficacious. An average dose

is one-eighth of a grain with one grain of sodium carbonate, to be given every

hour or so up to a total of ten doses; this to be followed by a saline cathartic

and also, if necessary, by an enema.

Local Measures.—In non-drained cases five, six, or seven days may be al-

lowed to elapse before the wound is examined. Should there, however, be

elevation of temperature or severe pain at any time, the wound should be in-

spected. In cases which have been drained, the time when the wound will

require to be freshly dressed must necessarily vary. If a small cigarette drain,

for instance, has been employed, this may be completely removed in from

VOL. VII.—44
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twenty-four to thirty-six liours: or the greater part of it may be then extracted

ami only a small jioilion of its length left i)i situ—]ust sufficient to pass through

the ahtlominal wall. In its i)lac(', if it be entirely removed, it may be judicious

to insert a tiny sliver of rubber tissue. If a considerable amount of gauze has

been introduced, it is wise to wait four or five days before the attempt is made

to remove it. Ina.smuch as the object of introducing the gauze was probably

to wall off a septic focus or to protect a weak spot of the Ciiecal wall, this delay

is adxisable. If a rubber tube has been used, this may be gradually shortened,

p«'rhai)s to the extent of half an inch daily. If, however, there be much thick

purulent discharge, it may be necessary to drain the cavity for a considerable

period of time; irrigation with salt solution being carried on each day through

a soft catheter which passes to the bottom of the wound. It is not wise, as a

rule, to drain by means of a tube for longer than a fortnight, as a sinus might

be thus fonned which would be sluggish in healing. In most cases, after from

ten to fourteen days, a small strip of gauze may advantageously be substituted

for the tube. In deei)ly situated, large abscess cavities, however, tube drainage

may be needed for a longer period than two weeks.

B. Treatmext of Chronic Appendicitis.

The treatment of chronic appendicitis is removal of the appendix by means

of operation. If the appendix be not removed there is the constant danger of

an acute attack, which event demands operation under less favorable circum-

stances. The patient is resting on the verge of a precipice, and any slight in-

discretion, whether of diet, of exposure to cokl, or of mental strain, may

precipitate an acute attack. Operation is especially urgent if the patient lives

far from a surgical centre, or if he be a traveller in out-of-the-way places, or

in uncivilized countries. An acute attack, under these circumstances, will be

attended with the gi'eatest discomfort and probably with gi-eat risk. Operation,

during the .so-called "cokl stage," is advisable, not only because of the increased

dangers involved by an operation during an acute attack, but also because it

will rescue the patient from his condition of discomfort, poor health, and per-

haps semi-invalidism. In certain cases, neither the discomfort experienced

nor the risk of an acute attack is great, and yet the mental condition is one of

]X'ri)etual fear and dread; and therefore, on this account alone, it may be ad-

visable to ojjcrate, even if we do not feel absolutely certain that the appendix

is the important factor in the case. The appendix is a jjractically useless organ,

and its removal, under favorable conditions, is attended with but the slightest

amount of risk. For these icasons a |)atient who is sus|)ecte(l to have chronic

ai)|)endicitls will be better off if he he o|)erated upon than if lie be allowe(l to drift

into a condition of nervous invalidism. The younger the patient, the greater

the necessity for operation. The lym])hoid tissue, which is .so prone to in-

flammatory changes, is exceedingly abundant in the ai)i)endix of the young.

After the age of tliiit\-fivc it begins to disappear. This fact should be kept

in mind when one is considering the indications and conti'a-indications of o]teia-
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tion,—for contra-indicatioiis, though rare, do exist. In the case of middle-aged

people, who have for years been subject to mild attacks lasting but a day or so,

and where the severity of each attack is steadily diminishing, operation may
not be absolutely necessary, inasmuch as the chances of the complete oblit-

eration of the appendix are decidedly good. It is especially in the feeble, or

in patients vnih organic disease, that this probability should be considered.

The question presents itself, Which involves the greater danger—an appen-

dicectomy or the risk of a severe attack? If the decision should be against

operation, the patient should be warned that he must suljmit to careful dieting,

and that he must never travel out of the reach of surgical aid. In the case of

tuberculosis it is often a difficult problem to decide which is the better couree

to adopt—an operation, or reliance on the proper hygienic and climatic sur-

roundings. If the patient be young, and if the appendix be a source of constant

irritation to mind and body, or if it disturb digestion to such a degree that it

renders difficult the task of conferring upon the tissues such a measure of strength

that they can successfully resist the bacilli of tuberculosis, it is undoubtedly

wiser to remove the offending organ. If, on the other hand, the patient has

reached middle age, if he be veiy feeble, or if other tuberculous foci are

rapidly developing, then, under these conditions, it is generally v^-iser not to

run the risk of an anaesthetic and of a laparotomy' with its attending confine-

ment and lowering of vitality. Of course, under these circumstances, the opera-

tion can be performed under local anaesthesia, with cocaine, eucaine, or stovaine,

but even then the shock to the patient will be considerable. Spinal anaesthesia,

with stovaine, is also to be considered, but its ad^dsability is doubtful. The

personal equation and the surroundings, both social and financial, must all

be taken into account, and the decision must largely be based on the compara-

tive dangers of the two plans of treatment. We must not forget that the ap-

pendix may be a focus from which may arise a general tuberculous peritonitis,

and, if conditions be such that an outdoor hj'gienic life is not possible, then,

unless some other organ be seriously diseased, the tuberculous appendix should

be removed.

C. The Rp:moval of the Appendix whex not Diseased.

The removal of the appencUx in all infra-umbilical laparotomies is advo-

cated by all surgeons when, in the course of a low laparotomy, performed for

other lesions, the organ is found either acutely or chronically diseased. Shall

it be removed if perfectly normal? This question is answered differently by

different surgeons. The patient's permission should always have been ob-

tained in advance. Without this, the surgeon may make himself liable for

damages. The social surroundings and the habits and residence of the patient

should be considered in this connection. Perhaps one-third of surgeons ad\'ise

the removal of the appendix whenever it can be reached readily through the

abdominal wound, provided that the patient is in perfectly good condition to with-

stand the extra strain. The other two-thirds fonnulate no rule on this subject.

The choice should be largely based on the personal ^^^shes of the patient.
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1). Arri:\Di("iTis i\ Prkgxaxcv.

Whon an ai)i)ondi(*itis occurs at any stage of i)rcgnancv it is a very trouble-

some coin])!ication. Its diagnosis, in far-advanced pregnancy, is not always

i-asy. Tile enlarged uterus may i)revent direct palpation of the appendical

region. If a i)atient is subject to attacks of appendicitis, pregnancy rather

increases this tendency. Should an attack, even if very mild, occur at any

time during pregnancy, the i)robabilities are strong that there will be relapses

before the picgnancy temiinates. A susceptible appendix may be easily stirred

up to fresh inflammation by the tugging of the enlarging uterus, or especially

by the traumatism to which it is liable during labor. The prognosis is rendered

more serious becau.s' of the j)regnancy. The mortality of appendicitis during

|)regnancy has been more than double that of the uncomplicated disease. Op-

<'ration is invariably indicated. The earlier in the pregnancy that the attack

and operation occur, the better the chances of the patient. During the late

months of pregnancy it is often a very difficult operation. Unless the patient

is allowed to become septic, or to develop a general peritonitis, interruption

of the i)r(>gnancv is the exception. In about one case in every eight or ten it

is to be exjH'cted that abortion will follow the operation. If j)ossible, it is well

to a\'oid drainage of the alxloiiiiiial wound, on account of increased liability

to hernia.

E. P()ST-()PK1{ATIVK DlS()RDP]RS.

Post-operative Thrombosis (Phlebitis).—By this is meant the phlebitis

which ari.ses in patients who giM' no sign of sepsis. Such a i)hlebitis occui*s,

generally, between the fifth and thirt(>enth days after the operation. The pa-

tient may have had a perfectly reactionless convalescence—no elevation of tem-

perature, no pain, no blood changes. Suddenly, a thrombotic plug fills an

imi)ortant venous trunk. There are many theories to account for this accident.

Perhaps the most jjopular is the one which attributes the phlebitis to some
mild septic infection. This does not, however, seem probable, for it is often

in the most aseptic cases that this unfortunate complication occurs. It has

Ix'en attrilnited to jxjor circulation, to the effect of the anaesthetic on the inner

coat of the veins, to traumatism of the veins by retractors at the time of opera-

tion, etc. The most reasonable theory. j)erhaps, is that which maintains that

a clot in the deep epigastric vein is dislodged and is carried along until it plugs

an important vein. One or other of the femoral veins is the usual site of the

thrombosis, the right side being involved almost twice as often as the left, and
both veins being atTected about once in twenty ca.ses. This comi)lication fol-

lows operation in from one to two |)er cent of the cases. It is a most unfortunate

and annoying affection. The dangei- to life is very slight, and yet a portion

of the clot may be dislodged and plug .^oine ve.-^.>^el in the lung or brain, or in-

deed in any other organ. The occurrence of the thrombosis often sjirings out

of a perfectly clear sky, and the i)atient is necessarily confined to bed for another

fortnight or longer.
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Among the symptoms the following should be mentionetl:—There is ]iain

along the course of the femoral, the popliteal, or the tibial vein. Most freciuentiy

tenderness in Scarpa's triangle is first noted. Occasionally, there may be a

sharp sudden pain in the back of the leg. There soon follows puffiness of the

foot and ankle, which soon extends to the entire lower extremity. For a few

days the pain is quite severe, and the tenderness, as stated above, can Ix' traced

along the course of the femoral, the popliteal, or the posterior tibial vein. A
slight rise of temperature usually accompanies the phlebitis: from 100.5° to

102° F. being quite common. Occasionally there is a chill. Enlarged v(>ins

soon become apparent on the dorsum of the foot. The acute symptoms continue

for a variable length of time—in mild cases, four or five days: in severe ca.<es,

two or three weeks. The swollen cord-like femoral vein can be felt through-

out its course. Around it, in Scarpa's space, is often felt an inflammatory

exudate. After the acute symptoms have subsided the course of the disease

varies. The circulation rapidly improves, and, in the course of a month, the

pain and tenderness may have entirely disappeared, though the swelling per-

sists, under the most favorable circumstances, for several months. The com-

plete return of the parts to a normal condition is unusual. In the average case

the pain and tenderness do not entirely disappear for two or three months, and

there remains permanently some swelling of the entire lower extremity. In

severe cases, a certain amount of disabilit}" is permanent, by reason of discom-

fort and swelling when the erect position is maintained for any length of time.

In about one-third of the cases of femoral phlebitis, some permanent disability

remains. In another third, there is practically complete recovery, so far as

function is concerned, and the swelUng, which is apt to persist, is not trouble-

some. In still another third of the cases discomfort, in greater or less degree,

persists for the rest of the patient's life.

The treatment, as soon as symptoms threaten, should be absolute rest of the

affected limb. This should be elevated on "a pillow. Local applications are of

benefit in alleviating pain. Nothing is better than lead-and-opium wash, ap-

plied to the limb with, perhaps, an ice-bag in the groin. Envelopment of the

limb in cotton is of but little value.

Post-Operative Pleurisy.—A ''dry," non-septic pleurisy is a not uncommon
sequela of an appendicectomy. In most cases it develops soon after the opera-

tion. As a rule, it is not serious, and its duration is less than a week. A sei)tic

pleurisy may arise from a septic infarct of the lung, or by infection travelling

through the lymphatic vessels, or by direct extension from a subphrenic abscess.

Post-Operative Pulmonary Thrombosis.—Pulmonary thrombosis is one of

the most serious accidents which the surgeon ever encounters. Happily it is

not common, but it probabh' results in about one-fifth of one per cent (0.02 per

cent) of all abdominal operations. For one reason or another an embolus is

loosened from some clot, is carried along through the inferior vena cava, and

lodges in a branch of the pulmonar}' artery. If the circulation is completely

blocked, death occurs almost immediately; if a small branch only is plugged,

the symptoms are alarming, but not necessarily fatal. Sudden pallor, extreme
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difficulty and shalhnvncss of ivspiration. groat anxiety and distress as mani-

fested in the countenance, and interference with the circulation, are the herald-

ing syiiiptonis.

Post-Operative Subphrenic Abscess. -This is a not unconunon sequela

of su|)i>urative ap])cudicitis. It occurs in about O.o per cent of the cases in

which suppuration has occurred in the appendical region. The subphrenic

abscess may be the one complication, or it may be merely one of several second-

ary abscesses. It nearly always develops on the right side (ninety-five per

cent), rarely on the left ifour per cent), and still more infrequently on both

sides (1 i)er cent). The route along which the infection travels is usually that

of the lymphatics (either intra- or extra-peritoneal). There may, however,

be a direct extension of a suppurative process which has burrowed upward

along the loin. Occasionally the disease is tlue to a general blood infection.

On the right side, the abscess lies between the liver and the diaphragm. Rarely,

the pus is found to have spread behind the liver, across to the left side. Its

situation may l)e eithei- intra- or extra-i)eritoneal. Subphrenic suppuration

may develop at any stage of the appendicitis, either independently of or follow-

ing operation. In most cases, however, it appears from six to twelve days after

the ojieration; but several weeks maj^ elapse before it is finally discovered.

The abscess is apt to develop rather insidiously. Occasionally there may
})(' a chill, but, more fre(iuently, the development of the abscess is announced

by a moderate rise of the evening temi)erature. Pain is not apt to be a marked

syini)toin. Thei)ati(>nt simply becomes more septic. The temperature is sustained

at a higher point, and the upward curve toward evening is more pronounced.

The tongue remains dry. In a word, the patient fails to improve. In a case

where, for some days, there has been steady imi)rovement, a sudden halt in this

progress, or rather a retrograde step, should make us suspect a subphrenic

abscess, if at the same time it is evident that wound drainage is not faulty

or that an abscess has not formed in the loin. The ph3'sical signs are apt

to be indefinite. At an early stage a subphrenic abscess is difficult to diagnose.

A flatness on one side, at a spot where it should not be found, may be an en-

larged liver, an empyema, or an abscess betwcM-n the diaphragm and the liver.

Later, there may be bulging of the side, (lenerally, the abscess cannot be

recognized witiuiut the ])roof furnished by the use of an aspirating syringe.

Intra|)eritoneal aspiration is never justifiable; indeetl, it is a most hazardous

l)roce(lure. But the thrusting of an asi)irating needle into a "flat" area above

the liver is sometimes justifiable. If it enters the liver the chance of its in-

flicting injur}^ is not great. If it enters the pleural cavity the risk of harm is

somewhat greater, .\spiration should never be em])loyed unless there is at

hand a surgeon who can immediately follow u|) the as))iration with an incision;

the needle, if possible, being left /// situ. The ordinary hyj)odermic needle is

u.sele.ss: one of larger calibre should be used. Even through a needle of this

size the ))us may be too thick to flow, and the surgeon nuist never be deceived

by this failure to draw |)iis. If the indications point to suppuration, a "dry

t:ip" should be followed by an exploratory opening ojie large enough to admit
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a finger. The technique of the operation is described elsewhere. (See Dr.

Ransohoff's article on " Intrathoracic Surgery," in Vo]. \TII.) Other abscesses

may form at any part of the abdominal cavity, or indeed—as the result of a

general infection—in any part of the body. The most common situation for

such abscesses, after those already described, is the pehds. In females this

cavity may be opened per vaginam, in males through the ischio-rectal space.

Rarely does an abscess develop in the left side of the abdomen; and, if it does,

it is generally toward the pelvis. Such an abscess may be evacuated by one

of various incisions. An abscess may also open into the bladder. If it does,

thorough counter-drainage will usually be sufficient.

Post-Operative Hemorrhage.—Bleeding from the stump is an occasional

accident. It is due, however, to faulty techniciue. to a failure properly to apph'

the ligature, to cauterization of the vessel, or to wounding of the same by the

needle which passes the purse-stnng suture. Hemorrhage due to the erosion

of the larger veins is a rare occurrence, as is also secondary bleeding from sep-

aration of sloughs.

Post-Operative Faecal Fistula.—Faecal fistula is a complication which occurs

in perhaps one per cent of patients with gangrenous or suppurative appendi-

citis. The faecal leakage usually manifests itself between the third and eighth

days. The amount of fa'cal matter which escapes through the w^ound may
be very small, just sufficient to stain the dressings slightly: or, on the other

hand, most of the intestinal contents may escape in this manner. The cause

is nearly always sloughing of the appendical stump and also, perhaps, of the

adjacent csecal wall, ^^^len the ^dtality of the appendical base has been par-

tially destroyed the application of a ligature or of sutures may complete the

death of the tissue, and as a result there is established an opening in the csecal

wall. As has already been stated, when the entire appendix is gangrenous

the adjacent wall of the bowel is apt to participate in the sloughing process.

The suturing of the opening is unsatisfactory on account of the friable charac-

ter of the bowel. Then infection still further destroys the vitality, and there

results, instead of agglutination of the sutured surfaces, a further sloughing

process involving the ca'cal wall. The duration of the fsecal fistula varies.

When the leakage is slight it may cease in from ten to fourteen days. ^Mien

the opening is large the leakage may continue for weeks or even months. As

a rule, closure generally results, but there are cases where a pemianent fistula per-

sists. Such permanency is generally due to the eversion of a bit of mucous

membrane, which prevents closure of the gap by the agglutinating power of

the serous surfaces. The most common cause is the failure to remove the

appendix in its entirety. A small portion of the stump has been left attached

to the ciecum, and beyond the ligature or suture there remains a rim of mucous

membrane which protrudes beyond the serous coat. If this has happened

through some fault of technique or through the unexpected death of tissue, a

permanent fistula very generally results, and an operation will be needed for

its cure. The discharge from such a fistula is generally very slight, and during

the greater part of the time it may consist of mucus alone. There are occasions,
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however, when a small amount of fivvv^ will form a i)art of the discharge. The

latter may he intermittent, and for days the sinu.s leading to the bowel opening

may apjjarently close, only to burst ojH'n with an extra amount of discharge

a few days later. Such closures may cause slight pain and fever. Occasionally,

also, a second or even a third opening may appear. The surgeon should know

what are the probabilities of spontaneous closure of such a fi.stula. If the dim-

inution in the amoiuit of discharge is progressive, no anxiety need be felt as to

the ultimate closure of the fistula, and, as long as this diminution continues,

there is no need of an operation. If. however, there be no permanent decrease,

and if at the end of three or four months the conditions have not altered, there

is l)ut little chance of closure of the fistula without resort to operation. Six

months may perhaps be mentioned as the length of time during which one may
j)roi)erly wait for Nature to exhaust her endeavors. If no progress be recog-

nizable during this period, it is then best to operate. The operation consists

in the invei^sion of the pouting mucous membrane by means of a purse-string

or Lembert suture. Success is very probable, but it is not wise to guarantee

closure at the first attempt. Great difficvdties, such as abnormal thickness of

the cu'cal wall, adhesions and twists of the bowel, may stand in the way of a

successful suturing.

MI. APPENDICOSTOMY.

Appendicostomy is an operation devised by Robert F. \\'eir for the purpose

of utilizing the appendix as a means of flushing the colon in the treatment of

obstinate colonic ulcerations, especially those depending on processes excited

by pathological ama?ba?.

[For further con.sideration of this topic see the article, at the end of this

volume, by I)rs. Tuttle and Earle, on Surgery of the Anus, Rectum, etc.

List of .\ Few of the More Recemt Publicwtions Rel.\ting to Dise.\ses

OF THE X'eHMIFORM Ai'PEXDIX.*

Burnam (C. F.): Exhibition of P'our Appendices Vermiformes Showing

Unusual Pathological Conditions. (From the Service of Dr. Kelly.) Johns

Hopkins Hosp. Bull., Bait., 1904, XV., 137-140.—Kramer (S. P.): Studies in

the Pathogenesis of Appendicitis, Amer. Surg., Phila., 1902, X.XXV., 701-707,

<S61. -.Morris (R. T.): Exhibition of Si)ecimens Illustrating Each Stej) in the

Progress of Infective Ajjpeiidicitis. Pioc. Phila. Mrd. Soc. Phila., 1004. X\'..

433-445.—Rolleston (H. D.): Abiioiinal Relation of the \'ermiform .\j)pendix

The Ijibliography of tlie pathology and treatment of di.sease.s of tlie vonniform process is

vory o.\t«n.sive, and would occupy far more spa?e than can possibly he spared for it in the

prf'sont work. We have thought it best, however, to furnish a brief list of the most important

(Mibiications on the subject which have appeared in recent years. \Ve do this on our own re-

sponsibility, as Dr. Mc("o.sh's death occurred within a very few days after he had completed the

mam portion of the article.— Thk Editoks.
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to the Tunica Vascularis, Leading to Appendicitis, Jour. Anat. and Physiol.,

Lond., 1897-8, XXXIL, 64-66.—Stanton (E. M. D.) : The Sequence of the Path-

ological Changes in Appendicitis ; a study of the significance of the lesions found
in different stages of appendicitis, based on the pathological findings in a series

of operative cases, Jour. Am. Med. Ass., Chic, 1905, XLIV., 1849-1853.

Appendicectomy ; a discussion at the meeting of the Hunterian Society,

Chir. Jour., Lond., 1903^, XXIIL, 267-282.—Appendicitis at MidcUesex Hos-

pital. Statistical tables of cases of operation for appenchcitis, Med, Chir. Tr.,

Lond., 1905, LXXXVIII, 493-198.—Barling (A. S.): Summary of Results of

Forty-four Consecutive Cases of Appendicitis Treated by Operation, Med. Chir.

Tr., Lond., 1905, LXXXVIII., 499.—Brewer (G. E.): Four Atypical Cases of

Appendicitis, Amer. Surgery, Phila., 1898, XXVIIL, 366-377.—Bruce (H. A.):

Appendicitis; Some points in diagnosis and treatment, based on over 600 oper-

ations, Brit. Med. Jour., Lond., 1906, IL, 1692-1696.—Clogg (H. S.) and Fair-

bank (H. A. T.): Appendicitis at Charing Cross Hospital; statistical tables of

cases of operation during 1902-4, Med. Chir. Tr., Lond., 1905, LXXXVIII.,
517-524.—Deaver (J. B.) and Ross (G. G.): A Critical Review of 416 Cases of

Appendicitis Operated on in the German Hospital, Phila., in 1901, Jour. Am.
Med. Ass., Chicago, 1903, 193-217.— B'itz (R. H.): Some Observations on Appen-

dicitis, Boston Med. and Surg. Jour., 1905, CLIL, 339-341.—Jones (L.):

Appendicitis at St. George's Hospital. Tables showing present conditions of

seventy-three patients after operations for a]:)pendicitis during the years 1900-2,

Med. Chir. Tr., Lond., 1905, LXXXVIII., 535.—Lockwood (C. B.): On the

Surgery of Acute Appendicitis, Lancet, Lond., 1902, II. , 1608-1612.—Morris

(R. T.): A Report upon 170 Cases of Appendicitis, N. Y. Med. Jour., 1900,

LXXIL, 1093-1095.—A})pendicitis, Internat. Jour, of Surgery, N. Y., 1906.

XIX.. 309-312.—Murphy (John B.) : Two Thousand Operations for Appendicitis,

with deductions from his personal experience, Am. Jour. Med. Sci., Phila. and

N. Y., 1904, N.S. CXXVIIL, 187-211.—Price (J.): Progress We have Made in

Surgery about the Region of the Appendix, Tr. Med. Soc. of Virg., 1901, Rich-

mond, 1902, 26.5-271.—Richardson (M. H.): Appendicitis, Old Dominion Jour,

of Med. and Surg., Richmond, 1902-3, I., 71-81.^Stimson (L. A.): Some

Practical Deductions from Personal Experience in the Treatment of Appendicitis,

Amer. Surg., Phila., 1907, XLVL, 122-130.—Syms (P.): Remarks on Appendi-

citis; based on an analysis of 219 cases operated on. Am. Surg., Phila., 1904,

XL., 727-734.—Wyeth (J. A.): The Technic of Appendicectomy, Jour. Am.

Med. Ass., Chicago, 1907, XLIX., 121-124.]



SURGICAL DISEASES AND WOUNDS OF THE INTES-
TINES, OMENTUM , AND MESENTERY.

Bij CHARLES W. OVIATT, M.D., Oshkosh, Wiscon^n.

I. INTRODUCTORY REMARKS AND GENERAL DIAGNOSIS.

Thk intelligent study of this subject implies a familiarity with the anatomy,

physiology, pathology, and embryology of the abdominal viscera, as well as a

good working knowledge of the principles governing general surgery. Opera-

tions ui)on the intestines should not be attempted until a broad experience in

general surger}- has b(>en attained.

Methods of Diagnosis.—In the diagnosis of conditions of the intestine

demanding surgical intervention, inspection, palpation, percussion, and auscul-

tation may be made use of in the external examination.

Inspection, in a patient with a thin abdominal wall, may reveal distention,

either localized or general; and peristalsis, either normal or exaggerated, may
also often be noted.

By means of palpation the large bowel may frequently be outlined, and the

presence, characteristics, and mobility of tumors may be determined. Rectal

or vaginal examinations may often be of value, and, when symptoms point to

the lower abdomen, they should never be omitted.

Percussion is valuable as an aid in determining the solid, liquid, or gaseous

contents of a suspicious swelling.

Auscultation may be of value in ileus; an absence of sounds being noted

in the dynamic form, and an increase in mechanical ileus. Succussion sounds

may be present in relaxed viscera. In an attempt to place abdominal auscul-

tation upon a scientific basis. Dr. W. B. Cannon has made a careful study of the

sounds normally heai'd and has described them in detail.

Distention of the colon with air or water may occasionally aid in the recog-

nition of a pathological condition, but it has not the value that was formerly

attached to it.

After a most careful history has been secured, and after every means of arriv-

ing at a diagnosis by external examination has been exhausted, it will often be

impo.s.sible to determine the character or extent of an injury or a pathological

process without o|)ening the abdomen. While the hasty, reckless, and often

useless "exploratory laparotomy" of the untrained is to be deplored, the most
erudite and experienced siu-geon often finds himself driven to this expedient.

This is esjx'cially true in cases of severe injury due to external violence or to a

stab or gunshot wound, when there is reason to suspect serious damage to the

ons
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viscera. It is in these cases that prompt action means so much and that an

operation clone by skilled hands may save a life that would otherwise be lost.

After the abdomen has been opened, the diagnosis of an injury or patho-

logical process may be extremely simple or exceedingly difficult. While a knowl-

edge of anatomy and of the normal relations of parts is essential, the ability

to recognize tissues and structures in a distorted {pathological condition is

ecjually important. The distinction between the large and small bowel is

usually sufficiently simple, but a greatly distended small intestine covered with

an exudate may render the decision much more difficult. The localization

of a loop of intestine that presents itself in the abdominal wound is not always

easy, and to determine the proximal from the distal end may require that it

Fig. 261.—A Loop of Intestine, the Middle of which is Exactly Three Feet from the End of the
Duodenum. The b(j\vel is of large size. The mesenteric loops are primary, and the vasa recta large,

long, and regular in distribution. The translucent spaces (lunettes) between the vessels are extensive.

Below, the mesentery is streaked with fat. The veins, which had a distribution similar to that of the
arteries, are for simplicity omitted from tlais and from the subsequent drawings. The subject from
which the specimen was taken was a male of forty years, with rather less than the usual amount of

fat. The entire length of the intestine was twenty-three feet. (From Monks, in Annals of Surgeri/,

October, 190.3. J. B. Lippincott Company, Philadelphia, Publishers.)

be passed through the fingers until the ileo-csecal or the duodeno-jejunal junction

is reached. Monks, who has made a most careful study of this subject, does not

believe that intestinal localization will ever become exact, but he presents the

following points as approximate aids:

—

The diameter of the bowel is greater above; the upper part of the small

intestine is nomially thicker than the lower; the upper part of the bowel is more

vascular and of a brighter color; valvular conniventes, which can always be

felt and sometimes seen, are confined to the upper part of the intestine. The

vessels of the mesentery are rather characteristic ; at the upper part the branches

of the vasa recta are given off. Lower down additional loops are added in the

mesentery, and still lower down a third row of loops is added, while the vessels

themselves are much smaller. At the lower end of the ileum the mesenteric

vessels form merely a reticulated network. (Figs. 261, 262, 263, 264.)

The difficulties of intestinal localization are more clearly realized when we

consider the variation within normal limits as regards length—viz., from fifteen
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to thirty feet: the position which these organs occupy when filled or empty;

and other conditions.

Moynihan says in this connection: "It is more than prolwible, however,

that during health there is a constant journeying of the large and small intestine

from one part of the abdomen to another, and that two loops of intestine which

at one moment are in contact may, in a few seconds, be widely separated. This

is shown during ojierations for gunshot wounds. Thus, in a case of bullet

wound wheri' the shot travei-sed the abdomen directly from front to back, a

little in front of the left anterior superior si)iuc of the ilium, the jejunum in four

Fig. 202.—A Loop of Intestine at Six Feet. .Vs c()ni])are<l with tliat sliown in the preceding fifjuro

the bowel is somcwliat smaller. The vascularity of the intestine and its mesentery is less. Secondary

loops are a prominent feature. Tiie vasa recta are smaller. The lunettes are also present, but are not

.so large as in Fig. 201. The subject was a male, about 35 years of age, witii an average amount of

fat. The entire length of tlie intestine was twenty feet. (From Monks, in A)inalii of Surt/rry, October,

1903. J. B. Lippincott Company, Philadelphia, Publishers.)

places, the transverse colon in two places, and the lower end of the sigmoid were

wounded."

The diagnosis of the various forms of peritoneal inflammations, injuries,

and pathological conditions of the intestines will be discussed under their

respective headings.

II. CONGENITAL ANOMALIES.

That congenital anomalies aic not more fi'e(nient is indeed remarkable when

we consider the evolution of the coniplicated alimentary tract from the straight

primitive tube of the embryo, as is shown in Figs. 2()') and 206. Failure of ro-

tation and arrest of development account for many of the congenital anomalies

which ocaur. That these anomalies are not without their practical bearing iii)on

the surgery of these cases is well shown by a case reported by .Munifonl in

which the fixed duodemim ended, not on the left side of the spinal column,

but on the right. (Figs. 207 and 2<)S.) A ])osterior short-loop gastro-enteros-

tomy had been jx-rfonneil, and on the fifth day the patient died. .\t antopsy

it was found that, as the stomach <haineil and became smaller, it pulled u|)on
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the afferent loop until it was tightly drawn between its fixed point, the liga-

ment of Treitz, and its retracting point, the gastro-intestinal stoma, at which

point it finally gave way with a fatal result. ^lumford refers to the obser-

vation of Professor Dwight of Harvartl, who, contrary to Gray, Quain, and

Huntington, found that the fourth portion of the duodenum is in front of the

spinal column, or even slightly to the right, in from ten to twelve per cent of

adult cases—a fact of some importance to the surgeon in view of the case quoted

by Mumford.

Because of arrested development and non-rotation of the large or small

bowel, various abnormalities of position may occur. The complicated develop-

ment of the peritoneum with its various folds between the visceral and panetal

Fig. 263.—A Loop of Intestine at Twelve Feet. The vessels are smaller. The priman^ loops are

lost in the fat, but secondary and even tertiary loops are visible. The vasa recta are shorter, more
irregular, and branching. Tlie specimen came from the same subject which furnished Fig. 261. (From
Monks, in Annals of Surgery, October, 1903. J. B. Lippincott Company, Philadelphia, Publishers.)

layers makes possible various anomalies in the formation of mesenteries. For

example, that portion of the duodenum which is usually retroperitoneal may
have a mesentery, or the upper part of the jejunum may have none. A
meso-colon may be expected on the left side in thirty-six per cent, on the right

side in twenty-six per cent.

A rare but confusing anomaly of the intestine is the extension of the longi-

tudinal muscular bands from the large bowel for a longer or a shorter distance

upon the small intestine.

Of the various anomalies of the intestine, Meckel's diverticulum (Fig. 269)

is of the most interest to the surgeon, because of its frequency and clinical im-

l)ortance. It is found in about two per cent of bodies examined. Originally it

was described as arising always from the ileum ; hence the name diverticulum ilei.

Its usual location is on the ileum within two feet of the ileo-csecal valve; but it

may arise anywhere in the ileum or jejunum, or even in rare instances from the

duodenum. It is the remnant of the omphalo-mesenteric duct. Under normal

conditions the duct becomes entirely obliterated, but, with arrested development,

it may assume various shapes and dimensions. In length it may vaiy from a

slight protuberance to a tube 20 cm. long, its average length being from 2 to
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") cm. Ill width it may vary from a small til)roiis hand up to a diameter almost

e(iual to that of the ileum. All the coats of the bowel are present and the mucosa

may contain Peyer's glands. In long diverticula there may be a mesenteri-

olum; but, if the diverticulum is short, this is usually absent.

The diverticulum becomes of practical importance to the surgeon by caus-

ing ai)i)roximately six per cent of the cases of intestinal obstruction. (Halsted.)

The obstruction is usually caused by a loop of intestine becoming constricted

beneath the diverticulum which has its extremity fixed. Obstruction may

also l)e cau.^ed by inflammation of this structure (diverticulitis). \'olvulus

and intussusception are fre(iuently caused by a diverticulum; or the bowel

may i)rolapse into an open diverticulum. The diverticulum has been found in

both umbilical and inguinal herniie. Cahier, in 1 <)()(>, collected thirty-.<ix cases

Fir.. 204.—A Loop of Inti'.stinc at Seventeen l'( it. Tin- nusentery i.s opaque, and small tabs of fat

hegiii to appear along tlie mesenteric border of the bowel. 'I'lie vessels are represented by a .-somewhat

comjilicated network, and are seen with difficulty in the thick fat of the mesentery. (From Monks,
in Ainifiln of Stirijrri/, October, 190.3. J. U. Lippincott C'omi)auy. Philadelphia, Publishers.)

in which there was an inflammation of the diverticulum with symi)toms mark-

edly similar to those of appendicitis. In one of our own cases, appendicitis and

diverticulitis were both present. The details of this case are, briefly, as follows :

—

The patient, a male, 36 years of age, had had three well-defined attacks of

appendicitis within a year. The last attack differcMl from the others in that there

were two distinct foci of pain and tenderness, one below McBurney's jioint and

one about 12 cm, above it, nearly on a line with the umbilicus at the outer border

of the rectus muscle. He was admitted to the hospital while convalescing

from the third attack. At this time the upper focus was more sensitive to the

touch than the lower. The ordinary incision along the border of the rectus was

made, and the appendix, in which was lodged a good-sized fecal stone, was re-

moved. The incision was then extended to the upper seat of tenderness. At

this point adhesions were encountered. They were broken up, and the presence

of a Meckel's diverticulum, S cm. in l(>ngth and about two-tliirds the size of the

ileum, was thus revealed. It had evidently been recently in a state of active

iiidainiiiat ion. It was removed close to the l)()vve]. (I'ig. 2()0.)
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Owing to the various complications and pathological conditions which this

diverticulum may produce, its removal is advisable—provided the patient's

condition pemiits the additional interference—when the structure is encoun-

tered in connection with other abdominal operations.

Bibliography.—Arniel, J. E., in Colorado MedicalJournal, October, 1903.

—

Kuliga, in Beit, zur pathol. Anat., 1903, Vol. 33.—Halsted, A. E., Annals of

Surgery, April, 1902.—Jacksh, A., Deut. Zeit. f. Chir., March, 1907.—Helgen-

veiner, Beit, zur klin. Chir., Vol. 11, 1903.—Porter, M. F., J. A. M. A., Sept.

23d, 1905.—Cahier, L., Rev. de Chir., 1906, Vol. 34.

III. ACQUIRED DIVERTICULA.

Acquired diverticula are divided histologically into true and false. The

former have all the coats that are found in the normal intestine, while the latter

are simply hernial protmsions of the mucosa through the muscularis.

Unlike those of the congenital variety, which are usually found on the con-

vex surface of the bowel, the acquired diverticula usually occur at the mesen-

teric border and are frequently multiple. The descending colon and the sig-

moid are the locations in which they are most often found.

According to Brewer, Wallman, in 1858, was among the first to call atten-

tion to this condition. In the same year Sydney Jones pointed out the patho-

logical importance of acquired diverticula by reporting a case in which an

intestino-vesical fistula resulted from an inflamed sigmoid diverticulum. The

Mayos have recently shown the necessity of recognizing diverticulitis of the

acquired type.

The recent statistics of Gardinier and Sampson are interesting in that they

show the comparative frequency of diverticula. These statistics are as follows:

—

Number of Autopsies
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was sudden and pri'scntcd the characteristics of a localized peritonitis. A
tumor, of rather rapitl devek)pnient, was usually situated to the left of the

median line, in the middle or lower portion of the abdomen. In all cases the

disea^se orij^inated in the descending colon and sigmoid. (Fig. 271.)

These cases ha\i> been divided by Mayo into three clinical groups: 1, those

in which there tlewiops an intraperitoneal abscess, the contents of which are

SMALL
INTESTINE

VITELLINE
DUCT

STOMACH

Fig. 2G5.—First Stage of DeveloiJineut of the Intestinal Canal. (From Dr. George S. Huntington,
"The Anatomy of the Human Peritoneum and Abdominal Cavity." Lea Brothers, Philadelphia,
100.3.)

In A, the inte.stinal canal is in the stage of unihilical loop, Ijcfore rotation; in B, it is in the first

stage of rotation, the colon crossing the duodenum.

DUODENUM

HEPATIC
FLEXURE

ASCENDING
COLON
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INTESTINE

STOMACH

TRANSVERSE
COLON

DESCENDING
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Fig. 2(»fi.—Later Stage of Development of the Intestinal (':iii:il. (From Dr. fJeorge S. Huntington.)
In A, the intestinal canal is in the second stage of rotation the rotation of the small intestine; in

li. the schema of the intestinal canal after conii)lctc rotation and descent of the ca cum is represeutcd.

si»oiitaiicously evacuated into a neigliboring vi.scus or are made to escape ex-

ternally by means of operation; 2. those which give ri.se to acute or chronic

obstruction, necessitating operation; .iiid 3, those in which the symptoms are

mild and in which recovery occui^s spontaneously.

Wil.son reconunends that the tenu divei-ticulitis shonlfi be confined to cases
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of acute inflammation of the mucosa within the diverticuhim, while chronic

inflammation of the serosa around the diverticulum should be designated peri-

diverticulitis.

In many cases the diverticula give rise to no symptoms, but when they

become inflamed the conditions may resemble very closely those of an appendi-

citis, except as regards the location of the disease.

In the surgical treatment of these diverticula the removal of the lesion or

of the segment of the bowel in which it is located may be practised, provided

too much of the organ is not involved. In the cases reported by Mayo the

disease was limited to portions of the intestine which varied in length from

four to eight inches. If the lesion is too extensive for radical removal, or if

the mesenteric vessels are too extensively involved, an enterostomy should

be made.

Bibliography.—Geo. E. Brewer, in Am. Med. Jour. Sci., October, 1907.—
Mayo, Wilson, and Giffin, in Surg., Gyn., and Obstet., July, 1907.—Gardinier

and Sampson, in Jour, of the Amer. Med. Assoc, May 20th, 1906.

IV. PERFORATING AND NON-PERFORATING INJURIES OF
THE INTESTINE; FOREIGN BODIES.

Injuries of the Intestine.—Indirect violence from without may cause simply

a contusion of the intestine or it may produce a partial or a complete rupture

of the bowel. These injuries are much more likely to be overlooked than those

which occur in connection with penetrating wounds of the abdomen. Symp-

toms commensurate with a serious injury of this character may be entirely

wanting. Hemorrhage per rectum, shock, and collapse may occur, but are

frequently absent. With a history of violent trauma over the abdomen, great

care should be exercised to avoid overlooking such injury. As the result of a

non-perforating injury of this character, diverticula may form; injury to the

mucosa may be followed by ulceration with subsequent perforation; or per-

itonitis may develop from the migration of bacteria through the damaged

bowel wall.

Perforating injuries of the intestine from within are rare and are generally

unrecognized until symptoms of peritonitis (local or general) or of abscess occur.

Such injuries are usually caused by the passage, through the intestinal wall,

of some substance such as a fish bone, a wooden tooth- pick, etc., which has

been accidentally swallowed.

Rupture of the bowel from external violence, without a penetrating wound

of the abdominal wall, occurs most frequently in the region of one of the fixed

points of the bowel—the ileo-c^rcal junction or the duodeno-jejunal flexure,

—

the bowel being torn away from its attachment. Dr. E. Wyllys Andrews suggests

that the bowel may be cut in two by the angle or promontory of the sacrum

against which it impinges under the influence of violence exerted on the anterior

abdominal wall. (Fig. 272.)

VOL. VII.—45
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In order to estimate the probability of the iiitt'stine havini^; Ijccn seriously

injured, notwithstanding the absence of a penetrating abdominal wound, a

careful history of the character of the injury should be elicited—whether it

resulted from the sudden imi)act of a small, rapidly moving body such as a i)iece

of wood flying from a circular saw, a fragment from a burst fly-wheel, a kick,

or a l)low: or whether the force applied was distributed over a larger area of the

abdomen, as in crushing injuries. The rapidly moving bodies are much more

Fk;. 2(i7. An Aliiiiiriiiallx Sliurt I )ui)(lcmmi, Hi'ii(lciiii<; Iii:itl(i|viatf ami I )aiif;cr()ns the Operation

<»f P()steri<ir ('lastro-l'.iitcrostomy. with tlie Sliort Loop wliicli in those Cases is Associated with an
Inunoljilized but (Ireatly iJistended ."^tomac-li. A large part of the pyloric jwrtion is greatly thickened

and is held to the liver by strong and dense adhesions. (Krom Dr. James G. Mumford, in Anuals of

Siirijiri/, .January, l!t()6. .1. H. Lip])incott Comjiany, riiiladeliihia, Publishers.)

likely to cau.se mpture. The integrity of the intestine may not be immediately

destroyed; nevertheless, the injury may be sufficient ultimately to cause gan-

grene.

The small bowel is ruptured much more frequently than the large bowel.

In all ca.ses multi|jle rujjture must be sought for.

Penetrating injuries of the intestine aic moic commonly caused 1)V gun-

shot or stab wounds. In the latter, the wound of the bowel is more often single,

wliile in the fonner multij)le wounds are nearly always found. The projectile

of the modem fire-ann. impelled at high velocity, does less damage to the bowel

wall, l)Ut it j)roduces more destructive effects ujk)!! the mesentery.
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The diagnosis of injury to the intestine, with or without a penetrating

wound of the abdomen, is necessarily obscure and difficult. The presence of

free gas in the peritoneal cavity, shown by the absence of liver dulness, and
formerly believed to be of diagnostic value, has been found to be often absent,

and may be imitated so closely by a distended colon that this sign can no longer

be relied upon. Free fluid also possesses an uncertain significance. Leuco-

cytosis is usually late in showing itself; and similarly unreliable are the other

signs or symptoms that have been presented from time to time as being char-

FiG. 268.—Second View of the Parts Shown in Fig. 267. At the autopsy there was found, at a

point far over to the left, a large rent in the fundus of the stomach. This rent was found to be the

stoma with a portion of the torn-off jejunum attached to its right-hand border. The short arm of this

portion of the jejunum, measuring four inches in length, extended, in a stretched condition, to the

ligament of Treitz. (From Dr. James G. Mumford, in Annals of Surgery, January, 1906. J. B. Lippin-

cott Company, Philadelphia, Publishers.)

acteristic. In the absence of positive evidence, however, it is far better to give

the patient the benefit of the doubt and resort to immediate exploration than

to wait for symptoms of peritonitis to appear. It is estimated that, in ninety-

one per cent of all penetrating wounds of the abdomen, there has been inflicted

upon some abdominal viscus an injury which demands immediate operation;

and in sixty-five per cent of these the intestine is the viscus injured. While

there is no pathognomonic sign or group of symptoms which definitely charac-

terizes intestinal injury, the history of trauma or the presence of a penetrating

abdominal wound, taken together with evidence of shock, abdominal pain, vomit-
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iiiiT. inuscular ri'iidity. low iHtdy-tciiipcraturc. and I'apid pulse, dcvcloijin^' soon

after the injury, will j)oint to lesions sufiiciently serious to re(|uire surgical

intervention. Pain, ri^iidity, antl rai)id pulse are perhaps the most significant

symptoms. Moynihan lays special stress on a i)rogressivc increase in the pulse

rate as a diagnostic sign.

In injuries of the intestine, where operation is demanded, the earlier it is

executed the lower the mortality will be. It was shown by Senn in his experi-

mental and clinical work that success in these cases is in inverse ratio to the time

allowed to elapse between the time of injury and the operation. This is em-

FiG. 209.—McTkel'.s Divortieuluui. (Original.)

phasized by Coley, who found a mortality of 53.9 per cent in cases operatc^d on

within the first twelve hours and one of 77.3 per cent in cases operated on later

than that.

Bibliography.—A\'arren, in Trans. Western Surg, and Gyn. Assn., 190.").

—Curtis, m Annals of Surgery, 1887.—Andrews, m Surg.,Gijn., andObst., June,

190().—("ampbell, in Annuls of Surgery, Nov., 190").

Foreign Bodies.—Foreign bodies may enter the intestine through the

stomach, through the bile ducts, through the rectum, through an opening es-

tablislied by ulcerative action that has .started in some other organ, or directly

through the intestinal wall fi-om the free peritoneal cavity, as a result of an

abdominal operation. Mechanical devices used in intestinal re|)aii' may fail

to pass per anum and thus act as foi-eign bodies. The large majoi'ity, howe\'er,

gain entrance through the stoma<*h. Coins, buttons, tooth-j)icks, artificial

teeth, pencils, kiii\'es, pins, and needles ai'e the most common articles found

in the bowel. Any foreign bod>' that ]»asses the duodenum will be likely to

travel the entire length of the inlotinal canal williout interruption, as the py-

loric orifice is smaller than the into! inc. Beyond the duodenum, the most

conunon poijits of ai'i'est are the ileo-ca'cal \al\c and the anus.
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Gall-stones, as foreign bodies, may enter the intestine through the bile duct.

They are usually of small size and cause no symptoms. The larger gall-stones

that are found within the intestine, reach there, as a rule, through an opening

established by ulcerative action in the wall of the gall-bladder, one of the gall-

ducts, or the diverticulum of ^'ater. These fistuho may communicate with

the stomach or, more rarely, with the duodenum or jejuno-ileum; but, more

Fig. 270.—The Drawing Represents a Case of Diverticulitis, which was Associated with Local

Peritonitis and Mesenteritis, and Eventually Led to the Formation of an Angular Bend in the Intestine.

The parts are shown in natural size. The loop of the small intestine, which was adherent to the meso-

colon, has been freed, but the act of freeing it produced a rupture of the distal portion of the inflamed

diverticulum. Owing to occlusion of the base of the inflamed diverticulum, the distal portion presents

the appearance of a small infected mesenteric cyst situated near the border of the intestine. (From

Gardinier and Sampson, in Journal of the American Medical Association, May 26th, 1906.)

frerjuently, they communicate with the colon. In some instances they cause

intestinal obstruction. Cases in which calculi from the kidney or the Ijladder

have perforated into the intestine have been reported.

In a case which came under my care I removed from the ca'cum an ordinary

ru1)ber-tipped lead pencil, seven and one-half inches in length. The pencil

had been accidently swallowed, the rubber end foremost, during a fit of laugh-

ter, about ten weeks prior to the operation. A peculiar feature of the case was

that the patient gave no history of swallowing the pencil until after it had been

removed. He entered the hospital with pain, tenderness, and a palpable hard

swelling in the region of the caecum. The diagnosis of appendicitis was made.

Through the abdominal incision a pointed foreign body could be easily felt in

the caecum and the pencil was removed through an incision about 1 cm. in length.

It was lodged in the ileo-ciecal opening. (Fig. 273.) In only one instance,
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so far as I havi' hccn able to Icani, has a longer forciiiii hotly than the jjencil

above rofcrrrd to. hccii t'ouiul in the bowel. In the ca.se of Rosati an eight-

inch fork was ri'nioved from the bowel fifteen years after it had been swallowed.

The longest stiff foreign body reported as having |)assed through the en-

tire gastro-intestinal canal and of having been eliminated per attKin, is that

of a si.\-inch i)ieee of a clay-pipe stem, which has been reported l)y Ilogdon.

In this connection the uniciue case of Ruhge is worthy of mention: a piece of

flexible rubber stomach tube, twenty-two and one-half inches in length, was

swallowed and jtassed per rids uaturalcs on the thirtieth day.

Maiisell .Moulliii removed fi'om the ileo-ca'cal region, four davs after the

I'k;. JTl.—Si)cciiiicii of Siftnioid Divided Longitudinally, Showing Pcridixcrticulitis. (Case 4,

10,.3f).5.) Note tlio <l('fcctivc nuisc-ulaturc and the diverticula; also, near the label needle, an inflamma-
tory mass which has been di.s.sccted away from the surrounding ti.ssues. (From Mayo, Wilson, and
Giffin, iu Supplement of Surgery, Gynecology, and Obstetrics, July, 1907.)

accident, a i)iece of hat pin four and one-half inches long. Davies-Colley re-

])orts the rcmoNal of a packing pin {\\ in. \ ^ in.) from the descending colon

seven months after it had been swallowed.

It would seem that foreign bodies may ;it times pass thi-ough the gastro-

intestinal tract with great rapidity. TivNor nicntions an instance in which a

scarf pin passed through the canal in ten hours. Williams reports an instance

in which a very irregular jjlate of false teeth passed on the day following that

on whicli it was swallowed.

Foreign substances accidentally left within tiie ])eritoneal cavity at the time

of an abdominal oix-ration, often migrate through the intestinal wall to be

expelled per nuinn. \ sudden emergency arising during the operation is most

often responsible foi- the accident. .\ drainage tube or a striji of gauze may
sli|» into the abdominal caN'it\- dui'ing the after-treatment. Of nineteen I'c-
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corded cases in which arteiy forceps were left in the abdomen, there were three

in which the instrument was discharged spontaneously per anum. Gauze com-

presses thus left have repeatedly passed into the bowel to be eliminated per

anum. As showing the frequency with which such accidents occur, Gruzdew

found, in the literature for the year 1900, one hundred and eight reported cases

in which foreign bodies were left in the abdominal cavity. Neugebauer in 1904

collected two hundred and thirty-six cases of this character. In one instance

a forceps remained within the abdomen for ten and a half years.

I have been able to find but few recorded cases of enterotomy for the re-

moval of foreign bodies. In 1887 Walker was able to collect but four cases of

removal from the small intestine. In Walker's case an ice-cream spoon was

Fig. 272.—Diagram Intended to Show how the Bowel, when Driven Back upon the Promontory

of the Sacrum, or the " Sacrovertebral Angle," is likely to be Subjected to a Wearing or Cutting Action

on the Part of this Bony Ridge. (From Dr. E. 'Wyllys Andrews, in Surgery, Gynmcology, and Obstetrics,

June, 1906.)

swallowed. This remained in the stomach for three and one-half years, after

which time it passed into the bowel from which it was removed.

Bibliography.—Nicoll, Lancet, 1908, March 14th.—Harley, Lancet, Vol. 2,

1859.—Walker, Cincinnati Lancet-Clinic, 1887.—Rosati, The Polyclinic, Phil,

June, 1887.—Hogdon, Bost. Med. and Surg. Jour., 18G4, Vol. 71.—Runge,

ibid., 1896, Vol. 135.—Moullin, Lancet, Vol. 1, 1890.—Davies-Colley, Lancet,

Vol. 1, 1900.—Trevor, ibid., Xol. 2, 1885.—Williams, Therapeutic Gaz., Vol. 21,

1897.

V. INTESTINAL FISTULA.

An external intestinal fistula constitutes either a direct or an indirect com-

munication between the lumen of the bowel and the external surface of the ab-

dominal wall. Only a jwrtion of the intestinal contents pass out through this

opening. An artificial anus differs from the above in that the entire fa?cal stream

is discharged through the opening. A simple fa'cal fistula may subsequently

form an artificial anus bv what is known as "spur formation"—a condition
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which owes its origin to the fact that the afferent and efferent limbs of the loop

that is attached to the abdominal wall change their relations; instead of form-

ing an acute angle, the)^ become parallel.

Congenital external intestinal fistuke are located usually at the umbilicus

and are due to the pei-sistent jjatency of a Meckel's diverticulum.

An internal intestinal fistula may occur between two or uunv adjacent loops

of intestine, or it may connnunicate with the stomach, gall-bladder, urinary

bladder, uterus, or Fallopian tube.

An intestinal fistula may follow damage to the intestinal wall, or it may

owe its origin to defective intestinal suturing or to the imjjroiier placing of a

Hj^r^
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An ellii)tical inei^^ion should l)e made through the skin, fascia, and muscle down
to the peritoneum. At this stage it is well to fold the skin of the ellipse over

the opening and pass a mattress suture through it to prevent leakage. The
peritoneum is next opened and the sinus freed from the surrounding tissues as

far as to the opening into the bowel. If the opening is small and if it is on the

convex surface, it may be clami)ed with rubber-covered forceps transversely

to the long axis of the bowel and sutured in this direction. If the opening into

the bowel is too large for this procedure or if it is situated at the side or near the

mesenteric border, resection with end-to-end union nmy be necessary. In the

cases where the bowel is attached directly to the abdominal wall and where a

spur has been formed, making it practically an artificial anus, a heavy-bladed

pair of forceps may be introduced, one blade into each arm of the loop, and

then locked. This will cut away the spur and re-establish the fecal stream,

after which the external opening may heal spontaneously, or may be sutured.

The use of caustics is of little value as a means of destroying the sinus, and

attempts at suturing without freeing the bowTl from the abdominal wall are

almost certain to result in failure. In a very large proportion of these cases,

however, there is a strong tendency toward spontaneous healing, and there-

fore operative measures should be delayed until it is certain that tliis will not

occur.

\I. INTESTINAL ULCERS.

Peptic Ulcer of Duodenum.—Frequency.—Until recently peptic ulcer of

the duodenum has Ijeen considered rare and has not been differentiated from

the same lesion in the pylorus. In 1900, Weir and Footc collected cases in

which an operation had been performed for acute perforation of an ulcer of

this nature. In 1902 ^lurphy and Neff reported one and collected eighteen

additional cases; and since that time hundreds have been reported. The

]\Ia3^os, in December, 190G, reported two hundred and nine operations for

duodenal ulcer.

The reports in regard to the relative frecjuency of gastric and duodenal

ulcers show, as time goes on, that the one occurs almost as frecjuently as the

other. Andral placed the proportion at 1 duodenal to 40 gastric; Burwinkel,

at 1 to 12; and Trier, at 1 to 9. It is generally placed at 1 to 10. The Mayos,

in an experience of 600 operations for gastric or duodenal ulcer, found 436 in

the stomach, 135 in the duodenum, and 28 in which the ulcer occupied the

border line of both locations. The relative freciuency in these cases, therefore,

was as 1 to 3.5. In the last 200 cases reported by the Mayos, 98 were duodenal

and 87 gastric, with 15 in which both gastric and duodenal ulcers were present.

Robson places the proportion at 1 to 2.

This rather marked increase in the frequency of duodenal ulcers is due to

the fact that, in the past, the great majority of such ulcers were mistaken for

ulcers of the pyloms. Duodenal ulcers are often found extending to the j^yloric

sphincter and these have been called gastric or pyloric. When adhesions and
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other pathological changes are i)r(>sent it is often difficult to define the liinita-

tation between stomach and duodenum.

Location of thi: Pylorus.—A\\ J. Mayo calls attention to a definite means of

determining the location of the pylorus, and says:
—"The best means of identi-

fying it consists in the arrangement of the blood-vessels, whicli is quite striking.

A thick-walled vein is to b(^ seen extending from the infei'ior margin of the

pylorus on the gastric side, ujjward and across about three-fourths of its extent.

Fig. 274. lllu.'^trtition Sliowing Relation.s of Rlood-vossels about Pyloric End of Stoinach and
Dtiodcnvim. with Special Reference to Pyloric Vein. (From Mayo, in Aiinals of Surgery, June, 1907.

.). ii. Lipjjincott C'<)ni]>aiiy, Philailelpliia, Puhlisliers.)

From the sui)erior margin a similar vein extends downward until it nearly meets

the one from below." (Fig. 274.)

P.\THOLOGY.—Duodenal ulcei*s are iiuvly multiple. In 103 of Mayo's cases

onl\- .") had more than one ulcer, but, in the last 200 cases, both gastric and

duodenal wei'e found 1") times. This condition is much more common in the

male than in the female. Moynihan found, in 209 ca.><es, that 7() per cent were

females.

Duodenal ulceration may occui* at all ages. Hahn rei)orts a case in a baby

a day and a half old: and similar cases in infants have been re))orted by Spie-

gelberg, Lister, and others. At the other extreme. W alhs reports a successful

operation for this lesion in a patient ninety-two years old. The usual age is

between twentv-five and fort v.
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Duodenal ulcers are usually located above the opening of the common bile

duct. The first portion of the duodenum is involved ten times more frequentl)^

than is the second. The common situation of the ulcer is within the first two
inches of the duodenum, and, in the great majority, it extends to within three-

fourths of an inch of the pyloric sphincter. The deepest part of the ulcer is

usually found just below the pylorus, where the acid chyme, which is ejected

with considerable force from the stomach, produces an impact upon the intes-

tinal mucous membrane.

Peptic ulcer of the duodenum has practically the same stmcture as the peptic

ulcer of the stomach; it is circular in shape and has a terraced margin and a

clean base. In all but 7 of the 163 Mayo cases the ulcer was indurated and
easily located, but, in the last 100, 87 were markedly indurated.

Etiology.—The etiology of the duodenal is practically the same as that of

the gastric ulcer

—

i.e., it is caused by increased acidity. The alkaline duodenal

contents do not neutralize the excessively acid chyme that passes into it from

the stomach; but there is also a close relationship between ulcers of the duode-

num and interference vdih the usual routes of elimination—the skin, the kidney,

or the lung. Chlorosis, contrary to its seemingly important etiological position

in relation to ulcers of the stomach, seems to play no role in the causation of

duodenal ulcer. Cases of typhoid and tuberculous ulcers of the duodenum
have been reported.

The frequency of duodenal ulcer will, in a way, be explained when we remem-
ber the observation of Ochsner, in which he found a sphincter beyond the open-

ing of the common duct. (Fig. 275.) This s})hincter contracts and so allows of

a more perfect mixing of the ch}mie from the stomach with the pancreatic and

duodenal juices. This mixing has beei\ demonstrated by Cannon with the aid of

the x-ray. The presence of this anatomical sphincter—the existence of which,

however, is denied by Boothby—shows that there may be considerable trau-

matism or grinding of the food in the duodenum above the papilla of the com-

mon duct, and hence the frequent tendency to ulceration in this region. Jonas

reports a case in which direct abdominal traumatism was shown to be the

cause of duodenal ulcer.

Codman has called attention to an obstruction of the duodenum between the

vertebra and the mesentery

—

i.e., gastro-mesenteric ileus—as a cause of duo-

denal stasis, and consequently as a possible etiological factor in ulcer.

Sy.mptoms.—The symptoms of duodenal ulceration itself are not definite;

they may be absent until complications develop, or they may closely simulate

either gastric ulcer or gall-bladder disease. The symptoms are latent in twenty

per cent of the cases. The usual symptoms are pain and epigastric distress,

gas formation, belching and eructation, vomiting, sour stomach, general weak-

ness, and irritability. The pain, which is burning and gnawing in character,

comes on in decided periods, lasting for a few days; continuous pain is a late

manifestation.

An attempt to cHfferentiate duodenal from gastric ulcer is made by a con-

sideration of the time of onset of this pain. In gastric ulcer the pain commences
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soon after oatiiiii. wiiilc in the ulcer under consideration the pa!n does not

apjiear until some hours after eating

—

i.e., until the gastric contents pass from

the stomach into the duodenum. The taking of food into the stomach relieves

the pain of duodenal ulcer because of the closure of the pylorus after the ingestion

of food; hence freiiuent meals, good appetite, and increase in weight in early

cases. The pain is usually worse at from two to five hours after eating.

According to Dr. C'hristoi)her (Iraham, the history of gas formation is almo.st

asvalual)le as is that of pain, and fivquently on this factor alone does a diagnosis

de])end. It may come on early and it always becomes prominent with tlie lo.>*s of

motor power. It is most notable at the time when the pain is greatest. The

Fig. 27.5.—Diagram Showing the Location of the Sphinrtor in the Duodenum Below the Common
Duct. (P>om Dr. A. .1. Ocli^ner, in Ajuinl.i of Surgery, .Iaiiiiar\-, 100(1. .1. ]i. Li])j)iiicott Company,
Phila(lelj)liia. PubH.shers.) S, Sphincter; P, pylorus; I) <>j ^V , duet of Wirsung; D C, common iluct.

greater the acidity, the greater the i)ain and the more marked the gas formation.

Gas is relieved, as is pain, by food, drink, an antacid, vomiting, or lavage.

Vomiting was a prominent symptom in thirty-two of CJraham's forty-six

cases. The regurgitation of bitter acid substance and the formation of gas are

common in duodenal ulcer. In gall-stone disease the pain is sudden and severe

and radiates widely; it occurs soon after the initial symptom and is independ-

ent of, and not specially modified by, the taking of food: nor is it so often

traced to the latter act. No stomach sj'mptoms ai'e j^resent between the

short, well-define(l attacks. Spasm of the diaj)liiagm is nearly always observed.

^VJmiting ami the biinging up of gas are ])re.sent only dui'ing the attack, and

relief through vomiting and gas eructation is not so certain. In duodenal ulcer,

early nausea and eructation are more common than vomiting. When the lat-

ter symptom is i)resent . the material vomited is not likely to be profuse, but is

small in amount, intensely acid ;iii(l bitter. It usu;illy comes on in fi'otn two
to foin- hours after taking food and is followeij by relief in the early stages of

the affection. In the more advanced cases the Noiniting may be profuse.

The (iysi)eptic symj)toms of duodenal ulcei- .-iic slight as compared with those

of gastric ulcer: thi' a])petite is gootl. Chronic hemorrhage is common in duo-
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denal ulcer and is most frequently seen in the form of mekena. The blood may
be very small in amount and may escape detection unless the test for occult

blood is made. In 4(1 cases of duodenal ulcer Graham found 12 which gave a

history of marked mekena. In 23 cases Moynihan found mela?na in 3 cases,

hiematemcsis in 3 cases, and both symptoms in 4 cases. Analysis of the con-

tents of the stomach usually shows a hyperacidity.

Perforation of the duodenal ulcer, like that of the gastric ulcer, may take

place in either an acute or a subacute manner. In the acute form of perfo-

ration there is a large opening with no adhesions to prevent the escape of the

contents of the bowel. In the subacute form of perforation the ulcer is com-

monly of the chronic type, the opening being usually smaller, and surrounding

the ulcer there is a localized peritonitis which prevents extensive extravasation

of the contents of the duodenum. The subacute form of perforation causes an

increase in the pre^aous symptoms due to the localized peritonitis. Abscess

formation may occur, and the pus may burrow a way for itself to almost any

region of the abdomen or even to the thorax. Acute perforation is of frecjuent

occurrence because of the thinness of the duodenal wall. It takes place suddenly,

with intense pain, vomiting, and rigidity of the right rectus, and is followed by

the typical symptoms of acute peritonitis. The exact site of the perforation

may or may not be diagnosed, but this is practically of small import, as the

indication is to repair the perforation wherever it may be.

Perforation of a duodenal ulcer has frequently been diagnosed as perfora-

ti^e appendicitis. The reason of the freciuent confusion is apparent when

the arrangement of the mesenteric folds is remembered. Escaping duodenal

contents pass into the right renal pouch and on down to the ileo-ca^cal region.

The ascending colon with its mesentery serves as a dam to prevent the

escape of the contents toward the median line. In cases where the dam
occupies a low position, where there is no ascending meso-colon, and where

the duodenal contents are profuse, the latter may pass over the colon toward

the median line, but here further extension is prevented by the root of the mes-

entery which, by its oblique insertion, again I^rings the duodenal contents back

to the ileo-csecal region.

In one of my own cases a perforated duodenal ulcer was mistaken for ap-

pendicitis. Upon admission of the patient to the hospital, seventy-three hours

after onset of the attack, there was evident peritonitis with muscular rigidity,

and. because of the point of localized tenderness in the ileo-ca'cal region, it was

thought that the infianunation was of appendical origin. The right rectus

was incised with the purpose of removing the appendix, but when the peritoneum

was opened there followed an escape of intestinal contents. The appendix

was not perforated. Its serosa was inflamed and congested, but it was plainly

not the cause of the ])eritonitis. As the condition of the patient did not warrant

an extended search for the perforation, tubular drains were inserted into the pel-

vis, the kidney pouch, and up to the duodenum. The patient was then put

in the exaggerated Fowler position and the routine treatment for general jx'rito-

nitis (Murphy) was carried out. Prompt recovery of the patient follow(>d.
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Since then, however, the .syniptoins of duodenal ulcer have become well-defined,

and gastro-enterostomy has- been advised.

The case just narrated shows not only the similarity of the symptoms to those

of appendicitis, hut also the fact that the perforation may he very minute, and

that radical treatment such as cnterorrhaphy, gastro-cntcrostomy, or resection

may, with certain conditions, he i)()sti)oned to a subse(|uent time.

In acute perforation, if the opening can be located and if the condition of

the patient warrants, the perforation should be closed by suture. Drainage

is always necessary because of the soiling from escaping intestinal contents.

BmLiocHAPHY.—Weir and Foote, in Trans, of the Am. Surg. Ass'n, 1900.

—Muri)hy and Neff, in Neir York Med. Jour., Sept. 20th, 27th, 1902.—Mayo,

in Atmah of Surgery, June. 1907.—Ochsner, in Annals of Surgery, Jan.. 190();

in Jour, of Am. Med. Sci., July. 1906.—Jonas, in Transactions of the American

Surgical Association, 190G.—Graham, in *S^ Paul Medical Journal, Sept.,

1904.

Peptic Ulcer of the Jejunum.—Peptic ulcer of the jejunum is rare, usually

following the oi)eration of gastro-jejunostomy. The first case was reported

by Braun in 1889. It has never been reported as following the operations of

pyloroplasty or gastro-duodenostomy for benign conditions. It is generally

believed to be due to the hyperacidity of the gastric juice, which, coming di-

rectly into contact with the mucosa of the jejunum, digests or erodes that

membrane. In ])yl()ro))lasty or gastro-duodenostomy this acid secretion is

neutrahzed by mixing with the bile, i)ancreatic juice, and other secretions.

It occurs most fretpiently in men past middle life. The ulcers are most often

located in the distal limb of the jejunal loop. The fact that this lesion almost

never follows gastro-jejunostomy for gastric carcinoma, in which disease there

is generally hypoacidity, would seem to substantiate the view given above.

In the great majoi-ity of th(^ cases reported the perforation has been of the

acute variety. The supposition that many such cases are not reported or that

the nature of the perforation is unrecognized is ciuite reasonable, as is likewise

the probability that cases in which acute ]jerforation has not taken i^lace ha\'e

been attributed to other causes. These probabilities, taken in connection with

the rapid increase in the number of reported cases, favor the belief that this

condition may be more common than has hitherto been supposed. An esti-

mate as to the percentage of gastro-enterostomies in which such ulceration

may be expected to (x-cur, cannot at present l)e made, because of the small

number of cases. The risk has been placed at less than two per cent.

In respect both of its macrosco])ic and its microscopic appearance the ulcer

is similar to the peptic ulcer which occui*s in the stomach or in the duodenum.

It is usually single; in only three out of twenty-four cases was it multijile, four

ulcers being present in one of these instance's. It may bo associated with simi-

lar ulcers f)f the stomach or tiie duodenum. The usual location is at the stoma

or in the jejunum, within from 1 to 7 cm. of the stoma, and generally in the

distal limb of the loop. In one case the ulcer was found near the stoma of an

entero-enterostomy.
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Mikulicz reports the case of a child, three months of age, in whom the ulcer

formed after an operation for congenital stenosis of the pylorus. On the other

hand, it has been known to develop as late in life as at the age of fifty-nine years.

The average age, however, is somewhat over thirty years. Ulcers of this variety

occur after gastro-enterostomy with or without stenosis of the pylorus.

H. J. Patterson suggests that in most instances hyperchlorhydria is due to

insufficient size or inefficient working of the anastomotic opening. Oral sepsis

or long-continued indiscretion or excesses in diet may lead to septic gastritis

and stasis with hyperchlorhydria.

In one case an injury done to the abdominal wall was supposed to be the

cause. Direct injury by food particles, or indirect injury to the mucous mem-
brane at the time of operation, may account for some of these cases. With
arteriosclerosis of the blood-vessels of the mesentery, a very slight kinking of

that structure may interfere with the blood-supply and so predispose to the

formation of ulcer.

The frequent development of an ulcer after the anterior operation has been

explained by an interference with the circulation of the loop as it is brought

over the colon and the omentum. In Mikulicz's consideration of the subject,

he states that it always followed anterior gastro-enterostomy, but, in thirty-four

cases in which the location of the anastomosis is mentioned, it is found that the

anterior method was employed twenty-five times, in six of which an additional

entero-anastomosis was made, and that in one a previous pyloroplasty had

been done, and, further, that there were nine in which posterior gastro-enteros-

tomy was the method chosen, in only two of which cases was entero-enterostomy

performed. The great majority of the cases referred to above are from the

German clinics, where the anterior operation has most frequently been em-

ployed. Whether the loop of the jejunum was twisted or not, we do not know,

and sufficient data are not given to warrant an opinion as to this being a possible

etiological factor. But in the posterior operations there has probably been a

twisted and longer loop than is customary with the more recent and more

highly perfected technique, which brings the opening in the jejunum farther

from the duodenum. In the posterior operation the jejunal opening is about

nine inches distant from the origin of the jejunum; in the anterior operation

the opening is from sixteen to twenty inches from that point. It would seem

that with the no-loop and no-twist posterior gastro-jejunostomy, the danger

of peptic jejunal ulcer is reduced to a minimum.

Symptoms.—The symptoms are those of gastric or duodenal ulcer. Jejunal

ulcer should be considered as a possibility in every case in which there is a

return of the symptoms for which the gastro-enterostomy had been performed.

The symptoms may be latent and may be ushered in by an acute hemorrhage

or by the occurrence of a perforation, with intense pain followed by the usual

signs of peritonitis. Acute perforation and general peritonitis took place in

fourteen of thirty-four cases.

The length of time between the operation and the onset of the symptoms

may vary within marked limits. The presence of a symptomless period of longer
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or shorter duration after tlie ^ast ro-ontcrostomy is necessary for the purpose

of ext'hiding an unniterruj)ted continuation of the symptoms for which the oper-

ation was iJerformed. In thirty-six cases in which this interval was mentioned

there were:

—

S causes in which it lasted G months or less;

4 ' between K and 1 year; and

10 '• '• " " " l)etween 1 and 2 years.

In the reniajider the symptoms returnetl after 2 years.

The shortest interval was ten days and the longest nine years.

Differential Di.\gxosis.—A differential diagnosis can rarely be made

between peptic ulcer of the jejunum and a return of gastric or duodenal ulcer,

elosure of stoma, adhesions, kinks or other forms of iiicoiiii)lete obstruction,

or the so-called vicious circle, as they all may give rise to similar symi)toms.

In one of my own cases anterior gastro-jejunostomy was performed in 1903

for gastric ulcer with pyloric stenosis and dilatation of the stomach. This

was followed by relief for two years, after which there was a gradual return

antl increase of stomach symptoms. Three years after the operation these

symi)tonis demanded a second operation, at which there was found a cicatricial

stenosis of the i)\lonis with dilatation of the stomach and practical obliteration

of the gastro-intestinal stoma. A piece of linen about half an inch in length

was attached to the mucous surface at the linear cicatrix which marked the site

of the gastro-intestinal anastomosis. At one end of this cicatricial depression,

the end toward the cardia, there was a marked induration or thickening of the

jejunal wall. This mass was about one-half inch in length, one-cjuarter inch

wide, and elevated one-eighth of an inch above the surrounding mucosa. It

was fibrous in consistency, with its surface white and smooth. It extended

through the jejunal wall to the greater curvature of the stomach, to which it

was adherent. A second anterior gastro-enterostomy was done, and this was

followed by a prompt and thus far (three years) perfect recovery. (Fig. 276.)

BiBLiOGiuPHY.—Coimell. in Suryery, Gyn., and Obstetrics, Jan., 1908.—Key,

in Surgery, Gyn., and Olisldrics, for March, 1908, p. 327. (Abstract from Nord.

Med. Ark.. Xos. 3 and ."), 1907.)

Typhoid Perforation.—The fre([uency of the occurrence of i)erforation in

the ulcei"s of tyi)lioid fc\('r has been various!}^ estimated from one per cent to

eleven per cent. In 1904 Hart and Ashhurst collected S,SS1 cases of typhoid

fever with 22.') perforations {2.,'A ])er cent). The fre(iuency is now generally

looked u])on as between 2.") |ier cent and .') per cent.

The i)erforation occui^s iLsually in an ulcer which is located in the ileum.

In .sevent3'-thice ))er cent it occurs within twelve inches of the caecum, the large

bowel being much less frecjuently involved. The usual sites, in the order of

their frequency, are: ileum, Ciccum, ascending colon, transvei'se colon, and

sigmoid flexure. It may also occur in the appendix or in Meckel's (li\-erticuluin.

The perforations in tyi)hoid are generally single. In two hundred and

seventy-one cases multiple perforations were found thirty-five times. The

l)erforation may be an oi)eniiig no larger than the point of a pin at the base of
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an ulcer, or it may be of large size, due to sloughing of the intestinal wall ; or

it may be cribriform in character. It may not be recognizable until after a
flake of lymph has been removed, thus displaying to view a dark spot in the

centre of an intensely congested area.

Th(> ])erforation may be caused by a direct extension of the ulcerative i)roc-

ess through the entire bowel wall, or it may be caused by rupture due to dis-

tention of the intestine with gas, fluid, or scybala, to straining at stool, or to a

direct injury inflicted by solid food. It occurs more frequently in males than in

females, and more particularly in young adults. It is more likely to take place

during the third or fourth week of the attack. It may occur, however, during

the second week, or indeed at any time thereafter, the danger being constant

Fig. 270.—Healed I'tTl'dratol .Icjunal T'leer at One IXtremity of the Obliterated Stoma, after

Anterior Gastro-enterostoniy. (Author's C'a.se.J

until convalescence is passed and recovery has been established. The perfora-

tion is usually situated opposite the mesentery at the fundal line, where the

blood-supply is least and where the lymph follicles are situated. Perforation

may rarely occur at the concave border or along the line of attachment to the

mesentery. "When this occurs, the contents of the bowel accumulate between

the layers of the mesentery and produce a condition which simulates very

closely the suppuration of a mesenteric lymph node.

Diagnosis.—The all-important point in the consideration of typhoid per-

forations is the diagnosis. The treatment, when indicated, is plain; the result

depending largely upon the promptness with which it is carried out.

Symptoms.—The symptoms are not well-defined, but the most trustworthy

is the occurrence of a sharp, sudden, severe pain, with nausea or vomiting,

VOL. VII.—46
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muscular rigidity, and trndcrncss usually localized in the ri^lit lower quadrant

of the abdomen. Severe, sudden i)ain, with nausea or vomiting, occurring

during the coui'so of typhoid fever, should always make us (>xtremely suspicious

of perforation and should demand the closest attention. Tenderness and rigid-

ity soon follow the initial pain.

Other symi)toms are uiu-elial)le. Thus, for example, there may or may

not be free gas in the peritoneal cavity, with obliteration of the area of liver

dulness; free fluid, also, as indicated by dulncss in the Hanks, may or may not

be i)res(>nt. Collapse, as a rule, is a late symptom. After, perhaps, a primary

fall, the jiulse usually rises. The temperature falls and subseciuently rises;

abdominal resi)iration disappears; the blood-pressure is raised; the blood-

count is usually unsatisfactory, but it may be of some assistance in differenti-

ating a perforation from hemorrhage. Perforation may be confused with any

acute abdominal emergency. In typhoid, for example, it is particularly liable

to be confused with rupture of a retroperitoneal lymph node, embolism or throm-

bosis of mesenteric vessels, intussusception, volvulus, appendicitis, etc. For-

tunately, these conditions are surgical and demand an opening of the abdomen.

On the other hand, perforation may be mistaken for hemorrhage, and up to

the i)resent time oi)eration is not generally advised in cases of intestinal

hemorrhage.

Great care nuist be taken to exclude i)neumonia, liysteria, pleurisy, reten-

tion of uiine, renal or ureteral calculi, and iliac or femoral thrombosis. Of six

patients who were operated upon, but in whom no perforation was found,

three died.

Until the diagnosis is determined upon, opium should be withheld, for its

use might possibly mask the symptoms of peritonitis.

In 1889 the operative mortality rate, in 10 cases, was 90 per cent. In

the 362 cases collected by Hart and Ashhurst in 1903, the mortality rate was

74 per cent. In AUaben's 524 cases the mortality rate, up to January, 1907,

was only 62 \)vv cent. In smaller series the mortality has been reduced to

less than oO jjcr cent—even to 21. (i i)er cent, according to Scott.

Hart and Ashhurst's tables show that ojx'ration during the fir.st twelve

horn's after perforation gave a mortality of 73 per cent; during the second

twelve houi"s after perforation. 73. S ])er cent: during the third twelve hours

after perforation, 93 jx-r cent; and, at some period beyond thirty-six hours.

67 per cent.

Abdominal section for the pur|)ose of sutui'ing tyj)hoid j)erforations was

fii*st suggested in iMU'ope by Leydeii and successfully carried out by Mikulicz,

in 1884. I. C. Wilson, of Philadelphia, in 1S9(», independently urged such an

operation. The fii*st succes.sful attein|)t in Anieiica is credited to Van Hook,

of Chicago. Since then such ojx'ratioiis have becinne the recognized line of

treatment, and uj) to 1903 Hart and .\shhurst were able to collect three-hundred

and sixty-two r<']jorted cases of o))ei"ation for the I'epair of typhoid perforation.

Allaben collected one hundicd and bixty-two additional reported operations

from .lanuarv. 1903. t(. I'.)07.
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More than one perforation should always be looked for, as multiple per-

forations occur in sixteen per cent of these cases, and any threatening point

should be inverted. Omental grafting may be resorted to; resection of a seg-

ment of the bowel will rarely be necessary. The use of a purse-string suture

will be sufficient for small perforations, while the large openings will require

longitudinal or transverse suturing. Excision of the ulcer is unnecessary.

Drainage, either with the cigarette drain or with a split tube containing a gauze

wick, should always be resorted to.

Bibliography.—Hart and Ashhurst, in Annals of Surgery, Januar}-. 1904.

—

Allaben, in Trans, of the Amer. Med. Association, Surg. Section, 1907.

Tuberculous Ulcers.—Tuberculosis of the intestine is not infrequent. It

may be either primaiy or secondary. In a large proportion of cases (about

eighty-five per cent) it is found to involve the ileo-caecal region. It occurs

most frequently in young adult life, but may occur in very young subjects.

These ulcers are usually situated in the caecum or in the lower ileum, supposedly

because the slow fecal current at this location allows the tubercle bacilli to be-

come implanted within the mucosa. They may be found anywhere from the

duodenum to the rectum. The mesenteric lymph nodes are generally involved.

Tuberculosis of the intestines commonly occurs between the ages of twenty

and forty years, and in one sex as often as in the other.

Since it has been demonstrated beyond a doubt that tubercle bacilli

may traverse a perfectly nomial intestinal wall, it is becoming a general

belief that, in a large proportion of cases of pulmonary and other fomis

of tuberculosis, the infection atrium is seated in the intestine. In four

hundred and nineteen autopsies on tuberculous subjects in Berlin, Wagner
found twenty instances in which he considered the intestinal lesion to be

jjrimary.

In the secondary form of the intestinal disease the lesion is the result of a

primary tuberculosis in some location other than the intestine. The secondary

foiTn is more common. In 1901 Koch had seen only two primarj^ cases, but

later he collected twenty-eight cases. Weigert is given as an authority for the

statement that, in ninety per cent of the cases of tuberculosis of the lung, the

disease is followed by infection of the intestine. But, recently, primary intes-

tinal tuberculosis has been found more frequently, especially in children. A
personal case of the writer's would seem to illustrate this:

—

A boy, 3^ years of age, was admitted to the hospital suffering from tuberculosis

of one knee-joint, the focus being in the epiphysis of the femur. An atypical

excision was made and complete recoveiy followed. At this time there was given

a histoiy of bowel trouble coming on when the child was eighteen months old

and lasting four months. Diarrhu^a, with great emaciation and distention of the

abdomen, was present. The child, however, seemed to make a good recovery,

and remained well until the beginning of the joint trouble. About eighteen

months after the joint-resection the boy was again admitted to the hospital suffer-

ing from complete intestinal obstruction of three days' duration. At operation a

loop of small bowel was found attached to a healed tuberculous ulcer, thus pro-
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duc'iiig the ileus. In this instance the joint-iuvolvenient was undouljtedly second-

ary to a primaiy intestinal tuberculosis.

Another form of intestinal tuhei'culosis—one of more interest to th(> sur-

geon because of its amenability to radical treatment—is ca?cal or ileo-caral

ttiberculosis (conglomerate tuberculosis, or chrt)nic hyper])lastic tiU)ercidosis

of the intestine). This was first described by Durante in 1890, and again in

1891 by Billroth. Since then it has been ably considei'ed by many othcr.s.

This localized tuberculosis is characterized by a marked thickening of the wall

of the intestine, with some constriction of its calibre—changes which follow

ulceration and cicatrization. The external wall of the caecum is usually involved

by extension from the mticosa, though the source of infection may be in the

lymj^h nodes or in the peritoneum, from which it may invade the bowel through

the st'rosa. Complete obstruction is rare. The can-um or the ileo-ca^cal region

is usually involved, while othei- portions of the bowel are rarely involved.

(Fig. 277.)

Extension to the caecum is more connnon than extension into the iletnii;

there may be compensatory hypertroj^hy of the lower ileiun. The condition

may be primary or secondary, more often the former than has been supposed.

Henuneter says that tuberculosis of the Ciucum, with advanced tuberculous

lesions in the lungs, is very rare, but in two personal cases observed within

the past year we have found advanced pulmonary tuberculous disease compli-

cated by hyperplastic tuberculosis of the caecum.

The symptoms are ustially those of intestinal stenosis, with alternating

coastipation and diarrhtra and mehena. There is an evening rise of temperatiu'e.

Hemmeter presents the following schema, \\hich is adapted from Boas for

the i)urpose of differentiating between carcinoma and tul)(Tculosis of the

Cfficum :

—

TrnEKcrLosLs. Caikinoma.

.\ge: between 20 and 40. Age: rare before 40th year.

Duration: 2 to ;{ years. Duration: 8 to 9 month.s.

Lung.s: pulnionarj- tuberculosis more or less Lungs: Negative,

evident.

Tumor: elongated; intestine paljiable as an Tumor: sharply circumsorilxMl: intos-

elongated thickened cylinder. tine not palpable.

Stenosis: always present: develops .slowly, is Stenosis: develops rapidly: acoustical

accompanie<l by striking, splashing, and sovmds not .so pronounced,

musicid .sounds.

Stools: blood and pus rare; tubercle bacilli Stools: blood and p>is frefpiently ob-

frecpiently present. served; tubercle bacilli absent.

Fever: generally |)resent. Fever: exceptional.

T'rine: Khrlich's diazo-reaction positive. Friiic: Diazo-reaction negative.

The ti-catmcnt consists of extirpation if in-aclicable. care being tised to ex-

tend the field of operation W'll beyond the diseased structures.

BiBLKJGiui'HV.— Koch, ill Hrlt. Med. Jour.. 1901.—Wagner, m Bei-lin. klin.

Work., Jan. 3()th, HX),").—Shepherd, in Trans, of Brit. Med. Assoc'n, 190().—

Ito and Ashahara, in Deut. Zeit.f. C'hir., May, 1!K)().—Crowder, in Anwr. Jour,

of Med. aS'c, June. 1900.—Hemmeter. in ./o;//-. of Atucr. Med Assoc'n, Fvh. 29th,
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1908.—Conrath, in Beitrdye zur klin. Chir., 1898.—Hartnian, in Brit. Med.
Jour., April 13th, 1907: Revue de Chir., Dec, 1907.—Hoffmeister, in Beitrdge

zur klin. Chir., XML, 1890.

VII. ACTINOMYCOSIS OF THE C.^CUM.

In two hundred patients operated upon at Greifswald for inflammation of

the caecum, Friederieh found actinomycosis in four per cent. The primary

seat of the infection may be in the appendix. The disease develops slowly and

Fig. 277.—Tuberculosis of the Ca-cum, with I'erforation. (Natural size.) Above, is a cross-

section of the ascending colon; below and to the riglit, is the ileum. At a point directly opposite the
ileum, is a perforation of tlie ctrcum, and just above the perforation the adipose tissue is thickened
and there is a constriction of the bowel. At a are two enlarged and tuberculous lymph nodes. (From
Cullen, in the American Journal of the Medical Sciences, March, 1904.)

is characterized by a hard infiltration which sooner or later involves the abdomi-

nal wall and leads to the formation of abscesses and sinuses.

Surgical intervention is rarely satisfactory, as it is impossible to remove all
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of the infective material. It is claimed that better results are obtained by the

use of potassium iodide in large interru[)ted (.loses. (Ochsner.)

In a i)reliminary report on the ''Treatment of Actinomycosis and Blasto-

mycosis with C()i)i)er Salt," Bevan recommends the use of copper sulphate in

doses of one-fourth grain increased gradually to one grain three times daily.

He further advises the use of a one-per-cent solution of the salt in irrigation

of the sinuses and absci'ss cavities.

BiBLioGiL\PHY.—Friederich, in Dent. med. Woch., XXXII. , 31, 1900.

—

Ochsner, in Annals of Suryery, WA. 37.—\'on Baracz, ibidem.—Bevan,

Haines, and Smith, in Annals of Surgery, \o\. 41.—Bevan, in Jour. Am. Med.

As.^oc., Nov. nth. 1905.

MIL PERITONEAL ADHESIONS; EMBOLISM AND THROMBOSIS
OF MESENTERIC VESSELS.

Peritoneal Adhesions.—It is estimated that post-ojjerative adhesions act

directly or indirectly as a cause of ileus in sev(>nty-eight per cent. As a pre-

ventive measure in all abdominal operations, all denuded peritoneal surfaces

should, as far as possible, be covered with normal serosa or omentum, and all

blood-clots should be remoN'ed from the abdominal cavity. Gentleness in

manipulation and the cautious use of compresses and sponges wet with nor-

mal salt solution, instead of being used dry, aid in preventing adhesions. If

cai)illary drainage is desired, the gauze or wick should l)e surrounded witli

gutta-percha tissue, or, better still, one may employ for llic i)iirp()se mblx'i'

tuljing, split on one side the entire length and the interior lilled with a wick

of gauze. The use of aristol, Cargilc membrane (ox peritoneum), sterile oil,

or other substances applied locally, have not proven of value. Extensive ad-

hesions may be present without giving rise to symptoms unless the fecal stream

should l)e interfered with by strangulation, stenosis, or some form of mechan-

ical obstruction.

If surgical intervention is demanded it nnist l)e directed tciward the re-

mox'al of the pailial oi' complete obstruction caused by this condition.

Embolism and Thrombosis of Mesenteric Vessels.—Interference with the

circulation of the mesenteric vessels may be brought about by embolism or by

thrombosis. A majority of cases occur in men between the ages of thirty and

sixty. Embolism is genei'ally due to an endocai'ditis, a detached fragment from

a diseased valve bec(jming lodged in the mesenteric artery, or it may originate

from all}' thrombosis.

Arteriosclerosis, the jjressure of new-growths, oi- too violent mani))ulation

of the mesenteiy at the time f)f the oj)eration may give rise to a thrombosis.

In making a po.sterior gastro-enterostomy one may easily catch the colica media

(in the transverse meso-coloii) in a suture and thus cause serious interference

with the blood-supi)ly. It has been demonstrated experimentally that the

symptoms are nuich more abru|)t and acute when the venous circulation is

interfered with than when the arterial supply is cut off. The condition varies
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according to the site, extent, and duration of the vascular occlusion. The bowel
may Ix' merely congested and a^dematous, or it may be gangrenous, with a local

or general peritonitis. The line of demarcation is usually distinct. The extent

of involvement may vaiy from a small area to one in which the entire small

bowel and part of the large intestine is in\'olved. Gangrenous sections of the

bowel, from one inch to twenty feet in length, have been observed. The mes-

entery is usually thickened and may be the site of a hsematoma. In a per-

sonal case there was an embolism in both superior and inferior mesenteric ves-

sels, as shown in Plate LII.

The cases ma}' be divided into acute and chronic, in accordance with the

vaiying degree and extent of the involvement. The acute cases are the more

common, the onset being sudden and violent. Severe abdominal pain, with

nausea and vomiting, haematemesis, and diarrhoea with melaena complete the

picture of dynamic ileus, which ends in death in a few hours or days. In the

chronic cases the onset is insidious; there are vague dyspeptic s^Tuptoms, with

perhaps intermissions of var}dng duration.

Surgical measures are usually of no avail. If a prompt operation is made,

and if the extent of bowel involved is limited and the line of demarcation dis-

tinct, an enterectomy may be done. Under these circumstances the di\ided

bowel ends must be anchored in the abdominal wound as a temporary measure.

BiBLiOGRAPHi-.—Childe, in Brit. Med. Jour.. 1907, Vol. 11, p. 891.—

Haagn, in Jour, of Amer. Med. Assoc, July, 1908, p. 136.

IX. OBSTRUCTION OF THE BOWELS.

Dynamic Ileus.—The most common cause of this condition is peritonitis,

which inhibits the motor mechanism of the intestine. Abdominal traumatism

may be followed by intestinal paresis, and rough manipulation of the intestine

or mesentery during operation may have the same effect. Murph}^ classes those

ol^structions which are due to paralysis or absence of peristalsis, as adynamic,

and under dynamic he includes those rare cases of tonic contraction of the

circular muscle of the bowel, such as may occur in lead or tyrotoxicon poisoning.

Renal or biliaiy colic, strangulation of the omentmn, and injurj' to the

testicle or ovary ma}'' be followed by a reflex dynarfiic ileus. It may also fol-

low severe spinal injury. The symptoms—pain, nausea antl vomiting, dis-

tention, and rigidity—are common to all forms of peritoneal inflammation.

Cathartics are absolutely contra-indicated until peristalsis is re-established.

Stomach and colonic lavage may be resorted to while one is waiting to differ-

entiate iDctween this and some other fomi of obstruction.

Mechanical Ileus.—Mechanical ileus, when comi^lete, may be di\dded into

strangulation and oljturation.

Strangulation.—Strangulation implies not only an interference with the

fecal current, but also an interference with the blood-supply and the nerve-

supply of the part of the bowel involved. There is, first, venous .stasis, and this

is followed by arterial obstruction which leads to gangrene if not relieved. A
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.str;uiy;ulatc(l hernia affords the most coiuinon cxainplc of this conchtion. In-

ternal strang^dation u\ay take place as tiic rcsuh of a loop of intestine heconi-

ing caught under a peritoneal hand, an api)endix, or a Meckel's (li\'erticuluni,

or by entering a hole or slit in the mesentery.

^'olvulus.—Volvulus, which occurs in about 1 in 40 of all cases of intes-

tinal obstruction, is a form of strangulation the result of twisting of the bowel

upon its jnesenteric axis. A twisting of more than two-fifths of a cii'clc^ is

necessary to produce obstruction and disturb the circulation of the part. It

occvu'S most freciuently in the lai;iie intestine, notably in the sigmoid flexure.

In fifty-eight cases of mechanical ileus occurring in Goebel's clinic, fourteen

were due to volvulus. It may be simple or com-

pound : simple when a single loop is twisted around

its mesenteric axis, compound when two or more

loops arc twisted around each other.

Volvulus occurs more fretiucntly in men than in

women, and in the sigmoid more often than in other

l)ortions of the bowel. As regards the age at which

it occurs, it may be said that it is observed more

fretiuently in adults than in children.

A'olvulus is due to causes which may be either

congenital or ac(iuired. As a congenital cause may
be mentioned some abnomiality of the mesentery,

this structure being absent where it should normally

be present, and pres(>nt where normally it should be

absent. Moynihan calls this an "excess or a defi-

ciency of physiological fusion" of the primitive layei's

of the peritoneum. Undue elongation of the bowel

cc, the ontfring layers; dd, the qy shortening of the mesentery is a most hni)ortant
returning laver.s; c and d, tlie

/-i •
i

•

"^

intu-s-susceptiim; ef, the intus- factor. Congenital .stcuosis or atresia may cause a
su-seipiens; //, the peritoneum

; ^olvuluS. Uuduc Icilgth of tllC loop of tile sigmoid,
g g, the muscular coat of tiie '^ * .-> 7

with a constriction at its neck, is a congenital mal-

formation which tends to produce volvulus of the

sigmoid. .\n abnormal shortening of the root of the mesentery has allowed the

fonnation of a volvulus of the entire small bowel. \'aiighan has collected twenty-

one such instances. It fre(|iiently occui"s in connection with hernia; and vol-

vulus of the small intestine has occurred during the couree of typhoid fever,

the symptoms in such a ease resembling closely those of a perforation.

Though \ol\uliis is a raic coMditioii in (he small intestine, Richter collected

the ca.ses which had been reported pi-e\ioiisl\' to 1001; he found a total of sixty-

six, forty-one of which were in the ileum. Scudder recently reported an instance

of \'ol\'uIiis of the jejunum, pi'acljcally at its origin.

The symptoms are tho.se connnon to other forms of intestinal obstruction.

In volvulus of the sigmoid marked distention and the presence of a mass in

the left side are characteristic features. .\ diagnosis other than that of ob-

struction cannot, howe\-ei-, always be made.

h h

y
Fig. 278.—Diagrammatic

Vertical Section of a Single

Intestinal Intussusception.

(From Bryant's "Operative
Surgery," D. Appleton & Co.,

New York, Publishers.)

a, The apex; bh, the neck;

intestine; h h, the mucovi
membrane of the intestine.





EXPLANATION OF PLATE LI.

Embolism of Both the Sipkkior and the Inferior Mf>?enteric Arterif«s.

Fig. 1 shows gangrene of large and small bowel due to embolism of both superior and inferior

mesenteric arteries.

Fio. 2 shows location of embolism in superior mesenteric artery, causing gangreno of small intestine.

Fio. 3 .shows locatif)n of embolism in inferior mesenteric artery, causing gangreno of descending colon.
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Si'.C I'lON \ I, X'll'.W i)i- Ii\ ri'.xsivK Gangrenous Intussuscivption, Dn;. lo w
Lnvkkikj) Mkckel's Divf.rticut.tm

I'roni Dr. X. C. ColTey's Article in " The Annals of Sur.i^ery," Jainiarw l'.»u;

|. !'.. I. ipi)incott Company, Publishers, Philadelijliia
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Success in operations for volvulus, as for other conditions which produce

intestinal obstruction, depends to a great degree upon the promptness with

which they are carried out. The mortality following operation rises very rap-

idly in those done after the first forty-eight hours.

AMien a volvulus is exposed an attempt at detorsion should he made. If

the bowel is greatly distended, this untwisting may be impossible until after

Fig. 279.—The Drawing Shows the Appearances of the Parts in an Acute Dilatation of the Stomach

and Duodenum. The structures exposed to view are tlie stomach, the lower portion of the duodenum,
the mesentery and collapsed jejunum, and the transverse colon, which latter has been lifted into view.

(From Dr. Joseph C. Bloodgood, in Aiinals of Surgery, November, 1907. J. B. Lippincott Company,
Philadelphia, Publishers.)

the contents of the loop have first been emptied through an incision. After

detorsion, the bowel should be enveloped in a compress wrung out of hot nor-

mal salt solution until the question of viability is settled. If this question still

remains in doubt after a reasonable effort in this manner has been made, an

enterostomy may be performed or the suspicious loop may be surrounded by
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jiauzo packin^^ just within tlic wound, to protect the abdominal cavity in case

pm^rono occui"s. If the howcl is already ^an^irenous, enterectomy will he

calletl for, care l)einii taken to go well beyond the damaged area. An entl-to-

end or lateral union may be made. If the patient's condition is such that this

is not warranted, the ends may be rapidly stitched into the abdominal wound

and enterorrhaphy perfoniic(| hitcr.

If the me.sosigmoid is esiu'cially long, it may be suturetl to the parietal i)eri-

toneum as a precaution against recurrence.

Intussusception.—Intussusception jjosses.ses the characteristics of both

strangulation and ol)turation.

An intu-ssuscejition consists of a telescoping of one part of the bowel into

another,—^an invagination. It is usually downward, but may be ascending,

."-^uch an invagination will be found to consi.st of three tubes, the outer one of

Fig. 280.—Tlie Drawing Shows a Small Fibroid of the Ileum, Located About I'our Inches above

the Ileo-C;ecal N'alve. The i>resence of tiiis tinnor produced obstruction of tiie bowel, which eventually

led to the patient's death. The dimensions of the growth, which sprang from the mesenteric attach-

ment, were: 3.5 cm. x 2.2 cm. x 2.5 cm. The greatest diameter ran in a transverse direction. (From

Dewi.s, in the Boston Medical and Surgical Journal, October 18th, lOUfJ.)

which is called the intussuscipiens. The iiitu.ssusceptum, the i)art that enters,

is again divided into an entering and a returning portion. The point of union

of the intussuscii)iens and the intussuscei)tum is known as the neck, and the

junction between the entering and returning intussusceptum is called the head

or apex. (Fig. 278, and Plate LI.)

The descrii)tion given above is that of the usual condition, but a double

intussu.sception, in which there are five tubes instead of three, does occur. In

one hundred and seventy-five cases collected from the reports of Corner, AVal-

lace, Fagge, and Clubbe, ninety-nine were double.

Triple and even (|uadruple invaginations have been observed. Hektoen has re-

|)orted an instance of the latter in which all were of the ascending type and located

in the ileum. The condition is especially fre(|uent in children up to the fifth y(>ar.

In !,.")()() ca.ses collected from the literature we find (iOS occiUTing during the fii-st

year of life. In 244 cases. 142 of the patients were males and 102 females.

The most common location of an intussu.sce|)tion is at the ileo-ca'cal valve,
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EMBOLISM OF BOTH SUPERIOR AND INFERIOR MESENTERIC ARTERIES
(From drawings made for the author.)
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and when not situated actually at the valve it is usually in its neighborhood,

either above or below. When the ileum alone is involved the lesion is usually

situated in the lower portion; if the large bowel is the part affected, the invagi-

FiG. 281.—Sarcoma of the Small Intestine, in a Boy of Six. A coil of small intestine ran right

through the middle of the growth. (From Gilbert Barling, in Annals of Surgery, February, 1907. J.

B. Lippincott Company, Philadelphia, Publishers.)

nation is generally located in the sigmoid flexure. Intussusception of the rectum

or of the duodenum is extremely rare.

The ileo-ciscal is the most frequent variety in infants because of the fact

that the ca?cum has a comparatively long mesentery in early life. Later, the

caecum becomes more firmly attached to the posterior abdominal wall. There

is also a greater disproportion between the size of the ileum and that of the

caecum at this age.
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Tumoi-s. usually pcdunciilatod aiul hcni^ni in character, may }:)roducc intus-

susception by their jirescnce within the lumen of the bowel. Malignant disease

is rarely a cause, as the thicki'uin^ of the wall incitlent to the disease i)revents

fokling of the organ. The in^'agination of a Meckel's diverticulum may act as an

exciting cause. Cheyne reports no fewer than seventeen such cases in 1904,

and the list has Ix'en added to more recently by Coffey and others. (Plate

LID
The symptoms of intussusception in general are those of intestinal ol)struc-

tion. The onset is acute, and is characterized by pain, vomiting, diarrhiea,

and tenesmus with blood-stained mucous discharges. Pulse and temperature

may be normal, and a palpable tumor may hv discovered. Pain in the abdo-

men is usually the first symptom; it is of a diffuse character and often very

severe, becoming localized later. There have been rejjorted munerous cases

in which spontaneous sloughing of the invaginated ])ortion of the bowel, result-

ing in a cure, has taken place. This is said to occur less frequently in children

than in adults.

Operative interference can alone be relied upon, and the character of the

operation must depend upon the conditions foimd. In searching for the cause

of the condition it is well to bear in mind the i)ossibility of a tumor or a Meckel's

diverticulum; and, if such a lesion should be found, it should be removed. It

is well to bear in mind that o))erations ui)on the intestine in young childi'en

are accompanied by a ver}^ high mortality, and consefiuently every effort should

be made, in the case of a child, to reduce the invagination without opening the

lumen of the bowel.

Obturation.—Obturation is a term used for describing an obstruction of the

bowel due to the presence of some neoplasm or foreign substance within its

lumen. The blood-sui:)ply of the bowel is not interfered with in this condi-

tion. CJall-stones and enteroliths have fn^juentl}^ been reported as causes of

this condition. Any foreign body of a fairly large size, that has jiassed through

the stomach, may, either alone or in conjunction with impacted faeces, lodge at

some particular jxant in the l)()wel and j)n)(luce obstruction.

The .-;ymj)toms are not so acute nor so jjronounced as those of ileus due to

strangulation. The onset is gradual, usually without severe pain and with no

shock or collapse. Ordinarily, there is increased peristalsis, and later the usual

symi)toms of complete obstruction manifest themselves.

Treatment consists in the removal of the offending suljstance by operation.

If no change in the structure of the intestinal wall has taken place, a simple

enterotomy may be sufficient.

Chronic Intestinal Stenosis.—This condition may vary from a very slight

narrowing of the intestinal hiinen to an almost cotnj)lete obstruction. It may
e.xist in any j)ortion of the lai'ge or small bowel, .\dhesions, cicatrices, tuber-

culosis, actinomycosis, syphilitic or other granulomata. malignant or benign

tumors are among the most comtnon cau.ses of this condition.

In 71) cases of inte.'^tinal strictiu'e. Xikoljski found .'}4 cases (42 per cent) due

to tuberculosis; 14 (17.2 percent) due to carcinoma, and 12 (10 percent) due
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to svi:)hilis. In 2 cases the stricture was caused by the presence of a benign

tumor, in 2 it was due to cicatricial tissue, in 1 it followed typhoid, in 1 it resulted

from a dysenteric ulceration, and in 15 it was due to unknown causes.

Fig. 282.—Torsion of the Entire Great Omentum. (From Dr. W^illiam Fuller, in Surgery, Gynecology,

and Obstetrics, August, 1908.)

A, Pedicle or point of constriction above the strangiilated omental mass; B, greatly stretched

adliesions twisted into a slender cord-like structure.

The symptoms of chronic intestinal stenosis are usually insidious and de-

velop slowly, but occasionally they may be entirely absent, the condition being

unsuspected until serious symptoms suddenly arise. The time of their appear-
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aiice and their charactoristics doix-iul upon the location of the obstruction.

This is especially true in eases of circular carcinoma of the howcl. The steno-

sis may be multiple.

If the stenosis is located in the duodenum the symi)toins will be compara-

tivclv late in present inii; themselves because of the li(iuid character of the con-

tents. The nature of the symptoms will depend upon wlicther the stenosis

is located above or below the opening of the conunon duct. If it is located

above, they will be practically the same as those in pyloric stenosis; if below,

the presence of bile and pancreatic juice in the vomited matter may be of sig-

nificance; but unless the stricture is very marked, this point is of little practical

value. When the stenosis is situated at the papilla, the symptoms may very

closely sinuilate those of cholelithiasis or of carcinoma of the head of the pan-

creas. If the stenosis is located in the ui)])er ])ortion of the jejuno-ileum, the

KiG. 283.—Sutures of Different Kinds. (Original.) .1. Lombert suture; B, Czerny suture; C,

Czerny-Lenibert suture.

symptoms may closely I'esemble those of gastric disorder. They are ncN^er of

a well-define( 1 ch:uactei'. Those most commonly noted are indigestion, eruc-

tation of gas, l)ad breath, anorexia, coated tongue, sometunes constipation,

vomiting, meteorism, colic, and visible jx-ristalsis. The most important symp-

toms, in their bearing ui»on the diagnosis, are the attacks of colic and the in-

crea.sed peristalsis. These attacks do not present themselves until the stenosis

is considerably advanced. They may last but a few minutes, or they may
continue for a number of days, occasionally culminating in an acute obstruc-

tion. The attack of pain is usually accompaniiMl by vomiting. The pain in

the abdomen may be localize(l over the stenosis; it may also be general, or it

may be locateil at a remote ])oint.

In the earlier stages th(! attacks occur at longer intervals, the patient in the

mean time being free from symptoms. As the stenosis gradually becomes more
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marked the attacks occur more frequently, ^^ith symptoms which become

progressively more constant, until finally the symptom-complex of complete

obstruction is developed. Meteorism is not a frequent symptom, because

the gas is able to force its way through even a marked stenosis. During

attacks of colic there may be heard, on auscultation, a peculiar hissing

sound, due apparently to the passing of gas through the stricture. The

Fig. 284.—Circular Enterorrhaphy ; Czerny-I.embert Method.

bowels may move normally even vrhen the stenosis of the small intestine

is marked.

In stenosis of the large bowel the symptoms are not greatly different from

those noted in stricture of the small bowel, except that, because of the more

solid consistency of the contents, they appear earlier. Constipation is more

liable to be prominent, l^ut this cannot be relied upon. DiarrhcKa may be one

of the most conspicuous features of intestinal stenosis and may be veiy mis-

leading. Quite characteristic, in stenosis of the large intestine, is the alterna-

tion of attacks of constipation and diarrhoea, the diarrhtra being caused either
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1)\- an iik'cmtioii <»f the mucous inciuhi-anc or hy attacks of catarrhal iiillam-

inatioii due to the irritation of an accumulation of focal material.

BiBLioGU.vrHY.—Xikoljski, in "\'olkmann's Samnilung klin. \'ortragc,"

11)03, No. 8()2.

Gastro-Mesenteric Ileus.—Gastro-mesentcric ileus is a condition only

recently recognizeil and descrilx'd. In this tlu' stomacli and duodenum are

greatly dilated hy reason of the jjrescnce of a constriction at a point wlieiv the

mesentery, together wiih the supeiioi- mesenteric vessels, passes in front of

the duodenum. Tlie duodeiiuui is pinched Ix'tween the tense mesentery, with

it> superior mesenteric vessels in front,

a; id the aorta and vertebral column

behind.

Comior found, in a record of 60

autopsies in cases of acute dilatation

of the stomach, that there was also a

(hlatation of the duodenum in (juite

two-thii'ds of the cases. In an analysis

of 120 autoi)sies in cases of acute dila-

tation of the stomach, Latiler found 27

cases of this character. In 19 of 38

cases in which the duodenum was

(lihite(h the dilatation stopped abruptly

at a i)oint where the duodenum j)assed

behind the root of the mesentery. This

condition is favored by any cause which

allows the descent of the small intestine

into the true pelvi.s—as, for example, a

long mesentery.

The symi)toms which generally ac-

company the condition ai'e nausea, vom-

iting, i)ain, gastric distention, constipa-

tion, se\-ei-e thirst, and scanty urine,

followed by collapse.

A diflei'ential diagnosis Ix^tween

acute dilatation of the stomach and gastro-mesenteric ileus is difhcult. A dis-

tinction between tlii> foim of ileus and other forms, esjx'cially high obstruction

of the small intestine, is important because of the different treatment

demande(|. Hloodgood emphasizes the following differential points:—Ingastro-

me.sentcric ileus the initial pain of high intestinal occlusion is al)sent, being

n^piaced by epigastric distress; in the foiniei- tlu; c()lla|)se is giadual. Th(>

vomiting, fecal in I'hai'acler, is like thai of intestinal occlusion. The most

characteristic difh-rencr lietweeii the t wd conditions is the distention, which,

in the former condition, i< eaily marked: it begins at the epigastrium, ex-

tends ex'en to the pubes, alld is ivliex'ed by the use of the stomach tui)e. In

high intestinal obst iiiction (he distention makes its appt'ai'aiice later than in

Fig. 2S.-,.—Mattross Siiliircs of DifTcn-tit Stvlcs.

.1. Halstc.l'.s: B. Coiild's; C, (•(.micii's.'
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gastro-nieseiiteric ileus and docs not include the stomach or the duodenum.

In dilatation of the stomach the peristalsis, when present, will be seen as a

broad wave which travels from left to right, while in the other condition it will

be the characteristic ladder wave. The importance of chronic obstruction of

the duodenum, as an etiological factor in many gastric, duodenal, pancreatic,

and hepatic conditions, has been emphasized by Codman.

The treatment consists in evacuation of the stomach contents, with lavage

repeated at intervals. All foods and liquids should be withheld. The pelvis

should be elevated or the patient placed in the left lateral posture to prevent

traction on the stomach. If these measures fail, gastro-enterostomy may be

resorted to. Bloodgood recommends duodeno-jejunostomy or gastro-jeju-

nostomy suiiijlemented by duodeno-jejunostomy. (Fig. 279.)

In operations for acute dilatation of the stomach the duodeno-jejunal angle

should always be inspected.

Bibliography.—Bloodgood, in Annals of Suryery, Nov., 1907.—Laffier,

ibidem, ^lareh and April, 1908.

X. NEOPLASMS OF THE INTESTINE.

Benign Tumors.—Benign tumors of the intestine are much less frequent

than those of a malignant type. In the order of their frequency they occur

as follows:—Adenomata, lipomata, myomata, fibromata, and angiomata. The

lipomata, myomata, and fibromata frequently present a mixed type.

Adenomata.—Adenomata of the intestine, the most common form, are

usually multiple. They may have a broad base, but more frequently they have

a narrow pedicle; they vary greatly in size. They occur most frequently in

the rectum and large bowel. Dewis collected 127 cases which were distributed

as follows: small bowel, 14; CEecum, 2; colon and sigmoid, 30; rectum, 81.

There have been reported a number of cases in which these tumors were found

scattered throughout the intestine.

Lipomata. —The lipomata may be subserous or submucous; they contain

more or less fibrous tissue. They are rare. In 1899 Hillier could collect but

twenty-three cases, the majority of which were found in the large bowel. Dewis,

in 1905, collected forty-four cases, about equally divided between the large and

the small bowel.

Fibromata.—The fibromata arise from the submucosa and are frequentl}'

found in connection with lipomata. They are usually polypoid in character.

Myomata.—The myomata originate from the muscular layers, the majority

from the outer longitudinal layer, but some may be traced to the circular layer,

as in a case reported by Fenger.

True fil:»romata or myomata are rare. Dewis found only five true fibromata

(Fig. 280) and forty mixed fibro-myomata.

Angiomata.—Angiomata of the intestine are extremely rare. They ar(> so

rare, indeed, that their occurrence is doubted by some authorities. Nothnagel,

VOL. VII.—47
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however, states that true an^ionuita have been observed. Dcwis reports three

cases—two in the reetiun and one in the small intestine.

Symptoms a\d Diagnosis.—The synij)toms of benign tumors of the intes-

tine are usually entirely wanting until their presence gives ri.se to some form

of ileus. The diagnosis is made at the time of operation. Occasionally thry

may cause hemorrhage or there may be mucous discharges with tenesmus, but

they give rise to nothing that is characteristic.

Tkkatmext.—Treatment should consi.st in excision when the conditions

plainly demand it.

BiBLiocHAi'MV.—J. W. Dcwis, in Boston Med. and Surg. Jour., Oct. ISth,

lOOO.

Malignant Tumors.

—

Sarcoma.—Sarcoma of the intestine has been con-

sidered rare. In 13,036 autopsies held at Prague during the fifteen years prior

Fui. 2h(i.— l)itT(Tcnt Kinds of Sutviri's. (Original.) A,B, The t'ushing riglit-angli- suture; C, the

Dui>uytren suture; D, the Connell suture.

to 1898, F. Smoler found 13 eases. It is estimated that careinoiiia of tile intes-

tine occurs about twenty times as frequently as does sarcoma. In 178 malig-

nant neoplasms of the intestine collected from vaiious sources, we found 11

sarcomata. Sarcoma involves the small intestine more often than it does the

large, while the opposite is true of carcinoma. The ileum is the most fre(|Uent

seat of the growth, which at times is multii)le. No age is exempt, but the new-

growth is more fre(|uently found in the y(jung,—often during the first decade

of life, fUg. 281.) It occurs in males twice as fretjuently as in females. It

is sometimes congenital. IIoiii reports the case of a child, three days old,

in which the .sarcoma had producecl intussuscejjtion. The usual starting-

point is the submucosa. the .sero.^a not becoming involved until late. These

new-gi"owths are most fre(iueiitly of the i-ouiid-eell variety. A\'iien occuriMUg

in the rectum, they may b(; of the melanotic type. The mesentery and omen-
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turn are rapidly invaded and metastasis occurs early, the liver and kidney being

most frequently involved. The lymph nodes are involved in about one-third

of the cases.

A striking clinical difference between sarcoma and carcinoma of the intestine

is found in the absence of stricture in sarcoma. The neoplasm infiltrates the

'aj^^^^^M^mY*' ^
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witli a fair promise of success. Moynihan collected foily cases of sarcoma of

tile l)owel wliich had been treated l)y oju'ration, aiul in which hveiity-five re-

covered.

Carrinoniu.— In 100 cases of carcinoma of the intestine, ninety-five per

cent occur in the hir^ie f)o\veh In 343 cases, 7 were in tlie duodenum, 10 in the

ileum, none in the jejunum, 104 in the colon, and 1()2 in the rectum. From

this it will he seen that over one-half of all carcinomata of the bowel occur in

the rectum. Above the rectum the sij!;moid is most frecjuently invohcd. Then

follow, in the order of freciuency, the c:ecuin, the splenic and hepatic flexures,

and the descending colon, the ti'ansverse and the ascending' poi'tions of the colon

being less oft(>n affected.

Carcinoma of the intestine is usually primary and single. It may occur,

Fig. 288.

—

Ii)-<iTtiiin of Mi -si i it eric Stitch wliifh is Intended tu Ubliterute the Triangular Space.

(F. G. Connell.)

however, by direct ext-ension from a neighboring organ; nndtiide tle\'eloiiment

i.s rare. The male sex is more fre(|uently attacked than the female.

Carcinoma of the intestine occurs most frequently at the usual cancer age,

\iz., between the thirtieth and the fiftieth year; Init a striking feature of can-

cer in this location is the fact that it often occurs at a much earlier age than

cancer els(>where.

Carcinoma oi the lai'ge bowel is apparently one oi the least malignant forms

of the di.sea.'^e. The tumor usually jiroduces a stenosis rather early. Ulcera-

tion of the mucous surface may occur eaily oi- late. Perforation does not often

take place, i'he tumor is of slow growth and metastasis generally occui's at a

late stage of the disea.se. Infection of the I'elated lymph nodes or of the liver

also occui's at a late stage. Ivxtension through the intestinal wall to some

structure or <jrgan in innnediate contact with the diseased part of the bowel

is unusual.

Symj)toms.—Sym|)toms are alwa\'s absent for an indefinite period of time,

the length of which is difficult to determine. In the small l)owel the symptoms
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are more obscure than in the large bowel. If the disease is located in the duo-

denum the symptoms may simulate those of cholelithiasis. There may be

merely indefinite, so-called dyspeptic symptoms for some time; in fact, so long

as the fsecal current is not interfered with, symptoms may be entirely lacking.

In chronic intestinal stenosis the symptoms may persist for a considerable time.

An acute ileus may occur suddenly without warning, or it may follow a chronic

stenosis. Alternating constipation and diarrhoea, with the discharge of pus

and blood, are very suggestive. A tumor may sometimes be palpable. Pain

is not a marked symptom. When the tumor is situated 1(jw down in the bowel

tenesmus may be present.

Nothnagel has called attention to a stiffening of the bowel— •• Darmsteifung"

—which is visible in intestinal stenosis. This condition was present in sixty

Fig. 289.—Mesenteric Stitch and Stitcli at Convex Border Inserted and Tied, with the Ends Left

Long for Traction. The intervening stitches are in place. (F. G. Connell.

)

per cent of Mikulicz's cases. Willy Meyer has called attention to a contracture

which is not objectively demonstrable, but is noticed l:)y the jiatient only. The

sensation, which is not always painful, is called by him ''subjective stiffening"

of the bowel. He considers it an important point in diagnosing carcinoma of

the colon. Meteorism is likewise a symptom of intestinal stenosis; and a

continuous loss of weight, not necessarily associated with cachexia, leads to a

suspicion of cancer. Ascites is usually a late manifestation, occurring after

the peritoneum has become in^•olved.

A slight elevation of temperature (99° or 100° F.) is common in the early

stages of carcinoma, even before there is any ulceration. Progressive loss of

weight, vdth. increasing anaemia, is veiy common in carcinoma of the l)()wel.

In suspected cases it is advisable to keep a systematic record of the patient's
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weight. Recurrent attacks of colic and constipation, which occur during the

so-called cancer age, should always arouse suspicion when they cannot other-

wise be accounted for.

Differential Diagnosis.—Sarcoma may possibly be differentiated from car-

cinoma by the absence of stenosis and the younger age at which it often appears;

by the more rapid growth and lai-ger size of the tumor; by the earlier develop-

ment of cachexia; and by the more severe and more constant pain. A benign

tumor may, at times, closely simulate a carcinoma.

In the presence of a tumor in the ileo-ciecal region it will often be a difficult

matter, before an exjiloratoiy section is made, to differentiate the following

conditions, the one from the other: chronic appendicitis, tuberculosis, actino-

mycosis, a diffuse retroperitoneal or subperitoneal cellulitis, an encapsulated

exudate, a cancerous growth, or a chronic intussuscei^tion. And even aftei-

Fig. 290.—First (Posterior) Half Complptod, with the First Stitch in Second (Anterior) Half Inserted,

Ready for Tying. (F. G. Connell.)

the abdomen has been opened, and the suspicious jnirt has been exposed to

sight and toucii, difficully may still be experienced, except in the case of the

two conditions la.st mentioned. An examination with the microscope will

sometimes be necessary before an exact diagnosis may be arrived at.

When the tumor is in the sigmoid region, cancer may be confused at first

with a sigmoiditis or with a diverticulitis, or, more rarely, with masses of fecal

matter. Tumors of the hepatic flexure must be differentiated from an enlarge-

ment of the gall-bladder, as well as from a movable kidney or a tumor of that

organ or of the li\'ei\ In the case of a tuiiioi' at the splenic flexure, the kidney

must Ije kept in mind and also a po.^sible misplacement of the sj)leen. Carci-

noma of the duodenum or the papilhe must be differentiated from stones in the

common duct.

Prognosis.—Cancer of the colon is less malignant than cancer elsewhere in
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the digestive tract or in other portions of the bod}'. Hence the necessity of

an early diagnosis and removal. Carcinoma of the stomach, at the time when

a palpable tumor exists, is usually inoperable. A palpable carcinoma of the

colon, however, is still operal^le. Dr. C. H. ]\layo says that the large bowel is the

natural absorber of liquids, through capillaries and not through lymphatics.

The large bowel is very deficient in lymphatics as compared with the small.

Over one-half of those who die of cancer of the large bowel do so from obstruc-

tion, perforation, peritonitis, and liver involvement, while the lymphatic sys-

tem still remains free from the disease. Cancer in this locality is distributed by

continuous extension from one tissue to another, by the portal system, and by

being grafted u])on the moving omentum and intestines. It is also distributed

to some extent by the ordinary route of the lymph channels.

Treatment.—The treatment is surgical. If a radical operation is performed

Fig. 291.—The Stitches Similar to the Ones Sho-wn in Fig. 290 have been Inserted Throughout

the -interior Half and have All been Tied except the Last One. This stitch is in place, -w-ith the ends

ready for tying. (F. G. Connell.)

early, the result will often be satisfactory. Cases in which the diagnosis is made

when the abdomen is opened for other conditions, as for appendicitis, offer the

best chance of a pemianent cure because of the opportunity afforded for early

removal.

Treatment may be either radical or palliative. The rachcal method consists

in the complete removal of the tumor by an operation, whereas the palliative

method stops short of complete removal of the gro^\i;h. The latter can do

no more than alleviate some of the symptoms, usually those of obstruction.

The ideal operation consists of a resection of the tumor with mesenteiy and

lymi^h nodes and a liberal removal of apparently nomial tissue, followed by re-

establishment of the intestinal canal. In other cases anastomosis will be im-

possible or impracticable. Resection may be performed, but immediate union

of the cut ends mav seem inadvisable. Under such circumstances the open ends



r44 AMERICAN PRACTICE OF SURGERY.

of the bowi'l aiv sutured tofiether throughout two-thirds of their circuuifer-

ence. exactly as in end-to-end union; the parallel ])ieces of bowel are next

sutured together by a row of stitches at each end of the surfaces which are held

in sero-serous apposition for a distance of three or four inches. In this way

sero-serous apposition is ol)laiiic(l foi- about one-half of each bowel cireunifercnce.

A .small abdominal opening is made at a suitabl(> ])oint and the apposed bowel

ends are drawn into this incision and secured in ))la('e: after which the larger

original abdominal wound is closed. After the lapse of from ten to fourteen

days a heavy forceps is inserted in the artificial anus, one blade into each portion

of the bowel, and the instniment is then locked. The clamp is tightened each

day until it cuts its way through the wall of the j^roximal and distal ends. The

Fig. 202.—The Tlirc'a<lo(l Xccdlo is Insert fil. live I ir<t, lictweon Two Stitches, into the I.nmen of

the Intestine, at a I'uint in tlic Circuniference About Opposite to the Stitch wliich is to be Tied. (F.

<J. Connell.)

external fistula may be closed at any time aftci- the patency of the intestinal

lumen has been demonstrated.

In cases which are not in such a condition of health as to }x'i"mit resectioji,

the operation may be carried out in two steps. Jn the fir.st step a lateral an-

a.stomo.sis is performed without a removal of the growth; the tumor will thus

bo short -circuit ('(1, and the How of intestinal contents will not pass ovct or

through the tuiiioi' mass. .\t a second opei'ation the tumor mass may be re-

moved and the two open ends close(|. the ])revious lateral anastomosis allowing

tlu! intestinal current to flow uninterrupte«lly.

The " Vorlagenmgsmethode " of Mikulicz may be indicated in certain cases.

According to this method the \-csscls sup|)Iying the tumor are ligated, the

tumor itself and the lymph nodes are deliveivd through the abdf)iniiia] wound,
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and then the latter is closed. The bowel outside of the abdomen is protected

by warm compresses, and after the lapse of from thirt}'-two to seventy-two houi"s,

when adhesions have formed l)etween the visceral and parietal peritoneal sur-

faces, so as to exclude the general peritoneal cavity, the tumor is removed by

cautery without the aid of an ansesthetic. In this way thc-re is established an

artificial anus, which is subsequently closed after the division of the si)ur by

the Mikulicz enterotribe.

In extreme cases where the least amount of operative interference is desira-

ble, the following steps may be performed:

—

(a) Enterostomy under local anaesthesia.

(h) Lateral anastomosis with or without removal of the tumor.

(c) If the tumor was not removed in the second, it is removed at the third

step.

(d) Closure of the artificial anus.

As palliative operations may be mentioned: the establishment of a lateral

anastomosis, to relieve the stenosis, and then closure of the abdomen, no at-

tempt being made to remove the tumor at any time; or, in veiy late cases,

with acute obstruction, the establishment of an artificial anus, for immediate

relief.

Prognosis.—The prognosis depends upon the extent of the disease at the

time of interference. In one hundred and thirty-eight patients operated upon

for cancer of the large intestine, at the ^likulicz clinic, from 1891 to 190(). a

veiy large j^roj^ortion were inojierable when first seen; twelve per cent did not

survive the operation; and fifty per cent were permanently cured by the opera-

tion. In fifty-six cases collected in 1903, thirteen (or twenty-three per cent)

had passed the three-year limit without recurrence.

XL DISEASES AND INJURIES OF THE OMENTUM.

Ax.\TOMY AXD Physiology.—The omentum is composed of white fibrous

and 3'ellow elastic connective tissue, with masses of fatty tissue, arteries, veins,

lymphatics, and lymph spaces. Frequently there are areas of gemiinating

endothelium which are supposed to be the source of many lymph corpuscles or

leucocytes. This structure is limited by peritoneal reflections; it extends from

the posterior abdominal wall and is attached to the gi'eater curvatiu'e of the

stomach, the transverse colon, and the gastro-hepatic ligament, fi'om which it

extends toward the peMs. At all other points in the peritoneal cavity it is

normally unattached.

In many cases the omentum does not descend toward the pelvis, but may

be found drawn up under the transverse colon: it may be found in almost any

part of the abdominal or pelvic cavity. The position of the omentum depends,

not only on its length, but also upon th(^ position of the greater curvature of

the stomach.

Among the functions of the omentum may be mentioned; the tem])oraiy
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storage of fat, blood, and lynii)!): the absorption of fluids, bacteria, and foreign

bodies; the formation of protective adhesions; the furnishing of phagocytes;

the i)revention of hernial i)rotrusion of viscera: the j)rev('ntion of toi-sion of

Fig. 293.—The Threaded Needle Presents Itself at the Location of the Last Stitch. The ends to

be tied are inserted into the loop formed by the needle and its thread. (F. G. Connell.)

the small intestine; and the providing of a collateral circulation to tumoi-s or

viscera the blood-supply of which has been interfered with.

Pathology.—The most common pathological conditions of the omentum
which demand surgical treatment are inflammation, cysts, or neoplasms. In-

flammation of the omentum (epiploitis) is usually secondary to a primary

Ik;. 2<»4.—Hy W itlnlrawal <if the Needle and its Loop, the Margins of the Gut at the Site of the
La.st Stitch are Invrrt.<l. and tlie Ends to be Tied are Drawn to the Outside Through the Opposite
Portion of the Line of Suture. (I". <;. Connell.)

inflaniniation el.^cwhcrc. Absce.ss of the omentum is usually secondary, and,
becau.^c of adhesions, is not easily (lifferentiatefl from other intra-abdominal
abscesses.

Trmima.—Injury to the omentum most frequently occuis (hiring opera-
tions for hernia, for appenrlicitis. or for other eondilions in wiiich. owing to the
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fact that the omentum has become adherent, partial resection is necessary

before the operation may be completed. The symptoms may be very late in

making their appearance and simulate those of appendicitis with a localized

swelling. Resolution may occur or the inflammation may go on to suppuration

Fig. 295.—Traction on the Ends of the Suture Causes the Site of the Future Knot to Come in Contact
with the Mucosa of the Opposite Side of the Bowel. The ends are tied, the knot sinks between the

pre\-iously inserted stitches and is located on the mucosa. (F. G. Connell.")

and abscess-formation, with rupture either into the intestine, into the perito-

neal cavity, or through the abdominal wall.

Accidental trauma may occur either with or without an al:)dominal wound,

and may consist of a complete tear, a puncture, or a mere bruising or crushing

of the structure. It is usually associated with injury to other \'iscera.

In resection of portions of the omentum, it is advisable to crush the line of

Fig. 290.—The Last Knot Has been Tied, the Bowel has Resumed its Cylindrical Contour, and the

Enterorrhaphy is Complete, with all Knots in the Lumen. (F. G. ConneU.)

di\dsion before applying a ligature. By so doing the fat is forced away so that

the ligature shall include only the dense connective tissue and the blood-ves-

sels. The omentum should not be bunched up in one ligature and tied; it is

preferable to employ a number of interlocking ligatures. Raw surfaces and

stimips should be buried and covered by serous surfaces.
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The omentum is vcrv vascular and will, for that reason, withstand a severe

trauma. But. because of the rather lil)eral l)lot)d-su])|)h^ and the loose areolar

tissue surrounding the blood-vessels, there is a marked tendency to th(> for-

mation of a large haunatoma.

Torsion of the Omentum.—Toi-sion of the entire great omentum is (luite rare.

The first case was published in 1SS2. by Olierst, and the second in 1893: since

then it ha.s been noted with increasing frequency. In 1907 Lejars collected

sixty-six cases of this condition.

Before torsion may occur there must have been a preceding matting togt>ther

of the omentum, or it must have become adherent to the abdominal wall. It

may occur either with or without an associated hernia; in only se^'en of the

reported cases was there an absence of hernia. The condition is usually mis-

taken for an appendicitis, a strangulated hernia, an intestinal obstruction,

or peritonitis.

Lejai"s was the first to diagnose accurately such a condition before operation,

Fig. 297.—Purse-Striiig Suture, a, Suture in position, ready to be drawn taut; 6, suture drawn
taut and the ends tied.

and this was made largely upon the mildness of the syni{)toms with the jjresence

of a i^alpable, doughy, non-fluctuating mass in tlie right iliac region.

Treatment will coasist of either detorsion or amputation, usually the latter.

Accessory Omenta.—Accessory omenta do occur, and in one case reported

by Cullen, the accessoiy structure was strangulated b>- twisting.

Cysts and Other Tumors of the Omentum.—R. E. P'ort has collected twenty-

two cases of cyst of the omentum. They are most common in female children

under ten ycai-s, and are considered to be of congenital origin. Two dciiuoid

cysts and one of traumatic oi-igin arc included in the number. Omental cysts

present no characteristic symptoms.

Primary tumoi-s of the omentum are rare. Carcinoma of this structure!

is never ])rimarv. Cases of fibi-oiua, lipoiua. and sarcoma liave been

n.'ported.

Since 1S7(), according to Farrer Cobb, in the Rejjorts of the Mas.sachusetts

CJeneral Ho.'^pital, there were fourteen tumors of the omentum, all but two

being .secondaiy. The two j)rimai'v tumors were sarcoma—one a niyxo-sarcoma
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and the other a fibro-sarcoma. Bonann' has collected sixteen cases of pmnary
sarcoma of the omentum, eleven of which were of the spindle-cell variety.

The symptoms of a cyst or of a tumor of the omentum are vague and are

commonly due to pressure. A tumor is usually palpable and is located in the

region of the umbilicus : and, if it is not adherent to the abdominal wall, it wiU

move freely in all directions except downward. Ascites is common.

Treatment will consist of wide excision.

Bibliography.—Dickenson, in Annals of Surgery, November, 190G.—Prze-

walski, in Berl. klin. Woch., July Oth. 1908.—Lejars, in La Semaine Med.,

Feb. 13th, 1907.—Cullen, in Johns Hopkins Hospital Reports, Dec, 1905.—

Fort, in Annals of Surgery, March, 1907.—Richardson, in Jour. Amer. Med.

Assoc, May 11th, 1907.—Bonamy and Bonamy, Rev. de Gyn. et de Chir.

ahdom., April 10th, 1908.
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XII. DISEASES AND INJURIES OF THE MESENTERY

Slight injurie.^ to the mesentery may result seriously by interfering with

the l)loo(l sui)ply of the intestines. In penetrating abdominal woundy, in-

jury to the mesentery may be the most serious lesion. Hemorrhage from a

divided or injured mesenteric vessel may prove rapidly fatal. This fact argues

strongly for inmiediate operation in penetrating wounds of the abdomen.

Fig. 299.— Mttliod of Closing tlie Cut Knd of the IIltl•^stiIu•. (Original.)

Serious injury to the mesentery may occur by contusion, without a penetrat-

ing wound. The blood-supply to the bowel may be thus sufhciently inter-

fered with to produce sulxsecjuent gangrene. In such injuries a diagnosis is

impossible before an alnlominal section is made. In a patient who has received

a .severe blow on the alxlomen and where there are distinct rigiflity and pain, it

is always safer to resort to abdominal section than to wait for more definite

symptoms to develop.
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Inflammation—mesenteritis—is frequently caused by a primary inflam-

mation of the intestine.

Mesenteric cysts have been divided by Dowd into embryonic, hydatid, and

malignant. The embryonic may originate in the intestinal wall, usually from

the submucosa or the subserous layers. Or they may be snared off portions

of the intestinal wall or diverticula. Cysts of the mesentery may result from

the formation of a hsematoma. They may also originate from the retroperi-

toneal structures or from ftTtal remnants such as dermoids, remnants of the

Wolffian or jVIuellerian ducts or bodies, Remak's diverticulum, and accessory

pancreas or adrenals. They may also originate in structures originally and

normally within the mesentery.

Chylous cysts are not common. Porter collected twenty such cases and, in

Fig. 300.—McGraw's Method of Gastro-Intestinal and Entero-Intestinal Anastomosis. The draw-

ing shows the manner of introducing the elastic ligature into place. (From Bryant's " Operative Sur-

gery," D. Appleton & Co., New York, Publishers.)

doing SO, he noted twenty-nine cases of simple serous cysts. Chylous cysts

are usually due to an accumulation of chyle in a preformed cyst.

Parasitic cysts, hydatid cysts, of the mesentery are not so rare. In 1899

no fewer than tw^enty-nine cases were collected, and since then many new cases

have been reported. Cystic tumors occur twice as often as solid tumors.

Malignant cysts are more conmionly sarcomata than carcinomata.

Non-malignant cysts may occur at any age, their size varying from those

which are minute to cysts weighing as much as forty pounds. They are usually

single, but may be multiple. They are apt to be confused with ovarian or

broad-ligament cysts. Vaginal examinations with the patient in the Tren-

delenburg position will usually clear the diagnosis.

The cyst may be enucleated or attached to the abdominal wall and drained.

It may, however, be so situated as to make resection of the bowel necessaiy.

It is stated that twenty-five per cent of these cases are cured by simple

aspiration.

Solid new-gro\\i}hs (primary) of the mesentery are not common. Secondary

malignant growths may follow malignant disease of any intra-abdominal organ.
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N'aiu'c ivvicwctl the litrraturi' up to 10()(» and found '27 cases of solid tumors

of the mesentery that were operated upon; 33 per cent of these were

maUgnant. Tlie variety of tumoi-s was as follows: Fibromata, 9; sarcomata,

7: lijiomata. '2: myxo-fibromata, 2; carcinoma, 1; lymphangioma, 1; tuber-

culosis, 1; cholesteatoma, 1: haiiiatoiiia, 1; myxoma, 1; large spindle-cell

tumor, 1.

The ages of the patients were between four and si'venty; the majority were

between thirty and forty-five years. These tumors wer(> noted in the female

sex sixteen times and in the male eleven.

Bowel's found lipoma the most rare of all the varieties. He collected twenty-

three reported cases of fibromata and fibro-myomata of the mesentery which

had been removed by ojx'ration, with .-seventeen recoveries and six deaths.

In \'ance's 27 cases, which included all varieties of tumors, there were 16

reco\-eries and 11 deaths. The mortality rate in 7 sarcomata was 100 per

cent, and in 9 fibromata it was 20 per cent.

BiBLioGKAPHV.—C. M. Dowd , in Annals of Surgery, Philadelphia, October,

1900.

XIII. FORMS OF CHRONIC PERITONITIS.

Actinomycosis of the peritoneum is a chronic affection secondary to intes-

tinal or pleural actinomycosis. Until the ray-fungus is discovered in the dis-

charges the diagnosis is rarely made. It most conuuonly follows intestinal

actinomycosis, and the signs, symptoms, and treatment differ in no ini])ortant

particular from those of the intestinal lesion.

Carcinoma of the peritoneum may be localized or it may occur in the form

of a general peritoneal carcinomatosis: it is secondary to ])riinaiy cai'cinoma

elsewhere, its clinical manifestations Ix'ing overshadowed by those of the {)ri-

mary lesion.

Chronic ])eritonitis maybe exudative or adhesive. The exudative form is

markedly similar to the tuberculous form, so much so that some authorities

consider them to be the .same. The exudative and the adhesive forms may be

combined. •

The adhesive form of chronic i)eritonitis may be localized or diffuse. A\'hen

htcalized it may be the result of trauma, such as is inflicted by many operations

in the abdominal region. It often occui^s at hernial sites or it ma}' follow an

acute or subacute j)ei'itonitis which may have originated in the female genito-

ui'inary tract or in the gastro-intestinal tract. The female i)elvic organs

probably furnish the most fi"e(juent route of infection, the intestine being the

next most fretjuent. The ileo-ca'cal region, the gall-bladder, and the neigh-

borhood of the sigmoid flexui'e ai'e locations \\hei'e local peritonitis very

often occurs.

In certain conditions, the etiolog>' of which is not deliiiitely determined,

a combination of the adhesi\-e and the exudatix'e foiMiis may be pi'esent, and.

with this jK'Culiai' foi'm of peritonit is is associated a similar inllammation of some
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other serous membrane—most frequently the pericardium. To such a condi-

tion has been given the name "multiple serositis."

In diffuse adhesive peritonitis all the abdominal viscera are gathered into

a mass, and this mass usually is adherent to the parietal peritoneum. There

may or may not be an exudate.

The symptoms will be those of tumor and chronic intestinal stenosis. Treat-

ment is very unsatisfactory, as breaking of the adhesions is usually followed

by a recurrence.

Chronic adhesive sclerosing peritonitis, or plastic peritoneal sclero.sis, is

Cjuite a rare condition. It is characterized by a marked connective-tissue in-

FiG. 301.—Enteroplasty. (Original.)

filtration of the peritoneum, with contraction and thickening but without any

exudate or ascites. It may follow an acute peritonitis, or it may be chronic

from the start. It begins usually at the customary sites of a chronic peritonitis.

Wetherill reports one of the veiy few cases that have been observed in this

countiy, and he states that the condition is primarily not a peritonitis at all,

but a distinct affection of the subperitoneal fibrous or connective tissue. He

considers the fact that it is not practicable, in an abdominal section upon a

person thus affected, to secure union between the opposite edges of the thick-

ened and shrinking peritoneum, as pathognomonic of this disease. The well-

marked subendothelial connective-tissue hyperplasia is the principal patho-

voL. VII.—48
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logical feature of the disease, aiul the shrinking or contracture of the

peritoneum caused by it is its leading characteristic.

A localizetl . encysted exudate may be veiy difficult to differentiate from

this disease. Paracentesis abdominis will generally decide the diagnosis.

The treatment is unsatisfactory, and the condition seems to be augmented

by operative interference. Medical treatm(>nt may be of some service in re-

moving the cause of the symptoms, ^^'here it proves of no avail, tapping of

the abdominal cavity and withdrawal of the fluid will constitute the palliative

surdcal treatment.

XIV. OPERATIONS ON THE INTESTINES.

General Pnnciples.—The princii)les governing operations for intestinal

Repair, in injury or in disease, are few and easily understood. The technical

details necessar}' for the application of these principles call for exact and pains-

taking methods, togeth(>r with a degree of surgical dexterity which is to be

obtained only by exi^erience. It is in this particidar field that operations on

the lower animals are of the greatest value in developing the necessarj^ degree

of skill.

The first essential in any operation upon the intestine—whether in the

repair of the smallest perforation or in the excision of a portion involving the

entire circumference of the bowel—is to secure a firm, water-tight approxima-

tion of the apposed serous surfac(>s, and the inverting of the cut edges. Many

varieties of suture and mechanical aids have been devised, all of which, from

the original Lembert suture to the Murphy button, are based upon this principle

of the necessity of approximating serous surfaces. A point of equally great

importance is the necessity of securing, by a study of the distribution of the

mesenteric vessels, an adequate blood-supply for the field of union.

Strict asepsis should be maintained, and all viscera and free surfaces, except

the innnediate field of operation, should be protected from exposure, or from

infection through escaping bowel contents, b}' means of compresses WTung out

of wann nonnal salt solution. If much handling of the intestine is necessary

in seeking the seat of injury or disease, it should be done with the utmost gen-

tleness, especial care being taken to make no traction u})on the mesentery.

The Various Sulurcs Employed.—The Lembert suture is made by ins(>rting

the needle through the two outer coats in such maimer that, when the tluvad

is tied, there will be an invei-sion of the cut edges and a c()ai)tation of the serous

surfaces over an extent corresjionding to the distance between the needle punc-

tures. Czerny supplemented the Lembert suture by first placing a row at the

cut edges, the needle j)assing through all the coats of the bowel: after which

he i)laced the sero-serous sutures. (Figs. 'J.S.S and 2S4.)

The Halsted quilt suture (Fig. 28"). .4 ) and the Cushuig continuous right-

angle suture (Fig. 286, .4 and B), aic merely modifications of the same principle.

The original Connell suture (Fig. 287), devised l)y M. K. Connell, con-



SURGICAL DISEASES OF THE INTESTINES. 755

sists of two through-and-through right-angled continuous sutures which are

inserted as follows:—In enterorrhaphy the divided ends of the intestine

may be held in apposition by suspension loops while the sutures are being placed

or, as in lateral anastomosis, rubber-covered forceps may be used for this pur-

pose. The needle enters at the convex margin of one end—or under one angle

of the wound, if the operation of lateral anastomosis is being performed—and is

made to pierce all the coats. It then passes at a right angle through all coats

of the two approximated cut edges and back again, the space between any two

needle punctures being about one-eighth of an inch and the punctures themselves

being made at about the same distance from the cut edges. This mode of su-

turing is continued until the opposite extremity of the wound is reached, when

the needle is made to pierce the bowel, from within outward, at a point exactly

opposite that at which the first suture was introduced. The free ends of this

suture are now caught with the forceps, and another needle, armed with a thread

of proper length, is employed for suturing the second part.

In the second part of the operation the fresh needle is introduced, not into

the same loop in which the needle used in the first part was introduced, but

into the opposite one. It is made to enter this second loop at a point directly

opposite that where the first suture was introduced. The needle is made to

penetrate from without into the lumen of the intestine. The new suture is

then carried across to the first loop in a direction parallel with the original

suture. Next, the needle is introduced at a right angle with the first puncture

and is carried out through all coats of the unsutured side of the bowel. It is

then carried over to the opposite unsutured edge and introduced first from

without inward and then from within outward; then it is once more carried

to the opposite side; and this manoeuvre—first over, then inward, and

finally out again—is repeated until the end of the cut surface is reached, the

last step being to carry the needle from within outward, on the same side with

the first suture inserted, at a point exactly opposite the point of starting, and

in a direction parallel with the termination of the first suture. If the forceps

is now removed and the free parallel ends are drawn taut, a complete inversion

of the cut edges will take place. The free arms of the suture at either pole are

now tied, care being taken that puckering of the parts does not take place.

The knots are drawn down between the fold of the serous surfaces. This suture

makes it possible to obtain a through-and-through union, with perfect approxi-

mation of the margins of the serosa.

In our personal work we have employed this suture for over twenty years,

and it has given us so much satisfaction that we prefer it to any other of which

we have knowledge.

With the object of removing the theoretical objection of a perforating stitch

being knotted on the serosa, F. Gregory Connell has so modified the suture that

the knot is within the lumen on the mucosa. As described by him the suture

may be either interrupted or continuous ; the interrupted form is shown in the

accompanying illustrations. (Figs. 288 to 297.)

Mechanical Substitutes for Sutures.—The numerous mechanical aids that have
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lu'cn (l('\"isr(l foi' approxiiiiatioii of the cdjics of an intestinal wound, htwc jjlaycd

their part in tlu' evolution of surgery of the intestine, hut tlie Ahir])hy hutton

alone has stood the test of time and is now practically the only one in general

use. (Fig. 128, page 363.)

While most surgeons of exi)erience agree that some type of suture forms a

more nearly ideal method of securing intestinal union, it nuist be admitted that

the hutton holds a legitimate i)lac'e in the armamentarium of the surgeon. The

sim))licity of the ('ontri\-ance and the (>ase with which it can he applied make
its em])loym(>nt a nuich safer method than sutui'ing in tlie hands of those of

limited exixM'ience. In cases where a rai)id comj)letion of an o})cration is im-

perative it is often of great value, not only in other parts of the intestinal canal,

but also in such locations as the sigmoid flexure and the rectum, w'here suturing

would be especially difficult.

The mode of aj)i)lying tlie button is so well shown by the illustration that

a iletailed description is unnecessary. It may be used with e(|ual advantage

Fig. ;^()_'.— .Mixt<. lul.f.

in end-to-end and end-to-side union and in lateral ai)pi'oximation. The oblong

button is especially useful in latei"al anastomosis.

Suture Material: Needles.—Th(} suture material used in intestinal work

may be either silk or linen. The needles are jjreferably the ordinary sewing

needles of extra length, so that they may be comfortably handled without a

needle-forcei)s. One gnvat advantage of the suture method is that the material

is always at hand.

Rnhher-Covered Clamps.—For preventing the escai)e of the contents of the

divided bowel during operation, the rublx-r-covered clamjis of .Muiphy serve an
excellent i)urpose, although the use of a tape i)assed through a non-vascular

poi'tion of the mesentery and tie(l ox-cr the bowel onlv tightly enough to pre-

vent theescajx'of its contents, will be found e(juall\- eflicient . The mesenteric

openings should be sub.seciuently clo.sed by suture.

Purse-string Sutures.—Perforations that do not involve the mes(>nteric

l)or(ler may be closed by a simple pur>e->t ling suture, pro\-ided the lumen of
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the bowel is not thereby rechiced more than one-third. (Fig. 297.) Disease

or injury involving a larger portion of the intestinal wall or compromising the

blood-supply must be dealt with b}' resection.

Enterorrhaphy.—The repair of bowel injuries by any method of suture is

known as enterorrhaphy. If the entire circumference of the bowel is incised,

the repair is termed a circular enterorrhajjhy. The })rinciples governing the

operation are the same as those of all other intestinal operations, a careful

approximation of the edges of the serosa and the securing of an adecjuate blood

supply being the essentials.

Resection nith Lateral Anastomosis.—After a resection it is sometimes de-

sirable, because of the unequal size of the divided ends or for other reasons, to

make a side-to-side or lateral anastomosis. (Fig. 298.) The divided end of

the bowel is crushed with heavy forceps or with an angiotribe, and then, while

this instrument is still in position, a purse-stirng suture is applied about half

an inch below the forceps. A ligature is tied in the gi'oove made by the for-

ceps and the end is inverted while the purse-string suture is drawn taut and

tied. (Fig. 299.) The anastomosis is made by means of sutures or by the

employment of the oblong Murphy button. AMien sutures are used, the open-

ing should be made from one inch to one inch and a half in length.

Another method of making an intestinal anastomosis is that of T. A. McGraw.

This method is sufficiently explained by the accompanying illustrations. (Fig.

300.) Special needles for the application of this method have been devised

hx .McLean, Sanderson, and others. F. T. Murphy found that, by placing

a knot in the suture opposite the tie ends, the elastic ligature cut its way through

more rapidly. Maury utilizes a triangular ligature of twine.

The advantage claimed for the McGraw method is that, by its use, the anas-

tomosis can be made without opening the lumen of the bowel.

End-to-Side Anastomosis.—This procedure has been reconmiended for use

in those cases in which union between the large and small bowel is desired, or in

which it is advisable to exclude a portion of intestine. The triangular space at

the mesenteric border of the cut end must be carefully obliterated before the union

is made. This is best done by a mattress suture so placed that the knot is on the

side of the mucous membrane. The union may then be effected by the use of any

one of the various suture methods or by means of the Murphy button.

Enteroplasty.—Plastic operations on the intestine are made usually for the

purpose of correcting stenosis due to cicatricial contractions. A longitudmal

incision through the strictured portion, with transverse suturing after the

manner of the Heineke-Mikulicz pyloroplasty, is the type of operation conmionl}'

employed. (Fig. 301.)

Omental Grafting.—Omental grafting is a j^lastic operation which is some-

times resorted to as a means of re-enforcing a line of intestinal suture. Senn

taught a method of using detached omental grafts which are to be held in place

by sutures, but, when possible, it is better to slide a portion of the omentum

over the line of suture. While this may still be of use where imperfect suturing

is suspected, it is better to rely upon carefully placed sutures in the intestine.
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Intestinal Eixlusion.—Intestinal exclusion consists in exeluding the fecal

cui rent from a portion of the canal 1)V anastomosing the bowel above with that

below the excluded segment, without removing the latter. It is resorted to

chieHy in cases where a malignant neoplasm, which cannot be removed, is

producing obstruction. The exclusion may be partial or complet(\ In partial

exclusion tlu' proximal loop is divided, the ends are closed, and a lateral or

end-to-side union is mad(> with tiie distal loop below. In complete exclusion,

both ])roximal and distal loojis are divided and the anastomosis is made as above.

This, however, is not— for obvious reasons—to be reconnnended.

£'«/eros/o////y.—Enterostomy consists in establishing an artificial communi-

cation between the lumen of the bowel and the abdominal wall. The fistula

thus formed is named according to the portion of the bowel involved—as, for

iiG. 30,3.—Mixtcr's Method of Coloatomv.

example, jejunostomy, ileostomy, colostomy, or sigmoidostomy. The terni

enterostomy is generally limited in its application to the jejunum and ileum.

The procedure is indicated as a means of relief in complete ol)struction, or as a

life-sa\'ing tcm])orary measure in coiuieetion with o])erations upon a i)atient

who.se condition wcjuld not warrant the performance of a j)rolonged radical

operation.

I'iHtei-ostomy may i)e made after the manner of a colostomy (to be herein-

after described), or the tube of Mixter may be used, in which case the bowel is

opened at once and the contents are conducted away without soiling the wound.

(Fig. ,'i02.) An ingenious method of accomplishing th(> same end is d(>scribed

by Stewart. One-half of a Muiphy button is fastened in the bowel in (he usual

way, the other half being inserted and tied into the end of a rubbei- tube of suit-
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able size. The halves of the buttons are then joined and the visceral contents

are drained into a suitable receptacle.

Colostomy.—Colostomy may be performed either through the loin by a

lumbar incision (the retro-peritoneal method) or by means of an incision in the

inguinal region (the trans-peritoneal method) . Inguinal colostomy is now more
commonly employed because of the advantages to be derived from an opening

into the abdomen which allows of inspection and palpation of the condition for

which the operation is performed. Another reason for selecting the anterior

method is the ease with which the opening in this location may be cared for by

the patient. The uncertainty as to the absence of a meso-colon also favors the

anterior route.

Colostomy is most commonly indicated for the relief of stenosis of the rec-

tum, usually for inoperable malignant disease. It may be employed as a pre-

liminary step before the removal of such obstruction, the object being to give

physiological rest to a diseased part or to render irrigation ])ossible. The

colostomy may be either pemianent or temporary. When the operation is

performed for temporary purposes, the technique is practically the same as that

described for enterostomy. If it is performed, however, as a permanent means

of relief, it will be found best to adopt the following technique

:

The incision is smaller than that for appendicectomy, the muscle-splitting

or gridiron incision, and may be located on either the right or the left side.

When it is made on the left side the sigmoid is opened and the operation is known

as sigmoidostomy ; but the technique is practically the same on either side.

The abdominal cavity is opened, the tumor and its relations are explored, and

the desired loop of bowel is brought into the incision.

It was formerly advised—in order to prevent a subsequent prolapse—that

the portion of the bowel to l)e anchored in the incision should be the most

proximal portion obtainable. But it was found that a j^rolapse rarely occurred

even when such precautions were not taken. It is therefore now advised that the

portion of bowel to be anchored in the incision should be the most distal

part that can be brought into the wound. By this method a pouch is fonned

which acts as a reservoir or fsecal container not unlike the ampulla of the rectum.

This plan, conjoined with the muscle-splitting incision intended to furnish a

substitute for the anus and its sphincter, tends to render the existence of these

unfortunate patients more comfortable. If the colostomy is to serve a tem-

porary purpose, the approximated arms of the loop may be sutured together

on either side for a distance of two inches before the loo}) is anchored. The

spur thus fomied may afterward be destroyed by a crushing forceps, which is

to be left in position for a few hours. By the destruction of the spur the faecal

current is restored, in the same way as it is accomplished by the method of

Dui)UAi:ren.

After the proper portion of bowel to be anchored to the abdominal wound

has been selected, the mesentery is put upon the stretch and the bowel is brought

out of the abdominal cavity. As the mesentery is being stretched, a non-

vascular space is selected for the insertion of a bridge upon which the bowel
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will rest. This l)ncl<,^> of .Maydl consists of a ^dass rod, about the size of a lead

jiciicil. covcn'd with luhlnT tuhiiiij;. lii wcent yeai-s various procedures have

been employed to do away with the necessity of introducing this bridge. Thus,

for example, it has been found that a mattress suture, passed through all the

layers of the abdominal wall and through the mesentery and then tied tight,

will keep the bowel in place. Mixter also described a very satisfactory method,

according to which a flap of skin, formed at the time w'hen the abdominal inci-

sion is made, is i)assed through the mesentery and sutured in place. It seems

to retain the loop of bowel in proper position. The writer has made use of

this method in a number of instances with much satisfaction. (Fig. 303.)

The appendices epiploica" should be ligated with catgut and removed.

The abdominal incision may be so diminished in size that it shall accurately

enclose the projecting loop of bowel, the visceral and parietal peritoneum being

united by a continuous suture. The bowel may be opened at the end of forty-

eight houi-s by a transverse incision made with knife or cautery. If innnediate

opening is imi)erativ(\ a })urse-string suture is first placed in position, the l)owel

is incised, and a Mixter tube or a Murphy button is inscMted in the manner

described under Enterostomy. The tube is allowed to remain in jilace until it

separates itself spontaneously by sloughing, usually about the fourth day.

If a delay is permissible, the exposed loop of bowel is surrounded by a layer of

rublu'r dam or gutta-percha tissue and a moist dressing or a dusting powder

is applied.



SURGICAL DISEASES AND WOUNDS OF THE
ANUS AND RECTUM.

Bij JAMES P. TUTTLE, M.D., New York Citu, and SAMUEL T.

EARLE, M.D., Baltimore, Maryland.

I. ANATOMY AND PHYSIOLOGY OF THE ANUS AND RECTUM.

For want of space we must refer our readers, for the details of the anatomy

and physiology of the anus and rectum, to special works under these headings.

Only a few points will receive consideration here. We would call attention

to the following embryological facts, which we think are important in the

consideration of malformations of the rectum, viz.: during the development of

the rectum from the hypoblast and mesoblast an invagination of the epiblast

is steadily progressing. This invagination, which is called the "proctodseum,"

advances until the outer and inner layers of the mesoblast are pressed together

and absorbed, and the epiblast of the proctoda^um and the hypoblast of the

hind-gut approach each other and form the double septum between the rectum

and the proctoda?um, or embryonic anus. The absorption of the septum

renders the conjunction of the rectum and anus complete, and leaves a narrow

zone that indicates the transition from the mucous membrane to muco-cuta-

neous tissue, which has been termed by Stroud the "pecten." This zone marks

the lower limits of the rectum and the upper margin of the anus.

The failure of the layers of the mesoblast and hypoblast to unite at this

point results in the production of two of the most common forms of malforma-

tions of the rectum. (Figs. 312 and 313.)

The Valves of Houston.—In view of the important facts which have recently

been brought out by T. C. Martin, J. Rawson Pennington, and others, relative

to the part taken by the pathological changes in these valves, in the production

of obstipation and other kindred maladies, we wish also to speak of them in

detail.

The mucous membrane of the rectum above the columns of Morgagni is

thrown into irregular horizontal folds, most of which entirely disappear when

the organ is distended. At from one to four points in the organ,—the number,

however, varying in different cases,—these folds become more prominent when

the bowel is distended, and extend out into its cavity in a crescentic form. (Fig.

304.) Houston * first described these folds as valves of the rectum. They vary in

number from one to five. Ordinarily there are three—the superior, the middle,

* Dublin Hospital Reports, 1830, vol. v., p. 158.
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and the inferior. The middle one is the most constant. It arises from the

ii<rht anterior (iiiach'ant of the ivctal wall, about G to 9 centimetres above

the marjiin of the anus. It varies in heijiht according to the depth of the i)eri-

toneal cul-de-sac. being always just below the latter. The inferior valve is

located upon the left posterior quadrant, from 2.") to 30 millimetres above the

margin of the anus, and the superior valve is located in the same quadrant,

about S to 11 cm. above the anus. (Fig. 304.) At the juncture of the rectum

with the sigmoid fle.Kure, opposite the third sacral vertebra, there is always a

well-developed fold or valve, which more nearly occludes the calibre of the

or^an than does eith(>r of the others. It is situated somewhat anteriorlv and

Fig. 304.—Tin- Drawing .Sliow.s tlic Positions of Houston's and the Semilunar \'alve.s.

to the right or left side according to the direction of the flexure of the

sigmoid upon the rectum.

The rectal valves protiiidc into the cavity of the organ to various extents.

They are attached to the wall of the intestine throughout one-third to one-

half of its circumference; they are crescentic in shai)e, and present for con-

sideration two sui'faces, a free border, a base, and a central body. The suin-rior

surface of each valve ajjpears as a smooth, inclined i)lane, slightly depre.s.sed

in the centre, and the inferior surface corresponds to the superior, being more

or less convex according to the concavity of the latter. The two surfaces ar(>

.separated, the one from the other, by the tissues which intervene, viz.. the

mucous meml)rane and the tissues which com])ose the structure of the \'al\'e.
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The free borders of the valves are crescentic in shape, clearly defined, and
directed toward the cavity of the rectum. In the normal ctnidition they are

usually thin, flexible, and easily pushed aside. Owing to the arrangement of

the valves at different levels, with their edges overlapping, the appearance pre-

sented, when the rectum is dilated and the examination is made through a proc-

toscope, is somewhat like that of a turbine wheel. The attachment of the

valves to the rectal wall is not upon a horizontal plane; one end is slightly

higher than the other, this arrangement furnishing a sort of inclined plane

which contributes to the easy passage of the fecal material over the valves.

As Houston statc^d in his original paper, the valves consist of two folds of

mucous membrane, sei)arated by cellular and fibrous tissue and muscular fibres.

The function of these valves is to support and let down gradually the fecal

mass in its descent through the rectal canal until it reaches the anus.

The Arterial Vascular Supply.—The rectum receives its blood supply from

four sources: the superior, middle, and inferior hemorrhoidal, and the middle

sacral arteries. (Plate LIII.)

The Nerve-supply of the Anus and Rectum.—The anus and rectum receive

their nerve-supply from both the sjaiipathetic and the cerebro-spinal systems.

The rectum is chiefly supplied by the sympathetic. The internal sphincter

receives its sympathetic fibres along two paths: (a) through branches which

pass from the second, third, and fourth lumbar sympathetic ganglia to the

inferior mesenteric ganglia, thence by the hypogastric nerve to the hypogastric

plexus: ib) through the nervi erigentes, which arise from the third and fourth

sacral nerves and end in the hypogastric plexus. The cerebro-spinal nerves

are supplied almost entirely to the external sphincter and the adjoining volun-

taiy muscles and skin. This cerebro-spinal supply comes chiefly through the

pudic nen^e and its branches. The pudic nerve is made up principally from

the third, but also in part from the second and fourth sacral nerves. The

individual branches of the pudic that supply the anus, external sphincter, the

adjoining muscles, and skin, are the inferior hemorrhoidal and the deep division

of the anterior perineal nerve; the fomier distributing its branches in fan-like

manner to the external sphincter and to the skin around the anus, while the latter

supplies the anterior portion of the external sphincter, the levator ani, and the

transversus perinei muscles. The spinal centre which controls this nerve-

supply of the anus and the rectum is supposed to be located about the level of

the first lumbar vertebra. This centre is practically the same as that for the

genito-urinaiy apparatus, which accounts for the various reflexes between the

two systems.

Lymphatics of the Anus and Rectum.—Quenu * has shown that the anus and

rectum are supplied with three sets of lymphatics, which pursue practically the

same course as do the arteries which supply these parts.

The Sigmoid Flexure or the Pelvic Colon.—The sigmoid flexure begins above,

at the termination of the descending colon, near the outer border of the left

psoas muscle, and embraces all that portion of the intestinal canal which lies

*Biill. de la Societe d'Anatomie, Paris, 1893, p. 399.
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bctwi't'ii this i)()iiit and the upper tci'iiiiuatioii of the rectum, opposite the

third sacral vertebra. As measured /// situ, it is about nineteen inches

in lenjith.

Phiisioloiiiatl ('(»)si(li'r(i(i()n.'<.—'Wo anus, rectum, and sigmoid, while forming

a portion of the alimentary ti-acl, take no i)art in the pi'ocesses of diiiestion. exce])t

in so far as some action of tiiis nature may be continued by a small i)ortion of

the digestive fluids which are brought down in the mass of fecal matter. Tiie

sigmoid ami rectum an> the recei)tacl(>s for the fecal matter, but absorption is

still i>rovided for in the rectum, throuj^h the glands of Lieberkuehn.

The function of the anus is to furnish an exit for the fecal matter, and to

control its discharge. In normal conditions the external sphincter muscle,

which controls this exit, is in a constant slate of tonic contraction, under the

control of a reflex centre in the upper portion of the lumbar cord, just al)Ove

the conus medullaris. The control which is exerted by this centre may be further

supplemented by the higher voluntary c(>ntres in the brain. When fecal matter

or flatus enters the rectum, afferent imi)ulses ascend to the luml)ar centre, which

excites the tUlator fibres of the internal sjjhincter and inhibits the tonic con-

traction of the external s])hincter. which then in turn relaxes. The same

afferent impulses which inhibit the hnnbar centre that controls the extei"nal

sphincter, stmiulate the motor cells in the anterior horn of the gray matter of

the cord, who.se axones supjily motor fibres to the levator muscle, which in ttirn

contracts and pulls open the anal canal. At the same time the imoluntary

muscles of the rectum are stimulated by these same afferent impulses, and they

in turn contract upon the contents of the rectum. These expulsive efforts are

fin-ther supplemented by the action of the voluntary muscles of the abdomen

and pelvis.

The lumbar centre that controls the external sphincter muscle is i)urely a

reflex centre, which acts automatically when disconnected from the higher

cerebral centre, as is seen under different circmnstances: in di.sease of or injury

to the coi'd or higher centres; or in infancy, when the comiection with these

higher centres is incomplete; or, again, when the influence of the higher centics

is suddenly su.spended. as by fear, etc. The control of tlie anal outlet by the

external sphincter is fiu'thei- su|)plenient<'d by the action of the internal sphincter.

which, by reason of its being composed only of in\-ohnitary muscular fibres, is

nuich slower in its action and much less i-esjjonsive than tlie external. The

a.ssistance which it affords when the action of the I'xternal si)hincter is lost, is

very gi'cat.

The functions of the rectum and sigmoid are practically the same. They

are both recej)tacles or reservoirs for the fecal matei'ial after it has passed through

the intestinal canal, although the sigmoid seives this pur|)ose i)rincipall\' and

for a mui'h longei- time. The matei-i;il is softei" and more lluid in the sigmoid

than in the i-ectum; it is also luore constantl\' present in the formei'. It is not

true, however, as is fre(|uenlly stated, that the rectum is always empty except

just before the pei'iod of defecal ion. It nearl\' alwa^'s contains more or less

tec;d ni.'ittei-.





i:\rLANATION OF PLATE LIII.

Bi.oon-Si'PPLY OF THK Anus, Rectum, and Sigmoid Fi-exure.

A, Superior Hemorrhoidal Artery.

B, Sigmoidal Branch of Superior Hemorrhoidal Artery.

C, Division and Distribution of Sigmoidal Artery.

D, Middle Hemorrhoidal Artery.

E, External Hemorrlioidal Artery.

F, Colonic Branch of the Inferior Mesenteric Artery.
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BLOOD-SUPPLY OF THE ANUS, RECTUM, AND SIGMOID FLEXURE
( From drawinijs made specially for tJie authors.)
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II. ANAL AND RECTAL EXAMINATIONS.

General Remarkfi.—The necessity for making a thorough local examination

in all cases i)resenting symptoms referable to the intestinal tract cannot be too

strongly emphasized; and this admonition is especially needed by the general

[practitioner, who, either from the trouble which it involves, or, more often,

fnjni the unpleasantness which characterizes such an examination, is too ready

to make a snap diagnosis upon the verbal statement of the patient and to pre-

scribe at random. In doing this he not only does himself a great injustice, but

falls far short of discharging his duty to the patient. Indeed, in many cases,

he is guilty of criminal neglect by not availing himself of the opportunity to

recognize a very simple pathological condition, which might then be easily

relieved before it becomes more serious and therefore much more difficult to

cure. This statement is especially true of thrombotic hemorrhoids, beginning

abscesses, and malignant growths.

The history of the case should be taken. In the slight cases, it will be

sufficient to ascertain all the facts which bear directly upon the condition; in

the more serious ones, the individual and the hereditary history should also be

ascertained. All these data, as well as those relating to the conditions found on

examination of the patient, shovdd be recorded.

Whenever a patient, who complains of any rectal troul)le or of any vague

s^'mptoms which might in some way be caused by diseased conditions of the

rectum or anus, comes to a physician,—whether he be a general practitioner or

a rectal specialist, it matters not,—the latter should always insist upon making

a thorough examination of the parts before prescribing. The symptoms of

disease in this part of the body do not alone furnish information upon which we
may safely base a diagnosis. It is therefore imperative that advantage should

be taken of every attainable means for ascertaining the truth; and, in harmony

with this idea, the family physician should be as fully equipped for making an

examination of the rectum as for making one of the chest. The evacuations

of the bowels should be carefully examined, a note being made of their number,

their consistency, and their character—as regards the presence of mucus or

of blood, and also—when the latter is present—as regards its nature (whether

venous, arterial, fluid or coagulated) . If there is any pain preceding, attending,

or following the stool, a note should be carefully made of the location of the

pain (whether at the anal margin or further up in the rectum) and of its character

(whether acute or of a dull aching kind). Incjuiry should be made as to any

protrusion of the anal mucous membrane, and, if it be found that such a pro-

trusion does take place, a note should be made of the times when it occurs, of

the circumstances under which it takes place (as by straining at stool and even

when the patient stands or walks), and of such facts as the following: whether

it returns spontaneously or has to be replaced by the patient ; wh(>ther it bleeds

when it is outside the anus: whether it is painful; and what are its charactei'istics

as to form and consistencv.
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Prelimiuary Preparation of the Patient.—The patient's rcctuin should be

thoroughly emptied by one or more tepid enemas, to be taken in the knee-chest

position from one to two houi-s before he comes to the physician's office^. This

length of time is allowed to intervene, in order that the small amount of water,

which always remains in the rectum after the voluntary expulsion of that taken

by enema, may be absorbed. Unless this small residual mass of water is gotten

out of the way it will greatly annoy the physician while making the examination.

If this thorough washing-out of th(> rectum cannot be done before the patient

comes to the office, the physician should be prepared for such emergencies at his

office. Notwithstanding the annoyance which such a course will (as mentioned

above) cause, it will frequently be advantageous for the patient to ha\'e a stool

in the physician's office; and for that reason it may be necessary to give him

an enema there. Thus, for example, if there is any protrusion, a more correct

opinion may be formed of its extent and character directly after the stool than

at any other time.

Bodily Positions Best Suited for Rectal Examinations.—There are several

positions in which a patient may be advantageously placed for examination.

The left lateral, generally known as Sims' position, will usually be found the

most convenient for ordinary examinations, and is attended with the least

exposure of the patient's person. It is sometimes used for minor operations for

hemorrhoids, and nearly always when Kraske's operation or any modification

of it is pcrfonned. The extreme lithotomy position is better adapted for

examining very stout patients. In certain cas(»s, also, it \\\\\ be found the most

satisfactory for using the sigmoidoscope, and it is the ])osition generally used

for operating. The knee-chest position is l)etter adapted for high examinations

of the rectum with the ])roctoscope and sigmoidoscope. For this position no

special table or chair is retjuired; a perfectly flat table will answer every purpose.

The thighs should be nearly at right angles to the pelvis, and not drawn up under

the abdomen, as is apt to be done by most ]mtients. The breast should be in

immediate contact witli the surface of th(> table, the arms to the side and th(>

back flexed. These directions are necessary if the greatest advantage is to be

derived from this jjosition.

The author has found the scjuatting j)osition (the one natural at stool) to

be of special advantage for bringing down ))rotrusions or growths, and especialh-

for bringing within reach of the finger growths that are too high uj) to be reached

in either of the positions previously mentioned. This position also is especially

ada[)ted for recognizing cases of j)rolai)se of the third degree. .Vny good gynaeco-

logical table may be made to serve every pur])()se for all ordinary examinations

of the rectum. The external appearance of the anus and its inunediate

suroundings should be carefully noted—especially the character of the skin,

whether or not it is white and .sodden oi- red and excoriated, and whether there

are any scars, ulcerations, fistulous openings, or external growths. .\ careful

search should be made for |)arasites and pediculi. Then the })arts should be

palj)ated, foi- llie puipose of ascertaining whether any points of induijition

exist. The buttocks should next be pulleil well apart and the patient directed
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to strain slightly. These manoeuvres will make it possible to see quite well the

anal canal throughout its whole length, and thus one can frequently form quite

a correct idea with regard to the presence or absence of internal hemorrhoids,

of a fissure, of a polypus (if it happens to be down at the moment), and of the

general condition of the mucous membrane.

Digital Examination of the Rectum.—The educated index finger is the most
valuable means of diagnosis that we have for exploring the lower four inches of

the rectum. When the finger is used for this purpose, it should be well lubricated,

and should be introduced slowly and gently, steady but firm pressure being used

to overcome the resistance of the sphincter. The finger should be directed up-

ward and forward at first, until the internal sphincter is passed; then it should

be directed backward. Failure to observe these rules will cause much pain,

will induce spasm of the muscle, and will greatly discourage the patient. A
twitching, tender, spasmodic sphincter indicates the existence of some acute

disease near the margin; a hard, firm, resisting sphincter indicates the presence

of a chronic condition, which has caused hypertrophy of the muscle; and a

relaxed, flaccid sphincter justifies the suspicion that some exhausting, malignant,

or constitutional disease exists. Each portion of the canal should be carefully

examined as the finger is pushed slowly onward, and, when the finger has been

thoroughly educated, it can recognize many conditions the existence of which

could not otherwise be ascertained without putting the patient under the in-

fluence of a general anaesthetic. Among such conditions may be mentioned the

internal opening of a fistula, an ulceration, fluctuation of a perineal abscess, and

the presence of a foreign body which has lodged in one of the crypts or has been

caught in the grasp of the muscle.

After the anal canal has been thoroughly explored, the finger should be carried

beyond the internal sphincter, and swept gently around the upper surface of the

rectum, when abnormalities, such as polypi, indurated internal hemorrhoids,

neoplasms, strictures, procidentia, ulcerations, and inflammatory conditions, may
be recognized. The condition of the prostate and the uterus with its appendages

should be carefully examined regarding their relation to the rectum, and as to

what influence, if any, they may have upon the symptoms of the patient who

is being examined. The condition of the coccyx should also be ascertained. If

the patient bears down while at the same moment the surgeon presses upward,

it may be possible to push the finger another half-inch higher upward, but the

ordinar}^ limit of digital touch is placed at four and one-half inches.

The introduction of the hand into the rectum should be reserved for dire

emergencies, and then it should be done only under the influence of a general

anaesthetic. The procedure is attended with so much risk that it had better

not be attempted, except where the hand of the operator does not exceed 20

centimetres in circumference ; and it should then be done only by an experienced

and skilful operator. We do not wish to encourage this procedure; there is

little, if any necessity for doing it at the ])resent day, when we have so many

other better methods for making a diagnosis. I have not employed it once

in my experience of thirty years of special work.
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Instrumental Examination of the Rectum.—Light.—In all methods of in-

strunu'iital ('xamiiiation of the roctum the question of light is very important.

While reflected daylight is very satisfactory where siifhcient can be obtained,

yet its supply is so uncertain and it is subject to so many interruptions that it

is much more satisfactory to rely upon artificial light, and, of the kinds available,

electric light is by far the be.4. The methods of su])plying this may be either

by the employment of a head light or by the introduction of a miniature lamp

into the interior of the jjroctoscope, the electric current being conveyed to it

by insulated rods.

Specula.—Digital examination of the rectum and the information gained

thereby can be materially supplemented by ocular inspection through a speculum.

Tile lack of space will not permit of even naming the various devices which

have been invented for the accomi)lishment of this end: they are so numerous.

We cannot attempt to give, even in outline, the very interesting history of the

various stages in their develo])ment. For all these details the reader is referred

to the larger treatises on diseases of the anus and rectum. There is one

Fig. 305.—Earlc's Rectal Speculum.

speculum, however, which I do not find mentioned elsewhere in the text-

books, and which I think is at least as well adapted for examining the ui^per

part of the anal canal and the lower portion of the rectum as any that I

have ever seen. (J. P. T.) The speculum referred to rejjresents a modifica-

tion of Sims' vaginal siK'culuiii bvDi'. Samuel T. Ivuie. who is associated with

me in the preparation of this ailicle. The modification has special reference

to the different conditions met with in this cavity—viz., the tight sphincter and

the sharp curves. The curve is greater, the sides higher, and the end more

pointed than is the case in the Sims instrument : and the blade of the si)eculum

is attached to a short handle, which may be so fixed as not to interfere with the

buttocks. (Fig. 30").) I have u.<ed this in.^trument, which was devised about

fifteen veal's ago, constantly, and have found it very satisfactory, especially in

ca.ses of fissure. In these ca.ses it is necessary to introduce the instrument a

di.<tance of only about one inch in order to jnill back the anal wall, on the side

opposite to that on which the fi.^suic is located, and thus to expose the lesion

completely to view. This ])rocedure cau.^es .scarcely any i):iiii if the iii.-truiiiriit

is iiifroduced slowly and cai'efuily. and only sufficient I\- far to expose the fissure.
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It is also found \'rry useful in holding open the sphincter while the rectum is

being irrigated and prejiared for an operation. It msiv be turned in any direc-

tion, while in situ, and at the same time it dilates the sphincter sufficiently for

all practical purposes.

The Proctoscope.—The history of the i)roctoscoi)e has been clearly set forth

by the author in his recent work on

"Diseases of the Anus, Rectum, and

Pelvic Colon." Among the many pat-

terns of it to be found on the market,

probably that de\dsed for the author by

the Electro-Surgical Instrument Com-

pany of Rochester, N. Y., is as complete

and satisfactory as any, and combines

practically all the recent improvements,

including the inicumatic attachment.

The instrument, as described in the

author's recent work alluded to above,

is composed of a large cylinder (F) , from

three-cjuarters inch to one and one-

quarter inch in diameter, into one part

of the circumference of which is fitted a

small metallic tube, closed by a flint

glass bulb at its distal end. (Fig. 306.)

The electric lamp (G) is fitted upon a

long metalHc stem, and carried through

this small cylinder to the end of the

instrument, as is shown in the illustra-

tion.

The proctoscope is introduced

through the anus with the obturator {A)

in position. As soon as the internal

sphincter is passed, this obturator is

withdrawn and, if the rectum does not

inflate under atmospheric pressure, the

bayonet-fitting plug {B), which contains

either a plain glass window or a lens,

focused to the length of the instrument

to be used, is inserted in the proximal

end of the instrument. This plug is

ground to fit air-tight, and thus closes

the instrument perfectly. The ])lug

being inserted in the tube, a very slight pressure upon the hand-bulb will cause

inflation of the rectal ampulla to such an extent that the whole rectum may be

observed, and the instrument may be carried up to the promontory of the

sacrum without coming in contact with the rectal wall. Further dilatation

VOL. VII.—49

Fig. 306.—Tuttle's Pneumatic Proctoscope.
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will show the direction of the canal leading' into the sigmoid, and by a little

care in nianiinilatin^:; the instrument, and by keeping the bowel well dilated

in advance, it may l)e carrietl n\) into tiiis portion of the intestine without the

least traumatism of the parts. If any fecal matter should obscure^ the light by

i)eing massed or smeared over the glass bulb, the i)lug may be removed, and a

pledget of cotton, introduced with a long dressing forceps, will wi|)e this off so

that the plug may be re-introduced and the examination continued with very

slight delay or inconvenience.

The adjustal)le handle [C) fits on the rim of the instrument and thus convc^rts

it into a Kelly tube. This instrument is operated with an ordinary dry battery

of four or six cells, or, better still, if one's office is equipped with the electric

light, by the admirable controller furnished by th(> manufacturers.

The tubes are made of different lengths, varying from four to fourteen inches.

The \-ery long ones are sui)|)lied with the flexible obturatoi-, which gives them the

Mercier curve, like that which exists in the author's modification of the Kelly

tubes.

The four-inch instrument enables one to examine the entire rectum, but does

not give any view of the sigmoid flexure. The ten-inch tube is sufficient for any

ordinary examination of the rectum and sigmoid, but one should, for purposes

of convenience, also have the four-inch tube.

This instrument is most satisfactory and serves all the purposes of the Kelly

tubes or any other proctoscope.

Other Instruments Required in Making Rectal Examinations.—The extent of

the intestinal canal which may be seen through the i-ectum has been greatly-

increased by these modern methods of examination, but, in the large majority

of instances, the field of ocular examination is linnted to the sigmoid flexure.

In making such an examination, however, there are other instruments which are

either useful or necessary if we wish to secure satisfactory results. Among

these may be mentioned, first, a silver ])robe, which should be from eight to ten

inches long and should be furnished with a handle that is roughened on oiii'

side, so that it can be manipulated with ease, and so that the operator may

always be able to tell in which direction the end is pointing. It should be made

of j)ure sih'cr, in ordci- to rcndei' it flexible tlu'oughout. The rectal scoop is

another very useful insti'ument, and may be made of steel or of copper, .appli-

cators and dressing forceps are also re(|uired; they should be long enough to

extend beyond the jjroctoscojie and thus ciiahle the surgeon to clear the field of

observation, or to make aj^plications to the affected parts. The handles should

be bent downward, so that they shall not obscure the view. There should also

be a long i)air of alligator forceps (Fig. 307), for seizing and removing foreign

bodies. poly|)i, and \illous growths: and tcnacula, fixation foiccps, and blunt

hooks for examining the crvi)ts, pockets, and iiilci'iial blind fistuhe. Bougies,

which are now useful only in dilating sti'icturcs, should l)e made of soft rubber

(as fii'st suggested by Dr. Wales, in 1<S<S3), conical or cyrnKhical in shape, and

])rovided with a narrow canal through the rciiti'e of the insti-ument for

injecting water thi'ough it, in order to facilitate their int I'oduction. These
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bougies are made in sizes varying from one to twelve, and are ordinarily

twelve inches long. The rectal bougie a boule is a very useful instrument for

determining the length or extent of a stricture ; it is made of hard rubber, or

flexible wire, with tips of different sizes. It is best used through a cylindrical

speculum.

The Use of AnoBstketics in Rectal Examinations and in Operations upon the

Anus and Rectum.—In rectal examinations an anaesthetic is reciuired only in

.hypererethistic patients who are aflflicted with some disease of a very painful

character; and, even under these conditions, sufficient information may, in

the majority of instances, be gained from the symptoms or from a partial ex-

amination made for the purpose of determining whether or not an operation

will be necessary without it. Then, if it should be found necessary to operate,

the more thorough examination could be deferred until the patient is under the

anaesthetic, at the time of the actual operation.

In some cases local examination fails to determine the nature and cause of

the rectal disease. The pathological condition may be located above the point

reached by the examination, or the manifestations may be so obscure that it is

Fig. 307.—Long Pair of Alligator Forceps.

impossible to determine their exact pathology. In the case of an obscure neo-

l^lasm, one should always, whenever it is possible to do so, remove a specimen

for microscopic examination.

In operations upon the anus and rectum the employment of an anaesthetic

is very necessary, on account of the great sensitiveness of the anus and the

adjoining tissues, due to the liberal nerve-supply of these parts. As has already

been stated, it will even be found necessary, when the anal orifice is unusually

irritable, to administer an anaesthetic in order to be able to make a satisfactory'-

examination.

The choice of an anaesthetic for these cases admits of great latitude, on

account of the wide range between the minor and major anal and rectal con-

ditions which call for operative interference. Cocaine and other local amrsthetic

agents, when applied directly to the mucous membrane of the rectum, not only

exert little effect, but they produce in many cases alarming symptoms. They

should therefore never be used in this manner. On the other hand, when they

are administered hypodermatically, the results obtained are very satisfactory.

By the persistent efforts of certain specialists in proctological work within the

last few years, the great efficiency of local anaesthetics, when thus employed,
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has been demonstrated. l']\'cii in cases wlicrc the ojierator is ohhged to remove

a considerable amount of ti.ssue, it has Ix'en found that. l)y injecting the agent

m close proximity to the course of the nerves supplying these i)arts. the requisite

degree of ana'sthesia is obtainable.

The local anaesthetics best adapted for this class of cases are weak solutions

of cocaine, of stovaine, or of beta eucaine lactate, with the j)reference decidedly

in favor of a solution of cocaine in the strength of from one-(iuart('r to one-half

of one percent. Sterile water injections for {mrposes of local aiuesthesia have

also been highlv reconnnended bv Dr. Clant, in whose hands thev seem to have

Fig. 308.—Entire .\bsence of the Anus.

pi-oved very satisfactory. Ahjst authorities object to them on accoimt of the

pain which attends their administration.

Techniijueof a Single-Puncture Injection for Local Amrsthesia.—The tech-

nicjue required in cases in which simply a modeiate dilatation of the si)hincter

is desired is as follows:—A hypodermic needle of about two inches in length is

employed, and the syringe is filled with a sterile solution of the drug to be

used of the strength of one-half of one per cent. \\C prefei" the cocaine

freshly made, because it is always reliable. The needle is introduced in the

median line about half an inch back of the posterior commissure of the anus

and a drop or two of the solution is injected into the subcutaneous tissues,

after which the right index finger is introduced into the rectum and hooked

around the internal si)hincter, thus dragging it down into ai)i)osition with the

extei'iial. The needle is then pushed upward and forward into the sphinctei's

one aftei' the other. de|)ositing about ."> minini< of the -ohition in each muscle
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at a point about half an incli in front of tlic posterior connni^sure. Afterward

it is easily withdrawn sufficiently to introduce it in like manner into the muscle

on the opposite side of the posterior commissure. The total quantity of solu-

tion used amounts to from 20 to 30 minims. Two or three minutes ha\'ing

elapsed, a duck-bill speculum is introduced into the anterior commissure of

the rectum, and. witli this as a point of resi.stance, the sphincters are gently

massaged and stretched to any desirable extent.

^^> do not claim that, by the employment of this method, the sphincters can

be diM.ilsed or the peri-rectal tissues broken down without pain, but we do claim

that with its aid the sphincters can be stretched sufficiently for all ordinary

practical work. Up to the present time (1909) over one hundred cases have

been thus treated by our associate, Dr

Lynch, and ourselves, witli practically

no failures, and the method has been

demonstrated to a large number of ^dsit-

ing doctoi-s, during the past six months,

at the Polyclinic Hospital. The points

for which we claim originality are the

single pimcture (which thus minimizes

the dangers of infection) and the local-

ization of the anaesthetizing agent within

the area occupied by the sensitive nerves

of the sphincter. After the sphincter

has been stretched, the hemorrhoids or

the ulcers—whichever ma}' be the lesions

that require treatment—should be an-

sesthetized with a mild solution (say.

from I to j^ of one per cent) of the

drug previously employed, as the an-

aesthesia produced by the first injection

does not extend to the cutaneous margin

of the anus anteriorly. In the case of a fissure no second puncture is necessary,

as the fii-st usually suffices, provided the injection was made in the conmiissure,

where the fissure exists.

The class of cases to which this method of producing ana'sthesia is applicable

includes those very sensitive and painful conditions in which a satisfactor}'

examination cannot be made without a resort to some fonn of anaesthetizing

agenc}^, dilatation of the sphincter, incision and dissecting out of fissures, open-

ing up fistulous tracts, removal of polypi, removal of hemorrhoids by almost

any method except A\'hitehead's—in fact, all minor operations upon the anus

and rectum.

In the case of many of these operations it is very questionable whether it is

proper or advisable to do them, with the aid of a local ana\sthetic, in one's office,

unless the patient is allowed to recline, for one or two hours after the operation,

before being allowed to leave.

Fig. 309.
—

'I'he Drawing Represents a Case in

which the Anus is Occluded by a Membrane.
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A well-grouncUHl objection to the use of local aiucstlu-sia in many of thcso

operations, is based on the fact that the distention of the tissues by the injection

—which distention is necessary if complete ana'sthesia is to be obtained—so

distorts the parts which are to be removed as well as the tissues that are to

remain, that not infrequently an insufficient amount is taken away, with the

result that a second operation often becomes necessar>-.

In the use of gcnieral anaesthetics in rectal surgery the selection of the ana\'^-

thetic to be used depi-nds upon the length of time required for the operation and

also upon the patient's condition. For operations nniuiring only a short time

for their performance,—such, for exampl(>, as dilating the sphincter, excising

a fissure, or opening up a small fistulous tract,—ethyl chloride, or nitrous oxide

gas with oxygen, may be used. For operations recjuiring a longer i)eriod of

time, sulphuric ether or chloroform may be used.

III. MALFORMATIONS OF THE ANUS AND RECTUM.

It was pointed out in the section on emljryology that the anus and rectum

are developed from entirely different layers of the blastoderm, and that the

blood-supply comes from different sources. Arrest in the development of one,

therefore, does not necessarily imply arrest in the development of the other.

Malformations of either the anus or the rectum are very likely to l)e associated

with malformations in other parts of the body which are d(>rived from th(> same

layer of the blastoderm. Thv classification which we will h(n'e make of these

malformations will be l^ascxl ui)on the differences in the origin of the anus and

rectum. With the aid of this division we shall be able to follow out clearly the

malformations wliich are due to the arrest of development in the different layers

of the blastoderm.

Malformations of thk Axus.

(a) Entire absence of the anus. (Fig. 308.)

(6) Abnonnal narrowing of the anus.

(c) Partial occlusion of the anus. (Fig. 309 .shows how this may occur.)

(r/) Absolute occlusion of the anus.

(e) Anal opening at some abnonnal i)oint in the perineal, scrotal, or sacral

region. (Fig. 310.)

Malf()1{.m.vti()Xs of thk Rkctim.

(a) Rectum entirely absent. (Fig. 311.)

(//) Rectum arrested in its descent, at a i)oint more or less removed from the

anus, the anus being nonnal. (Figs. :\\'2, 'M'A. 'MA, and 310.)

(c) Rectum opening into some other viscus, with the anus present in its

normal position, or absent. (Figs. 31 "> and 321 .

)

(fl) Rectum and anus normal, except that the uretei', bladder, vagina,

uicthi-a, or uterus o|)ens into it. ( l*"igs. .'!17 and 318.)
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Treatment.—Where there is complete atresia, whatever is necessary must

be done at once, to afford the child any chance for life. On the other hand, in

those cases in which there is an exit for the meconium and fluid feces a more

conservative course may be adopted until the child has grown older and stronger

and is better able to stand an operation. In such cases the opening, if small

and within reach, may be dilated. The prime object, in all operations for

malformations of the anus and rectum, is to give an exit to the intestinal con-

tents, and to restore the parts as nearly as possible to their normal functional

activities. Amussat, in 1835, was the first to lay down the cardinal principles

which have since guided surgeons in their attempts to correct these malforma-

tions. He advised the free and wide dissection of the perineum, with removal

of the coccyx, if necessary, in order to gain more room for reaching the rectum.

Fig. .310.—In the Case Represented in the Drawing the Anus Opened at the Tip of the Coccyx.

He also advised opening the ix'ritoneum, when necessary, through this route.

When the rectum was found, he advised that it be dissected loose from its

attachments, brought down outside the wound, opened, and, after the contents

had been discharged, attached (without too much tension) to the skin margin

of the w'ound at its nomial position, if possible. But, if it was found impractica-

ble to bring it down to the normal position, then he advised attaching it to the

sides of the space left by the resection of the coccyx. From Amussat 's day to

the present time all methods of operating upon an imperforate anus and upon

malformations of the rectum have been based uj^on his recommendations, ^\e

shall consider the treatment of these malformations in the light of the present

advances in surgery, in a general way, and shall point out their application to

each particular form of malformation.
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III tlu' first i)laco. lot us considor the trcatniont of those forms of nialforina-

tioii in which thi'ro is conij^letc occhision. In such cases it is necessary that

iinniecUate and radical ojx'rative interference should he undertaken. The

operation should he done und(»r strict antiseptic precautions, and without the

aid of a »:;eneral anu'sthetic. as children at this age do not b(>ar it well.

The location of the rectum is sometimes indicated by a greenish tinge of

the skin of the perineum covering the rectum, due to the green color of the

meconium: there may be also a liulging of the perineum beneath the rectal

pouch. With one hand on the perineum, while with the other i)ressure is made

upon the abdomen, one may sometimes feel an impulse from th(> rectal i)ouch

when the child is made to cry. Percussion may also indicate the location of

Fk;. 311.—Complete Absence of tlie Rectum, the Colon Ending in a Large Dilatation of the Bowel at
the Location of the Sigmoid.

the ]iouch. The introduction of a trocar or exj^loring needle into the iierineum

and backward into the hollow of the sacrum is, in the light of owr present knowl-

edge of surgery, too rash and inaccurate a procedure to be recommended.

After the position of the rectal pouch has been determined as far as i)ossible,

the operation may be undertaken at once on the lines laid down by Amussat,

\iz., by making a straight incision from the s])ot where the anterioi' margin of

the anus should be, backwaid to the lip of the coccyx. This incision shcnild

extend thrf)Ugh the skin and subeutaneous tissue. If there should be a rudi-

mentar\' anus, the incision should begin at its ))osterior margin. At the bottom

of this incision we come upon tlie exteiiial splunctei- muscle, or upon the (ibi'ous

band which lakes (he place of this muscle when it is lacking. This muscle or
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the fibrous band should be divided by a bhuit, and not liy a sharj) instrument,

and the margins of the cut should be pulled gently apart. The dissection

should then be continued upward and backward in the hollow of the sacrum,

in order to avoid wounding the bladder and other pelvic organs. When the

rectum is found it should be loosened from its attachments and brought out

through the wound, if possible, before being opened. When it is impossible to

do this, on account of the great distention of the organ, the trocar may be

introduced, and the contents drawn off through its cannula. By this means

the rectum will be lengthened and may then be drawn out through the wound.

In either case, before the rectum is opened, the wound should be well packed

with sterile gauze, w^hich will isolate it from its surroundings. After the con-

tents of the rectal pouch have been well drained off, the opening may then be

enlarged and the mucous membrane of the

same stitched to the skin surface of the

wound, the serous and muscular coats be-

ing allowed to retract. The object of this

step is to seal off the perineal w^ound from

contact with the fecal discharges. If it be

found impossible to draw the rectal pouch

out through the woimd at the point where

the anus should normally be, then it may
be attached at some other point of the

wound, wherever it can be brought out

without too much tension. The recom-

mendation of ^^ncent should here be borne

in mind, viz., to cut off two elliptical flaps

of skin, one from each side of the site of at-

tachment, in order to give a broader raw

surface of attachment and at the same

time to carry away more effectually the

discharges from the intestine. W^hen the

latter has been brought down and sewed in the normal position of the anus,

the posterior part of the perineal wound may be closed with deeply placed silk

or chromicized catgut sutures, care being taken to draw together at this point

the fibres of the external sphincter muscle.

The sutures best adapted for attaching the intestine to the margin of the

skin are those of sterilized catgut, of a fairly large size. There should be a

continuous suture for each side of the rectum, l)ut it should not extend entirely

around, as that would not allow the opening to dilate sufficiently. If there is

much tension on the rectal pouch, an anchor suture should be passed through

the external walls of the intestine, or the mesorectum, and out through the

skin, where it should be tied over a wad of gauze. The dressing should consist

of soft absorbent gauze, moistened with a solution of boric acid and held in

place by a nai)kin. The abdomen should be enclosed in a snugly fitting bandage,

to control strainin"-.

Fig 312. — hi the Case here Repre-
sented the Rectum did not quite Reach
the Anus.
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The above roeoiiiinciKhitioiis arc applicable to all forms of iinperforatc ani.

Treatment Required for Cases in ichich the Rectum is Arrested High up in the

Pelvis.—To approciatc the difficulties which one encounters in searchint^ for

the rectal pouch, it is necessary to know the measurements at the outlet of the

normal infantile pchis. Tiie (Hstance from one (ubcr ischii to the other varies

from 0.5 to 2 centimetres, and does not differ materially in the sexes.

In males the distance from the scrotum to the coccyx averages from 4 to

4.5 centimetres, and in girls the distance from the posterior commissure
of the vagina to the coccyx varies from 3 to 4 centimetres. These measure-

ments show that the field for operation is embraced within boundaries which
give it an ellii)tical shape, with a maximum length of 4 centimetres and a

maximum breadth of 2 centimetres. The dei)th of the pelvis from the tip of

Fig. 313.—Illustrates a Case in which the Rectum Failed to Meet the Anal Pouch Descending
Postcriorlv to It.

the coccyx to the promontory of the sacrum is about centimetres. It should

be remembered that these are normal measurenuMits, and that in the abnormal
cases it will often l)e found that the measurements are less than those here given.

The locality in which the operator is likely to gain the most space is in the

hollow of the sacrum, and here the entrance to the pelvis is interfered with

by the coccyx. Hence Amussat's recommendation to remove this bone.

Amus.sat's operation, while simple, is open to certain objections, such as taking

away the juiints of attachiiicnt of the anal and rectal muscles, -a step which
removes the normal su|)port of the lower end of the rcctimi and invites jjrolap.se.

.\ more conservative plan is that recommended b\- \incent, who takes advantage
ol the soft condition of the coccygeal and sacial vertebra^ at this early period,

and splits the coccyx and the lower i)art of the sacrum through tiieir centre with
scis.soi-s. This affords ami)le room and a good \ie\v when the wound is held

open by retractors.

II, in the.se cases, the rectal jioiich is so vjiorl ili;i! it has to be attached at

the coccygeal end of the wound, the opei'ator must be careful to cai'r\- out his
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dissection in such a manner that the rectum shall not remain attached to the

cartilaginous sections of the sacrum and coccyx—that is, to parts which are

eventually to become an osseous outlet. The succeeding steps of the operation

should be as heretofore described. It would be well, when searching for the

rectal pouch, to introduce a sound in the male bladder,—or in the vagina, in

the case of a female,—in order to avoid wounding these organs. The fibrous

band which sometimes leads from the imperforate anus to the rectal pouch,

should always be watched for and followed up closely, when found, as a certain

guide to the rectal pouch. If the pouch is not found in the hollow of the sacrum,

the search will have to be directed forward and upward in the peritoneal cavity.

It is sometimes attached to the promontory of the sacrum, or to its sides high

Fig. 314.- -Illu.strates a Case in which the Lower Rectum is Replaced by a Fibrous Cord which Connects

It with the Anal Pouch.

up, in which case the rectal pouch is likely to be entirely enveloped by the

peritoneal fold which attaches it to the sacrum, and the enucleation of the

pouch has to be done before it can be freed and brought down. This is a difficult

procedure, and the author (luestions whether it w(juld not be wiser, when such

a condition is recognized, either to do an inguinal colotomy or to bring down a

loop of the sigmoid and attach it to the perineal wound. In all cases where

the peritoneal cavity has been opened, it must be closed, or packed with sterile

gauze, before the rectal pouch is opened. If the rectal pouch is too short to be

brought outside of the peritoneal cavity, then this cavity should be closed, the

perineal wound packed off, and inguinal colotomy done at once. (The rectal

pouch may descend at a later date, when the perineal wound may be utilized.)

Treatment of the Anal Cul-de-sac .—We come now to consider the manage-

ment of those cases in which the anus is fully developed and the rectum is removed

to a greater or less distance, as illustrated in Fig. 313. The conditions present

in these cases have already been described.
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p]iKl-to-ond union hctwccn the anal cul-de-sac and the rectal pouch is a very

difficult thinji to acconi|>lish e\-en uiidei- the most favorable conditions, and the

results are very uncertain. In accordance with recent experience the best plan

to adopt is to dissect away entirely the liniiiii' membrane of the anal cul-de-sac,

including the skin around the anal maruin, and then, after bringing the rectal

pouch down to the margin of the skin, to open it and to suture its nuicous

membrane to the adjacent skin. This may be done without nuich dissection

jirovided the rectal pouch is in close proximity to the anal cul-de-sac.

Colostomy in Cases of Imperforate Anus.—Besides those cases in which colos-

tomy is imperative on account of the impo.ssibility of attaching the rectal pouch

to the perineal wound, some surgeons reconunend it, as a preliminary proceetling

to the perineal operation, in all cases where the rectal jjouch cannot be definitely

Fig. 315.—Represent.s a Case in whicli tlie Anvis Opens into tlie N'agina, tho Rectum Descending
Posteriorly to It.

located through the anal cul-de-sac or the perineum. The advantages, they

claim, are that the results are more certain than those of a proctoplasty, that

the operation is less fatal, and that it does not interfere with the establishment

of the anus at its nonnal site when the child is older and better able to stand a

serious oi)eration. The o])ening established by the colostomy offers an oj)por-

tunity for locating the rectal ])()uch, through the abdominal wound, and then,

if it be found to lie within easy reach of the perineum, the abdominal wound can

be promptly closed and the perineal operation done with greater certainty.

If the rectal |)ouch cannot be located through the abdominal wound, it

should be remembered that, in infants, the sigmoid flexure is fre(juently found

on the right side.

Trcattuent of Ahnoniidl XorroiriiKj of the Auks.— In abnormal narrowing of

(he anus, where the exit for the fecal matter is still fairly ade(]uate, simj)le

dilatation with bougies is all that may be called foi- until the child has develo])ed
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sufficient strength to stand a surgical operation. AMien the obstruction consists

of a band of skin stretched across the anal opening, there can be no good reason

for delay in dividing it with the scissors and dissecting out its points of attach-

ment. The anus should then be dilated.

Treatment of Complete Occlusion of the Anus by a Membrane or Diaphragm.—
These cases are among the simplest malformations of the rectum to treat. A
simple crucial incision of the membrane, with subsecjuent dilatation, is all that

is needed in most cases. Sometimes there is more than one membrane. To

ascertain whether such is the case or not, the little finger should be introduced

well up into the rectal pouch, after the incision has been made.

Treatment of Cases in which the Rectum opens at some Abnormal Position on

Fig. 316.—Illustrates a Case in which the Rectum Opens at the Prepuce.

the Skin.—The exit in these cases is generally sufficient to relie^-e the patient

during early life, and there need be no immediate hurry to interfere.

If the abnormal opening is not too far removed from the site of the normal

anus, it and the rectal pouch should be dissected out and sutured to the skin at

the site of the normal anus. Where the opening is too far removed for this

procedure, a search should be made for the rectum by perineal dissection, and,

if found, it should be brought down and sutured at the site of the normal anus.

After this has been done successfully, the abnomial opening will gradually close.

If it does not, it may be dissected out and closed at a subsequent date.

Where the abnormal opening is at the prepuce, glans penis, or scrotum, the

fistulous tract is so long that obstruction is likely to occur, and therefore such a

case should be operated on at once. The opening into the rectal pouch, at the

nomial site of the anus, should be estabhshed as soon as the child's condition

will pennit. In all cases of this class the fistulous tract should be cut off close
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to its entrance into the rectal iH)Uch, and a ligature should be applied to its

proximal end. This end shovdd then be invaginated into the reetuni ami should

be retained there by Lendx'rt sutures. After the ])eripheral end has been cleansed,

it should be ligatured and left to ati<)i)hv. Where the abnormal opening is at

some remote part of the body, it is of course improbable that the rectal pouch

can be reached through the i)eriiu>um. If a looj) of the sigmoid or of the colon

can be brought down and sutured at the anal site, it will probably serve all

necessary j)urposes.

Treatment of Cases in irhich the Rectum opens into some other Viscus.—Where

the rectum opens into the bladder (Fig. 321) it is a (juestion of immediate oi)era-

tion; or death may be looked for in a short time fioiu infection. From a rational

Fig. :n7.—Represents a Ca.se in wliieh tlic lU'ctuni Ojumis into tlie I'rctlira.

staiidj)oint tlu-re are open to us two methods of jjioccdure, botii of which involv(>

abdominal section. The author believes that such cases should be operated

uijon, at the earliest opportuuitw by a full and five incision into the abdominal

cavity. We are thus enabled to locate the oi)ening into the blatlder, and this

information will determine what should be the sul)se(|uent stei)S of the operation.

Where the ojx'ning into the bladder is situated high up and can be reached, it

is ix'rfectly feasil)le to se|)arate the two organs at the point of connnunication,

to invaginate the oju-nings into each other, and to suture them, provided there

is an external orifice for the escape of fecal mattei'. If, liowe\-er, theiv is an

imjtei-forate anus, this condition should be remedied fiist, either bv jJi'octoplastv

or by colotomy. AA'here the o|)ening into the bladder is situated low down, in

the neighboihood of the trigone and so far beyond the operator's reach that he

will not be able to apply sutures with any degree of certainty, it is better to make
a permanent inguinal anus and to close u|) the lower end of the colon entirely. Fi-

nally, where the rectum communicates with the urethra, the need for iiiterfe?-ence
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is generally not so urgent. The condition is more favorable for operation, owing

to the fact that the rectal pouch, in these cases, is always located lower down
and nearer the pelvic floor. It is best to dissect down upon the rectal pouch,

disconnect it from the urethra, and bring the orifice through which its contents

are discharged into the urethra, back to the normal position of the anus, when

it can be enlarged to any extent necessary and sutured to the margin of the skin

in this locality. After the rectum is detached from its connection with the

urethra, a simple perineal fistula is left, and this lesion heals of its own accord.

Treatment where the Rectum Opens into the Vagina.—In these cases, while

the abnomial channel of communication may be free enough to allow the exit

Fig. .318.—Represents a Case in which the Rectal Pouch Opens into the Vagina. The Anal pouch

may or maj- not be present.

of meconium, the further escajje of the material may be prevented by an im-

perforate hjTiien. This condition is readily diagnosed by the presence of a

bulging greenish membrane between the lips of the M.ilva; and when the dis-

covery is made the h\Tiien should be incised at once. If the opening between

the rectum and the vagina is not sufficiently free, it should be dilated by bougies

or by a uterine dilator, or, if necessary, it should be incised. Interference should

depend upon the condition of the child, all radical procedures being postponed

until, by reason of its increased age and greater strength, a favorable prognosis

is warranted. Fig. 320 shows the improper method of operating in these con-

ditions.

At what age should the operation for a vaginal anus be undertaken? In

the author's experience children at the age of from three to five years bear
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surgical ojjcrations very \\r\\. According:; to Rizzoli.* wliosc incthocl is generally

accepted, the course to he i)ursue(l tor the closure of such a vaginal anus is as

follows:—An incision is made from the posterior margin of the vagina backward

to the i)oint at which the normal anus sliould he; the perineal tissues are next

carefully dissected until the rectal i)ouch is reached; this pouch is then carefully

loosened from its attachments all around; and the vaginal anus is dissected out

intact and dragged down to the position of the normal anus, where it is per-

manently anchored hy means of sutures. The ]ierineal tissues in front of the

intestine are then l)rought together hy buried catgut or deep silver-wire sutures,

and the nmcous membrane of the vagina is carefully sutured, thus restoring

completely the recto-vaginal se])tuni and closing all communication between the

Fig. 319.—Represents a Ca.se in which the Rectal and Aiial Pouches are Separated by the Peritoneal

Cul-dc-Sac.

two organs. By this jji-ocedure the natural oi)ening in the intestine is jx-rft'ctly

pre.served. with all of its s))hinctei"ic ))ower, and the danger from non-union or

from retraction of the ])arts is pi-actically obviated. It has also the great ad-

vantage of restoring the ix'rineum and recto-vaginal sei)tum, a matter of the

utmost importance to the woman. If there should l)e two openings into the

vagina, far apart, it is better to dissect out and use the one nearest the normal

anal oi)ening, as above descrilx-d. Then dissect out and close the one farthest

away.

Treatment irliei-e the Rectuin Connnunicate^ irith the Uterus.—These cases are

so rare that no operation to coi-rect them has ever been rc|)oited. It would

seem, however, that the pioper |)rocee(ling in such cases would l)e to establish

* Gros.s' "System of Surgery," vol. ii., p. 20"), .si.xtli edition.
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an anus at the normal site, if possible, and to follow this by a laparotomy, by

division of the canal connecting the two organs, and b}' inversion and suturing

of the apertures in each, after the manner advised in those cases in which the

rectum communicates with the bladder.

Treatment irhere the Rectum and Anus, although Normal in other Respects,

are Rendered Abnormal by the Circumstance that the Ureters, the Utei'us, or the

Vagina opens into them.—In those cases in which the ureters have been found

to temiinate in the rectum, the bladder was found to be absent: in which in-

stance, of course, an operation could not

be thought of. In those cases in which

the uterus or the vagina opens into the

rectum, the same course may be pur-

sued as in the converse conditions al-

readv described.

IV. CONSTIPATION.

Constipation is a relative expression,

inasmuch as what seems to be a per-

fectly nomial condition in one person,

—such as having one stool every second

or third day.—would be (juitc abnonnal

for another, who is in the habit of hav-

ing one stool in twenty-four hours, and

feels very much upset in his general con-

dition if these daily evacuations are in-

terrupted.

Con.«itipation is a very common com-

plaint, one to which all classes and cdii-

ditions of men. women, and children are

liable, and which is the cause, as well as

a symptom, of many anal and rectal

pathological conditions: and we arc just

beginning to recognize the fact that vari(jus and serious affections may result

from a prolonged retention of fecal matter in the bowel.

Constipation may l)e defined as an abnormal ivtention, and an insufficient

discharge, of the waste and undigested products of our food, together with the

excretory products of the intestinal tract, notwithstanding the fact that a

sufficient Cjuantity of food has been taken and properly digested.

For all practical purposes constipation may be di\ided into two varieties

—

acute and chronic.

Acute Constipation.—The causes leading to the production of the acute

variety of constipation are classified by Dr. H. Illoway as follows:— (1) Direct

obstruction of the lumen of the intestinal tube; (2) the i)athological changes

VOL. VII.—50

Fig. 320.—The Drawing Shows the Old and
Unsatisfactory Method of Treating Atresia

Ani Vaginahs.
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ill one or nioiv of the tissues of the intestinal trad, impairiiiii; their capacity for

the normal perforniance of their j)hysiological function; (3) direct inhibition

of peristaltic function through the n(>rve centres; (4) absence of, or impairment

of, the quality of the bile; (o) inhibition of the aid afforded by the diaj)hra<!;m

and abdoniinal niuscles; ((J) reflex influences: and (7) a combination of \hv

various ways already eiiiimerated.

In aildition to the al)ove-name(l causes of acute constipation there are

circumstances or conditions that may a^;ui'a\-ate or increase the predisposition

to it. Such are, for exanii)le, a diet that is too concentrated or too refined, an

insufficient amount of fluid, want of exercise, and frequently antagonistic

medication.

The rational treatment of acute constipation consists in the removal of the

Fin. ;i21.— Illustrtites a Case in whicli tlic Hcetuin ()j)en.s into tlic HhuUlor.

cause as well as in the treatment of (he symptoms. The cause may be remote,

but it must be sought out. Thus, for instance, where the constipation is due

to an intussusception oi- a volvulus the ol)structioii must be overcome before

the constipation can be reliexcd; or, where it is l)rought about by the jire.sence

of false bands or by strangulation of some oiilice, as in strangulated hernia,

manifestly these obstructions must be reliexcd by surgical means befoic the

acute constiijation can be ox-eicomc.

In those cases uhei-e the ol)st I'uct ion and acute constipation are brought

about by foi'eign bodies, whethei- formed within or introduced from without,

they nmst be gotten rid of befoic the acute constipation can be icliex'ed.

Chronic T'o^.s/Z/m/Zo//. —Although the causes of chronic constipation \aiy

great ]> in theii- natuiv. they may, as suggesti'il by Dr. llloway (('lia|). \'1I., ]>.')()),

be studieil to ;id\antage uiidei' the following heads, the aii'aiigement of which
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we have slightly inoditied:— (a) Constipation produced by well-defined morbid
processes: (b) constipation caused by congenital malfomiation of a section

of the large intestine, by a defective development of the intestinal tract as a
whole, or by a dislocation of any part of this tract; (c) constipation caused bv
abstention from defecation on account of the pain accomj^anying the act ; and
(d) constipation due simply to impairment of the physiological function of

defecation.

(a) Constipation Produced by some Well-defined Morbid Process.—As
familiar examples of such well-defined disease we may refer to the presence, in

the wall of the intestine, of a cancerous growth or of a mass of cicatricial tissue

left by the healing of an ulcer: to the existence of an abdominal or pelvic tumor,

or a retroverted uterus, in all of which conditions sufficient jjressure may be

exerted upon the bowel to obstruct the jjrogress of fecal matter; and. finally,

to hypertrophic thickening of Houston's valves. The latter condition un-

doubtedly is capable, in some cases, of producing obstipation, but we do not

believe that such cases are as common as Dr. T. C. Martin would have us believe.*

(6) Constipation Caused by Congenital Defects of one Kind or Another.

—

Under this head may be mentioned such abnormalities as the following: abnor-

mally developed colon; unduly long or unduly large sigmoid flexure: undue
length of the meso-colon or meso-sigmoid : and diverticula of the large bowel.

In the case of an abnonnally long meso-colon or meso-sigmoid there is danger

that an acute flexure of the sigmoid or colon, or an invagination of the sigmoid

into the rectum, may result from these abnormal conditions.

(c) Constipation Caiiised by Abstention from Defecation on Account of the

Pain Accompanying the' Act.—In this class of cases it will be found that the

rectum or the anus is the seat of disease of some kind—for example, hemorrhoids,

ulcerated conditions of the rectum or the anus, fissures of the anus, and chronic

proctitis. All physicians are familiar with the fact that these conditions favor

chronic constipation. In the cases in which for any reason it is not practicable

to attempt a pemianent cure by operative interference, considerable tenijDoraiy

relief may be obtained b}' the administration of castor oil in half-oimce doses

(to be repeated every three hours until a movement of the JDowels is secured),

and then afterward by the use of enemas of cotton-seed oil. Each enema

should contain as much as four ounces of the oil, and the fluid should be injected

while the patient is in the knee-chest position.

id) Constipation due Simply to Impainnent of the Physiological Function

of Defecation.—It is only to this fomi of constipation, according to Illoway,

that the term "'habitual constij^ation" can projjerly be a]3plied.

From a study of the intestinal movements it is known that, under noi-mal

conditions, the circular and longitudinal muscular fibres contract alt(>rnately.

By the contraction of the circular fibres the bolus is prevented from retrogi-ad-

ing; then, by contraction of the longitudinal fibres, the bowel is pulled up over

* The reasons why the importance of these hypertrophied valves seems to us to be over-

estimated by Dr. Martin are set forth in detail in the last edition of Dr. Tuttle's book on

" Diseases of the Rectum, .\nus," etc.
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chc bolus, and tlius it is pushed alon.u'. I'lidcr aluKtrnial (•(Uiditious, liowcx-cr,

this phvsiolouical ordci- may \)v chan.iicd: the two sets of tihrcs may contract

synchronously and spasmodically. Thus the i)ro^r('ss of the fecal matter may

l)e retarded and constipation result, as happens in s])asmo(lie stricture of the

rectum. Such a s])asm of the iiUestinal nniscles may iiiNoKc any part of the

intestinal tract. The writer recalls two cases, for e.\ami)le. in which the spas-

modic contraction affected the muscles of the (esophagus. Then, apiin, the

spasm niav be limited to an\'' section of the tract—as. for exami)l(\ the rectum

or the sigmoid, which are the pai'ts concerned in the pi-oductioii of the form of

constijjation known as spastic c()nsti])atioii.

Under the present headinji; would conu' those cases of chronic constiiJation

which are produced by a si)hincter that is simply irritable—that is, one which is

easily provoked to spasmodic action. Such spasmodic action is nmch more

common in the sphincter ani than hio;her up in the rectum.

In the present firoup belonji; also those cases of chronic constii)ation which

arise from atony of the intestine, from nei^lect to answer the calls of nature,

from the use of food that is defective in residual matter and fats, from want of

suffici(>nt physical exercise, from prolonged mental work and worry, and from

the well-marked muscular relaxation which follows the prolonged use of warm-

water enemas or the too great distention of the bowel by such enemas.

Diagnosis.—The diagnosis of th(* mere fact of constipation is usually made

without any difficulty from the statement of the ])atient. In some cases a

digital examination may be found necessary. There is some difficulty, however,

in gettingat the truth when the ]jatient complains of diarrhoea, and yet is actually

constii)ated. The important points to be determined are: what is the cause

of the difficulty, and what is its nature; that is, is it a case of habitual constipa-

tion, or is it due to one of the many i)athological factors already mentioned?

In order to differentiate l)etween the different causes, one must go carefully

into the history of the case, and mu.st incjuire i)articularly whether there has

or has not been pain, and also whether or not tliere has been any atlmixtiU'e of

mucus (simi)le mucus or mucus stained with blood) with the feces. The abdo-

men must be carefully examined, and so also must the rectum, both with the

finger and with the i)roctoscope. By inflating the bowel through the i)neumatic

proctoscope we shall be greatly assisted in our seai'ch for facts bearing upon the

nature of the affection.

TRK.vr.MKNT.—The most conunon form of chronic constipation that presents

itself for treatment, is that due to atony of the intestinal nmsculature; and

the rational line of treatment, in cases of this nature, is first to remove the

cause, if possible, and then to restore the lo.st tone of the bowel. The first

indication will be met by enforcing the following rules: The patient should

have a definite houi" foi" going to the toilet each day, whether he has the desii-e,

or not. If he does not have the desire, he should induce it or aid it by

the simj)lest and most ready means at his conunand viz., an injection of a

small (juantity of cold watei', which acts by stimulating the bowel to do its

woi-k. If this practice is continued t"oi' a short time, the habit will soon become
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established. In the next place, he should eat such food as contains a considerable

amount of cellulose—such, for example, as coarse vegetables, fruits with their

skins left on, and bread made from unbolted floui'. He should drink ])l('iity of

water and should take an abundance of outdoor exercise. No milk, excejjt in

very small quantities, should be allowed. To carry out the second indication,

—the restoration of tone to the bowel,—resort must be had to thos(> means

which experience has shown to be most efficient, viz. : the correction of stomachic

and intestinal indigestion: the use of such drugs as improve muscular tone

and excite peristalsis—as, for example, nux vomica and physostigmine; massage

;

hydrotherapy, and electricity. Massage has the most ])ronounced effect in

restoring the tone of the bowel, as well as in strengthening the voluntary al)-

dominal muscles which take part in defecation. It can be carried out by the

methods that are usually laid down for its use, such as kneading, rolling of a

small cannon ball (three or four pounds) ovcv the abdomen, or the SwedL-^h

exercises that have been specially.arranged for develoj^ing these muscles.* Still

another method is that in which massage is a]3plied directly to the walls of the

rectum by means of an oscillator or viljrator introduced into the rectum and

then made to oscillate very rapidly. The results of treatment by this form of

massage are reported to be most satisfactory.

Hydrotherapy plays an important part in the treatment of atonic constipa-

tion. The most common forms of administering it are the following:—Cold-

water enemas used in moderate quantities, so as not to cause overdistcntion

of the bowel, cold tub-baths, douches, and compresses; and cold moist

frictions.

It is not quite certain whether the use of electricity produces any pemianent

beneficial effect on constipation, or not; that it is cajmble of provoking an

evacuation of the bowel is scarcely open to doubt. The faradic current is

generally used, the positive electrode being placed in the rectum, and the negative

along the tract of the colon and sigmoid, over the abdomen and over the lumbar

])ortion of the spinal cord. The treatment of that form of constipation which

accompanies chronic catarrh of the large bowel, consists in the treatment of the

latter disorder, as given elsewhere in this article. For spasmodic stricture of

the rectum, as also for spasm of the external sphincter without local lesion, the

internal use of asafoetida in large doses will probably be fomid the most useful

of all medicines, especially as the individuals in whom the affection most fre-

quently occurs are hysterical subjects. In cases of spasm of the external sphinc-

ter, in which the asafcrtida has failed to afford relief, gradual but complete

dilatation of the sphincter will be the next best means of relief at our command.

In these cases also the oil clyster (from three to four ounces of olive oil or the

best cotton-seed oil) should be injected warm into the rectum at night, the patient

being in the knee-chest i)osition while the injection is in progress and also tor

from five to ten miiuites after the procedure is completed. Where the con-

stipation is due to hypertroijhy of Houston's valves, these strictures should be

divided, either according to Dr. Martin's method (with the knife devised by

* For a description of these, see Dr. Illowuy's book.
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him for the purpose) or 1)\' the application of Pciuiiii^toirs oi- Gaiit's clamp

which causes pressui'c necrosis and thus effects a division of the valve.

The j)rolonged use of cathartics and even of laxatives, in any form of con-

stipation, should be dej)recated. In eases of imj)action. or where hard scyhala

have foiTiied. the administration of castor oil, to be u;iven in half-ounce doses

at intervals of three hours, until the bowels aic thoroughly emptied, and then

to be followed iiy the (>mployment of enemas of cotton-seetl oil, affords the

safest and best means for obtaining prompt n^lief. In cases of impaction, how-

ever, the enemata should not be administered until the mass has been broken

up by forceps or softened by the injection of ox-gall or, better still, hydnjgen

dioxide. Both the forceps and the dioxide may be applied directly to the mass

through the electric proctoscope. In those cases of atonic constipation in which

it is tleemed necessary to give laxatives for a while, the fluid extract of cascara

sagrada. a combination of the cascara with malt, or an infusion of senna leaves,

will be found most efficient and the least harmful. In those cases in which the

constipation is due to acute flexures of the sigmoid, or to the invagination of

the sigmoid into the rectum, or to displacement of the colon,—all of which

conditions are generally the result of an abnormally long meso-sigmoid or

meso-colon,—temporary relief may be gotten from the introduction, once every

day. of a No. 8 ^^'ales bougie or from the inflation of the bowel with air, especially

if it be done while the i)ati(>nt is in the knee-chest position. Both of these

measures act by lifting or pushing the bowel out of the ])elvis and thus straight-

ening out the flexures. For the i)ermanent ivlief of either of these conditions,

when present in an aggravated form, resort nmst be had, sooner or later, to

sigmoidopexy or colopexy. The same may be said of those cases in which the

constii)ation is due to the presence of adhesive bantls. or to undue contraction

of the lumen of the l)owel by scar tissue. Th(> abdomen having been opened, the

adhesive bands should 1k' broken up or the strictured j)()rtion of the bowel ex-

cised and the healthy ends brought together by end-to-end or lateral anastomosis.

In the sigmoid the latter appears to be the safer method.

V. SIMPLE AND SPECIFIC CLCERATIONS.

Simple Ulcerations.—The simple ulcerations are those which originate in

traumati.-m or in any abrasion that secondarily becomes infected with one or

more of the different species of micro-organisms which arc commonly present in

or around the anus and rectum. The specific ulcerations are those which are

due to specific organisms—as, for exami)le, tuberculous, syphilitic, and dysenteric

ulcerations. Each of the varieties mentioned may be further sulxlivided

accoi'ding to location.

IvnoLofiV.—Simple ulcerations may be due to traumatism or to any abrasion

of the surface through which infection may gain admission. When they occur

around the anal margin, they iiia\- be due to her|)etic oi- eczematous eru|)tions.

\\ lien tlie\' occur in the I'ectum oi' si«rmoi(l, thev mav be due, not onlx' to the
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causes already named, but also to catarrh of the mucous surface, to a varicose

condition, to inflamed hemorrhoids, to follicular inflammation, and to the toxic

action of certain drugs.

In the causation of ulcers in the region which we are now considering, some

influence must be accorded to certain anatomical conditions—as, for instance,

the manner of distriljution of the superior hemorrhoidal v(nns, the absence of

valves in the veins, and the existence of a feeble collateral circulation. Certain

diseases, such as Bright's disease and diabetes mellitus, trophic disturbances,

and marasmic conditions, favor the development of rectal and anal ulcers.

Geneeal Symptoms.—The symptoms are very similar foi' all varieties of

ulceration ; the degree of severity does not bear any relation to the size of the

ulcer. l)ut it does to its location. Those ulcers, for example, which are located

nearest the sphincter produce the most distressing symptoms, regardless of

their size. Diarrhcea is one of the earliest and most constant symptoms. The

stools soon consist of mucus, pus, and blood, and are attended with tenesmus

and a bearing-down sensation. Pain is a very indefinite and unreliable symptom,

depending upon the degree of proximity of the ulcer to the external sphincter.

The amount of pain bears no relation to the character of the ulcer. Incon-

tinence may exist in a certain number of cases.

Traumatic Ulceration of the Rectiuu.—Traumatic ulceration of the rectum

originates in an abrasion of the surface of the mucous membrane, followed by

an infection through the abrasion. The appearance of an ulcer of this nature

depends upon the character of the wound which gave rise to it. Its surface is

covered with simjile granulation tissue and is bathed with thick muco-pus.

In the treatment of these ulcers the important thing is to secure thorough

drainage. This is best accomplished either by thoroughly stretching or by

incising the sphincter, and by irrigations with antiseptic solutions, three or four

times daily ; after which the ulcer may be further cleansed with hydrogen dioxide,

and .stimulated with a two-per-cent solution of silver nitrate, or, in very chronic

cases, with tincture of iodine. The evacuations should be regulated by gentle

laxatives and made to pass painlessly l)y the employment of tepid-water enemata.

In the case of hemorrhoidal ulcers the treatment should be absolutely surgical.-

the ulcerated hemorrhoidal mass, together with any other hemorrhoids that

may be present, should be removed. The resulting wounds should not be sewed

up, on account of the infection already present. The clamp and cautery, by

reason of their antiseptic properties, are best adaj^ted for the treatment of these

cases.

Ulceration Follcndng Sinc^wrc—Stricture of the rectum is sometimes accom-

panied by a form of ulceration that might be included with traumatic ulcerations,

for doubtless the trauma from the retained and hardened fecal matter is the

chief factor in its production. Nevertheless, this ulcer possesses certain features

which do not characterize the traumatic ulceration. In the first place, the walls

of the rectum are generally infiltrated with fibrous tissue, and this is true, not

only with respect to the different layers of tissue which compose the rectal walls,

but also—more particularly in the case of syphilitic strictures—with respect to
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the walls of the l)lood-vos8els that sui)i)ly tlu'S(> structures (arteriosclerosis or

endarteritis). Thus we havt- the ciiculation of the part interfered with hy

])ressure from without as well as hy a (.liniinution of the arterial calil)re: this in-

terference with the circulation lowers the vitality anil resisting power of the

tissues and makes theiu \-ery uuich uiore j)roneto ulceration. This constitutional

disorder, with which strictures of the rectum are so often associated, is an ad-

tlitional factor that does not have to be reckoned with in simj)le traiuiiatic ulcei-s.

It. in turn, weakens the resistino; power of the patient and makes the liability to

ulceration in these cases more certain.

Specific Ulcerations.—Under the head of specific ulcerations of the anus,

rectum, sigmoid, and colon, we shall include all those forms of ulceration which

may be directly and positively traced to specific organisms. Such, for example,

are the following:—Tuberculous ulcers (Fig. :i'2'2). ulcers caused by the

Schisto.soma ha^natobium, dysenteric ulcers, venereal ulcers, diphtheritic ulcers,

carcinomatous ulcers, and ulcers due to actinomycosis.

Tuberculous Ulcers.—Tuberculosis is now known to be the cause of many
forms of ulceration in this locality, the pathology of which was formerly unknown.

These ulcerations may be primary or secondary, and may appear in the surround-

ing skin or in the muco-cutaneous, the mucous, or the cellular tissues. The
disease is propagated either directly to the adjoining tissues or through the

lymphatics. Its rapidity of advance is in an inverse ratio to the amount of

fibrous tis.sue in its })ath. A pure cicatrix, for exami)le, forms an imi)assable

barrier to its progress, and may give rise to stricture.

Lupoid ulceration of the anal canal is only another form of tuberculosis. It

is attended with a great deal of infiltration and is slow in its progress, l)ut e\'ent-

ually it jjroves very destructive to the tissues.

\'errucous ulcei-ation is si ill anothei- type of tuberculous ulceration. It may
extend either downward to th(! skin, or upward into the rectum. It is a very

rare form of tuljerculous disease. The chief characteristic of these ulcers is

their pa|)illary or mammillated appearance. The true nature of the ulceration

has been verified by inoculation of rabbits, and by finding the tuberculosis bacilU.

The ulceration develojjs insidiously.

The finding of the bacilli in the scraj)ings establishes the diagnosis.

It is interesting to note how natui-e. by producing an iiitih ration of fibrous

ti.ssue at the base and sides of the ulcer, makes i)rovisi<)n for staying the progress

of the disea.se.

The observance of extreme cleanliness, the use of antisejjtic washes or of

du.stitig powders, and the aj^plication of .soothing ointments, constitute the

treatment. All unneces.sary surgical interference should be avoided, but, when
this l)(,>comes necessary, the patient should be gotten out of dooi-s as soon after

the o|)eration as his strength will pemiit.

In the lujMjid form of ulceration curetting, followed by the u.se of the x-ray,

gives the best results, (leiieral constitutional treatment should of course be given

at the .same time. In the verrucous form of ulceration, the same local and
general measures as have been recommended foi- the treatment of the simple
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-jip^-v^]

tuberciiloiif; ulceration, may be employed to advantage. When the ulceration

involves the rectum and sigmoid, the most that can be done locally is to em):)loy

antiseptic irrigations. At the same time special at-

tention should be paid to general treatment. Several

cases have been reported in which appendicostomy has

given great relief.

Hyperplastic Tuberculosis.—Coquet (These, Paris,

1894) has described a peculiar condition of tuberculous

infiltration of the intestinal walls, which he has desig-

nated by the aljove title. According to him it occurs

most frequently in the ileo-ca'cal region. It is charac-

terized by extensive formation of fibrous and tubercu-

lous granulation tissues in the walls of the intestine.

It corresponds to a similar tuberculous process which is

found in the lungs in a certain form of chronic pulmo-

nary tuberculosis. The fibrous hyperplasia seems to take

the place of caseation and necrosis. The walls of the

intestine are greatly thickened and indurated. The

mucous membrane is sometimes ulcerated. The chief

seat of the infiltration is in the submucous and circular

muscular layers.

The diagnosis is exceedingly difficult to make unless

there is ulceration of the mucous surface.

Acute Tuberculous Proctitis.—This disease, which

was first described by Earle in the Maryland Medical

Journal for 1899, is characterized by swelling of the

mucous membrane, by intense hypersemia, and by the

presence of numerous small ulcers. The description is

based upon the findings of two necropsies, which were

made under the supervision of Professor Councilman,

and upon two cases observed at the bedside. For fuller

details the reader is referred to the above journal.

Carcinomatous Ulceration.—Owing to the similarit}'

of the signs and symptoms of the two diseases it is some-

times very difficult to distinguish a simj)l(> ulceration of

the rectum from a beginning carcinoma of the same

locality. The pos.'^ibility that the latter disease may
be present should always be borne in mind in the case

of a patient who is suffering with diarrhoea and dis-

charges of mucus, blood, and pus, and a thorough ex-

amination should be made to deteiTnine the truth. The

trained finger will easily recognize the peculiar indura-

tion which characterizes the presence of a cancerous

growth in the rectum. The ulcerations which frequently occur in connection

with Bright's disease, diabetes mellitus, chronic cirrhosis of the liver, and

v

I'lG. 322.—Drawing of

Tuberculous Ulceration

and Stricture of the Rec-

tum. (Tuttleon "Diseases

of the Anus, Rectum, and

Pelvic Colon.")



794 A.MERICAX PRACTICE OF SURGERY.

marasmus, possess no characteristics by means of which one might be able to

cUstinguish them from simple ulcerations, and the manner of treating the two

should be the same;—it being understood, of course, that due attention is to

be paid to the complicating disease.

Ulceration of the Rectum Due to Infection by Schistosoma hrematobium.—
Dr. Leonard Blumgait, of New York {Medical Record, April Gth, 1907), has called

attention to a very interesting form of ulceration of the rectum due to the

general infection caused by the Schistosoma ha'matobium. The infection, it

is now believed, takes place in one or the other of two different ways. Sonsino

claims that the infection occurs through the gastro-intestinal tract by means of

infected food or water; Brock, on the other hand, believes that the parasite entei-s

the body through the skin while the patient is bathing in an infected stream.

The adult worm finds its way into a small vein of the portal system, becomes en-

cy.^^ted there, lays its eggs, and finally these burst the wall of the \-essel and escape

into the neighboring tissues and blood-vessels. The pathological results are in-

duration, ulceration, and polypoid vegetations. It is only in the icctum, how-

e\'er, that the vegetative and ulcerative changes take place. The onh^ symptoms

which seem to be constantly produced are diarrhcea and pain. "In our case

[Blumgart], the eggs were found in every stool examined." The disease is very

rare in the United States, only seven cases having hitlierto been reported.

Dysenteric Ulceration.
—

"While it has been jjroven that the chief seat of dys-

teric ulceration is in the ciecuni, it is un(iuestionably true that a very large

majority of cases ])resent typical ulcers of the rectum and sigmoid at some time

in their course. This fact and the modern treatment of diseases of this nature

by local measures bring dysentery within the domain of rectal surgery.

Dysentery is now admitted to be an infectious disease. There are three

types of infection—the amtebic, the bacillar}', and the mixed infection. The

latter should prol)ably be classed with simple ulcerations.

Bacillary Dysentery.—This fonn of dysenter}- is due to infection by the

Shiga bacillus or one of its prototypes. The source of the bacillus is unknown.

The disease is often ushered in suddenly with a chill, rise of temj)erature,

pain in the back, griping abdominal pains, tenesmus, and burning in the rectum.

The .stools are at first mushy, then li(iuid, and finally they are composed almost

entirely of mucus and blood. Fre(|uentl>' there is nausea. Emaciation pro-

gresses rai)idly, and collapse often comes on early in the course of the disease.

The constitutional symj)toms are due to the toxins produced by the specific

bacilli, and not to the bacilli themselves.

A large dose of calomel (gr. x., with sodium bicarbonate) should, if possible,

be given early in the disease, and, after the lap.seof six hours, it .should l)e followed

by a full do.se of castor oil. \\'hen the bowels have been thoroughly evacuated,

rectal irrigations of warm antiseptic solutions should be begun, and they should

Im- rejx'ated ev«'ry four or five hours.

Shiga has obtained very good results from the .serum treatment of this form

of dysentery. This treatment alone, however, is not sufficient; with it nmst

be combined rectal irrigations and constitutional measures.
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Amcebic Dysentery.—This form of ulceration of the large intestine is due to

infection with the Amoeba dysenteriae. It is much more insidious than the

bacillary form.

Usually, in the acute cases, there are the following s\TOptoms: a frequent

desire to defecate; burning in the rectum, with tenesmus; loss of appetite ; and
slight elevation of temix-rature. As has been i)()intetl out by Rogers and Tuttle,

the amcel)ic infection may exist in a latent form, and may even end in death

from complications, without noticeable diarrha-a. Severe constitutional com-

plications, however, are rare.

The irregular course of the disease is one of its chief characteristics, the

attack being made up of inteiTnissions, relapses, and exacerbations.

The diagnosis can be mad? positive only by finding the Amceba dy.-^enteria'

in the discharges from the bowels or—what is much more accurate— in the

scrapings procured directly from the ulcers and examined immediately.

So far as treatment is concerned, it is only necessaiy, since the disease is

primarily local, to direct all our efforts toward its eradication by local measures

and Ijy the administration of sahne cathartics. Ipecac in salol-coated pills seems

to produce a good effect in very acute cases, but, in our experience, it is useless

in the chronic conditions. Such symptoms as may manifest themselves in

addition to those of the ulceration in the large bowel, are secondary and should

be treated as they arise.

High rectal irrigations of normal saline solutions, of formalin solution?

(1 in 300), of a very weak solution of bichloride of mercury (1 in 10,000), or ot

cpinia nnn"iate (from 1 in 500 to 1 in 3,000) , to be administered in alternation

with similar irrigations of a silver-nitrate solution (from 1 per cent to 3 per cent),

are among the best local means of treating the disease. All these solutions

should be used at a temperature ranging from 80° Fahr., at the beginning, down

to 60° Fahr. This is the course suggested by Tuttle, who observed that the

motility of the organisms was lost—and, as it appeared, pennanentlj'—whenever

the temperature was reduced be.ow 70° Fahr. Acting in hannony with this

observation Tuttle has treated successfully a number of cases with irrigations

of ice water alone. ^lusgrave says that the cold does not destro}- the amtrbie,

but simply bemunbs them, so that they may be more easily washed out from the

intestinal canal. If it is found, however, that the cold solutions produce much

pain and tenesmus, they should then be used wami, and should be introduced

ver}^ slowly. The diet should be principally nitrogenous and of a mild, un-

irritating character, and the patient should be confined to bed. While many

acute cases are permanently cured by the measures named above, this is by

no means tme of the chronic cases, which continue to have relapses under the

most careful use of the various measures advocated—so long, at least, as they

are administered through the normal channels. These same remedies, ho^^•e^•er,

and especially the cold water, will give the most satisfactory and ])ennanent

results when they are administered through an artificial opening in the ciecum

or the appendix, in the manner suggested by Dr. Gibson and Dr. R. F. \\ eir,

and to be described farther on (p. 797).
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\'alviilar Colostomy.—Tliis operation was dcNiscd prior to apix-ndicostoiiiy,

and, whilo the latter is nuicli easier to perform and nuich more easily managed
sub.-^equently, yet valvular colostomy .still has its own field of usefulness (e.g.,

in cases in which the a]){)endix is found to he impervious, or in those in which,

for any other cause, this or<i;an or structure cannot l)c utilized for irrigating

l)urposes).

Gibson's method* is as follows:—An incision, one inch and a half in length,

is carried through th(> abdominal wall ]iaral!el with Pou])art's ligament on the

Fin. .323.—Opcnitinii ol A|i|)cii(lic<»l()iii\ ; First .Stage.

right side, and one inch internal to its outer i)art. The carum is found directly

beneath the incision and i)resents itself in the o])ening. A point is chosen in the

anterior bainl of the intestine and at this point an opening is made sufhciently

large to admit a fair-sized soft-i'ubber catheter. The three tiers of sutures

placed above and behtw this oiifice serve to infold the ca'cal wall. The ends
el the last sutures inti'odnccd are left long, and are cai'iied through the margins

* lio.stoii .Mf.licil jiiid Surgical .Journal, vol. cxivii., p. :m.
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of the abdominal incision. These, when drawn tight, luring the ca'cuni forwai'd

into close contact with the abdominal wall, and are utilized for closing the

external wound, a silkworm-gut suture being i)laced at each angle for reinforce-

ment purposes.

The catheter is left in place until the seventh day, after which it is reintro-

duced at the time of each irrigation. These irrigations are begun about the

second or third day after the operation. There is absolutely no leakage from

this opening when the catheter is out, nor is there any difficulty attending its

Fig. 324.—Operation of Appendico.stomy ; Second Stage.

reintroduction. The wound, furthermore, readily closes of itself after the use

of the catheter is stopped.

"Weir's Operation for Appendicostomy.—The techni(iue of Weir's operation

for appendicostomy, as recently modified by Tuttle, is thus described in a pajx'r

which he read before the Surgical Section of the New York Academy of Medicine

in May, 1905:*—An incision, one inch and a half long, is made at McBurney's

* See American Journal of Surirerv, Jmie, lOOo.
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l)()iiit. the intcrnuisculai- iiu'tliod being used. The aiipciidix lia\in<;' hccii found

and brought out to tho surface, its artery is tied and the mesentery stripju'd

down to its juiu'ture with the (•ai)ut coli: a suture is next passed at the low(>r

angle of the wound, through the peritoiKMim, then through the inuseuhir walls of

the ca'cuin at its junctui'c w itli tlic appendix, and back thi'oughthe jx'ritoneuni

on the oi)i)osite side of the wound. (Fig. o2o.) A .second suture is then [massed

about half an inch above the other, through the same ti.ssues. but on the upper

side of the appendix. The.-^e two sutures having been tied, the peritoiieuiu is

closed by continuous suture and the wound in the usual inaiuier, the skin being

sutured accurately, l)ut not too tightly. (Fig. 324.) The patulousness of the

apiKMidi.x should be definitely determined before closing the abdominal wound.

If there is any real reason to doubt its patulousness, we believe that it is better

to cut off the end and to tie in a very small catheter before closing the peritoneal

cavity. There is very little risk in adopting this course, and it gives the surgecni

the advantage of performing a valvular circostomy at once, if the appendix

should prove to be impervious.* If there is no reason to suspect the pervious-

ness of the appendix, the abdominal wound should be closed and the appendix not

ojx'ned for .several days. It is better to delay the irrigations for four or five

days after the operation, on account of the risk of infecting the wound. It must

be rememl)ered, however, that ai)pendicostomy does not take the place of local

treatment applied to the ulcers in the rectum and sigmoid. Many of them are

mixed infections and must be treated accortlingly.

Ulceration due to Mixed Infections.—The character of the ulceration which

results from a mixed infection is very similar to that of the bacillary tyi)e. The

symi)toms, as a rule, are not so acute nor so violent.

The UKJst important pathogenic organism found in this form of ulceration is

usually the colon bacillus.

Venereal Ulceration of the Alius and Rectuni.—Although this form of ulcera-

tion is not very frequent in the United States as the result of direct transmission

thi-ough the practice of sodomy and ])ederasty, yet, as a i-esuh of auto-infection,

it occurs ([uite fre(|uently. The chief varieties arc gonorrlueal, chancroidal, and

syphilitic.

Gonorrhoea] Proctitis and Ulceration.—This form of the disease resemt)les

so closely acute catarrhal i^roctitis, that it can be differentiated only by the

presence of the causative agent, the gonococcus.

The remedial solutions which will be found the most effective are tlu' follow-

ing:—Bichloride of inercuiy solutions (1 in 10,000); silver nitrate solutions

(one-(|uarter to one-half of one |)er cent); and solutions of argonin, argyrol. and

|)otassium permanganate, all of which rapidly destro}^ the gonococci.

("haiKToid of the Anus and Ivcctum. -This is not an iiifi'equent aflection

among th(( lower classes, and its characteristics are very much influenced by the

amount f)f attention which it receives. It is much more freiiuent in women than

in mm. owing to the facts that the genitalia are in closer proximity to the anus

* III ;i hiPf^c tuiiiilxT of ciiscs opfiMtcil upon \>y iiiyscll' and my a.ssistants, wo liavc iicver fimiid

thf |>rocc<liirc necessary in a single instance.

—

J. I'. T.
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(thus favoring auto-inoculation), that the anus probably comes in contact with

the diseased male organ, and that the practice of sodomy is more frequent than
that of pederasty. Chancroidal ulcerations of the anus may be secondary to

chancroids elsewhere, and are generally limited to the perianal region and the

anal canal. Chancroidal ulceration of the rectum is a very rare lesion and is

generally the result of sodomy or i)ederasty. The i)hagedenic variety, with its

persistent tendency to spread, is more likely to extend from the anal orifice up
into the rectum. The treatment consists in keeping the parts thoroughly clean,

in making local applications of a stimulating character, and in dusting the parts

either with some mildly antiseptic powder or with one containing calomel.

Syphilitic Ulceration.—This highly infectious and insidious disease manifests

itself in the skin around the anus, in the anal canal, and in the rectum, either as

a primary lesion or as one of a secondary or tertiary character. The primary

lesion

—

i.e., a chancre—appears in and around the anus or in the rectum more
frequently than has been supposed. It is much more common in women than

in men. In whichever of these localities it may appear, its pathogenic charac-

teristic is the induration of its base. This feature, however, is not very pro-

nounced before the expiration of ten days or two weeks.

The differential diagnosis may be made before this jjy the finding of the

Spirochsete pallida.

A simple hard chancre may assume a phagedenic type. The inguinal Hmiph

nodes on both sides soon undergo enlargement, one after the other.

A patient may have a true chancre without the development of any second-

ary lesions, and yet, years later, he may show tertiary symptoms. Then, again,

the secondary lesions may be so mild as not to attract attention. These cases

indicate that the systemic resistance at the time was sufficient temporaril}- to

overcome the virus of the disease, but not to destroy it. Then, at some later

period, when the patient's vitality was depressed, it overcame the systemic

resistance and developed with great intensity.

Secondary manifestations of syphilis show themselves on the skin surface,

in the region of the anus, in the form of mucous patches or ulcerative conditions

which are merely transformed macular, moLst papules. They may also occur in

the form of tubercular syphilides, due to moisture and constant contact of the

parts. They first begin with an erythema between the folds of the buttocks;

and this change may take place before the initial sore heals.

Secondary ulcerations in the rectum are by far the most frequent manifesta-

tions of syphilis that occur above the ano-reetal line. They may be single or

multiple; they are crater-like ulcers, with clean-cut, indurated edges; in the

early stages they rarely extend deeper than the submucous tissues; subsequently,

they may become very extensive, and are often attended with great destruction

of tissue. In these ulcerations of the rectum the sacral lymph nodes are enlarged.

The walls of the rectum beneath the ulcers feel leathery and indurated. The

odor is fetid and offensive, but quite different from that given off by the discharge

which attends a carcinoma.

The treatment consists in keeping the parts clean, in securing good drainage,
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ill making hn-al antiseptic ai){)licati()ns. and in adininistcriiiii' incrcui-v intcniallw

A lar^c miinlHT of cases of syphilitic ulceration einl in the formation of an

ol)stinatc stricture, which owes its oriiiin to the liWious infiltration that always

attends and follows this form of ulceration.

The itrincijial types of the rectal lesions l)elonjiiii«i- to the tertiary stage of

syphilis are ^ummata, destructive ulcerations, ano-rectal syjihilomata, and

proliferating jM-octitis.

Guninia.—When a gumma occurs in the rectum, it takes the form of a round,

elastic, and painless dei)osit in the submucous tissue. Later, it may invohc

both the mucous and muscidar walls of the bowel. It may occur as a single,

isolated lesion, or there may be several gummata. If breaking down and

ulceration of the gumma do not occur, permanent stricture of the rectum will not

result.

A drv, brittle condition of the muco-cutaneous tissues about the anus is one

of the most freciuent manifestations of teiliary syphilis. A very similar con-

dition is seen in atrophic catarrh. I'lcers like those of tertiary syphilis (dis-

integrating gumma) may also result from traumatism and from necrosis of

tissues due to endarteritis ol)literans.

Ano-Rectal Syphiloma of Foiirnier.—Fournier* describes, under this name,

a specific fibrous infiltration of the rectal walls. He states that it represents

a hyperplastic proctitis, with a tendency to sclerotic change, as it is seen

in the kidneys and other organs in late syphilis. It begins in the sub-

nuicous tissue.

Proliferating Proctitis.—Paul Hamonic has described under the title of " De

la Rectite i)roliferante venen(>nne et non-venerienne'' (Annales Mfklico-Chintr-

gicales Francaise.s el Ciramfcres, \'()1. II., p. 3, ISSli) what he considers a iieculiar

syi)hilide. It consists of a growth of fragile \illous ])rolongations, which

spring from the mucous membrane of the rectum. Kelsey and Tuttle have

each reported cases of this character.

The treatment of tertiary syphilis of the anus and rectum consists in the

administration of the iodides, in inunctions or hyjxjdermic injections of mercury,

and in the local ai)plication of antisejjtic washes and dusting powders.

Hereditary or Congenital Syphilis of the Anus and Rectum.—Lesions of this

nature are among the earliest manifestations of this form of the disease; they

may occur at any time after birth, up to several years of age. There is first

observed an er}1:heina around the anal margin; the skin is slightly pigmented,

red oi' (•oi)|>er-colore(l, but after a few days it becomes thickened, and

elevated; then a thin, sero-punilent discharge is set up, which soon assumes a

fetid odor.

Actinonnjcosis.—Actinomycosis is exceedingly rare in the region of the rectum.

It may have its primar>' seat either in this part of the intestinal canal or in the

perirectal tissues.

* " Li'.sioii.s tcrtiuircs i\i' i'amis ct rcctuin." Paris, 1875.
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VL FISSURE IN ANO; IRRITABLE OR INTOLERABLE ULCER OF
THE ANUS.

Nature and Characteristics of the Lesion.—A fissure, as the word implies, is

a crack or break in the tissues which may occur at any of the openings of the

body, but in medical parlance the term is used only in connection with the anus.

Technically, the fissure occurs only in the sulci between the radial folds, but

it may spread vertically or laterally. It is distinct from those destructiye types

of ulceration which have been described in the previous section. It occurs at all

ages and in all conditions of life, but is more frequent in the young. In congenital

syphilis it is a very common symptom, and this disease furnishes the principal

reason why fissure in ano is so frequent in children. There may be several

fissures in atrophic catarrh, gonorrhtra, and syphilis, but the typical painful

fissure, due to simple ulceration, is nearly always single.

While the shape of the ulcer does not materially influence the peculiar

characteristics of a fissure in ano, and although the shape of the lesion is

influenced almost entirely by its location between the anal folds and by the

extent of surface involved in the ulceration, nevertheless the shape differs

sufficiently, in different cases, to have brought about some confusion in the names
applied to the disease, as appears from the titles placed at the head of this

section. If it be borne in mind that the salient features of the lesion have nothing

whatever to do with its shape, but are common to all shapes in which it is likely

to appear, then we believe that the differences in nomenclature can be recon-

ciled by remembering that the extent of surface involved and its location are the

only two factors that cause it to vary. The two shapes which it most frequently

assumes are, first, the elliptical, and, second, the irregularly circular. The
elliptical shape, to which technically the name fissure is most applicable, and to

which it should be restricted, results from the fact that the ulcer is confined

between two anal folds. (Fig. 325.) On the other hand, the irregular circular

shape is that which the ulcer assumes when it involves more than one of the anal

folds; and it is to lesions of this shape that the term irritable ulcer seems most

applicable. (Fig. 326.)

At the lower end of the fissure there is generally a hypertrophied tag of skin,

or of mucous membrane and skin, which resembles an external pile. This is

always very sensitive and painful and is called the sentinel pile.

Usual Site of the Fissure.—In the majority of instances the fissure begins just

above the ano-rectal line and extends downward, and, while it may occui)y any

point in the anal circumference, it occurs most frequently—at least in men—at

the posterior commissure. In women it occurs not only at this point, but

also at the anterior commissure. It rarely occurs on either side.

Etiology.—The essential feature, in the production of fissure in ano, is the

fomiation of cicatricial tissue, which, being non-elastic, does not stretch suffi-

ciently when a constipated stool passes, and thus causes the parts to split open

again and again after the fissure or ulcer heals, unless the scar tissue has been

VOL. vir.—51
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reni(n'(Hl. This is why palliative trcatnicnt offers so little encouragement,

because, even if it prove successful in effecting the healing of the ulcer, the latter

is likely to recur when the first constipated stool is passed. Surgical operations

may result in the production of fissure-like ulcerations, but, not having any scar

tissue, they heal up promptly and permanently. The most usual exciting cause

of fissure in ano is the rei)eated passage of hard f(H'al masses, which tear through

a QY\\)i of Morgagni. It is the repeated recurrence of these tears that brings

about the peculiar characteristics of an aiuil fissure, a certain amount of scar

tissue forming in the rei)eatetl attmnpts at healing.

Poh'pi or polypoid hemorrhoids are fre(}uently associated with fissures, and

are situated at the upper or internal end of the fissure. They doubtless stand

to each other in the relation of cause and eff(>ct, the filn'ous tissue at the base of

tile i)olyi)us not yiehhng to tlie necessary dilatation of the i)arts in the passage
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which is hlvoly to leave Httle tags or teats. There are many cases, however,

which cannot be accounted for by Ball's theory.

Pathology.—The pathological changes vary from a very slight tear or fissure

to a deep ulceration, both of which conditions are associated with fibrous

infiltration which is the essential pathological feature of fissure in ano. This

explains the readiness with which they tear. Among the microscopic changes

which M. Hartmann found in excised fissures (op. cit., p. 442), the following

is worthy of note:—Deep down in the smooth muscular layer, the fibres of which

were more or less separated by fibrous tissue, he found that the nerve-trunks,

which also w^ere surrounded by this same tissue, show^ed evidences of interstitial

and intrafascicular neuritis. These conditions almost certainly account for the

severe and persistent pain so generally characteristic of these cases.

Symptoms.—The characteristic synnjtom of fissure in ano is the peculiar

"^^
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after stools lie has had an ilchiiiir and lniniin«i at the anal oiM'ninti;. and that he

has a small i)il(' which is citlu'i- always swollen or becomes swollen and painful

after every stool. Constipation is nearly always ])resent, and is more likely to

be the result of th(> jiain that follows the stool than of some condition which

existed ])ri()r to the fonnation of the fissure, although the latter may hav(>

begun with a temporary attack of constipation.

A fairly clear relationship exists between the character and severity of the

pain, on the one hand, and the location and extent of the fissur(\ The acute

pain that lasts only for a short time after defecation, is due to superficial tears

in the muco-cutaneous tissues; the i)ain that comes on just after stool and lasts

for half an hour, or more, is usually due to ulceration between the radial folds;

and the dull, aching, throljbing pain, which does not develop at once after a

stool, but is first observed after the lapse of some little time, and which lasts for

the greater jiart of the day, is due to a more chronic form of fissure, one which

involves the deeper tissues and is i)rovided at its base with a sort of sentinel

in the form of a tag. As a rule, the acuten(^ss of tlu^ pain is in direct })roi)orti()n

to the nearness of the ulcer to the anal margin.

The reflex symi)toms accompanying fissure in ano are often numerous and

varied; the most common being frequent and painful micturition, bearing-down

pains, backache, neuralgic pains running down the legs, and sometimes occipital

and facial neuralgia.

Diafinosis.—^^'hile the character of the pain in certain cases may indicate

fairly well the character of the trouble, yet the only definite and certain way of

making a correct diagnosis is by a careful inspection of the parts. In making

such an examination the })hysician should be very careful not to cause any more
pain than is absolutely necessary. The examination can in most cases be made
sufficiently satisfactory for a diagnosis without the use of a speculum,

—

i.e., by

simply directing the patient to bear down well while the buttocks are being

forcibly separated. This is tme especially of those cases in which the hypertro-

phied tag of skin l)ounds the lower margin of the fissure. If the examination,

however, is not satisfactory, then an Earlc or a Humphreys spcculuiu

(virgin size) may be introduced a short distance into the anal canal in such a

manner as to push the w^all opposite the fissure away from the lesion. If this

is done carefully and gently, it gives rise to very little i)ain. The information

gained from the introduction of the finger in these cases does not comi)ensate

for the amount of i)ain which it causes. One good view of the ulcer will enable

one to know just what treatment it requires. The left lateral or the Sims

j)osition is tlie best one for a jiatient to assume foi- this examination. In

women, when the fissure is on the anterior anal wall, the ins])ection can be

made nuich more satisfactorily b\' introducing the finger into the vagina and
turning the anterioi- wall of the recliiin out.

Differential Diagnosis.—The condition known as hysterical or irritable

rectum, and also as neuralgia of the rectum, may be mistaken for fissure. It

can be readily differentiated by the absence of any fissure or local sore to account

for the irrital)ilil\- and i)ain.
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As the straining recommended above for bringing into view the fissure

produces pain and therefore necessarily inhibits the desired effort, and inasmuch
as cocaine in solution exerts very little anaesthetic effect when applied to a

granulating surface, we would advise the insufflation of powdered ana:'sthesine

on the fissure when it can be only partially seen. One may also inject hypo-

demiatically a few drops of a weak solution of cocaine underneath the base of

the fissure. In this way the desired anaesthetic effect will be obtained in a few

minutes, as will be seen by the gradual relaxation of the sphincter and the

complete exposure of the fissure. The examiner must bear in mind that he

has to deal with one of the most excjuisitcly sensitive conditions which he is ever

likely to meet, and, rather than take the risk of discouraging the patient from

having anything done for his relief,—as he would be likely to do by subjecting

him to the severe pain which attends a thorough examination,—he would do

well to rest content at first with the simple discovery of the fissure, and not

explore above it for complications and etiological factors. These may be looked

for, and dealt with, if necessary, when the patient is under the influence of the

general or local anaesthetic administered for the purpose of treating the fissure.

Treatment.—Contrary to general belief, palliative treatment of chronic cases

of fissure in ano is time worse than lost; for not only do the local anodynes,

which are necessary for the relief of the pain, increase the constipation (which

in turn aggravates the most pronounced symptoms that we are trying to combat),

but they leave the fibrous tissue absolutely uninfluenced. Consec^uently the

fissure, which may possibly have undergone superficial healing under their

quieting influence, will again be torn open the first time the patient has a con-

stipated stool. In view of the fact, however, that in a certain number of cases

the patient will refuse to submit to any operative measures, it is important tG

remember that it is possible to increase his comfort materially by keeping the

evacuations soft, by restricting the number of movements to one in twenty-four

hours, by making him lie down for half an hour after stool, and by applying a

hot-water bag to the perineum. For the regulation of the bowels moderate

doses of the fluid extract of cascara sagrada, or of the fluid extract of senna,

may be administered ; and the effect of these remedies may be increased by the

employment of enemas of cotton-seed oil or of hot water. If there are hem-

orrhoids, a cold-water enema will relieve the congestion, and will sen^e a better

jxirpose than the warm. The diet should consist largely of fruit and vegetables,

in order to encourage the formation of soft and mushy stools. Articles with

numerous small seeds, like berries, etc., should be avoided. Locally, the treat-

ment consists, first, of an insufflation of ansesthesine directly into the fissure, for

the purpose of quieting the irritability of the sphincter muscle and thus per-

mitting the more thorough application of those remedies which induce healing.

After the lapse of a few minutes a pledget of cotton soaked in pure ichthyol is

applied to the fissure, which is exposed to view by holding back the opposite

wall of the anal orifice with an Earle speculum. These applications should be

made once eveiy day, and, if care is taken not to introduce the speculum further

than is necessary to expose the fissure, the procedure will not cause much iniin.



806 AMERICAN PRACTICE OF SURGERY

The non-oporativi' treat iiiciit of fissures should be uudcrtaken only in acute

and un('onii)licat(Ml cases.

Operative Tn^atnient.—The operative methods of treating fissure in ana

include forcible dilatation, incision, and excision. At the present day probably

the large majority of the cases which are ti'eated by practitioners who are not

specialists in i)roctology are treated 1)V dilatation. The patients thus treated

are doubtless i)romi)tly relieved of their pain and other distressing symptoms,

but sooner or later very many of them exjierience a return of the trouble. It

is for this reason that speciaUsts do not favor this method of treating, and their

judgment should carry weight, as their opportunities of s(>eing cases which have

l)een treated by dilatation are numerous.

It is needless to say that, in those cases in which there is a polyjjus at the

upper angle of the fissure, stretching alone will not cure the disease; the fissure

Fig. 327.—The Shape of the Incision (-4) Required in tlie Case of an Anal Fi.ssuro i.i lioro

Shown. At the u|)i)er end of the fissure there will be seen a iiemorrhoid {B) to which a ligature lias

Veen apiilii'd.

will not heal peniiaiieiitly unless the poly])us is first i-eiiio\-ed. (Fig. 325.) The

same may be said of the sentinel pile at the lower angle of the fissure. When
one recalls to mind what is the chief factor in the development of ti.ssure in ano,

—\iz., the formation of scar tissue in the adjacent tissues,—there is no difficulty

in understanding why the condition is likely to recui' after forcible dilatation;

for in this jjrocedure the fissure is merely torn through at its base and made
deop(T, while the scar tisstie is allowed to remain. There is a lack of agr(>(>ment

among writers with regai'd lo the class of cases in which dilalatioii should be

pi-actised. .Mlingham states that it is the safest method in old i)eo])le, in those

affect(;d with tuberculosis, and in pei'sons who are very nnich inn down. Mat-

thews, on the otiiei- hand, sa\'s that it should not be done in such cases. In

siipport of .Matthews' |)(silioii one has only to recall the acknowledged facts

that old jx'ople are slow in i'eco\'ei-ing theii' muscular tone, and that they bear

sui)pui'ative pi-oceuses badly. If these facts are biune in mind, it is (>asy to

understand how ri'adily incontinence niiulit follow foicible di\ulsion in these
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cases. AMien the fissure is tuberculous in its nature, the better plan is not to

employ either forcible dilatation or excision, but to resort to the use of the

actual cautery. On the other hand, if there are multiple fissures, forcible dila-

tation is always advisable. In children, who usually do not bear local treatment

well, this procedure is very successful, except in those cases in which the fissure

is of a syphilitic nature.

Techniciue of the Method by Dilatation.—Forcible dilatation of the sphincter

ani may be carried out in several different ways. For example, the thumbs of

the operator may l)e introduced into the rectum while his fingers are made to

clasp the tuberosities as fulcra. At first, the stretching is effected by making

the thumbs apj)roach the fingers as thus placed. Then afterward, the position

of the fingers having been changed to the pubis and sacrum, the stretching is

done in an antero-posterior direction. Another method calls for the introduction

of the fingers into the rectum, one at a time, until all four shall have been in-

troduced. Then they, together with the hand, are gradually pushed into the

canal as far as the thumb will permit. Among the different mechanical devices

which may be employed for accomplishing the same end, probably the best

and safest is Kelly's conical cUlator. Whichever method is used, care should

be taken to carry out the procedure slowly and not too forcibly, until the muscle

is felt gradualh^ to give way and yield under the pressure. Even when the

greatest care and gentleness are employed, almost invariably the floor of the

fissure or ulcer will be found torn through; and the good results obtained,

particularly as regards the quieting of the pain, are probal^ly due more to this

tearing through of the floor of the fissure, and the fibres of the muscle beneath,

than to the relaxation of the muscle Ijrought about by stretching it. The dilata-

tion is generally attended with some hemorrhage, but this is never alarming.

The length of time during which the muscle remains relaxed and quiet varies;

even an hour after the divulsion there is no gaping of the anal orifice, and the

muscle will respond in a measure to stimulation. At the end of sevent3'-two

hours sphincteric control will ])e restored almost completely.

If paralysis of the sphincter muscle facilitates the healing of the fissure,

and if it be true, as it seems to be, that the muscle, after being dilated, very soon

regains its power to contract, the question naturally suggests itself, would it not

be better to introduce a plug and let it remain for forty-eight hours? Those

who have tried this plan (the Lynch tube is the best for the purpose) think well

of it, and aflSrm that the ]mtient is much more comfortable with the plug in

position.

Permanent incontinence has been known to follo^v forcible dilatation of the

anus. Tuttle has had such a result in two cases.

Treatment of Anal Fissure by Incision.—The second method for operating

for anal fissure consists in incising the ulcer or fissure through its base. This

plan was first advocated by Boyer in 1788. He claimed that the fissure was

due to spasm of the sphincter, and advised the complete division of the latter

(as well as of the ulcer) in order to control the spasmodic contractions. He

did not, however, advocate cutting the nniscle through the base of the uIccm- in
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every instance; in some cases he ilivided it on either side of th(^ rectum. He

also at times introduced a phi^ and kept up continuous (hhitation. At a later

date others held that it was only necessary to divide the superhcial muscular

fibres directly beneath the ulcer. It is now recognized that the depth of the

incision and the i)recise spot where it is to be made are matters of the greatest

imjiortance. It should be extended to such a ilei)th as to ])ut the muscle com-

pletely at rest; and it should be made through the floor of the ulcer, in order to

avoid the risk of a second infection. It should be renuMubered, however, that

these directions do not apply to ulcers which are directly over the anterior or

the posterior commissure. In the latter, for exam])le, the fibres of the external

sphincter unite in a sort of tendinous prolongation which is attached to the

coccyx. They do not decussate in any marked degree between the rectum and

the coccyx. When the ulcer is at eithc^r conunissure the V-shaped incision is

the best, as it puts the muscle on both sides of the fissure at rest. (Fig. 327.)

In ordinary cases the incision should be a little longer than the fissure, and

about a quarter of an inch deeper than the deepest portion of the ulcer. The

incision should be made squarely across the muscle fibres, and not obliquely.

The incision can be made under local anicsthesia ])roduced by injections of a

one-quarter or on(>-half of one-per-ccnt solution of cocaine (the latter strength

being jn-eferable if only a small (luantity is to be used). The injection shoukl

be made directly beneath the floor and to the sides of the ulcer, care being taken

to use a sufficient quantity of the solution, as there is little danger from such

weak preparations. After waiting for several minutes for the injection to take

effect, the operator should introduce an Earle or a Humphreys si)eculum, when

he will have no difficulty in determining the exact size of the ulcer, and in con-

trolling the length and depth of any incision which he may make. If, at such

an examination, a i)ol>^3us or a hemorrhoidal tumor (Fig. 325) is seen at the

upper angle, or a sentinel pile at the lower angle, or if it is found that the edges

of the ulcer are indurated, or that exuberant granulations are present, all these

abnormal conditions should be removed, either by excising them or 1)\' the

em{)loyment of a sharp-edged curette. As a last stej), the incision should be

packed lightly with sterile gauze. The patient should then, as a matter of

pmdence, be confined to his bed for forty-eight hours; but, if there are urgent

reasons why he should l^e given more liberty, he may be allowed to walk about

in a few hours.

Treatment of Anal Fissure by Excision.—Reference has already been made,

in the i)aragraphs devoted to the etiology and i)athology of the disease, to the

fibrous infiltration of the tissues and to the tendency to the formation of scar

tissue in anal fissures. Fuilhermore, in ceilain cases operative interference

fails to relieve the jiaiii. and this is especially true of cases in which forcible

divulsion is employed without i(nio\ing the scar tissue at the same time. These

facts have been exjjlained by the histological studies of Hartniann (already

referred to on page S()3), which demonstrate that such a jiatient is suffering,

not merely from an ulcei'alion of the anus, but fi-oin ;i pei-'meuritis of the neroes

located beneath tiie ulcer, ^\'here this infiltration is ])ronounce(i. as in the
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chronic form of ulcer, neither dilatation, nor incision, nor any method that does

not remove the scar tissue, will relieve the condition. It is for these reasons

that it has been found necessary to excise the ulcer with its indurated edges,

and then to dissect out the scar tissue beneath. The wound which results from

such an oi)eration may either be closed by catgut sutures or be allowed to heal

by granulation. If, in a case of fissure compHcated with hemorrhoids, the

ojierator decides to deal with the latter lesions Ijy excising and suturing them,

then it would l^e as well to close up the wound which remains after excising the

fissure. It must be bome in mind, however, that we have here conditions which

closely resemble those which are encountered in excising and closing up a

fistulous tract. In both operations, for example, there will be an infected

woimd, and while the chances of primaiy union are rather in favor of the wound
left after the excision of a fissure, j^t the chances of success are not so good

as they are in a clean wound. In the majority of cases in which the wound is

closed after the ojx'ration, much more pain is likely to be experienced by the

patient than if the wound is left open, to heal by granulation. If the open

wound is washed out with a mild antiseptic solution three or four times daily,

it will heal veiy promptly. Tuttle, in his
'"' Diseases of the Anus, Rectum, and

Pehic Colon," reports four uncomplicated cases in which he closed the wound
immediately after the completion of the operation, and in three out of the four he

got prmiaiy union. The writer* has closed up the wound in many cases of

this nature and he has gotten veiy good results in a large proportion of them; but

recently he has in most cases left the wound open, principal^ on account of the

severity of the pain which attends and follows the sewing. If the wound is left

open, it should be packed lightly with sterile gauze, which should be allowed to

remain in place for thirtv-six hours. Then afterward the wound should be irri-

gated three times in twenty-four hours, and hydrogen dioxide should l:)e intro-

duced into it with a dropper.

The Complications of Fissure.

Inflammatory processes may follow any operation for fissure, or the wound,

after having closed nicely, may Ije torn oi)en I^y hard scybalous masses of fecal

matter. Great care should therefore be taken to maintain the wound in as asep-

tic a condition as possible, and to keep the stools soft for some weeks after

the operation. If the fissure is of a tuberculous nature, then the cutting should

be done by the actual cautery.

Incontinence sometimes results from, or follows, any of the operations for

fissure. It generally results from an oblique incision of the si:>hincter muscle

—

a kind of incision which should always be avoided. When it follows forcible

dilatation it generally is due to too rapid or too great divulsion, or to the fact

that the stretching is done in ver\^ old or veiy feeble people.

* S. T. E.
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\"ii. im:iji.\x.\i. and imihihi-xtal abscess.

The tissues around the anal margin and within the rectum are pecuHarly

susceptible to inflammation and suppuration, on account of the large amount of

cellular tissue, the abundance of the blood-supply, the frequency with which

abrasions are likely to occur, and the continual pi'cscnce of septic organisms.

The most frecjuent and the most easily explained method b}' which infection

takes place, is through an abrasion in the mucous membrane or the skin, the

nature and depth of the wound having veiy little to do with the extent of the

infection. The character of the infecting organism, especially its degree of

virulence, and the resistance of the tissues, are the controlling factors. Infection

fre(|uently takes jilace through the presence of thi'ombi in the blood-vessels

around tlie anal margin, these thrombi being so near the surface and the tension

in the tissues over them being so great that small areas of pressure-necrosis are

apt to make their apjoearance; and it is through them that infection takes place.

It may also take place through sebaceous or hair follicles. In a certain number

of cases in which the dee])er perirectal tissues become infected, this occurrence

may be explaimnl l)y the assumi)tion that th(^ rectal wall has been perforated

by some sharp-pointed foreign suljstance which was taken in with the food or

introduced 'in some manner into the rectum. In such cases one would always

expect to find some connection between the abscess and the primary wound on

the rectal wall; yet one encounters not a few perirectal and pelvi-rcctal abscesses

in w hich no such connection with the rectum can be traced in the beginning, and

whose source of infection nuist be explained in some other way.

The arrangement of the lymphatics, as shown in the section which treats of

the anatomy of the rectum, shows that the superficial vessels of this system,

which surround the anus, pass uj)ward and forward on the perineum to join

the inguinal l}^uph nodes, or backward to join those which arc located [behind

the sacrum. Those lymphatics which lie at a greatcn* depth ])ass through the

ischio-rectal spaces to join the hyjwgastric lymj)!! nodes, and those which

sun'ouud the i-ectum pass upward and backward to join the sacral and x'crtebral

lympii nodes. It is kiunvn that, as a rule, infection travels along lymphatic

vessels, although it can and does travel along blood-vessels also. Hence a

slight superficial wound on the skin or on the mucous membrane of these parts

becomes the door of entrances for the infection . It is taken up by the lymphatics

and pas.sed on to the lymph nodes lying in the deeper tissues, and in these it

becomes arrested, thus affording an opportunity for the oi-ganisms to nniltiply

and to give rise to the t'orination of an abscess. The wound thi-ougii whicli the

infection originally gained admission, may have healed within twenty-four

hours of its infliction. It is tlieiefoic easy to understand why the comiection

between the original wound and I he abscess can rarely be tiaced. The same

explanation holds good foi' the origin of the deeper-seated abscesses; and the

richness of the Iyni))hati(' network in this locality, as well as the fref|uency with
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which these vessels arc injured, affords a satisfactory explanation of the large

luimber of abscesses which occur here.

A simple and satisfactory classification of these abscesses may l)e made under

the general heading of Circumscribed and Diffuse Inflammations, as follows:

—

I

1 Tegumentary.

i
Superficial abscesses. - Subtegumentary..1 ( Ischio- rectal (Fig. 328).

Circumscribeil inflammations.
|

( Retro-rectal (Figs. 328 and :^29).

I

Deep abscesses - Superior pelvi-rectal.

I ( Interstitial or submucous (Fig. 329).

Diffuse inflammations

.

\ Diffuse perirectal cellulitis.

I Gangrenous perirectal cellulitite

Deep Abscesses.

The distinction between the superficial and deep abscesses is to be found

in the fact that the former develop in the tissues situated below the levator ani

muscle, while the latter develop in the tissues located above this muscle. Accord-

ing to recent anatomical investigations three spaces exist above the levator ani

muscle, around the rectum. The two lateral ones have been designated by

Richet "the superior pelvi-rectal spaces," and the posterior one "the retro-rectal

space." This latter space occupies all the region between the rectum and the

anterior surfaces of the sacrum and coccyx.

The blood-vessels which ramify in the retro-rectal space come from the

middle and lateral sacral arteries, with a few branches which are given off from

the inferior mesenteric. The blood-vessels in the superior pelvi-rectal spaces

come from the hypogastric artery and are connected with the general circulation.

The lymphatics of the two spaces are also comparatively distinct.

With such distinct anatomical divisions, vascular supply, and lymphatic

distribution, one can readily understand why a distinction is made between the

circumscribed inflammations in these two areas, and why they should be desig-

nated retro-rectal and pelvi-rectal abscesses.

The interstitial abscesses, which represent a class apart, develop in the

muscular or cellular tissues of the buttocks at points more or less distant from

the rectum.

Diffuse Septic Periproctitis.

Diffuse septic periproctitis was met with quite frequently before the days of

antiseptic surgery; it followed an injury to, or some operation upon, the rectum.

To-day it is a rare occurrence, unless preceded by perforation of the rectal wall,

and yet the walls of the rectum and anus are rarely involved in the destructive

process. It is a very acute inflammation, essentially septic, and very virulent

in character, and involves the perirectal tissues, especially those of the retro-

rectal and ischio-rectal spaces. It may invade the pelvi-rectal spaces and even

the peritoneum. The resulting peritonitis is of an intense septic type.
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Idiopathic Gangrenous Periproctitis.

UikUm- the title of iiliopatliic gangrenous periproctitis Furneaux Jordan*

has (lescribccl a very unusual type of i)oriroc'tal inflanunation. It consists in a

slowly extending cellulitis which is not atti^nded with nuich swelling or pain.

It develops usually without any previous iujuiy. although it may follow surgical

operations about the rectum. It resembles very nuich the condition produced

by urinary infiltration of the perineum. It occurs generally in high livers and

drinkers, and all the cases so far reported have been in males.

EtioUniy.—Perianal and perirectal abscesses are always due, directly or in-

directly, to infection, which may hnd its way to the i)oint of abscess develop-

ment, either through an abrasion of the surface or through the agency of the

circulating blood, the vitality of the tissues of that locality having been lowered

artificially or possessing naturally feeble powers of resistanc{\

Symptoms.—The symptoms and signs are similar to those attending the

formation of pus elsewhere in the body, viz., fever, redness, swelling, and pain.

As these abscesses are generally largcy, the formation of pus is very lik(>ly to be

attended with constitutional symptoms, such as a distinct rigor, or at least a

feeling of chilliness, a rise of temperature, accelerated pulse, and headache. If

the swelling and redness are not apparent to the eye in the early stages, the

induration may be readily felt. As might be expected from w'hat has already

been said of the readiness with which the infection may spread from one si)ace

to another, the inflanunatory j^rocess sometimes extends around the entire anus

and rectum, and thi-ough the ))erineuni to the scrotum. Such occurrences,

however, are only likely to follow in those cases in which early and fr(>e oi)ening

(jf the abscess cavity has been neglected, or in which, after the abscess has been

opened, proper drainage and cleanliness have not been maintained.

If there has been any delay in opening the abscess, the pus is likely to be

very fetid. The disgusting odor is not due, as is often sui)posed, to any direct

connection with the rectum, but most likely to the character of one of the pus-

forming organisms which are very connnon in this locality. The same may be

said of the gas that sometimes escajx's with the |)us.

With the free discharge of pus from one of these abscesses, all the syni{)toms

enumerated above subside, and as a rule pemianently, unless the infection

extends to one of the other cellular spaces, when they all return to a greater or

less degree. Their reappearance should always excite suspicion of an extension

of the infection. .Ml the ])hysical conditions and local symi)toms of an ischio-

rectal abscess may oecui- from hemorrhage into the s])aces, without the extra-

vasated blood becoming infected. When these local signs api)ear without th(»

constitutional symjjtoms, one may expect to find either the lesion to which

reference has ju.st been made or a subacute tuberculous process.

Treatment.—The iiiakiiig of a free incision al the eai'liest ])ossiblc nioment is

conceded by all surgeons to be the ])i'opei' thing to do, e\-en at the I'isk of an-

* Kritisli M. •.Ileal .lo iiiial. J:mil:iry iSlli, 1S7!). p. 7:5.
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ticipating the formation of pus. If the abscess is located at a considerable depth

in the tissues, then a one-half-of-one-per-cent solution of cocaine may be injected

before the incision is made ; but, if it occupies a superficial position, the cocaine

may be dispensed with. The external incision should exceed in length the

diameter of the abscess cavity, so as to furnish free drainage, and it should be

carried well outside the sphincter muscle.

After the abscess has been opened, the finger should be introduced into the

cavity, and the trabecuke and necrotic tissue broken down. Light scrai)ing

with a dull curette may be necessary to clean out the debris, but care should

be taken not to extend the scraping to healthy tissues. After the scraping.

Fig. 328.—The Drawing Shows the Different Kinds of Rectal Abscess. A, Ischio-rectal ; B, sub-

mucous; C, retro-rectal. (Earle and Tuttle.)

the cavity should be thoroughly irrigated with l-in-1,000 solution of bichloride

of mercury, or wiped out first with pure carbolic acid and then with alcohol.

If there is much oozing of blood, the cavity should be tightly packed with gauze

for the following twenty-four hours; after which, the gauze should be removed

to allow the walls of the cavity to collapse, in order to facilitate rapid union.

Drainage may be kept up by a light tampon of gauze or Ijy rubber tubing.

Where both ischio-rectal fossae are the seats of abscesses, that on one side may

be opened by a short incision—barely long enough to drain the abscess, while

that on the other side may be opened by a very free incision, which should extend

as far as to the posterior commissure; and if there exists a fistulous opening

into the rectum, which is likely to be the case, that also should be laid open.

In every instance, great care should l)e tRkcn to ascertain whether or not there
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is a communication hctwccMi th(> abscess cavity and the rectum. Unless such

a channel of connnunication is opened, the abscess cavity and the connecting

tract will not heal i)ermanently.

"Wlien these abscesses open spontaneously into the icctum or anus they

constitute wliat is known as bUnd internal tistuhe and should be treated as such.

Fifi. .^20. The DruwinK Shows tlic Pn-sonce of .a Rctro-Uictal Abscess Above the Line of At-
f.ielitiieiit of file Levator Ani Muscle. .4. Main cavity of tlie abscess; B, the point wiiere a fistiihi

liaiiiMK from tlie aiiscess opens near tlie anal orifice; C, tlie point wliere a second fistula opens into

tlie lower part nf ilji- n-.-fuiii. ilvirlc ami 'J'uttle.i

Tliere is reason to believe that, when perforation into the rectum does occur,

after the alj.scess cavity has been o])ene(l, it is due to imperfect technique in

operating. Proliably one of tlie best means of preventing this accident is to

stretch the sj)hincter ani gently, after opening the abscess cavity. Such stretch-

ing reheves the nuiscuhir spasm, allows the gases and f(>ces to come away un-
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obstmcted, and thus relieves the thin rectal wall of any undue pressure. For

the same reason it is better, after stretching the sphincter, to introduce and

leave in the rectum a Lynch's tube or a piece of stout rubber tubing.

VIII. THE DIFFERENT KINDS OF FISTUL.E WHICH CO.ALAIUNICATE

WITH THE RECTUM OR THE ANUS.

General RE:srARKS.—With the exception of those cases which are the

result of a punctured wound that extends from the external surface to the

rectal cavity, all fistula? originate in abscess cavities or some similar foci of

infection. Every recent abscess cavity, whether the opening is external to or

within the rectum, forms a sinus which may heal completely in a short time;

but, if it fails to do so, it is termed a fistula, even though it should have but one

opening.

Fistulae are complete and incomplete. Incomplete fistula? are those which

have but one opening. They are further subdivided into external and internal

incomplete fistula*. Complete fistiilie are those which have ])oth an external

and an internal opening. (Fig. 330.) They are also classified, in accordance

with the character of the tissues in which they appear, as subcutaneous fistuke,

submuco-cutaneous fistulse, and submucous fistula^. (Fig. 331 .) These fistulous

tracts may make connection with some other canal or organ. They may also

be simple, or specific, according to the character of the cause which originally

gave rise to the abscess.

One cannot resist the conviction that the failure of nearly all fistula? in ano—
the blind external, the blind internal, and the complete—to heal spontaneously

is due to the fact that they are constantly reinfected from their connection with

the rectmu. With regard to the blind external fistulse we are convinced that,

although it may not be practicable to demonstrate the actual channel of com-

munication with the rectum, such a communication nevertheless realh^ exists.

Ulceration and burrowing from the base of the mucous membrane of the

diverticuli in the rectum and pelvic colon are said by Cruveilhier * and others

to be the point of departure for blind internal fistulse.

Statistics show that ano-rectal fistulne are more prevalent in males and are

observed more frequently in middle life.

The relation of tuberculosis to ano-rectal fistulse is still an imsettled question.

That a large percentage (from forty to fifty) of fistulse are tuberculous, has

been frequently demonstrated b}' finding the tubercle bacilli in scrapings and

in the tissue removed from the fistulse; but whether, in such cases, the fistula

is the primary or the secondary focus is the point in doubt. There is a much
more general agreement with regard to the percentage (from one to five) of

fistuhe that occur in the tuberculous. The fact that the presence of the tubercle

bacilli in fistulse is so much more frequent than the occurrence of fistuhe in

tuberculous subjects, makes it very prol^able that primary tul)erculosis does

* " Anat. path, generale " Paris. 1849, page 549.
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occur in those parts. Notwithstanding the ol)servations of Koch to the contrary,

modern oijservei-s have conchided that inocuhition of the tissues in and around

the rectum may take place (Urectly through injuries and abrasions, the tubercle

bacilli which are taken in with the food and passed through the alimentary

canal acting the part of infective agents. If it can once be clearly established

that the rectal manifestations of the tuberculosis is, in certain cases, the initial

antl only focus of the disease, then this fact—taken in connection with the

further fact that this focus is in most ca-ses absolutely walled off (see ]). 792)

—

should have a most important bearing on the management of these cases.

So far as is delinitely known, syphilis is related to ano-rectal fistuUr only.

Fig. 330.—Illustrates Certain Forms of Anal Fistula. A, Blind e.xternal fistula; B, blind

internal fistula; C, complete fistula. (Earle and Tuttle.)

or chiedy, in regard to the strictures which it may cause. In these cases the

fistuhe are due to jjerforation of the rectal w'all by ulcerative processes of a

non-syphilitic nature, and then subscvjueiitly the perirectal tissues become in-

fecteil with >yphilis.

Ano-Rectal Fistula.

—

\n ano-rectal li.-<tula represents an abnormal channel

of comiiiunicalion between the anus or the rectum and the surrounding tissues

or the surfac<' of tiie neighboring skin.

Sv.MFTO.Ms .\\i) I)i.\c;x()sis.—The symi)toms should not include the acute

manifestations which attend the formation of the abscess, but only those phe-

nomena which are geiiei'ally obser\cd in coniieetioii with the fistula after it has

formed. After the evacuation of the pus has caused a subsidence of the

acute inflannnatory symptoms of the abscess, the healing process, instead of

progressing, as is usual undei' such ciiiidit ions, until the cavity is entirely closed,

gives place, fii'st, to a subacute, then to a chronic form of inflammation. The

pain ceases, the redness subsides, and the swelling is limited to the base of the
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abscess ca^1ty and to the immediate surroundings of the fistulous tract and

opening. The discharge diminishes very much in cjuantity and changes from

a thick creamy to a thin ichorous pus; it may cease for a few days on account

of a temporary closure of the opening, and then the swelling, some redness, and

the pain return, to remain until the discharge is re-e.stablished.

Upon palpation one can feel the induration at the base of the abscess cavity,

along the fistulous tract, and around the opening, in which locality it is especially

well marked.

The symptoms vary in certain particulars in the different varieties of fistula^.

For example, in the blind internal fistulie they are much more obscure; the

Fig. .331.—The Drawing Shows Two Different Varieties of Anal Fistula. A, Complete submucous
fistula: -B, complete subaponeurotic fistula. (Earle and Tuttle.)

pain is more acute; there is often spasm of the sphincter, with a sense of fulness

in the rectum; and in some cases the patient experiences a slight chill. These

symptoms are followed by a discharge of pus, which, however, affords only

partial relief, because as a ride the opening is located above the most dependent

portion of the fistulous tract, and consequently can only partially empty the

latter. Usually it is possible to locate the opening simply l^y the sense of

touch. If this fails, however, a one-bladed speculum should be introduced,

when the pus can be seen coming out of the opening. A bent probe can then

l:)e introduced into the latter and the depth and direction of the tract ascer-

tained.

In making the examination for a fistulous opening on the surface, one should

ver}^ carefully inspect the parts, as such openings are sometimes very small or

they are so concealed between the anal folds as to be very likeh^ to escape

recognition. In tuberculous subtegumentary fistula^ the opening may be in

the midst or at the margin of a ragged ulceration. By the aid of the probe and
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l)v paljmtion, liowevcr. the jJiincipal facts can lioiicially ho ascertainod, Imt it

is almost impossible to judge of the full extent of the trouble until the patient

is under the unfiuence of a general antesthetic and the fistulous tracts, with

their blind sinuses, have been laid open. It is therefore wise not to give an

opinion with regard to the extent or the character of a fistula until after the

operation. If it is not possible to find the internal opening with the probe that

has been passed as far as it will go into the fistulous tract, while at the same

time the tip of this instrument can be distinctly felt directly beneath the mucous

membrane, one should lay the fistulous tract open from without up to this point,

and through this widened ai)erture make further search, on account of the strong

probability that the communication with the rectum really does exist notwith-

standing our inabihty to find it.

If the surgeon has been unal)le to determine the origin of the fistula before-

hand, it is very imi)oitant that ho should do so during the operation, as in

many cases this lesion originates in some adjoining organ or canal, and it is

absolutely necessary, if the operation is to be successful, to reach and remove the

cause of the disease. The history, in man}^ cases, is likely to shed much light

upon the origin of the fistula.

The most important pathological factors are tuberculosis, syphilis, and

carcinoma. Blind external fistulas may be due to necrosis of one of the ju'lvic

bones. The diagnosis of any one of these diseases should be confirmed by

the microscopical findings.

Pucxixosis.—The prognosis will depend upon the pathological nature of

the hstula, the constitutional condition of the patient, and tiu> amount of deep

tissue involved. The success obtained in the cure of fistuhe is not nearl}'' so

good as is fre(|uciitl\' I'cprcscntiMl in books; and, Ix'sidcs. they reciuire the best

of attention and care, after the oi)eration, Ix'fore they can be pronounced ab-

solutely cured. In not a few cases what seems to be a i)erfect cure turns out to

be an imix-rfect one. Careful watching for a period of several weeks after an

apparent cure is therefore a necessity in these cases.

TiiE.vnw.sT.—Xon-Operative Methods of Treating Ano-Rectal Fistula',.—By
whatever method we undertake to treat this disease, it is always necessary to

establish free drainage; and, in order to secure this, a slight incision, for the

l)uri)Ose of enlarging the fistulous oi)ening, should always be made. Afterwartl,

the fi.stulous tract should be curetted or el.><e cauterized, and the sphincter

should be dilated. These comparatively simple measures will freciuently

effect a cure in the ca.se of a blind external fistula. A cur;' may also be effected

by di,stending the fistulous tract with a saturated solution of silver nitiate

(9()() grains to the fluid otmce). Bennett .states that he has successfull\- ein-

|»loyed this method in (|uite a large number of ca.^es of com])lete fistula, sti-etch-

ing of the s])hincter being em|jloye(l at tlit; same time, ( loodsall and .Miles

advocate it in all ca.ses of complete fi.stula in which the internal opening is

situate(l above the inteiiial sphincter. In treating internal fistuUe without

operative measures it is best to keep the stools well foimed. in order to diminish

the risk of infection from some |)art of the fluid stool passing into llie fistulous
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tract l)y way of the internal opening. The advisability of trying such conserva-

tive methods of treatment before resorting to an operation which involves the

cutting of the sphincters is unquestionably wise, for even though they should

fail to give permanent relief, they will certainly bring the fistula into a much
better concUtion for a radical operation. These conservative methods should

be tried for a period of from six to eight weeks; and, if by that time they have

failed to effect the desired cure, one need not hesitate to resort to a radical

operation.

Operative Methods of Treating Ano-Rectal FistulcE.—The three methods that

will be considered under this heading are those by incision, by excision alone, and

by excision with immediate closure of the wound by suture. For any of these

operations the patient should l)e carefully prepared after the; customary methods

for rectal operations, as heretofore described, and in addition the fistulous tract

should be injected several times daily—for several days, if time will permit

—

with a fifty-per-cent solution of hydrogen dioxide. If the tract occupies a super-

ficial position and is not too extensive, the operation may be done with the

aid only of a local anaesthetic; but, inasmuch as it is almost im.possible to form

a correct opinion about the extent of a fistula until the direct portion of the

tract has been laid open, it is far more satisfactory, in these cases, to give a

general auiiesthetic, unless there is some special contra-indication. After the

patient is under the influence of the anaesthetic, the sphincter should be thor-

oughly stretched, and the rectum inspected for ulcerations and for the internal

opening of the fistula. The upper part of the rectum is then packed with

gauze to ])rotect the field of operation.

Operative Technicjue of the Method by Incision.—When one incises a blind

external fistula he should make the incision in a curving direction, parallel

with, but either outside or inside the external sphincter muscle, and he should

make it long enough to drain the cavity thoroughly. In the case of a complete

fistula, the tract should be opened by an incision extending down to the external

sphincter on the outside. Then a grooved director is passed through the re-

maining portion of the tract, out through the internal o})ening, and upon

this director the tissues—including those fibres of the external sphincter which

are external to the fistula—are divided at right angles to the sphincter muscle.

A careful search should next be made with a fine probe for any diverticula or

sinuses extending from the main tract, and, if such are found, they in turn

should be laid open with the knife. All connective-tissue bands should be;

]:)roken down, and the granulation tissue in the fistulous tract should be thor-

oughly removed Iw scra])ing with a curette. Inasmuch as w-e now know that

many of these fistuUic are tuberculous, and as it is very difficult to make the

diagnosis until after the scrapings from the tract have been properly examined,

—which can be done only after the operation,—it is safer to abolish entirely a

recommendation which has heretofore been considered good, viz., eithei' to

scarify through the fibrous floor of the tract in numerous places or to dissect out

the scar tissue entirely. All spurting vessels should be tied and the wound should

be packed tightly with sterile gauze to control the oozing and to keep the edges
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of the fivshly-cut wound apart. The patient is not likely to r('(|uire more than

one hypodermic injection of mori)hia (j^r. -}) to control the i)ain that follows

the operation. The packing should be allowed to n^main in the wound for

not more than from thirty-six to forty-eight hours: after which it should not he

rei)laccd, but only sufficient gauze should be inserted between the edges of the

wound to keep them separated and to serve the purpose of drainage. In our

estimation this is a very important point, and we believe that tight packing,

rene\ved repeatedly- for several weeks, is a most fruitful cause of the incontini'uct^

of fa'ces which often follows these oi)erations; this result being i)ro(luced by the

kc^eping of the cut ends of the sphincter muscle so far ajiart during this long

period and thus allowing the intervening space to become filled with scar tissue.

After the first packing is removed the wound should be well irrigated with

an antiseptic solution several times daily.

It is surprising how promptly such wounds heal. In all complete fistuUe

it is veiy important to lay open thoroughly the entire tract as far as the internal

opening, and not to make a false one at some distance from the one which

ali'eatly exists; for failure will surel}' follow such a step, owing to the fact that

it will furnish a new channel through which infection may reach the tissues from

the rectum. As soon as his strength will peraiit, the patient should be allowed

to leave his bed after an operation for fistula; and, in the large majority of cases,

he will be able to do this in from two to three days. While this is a matter of

importance in the ordinary cases, it is still more so in patients who are tuber-

culous or who have a fistula which is tuberculous. The wound drains nuich

betttT when the patient is in the erect position, and the good efi'ect on the

patient's general condition, as is shown by the more rapid healing of the wound,

fully waiTants the taking of such a step—that is, allowing him to leave his bed.

OpcTative Techni(|ue of the Method by Simple Excision.—This method

aims at the absolute eradication of all the diseased tissues, and, if the dissection

is so carefully conducted as not to destroy nuich of the sphincter nuiscle. it will

generally give excellent results. It is especially ai)i^licable to old cases in

which there Is a large amount of cicatricial tissue. The adoption of the method
is available even though the edges of the resulting ^^•oun(l cannot be accurately

approximated by sutures. Tuttle, in his work on " Diseases of the Anus,

Rectum, and Pelvic Colon," sa3^s (page 391) that he has succeeded in curing by

this method a number of such ca.ses in which simple incision had utterly failed.

Operative Techniciue of the Method by Excision with Immediate Suture.

—

This method was first originally introduced by Cassaignac in ISotJ, and was re-

vived by Dr. Stei)hen Smith, of Bellevue Hospital, New York, in 1879. It is

ajjplicable only to ca.ses of complete fistula, and not to those in which the fistula

extends high up in the pelvi-reclnl or retro-rectal space. Tlie general and local

|)reparation of the patient for the o|)eration must be scrui)ulously carried out, ant!

the sphincter thoroughly stretched under a general ana-sthetic. A silver ])rol)e

orasilvei- wire, having lii'st i)een i)assed through the listula. should be bent ui)on

it.self and held as a looj) for traction purposes. The skin and mucous membrane
ceverint!; the fistulous li-ad should be incised in a straight line from the
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external to the internal opening, and dissected back a little to each i^ide. The
dissection should then be continued down and underneath the fistulous tract.

A'STiile this work is proceeding, traction should be made on the bent probe or

wire until the entire fistulous tract, with its infiltrated base, has been dissected

free from the surrounding tissues. In carrying out the dissection one should

exercise great care not to open into the fistulous tract. If such an accident

should happen, the dissecting instmment should be changed at once, and the

healthy tissues should be protected b}^ sterile gauze. Having removed the

entire fistulous tract, the operator should then introduce into the wound (but

without t^ing their ends) interrupted, buried, silkworm-gut sutures as bracers;

and, for the purpose of approximating the edges of the woimd throughout its

entire depth, he should introduce, in addition, deep mattress sutures of plain

catgut. He next should bring the cut ends of the sphincter together by means

of interrupted sutures. Finally, he should unite the skin edges of the wound
by means of a continuous suture, and at the same time should tie the deep

interrupted, silkworm-gut sutures. The final sealing of the wound is effected

by means of iodoformized collodion. In order to protect the wound from

infected discharges coming down from above, the mucous membrane at the

upper and inner angle of the wound should be dissected up for a short distance

and the edges of the flap should be rounded ofi", pulled down, and stitched to

the skin edges of the wound, a short distance below the margin of the anus.

It is also better to introduce a drainage tube into the rectimi for a few days.

The patient should be ke^jt in bed absolutely for six or seven days, and his Ijowels

should be confined for the same length of time by means of opiates. Before a

movement is pemiitted, the rectum should first be emptied by an enema of

glycerin and a solution of ox gall, and then a laxative should be given. In

cases where it has been found necessary to make an extensive dissection, it is

well to bind the buttocks together by means of adhesive straps, and to hold the

knees together by means of a suitable bandage, in order to restrict the patient's

movements and to prevent the stitches from cutting out.

If this method proves successful, a great deal of time and exhaustion are

saved and much better functional results are obtained. The objection generally

urged against the method is that the wound frequentl}^ fails to unite by primary

union ^^Tlile granting that this does sometimes occur, I maintain that even

then the wound is in a better condition for prompt healing than if the open

method had been used.

In the application of this principle of excision with suture to the different

varieties of fistula, the chief difficult}^ encountered is that of distinguishing

between the simple and the specific types of the disease which causes them.

Failure to obtain successful results from operating upon these cases of fistula

is also due in considerable measure to the fact that the internal opening of the

fistula is not found.

In simple subtegumentary cases of blind internal fistula it is feasible to con-

vert the incomplete into the complete variety by cutting do^Ti upon a probe

that has been passed through the internal opening and is made to impinge upon
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the floor of tho fistula. Aftci' this has hccn (lone, the Hstula can bo given a chance

to heal under stimulating and antiseptic injections; or, if this ])lan i)rovos

unsuccessful, the hstula can be excised in th(> manner descriljed abov(> for the

comi)lete variety. If the Hstulous tract should be found to extend high uj)

under the mucous membrane of the i-ectum. the following ])lan may be

adoi)ted for avoiding the risk of serious hemorrhage:—One blade of a i)air

of long pressure forc(>])s may be introduced into the tract, while the other

blade remains free in the rectum. They are then closed on the intervening

nuicous membrane and allowed to n'Uiain undisturbed until they have cut

their way through it.

(Ireat care should be taken to lay oi)en all sinuses and divergent tracts. If

the burrowing beneath the nnicous membrane extends above the internal ojK'n-

ing, it is not necessary to slit up the mucous membrane above the internal

oj)ening if it runs at such an angle as to drain well, and if at the same time the

sphincter has been well sti'etched, so as to put the parts at rest. If, however,

the burrowing tract involves only the mucous membrane of the lowei' rectum.

then it would l)e better to ojx'n it up in all directions.

Modification of the Operative Method in Cases in whicli the Fistula is Found

to Ik' Tuberculous.—If the fistula is tuberculous, or even if it is merely suspected

of being thus affected, a cautery knife should always be used for laying it open

and also for destroying the granulation tissue which is commonly present in the

fistulous tract. At the risk of rei)eating something which has already been

stated I will call attention to the iieces.sity of making the distinction between

a tuberculous fistula and a sim[)le fistula in a tuberculous subject. It is not

advi.sable to undertake anything like a radical operation in a person who is

tuberculous, especially while he is the subject of a febrile reaction. But when

such a person has a fistula in ano which is draining badly, is discharging a large

(|uantity of pus, and is causing a great deal of pain, we arc perfectly justified

in enlarging the external ojK'ning freely with a thermo-cautery knife, so as to

drain the hstulous channel freely and to allow it to be thoroughly irrigated

with antiseptic solutions. The conditions in a tuberculous fistula

—

i.e., W'hcre

the tuberculosis is localized—are entirely diffei-ent. Here the chief object to

be borne in mind is how to eradicate the local disease without the risk of giving

rise to a general infection. That such a risk is inuninent has been shown I)v

Tuttle in his work on "Diseases of the Amis, Rectum, and Pelvic Colon," wliere

he has i-eported five such cases; and Dr. Ai'thur Hebb, of Haltimore, has recently

re|)orted a similar case. In this coiuiection I would I'efer the readei' to what

I have written in connection with the pathology of tul)erculous absces.ses, and

es|)ecially to the statement that nature i)rotects herself in these cases against

infection, by throwing u|) bariieis of fibrous tis.sue around these abscess cavities

and their resultant fist u he. (See |»age 7'.>2.) In operating on lubei'culous fistuhe

(01-, as stated above, vww on suspected cases), a thermo- oi' a gah'ano-cautery

knife should alwavs be used for cutting through the jn'rifistulous ti.ssues and for

cauterizing the gi-anulation tissue in the floor and \\alls of the fistulous tract,

but llic Jihroii.s Ixirricr .^liouhl never be burnt lltrotK/h or ."iearijied. Since I ha\'e
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adopted this rule in practice I have been surprised at the rapidity with which

these wounds heal.

Complex Fistulse.—Complex fistuhr are those which have lateral burrow-

ing tracts; tht-}- arc known as water-pot fistula^, horseshoe fistuliie, and fistula^

originating in diseased bone. They result from the fact that the abscess, being

left to open spontaneously, seeks an outlet for its pus in many directions.

Goodsall pointed out, many years ago, the laws which govern the extension

of ano-rectal fistulous tracts. "Those in the anterior ciuadrant find their

way directly into the anus or rectum, the internal opening being found generally

almost perix'udicularly over the external opening. Those in the posterior

quadrant extend circularly around the anus and generally open at some point

near the posterior conunissure. Subtegumentary fistulse open at any point on

the anal circumference, and may burrow subcutaneously in all directions, be-

cause there are no connective-tissue walls to obstruct them. Those situated

anteriorly are likely to extend forward into the perineum and scrotum, or

upward into the cruro-scrotal fold. Those situated posteriorly biuTow outward

into the buttocks or upward behind the coccyx and sacrum, beneath the skin."

Water-pot Fistuke.—^^'hen a fistula has existed for some time with defective

drainage, numerous tracts ^^ith separate external openings are likely to form.

The fact that there are several external openings does not imply that there

are a corresponding number of internal openings, although doubtless some

relationship does exist between the aggregate sizes of the two sets of openings

and the resisting power of the patient. Goodsall and ]\Iiles have pointed out

(p. 117), "that ordinarily, in cases with numerous external openings, we shall find

a large internal opening, generally between the two sphincters."

FistulcB with More than One Internal Opening.—This variety is very much

rarer than the preceding. There may be two internal openings connected with

two distinct fistula?, or there may be two or more internal openings connected

with only one external opening.

Fistulce Originating in Diseased Bone.—Necrosis of the bones of the i:eh-is

or of the spinal vertebra^ gives rise to abscesses which result in fistula^ that fre-

Cjuently open in the perianal region or in the rectum. Those which originate

in disease of the coccyx or sacrum usually open in the posterior quadrants of

the perineum and frequently involve the retro-rectal space, while those which

originate in other bones of the pelvis generally open in the anterior quadrants

of the perineum and into the rectum. There may be both an internal and an

external opening in the same subject, and the former should always be looked

for, even where the latter is present. The white, creamy character of the

pus, the persistency of the discharge despite free drainage and frequent irriga-

tions, and the history of the case, ^^dll generally indicate the source of the dis-

charge.

As tuberculous disease is usually the main trouble in these cases, the most

that can be done, as a rule, is to secure free drainage, to employ frequent irriga-

tions, and to do whatever may be necessary to improve the patient's general

condition.
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Horseshoe Fistukr.—When tlu- fistula extends around the anterior or pos-

terior eonunissure of the anus, it is ealled a hoi-seshoe fistula. When a

listula of this character has resulted from true abscesses, one in each ischio-

rectal fossa, by an extension from one to the other, there ma}- be an exter-

nal opening on each side, with only one internal opening. Then, again, it may

have s^'veral external openings, with one or two internal openings or with no

internal opening. The internal opening is likely to be at the posterior com-

missure, just alxive the margin of the external sphincter. It is generally con-

ceded that this tyi)e of fistula is rarely tuberculous; that, when it is situated

posteriorly, it is generally submuscular; and that, when it is situated anteriorly,

it is subtegumentary. The latter situation is necessitated by the fact that

there is no deep tract of cellular tissue between the perineal body and the anus.

Treat.mext of Complex Ano-Rectal Fistul.e.—As differcnit procedures

are required for the different forms, we will consider them in sei)arate paragraphs.

(a) Treatment Required in Water-pot Fistula;.—As a general rule, it is ad-

visable to open all of the fistulous tracts into one, the tongues of skin between

the tracts being preserved to hasten cicatrization—if the patient's strength will

permit such protraction of the operation. But if it be deemed best not to adopt

this course, then it maj^ be practicable to lay open the sinus from the internal

to the main external opening, no attemi)t being ma(l(> at the time to deal with

the other tracts. With the lapse of time and by the aid of stimulating applica-

tions, these tracts (the primary source of infection having been removed) may
heal. In many of these cases it will be found that the patient is affected with

constitutional syphilis, and that consequently the employment of mcrcurr

and potassium iodide will materially increase the chances of success in treat-

ment.

(6) Treatment Required in Horseshoe Fistulas.—In sul)tegumentary cases

the treatment consists in either incising every portion of the fistulous tract

and establishing thorough drainage, or in excising completely the infected

tissues. If the fistula, however, is of the submuscular variety, it would be

unwise to lay open both amis of the tract at the same time. The better

plan is fii-st to lay op(>n completely one portion of the tract; the treatment of

the other portion being restricted for the time being to thorough drainage and

the ajjplication of stimulating remedies. Then if, after the portion ojjerated

upon has healed, decided improvement shall not have taken i)lace in the other

[Kjrtion, it is advi.sable to operate upon this also.

When a hoi-seshoe fistula crosses the anterior commissuiv it may be dealt

with either by the open method or by excision, with iiiiiiicdiatc suture of

tlie edges of the wound, care being taken to ))reserve intact the raphe, as ab-

sces.scs in the anterior (|uadrant of the rectum usually oju-n low down. In the

case of women care sliouM be taken not to destroy too much of the perineal

body. Where the horseshoe fistula is situated po.steriorly, in which location it

has only one internal opening, it is generally better to lay the entire tract open,

to scrape its internal surface thoroughly (»r to dissect out all cicatricial tissues,

and then to jiack and dress the wound in the manner ali'eady recojinneiidetl.



SURGICAL DISEASES OF THE ANUS AND RECTUM. 825

"\^Tiere the fistulous tract extends entirely around the rectum and an outlet has

formed, it ma}^ be found desirable, if the resulting retraction of the rectum

causes inconvenience, to dissect out the cicatricial tissue, to loosen the anus

and lower part of the rectum from their attachments, and then to bring

these structures down to a point where they may be sutured in their normal

position.

In those cases in which the complex fistula is situated superficially, excision

with innnediate suture may be done. Where the fistulous tract extends for a

long distance out on the jjuttocks and possesses only one external opening, it

is iDetter, instead of laying open the entire tract, to make, at intervals of a few

inches, counter-openings through which the tract may be curetted, drained,

and frequently irrigated with antiseptic solutions. "\Mien the external open-

ing is located near the anal margin, it is well to incise the tissues which inter-

vene between the external and internal openings and to treat the fistulous

tract thus laid open in the manner already described as appropriate for cases

of complete fistula.

Complications Attending and Following Operations for Fistula in

Ano and their Treatment.—These complications may be divided into two

classes—the immediate and the secondary; the immediate occurring during

the operation, the secondary after it. Among the former the one which occurs

most frequently is the discharge of fecal contents over the field of operation,

during the progress of an excision with immediate suture. Strange as it may

seem, this annoying occurrence does not exclude the possibility of union of the

edges of the wound b}^ first intention, provided proper cleansing of the parts is

done without delay. The most reasonable explanation of this is that the tissues

thus soiled have already at the time of the occurrence become inured to the

discharges to which they are constantly exposed. As a means of preventing

such an accident the bowels should be thoroughly emi)tied from twelve to

twenty-four hours before the operation, and in addition the rectum should be

well irrigated several hours before. The bowels may be still further controlled

by giving a hypodermic injection of morphia an hour before the operation,

and the accident may be guarded against by thoroughly packing the rectum

with gauze at the very beginning of the operation.

Hemorrhage is another complication which may attend or follow an opera-

tion. Such an occurrence, however, scarcely needs to be considered here, as

it is not likely to take place if ordinary precautions are taken. At the same

time it should be remembered that this accident is more likely to occur after

the use of local anaesthetics, and consequently it is desirable that the patient

should be kept quiet for several hours after an operation which has been per-

formed with the aid of a local anaesthetic.

Secondaiy complications may occur either early or late. Among those

which are likely to occur early are shock, secondaiy hemorrhage, retention of

urine, and sepsis. In feeble and depressed subjects, shock is very likely to

follow operations for deep-seated and extensive fistula? which are attended with

considerable loss of blood, or in which the thermo-cauteiy has been used ex-
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tcnsivolv. The liest way of ooiiibatini!i; shock is probably to administer mor-

phia and nitroglycerin hy|)()dermically.

Secontlary hemorrhage is likely to be .|\iitc formidable when it takes place

within the rectum. It may occur in the form of a simj)le but excessive oozing.

\Mien the blood escapes from a large vess(>l. it will be better to apply a liga-

ture to the latter, if it can be found, even if it should be necessary to adminis-

ter a general ana\'^thetic for this i)urpose If the bleeding is due only to exces-

si\-c oozing, packing, especially with gauze wrung out of very hot water, or

the application of a styi)tic, will be likely to control it.

Ri'tention of urine may be relieved by ai)plying cloths wrung out of hot

water to the pulses and perineum, or by th(> use of th(> catheter.

Sepsis is likely to show itself by the thii'd day, and will i)robably be depend-

ent either upon a circumscribed abscess, or upon a diffuse periproctitis, either

of which conditions requires a free incision and drainage.

Among the comjilications which occur at a late stage, l)y far the mo.<t

imi)ortant is incontinence of feces. This result is not nearly so frecjucnt as

formerly—chiefly, we believe, because the former practice of prolonged tight

packing of the fistulous tract has, in a large measure, been discontinued. The

methods which are now employed in operating on extensive fistula) arc more

conservative than they used to be. It is now the custom to irrigate wounds of

this character quite fre(iuently with antiseptic solutions; and, finally, operators

are now careful to cut the sphincter at right angles, only once at a sitting, and

to sew the cut ends together when practicable.

Fecal Incontinence.—Where the incontinence is only partial much relief

ma}' be obtained by the use of galvanism, hot fom(>ntations, antl the repeated

passage of medium-sized bougies—a procedure ^^•hich i.romotes the absorption

of cicatricial tissue.

The restoration of the continuity of the sjAincter nuiscle is by far the most

satisfactory method of relie\ing fecal incontinence. Just how much can be

accomplished by tliis means depends upon how nuich muscular tissue has been

destroyed in the original oi)eration and l)y the subsecjuent sloughing; it also

dejicnds secondarily upon the length of time which has elapsed since the first

operation. The most imi:)ortant factor in the production of incontinence is

the imperfect union of the sphincter muscle, as shown in Fig. 332. As will

there be .seen, the distance between the fixcnl i)ortions of the nuiscle has b(H>n

so increased that even the voluntary contraction of the muscle will not entirely

close the anal oriHce. It is ju'riectly evident, therefore, that the thing needed

is to bring the cut ends of the. muscle into ai)position and hold them there until

union shall have taken place. The lines .1. B, C in Fig. 332 show how the

\'-sha|)ed piece should be taken oiU in order to biing the cut ends of the sphinc-

ler into (h reel apposil ion. Aflei' tiie cut ends of the sphincter lia\'e been sutured

together, the mucous meml)rane should be bi'ought down fi'om above over the

ai)ex of the wound, to ))rotect it from infection by the intestinal contents. A
silver-wire sutui'e should be passed ai'ound the closed wound to gi\'e support

to those sutures wliieh ;ire ah'eady in ])lace, and it should not be renio\(Ml until



SURGICAL DISEASES OF THE ANUS AND RECTUM. 827

union shall have taken place between the ends of the muscle. The bowels

should be kept conhned for six or eight days, and when a movement is per-

mitted it should be secured by an injection of oil and glycerin. The buttocks

should be strapped together, and the patient confined to bed until after the

bowels have been moved. If the internal sphincter has also been cut and its

ends separated by the first operation, their union should be effected in the

manner which has just been described (except that it is not necessary here to

employ the silver-wire suture).

^\Tiere the sphincter nniscle has been divided in more than one plac(^ it is

advisable to perform the repair operation in two stages, three or four weeks

apart. If the muscle fibres have become atrophied from long disuse, little can

be accomplished by bringing the cut ends of the sphincter together. How-

FiG. 332.—The Drawing Shows how Scar Tissue has Caused Imperfect Union of the Sphincter

Muscle. Tlie plan advocated for curing this defect calls for the removal of a V-shaped jaiece by two
converging incisions (A B antl B C). (Earle and Tuttle.)

ever, Dr. Chetwood, of New York, has succeeded, in one case of this nature,

in restoring the functional activity of the anus by a most ingenious plastic

operation. (See Tuitle on "Diseases of the Anus, Rectum, and Pelvic Colon,"

p. 417.) He made a large semicircular incision which extended from one tuber-

osity to the other, and the convex portion of which was directed backward

toward the coccj^x and a little be3'ond it. "The flap thus made was turned

forward, and the fatt}^ tissue dissected away until the lower end of the rectum

and the edges of the glutei muscles were exposed. A ribbon-shaped piece of

muscular tissue, about one-quarter of an inch in breadth and one-sixteenth of

an inch in thickness, was then dissected from the gluteus muscle on each side,

leaving them attached to the coccyx. The ribbon-shaped bands were made to

cross each other beneath the ligamentous attachment of the anus to the coc-

cyx (Fig. 333) ; they were then made to encircle the rectum, and meet ant(;riorly

beneath the skin, the cellular tissue having been perforated by dull dissection.

(Fig. 334.) At this point they.were sutured with chromicized catgut. A very

small remnant of the sphincter was found on each sifle of the rectum, and to this
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the iH'W muscular strips were attached hy sutures. The oi-iginal fhip was then

sutured back in jiosition, and the wound closed with aseptic precautions. The

patient made an imeventful recovery, and in one year from the time of the last

operation the newly made sphincter exercised sufficient control on the bo\vel

to retain its contents under all conditions." Tuttle has employed this method

in five cases, in three of which the results were excellent; in the other two,

however, little improvement was obtained.

Where jirotracted suppuration and j)ersistent burrowino; continue,—whether

from general or fi-om local conditions, it matters not.—no plastic woi'k for the

Fig. 3.33.—Clietwood's <)|)fration for Fecal Incontinence. (From Tuttle: " Disea.ses of the .\nus

Rectum, and Pelvic Colon." D. .Appleton & Co., New York.)

correction of comijlications, opniull}' tor incontinence of feces, should l)e under-

taken. Where the superficial edges of the wound adhere before the fistulous

tract it.self heals fiom the bottom, such a<lhesions .should always be broken ujj,

and the wound made to heal from the bottom.

Of all ojjerations on the rectum, those for fistuhe call for the mo.st persistent

efforts in the after-treatment, and he who gives these cashes the most care and

personal attention, will be most successful in their treatment.

Anal or Rectal Urinary Fistulae. and Perineal Urinary Fistulse. —Inder this

head belong reclo-uieteral, I'ecto-urethial, icctt)-\'esical, and perineo-urethral

fistuhe.
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(a) Perineo-urethral Fistulce.—These fistuhie originate in the urinary tract,

burrow baclvward, and open on the perineum in close proximit}^ to the anus,

thus simulating ano-rectal fistulie. They owe their origin to some disease in

the bulbous portion of the urethra or in Cowper's glands, the infection coming
from a gonorrhcea, from a tuberculosis of Cowper's glands, or from trauma-
tism. Cases of this nature really belong to the domain of genito-urinary sur-

gery, but they are so often mistaken for ano-rectal fistulce—owing to the fact

that the external opening is located near the anus—that they quite frequently

fall into the hands of the rectal surgeon, who should therefore know how to

recognize their true nature and how to treat

them.

The diagnosis is easily made by the use

of the probe, by bimanual palpation, from

the history of the case, and from the fact

that urine is discharged from the fistulous

opening if the fistula communicates with

the urethra. The demonstration of this

fact is readily made by compressing the

patient's penis during the act of voiding

urine; but if, for an}- reason, this method

should fail, the administration of methylene

blue to the patient will remove all doubt

as to the true character of the fistula.

The treatment of a urinary fistula which

originates in Cowper's or the perineal glands,

if tuberculous, should be laid open by means

of the thermo-cautery. If this course is not

adopted, then the fistula should be treated

either by simple incision or by excision, with

innnediate suture. When the fistula communicates with the urethra it is best

to give attention first to the condition of the urethra. If there is a stricture it

should be dilated or incised; if there is a suppurating urethritis it should first

be relieved and xwq urine made as bland and as unirritating as possible.

After these conditions ha^'e been relieved, then attention should be given to

the fistula. That portion of it which is located near the anus should be thor-

oughly laid open and curetted; the remaining portion, which terminates at

the urethra, should be thoroughly drained, curetted, and treated from time to

time with stimulating applications, care being taken not to let any of the

remedy get into the urethra.

(6) Recto-urethral Fistulce.—A fistula of this character is a much more seri-

ous condition and more difficult to cure than the preceding orfc. The fistulous

tract connects the urethra with the rectum, and the fact that it receives its

infection from both sources makes it much more difficult to heal than the com-

mon type of ano-rectal fistula. The membranous and i:)rostatic portions of

the urethra are those which are involvedj and the opening in the rectum is

Fig. 334.—Second Stage of Chetwood's
Operation. (From Tuttle: " Diseases of

the Anus, Rectum, and Pelvic Colon." D.
Appleton & Co., New York.)



830 AMERICAN PRACTICE OF SURGERY.

generally located above the internal sphincter. AA'hile the j)i-iniarv disease

begins, as a rule, in the urethra and empties its products secondarily into the

rectum at a lower point, yet, in a certain nundx'r of cases, the ojx'ning into

the rectum will be found to be located at a considcrabh' higher level than the

urethral opening, and therefore it is presumably fair to infer that, in these

cases, the disease began in the rectum.

As to the etiology and pathology of this A-ariety of rectal fistuhe, we are

unable to say more than that they are due either to traumatism or to some

pathological process.

The most characteristic symj^tom of this lesion is the passage of urine

through the rectum, or of fecal matter and gas with the urine. The height of

the rectal opening will determine in which of these two directions the flow will

take place.

.\s a rule, the rectal opening can be recognized by the finger jilaced in the

rectum. With an Earle or any single-l)laded sjx'culum, introduced in such a

manner as to press against the posterior wall of the rectum, the opening of th(^

fistula may be reatlih' seen. Then, with a sound introduced into the urethra,

a small i)robe may be passed through the rectal opening and fistula ancl macU^

to strike against the sound. The only other condition with which this is likely

to be confounded is recto-vesical fistula, from which it is fairly easy to differ-

entiate a recto-urethral fistula by the constant flow of urine wliich occurs in

the latt(>r lesion.

The prognosis of recto-urethral fistula is generally favorable in those cases

which tleveloi) after an ojx'ration. The reverse, however, is true of those cases

in which the lesion results from some pathological process.

In those cases in which the fistula develops as a result of an acute al)scess,

of a fairly circumscrilx'd character, healing ma}^ sometimes l)e inducttl b}- sim^

ply providing free drainage and making stimulating ai)plications. When these

means fail, resort should be had to operative measures. But, before under-

taking any operation, the surgeon should make sure that all obstructions to

the free discharge of urine and feces through their normal passages have been

removed. For the remo^'al of such obstructions in the urethra, the reader is

referred to the appropriate article in \'ol. XL When there is an irritable and
tightly contiartcd sphinclcr ani muscle, it is better to incise than to dilate it,

as the relaxation which follows the latter procedure is of too transitory a char-

acter. The next imi)ortant thing to be done, in order to make the operation

successful, is to provide for the protection of the fistulous tract, so far as pos-

sible, from the irritating discharges of urine and fecal matter. The exclusion

of the urine is best efi"ected by the contimious employment of the catheter,

while the irritating effects of fecal matter may be prevented by confining the

bow('i> for foiii- or five successive days. It has also been recommended (o do
a temporary inguinal colostomy for this jjurpose as well as for j)rotecting the

field of operation from infection, 'i'he fistulous tract should be freciuently

iri-igated for several days prior to the opeiation.

Until recently failure has attended m()>t of the attempts which have been
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made to effect a permanent closure of these fistiiUr. Tuttle, in his work on
"Diseases of the Anus, Rectum, and Pelvic Colon" (p. 434), has pointed out

the cliief cause of such failures, and at the same time he recommends measures
for overcoming the defects of the treatment hitherto emplo^^ed. The success

of these measures is evidenced by the reports of nine successive cases in which
they were employed. We give here in full his modification of the operation

for the correction of urethro-rectal fistula (op. cit., p. 435)

:

"The rectum should be incised in the middle line anteriorlv, the <3ut beino-

Fig. 335.—Thp Drawing Illustrates Tattle's Operation for Recto-Urethral Fistula:

(Tuttle.)

First Stage.

carried through into the urethra and extended from the scrotal juncture of

the perineum into the fistulous opening, thus dividing the urethral stricture.

(Fig. 335.) The cicatricial tissue around the entire fistula should be trimmed
away with scissors. The intestinal wall should then be dissected from its

anterior attachments for a distance of three-quarters of an inch above the

fistula, and half an inch to each side. A flaj), large enough to replace that por-

tion of the floor of this organ which had been destroyed, is next dissected fi'om

the soft tissues on either side of the urethra. A steel sound (No. 30 French)
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is iKuv introduced into the hhuldcr. and these fla]).'^ are suturetl together over

it at a sHght tension. SeconcUiry Haps are then taken outside of the fii-st flaps

and entirely surrounding them, making a sort of cuff to the first area sutured.

(Fig. 336.) The edges of the reetal wall are sewed together in all their thick-

ness with ciii'oiiiicizrd catgut, down to the external sphincter nuiscle, at which

])oint the mucous membrane is dissected loose, for a short distance to each

side, and drawn togctlu'r by stitches which do not involve the muscle. The

Fig. 3.3G.—Tuttk-'s Ojieration f.>r f!.<t<.-rr<thral Fistula; Setoiul .Stage (Tattle.)

incision into the urethra is left unsutuivd beyond a j)oint just below the site

of the fistulous o|)eiiing. (Fig. 337.) A No. 12 soft-rubber catheter is intro-

duced through the meatus into the bladder and is fastened there by adhesive

straps attached to the head of the penis. The aiitei-ior jjortion of the peiiiieal

incision is loosely i)acked with absorbent gauze, and a drainage tube of largi>

size is introduced into the rectum to facilitate the escaj)e of gas." Tuttle

advises that the catheter should be retained in the bladder for from seven to

ten days, but in three of his cases it was found im|)ossible to do this; never-

theless, no serious results followed. In ca.se the cathetei- should come out
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before the expiration of the time, great care should be exercised in reintroduc-

ing it, lest it should reperforate the sutured wound. The instrument should

be passed from the meatus out through the perineal wound, then back again

throuo-h the same opening, \\hcn it is continued uj^ward and backward against

the superior wall of the urethra. If the jjatient is unable to bear the irritation

produced by a pemianent catheter, the \n-ine, during the first five days follow-

ing the operation, should be drawn off every three hours (by the surgeon, and

Fig. 337.—The Third Stage of Tuttle's Operation for Recto-Urethral Fistula. (Tuttle.)

not by the nurse) with a well-curved silver catheter held close to the superior

wall of the urethra.

(c) Recto-vesical Fistulce.—Recto-vesical fistulse occur as the result of punc-

tured wounds, of operations performed upon the bladder and rectum for ma-

lignant disease, or as the result of inflanmiatory processes attended with ex-

tensive destiTiction. Those which result from punctured wounds are likely

to heal spontaneously. Recto-vesical fistulse may be either direct or indirect.

Those of the direct variety owe their origin to the fact that the walls of the

two organs become agglutinated by inflammatory products, thus favoring the

VOL. VII.—53
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establishment of a fistulous communication between the two at this point. In

the case of an indirect fistula an abscess located near the two organs makes for

itself an opening into each of them. I'pon the recognition of the true pathology

of the lesion will depend th<' advisability and success of radical interference.

Recto-vesical fi.^tuhe may comnuuiicate with the small intestine as well as

with the bladder. The consideration of such ca.ses, however, does not belong

in the present section.

The characteristic symptom of a recto-vesical fistula is the constant pres-

ence of urine in the rectum. Very much less frequently fecal matter and in-

testinal gas may be passed with the urine which comes from the bladder. This

occurrence depends upon the height of the rectal opening, upon the calibre of

the fistulous tract, and also uj)on the consistency of the fecal matter.

The history of the case ma}' throw some light on the diagnosis, especially

if the fistula is associated with malignant disease or syphilis. The location of

the intestinal opening may be detennined either by palpation or by the em-

ployment of the pneumatic i)roctoscope ; and by the aid of the cystoscope the

opening in the bladder may be located.

The prognosis is always grave, and the results of surgical interfennice are

very discouraging. E.xtension of infection from the bladder, by way of the

ureter, to tht; kidneys is almost certain to follow sooner or later. In the indi-

rect variety of these fistuhe, urinary infiltration and burrowing of pus are

likely to follow.

In acute cases due to traumatism or to surgical interference, continuous

catheterization for a definite j^eriod and the ]iro])er regulation of the con-

sistency of the fecal discharges may residt in closure of the fistulous tract. In

all cases, when possible, it is absolutely necessary to keep the fecal matter

from entering the bladder. In the chronic cases, therefore, some more per-

manent provision—as, for instance, a temporary inguinal colostomy—must be

made to prevent this accident. The adoption of this expedient, in condona-

tion with continuous catheterization, offers, on the whole, the best prospect

of effecting a closure of the fistulous tract; and, if later it should become nec-

essary to suture the fistulous openings, it will be found that the establishment

of an opening in the colon and the emj)l()yment of continuous catheterization

increa.se greatly the chances of a successful issue.

When once the fecal current and the urine have been divertcnl fiom the

fistulous tract, the attempt should he made to close the recto-vesical o])ening

by paring the edges and suturing the wound. If the opening is situated high

up in the bowel, the ojieration may be facilitated by removing the coccyx and

splitting the posterior waU of the rectum. If tiie rectal op(>ning, however, is

situated low down, or if the case is one in which the fistula has resulted from

a pelvi-rectal abscess, the anterior rectal wall should be dissected from the

bladdi'r, by lateral perineal section, as far as to a i)oint above the fistulous

tract; by which means the latlei" becomes converted into a i"ecto-|)erineal and

a vesico-p<'rineal fistula. Then, if the rectal and vesical ojx'nings are within

reach, they may be sutured. For this work Czerny's method of emi)loying
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catgut for the dct'p row of sutures, and silkworm gut or silk for those in the

mucous membrane, should be adopted. If success has been attained in closing

the fistula, the artificial anus maj' next be closed.

(d) Recto-ureteral Fist idee.—The only cases in which the ureters are likely

to open into the rectum are those in which the fistulous communication is the

result of a malfonuation. Reference has already been made to these on a pre-

vious ])age.

Recto-genital Fistulae.—In this class should be included the fistula? which

connect the rectum with the genital organs. They are most frequent in women,
and should not include those w-hich are due to malformations, ^^^len the lesion

does occur in the male, and the fistula extends forward into the scrotum, it

may be treated as an ordinary subtegumentary anal fistula. AMien it results

from a prostatic abscess or a suppurating Cowper's gland which oj)ens into the

rectum and not into the bladder or urethra, it may be treated as a blind internal

fistula.

The other fistula^ which belong to this variety all occur in women, and may
be classified as follows, \'iz. : recto-uterine, recto-vulvar, and recto-vaginal

fistulae.

(a) Recto-uterine Fistula.—This fonn of fistula rarely occurs except as a

congenital lesion. Dr. Tuttle (op. cit., p. 447) mentions having seen such a

fi.stula associated with a carcinoma of the uterus which involved the rectum;

and Dr. Thomas Cullen, in his work on "Carcinoma of the Uterus" (p. 268),

mentions a somewhat similar case.

(6) Recto-vulvar Fistula.—This form of fistula results from an injury or

from infection of the glands of the labia and vagina, which are situated ante-

riorly to the fourchette (especially the glands of Bartholin). The writer has

seen quite a number of cases of this nature. After the abscess has formed, the

pus is likely, if an early incision is not made, to burrow backward and to open

into the rectiun or the anus. It may also burrow into the ischio-rectal fossa

after it passes the transversus perinei. There may be only one opening or there

may be several.

In operating ui)on these cases, the surgeon should take special care to pre-

serve the perineal body, ^^^len there are no complications, excision with imme-

diate suture may be adopted. A\'heM there are two distinct tracts, it would

probably be better to operate upon only one of them at a time, at different sit-

tings. But if they are near together and if they are of such a nature as to

retjuire only a slight dissection, they might both be operated upon at one time.

Sometimes these fistulae are incom])lete and have only one opening, and when

this is the ca.se, excision and suturing may be resorted to.

(c) Recto-vaginal Fistula.— In this fonn of fistula there is a communication

between the rectum and the vagina proper. (Fig. 338.) Such a fistula is fre-

quently the result of a submucous mpture of the recto-vaginal septum or of

sloughing of this septum from prolonged pressiu'e of the foetal head. Sj'philitic

ulceration is a frequent cause of this type of fistula, especially in cases in which

there is stricture of the rectum. Tuberculous ulceration is rarelv the cause of
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tliis variety of fistula, wliilc carcinonia of the ivctuni oi- vagina fiv((ii('ntly is.

Ainong other causes may be mentioned: an abscess in the s('])tuni; a foreign

bndv in ihc rectum: proion^cci pi-cssurc from a jiessary; sloughing, following

an operation for hemorrhoids: antl. {inally. a pelvi-rectal abscess that burrows

clown Ix'tween the layers of this septum and opens into both the rectum and

the vagina.

The diagnosis is readily made from the fact that gas and fecal matter escape

into the vagina and set up a vaginitis. The

offensive leucorrhtea which results from this

iiiHammation, is one of the distressing feat-

ui-es of the disease. The openings in the

vagina and rectum can easily be seen, gener-

ally by the aid of a s{)eculum, and by its aid

also a probe may be passed through the tract.

.^ ^^^E^^..,-_^i:,.. --Jr^ ar- So far as treatment is concerned, it may

I
^^^^l'V.3JK'.';^lr3^ I be stated that the conservative methods are

attended with very little success; some sur-

gical procedure will nearly always b(> found

necessary. The chief difiiculties which one

encounters and which nuist be overcome are

these: the prevention of the escape of gas

and fecal matter through the fistulous tract,

and the necessity of reaching and closing the

rectal o])eiiing if it oceuj)ies a high jjosition.

The latter difficulty can be overcome only

by splitting the posterior wall of the rectum and I'emoving the coccyx, or by

doing what is practically a Kraske o])eration. The seriousness of such an oper-

ation is out of all pi-oportion to the gravity of the condition. Wlu'u the I'ectal

oju-ning is small and situated low down, the surfaces around it may be fresh-

ened and united by sutui'cs—a jirocedure which somethnes i)roves successful.

Hut where the opening is large and is situated high wp in the rectum, oi)er-

ations through the vagina or the perineum are more likely to be successful.

Operations upon the Vaginal Wall.
—

''The simplest of these is that devised

by Lauenstein, which consists in denuding the fistulous tract from the vaginal

surface down to the rectal mucous membrane. Switches are then introduced

from the vaginal side, eml)racing all tlu tissues of the recto-vaginal sejjtum

excej)t the nmcous membrane of the rectum, and the wound is then closed.

(Fig. 338.) The sutures should be of siK'er \\ii-e. Xo effort is made lo close

the opening in the i-ectal mucous memimuie. It would be well, however, after

having suture(l the fistula, to stretch the spliiiiclei'. inti'oduce a rectal ttd)e, and

constipate; the patie?it." (Tuttle, o/i. cil., p. loJ.i

Complete! I'lxcision of the Fistulous Tract Combined with Pei-iiieorrhaj)hy.

—The techni(|ue emj)loyed by Tuttle in this operation is thus described by him

(op. rit., \).
4

")3j : "The s])hinctei' nuiscle should be thoroughly and completely

stretched; the perineum is then completely incised from the vagina into the

In;. 33S.—Closinv ui Hi-cto-\':igiiial

Fistula, after tlie Method of Lauen.stein.

(Montgomery.)



SURGICAL DISEASES OF THE ANUS AND RECTUM. 837

rectum, up to but not including the fistula. A probe is then passed through

the fistula, and the latter, together with all its cicatricial tissue, is dissected

out en masse. The mucous membrane of the rectum is trimmed off from the

edges of the wound for about half an inch up to the level of the fistulous open-

ing, and above this it is loosened from its attachments, until it can be brought

down to the margin of the anus. The margins of the wound in the perineal

septum are then brought together, down to and including the sphincter muscle,

by means of a continuous chromicized catgut suture. Three or four deep

silver-wire sutures are then passed through the perineum, after the manner of

Emmet. Before the latter are fastened, the flap of mucous membrane in the

Fig. .339.—Closure of Recto-Vaginal Fistula with Impervious Layer of Mucous Membrane over

the Line of Suture. (From Tuttle: "Diseases of the Anus, Rectum, and Pelvic Colon." D. Appleton

& Co., New York.)

rectum is brought and sutured to the skin at the margin of the anus (Fig. 339),

the wire sutures are then drawn together and made fast by twisting or by per-

forated shot, and finally the edges of the mucous membrane in the vagina are

sutured with plain catgut and sealed over with iodoformized collodion. A small

drainage tube is placed in the rectum to facilitate the escape of gas, and the pa-

tient's bowels are constipated for six or seven days. After this period, injections

of oil and glycerin may be given to soften the fecal material, but under no

circumstances, except in real danger to the life of the patient, should a purga-

tive be given until the hard fecal accumulations have been removed or softened.

The wire sutures are removed on the eighth day." In seven cases operated

upon according to this method not a single failure has occurred.
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IX. STRICTURE OF THE RECTUM.

General Remarks upon the Nature of Strictures of the Rectum.—From a

clinical stan(li)()int stricture of the rectum should include all those ])ath()lo^ical

conditions which interfere with the normal passage of feces; but. for the sake

of brevity, it will be better to confine ourselves to these changes in the wall of

the rectum, sigmoid, and anal outlet which produce a narrowing of their lumen,

and to reserve for future detailed consideration thos(> obstructions fi-om with-

out which i)roduce similar results but have an entirely different etiology and

retiuire a difiVrent treatment.

Tho.^e conditions which ari.se in the walls of the rectum or anus and bring

about a stenosis of its lumen, are the following: Congenital malformations,

neojilasms. ]i(>lvic inflanmiations. sjiasm of the musculature, and inflannnatoiy

proilucts.

Congenital Stricture.—Although this variety has already been considered

under th<' head of Congenital Malfoniiations, yet, as the condition so freciuently

I)asses imobserved imtil puberty or adult life, it would be well to remind our

readers that it is b}- no means rare. Up to a certain time the symptoms may

be merely those of constipation, but a constipation which steadily grows more

obstinate, until finally the bowel refuses or is unable to respond successfully to

laxatives or enemas. Then for the first time the physician makes a rectal ex-

amination. In the case of a congenital stricture, it will generally be found

cither that a fibrous band is vStretched across from one side to the other, or that

a thin membranous curtain projects from the entire circumference of the bowel

toward the centre of the lumen. The degree of constipation resulting varies

with the extent to which the band or the curtain diminishes the calibre of

the canal. In either case the lesion will probably be found at about the junc-

ture of the anal canal with the rectum; and the absence of any inflammatorj'

infiltration, as well as the failure of the histoiy of the case to furnish any

information with regard to an earlier ])roce.ss of this character, justifies the

assumption that the lesion is of congenital origin.

Strictures of the character described may, if not too narrow, be nicked with

the knife or scissors in several places and dilated with the finger or l)ougie. It

is far better, however,—and the resulting cure is more likely to be |)ermanent,

—

to dissect out the fibi'ous tissue after having first (hssected back flaps of mucous

membrane. Then, after the .strictuivd part has been exci.sed. the Haps are

drawn together and sutured over the wound.

Stricture from the Presence of a Neo])lasin.—The new-growth, in order to

produce a tme stricture of the rectum, nuist not only grow williin the rectal

wall, but must also extend paitially oi" coin|)letely ai'ound it, so as to produc<'

a narrowing of its calibi-e. A growth from the rectal wall, however large it

may be. and tf) whatever extent it may obstruct the passage of fecal matter,

can be regarded only as an ob.struction, and not as a stricture. It will there-
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fore receive consideration under the head of Neoplasms of the Rectum. As

instances of a growth of this nature, polypi and papillomata may be cited.

Malignant gro\A'ths, on the other hand, both obstruct the calibre of the rectum

b}' protruding into it, and also constrict the lumen by giving rise to an infil-

tration of fibrous material into the surrounding walls—which fibrous material

later undergoes contraction. These strictures will be considered in their proper

place under the head of ^lalignant Neoplasms of the Rectum.

Submucous or Perirectal Stricture.—It will be well to remember that there

is an abundance of fibrous tissue in the different layers of the rectal wall and

between the nuicous folds of Houston's valves, and that this tissue is connected

directly with the fibrous meshes of the pelvic tissue, the ligaments of the blad-

der, the broad ligaments of the uterus, the prostate, and the fibrous sheaths of

the levator ani nuiscle ; and that consecjuently an inflammation in any of these

surrounding structures may extend to the fibrous tissue found in the rectal

walls and create there ultimately a true subnuicous stricture, without there

ha"\dng been an}^ previous ulceration of the rectum.

Spasmodic Stricture.—That a temporar}' spasmodic contraction of any por-

tion of the rectal wall may take place at any time, no one will ciuestion. But,

if any one has doubts, he may easily satisfy himself on this point by the appli-

cation of a faradic current, through a proctoscope, to the rectal mucous mem-

brane, when he will see the wall contract while it is under actual observation.

Fuithermore, there is no longer any doubt that the same kind of contraction

may be produced by the apphcation, to the mucous surface, of any kind of irri-

tant, or l^y the presence of an irritable sore. It is also an established fact that,

while this spasm of the musculature is not continuous, it will nevertheless recur

as often as the irritant is applied, or—in the case in which an ulcer is present

—

whenever the nomial stimulus is in the slightest degree mcreased, or whenever

the patient simply apprehends that such an increase may take place. Such a

definition of the limits of spasmodic stricture of the rectimi will be accepted

generally. On the other hand, the majority of surgeons dissent from the doc-

trine that a permanent stenosis or narrowing of the lumen of the bowel may

result from a continuous or permanent shortening of any portion of its muscu-

lature; and that, too, notwithstanding the fact that such good authorities as

Cripps and Ball approve of this doctrine. It is much more likely, as we be-

lieve, that the spasmodic contraction, which, in the cases cited by Dr. Cripps,

unquestionably existed in the early and active stage of the ulcer, was succeeded

by the formation of a true fibrous stricture as the result of the healing and

cicatricial contraction of the ulcer. In other words, the change in the patho-

logical conditions brought about a simple substitution of the true fibrous strict-

ure for the former spasmodic stricture.

Simple Inflammatory Stricture.—The conditions necessaiy to product a

stricture of this variety are a chronic inflanmiation of the fibrous elements of

the walls of the rectum and closely adjoining structures, with or without a solu-

tion of continuity of the surface, and without regard to etiological factors. As

is well known, the tendency of fibrous tissue to undergo proliferation and ulti-
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niatcly to Ix'eonic liypcili'ophicil and thickened, is \-erv tnueh increased in cer-

tain di^ieasos—as. for instance, in sypliilis. Hence the tendency, in the older

treatises, to subdivide strictures acconlinij; to the form of ulceration or inflam-

mation which gave rise to them. \\'e prefer lo speak of all such factors as

common causes, emphasizing when necessary the peculiar tendency of fibrous

tissue to take on this increased gro\\-th in certain specific diseases, as well as

other peculiar cliaracteristics which attend each.

\\'hil(^ a .stricture due to simple thick(>ning of the fibi'ous structures may
occur at any point in the rectum, in the large majority of cases it de^•elol)s at

a spot within a distance of thr<'e inches from the anal margin.

In all infianunatory processes which result in stricture of the rectum, the

process nuist involve the fibrous tissues beneath the mucosa. This inijiortant

feature should always be kept in mind when one is considering the possibility

that certain affections of the nuicous nuMubrane—such, for example, as catarrhal

diseases and others which involve only the nuicous membrane—may produce a

stricturi'. As a matter of fact, it is practically impossible for such diseases to

result in a fibrous stricture.

Wherever there has been destructive action the tissue destroyed is replac(\l

by fibrous tissue

—

i.e., cicatricial tissue; and when this is present in sufficient

Cjuantity and is so arranged as to involve a considerable portion of the circum-

ference of the rectum, it produces a stricture. (Fig. 340.) Among the factoi's

which are competent to j^roduce such results, the following may be mentioned:

all forms of trauma which cause sloughing of the rectal wall—sucli, for exam-

ple, as prolonged pressure of the f<etal head dui-ing labor, or the retention of

large foreign bodies in the rectum; phlegmonous and gangrenous ulcerations of

the rectal walls; the injection of caustic or very irritating substances into the

rectum: burns: and operations in which considerable areas of rectal tissue are

removed, and in which healing has taken place by granulation. Some of the

operations which are likely to result so disastrously are the following: resec-

tions or excisions of the rectum and operations for fistulas or for hemorrhoids,

especially where Whitehead's operation has been hnproperly done for the latter

conditi(jn, oi- whei-e the hemorrhoids have been injected with a strong solution

of carbolic acid. In fact, the danger that a stricture may develop subseciuently

should be carefully boi'ue in mind by the surgeon when he ])erforms any opera-

tion ui)on the rectum.

While we do not regai'd ol)struction to the passage of fecal matter, whether

caused by pi-essure from without or by the presence of a new-growth or of some

foreign matt ei- within the icctal wall, in any sense a stricture, yet it seems to us

better to remind our readers once more that such obstructions do frequently in-

terfeic \<ry materially with the passage of fecal matter, and that it is therefore

inijjortant that one should be able to distinguish between such an obst i-ui-tion

and a true stricture. Among such obstructions may be mentioned {lisi)lacements,

enlargements, new-growths, and inflamed and sui)i)urating conditions of ad-

jacent organs. vVdhesive bands foiined as a result of local or general jien-

tonitis nia\' so consti'ict the uppir nail <if the rcctiuu (ir the siiiinoid as almost
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completely to arrest the passage of fecal matter. Inflammatory adhesions of

the uterus to the rectum or the sigmoid, adhesions of the appendices epiploicsB

to the abdominal walls or to each other, and inflanmiatory deposits resulting

from a blind external fistula, may all obstruct the passage of fecal matter veiy

seriously.

Tuberculous Stricture.—A stricture resulting from tuberculous ulceration or

caused by the inflammatory products of such an ulceration is a lesion which

has frequently been denied; but, since the discovery of the tubercle bacillus,

pathological examinations have demonstrated both giant cells and tubercle

bacilli in the scar tissue of the stricture itself. Tuttle, in his treatise (op. cit.,

p. 469), states that, in four autopsies, he found, in each instance, an undoubted

fibrous stricture existing beneath a well-developed tuberculous ulcer; and that,

Fig. 340.—The Drawing Illustrates Two Pathological Conditions of the Rectum, viz., a Cicatricial

Stricture (.4 B C) and a Recto-Vaginal Fistula (D). (Earle and Tuttle.)

in two of the cases, the stricture was in the pelvic colon, while in the other

two it was located in the rectum. The clinical histoiy of two of these cases cor-

roborated the post-mortem findings, and by microscopic examination he was

able to demonstrate the presence of tubercle bacilli and giant cells outside

the area of ulceration. Similar findings have been made by jMitchell, Hart-

mann, Toupet, Sourdille, Earle, and others. With this evidence before us, we

can scarcely any longer question the existence of a true fibrous stricture result-

ing from tuberculous ulceration.

Syphilitic Stricture.—Since the announcement of Fournier's theory, in 1875,

the opinion has been quite general, up to within the last few years, "that syphi-

litic strictures consist of an interstitial hyperplasia, ending in a fibrous degen-

eration and persistent contraction of the wall of the intestine," and that
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strictures of the rectum of this nature differ materially in their pathological

characteristics and mode of formation from all other rectal strictures. As will

be seen farther on. we take excei)tion to this current ojiinion. at least in threat

part, and hold that strictures of the rectum due to synliilis have their begin-

ning, as a mle, if not always, in a local ulceration of the nuicous surface. We
believe that, in syphilitic strictures, the formation of the fibrous tissue and its

subseijuent contraction proceed along the same lines as do the tissue changes

in simple strictures, except as regards the formation of nodules or gummata

around the blood-vessels, and the develoi)iiient of a distinct endarteritis—both

of which lesions are imi)ressed upon the stricture by this specific disease. While

the microscopic appearances, in a sufficient niunber of these strictures, furnish

unciuestionable evidence of s}'philis, yet the number of these cases does not

correspond with the number of cases of stricture due to syphilis that were

formerly thought to exist. In fact, at one time every case of stricture of the

rectum was inunediately assumed to be of a syphilitic nature. It was believed

that, in some insidious manner, the constitutional effects of syphilis produced

these strictures.

A\'hile we have made a partial statement of our views on this subject in the

previous paragraph, yet, for the sake of clearness, we will risk some repetition.

We believe that, in their first stage, these strictures begin as an ulceration of

the mucous membrane of the rectum, and that this ulceration is associated

with a deposit of soft embryonic tissue in the subnuicous layer. Then follows

an infcv^-tion of the tissues by colon bacilli or other organisms. The infiltration

just referred to and the infection penetrate downward into the circular mus-

cular layer. The ulcer may heal through an outgro\vth of the mucous mem-
brane over the spot, and there will then be left, to indicate the former site of

the ulcer, a soft, bluish-white cicatrix. But, after the infiltration with embry-

onic tissue has once begun in the muscular walls of the rectum, its further

l)rogress meets with the least resistance in the direction between the circular

muscular fibres. The advance continues steadily until the entire circumfer-

ence of the intestine, in the vicinitj' of the former ulcer, becomes infiltrated.

The extent of the infilti'ation, be it noted, bears no relation to the extent of

the ulceration or to the size of the scar on the intestinal wall. In the early

stages of this infiltration the infiltrated tissue is soft and dilatable, and yields

quite readily to antisy])hilitic treatment and to artificial dilatation; but, when

once this newly-formed tissue has become organized into fibrous tissue, which

soon supplants the atrophied circular muscular fibres, then anti-syphilitic

medication and artificial dilatation are no longer of any pei.nanent benefit.

It will be observed, then, that up to this point the oeginning and ])rogress

of a syjjhilitic stricture are essentially the same as the beginning and j)rogr?ss

of a simple fibrous stricture; the only diflcrciice being that, possibly, (he tend-

ency to the formation of fibrous tissue is greater in the former than in the latter.

We theref(jre assert it as our belief that all stiictures of the rectum, whether

syphilitic or of a simple chai'actcr, lia\c (heii- origin in an ulcciation, a trauma,

or some other lesion of the nmeous membrane; and that the cases in which
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the lesions are due to secondary or tertiary syi;)hilis represent the large

majority of those which have heretofore been attributed to chancroids.

Pathology of Strictures of the Rectum.—There is a localized thickening of

the rectal mucous membrane, and generally there is an ulceration; but, whether

the latter lesion is present or not, there is always a loss of the nomial elasticity

of the rectal wall, which conveys to the examining finger the sensation of being

dense and leathery. In cases in which the ulceration has healed, the mucous

membrane is dry and has lost its smooth, glistening appearance. We have

found this to be due to a loss of the goblet cells rather than to the transfomia-

tion of the cylindrical epithelium into the pavement variety, as asserted by

Quenu and Hartmann. Where the ulceration exists in conjunction with the

stricture, which is the rule in those cases which come under the surgeon's obser-

vation, the surface of the rectum is bathed in a muco-purulent, sometimes

sanious discharge. If, any portion of this ulcerated surface heals, which is more

likely to be the case in the lower portion, the cicatrix presents a bluish-white

appearance and is veiy dense and hard. The infiltration and contraction may
extend from the margin of the anus to the sigmoid, and sometimes may even

involve the latter. In a few cases the congestion and proliferating granula-

tions produce a greater degree of narrowing of the canal than does the actual

cicatricial contraction. In one case observed by Tuttle prolifera*ting granu-

lations almost entirely filled the caxaty of the rectum, obstructed the passage

of feces, and gave rise to an abundant pumlent and bloody discharge. A
single ulcer, even of moderate size, may at first give rise to veiy slight ste-

nosis, but, after it has healed, the subsequent degeneration and contraction of

the circular muscular fibres may result in the establishment of a very decided

stricture. In old cases where the stricture is quite tight there are likely to be

two points of ulceration, one above and one below the stricture. That above

the stricture does not generally present the characteristics of a syphilitic, but

those rather of a simple necrotic ulceration, produced by irritation and by the

pressure of fecal matter which collects at that point. The bowel is always

dilated and its walls are thinned above the stricture. The ulcer below is of the

type which produces a stricture, no matter what its origin—infectious, syphi-

litic, or tuberculous. A fistula is frequently found beneath the mucous mem-

brane; it leads downward from the stricture, and frequenth' extends outside

into the perirectal tissues. While the mucous membrane directly over the

strictured portion of the bowel may not appear to the eye to be altered, yet,

when manipulated, it fails to move over the subjacent tissues or moves with

some degree of friction. According to Hartmann and Toupet the features

which are constant in all the varieties of stricture which they describe are "the

absence of ulceration at the level of the stricture and the substitution of the

pavement epithelium with papilla^ for cylindrical epithelium with glands."

The pathological characteristics of all syphilitic strictures are endarteritis and

gummatous deposits about the arteries. The nodules are also found around

the veins in some cases.

The pathological changes which ma /, according to Heitzmann and Jeffries,
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be consideivcl as pt'culiar to stncturcs that owe their ()ri«i;in to tuberculous

ulceration are the folloA\'ing: Ordinarily the entire epithelial surface of the

mucous membrane is destroj'ed; the inflammatory infiltration extends consider-

ably beyond the ulceration: upon the nuicous membrane a number of papilhe

are seen; in the subnnicosa there are found, in the infiltrating fibrous tissue,

tuberculous follicles which show a tendency to caseous degeneration; and the

blood-vessels do not show any alteration in their walls, as they do in the cases

of syphilitic origin. Besides the changes just enumerated there is one other

feature which may enable the surgeon to reach a jwsiti\-e diagnosis—viz.. the

finding of tubercle bacilli in the inflannnatory tissues of the stricture. The

failure to find them, however, does not preclude the possil)ility that the disease

is tuberculous in its nature.

Notwithstanding the special characteristics of syphilitic and tuberculous

strictures, as enumerated above, it must be borne in niiiid that these charac-

teristics are not of themselves absolutel}' conclusive, l)ut must, if a correct

diagnosis is to be reached, be taken in conjunction with the history of the case

and other conditions. Endarteritis, for example, has been known to exist in

inflammatoiy tissues which have resulted from traumatism or from caustic

applications. But if this lesion is associated with the presence of gununatous

nodules in the strictured area, and if at the same time there are other evidences

justifying the suspicion that the patient has syphilis, one would not hesitate

to make a positive diagnosis. Furthermore, since the discovery of the Spiro-

chirte pallida, even in the tertiaiy lesions of syphilis, one may now confidently

rest his diagnosis upon the presence or absence of this mici-o-organism.

The possibility that a dyscniteric ulceration may play the part of an etio-

logical factor in stricture of the rectum has been veiy seriously questioned by

most writei-s, yet (juite a number of good authorities claim that it does play

such a part. This wide difl"erence of opinion is based, as we believe, on the

strong probability that the cases of supposed dysentery which have resulted

in stiicture, were not, in reality, cases of true dysenteric ulceration. This

seems the more likely when we reineinl)er that nearly all forms of ulceration

of the rectum give rise to more or less tenesmus, with frecjuent passages of

mucous or nuico-pumlcnt matter and blood.

In the "Medical and Surgical Histoiy of the Civil ^\ar" there are the

reports of four cases of stricture of the rectum which resulted from gunshot

wounds.

Sjnnptoms of Strictures of the Rectum.—The piimaiy lesion which is fol-

lowed by the formation of a stricture may give rise to veiy few and very trifling

symj^toms, and then only during the acute stage. This is likely to be the case,

for exami)le, in an ulceration that has resulted from the continued i)ressure of

the child's head during lal)or or from the i)resence of a foreign Ixxly in the

rectum. Even these symptoms subside as soon as the ulcer heals. Then there

follows (juite a long period of rest, which varies under different conditions, and

in which there are no symptoms suflficiently marked to attract the attention

of the patient. During this latent jxTiod, the inliiti-atioii is going on. and the
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contraction increasing. As a rule, it is not until the stenosis is well marked
that the symptoms are sufficiently annoying for the patient to bring them to

the attention of the surgeon. The symptoms which usually first attract the

patient's attention are: a sense of heaviness in the rectal and sacral region,

and a frequent desire to urinate. The latter symptom may be so pronounced

as to divert both j)atient and doctor from the real seat of the trouble. Later,

there is developed a gradually increasing tendency to constipation, with dif-

ficulty in having a stool; and afterward come the more pronounced symptoms
—freciuent desire to go to stool, tenesmus, purulent and bloody discharges

—

which are both the cause and the result of the secondarj' ulceration

—

i.e., the

ulceration which follows the stenosis. The increasing accumulation of fecal

matter that takes place above the stricture, finally gives rise to so much irri-

tation as to increase, at first, the normal secretions from the intestinal wall at

this point. In some cases, indeed, the increase may be so great as to dissolve

the surface of the fecal mass and to bring it away as a fluid stool. The con-

tinuation of this irritation and pressure finally results in ulceration. At this

stage of the trouble the physician should be careful not to mistake the liquid

stool or oozing for a true diarrhoea, and he can avoid this error only by making

digital and instrumental examination. One of the chief dangers attending a

stricture of the rectum comes from the presence of these fecal masses, as they

may block the remaining portion of the lumen of the bowel so completely as

to cause rupture of the intestine. When the ulceration has taken place there

will be an occasional discharge of mucus and pus, often mixed with blood.

This discharge is frequently passed without any fecal matter, especially early

in the morning, and it is then supposed to come from the ulceration which is

below" the stricture. Afterward, in the course of an hour or two, there follows

a stool mixed with nuico-purulent matter, and then it is assumed that this

muco-purulent matter comes from the ulceration above the stricture. The

amount and character of the discharge will depend largely upon the character

of the stricture. Thus, for instance, in a stricture due to syphilis the discharge

is very abundant, always sanious, and dark in color, and it possesses a feculent

odor. On the other hand, in a stricture due to tuberculous disease or to sim-

ple inflammation, the discharge is not so abundant, is rarely mixed with blood,

and is of a creamy white color. Tabs of skin, commonly known as sjnn'ious

condylomata and sometimes associated with papillomata, are frequently pres-

ent in a case of syphilitic stricture of the rectum. Up to a recent date consid-

erable importance was attached to the fonn of the stool, but now it is known

that its shape can be modified by the stricture only when the latter is located

immediately above the anal orifice, as it is the last constriction which gives it

its shape. When the stricture involves the sphincter there is a partial loss of

control (or incontinence) due to the infiltration of the sphincter with fibrous

tissue. The channel then assumes a tubular fomi. In this condition the fluid

portions of the fecal matter, together with the nuico-purulent discharge, will

come away involuntarily, while the solid fecal mattei' will be retained and will

either require a great effort on the part of the patient to eject it or will have
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to bo brought away by artificial moans. Dilatation and thinning of the wall

of tho bowol always occur in those cases just above the stricture, and furnish

a constant source of danger from ru])ture.

Diagnosis of Stricture of the Rectum.—While the history of the case and

till' symptoms may aid very much in making the diagnosis, a digital exam-

ination, if the stricture is within reach, affords the best positive means for

ascertaining the truth. But, if the stricture is located above this point, the

pneumatic proctoscoi:)e (Fig. 300) will be required. A\'ith this instrument the

surgeon should experience no difficulty in ascertaining the true nature of the

trouble. Great care and gentleness should be exorcised in making the examina-

tion, either with the finger or with the proctoscope; first, because sj)asmo(lic

contraction is hkely to occur, owing to the irritabihty of tho parts, and to mis-

lead the examiner in his judgment; and, second, because the diseased condi-

tion of the bowel makes it very liable to rupture. As a rule, one who has hatl

experience with this method of examination, may obtain more and better inform-

ation from the enii)loyment of the finger than in any other way; although he

may be unable to reach the stricture itself, he will experience no special difheulty

in identifying and interpreting correctly the changes which are generally found

in the rectal wall below this lesion. In females much valuable information

may be obtained with regard to the thickness of the stricture and also often

with regard to the height to which it extends, by a combined vaginal and rectal

examination. In both men and women who are not too fleshy much addi-

tional infoi-mation may be gained by a bimanual examination, one finger being

placed high up in the rectum, whil(> the other hand makes firm j)ressuri^ down-

ward on the abdomen. This method of making the examination ma}^ be ren-

dered still more perfect by putting the patient under the influence of a gen-

eral anaesthetic. When the stricture cannot be reached by the finger assisted

by these additional manipulations, and when the decision is made to omi^loy in-

struments, we would again caution tho examiner about the importance of han-

dling them—and more particulai'ly tho long unyielding proctoscope—with very

great care, for the leverage exerted, when the instrument is guided l)y the

handle at the proximal end, is very groat, and the employment of what may

seem to be ver>' little force may suffice to cause a rupture of the bowel. The

same may be said of a rectal bougie, however soft and flexible, in the hands of

the inexperienced. The use of this lattei- instnimciit is so very Uable to lead

to erroneous conclusions that little weight is now attached to it as a help to

(Hagnosis. What we have said with regard to the danger of passing instru-

ments into a rectum which is sirictured and ulcerated, becomes doublj' true

if the iastrument is passed when the |)ationt is under the influence of an an-

a'sthotic, as we shall then be deprived of the protection against inflicting a

trauma which the patient's conscious sensation affords us. 'ilic pneumatic

proctoscope is nnich loss dangci'ous, and really gives iiiucli moi'c iufoniiatioii,

than tho ordinary pi-octoscoj)e, especially if the following jticcautions aiv ol)-

served, viz.: to withdi'aw the obturator as soon as the pi'octoscope has passed

the internal spliinctcr; not to |)usli the instrument onward to a sti'l liighei-
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level except by ballooning the bowel with air ahead of the proctoscope; and

to keep a close watch on that portion of the bowel which is suspected of being

diseased, lest even the artificially produced distention be greater than the organ

can with safety bear. B}^ aid of this instrument one may estimate the calibre

of the bowel and may often distinguish both the nature and the location of the

disease itself. If the stricture is located beyond the field of vision of the pneu-

matic proctoscope, then the pneumatic sigmoidoscope, which is from ten to

fourteen inches long, may be used for examining the bowel still higher up, and

may be used with just as much safety, provided the proper care is taken. We
consider the practice of introducing the whole hand into the rectum, in a case

of supposed stricture, for the purpose of making a diagnosis, positively dangerous.

When all other means of making a diagnosis have failed, owing largely to

the fact that the stricture is located too high up above the anal orifice for us

to reach it by this route, resort may be had to laparotomy. While this may
appear to be a formidable procedure for such a purpose, yet, under proper

antiseptic precautions, it is justifiable. If it be decided to make such an ex-

ploratory laparotomy, the incision should be the same as that employed for a

left inguinal colostomy, this incision affording the most convenient access to

the sigmoid and the upper portion of the rectum.

The Differential Diagnosis between a Malignant and a Non-malignant

Stricture of the Rectum.—The making of such a differential diagnosis is a mat-

ter of great importance, and, in certain cases, is attended with some difficulty.

The most important differences between the two forms of disease may be summed

up in the following manner:

Malignant Stricture. Non-Malignant Stricture.

Generally occurs in persons thirty- Occurs at any age.

five years of age and over. Duration, indefinite.

Runs its course ordinarily in two Smooth, hard and elastic, but not

or three years. nodular.

Loss of flesh and strength appear Discharge varies according to ths

early, natweof the stricture, but has no promi-

Hard and nodular to the touch. nent characteristics.

Has no pedicle. Odor may be fecal, or feculent.

The stenosis is produced both by

the bulging of the tumor into the lumen

of the bowel and by the fibrous con-

traction of the remaining portion of

the circumference of the bowel.

In the early stages the growth may
be movable, but later it is hkely to be

attached to the surrounding parts.

The odor is gangrenous,

A microscopic examination of an excised part of the growth will be of
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service in making the diagnosis, but it shoulil not be relied upon too implic-

itly, as the most that can be gotten from the growth is generally a small por-

tion of tlie surface, and this does not always attortl a trustworthy indication

of the structure of the deeper parts. For the same reason the employment of

this method for differentiating between the different varieties of non-malig-

nant strictures, so long as the obstructing mass ivmains in situ, is very unsat-

isfactory. The only trustworthy microscopic examination is that wiiich is

made after the extirpation of the stricture. This statement, it should be un-

dei-stood. does not apply to th(^ examination of scrapings from the primary

ulcer which subsequently results in the formation of the stricture.

The symptoms and the microscojjical hndings ui)on which reliance is gen-

erally placed for distinguishing between the different varieties of intlannna-

tory stricture, are the following:

—

Syi)hilitic strictures rarely make their appearance abruptly; they show a

gradual, funnel-shaped contraction, and there is a bluish-white cicatrix around

the edges of the ulcer.

The traimiatic or simple inflanmiatory stricture generally develops abruptly,

and may be limited to on(> side of the rectum. It usually has a smooth surface,

is covered with epithelium, and in the majority of instances is near the anus.

A tuberculous .stricture may occur at any point m the coui-se of the large

intestine, it is generally associated with, or is secondary to, tuberculous ulcera-

tion, the scraj^ings from which—if the ulcer is still in an unhealed state—will

generally show the presence of tubercle bacilli and giant cells. The appear-

ance presented by tiiese ulcers is entirely different from that presented by a

syi)hilitic ulcer; the mucous mend^rane at the edges of the vUcer being always

undermined and the base being elevated, whereas in the syphilitic ulcer the

edges are never undermined and the base is excavated.

^^'hile the therai^eutic test may be of the greatest importance in checking

the extension of the disease, it is of little imj)ortance in determining the nature

of the stricture.

Treatment of Strictures of the Rectum.— If, in these cases, the patients

can be .seen during the existence of the primary lesion and can then be i)roj)erly

treated, many of them may uncjuestionably be prevented from having sub-

sefjuently a strictuie. Especially is this true of simple inflanunatory and

sypliilitif ulcei'ations. and we l)elie\-e that, if the j)ractice of examining the rec-

tum with a iH'octoscoiM' were more generally adopted as a routine measure

during the secondary manifestations of .syphilis, or whenever symptoms of

ulceration of the rectum sJiow themselves, even if these symptoms consist

oidy of tenesmus, pain, and a .sen.se of weight low down in the pelvis, .stricture

would l)e much less common.

When an ulceration is found, local ap|ilicat ions, antisei)ti{' irrigations, and

—if the ulcer be found to be syphilitic -specific medication, combined with a

non-irritating diet, will generally sudlce t(t effect a cure before the infiltration

with librous ti.ssue takes place.

If the stricture has already formed, the treatment will deiu-nd, in certain
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respects, upon the stage of its development. If the stricture is in an early

stage, before the fibrous tissue has become fully organized, much may be ex-

pected from gradual and careful dilatation with bougies, combined with anti-

syphilitic treatment if indicated. But when the stricture is hard, dense, and
unyielding, little permanent good can be expected from either of these methods.

Much can he done, however, even at this stage, for the comfort of the patient,

by so regulating his diet and bowels as to give him a soft and easy stool. The
diet should consist largely of vegetables and fruits, even at the risk of irritating

the ulcerated surfaces above and below the stricture, if such exist. The cell-

ulose in these articles of diet keeps the stool loose and spongy-, and, not-

withstanding the presence of some undigested portions, renders it much less

irritating than when it is composed of hard, scybalous masses such as forni

after a concentrated, nitrogenous diet, especially a diet composed largely, or

wholly, of milk. The latter should be positively prohibited. Where diet fails

to produce a soft stool, resort must be had to laxative but not to purgative

medicines. The laxatives should be of the mildest and most unirritating char-

acter. Olive oil, for example, is an excellent remedy for keeping the stools

soft and mushy. It should be administered in half-ounce doses, three times

daily and about three hours after a meal (tliat it may be less likel}' to undergo

digestion). Small doses of castor oil cr of compound licorice powder will answer,

but these remedies are more irritating. Enemas, if properly admiaistered (in

the knee-chest position instead of with a long tube, which is not only useless,

but positively dangerous), may be of great benefit. When diarrhoea is present

it means either that there is an im{)acti()n of feces above the stricture, or that

there is an ulcerati;)n. In either case the rectum must be cleared of the fecal

matter by the gentlest means: and, if the diarrhcea is due to ulceration, it should

be treated by antiseptic irrigations and by gently stimulating applications.

Local and Op rative Treatment.—While from an antiseptic standpoint it

would be far better to heal the ulceration before undertaking any surgical pro-

cedure, yet, as the ulceration is due to the stricture, it will usually be impossi-

ble to cure the former until the latter is at least in a measure overcome. An
attempt should be made to sterilize the parts by washing out the rectum before

resorting to any of the methods now about to be described.

Gradual Dilatation.—Gradual dilatation is in almost universal use, not-

withstanding the facts that it is not curative, that it is veiy dangerous, and that

it has to be continued indefinitely. It should be cai'ried out with great care,

on account of the danger attending it— \'iz., ])erforation or mpture of the bowel.

For this reason the selection of the proper kind of bougie and the method ofl

introducing it are matters of great importance. The "Wales bougie, we bc^lieve,

combines more of the qualities required for meeting the conditions than does

any other forai of bougie. It is sufficiently flexible and soft not to injure the

bowel, and, in addition, it is hollow, so that water or medicated solutions may

be ])assed through it.

The mistakes \\hich are so often made and the difficulties which one en-

counters in passing a bougie through a stricture when the latter is locat(^d

VOL. VII.— 54
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above the levator ani iimscle, make it very necessary that we should use some

more accm'ate and dcHnitc method of conducting the o])eration than that gen-

erally practised, ^^'e believe that the method recommended by Tuttle (op. ci(.,

p. 497) is the best one of which we have any knowledge. For several years he

has made a jiractice of Hrst passing a proctoscope up to the stricture and in

this manner locating the aperture of the latter. The bougie is then passed

gently through the stricture. By this jilan the operator knows ])ositively that

the bougie is engaged in the stricture, he is able to determine accurately what

are the proper sizes to employ, antl he can in other resjiects direct the i)lan ( f

treatment in a definite and systematic manner. Tuttle recommends a A\'aks

bougie without a flange at its distal end; the absence of the flange making it

possible for the ]iroctoscope to be withdrawn, while thc^ bougie is left in the

stricture when such a coui-se is deemed advisable. If bougies are used for

gradual dilatation it is well to begin with small sizes and gradually to increase

them up to the size which produces i)ain. Then, at the succeeding sitting,

one should begin with the bougie which is next smaller in size than that last

used. The bougies should be well lubricated with a li(iuid soaj) or with Digilube

before being introduced. Oil or vaseline injures rubber and soon makes the

instrument rough. The frequency with which the bougie should be introduced

dej^ends upon the amount of irritation and pain excited by it. If the irritation

and i)ain are slight, and particularly if they have subsided by the following day,

the bougies may be employed daily for a short time. Then it will be better to

let several daj^s intervene; and when the sittings are resumed, they should

not occur oftener than every other day. At each sitting, before one removes

the last bougie, it is a good plan to inject a warm antiseptic solution through

it into the rectum, above the stricture. The ))atient should be kept ([uiet for

half an hour after the treatment.

The length of time a bougie should be allowed to remain in varies with

different surgeons and with the character of the strictur(\ The consensus of

opinion is in favor of removing it immediately after it has been passed; but we

think it well, in very tight strictures, to allow the bougie to remain in position

for twenty-four hours, the first time it is passed, in order that it may soften the

stricture by ))ressure and may also lessen the congestion.

Quite a nundx'r of other ingenious instruments have been devised for the

dilatation of strictures. We shall have to dismiss them all with the general

remark that they are dangerous and unsatisfactory. Not one of them can com-

pare, in cfhcienc}' or .safety, with the ^^'ales bougie, when properly used.

Rapid Dilatation.—Raiad dilatation has little to recommend it. It is

applicable only in constrictions which are situated low down

—

i.e., chiefly in

constrictions which follow o])eralioiis. In such cases the foi'cible dilatation

may best be done with the lingers and under the influence of one of the more

ti-ansient genei'al ana'sthetics, such as nitrous oxide or <'tliyl chloride. lM)r

sti'ictures which occur moi'e than three inches above tlie anal mai'gin, ra])id

dilatation is attende<l with too great a lisk of a fatal iiipture of the bowel for

us to recommend it. Fortunately, this method is seldom einiiloved now.
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Dilatation with Electrolysis.—The method of dilating rectal strictures under

the influence of a galvanic current was very much in vogue twenty years ago.

The associate author became a very enthusiastic champion of the method, but,

after a perfectly fair and somewhat protracted trial, he became thoroughly

convinced that it exerted no permanent effect whatever. While the stricture

will relax temporarily and the olive-shaped electrode will pass easily through

it under the influence of the electric current, no decomposition of the organized

tissue takes place, nor does the procedure seem to promote or stimulate in the

least the absorption of the organized fibrous deposit.

Proctotomy.—Proctotomy consists in dividing a stricture of the rectum.

Such division may be either partial or complete.

Internal or partial proctotomy consists in nicking the margin of the strict-

ure at several points or in cutting it completely through at one point posteri-

orly. The latter procedure is quite dangerous, especially where the stricture

is located high up in the rectum, on account of the liability to infection from

want of proper drainage and of the diffuse periproctitis which results from such

infection. The operation is rarely practised now on account of this danger,

and it may ordinarily be regarded as bad surgery. There are a few cases, how-

ever, in which the latter statement is not true—cases, for instance, in which

there is a valvular stricture at some distance above the anus. In such cases

the operation may be justified, but even in these the incision should not ex-

tend back into the retrorectal space.

Complete proctotomy consists in making an incision, in the posterior median

line, from the upper limit of the stricture. Mown through the anus and post-

anal tissues, nearly to the coccyx. By making the incision in the posterior

median line we shall cut only a very few of the fibres of the external sphincter,

and consequently the probability that incontinence will follow this operation

is not so great as was formerly supposed. Occasionally, when the wound has

been kept packed too tightly, or if, for any other reason, there should be a

large cicatrix which separates the ends of the internal sphincter, there may

follow a certain amount of incontinence. In any event, the incontinence and

other inconveniences which may follow the operation are of far less importance

than the dangers and discomforts which are associated with a stricture. The

dangers of this operation are very similar to those of an internal proctotomy,

although, on account of the better drainage, they are not nearly so great. The

dangers referred to are: infection, periproctitis, and hemorrhage. The hemor-

rhage can be easily controlled by packing with gauze, and the sepsis and con-

sequent proctitis may be prevented by taking the proper antiseptic precautions

before the operation and providing thorough drainage afterward. After the

stricture has been incised and the wound packed, it would be well to introduce

a drainage tube of large size into the rectum and to push it to a point beyond

the upper extremity of the incision. The tube should then be fastened so that

it shall remain in this position, thus aff"ording an outlet for gas and fluid fecal

matter which otherwise would be likely to accumulate and force the packing

out. The first packing may be introduced rather tightly, to control the hemor-
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rha^c. but suhsciiiUMitly it should he loft very loose, sinii)ly sufficient fjauze

being introchurcl to separate the sides of the wound and to assist in ke(>i)inti;

uj) fr(>e drainage. The wound sIiduM be llioroughly irrigated twice or, still

Ix'ttcr. three times daily, with an antiseptic solution.

The possibility of there being more than one stricture should always be

borne in mind, and the ojieration should not bo concluded until one is able to

pass a full-siz(>d bougie into the sigmoid. A Xo. 10. 1 1. oi- 12 bougie should be

passed daily from this time on. After the lajx^o of a month or six weeks one

may gradually lengthen th(> intervals to alternate days, and then to twice a

week. In order to i)revent the stricture fi'om contracting, the jjassing of a

bougie should be kept up for an indefinite length of time. The operation is

not advi.-^able in cases of malignant strictur(\ In cases in which there are

fi.^^tulous tracts which extend around the stricture, opening above and below

Fig. 341.— Bacon's Entoro-.\nastomo.sis for Stricture of the Rectum, First Stage. (Tuttlc; "Disea.ses

of till- Anus, Rectum. aii<l Pelvic Colon." 1). A])pleton & Co., New York.)

it, they should all be incisecl; by this procedure the st rict ui'e will be cut witliout

the necessity of doing a postei'ior j)roctotomy. If not a single one of these fis-

tulous tracts should open outside of the extei-nal s])hincter, it would be bettei-

to make a free incision in the posteiior median line, just as is done in posterior

proctotomy, in order to furnish free drainage.

The j)ermaneiit benefits of a complete proctotomy are of a very (piestion-

able character, and different ojH'rators differ very materially in their estimate

of its value. So far as its immediate etfecls ai'e concerned that is, the degi-ee

of relief whicli it affords the patient there can be no (|uestion; and often in

the tubular huMiis of stricture, which extend foi- some distance up the rectum,

no more (ffecti\'e remedial measure can be adopteil. Hut it is onl\- in a few
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cases of annular and of falciform stricture, situated low down in the rectum,

that one can claim for this operation absolutely curative results.

Excision.—Strictures of the rectum may be excised either by the perineal

or by the sacral route.

(1) Excision by the perineal route is applicable to those cases of stricture

which occur within four inches of the anal margin. If the sphincters and anus

are involved, the whole anus and rectum should be dissected out above the

uiJi)er level of the stricture. If the sphincters are not involved, then one of

several ways may be adopted: (a) First, the sj^hincters are incised in the me-

dian line down to the coccyx; then a circular in-

cision, extending through the entire thickness of

the bowel, is made around the rectum just above

the internal sphincter; the lower flaps containing

the muscle having next been drawn, one to one

side and one to the other, the rectum is dissected

out, if possible, to a level sufficiently far above the

stricture to allow the healthy and upper end of the

rectum to be drawn down and stitched to the edges

of the mucous membrane covering the sphincter

muscle ; finally, the divided ends of the muscle and

the margins of the median wound are also sutiu'ed

together.

(5) Second, an elliptical incision embracing two-

thirds of the posterior circumference of the anus

and extending above the sphincters, is made, the

resulting flap is dissected forward, and the rectum

is amputated above the limits of the stricture. If

possible, the bowel is then drawn downward and

stitched to the lower flap containing the sphincters,

and the latter are sutured in position. If it is found, however, that this is

not practicable, the wound may be left open to heal by granulation, as in the

first method, or the upper end of the bowel may be drawn down to an openmg

made to one side of the coccyx and an artificial anus established at this point.

When the stricture is located more than four inches above the anal margin,

then the sacral route will be found more satisfactory.

(c) The third and most satisfactory way of removing strictures in the lower

four inches of the rectum is the Tuttle-Quenu method described in the section

on Extirpation of the Rectum (page 908)

.

(2) Excision by the sacral route may be described as simply a modification

of Kraske's operation for excision of the rectum. The technicjue of this opera-

tion is fully described in the section on Extirpation of the Rectum. Where the

stricture is in the pelvic colon, it should be removed by the abdominal route,

the divided ends of the bowel being reunited by means of an end-to-end anas-

tomosis.

The results of excision have not been so gratifying as they at first promised

Fig. 342.—Bacon's Entero-

Anastomosis, Second Stage.

(Tattle: " Diseases of the Anus,
Rectum, and Pelvic Colon." D.

Appleton & Co., New York.)



854 AMERICAN PUACTICP: OF SURGERY

to bo. principally on account of the great tendency of the stricture, especially

in syi)hilitic cases, to recur. In some instances, where the stricture failed to

recur, other vxW results, such as rectitis, fistula, and suppuration, followed, and

any one of these was .sufficient to compel the {jatient to wear a nai)kin. While,

therefore, the operation does not (effect all that one could wish, a review of the

literature shows that, in about fifty per cent of the cases, something nearly

e(iuivalent to a cure— if we disregard a certain amount of inconvenience due

to the conditions just mentioned—has been attained; anil this is a decided

improvement over the results secured by posterior proctotomy.

Proctoplasty.—This term comprises some foiTii of plastic operation which

Fig. .34.3.— Kelly's Ihit(r<)-Aiia>t()in(j.sis, First Stage, ('ruttlo, op. cit.)

has for its object the cori'ection of deformities that have followed great destruc-

tion of ti.ssue around the margin of the anus or lower portion of the rectum.

Very ingenious devices have been practised, and their successful results re-

ported by Krause of Cincinnati, "Williams of Melbourne, Swartz {Presse mc-

(liraie, 1904, p. 304), and others.

Lateral Anastomosis.—Tiacon has described (Matthew's Medical Quar-

terly, Vol. I., p. 1. 1S04) a very ingenious method for e.stabli.shing a lateral

anastomosis, between a loop of the sigmoid and the rectum, by means of a

Murjjhy button. (Fig. 341. i Tliis metiiod is ap|)lical)le in ca.ses where the

stricture is at the upper enil of the rectum oi- in the lower extremity of the sig-
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moid. After the button has cut its way thnnigh the bowel, a long clamp is

introduced into the lower part of the rectum, and one blade of it is pushed through

the stricture into the upi^er part of the rectum and the other through the open-

ing made by the button into the lower leg of the anastomosing loop. (Fig.

342.) The clamp is then closed and allowed to remain until it cuts its way
through the septum. By this means the caHbre of the rectum will be increased

to that of the combined calibres of the sigmoid and the strictured portion of the

rectum. Bacon states that, when the stricture is situated low down, the oper-

ation may be done by the sacral method. Kelly, of the Johns Hopkins Hos-

FiG. 344.—Kelly's Entero-Anastomosis, Second Stage. (Tuttle, op. cit.)

pital, has reported a case successfully operated upon b}- a somewhat similar

device, but without the aid of a Murphy button or any other mechanical device.

(Figs. 343 and 314; see also Colorectostomy, p. 922.) (Kelly's "Operative

Gynaecology," p. 515.)

Colostomy.—Until recently colostomy for the relief of a non-malignant

stricture of the rectum was done only as a last resort, as when complete ob-

struction was imminent or when the pain from the obstruction had become

unbearable. However, since improved methods and better technique have

been introduced, the operation is highly recommended in cases where the strict-

ure is inoperable by excision or by proctotomy, and also when it has recurred
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after these operations, or where complete obstruction is inevitable. Still more

rccenth', a temporary inguinal colostomy has been recommended for cases

which have not reached the extremes mentioned in the first part of this para-

iirai)h. but which require functional rest and freedom from the irritation caused

i)y the contact of fecal matter with a badly diseased and strictured bowel.

The underlving idea, in tliis recomiiieiidation, is that partly by the relief which

will thu.s be afforded and jjartly by the benefit that may be expected to follow

constitutional treatment, complete drainage, and thorough irrigation, the

bowel will be restored to a fairly nomial condition and the necessity for a sub-

setjuent operation will l)e done away with. On the other hand, should the

expected l)enefit not b(> realized in full measure and should an ojjeration become

necessary, all this ciuieting treatment will serve to tliminish greatly the danger

of sepsis in connection therewith. But, if the calibre of the bowel is restored

to its nomial size and if the walls of the organ resume a healthy state, the

artificial anus may be closed. Temporary colostomy as a palliative measure

for the treatment of an ulcerated and strictured rectum or sigmoid, has fur-

nished satisfactory results in the hands of Theim, Lowson, and Tuttle. and

these results have encouraged others to tr}- it in suitable cases.

X. PRURITUS ANI.

The exact status of ])ruritus ani has always b(Tn uncertain, owing to the

existence of some doubt as to whether it is a disease per se or only a synijjtom.

Just in i^roportion as our knowledge of the essential characteristics of this dis-

order has increa.sed, has the former view given place to the latter, until now

there are not a few who claim that there are no cases of pruritus ani essentialis,

and that the few cases in which we are unable to ascertain the etiology should

not be placed in this category, but should be classified simply as cases of which

we are unable to discover the real cause. UTiile unquestionably there are a few

cases in which no diseased condition can be found, either in the anus or in the

lower portion of the rectum, yet we also know that there are many cases which

may be directly traced to diseased conditions in adjoining organs or to constitu-

tional cau.ses. We are therefore of the opinion that there is no such condition

as j)ruritus ani es.sentialis, but that every case of pruritus, no matter how mild

or how se\-ere. can be accounted for by some functional or organic change,

either l(,calizetl or of a general character.

Prui"itus ani may be associated with or caused by almost every known dis-

ease of the rectum or anus and by certain constitutional states: it may also be

produced reflexly by diseased conditions in the genital organs. Dr. J. C. Hill, of

H(;ston, gives the following definition: "Pruritus ani is the symptom caused

by unnatural moi.sture or discharges which are j:)roduced either by lesions about

the anus, oi' i)\' congestion oi" some othei' |iatlioIogical couditioii in the I'ectum

or sigmoid " And we would add: by a iitha-mic, uric-enuc, or gouty (hathesis.

ETioLOf;Y.—The causes of j)ruritus ani may be divided into vxternal, inter-

nal, con.stitutional, and icflex.
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External Causes.—External causes arc such as affect the external anal sur-

face. Under this heading may be included pediculi and other parasites, eczema,

deiTnatitis, herpes, and er}'thema.

The pediculi which are most likely to infest the anus are those belonging to

the variety termed Pediculus inguinalis, or crab-louse. Of the other visible

parasites that produce itching around the anus, the tricophyton is the one

most commonly found. This parasite is the cause of eczema marginatum. It

is found in the superficial layers of the epidermis, and is said to be highly con-

tagious. A microscopic examination will always disclose its presence. The

characteristic feature of the fungus is to be found in the fact that it contains

veiy numerous spores or mycelia.

Herpes around the margin of the anus is an occasional exciting cause of

pruritus ani. It is readily recognized, and its treatment calls for no special

comment.

Of the local tissue changes, both external and internal, which are likely to

produce pruritus ani, by far the most important, we believe, are the super-

ficial ulcerations or abrasions of the anal canal. Xext follow the catarrhal

diseases of the rectum and lower portion of the sigmoid. Then, finally, come

hemorrhoids and inflammation of the crv^pts of Morgagni. The action of all

these causes in bringing about pruritus is through the irritation which they

produce on the sensory nerve endings. This has been emphasized by Wallis

and Hill, who lay a great deal of stress upon the irritating character of the dis-

charges from superfcial anal ulcerations, as the chief cause of pruritus; they

also ascribe the same effects to irritating vaginal discharges. Thread worms,

and, occasionally, lumbricoids, may produce annoying pruritus. The congestion

of the rectal tissues resulting from habitual constipation may be a frequent

cause. Smooth foreign bodies in the rectum and also tumoi-s of the rectum

or even of some adjoining organ may, by favoring a certain degree of consti-

pation, act as causative factors. Dr. Cullen, of the Johns Hopkins Hospital,

mentions a case of very aggravated pruritus which had lasted for some time

and had resisted all forms of treatment In this case the itching was almost

inmiediately and permanently relieved by removing a fibroid of the uterus.

The diy brittle condition of the mucous membrane over the anal orifice, which

is so freciuently associated with pruritus, is a result of atrophic catarrh.

Constitutional Causes.—AiBong the constitutional causes may be mentioned

digestive derangements, urica^mic rheumatism, gout, and chabetes. Certain

articles of diet, such as shell fish, strawberries, and an excess of condiments,

are very prone, in certain individuals, to bring on (pruritus. The same remark

appHes also to any articles of diet which undergo excessive fermentative changes.

Reflex Causes.—Among the reflex causes may be mentioned stone in the

bladder, enlarged prostate, urethral stricture, and tumors in adjoining organs,

as in Dr. Cullen's case, cited above.

Ch.\racteristics and Symptoms.—As to when or how this annoying affec-

tion begins, few patients are able to give a satisfactory account. They nearly

all state that, for some time previously, they have had a sensation of uneasi-
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ncss ill the anal ivgioii, ami a (lis}308itioii to scratch thciiisclvcs at this point,

but they are iiiiable definitely to fix the time when this sensation changed from

one of pleasure to that of an insatiable itching, which gave rise to a madden-

ing desire to tear the i)arts to pieces. The incessant and intolerable itching

generally conies on after the ])atient is comfortably settled in bed. In other

cases it may come on either during the day or during the night, being excited

by various, yet fre(iuently the most trivial causes. After the itching has con-

tinued for a consitlerable period of time, the skin around the margin of the anus

Ix'comes thickened and at times (edematous; at other times it is raised in folds

and i)resents a white and sotlden appearance. The furrows between the folds

generally split, crack, aiul exude a foul-smelling discharge. The surface of the

transitional zone is often dry and brittle, and cracks when distended. This

condition not infreciueiitly extends a short distance into the adjoining mucous

membrane. While many of these conditions may in part be the direct result

of the scratching incident to the itching, they are probably due in greater part

to the same pathological lesion which has caused the itching. On the other

hand, we are disposed to believe that, in a certain number of cases in which the

initial exciting cause has been removed, either by natural or by artificial means,

tile itching is still kept up by the thickened condition of the skin, which pinches

and scjueezes the sensory nerve endings, or also to some extent by the irrita-

tion of the skin surface which is kept up by the discharge which exudes from

the cracks between the folds or from those on the marginal surface.

Treat.mext.—As i)ruritus ani is not a disease, but a symptom of some other

pathological condition, pennanent relief from the itching may be looked for

only by relieving (jr remo\'ing the pathological condition, whatevin- that may be.

^^'hile this is being done, local remedies should be used for the relief of the dis-

comfort. If the pathological condition is one that requires removal as the only

means of getting rid of it—as is often the case, for example, in hemorrhoids,

condylomata, fistula, fissure, or stricture—the appropriate o])eration should

be performed. If the affection is due to the presence of thread worms, lime

water should be injected high up into the bowel and in large quantities, so that

it may reach all the way round to the ca'cum, the usual habitat for these organ-

isms. A\'hen they are found in the rectum their presence in this locality is to

be explained on the assumption that they have been brought down to this

point by the fecal matter and the mucus. If lice ai'e causing the trouble they

can readily be gotten rid of by the liberal use of blue ointment or coal oil. In

the case of the tricoj^hyton fungus the most effective remedy to {>mj)loy is an

ointment containing about two per cent of salicylic acid and three per cent

of Calvert's carbolic acid. When the pruritus is (lei)endent upon reflex causes,

they should be removed whenever practicable. When it is due to rheumatic

and gouty conditions they should be treated, as we have been taught, by gen-

eral medication.

The habits and diet of the i^atient should be regulated, the hitter being

made less stimulating and more easily digested. Evacuations should be secured

n^gularly, but without j)urging.
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In those cases in which the pruritus is due to catarrhal conditions of the

rectum and sigmoid, these should be treated as previously directed in the sec-

tion devoted to that subject. As the pruritus is nearly always increased by

the warmth of the bed, it is always a good precaution to let these patients sleep

between linen sheets, and the bed covering should be as light as is compatible

with the comfort of the patient.

Local Therapeutic Measures.—While the pathological conditions which are

the cause of the pruritus ani are being removed, local applications will have to

be relied upon for the relief of the intolerable itching. Such applications have

been suggested in very great variety, and we cannot attempt, within the limits

of the space at our disposal, to enumerate more than a few of them. The ap-

plication of as hot water as can be borne to the anus and adjoining surfaces,

just before the patient retires, will frequently allay the itching and enable him

to get a comfortable night's rest. The procedure may be repeated during the

night, if the itching should return. If it fails to give relief, then one of the

applications now about to be mentioned will have to be employed. Carbolic

acid, in combination with some other agents, is probably the remedy most

generally used, and the one most successful in allaying the itching. We would

advise, however, that Calvert's preparation of the acid be always specified, for

this purpose, as it is less irritating than any other that we have ever tried.

The following are good preparations for anointing purposes

:

(1) I^ Gum camphorse 3 i. (2) I^ Acid, carbolic. (Calvert

Spts. rectificat q.s. No, 1) 3 ss.

Lanolini 3 i. Acid, salicylici 3 ss.

M. ft. ungt. S.: Apply before retiring and Lanolini q.s. ad ^ ss.

after bathing the parts in hot water. M. ft. ungt. S.: Apply to the parts after

bathing them in hot water; and this may be

repeated during the night.

Dr. Louis H. Adler, Jr., of Philadelphia, has reported most satisfactory

results from the use of the nitrate of mercury ointment in strengths vaiying

from 10 per cent up to full strength. Reliable authorities, however, have re-

ported cases in which all local applications and a variety of constitutional forms

of treatment have proved ineffectual in relieving the intolerable itching. In

such cases heroic measures have then been resorted to for the relief of the dis-

tress, but the results have not been very satisfactory. Among such measures

removal of the superficial skin for a distance of about one inch around the anal

margin, as suggested by Dr. J. M. Matthews; and deep and persistent pressure

upon the parts, as advised by Allingham. This is accomplished by means of a

specially formed plug, which is to be introduced into the anus at bedtime, and

is to be kept in position throughout the night by means of a suitable bandage.

The .T-ray and high-frequency currents are now being tried, with excellent re-

sults in some cases and absolute failure in others. Of the operative procedures

which have been tried the one devised by Sir Charles Ball is the most satisfac-

tory, and is described as follows (British Med. Journal, Vol. I., p. 113, January,

1905) : The skin having been cleansed as completely as possible and shaved,
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two curvt'd incisions, one on oaeh si(l(> of the affVctcil area, are made, enclos-

ing the entire ellii)se witli the exception of a narrow neck in fi'ont and one

behind. Tliese incisions are next cai'ried (1o\mi to the sphincter nnisclc and

the flaps ai'e raised, by careful ch.ssection with scissors, from the surface of

the muscle, around its anal margin, and up the anal canal to a line above the

muco-cutaneous junction, the dissection extending around the entire circum-

ference and all connections with the subjacent tissues being (hvided. The

pedicles in front and l)ehintl are now undercut to a j^oint well l)eyond the ai'ea

of irritation, and the outer concave edges of the incision are also undercut to

a distance of at least a (luarter of an incii beyond the inxoKcil skin all ai'ound.

Care nuist next be taken to stop all bleeding, and the flaps should not be re-

placed until it has ceased entirely, as the fonnation of a ha^matoma in the

wound might c()mi)romise the vitality of the fla))s. The Hai)s aie finally

replaced and retained by sutures, a few intervals being left Ix'tween them for

drainage.

Dr. Charles T. Martin, of Cleveland, ( )liio, has modified Halls operation by

leaving a pedicle on the sides as well as in front and behind. The immt'diate

result of this operation is to render the entire ellipse includetl between the in-

cision, the pedicles, and outer edges, as far as they have been undercut, super-

ficially anicsthetic, and the itching is at once relieved.

XL HEMORRHOIDS; PILES.

Definition, ETiou)fiv. axd Cl.\ssification.—A hemorrhoid or })il(> is a

collection of dilated blood-vessels, with a general increase of the connective-

tissue elements and hyi^eitrophy of the vessel walls—a true tumor formation.

The causes are i)redisi)Osing and exciting. Of the former may be mentioned

age, the disease being much rarer in children than in adults. It is also more

fre(|uent in men than in women. Occupation, habits, enviromnent, and lu-reil-

ity, all e.xert .some influence upon the development of the dis<'ase.

Among the predisposing causes may also be mentioned man's erect postur(>,

the ab.senec of valves in the ])ortal vessels, the i)unctui-e of the nmsculai' coat

of the rectal wall by the blood-vessels, and the want of proper suj>port for

the vessels by reason of the loose attachment of the mucous membrane to the

pubnmcous coat.

Of the exciting causes probably the most frefiuent are constipation, exces.ses

in alcoholism, the habit of sitting too long at stool, and the habitual use of

warm-water injections, all of which determine blood to the parts. Hemor-

rhoids may frecjuently be the result of .^ome disease of the heai't, liver, oi- kidneys.

.\s to the diflereiit varieties of hemorrhoids it will be found suilicient to

include them under three headings, viz., external, internal, and mixed. Ex-

ternal hemoi'rhoids are those which dexclop fi'om the inferior heiiiorrlioidal

veins; internal hemorrhoids are those which develop from the superioi' hemor-

rhoidal veins: and mixed henioiihoids are tho.>^e in which both the superior

and the infei"ioi- hemoiihoidal \-eins are alTected.
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External Hemorrhoids.—External henionhoids may be subdivided into

three varieties: thrombotic, varicose, and connective-tissue hemorrhoids.

Thrombotic Hemorrhoids.—A thrombotic pile is an oval, purplish swelling

which occurs at the anal margin, and is due to the formation of a thrombus
in a varicose vein. This thrombus is generalh^ caused by the rupture of the

internal coat of the vein, or by a hemorrhage into the cellular tissue around

the anus. It occurs suddenly, generally from straining at stool, and as a rule

is attended with considerable pain. Such thrombotic piles vary in size from

a pea to a walnut (Fig. 345), and are readily

recognized by their color and location. This

variety of hemorrhoids, if left alone, may termi-

nate in one of three ways, viz.: the clot may be-

come absorbed; it may become organized or calci-

fied; or it ma}' become infected and break down,

forming an abscess.

Unless the clot is very small and painless,

these hemorrhoids should invariably be opened

and the clot turned out. The surface should

first be made antiseptic and then a one-half of

one-per-cent solution of cocaine should Ix' in-

jected into the skin over the tumor. A few min-

utes later an incision is made parallel with the

radial folds, directly down to the clot, and the

latter is then turned out. If the thrombus is

large and is attended with a number of small ones, the tissue containing

them should be dissected out. The cavity should then be packed with gauze

to }:)revent the sides of the wound from becoming adherent and the cavity

from filling with blood. The gauze should be removed in a couple of days and

the wound kept perfectly clean.

Varicose External Hemorrhoids.—In this variety of hemorrhoids there is a

varicose condition of the subcutaneous veins surrounding the margin of the

anus. These veins become very nuich distended with l)lood whenever j^ress-

nre is brought to bear on the parts, as in long standing or walking, constipation,

and prolonged sitting or straining at stool.

The symptoms do not attract much attention until the hemorrhoids become

inflamed, which is likely to be preceded by the formation of small, multiple

thrombi. AVhen these vessels are distended by straining there will be seen a

bulging mass, of a decidedly bluish color, surrounding the anal margin.

AVhen these hemorrhoidal tumors are not inflamed, no treatment is needed

except to give the patient some general directions for the relief of the strain

upon the vessel walls. If this varicose condition of the anal veins is accom-

panied by a tight, spasmodic stricture, the latter should be either gradually or

forcibly dilated. The diet should be of such a character as to prevent consti-

pation, and the circulation should be assisted by active, outdoor exercise. On

the other hand, when hemorrhoids of this charact(>r do become inflamed,

Fig. 345.—Thrombotic Hemor-
rhoid. (Earle and Tuttle.)
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whothor tlipy arc associated with internal luMnonhoids or not, they should be

removed, either jointly with the internal hemorrhoids, or separately. If the

external and internal hemorrhoids are both removed at tlie same time, the

method adoi^ted should be either that of Whit(>head or l'>arle's modification of

the same. If they arc removed separately, the internal hemorrhoids should

fii-st be removed by Earle's clamp-and-suture method, and then an incision

should be made in the skin on each side of the anal margin at the most depend-

ent part of the protrusion, the varicose vessels should be cut away with curved

scissors, some of the redundant skin removed, and the wound closed by com-

pression.

Connective-tissue External Hemorrhoids.—Connective-tissue external hemor-

rhoids are tags or redundant pieces of skin, combined with new connective

tissue beneath. They result from repeated attacks of inflanmiation following

thrombosis of varicose hemorrhoids, or from some chronic form of inflamma-

tion around the anal margin. Connective-tissue hemorrhoids are themselves

in turn liable to beconic inflamed, and when this happens they should either

be treated by palliative measures or be excised. When not inflamed they

aj^pear as flat folds or tags of skin. So long as they cause no inconvenience it

Ls not necessary to interfere with them except for purposes of cleanliness or in

the course of other operations.

Internal Hemorrhoids.—For all practical purposes it is sufficient to dixide

internal hemorrhoids into three subdi\dsions, viz., ca]iillary, varicose, and

thrombotic.

We wish to correct a very prevalent error with regard to the location of

internal hemorrhoids. They are freciuently s])oken of as being high uj) in the

rectum. They are never higher than hnmediately above and overhanging the

upper margin of the internal sphincter.

Capillary Hemorrlioids.—Capillary hemorrhoids are raspberry-like develop-

ments, composed largely of capillaries which are very superficially located on

the surface of the mucous membrane of the rectum, just witiiin the internal

s])hincter. They can freciuently be exposed merely b}' sei)arating the but-

tocks and making the patient bear down; if this does not succeed in bringing

them into view, they may be seen through a speculum. They bleed very

freely, the blood being of a bright-red color. When they have existed for some
time, tile mucous membiane covering them becomes thickened, the connective-

tissue elements increase, and the bleeding gradually ceases. The vessel walls

then Ijcgin to dilate, tiie tumor increases in size, and th(>re is developed event-

ually the venous or varicose \'ariety of hemorrhoids.

Varicose and Throndmtic Internal Hemorrhoids.—The varicose and the throm-

botic internal hemorrhoids are both included untler the same heading, because

the latter rej)resent merely a stage in the develoiHuent of the former, and are

the result of the thinned and varico.se condition of the vessel walls. They
originate in the venous pools that coimect the arterial with the venous circu-

lation.

These hemorrhoids aiv due to the same causes as those which i)roduce the
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previous varieties (q.v.). They are located at the sides of the rectum, over-

hang the margin of the internal sphincter, and often protrude through both

sphincters. They frequently occupy the entire anal circumference. They are

lobulated in shape and can be readily brought into view by separating the but-

tocks and dragging down upon the margins of the anus, the patient bcmg

directed to bear down at the same time.

The most frequent symptoms are bleeding and protrusion. The bleeding,

while it does not occur so frequently as it does from capillaiy hemorrhoids,

is likely to be more copious. The color of the blood from hemorrhoids is

always of a bright-red hue. It may sometimes be passed in a clotted state,

which is due to the fact that an internal pile may continue to bleed for a

while after it has been returned into the rectum. The blood which then

escapes from the vessel will clot and will come away in this fomi with the

next stool.

The protrusion does not take place until the piles have reached considerable

size. At first, they protrude only at stool and go back of themselves, without

assistance. As the hemorrhoids increase in size, the sphincter becomes weaker

from the increased pressure and consequently less able to retain them in place.

They then frequently protrude on coughing, sneezing, or after prolonged stand-

ing. If they are allowed to remain down for any length of time, they become

engorged with blood and swell, and this in turn stimulates the sphincter, which

still has considerable power, to increased contraction, as a result of which the

hemorrhoids become strangulated.

When not inflamed or strangulated this variety of piles is not usually at-

tended with much pain, Ixit frequently with a sense of weight and acliing in

the sacral and perianal region. From distention of the walls of the vein through

stasis of the local circulation, the internal coat frequently gives way and a

thrombus is thus formed. This is almost sure to happen when these hemor-

rhoids become acutely uiflamed, and is both a cause and a result of the inflam-

mation. The clots are generally small and .multiple. Internal hemon-hoids

frequently give rise to reflex symptoms in the stomach and intestines, shooting

pains down the limbs and in the back, constipation, and ansemia from the loss

of blood.

Strangulated Hemorrhoids.—Strangulation of internal hemorrhoids may

occur in one of two ways: either by the protmding tumors being strangulated

by a spasmodically constricted sphincter muscle, or by the hemorrhoidal vessels

becoming plugged by thrombi. It is important to differentiate between these

two classes of cases of strangulated hemorrhoids, as those which belong to the

fomier class can be promptly relieved by stretching the sphincter, whereas those

which belong to the latter require more radical operative measures. Strangu-

lation can occur only in internal and mixed hemorrhoids ; no attempt should be

made to replace any but the fomier or the internal portion of mixed hemor-

rhoids. Even when the strangulation and obstruction have resulted in slough-

ing and threatened gangrene, one should not hesitate promptly to excise the

hemorrhoids—better by the themio-cautery or electro-cautery knife, on account
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internal hemorrhoids. AMiile it has succeeded generally in controlling the hem-

orrhage, it does not destro}' the tumor or even diminish its size to any ap-

preciable extent. The injection of strong medicated solutions into internal

hemorrhoids, for the purpose of producing coagulation necrosis or even slough-

ing in the tumor, is another very popular method for bringing about a diminu-

tion or destruction of these n:iasses by the control of their ]:)lood-supply. Accord-

ing to Andrews' "Rectal and Anal Surgery"" (p. 34 j the method originated with

Mitchel, of Chnton, 111., in 1871. It remained a secret remedy, in the hands of

charlatans for some years, after which the procedure was investigated and made
pubHc, in 1876, by Dr. Andrews, who also published a number of formulas

which were then in use, and gave a careful review of the results obtained in over

three thousand cases. The practice was then taken up by a number of regular

rectal specialists, notabh' Kelsey, and was given a thorough trial. AMiile nearly

all of them were for some time very enthusiastic about its merits, its demerits

graduall}^ began to show themselves and to increase v.ith the number of cases

treated, until finally it was abandoned by most of them as unscientific and

unsatisfactory. Nevertheless, the method still has its adherents, and it certainly

possesses certain advantages which are not to be ignored in suitable cases—as, for

example, where the patient is unwilUng to submit to a more radical surgical

operation. Carbolic acid is the chief ingredient of the solutions used for injection,

and the tendency to-day is to use it in much lower percentages than formerly.

Operative Treatment.—The limited amount of space at our disposal will not

pemiit us to describe or even to enumerate the many operative procedures

which have been suggested for the relief of hemorrhoids. We shall mention

some that possess special merit, and we shall describe a few that seem to us

to combine the greatest number of practical features—those operations which

may readily be performed Ijy the average operator and those which are in most

general use at the present time. The objects sought by all the operative

methods are the following: the decrease in the size of the tumor by lessening

its engorgement with blood; its atrophy by shutting off a large part of its

blood-supply; or its complete removal by surgical means.

In those cases in which the sphincter ani muscle is spasmodically contracted,

and in which consequently the venous circulation is seriously interfered with by

strangulation, dilatation of the contracted muscle offers the best means of re-

lieving the engorged hemorrhoids. This method is applicable to the earlier

stages of the trouble, in wliich the hemorrhoids have just begun to protrude.

Forcible dilatation is also used in all radical operations for the excision of hem-

orrhoids, in order to gain additional room for the application of instruments,

and especially in order to afford relief from the spasmodic contractions of the

muscle which follow these operations. The fingers and Kelly's graduated

metallic conical dilator afford the most satisfactory means for accomplishing

the desired dilatation. While a general ana?sthetic is usually required for

forcible dilatation of the sphincter muscle, yet this procedure may be done very

satisfactorily under the influence of local amesthesia.

It scarcely seems necessary to give here the details relating to the steps

VOL. VII.—55
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to be taken iiiimcdiately preceding an operation upon the rectum—such, for ex-

anii)le, as tlie thorough emptying of the bowels, the final packing of the rectum

with gauze to protect the field of operation from the intestinal discharges which

come down from above, etc. As to the operations themselves we shall, as

ahvady stated, give the technical details in as concise a manner as i)o.>^siI)le.

The Ligature Operation.—The ligature operation, as devised by Mr. Salmon

more than fifty yeai's ago and i)erformed a large number of times by Allingham,

is the operation almost exclusively practised at St. Mark's Hospital, London,

England, since its introduction. It has
^ long been considered a thoroughly safe

operation, and for this n^ason, as well as

from the fact that it is easily p(;rformed, it

has been vc'ry popular. The method con-

sists in first pulling the hemorrhoids down

with catch forceps: then, with a pair of

scissors, the incision is begun at the Ijasc of

the tumor on the skin surface and is con-

tinued up under the mass until a pedicle is

formed of the mucous and subnuicous tis-

sues. The artery is next felt for and the

pedicle is trimmed to as narrow proportions

as possible without cutting the vessel. A
strong silk or linen ligature is then thrown

arountl this ami tied tightly. If (he hemor-

rhoid is large, all that part of it which is

external to the ligature is then cut off: if it

is small, it is left to slough ofT. Dr. J. M.

or Stalk of an Internal Hemorrhoid Trans- MatthcWS rCCOmmends trausfixing- the Stump
fixed by a Double Ligature. (Earle and • i i i- /tt r,<-^ \ t^ i i

Tuttic.) With the ligature. (l*ig. 34/.) Each hemor-

rhoid is dealt with in a similar way. The

skin tabs, which are composed of the superabundant nuico-cutaneous tissue

around the margin of the anus, arc cut off with scissors, flush with the skin,

and the bleeding is controlled by compression. The wound is then dre.s.scd,

and the pain is controlled by hypodermic injections of morphia or by the in-

troduction of supijositories of opium and belladonna just after the operation.

The results of this method of operating have been most satisfactory, and

the death rate has been extremely low.

(As the after-treatment requireil is practically the same for all these rectal

operations, we shall describe it farthei- on—.see page 873.)

The Clamp-and-Cautery Operation.—This operation for the removal of

hemorrhoids has been very pojnilar ever since it was hnst introduced by Cussack,

in l.S4<i, and <'si)ecially during the first thirty years of its use, when the methods

of controlling hemorrhage were very unsatisfactory. The clamp and cautery

were therefore welcomed as an infallible means, as was then believed, of control-

ling hemorrhage. The operation is easily performed, aiitl the cautery both

CA^lL'oq.

Fir.. .347.—The Drawing Shows the Base
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sterilizes the wound temporarily and, by means of the eschar which it pro-

duces, seals up the capillaries and lymphatics against the absorption of septic

matter. Dr. Henry Smith, who introduced it into England in 18(31, and did

so much to popularize it, called special attention to the importance of not

catching any portion of the skin surface in the clamp, on

account of the pain to whicli it \\()uld give rise—a pre-

caution too little heeded by inexperienced operators at

the present day. The necessary and most approved ap-

pliances for performing the operation are Kelsey's modifica-

tion of Smith's clamp, Tuttle's hemorrhoidal forceps (Fig.

349), and a Paquelin cautery. The operation should l^e

performed with the aid of a general anaesthetic, although

it may be done under cocaine; the sphincter should be

thoroughly stretched, and the parts prepared for the oper-

ation in the usual manner. The skin tabs are to be cut

off flush with the skin. The internal hemorrhoids are

brought well down ])y the aid of forceps, and each one is

excised separately in the follo^^ing manner:—The nuico-

cutaneous base of each pile is first cut through with th(^

scissors, so that it shall not be included in the clamp and

shall not be cauterized. The clamp is

next slipped over the forceps and ap-

plied beyond the point where it grasps

the hemorrhoid, its heel being turned up-

ward in its relation to the rectum. The heel of the clamp

is applied to the upper part of the hemorrhoid because it

holds it more securely. The toe of the clamp should fit in

the groove which has been cut through the skin margin of

the pile. The forceps should then be removed and the pile

cut off with the scissors about one-eighth of an inch above

the blades of the clamp fFig. 348), the stump which remains

being long enough to permit thorough charring (but not

destruction) of the parts with the cautery—the parts, namely,

which have been crushed by the clamp. After all the piles

have been thus removed, one after another, the wound should

be dusted with sodium bicarbonate and dressed with dry

gauze. If at the conclusion of the operation the sphincter

is not perfectly relaxed, a Lynch-Pennington tube may be

introduced for the purpose of maintaining the dilatation of

the sphincter and to provide for the free escape of gas.

The results from this operation have, on the whole, been

although there have been reported a certain number of

(both primary and secondary) following the

Fig. 348. — Tuttle's

Hemorrhoidal Clamp.

Fig. 349. — Tuttle's

Hemorrhoidal Forceps.

very satisfactory,

cases of serious hemorrhage

operation.

The method of crushing the hemorrhoids has no special advantage over
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other niothods wiiicli arc in nmch Ix'ttor keeping with modern surgical ideas,

and it has now been relegated to the category of ol)sol(>te methods.

The electric aiigciotrihe, which has recently been used for removing internal

hemorrhoids, represents a very ha|)py combination of the i)rincii)les involved

in the clamp-and-cautery method, and we believe that it may be trusted with

more contidence than the thermo-cautery as a means of controlling hemorrhage.

The Removal of Hemorrhoids by Excision.—This method, in one of the

many forms which have been offered, certainly appeals to the average surgeon

of the present day as the most rational manner in which to deal with these

tumoi*s. With our imjjroved technique and with effectual means of con-

FiG. .3.50.—Method of Ap]>lying Clamp after Hemorrhoid is Brought Down. (Tattle. Courtesy
of D. Appleton «S: Co., New York.)

trolling hemorrhage, which we now have at our command, why—on(> naturally

asks—should we apply to growths in this locality a i)lan of treatment different

from, and more antiquated than, that which we ai)ply to growths in other

l)ortions of the i)0(ly ? The answer may be found in the vastly increa.sed num-

ber of surgeons of the present day who are u.sing .some form of excision.

The inauguration of what is known as the "Whitehead operation" by Mr.

Walter Whitehead of Manchester, in 1882, was a giant stride over all other

ojx'rative methods then in use. His mode of procedure is as follows: After the

])atient has been prepared in the usual manner, he is fully anaesthetized and

placed ill the lithotomy ]>ositioii: and then, after the si)hincter has been thor-

oughly dilated, the hemorrhoids are pulled down and outside of the external

si)hincter. Beginning at the line of juncture of the skin and mucous mem-
brane—known as Hilton's white line— the iniicous nuinbiane is divided and
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dissected up around the entire circumference of the rectum, and the dissection

is carried up to the beginning of the internal sphincter muscle. The mucous
membrane, together with the included hemorrhoids, having been completely

freed from the submucous and muscular coats, is pulled down below the margin

of the skin. The mucous membrane above the hemorrhoids is now divided

transversely, in successive stages, and the free margin of the severed membrane
above is attached, as soon as it is divided, to the free margin of the skin below,

by a suitable number of sutures. A complete ring of pile-bearing mucous

membrane is thus removed. Throughout the operation bleeding vessels are

dealt with 1)}^ torsion or ligation. The incision around the anal margin is to be

Fig. 351.—Stump of Excised Hemorrhoid lield by Clamp and Ready for Apphdng Cautery.
(Tuttle. Courtesy of D. Appleton & Co., New York.)

made entirely in the mucous membrane, and no skin, however rediindant,

should be sacrificed. In the three hundred cases in w^hich, according to Dr.

^^^litehead's published report, he performed this operation, not a single in-

stance of secondary hemorrhage occurred. An ice-bag is applied to the rectum

for the first few days, the bowels are moved on the fourth day, the patient sits

up the same day, and he resumes his work at the end of two weeks. Dr. A^ hite-

head further claims, for this operation, that it is as free from risk as any other,

that the i^ain following it is less severe, and that the loss of blood at the time

of the operation is inconsiderable. We cannot admit that his claims for this

operation have been fully l^orne out by the experience of other operators. It

is stated by many of them, for example, that the amount of blood lost during

the operation is considerable, that it takes considerable time to perform it,

that there is great uncertainty of getting primary union, anri that stricture and
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incontinence, and also exstrophy of tlie mucous nienil)ranc of the rectum, as

well as the revei-se conchtion (an inversion of the skin), arc Hkcly to follow it.

The two latter c()nii)lications are dw to incxpcriciu'c and want of skill in the

ojU'rator, yet thi'y arc not likely to result from any other method of operating

for hemorrhoids: and th(> other objections are all well borne out by experience.

By modifying: the te('hni(iue of Wliitehead's operation, Tuttle has effected a

ji;reat savinji of time and a decided dimimitioii in the amount of blood lost.

His method "consists in making; an incision through the mucous mend)rane at

the ]:)Osterior commissure of the rec-

tum (Fio;. 352); then, with blunt-

pointed scissors, curved on the flat,

(lull diss(H'tion is made upward to

the superior margin of the internal

s|)hincter; with a boring motion, tlic

iiisti'umcnt is insinuated between the

mucous mend)rane and this nuiscle.

and is gradually worked to one side

and downward until the muco-cu-

tancous border of the anus is reached.

(Fig. 353.) Little by httle the hem-

orrhoidal mass is thus loosened from

its nniscular attachment, and i)eeled

out of its resting i)lace just as an

orange is jK-eled. The same process

is carried out on the other side. " The

incision that was begun at the jjos-

teiior commissure in the lower margin

of thcnnicous membrane is now car-

ried entirely around the anal margin,

thus leaving the hemorrhoidal area

loose in the rectum. The nuicous

membrane is now cut longitudinally, at the posterior commissure, as high as the

hemorrhoids extend. The entire mass is next caught by T-forceps and i)ulled

down, until the uj^per margin of the hemorrhoids is l)rought down to the margin

of the anus, caiv being taken not to subject the tissues to undue tension. The

mucous mend)rane. with its accomi)animent of hemorrhoids, is then cut off, above

the level of the latter, by a series of short incisions, each of which is followed

by a stitch (Fig. 354) which attaches the edge of the upper part of the mucous

membrane to the nmco-cutaneous edge of the wound below. This series of

incisions is continuetl around the entire anal orifice until the hemorrhoitls have

all been removed: and the last one of these incisions is followed immediately

by the com|iletion of the last stage of the sutui'ing. The steps just (les( libed

leave the mucous membrane (that poilion which was originally located aboxc

the hemorrhoids) attached, by a single continuous suture, to the luuco-cuta-

neous margin of tli<' wound below, tlwougliout tlic entire circumference of tlie

Fk;. 'A.'}2.—Till- lJra\viii« Uliist rates tlie First Stej)

in Tuttle'.s Mollification of W'hitclicad's Oix-ratioii.

(Tuttle.)
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anus. (Fig. 355.) The suture used is of plain catgut, of large size. Tattle

reports the results as most satisfactory in over three hundred operations per-

formed by this method. Any large skin tabs that may be present are cut off

with the scissors, and the wound is sutured.

Instead of removing the entire pile-bearing area, as recommended by White-

head, many operators prefer to excise the individual piles separately and to

suture the edges. Gallant states (Mathews' Medical Quarterly, Octol:)er, 1894)

that Outerbridge had followed this plan with great success since 1888.

Earle [Mathews' Medical Quarterly, January, 1890; Parkhill, International

Fig. 353.—The Second Step in Tuttle's Modification of Whitehead's Operation. (Tuttle.)

Journal of Surgery, May, 1900) and IMason have each devised instruments for

facilitating simple excision, and also for diminishing the danger from hemor-

rhage and the risk of infection in ^^^litehead's operation. As the same prin-

ciples are embodied in each, we will introduce here an illustration of Earle's

instrument and will describe his method of using it. When the hemorrhoidal

tumors are isolated, each is seized in turn with clamp forceps and, having been

dragged down, is clasped in the line of the long axis of the rectum by the Earle

clamp. (Fig. 356.) A mnning suture of plain catgut No. 2 is then introduced

and tied beneath the clamp at the upper end of the hemorrhoid. This will gen-

erally include the branch of the superior hemorrhoidal ai-tery which supplies that
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particular pile. That portion of the homonhoid wliit-h lii's above the clamp is

then cut off. little by little, ahead of the running suture, which is carried over

and under the clamp until tin- entire base of the hcmorihoid is included in it.

(Fi^:. 3.>1.) The clam|) is then loosened and withdrawn, the mnninji suture is

tightened, and thus the whole wound is closed with scarcely any loss of blood and

with very little exposure of the cut surfaces to infection. If the hemorrhoids

extend around the entire circumference of the rectum, then a curved clamp,

a modification of Earle's by Dr. Arthur Hebb, should be employed by prefer-

ence. Figs. 337 and 358 show this and his curved scissors made specially for

fitting the curve of the clami). The method of procedure, in the latter case, is

I u.. -.'..'A. Fig. 355.

Fig. .354.—The Third Step in Tuttle's Modification of Whitehead's Operation. (Tuttle.)

Fig. .355.—Drawing Sliows Tuttle's Modification of Whitehead's Operation Completed. (Tuttle:
" Diseases of the Anus," etc. D. Appleton & Co., New York.)

as follows: The whole mass is seize(l by calcli forceps at the four quadrants of

the anal margin, and is then pulled down and outside of the sphincter. \\\ inci-

sion is next made through the skin at the muco-cutaneous border, and is carried

upward through the mucous mendjrane to a point just above the level of the

internal hemorrhoids. A catgut suture is passed through the upper end of the

incision in the mucous membrane, over the external si)hincter, which is ex-

posed, and out through the skin. This suture, which should now be tied, ap-

j)roximates the mucous and cutaneous borders of the wound. The curved

clamp is next applied ( I'^ig. •')•")'.)) parallel with the circuinfereiice of the anus,

the internal blade being place(l just outsi(h' of Hilton's white line. In doing

this, the ojierator .should be; careful to leave as broad a skin surface as possible,

to prevent undue tension of the same and the resulting eversion of the mucous
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membrane. The hemorrhoidal tumors arc now removed above the clamp in suc-

cessive stages from behind forward and toward the right. The suture is passed

under the heel of the clamp, from within out, and is continued around the

clamp until the point of the instrument is reached. Then the clamp is loos-

ened and withdrawn, and the suture is drawn tight. Another segment of the

hemorrhoidal area is next includ(>d in the clamp, cut off, and sutured in the

same manner as the preceding one; and in turn the others are treated in a

similar manner until all the hemorrhoids have been removed. (Fig. 360.)

The advantages of this operation are: the relatively short time required

for its performance ; the ease with which it may
be done ; the verj' small amount of blood that is

lost; the small likelihood that hemorrhage or in-

fection will occur; and the readiness with which

healing takes place. It can be done either with

the aid of a general anaesthetic or under the in-

fluence of local anaesthesia, and is adapted to the

removal of mixed hemorrhoids.

accidexts and co.mplicatioxs following

Operations for Hemorrhoids.

Dysuria and Strangury.—One or the other of

these conditions is likely to follow an operation

for the cure of hemorrhoids. In most cases the

only treatment called for is to apply moist heat

directly over the pubis and perineum and to

allow the patient to assume the normal position

for relieving himself. Only in exceptional in-

stances will it be found necessary to resort to Fig.

the use of the catheter.

Infection.—Infection either by the ordinary pus organisms or by those of

eiTsipelas or tetanus may follow operations for hemorrhoids. Such accidents

are to be attributed, as a matter of course, to defect in the technique. They

should be met by the usual means. For superficial infections, such as are

likely to follow an infection by the ordinaiy pus organisms, applications of pure

carbolic acid give the most satisfactory results.

After-treatment.—The after-treatment, as already stated on a previous

page, is the same for cases which have been treated by excision as for those

which have been treated by simple ligation. For the relief of the pain, which

at first is likely to be severe, morphia should be administered in api)ropriate

doses. A little later, however, codeine (gr. ^) and acetanilide (gr. iij., guarded

by one grain of caffeine citrate) may be substituted for the morphia. The in-

fluence of the latter remedy will probably control the action of the bowels until

the fourth day, when it would be well to bring on a movement by the adminis-

tration of either compound Hcorice powder or castor oil, to be followed by a

356.—Earle's Heiiiorrlioi(.lal

Clamp.



874 AMERICAN PRACTICE OF SURGERY.

wiinn-water enema when tlie lirst impulse:-; for an evacuation manifest them-

selves. The diet shoukl l)e of a hixati\'e ciiaraeter,—sucii, for example, as fruits

and vegetable.s,—and. in order still further to iiisur(> a soft stool, it is well for

the patient, on the third day, to he^'in takiuii half-ounce doses of olive oil three

times daily.

It should he hornc in ir.iiid. as re";ards the after-treatment of rectal wounds

Fig. 357.—Earle's Hemorrlinidal Forceps Appliod fo an Isolated Hemorrhoid. (From Tuttlc:
"Diseases of tlie Anus, Rectum," etc. D. Apjilcton & Co., New York.)

of all kinds, that we are dealinj:; with conditions which are different from those

encountered elsewhere on the surface of the body,—comlitions which are worse

than tho.se found at other orifices, mainly on accoimt of the infected character

of the discharges. These are contimiously and unavoidably coming over the

wound and infecting it. The best method of combating this is to confiol the

Fi<;. .3.5S.— II(l>l)'s Ilcmorriioidal ("lamp I'lc:. :i'>9.—llehh's Ilciiii.rrhoidai Sci.ssors.

growth of the organisms wliicli arc pi-cscnt on the wound hy fi-c(iu('nt irrigations

with antis('])tic .M)lutions. and by i-cjM'atcilly changing the di-cssings. ( )n the

third day the |)atient may be allowc(l lo walk about his room, and on the

seveijth day to leave his room. After the lirst week the anus should be gently

<lilateil everv foui' oi' (i\'e davs.
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XII. PROLAPSE OF THE RECTU.AL

"\Miilc prolapse and i)rocicU'ntia have the same de]i^'ation and meaning,

—

viz., a falhng down or forward,—the former is the generic term and is applied

to all degrees of falling of the rectum. Procidentia, on tlje other hand, is gen-

erally applied only to those cases in which all the coats of the bowel descend.

Prolapses are divided into incomplete, or partial, and complete. A partial

prolapse is one in which the mucous membrane alone descends; a complete

prolapse, or a procidentia recti, is one in which

all the coats of the rectum take part.

Incomplete Prolapse of the Rectum.—An
incomplete prolapse consists of a protrusion of

the mucous membrane of the rectum through

the anus.

Etiology.—This type of prolapse is due to

an exaggeration of the normally loose attach-

ment of the mucous membrane to the submu-

cous tissue, and to the loss of elasticity in the

loose fibrous and elastic tissues, which not

only allow the mucous membrane to be ab-

normally extruded during the act of defecation,

but also are incapable of drawing it back again.

It occurs frequently in acute proctitis with

tedema, and also in connection with hemor-

rhoids and with superficial neoplasms. It is

seen most frequently in young children and in

the very old. It is particularly likely to oc-

cur in those conditions in which there is re-

laxation of the sphincter muscle together with

a great reduction in the amount of the fatty

tissue which normally surrounds the lower end

of the rectum. These may be regarded as pre-

disposing causes. Among the exciting causes

are all those conditions which separate the

mucous membrane from the muscular wall of the rectum—such, for example,

as cedema, or an inflammatpry effusion into the subnuicosa; weakness or

dilatation of the sphincters; -.^exhausting diseases, paralysis, ovcrdistention of

the rectum, and sodomy. Another series of causes includes all those condi-

tions which induce a dragging down of the mucous membrane, such as hemor-

rhoids, growths attached to the mucous membrane, polyps, and hard stools.

In a third series are included conditions which produce excessive straining

and tenesmus—such, for example, as ulceration, foreign bodies in the rectvmi

or bladder, cystitis, enlarged prostate, prolonged sitting and straining at stool,

and excessive vomiting.

¥iG. 360.—Drawing Shows the Man-
ner of Applying tlie Curved damp and
Introducing the Sutures in the Third

Stage of Earle's Operation. (Tuttle:

"Diseases of the Anus," etc. D. Ap-
pleton & Co., New York.)
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Symptoms.—The coiulition of i)rulai)se comes on very gracluall\'. In tlie

beginning there is simply an exaggeration in the normal protrusion of the mu-

cous nii'mhrane while at stool. At hrst, this i)r()trusi<)n returns of its own

accord, but after a short time the prolai)se increases, antl the bowel has to be

replaced. Subseciuently, when the sphincter nuiscle Ijecomes still more re-

laxed, the prolapse follows prolonged standing or walking; and, finally, the

mucous membrane comes down upon the slightest provocation.

The prolapse may invoh'e the entire circumference of the rectum or only

a part of it. The surface of the prolapsed portion is smooth, unless the con-

dition is complicated by hemorrhoids or neoplasms. The color, which at first

l"i<;. '.it'A.— I-^arlp's Opor.it idii ( 'mniiletcHl. (( )iif;inal.)

is normal, soon becomes of a bright red or scarlet, as the irritation increases.

When the protrusion involves the entire circumference of the rectum, the mu-

cous memlirane is arranged in longitudinal folds, which i-adiate from the centre

to the circumference. This arrangement of the nuicous memljrane into folds

or sulci distinguishes tiie incomi)lete from the complete form of prola])se. Large

internal hemorrhoids are nearly always associated with more or less ])rolapse

of the mucous membi'ane. In >uch instances it is (>asy to distinguish tiic licni-

orrhoidul tumors from the prolajjsed nuicous membrane.

The incomj)lete variety of j)rolai)se. uncomplicated by hemorrhoids or ulcer-

ation, is not attended by nuich if any |)ain or hemorrhage. ric(>ration and

suppuration occur late in the di.sease, as a icsult of the fiiction due to the slipi)ing

of the coats of the rectum up and down.

Thjc.vt.mkxt.—Treatment consists in the removal of the exciting cause,

where this can be done; ;ui(l if licmoi'rhoids, polyjH, or neoplasms arc the cause
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of the troul:)k'. their removal will almost certainly result in the complete cure

of this form of i)rolapse. ^^'hen the condition occurs in children, as it often

does after the exhausting and emaciating sunmier diarrhtras, it may fre-

Cjuently be corrected by careful attention to the act of defecation—for in-

stance, by making the child have its stool in the recumbent position, especially

across its mother's lap, with its feet elevated; by keeping the stool soft; by

tonic treatment; and, if necessaiy, by strapping the buttocks with adhesive

straps between the intervals of defecation. If these measures fail, the most

successful and easily applied remedy is one that dates back many years. I

personally saw it in use as long ago as 1808, in the hands of Dr. Nathan R.

Smith, who did not speak of it as anything new, but as his chief reliance in

correcting this defect in children. It consists in applying fuming nitric acid

to the mucous membrane of the ivctum. The child should be put, for a few

moments, under the influence of a general anaesthetic—for example, ethyl

chloride, nitrous oxide, or chloroform. The mucous membrane is then made
to protrude, it is wiped dry of mucus, and the glass stopper of the bottle, after

being moistened with the acid in such minimal cjuantity that it will not nm
down over or outside the sphincter, is applied thoroughly to the membrane.

The cauterized surface should then be well anointed with vaseline, the bowel

returned, and the buttocks coapted with adhesive strips. The child should

remain in bed for t^^'o weeks and should be kept in the recumbent position by

passing a sheet over the body and fastening it to the sides of the bed, the foot

of which should be raised about four inches. The bowels should be confined

for six or seven daj'S, and, when a movement is induced, it should be by the

most geiitle means and with the child still maintaining the recumbent position.

The rationale of this method is this: the cauterization is just sufficient to set

up adhesive inflammation, which causes the mucous, subnuicous, and muscular

coats of the rectum to become agglutinated. I have used this method of treat-

ment for the last twenty-five years, but only on children, and I do not recall

a single failure. In elderly people it is not nearly so likely to succeed, and

it is therefore better in such patients to resort to some operative method

—

either partial or complete excision by ^^^litehead's method or by some modifi-

cation of it—or to ^'an Buren's linear cauterization.

Partial excision consists in remo\ing, by means of scissors, an elliptical

portion of the mucous membrane at three or four points around the circumfer-

ence of the rectiun and drawing the cut edges together by means of catgut

sutures, care being taken that the sutures shall extend downward and shall

include the deeper tissues of the rectum; or the elliptical pieces of nmcous

membrane may be grasped with the hemorrhoidal clamp and removed with

the cautery knife, as hemorrhoids are. The elliptical pieces removed should

always be parallel with the long axis of the bowel and should not include the

muco-cutaneous border.

The after-treatment following these operations for partial prolapse should

be similar to that employed after an operation for hemorrhoids.

Complete Prolapse of the Rectum.—There are three degrees of complete
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prolapse, all of which involve all the coats of the rectum to a greater or less

degree.

First Degriv.—The prolapse begins at the margin of the anus and its ex-

ternal surface is continuous with the skin surrounding it. (Fig. 362.)

Second Degree.—The i)ro]apse begins altove the anal canal, tlescends through

it l)ut does not include it, and protrudes beyond it. (Fig. 363.)

Third Degree.—The prolajise begins high up in the rectum or in the sig-

moid, and extends down into the ami)ulla of the rectum, but does not pro-

trude thnnigh the anal orifice. (Fig. 364.)

As will be seen, the distinguishing feature between the first and second

degret's may he thus defined: th(> first includes the skin surface at the margin

of the anus, and no sulcus is formed between the ])rolai)se and tlie margin; in

. I'ui. 'My2.— C'uiiii)lete Prucidc-ntia of the Kectuui; ! iist Degree. (Eaile and Tuttlc.)

the second degree, on the other hand, the i)rolapse begins at the upper end of

the anal canal or above it and protrudes through it, but the anal canal itself

retains its position. The nnicous fokls or sulci, which run longitudinally in the

incomplete type, run circularly in the complete types.

Etioujoy.—The etiology is the same as in the incom]:)lete type, with the

excejition that comjjlete )irola])se is never caused by hemorrhoids or other

growths that spring from the anal margin.

^^'hile both the comi)lete and the iiicom|)lete ty])es of prolap.'^e generally

come on gradually, yet either may. in lare iiotances, ai)i)ear .suddenly, as haj)-

pens, for instance, after an accidental crusirmg or after an excessive straining,

as in lifting some liea\'y object.

A neoplasm s])ringing from the mucous membrane of the u])per i)ortion of

the rectum or the lower jxjrtion of the sigmoid, and undue constriction of th(^

rectum from any cause (c.<j., a stricture, the pressure <'\erted from without l)y
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a malignant growth, etc.) will interfere with the free passage of fecal matter

and ^^•ill tend to drag down first the mucous and then the other coats of the

bowel and thus produce a prolapse of the third degree. Such a prolapse is fre-

quently found associated with an abnormally elongated meso-sigmoid or meso-

rectuni. The ulcerations which are so frequently associated with this form of

I^rolapse in its chronic stage, are probably the result, and not the cause, of the

affection: the}' are undoubtedly produced by the friction of the bowel as it

slips up and down.

The extent of the prolapse varies greatly, and in fact is only limited by the

length of the colon; but ordinarily it measures from three to six inches in length.

Sy:^ipto:\is.—In both the complete and the incomplete types the symptoms

are practically the same. At first, the protrusion occurs only at stool, but,

Fig. 36.3.—Drawing Illustrates a Case of Complete Procidentia of the Rectum; Second Degree. (Earle

and Tuttle.)

later on, when the sphincters become more relaxed and the attachments

stretched, it may occur upon the slightest provocation, as from standing or

walking: or, in old people, in whom there is atony of the sj^hincters, the pro-

lapsed bowel may remain down whenever the patient is on his feet. Consti-

pation is the rule with these patients, until the mucous membrane of the rec-

tum becomes excoriated or inflamed, when a teasing diarrhoea follows, which

may eventually result in partial incontinence, on account of the blunting of

sensibility that takes place.

The one characteristic and persistent symptom is the protrusion. The

only conditions with which it is at all likely to be confounded are hemorrhoids

and a protruding neoplasm, from both of which it can be readily differentiated

by the circular folds into which the mucous membrane of the prolapsed rectum

is thrown.



880 AMERICAN PRACTICE OF SURGERY.

The excoriations aiul granulations which sonietinics result from chronic

prolapse may give rise to a nodular condition that may resemble epithelioma.

In order to differentiate between the two diseases it may be necessary to exam-

ine a bit of the tissue with the microscope.

Both the first and the stu'ond tyi^e are likely to l)e complicated In- rectal

hernia, or archocele. ami this i)()ssibility nuist l)e borne in mind in certain major

Fig. 364.—Drawiiif; lllastrutL-.s a Complete Procidentia of the Rectum, of the Third Degree. (Earle

and Tuttle.)

Operations for the correction of the prolapse. In the aggravated cases, the

coils of small intestine may even surround the rectum, except at its mesenteric

attachment.

In a prolapse of the third degree there is an intu.'^susception of the ui)i)er

j)ortion of the rectum, and sometimes also of the sigmoid, into tlic lower jjor-

tion of the rectum. It does not. liowcvci'. cause strangury or complete ol)-

struction. prol)al)ly on account of the gicat dist(>nsibility of the rectum. The

bowel does not protrude from the anus in this tyjH', and the s})hincter muscle

and anal canal are normal.
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The symptoms of prolapse of the rectum of the third degree are verj' ol>

scure. There is generallj^ a history of constipation, but, after it has existed

for some time, the constipation may alternate with diarrhoea. ^Miichever

state exists, the patient always complains that his stool has not been satisfac-

tory; it does not afford him the relief which is usually experienced, but leaves

him with a sensation similar to that which is produced by the presence of a
foreign body, and in conseciuence of this sensation he is often tempted to strain

a great deal and to remain for an undue length of time on the closet. There is

also a sense of weight and hea^dness in the sacral region. At first, there is a

discharge of pure mucus from the rectum, but subsequently there may be an
admixture of blood, and finally it may contain pus.

These symptoms should arouse sufficient suspicion to suggest a digital ex-

amination, which should be made directly after a stool, and with the patient

still in the scjuatting position. If the invagination does not start too high up
in the rectum, the sulcus can be felt and the diagnosis confinned by this means.

Pathology.—Briefly, and in a general way, it may be said that the organic

changes which induce the prolapse consist in a weakening of the supports of

the rectum. (For a detailed account of these supports the reader is referred

to works on Anatomy.) Along with the weakening of the supports, there is

generally an absorption of the perirectal fat in the different spaces around

the rectum.

Treatment.—The first thing to be done in the treatment of complete pro-

lapse of the rectum is to remo\'e the exciting cause : and the next is to restore,

or supplement, the rectal supports. The methods for accomplishing the first

have been fully descril^ed luider their proper headings. How to accomplish

the second, will be discussed farther on in this article.

In the section devoted to the treatment of partial prolapse, we have already

alluded to the means which we have found so effectual in children, and which

is ecjually applicable and etjually efficacious in the treatment of the first and

second degrees of complete prolapse in children. A\'hen the condition is due

to diarrhoea, dysentery, or rhachitis, these disorders must of course receive

attention before we resort to the application of strong nitric acid. Schmey

states that nearly all cases of prolapse in children may be radically cured by

the administration of phosphorus in increasing doses. (Tuttle on " Diseases of

the Anus, Rectum, and Pelvic Colon," page 680.) While constitutional reme-

dies are being administered for the purpose of strengthening the rectal sup-

ports, it will be important to prevent the bowel from coming down, either dur-

ing defecation or at other times. The first may be controlled by making the

child have its stool in the recumbent position, by sui)i3orting the rectum with

an adhesive strap placed in front of the anus, and also by drawing together

the l3uttocks. If the bowel comes down also at other times, then the child

should be confined to bed. If the rectum can be prevented from prolapsing

for several weeks continuously, it is likely to become fixed, and \\-ill remain so,

unless some undue force is exerted.

In adults and old people the means required for correcting the prolapse

VOL. VII.—56
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will have to be more radical. In old people, in whom the falling down of the

rectum takes i)lace more fri'<iuently than it does in younger persons (children

excepted), and in whom it is generally due to a loss of muscular tone, it would

be well to try the effect of constitutional treatment in the form of arsenic and

strychnia, and of strapping togetlu'r the buttocks, before resorting to operative

procedures. It is also of great importance to regulate the evacuations in these

older i)atients. and to let them have their passages while they are lying down-

either on a bedi>an. if they are lying on the back, or upon a folded cloth, if

they are lying on the side.

Great turgescence and strangulation of the prolapsed bowel may sometimes

4i

Fig. 305.— l{c(t<i|" \\ l^r Procidentia l{ccti; tlic Inci-idn. (riiltic: I M-ci-i

and Pelvic ("ohjii." D. Appletun & Co., Xcw York.)

p| the Ann-, liectum,

occur from the great size of the pi'otrudcd j)ortion or fi'om si)asm of the sphinc-

ter. As a rule, the i)atient learns, under ordinary conditions, to reduce his

prolapse him.-^elf, nor is it difTicult for liim to do so under such conditions if he

takes the precaution to place himself in the knee-chest posture.

When strangulation does occur, it will be best to reduce the jjrolapsed bowel

without the use of a general ana'sthetic, if jjossible. If there is a great deal

of congestion and (edema, firm jtressure with hot cloths should be made for some

time before reduction is attempted.

Efforts at reduction should be made by introducing the finger or a bougie

into the lumen of the bowel at the lower end of the prola])se, and carrying it

upward. Neither the finger nor the bou<;ie should be oiled, as they will slip
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over the mucous membrane instead of carrying it before them. In order to

prevent this sHpping, which may occur even with the unanointed finger, it will

be better to wrap a piece of thin paper around the finger, and then, when the

prolapse is reduced, to withdraw the finger and leave behind the piece of paper.

^^'hen there is spasm of the sphincter, it is better to administer at once, with-

out unnecessary delay, a general anaesthetic, ^^'hen the protruded bowel has

become gangrenous and shows a disposition to slough, great care should be

taken to ascertain the depth of the slough, as it would l^e dangerous to reduce

it if the walls of the bowel are likely to give way and establish an opening into

the jx'ritoneal cavity. In such cases immediate amputation should be resorted

Fig. 366.—Rectopexy for Procidentia Recti : the Bowel Inverted and brought through the Inci-

sion; the Sutures Passed through the Muscular Wall. (Tuttle: " Diseases of the Anus. Rectum, and
Peh-ic Colon." D. Api^leton & Co., New York.)

to and the lower end of the upper segment fixed to the margin of the anus by

sutures.

A^'hen the prolapsed bowel has been reduced, the buttocks should be strapped

together and the patient kept in the recumbent position.

Operative Procedures.—It is evident that the method to be selected will de-

pend upon the degree of the prolapse.

In complete prolapse of the first and second degrees we have to deal with

either rupture or elongation of the bundles of connective tissue which pass

from the lower end of the rectum to the coccyx, the sacnun, and the prostate

(or the vagina), and at the same time also with muscular atony or relaxation.
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Many methods have been devised for restoring]; these connective-tissue sup-

ports, and among them that of AlHiiiiham and \'an Hureii, which depends for

its success upon the setting up of a ci'rtain amount of inflammation in Ihe walls

of the bowel for the ])urpose of causing them to become agglutinated with the

perirectal tissues. Allingham brought this about by the application of strong

nitric acid or acid nitrate of mercury. This us(> of nitric acid, however, did not

oi'iginatc with him. \'aii Hurcn, to accomplish the same pui'posc, recommended

linear cauterization with the thermo-cautery. The subse(|uent treatment after

tiu' use of these means is the same as that described in the ])aragrai)h which

is devoted to treatment of partial prolapse in children by one of these mc^thods.

Fig. 307.— Rcctopoxy for ProcidentUi Recti; the Sutures (lassed from within on Each Side of tiie

Sacrum. (Tuttle: " Disea.se.'^ of tlie Anu.s, Rectum, and I'ehic Colon." I >. A|)|)letc)u & ("o.,

New Y<}rk.)

The methods ju.<t referred to are successful in the treatment of j)rolai)se of

the fii'st degree, if used in children in the early stages of the (I'oublc, but they do

ntit. as a rule, answer for adults, and in tiie case of old people, with bi-oken-down

constitutions, the acid is likely to be i)ositively harniTul. The application of

the thermo-cautery is much more successful in adults, as is also the method,

advised by Dr. Henry Smith foi- cases in which the jjrolap.se is of small extent,

of removing folds of mucous membrane at four oi' fi\'e points around the cir-

cumference of the rectum, by the ( nijjloymeiit of ihe clamp and cautery.

In minor degrees of procideiil i;i the comlitioii iii;iy l)e ivliexcd by Earle's

mf)diHcation of Whitehead's o|ieratioii; but, in the a\'ei'age case of complett;

prolapse, opei'ations limited to the miicoii- membi'ane will generally i>ro\'e in-
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effectual. Hence there have been recommended a number of devices which have

for their object the strengthening of the deeper supijorts. In this category belong

the methods proposed by Roberts, Dieffenbach, Lange, Verneuil, and Peters.

Not one of these, however, with the exception of that recommended by Ver-

neuil, accomplishes anj-thing more than to narrow somewhat the anal outlet

and to cause an adhesion of the lower portion of the rectum to the surrounding

parts by means of an inflammatory process. Consequently it is not safe to

trust any of these methods to retain a prolapse of any magnitude for longer

than a brief period of time. Nearly all of those mentioned rely for their suc-

cess in producing a stiffening of the rectal wall and a narrowing of the calibre

Fig. 368.—Rectopexy for Procidentia Recti ; the Operation Completed. (Tattle: "Diseases of the

Anus, Rectum, and Pelvic Colon." I). Appleton & Co., New York.)

of the canal, upon an infolding of this wall; and the Dieffenbach-Roberts

method consists merely in narrowing the lower two inches of the rectum by

taking out a section of the entire thickness of the rectal wall for that distance.

Verneuil simply gathered the bowel into horizontal folds, thus shortening it,

and then he sutured the folded portion to the sides of the coccyx and sacrum

by means of buried sutures.

Rectopexy or Suspension of the Rectum from the Sacrum.—George R.

Fowler (Medical News, New York, February 27th, 1897) first practised suspend-

ing the rectum by sutures from the coccyx, and Tuttle has made use of the

principle in the following manner:

—

After the patient has been brought under the influence of a general anses-
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thotie, the prolapse is dra^i^cd down to its full extent. A curved incision,

about two inches long, is made midway between the coccyx and the anus.

(Fig. 365.) This is carrit'd down to the rectal wall in the retro-rectal space.

The rectum is next separated, by tlull dissection, from the coccyx and sacrum

posteriorly, as high up as the attachment of the meso-rectum, and on the sides

as far as the attachment of the lateral ligaments. These ligaments should be

carefully jireserved. The anterior surface of the coccyx and sacrum should be

gently curetted, to remove the fatty tissue and to freshen the surfaces. The

assistant now reduces the prolai)se, and, with his fingers inside the bowel, he

inverts and brings it out through the incision. (Fig. 306.) The operator

catches the protiiided i)oi-tion of the bowel and pulls it out as far as it will come.

The exposed surface of the bowel is then also curetted. Silkwomi-gut or silver-

wire sutures arc next passed transversely through the muscular layer and are

made to eiid^race as much of the circumference of the bowel as possible; tliey

are i)laced half an inch apart, and the ends are left six or eight inches long.

The ends of the upper sutures are now threaded on long, curved Peaslee's

needles, and each one in turn is carried up through the wound to the highest

point of separation between the rectum and the sacmm, and at this point they

are made to jjenetrate the soft tissues and are brought out through the skin on

opposite sides of the sacrum. Each succeeding suture is brought out, on the

skin, half an inch lower than the preceding one. (Fig. 367.) The ends are then

drawn taut, and the prolapse is thus dragged up into the hollow of the sacrum.

A pad of gauze is laid over the sacrum, between the sutures, and they are tied

over this, to avoid their cutting into the skin. (Fig. 368.) Before the sutures

are tied the wound should be freed from all clots, the oozing checked, and the

external wound clo.sed.

If the siihincters are much relaxed, a ligature of kangaroo tendon may l)e

passed around the anus, at the u{)per margin of the external sphincter, and

tied over the index finger after it has been introduced through the anus.

The towels should be confined for eight days and then they should be

moved by an enema. The patient should be confined to bed, and should use

the bed-i)an for thice weeks. The anchoring sutures are left in for from ten

to fourteen days.

The results secureil by this o})erati()n are, according to Tuttle, most satis-

factory. Indeed, so far as we know, no other operation for the relief of the

first and second degrees of complete prolapse has proved equally satisfactory.

In complete jjrolapse of the third degree, the conditions with which we have

to deal are entirely different. In these cases there is a giving way of the su-

jx'rior suj)|)orts, or there is an abnoniially long mesentery, and the correction

of the prolai)se consists in restoring these sujjports or in substituting othei"s in

their places. As in the other degrees of prolapse, me exciting cau.se must be

relieved, and special attention shouM be i)aid to regulating the consistency

and character of the stools, on account of the obstruction which this form of

l)rolapse offers to their pa.s.sage.

Temporary relief of some of the most annoying symptoms of the third
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degree of prolapse may be given by the daily introduction of a Wales bougie

at the time of going to stool. This procedure pushes the bowel back into posi-

tion and greatly facilitates the act of having a stool.

Sigmoidopexy.—Since the abnormally long meso-rectum and meso-sig-

moid actively and constantly favor the production of a prolapse of the rectum,

the most rational and at the same time the most successful method of dealing

with the third degree of prolapse is to attach the sigmoid to, or to suspend it

from, the al^dominal wall. This plan, ^^'hich was first suggested by Jeannel

and performed In' \'erneuil in 1889, is known as sigmoidopexy.

The operation consists in opening the abdomen just above the pubis, through

the body of the left rectus muscle. The patient is then placed in the Trende-

lenburg posture and an elliptical piece of the parietal peritoneum, running up-

ward and outward for a distance of two inches to the left from the abdominal

wound, is dissected off. The sigmoid is then caught and drawn upward into

the wound, until the entire prolapse is completely overcome, and until the

bow?l between this point and the anus is drawn comparatively taut. Fine silk

sutures are now passed through the transversalis fascia on one side of the fresh-

ened surface, then through one of the longitudinal muscular bands of the sig-

moid, and out through the transversalis fascia on the opposite side of the fresh-

ened svn-face. Three of these sutures are used for attaching the bowel to the

fascia; they extend over a space about two inches in length. The wound is

then closed after the usual manner. The foot of the bed should be elevated to

the extent of from eight to ten inches, and tliis position of the bed should be

maintained for five days. The bowels should be moved on the seventh day.

This operation has been done a number of times with almost unvarying

success, so far as the permanent relief of the prolapse is concerned. In some

cases there has remained, at the site of the adhesion, an unpleasant dragging

sensation, which at times may amount even to pain. This teclinique is modi-

fied by different surgeons. Some attach the posterior abdominal wall ; some

incise the peritoneum and attach the bowel to the fascia of the iliacus muscle

in the iliac fossa; and others still attach the sulco-sigmoid instead of the bowel

itself to the abdominal wall. We have had no experience with these methods

and therefore cannot express an opinion upon their value.

Dr. Mathews {Journal A mer. Med. Assoc, 1901, Vol. I.) has reported a case

of very extensive procidentia which he treated successfully by sigmoidopexA'.

Sigmoidopexy is best adapted to the relief of cases which are due to an

abnomially long meso-sigmoid. ^^Tlen the procidentia is due to stricture or

to a neoplasm the cause must be removed. If the case is one in which there is

a veiy extensive prolapse of the second degree, and in which there is reason

to believe that both the upper and the lower supports of the rectum have

given way, then it may be necessary to combine sigmoidopexy with rectopexy'.

^^^len the prolapse cannot be reduced, or when it has become gangrenous or so

inflamed that it would not be wise to attempt its reduction, the removal of the

strangulated intestine would naturally suggest itself as the proper course to

pursue.
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Excision.—Amputation of the i)rola{)sc(l bowel i.s undertaken only in aggra-

vated cases of the second degree, which are too extensive to be relieved by more

conser\-ative measures—for exam])le, in cases in which there is a neoi)lasm

involving the entire thickness of the rectal wall; in cases in which the i)rolapse

is associated with an organic stricture; or in those cases in which the i)rolapsed

bowel has become strangulated and gangrenous. The probability of the exist-

ence of the rectal hernia should always be borne in mind, and should be looked

for before one does an amputation. The hernial sac can be easily emptied of

its intestinal contents by placing the j)atient in the Trendelenburg position.

Tcchni(iuc of the OiuTation of Ivxcision.—The patient should be placed in

the lithotomy i)osition with the hijjs well (>levated in order to throw the small

intestines toward the upper jjait of the abdominal cavity. The r(>ctum should

be dragged down as far as it habitually prolapses and held firmly by volsella

forceps. Then, after the exposed parts have been made surgically clean and

dried, an incision should be made through the entire thickness of the intestine

about two inches above the muco-cutaneous Hne, until the peritoneal cavity is

opened. The serous coat of the intussuscepted j)ortion of the bowel should next

be cut through and its upper edge sutured to the peritoneal edge of the pro-

lapsed portion. The peritoneal pouch is thus closed as the excision proceeds.

The entire thickness of the intussuscepted bowel is now cut through and its

muscular and mucous layers are sutured, little b}^ little, as they arc cut, to the

corresponding layers of the lower section of the bowel (the intussuscipiens) at

the anal margin. Chromicized catgut is preferable as suture jnaterial. In tliis

manner the entire prolapse is excised, and an end-to-end anastomosis of the

bowel is inade.

After the excision is completed, if the edges of the mucous membrane are

not in accurate apposition, a fine nmning suture of catgut, carried around the

entire circumference of the bowel, should diaw them closely together. A
drainage tube should then be introduced into the bowel, and opium should be

administered to quiet jH'ristalsis and to confine the bowels for seven or eight

days.

These causes should be watched very carefully for a year after the opera-

tion to see that stricture does not follow. The nutrition of the patient may
suffer fi'om the loss of such a large absorptive surface, to such a degree that

compensation will have to be ])r()vi(led in the best mannc] that may suggest

itself. When the magnitude of the operation is considered it is remarkable

how free it ha.s been from fatal results up to the present time.

Complications.—The inflammatoiy conditions and ulcerations which are

frequently found complicating a i)rolapse of the rectum, and which represent

either the exciting cause or the results of the irritation of the nuicous surface

from prolonged exj)osure and friction, should be treated by sponging the parts

with wai-m antiseptic and astringent solutions and by keeping the patient for

some time in the recumbent i)osition.

To stop the hemorrhage which fr<'(jucntly takes place from the congested

mucous surfaces, a fifty-per-cent mixture of hydrastis is the best and least
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injurious a})plication. Where there are well-defined ulcers, a strong solution

(from twenty to thirty per cent) of silver nitrate, to be applied eveiy three or

four days, will answer the purpose best.

In order to keep the prolapsed portion of the bowel up, which is essential

to the relief of these conditions, compresses should be applied over the anus

and the buttocks should be strapped together.

Another complication is one in which unusually large areas of the intestine

protmde through the anus. Several cases have been reported—one by
Esmarch, for exampl(\ in which the entire large intestine, including the caecum,

protmded through the anus. Dr. Earle, in August, 1907, saw a boy, twelve

years of age, who had a large prolapse of the bowel. "When the abdomen was

opened, there was found to be an irreducible invagination, which began at a point

about four inches above the ileo-csecal valve and involved the whole of the

colon, including the sigmoid. As it was positively irreducible, the invaginated

surfaces having become adherent, no other course was open but to resect the

entire invaginated portion of the bowel and then to establish an end-to-end

anastomosis between the ileum and the rectum. This was done by Dr. Kirby,

of St. Joseph's Hospital, Baltimore, ]Md. The patient survived for about thirty-

six hours.

Rectal hernia, already mentioned on a previous page, is one of the

most frequent and serious complications of complete prolapse. Ludlow has

attempted to show that the majority of cases of prolapse of the rectum are

due to rectal hernia. Clinical observations have not established the truth of

this assertion, yet everj' careful observer must have seen cases in which the

cul-de-sac bulged backward into the rectal ampulla to such an extent, during

straining at stool, as almost to occlude this cavity. The extensive protmsion

into the rectal ampulla, without appearing outside of the anus, certainly in-

dicates the possibility of its increasing until it overcomes the resistance of

the external sphincter and causes a prolapse of the rectum. The circumfer-

ence of the prolapse will be detemiined by the length of it, and the size of the

hernial sac ^^"ill in turn depend upon its circumference:—the farther it pro-

trudes, the larger will be the sac and the more of the intestinal circumference

will it involve.

The diagnosis of hernia, in a case of rectal procidentia, is made from the

following symptoms and signs : thd gurgling sound which is produced upon re-

duction of the prolapse; the twnpanitic note which is elicited by percussion;

and the dragging and griping sensations which are felt in the abdomen by the

patient when the hernia is down. The presence of the hernia should suggest

care in attempts at reduction of the prolapse, for fear of injuring the in-

testines.

^^Tlile the contents of the hernial sac are generally composed of small in-

testines, it may contain portions of the sigmoid or the omentum, one of the

ovaries or tubes, the uterus, the appendix, or a portion of the bladder. Any

of these organs may, by becoming adherent to the sac, prevent reduction of

the hernia and also furnish a serious obstacle to amputation.
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Tlic chief clanger from a hernia of this nature is from strangulation and

iiipture of the intestinal wall. Strangulation ma}' occur from constriction hv

the sphincter, the le\'at(>r ani. oi- the longitudinal muscular lihres of the rectal

wall.

The treatment of such ca.^es consists, hrst, in reducing the hernia, if possi-

ble, by gentU' taxis, undi-r the influence either of a general anaesthetic or of

large doses of mori)hia, the patient being i)laced in the Trendelenburg or an

exaggerated knee-chest position. After the ])rocidentia has been reduced, j;he

ojierator's fingers should be carriinl into the rectum to reduce the hernial pro-

trusion in the rectal anipulla. A\"hen such means fail to reduce the hernia,

laparotomy should be performed at once, the adhesions broken u{), and the

intestines drawn into the abdominal cavity.

Advantage should be taken of such an opportunity to do a sigmoidopcxy

for the relief of the rectal prolapse. The intraperitoneal route also affords an

opijort unity for resection of any gangrenous loops of the intestine that may be

present and for ol)literating the hernial sac by suturing its walls.

Rupture of the hernial sac may take place through the rectal wall. It may
occur si)ontaneously, being induced by the act of vomiting, by the patient's

straining while at stool, by his lifting some heavy object, or through the efforts

of the surgeon to reduce the prolapse and hernia. If th(^ prolapse is down at

tlie moment of rupture, the contents of the hernial sac will protrude from the

l)ody; if the rupture occurs when there is no protrusion outside of the anus,

the small intestines will ))rotrude into and fill the rectum. The presence of the

small intestine in the hernial protrusion will make it easy to recognize the true

state of affairs.

The symptoms develop suddenly. They are: acute pain, followed by pro-

lapse; shock; and protrusion of the small intestines.

While the mortality in such cases is generally high, yet if the protruding

intestines or other contents of the hei'uial sac can be reduced at once and the

rent sutured, a favorable result may be looked for.

Before the attempt is made to reduce the i)rotrude(l l)owel the patient

should be held in an exaggerated knee-chest position, or, better still, he should

be suspended by th(> fe(>t ; for, when the body is placed in either of these

position.'*, the bowel may recede spontaneously. Great care should be taken

to ascertain i)ositively that the intestin(s have been returned to the abdominal

cavity, and have not merely been crowded into the rectum. If the intestines

have becomes gangrenous they should be thoroughly cleansed, the i)rotruding

part excised, and the segments of the intestines that are left outside should be

tied off. Laparotomy should then be peti'oitiied, and an end-to-end anasto-

mosis of the healthy intestines attemi»ted. If the bowel is not gangrenous,

laparotomy should be i)erformed at onc(>, the j)r()tru(ling intestines drawn back

into the abdominal cavity, and the rent in the rectal wall sutured from the

peritoneal side, if possible.
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XIII. BENIGN TUMORS OF THE RECTUM.

Under this heading only those tumors will be considered which produce no

constitutional disturbance beyond such as may be due to mechanical irritation

and reflex manifestations.

The classification of tumors of the rectum is usually based on their histo-

logical characteristics, and the broad differentiation between benign and ma-

lignant tumors which is made on these lines, is this: that in benign tumors

the cellular elements are fully developed and normally arranged, whereas in

malignant tumors the cellular elements are irregularly arranged, are imper-

fectly developed, and are found growing outside of their normal sites. Further

than this, we do not know what inherent qualities or characteristics should

render one benign and the other malignant.

Under the above classification the following subdivisions naturally sug-

gest themselves: Tumors of the connective-tissue type; tumors of the nuis-

cular-tissue type; tumors of the ejiithelial type; and irregular growths.

Among the benign tumors belonging to the first subdivision are: fibroma,

enchondroma, lymphadenoma, lii^oma, and myxoma. Myoma and fibromy-

oma belong to the muscular variety of tumors and both of them are benign.

Those benign tumors which belong to the epithelial variety are adenoma and

papilloma. Among the irregular growths the following are benign: cystomas,

fungi, vegetations, and excrescences.

Fibroma.—Tumors of this type are rarely found in the anus and rectum.

A fibroma in this locality originates in the connective tissue of the submucosa,

and sometimes attains considerable size. It may remain in the rectal wall or

it may assume the form of a polypus.

A pure fibroma is composed almost entirely of fibrous tissue, with only a

few blood-vessels, but many of these tumors contain, in addition, muscular

and glandular tissues. What is known as a fibrous polypus is a good example

of this mixed variety. It rarely undergoes transformation, but, when it does,

it degenerates into a sarcoma.

Irritation and tenesmus, with a dragging sensation when the growi^h is

pedunculated and is grasped by the sphincter, are the usual symptoms when-

ever the growth attains nuich size.

Enchondroma.—An enchondroma is a still rarer form of the connective-

tissue variety of tumor, and is composed of cartilaginous and fibrous tissues.

Only a few cases of rectal enchondromata have been reported.

Lipoma.—A lipoma is a tumor composed of adipose tissue. ^Yhen found

in the rectum tumors of this nature ordinarily develop from the submucous

layer. The gro\\-th may form a part of the rectal wall or it may simply spring

from it in the form of a pedunculated tumor.

The removal of a rectal lipoma, when pedunculated, should always be pre-

ceded by ligation of the pedicle, on account of th(> possibility of an invagina-
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tioii of the ppritonoiim into the intrstiiuv Where th(> tumor is einhedded in

th(> reetal wall, it shdiild he ivmoNcd hy incisinii llic mucous membrane over

the lumoi'. cuuclcat inu' it, and ihcii, if piissihlc sului'iui!; the wound.

Myoma.—A myoma is a tumor composed of nuiseular tissue alone or com-

bined with fibrous tissue. RcM'tal tumors of this nature are nodular in shape,

and they may be either pedunculated or embedded between the submucous

and muscular layers. AMicre tiie fibrous tissue is present in considci'ablc (|uan-

tity, the tumor is calletl a }il)romyoma. Myomata are not very vascular.

"When a myoma is small and embedded in the rectal wall, its hard consistency

and nodular form may lead one to mistake it for a scirrhous cancer.

^^'lu'n the tumor is located not more than foui- inches above the anus, and

the mucous membrane is freel\- mo\able o\er it, the better plan will be to

remove the mass through an incision which divides the skin posterior to the

rectum and extends into the nuiseular wall of the bowel, l)ut do(>s not penetrate

the nuicous membrane. After the growth has been removed, the vih^c^ of the

wound should be accurately l)rought together and sutiu'ed. I^ut if the tumor

is taken out through the amis, great care should be taken to furnish fi'ee di'aiuage.

Ljonphadenoma.—The lymjjhadenoma, which is developed from the lym-

phoid tissue, is only occasionally found in the rectum. It is soft to the touch

and may attain considerable size.

Rectal lymphadenomata may or may not be pedunculated. They are

likely to be confounded with lymphosarcomata. It is said that they are fre-

(juently found in connection with Ilodgkin's tlisease. They are lobulated,

soft, and of a bright-red color, and they are never multiple.

The symptoms of a rectal lymphadenoma are onl}^ such as may be e.xcited

l)y the presence of a tumor in the rectum.

Excision of the tumor together with a broad margin of the surrounding

healthy tissue is the jiroper treatment to adopt; for, while tumors of this

nature are gencn'ally considered benign, both Stengel and Ziegler say that they

are fi-e(|uently malignant.

Myxoma.—A myxoma is a soft, flabby growth, either ])olyi)oid or s])herical

in shajK', and enclosed in a thin capsule. It consists of a gelatinous mucin

throughout which are scattered branched or stellate cells. It is ran' for these

tumors t(^ exist as pure myxomas; they are freciuently mixed with fibrous,

fatty, cartilaginous, or sarcomatous tissue. According to Stengel, the \ascu-

lar supi)ly is scanty.

Adenoma.—An adenoma of the rectum is develoi)ed from the mucous and

submucous coats, and as a conse(iuence all the elements that enter into the

composition of these layei's are found in the tumoi'. A large number of I'ectal

polypi are adenomatous in character, but all polypi in this locality ai-e not

adenomas, neither ai'e all adenomas polypi.

The tumors may be multiple or they may occur singly. In childi'cu there

are generally one or two, and the.se are likely to be distinctly polyi)oid in char-

acter, with long pedicles. In adults they are often nuiltiple, with jx'dicles

which are short and thick. In children the fibrous tissue is likely to predom-



SURGICAL DISEASES OF THE ANUS AND RECTUM. 893

inate, whereas in adults the muscular, the epithelial, and the glandular elements

are apt to be in excess of the connective tissue.

Simple adenomas occur principally in childhood. The tumors vary in size

from that of a very small cherry to that of a hen's egg or some lai-ger object.

The form of the pedicle varies with the size of the tumor, being, as a rule, nuich

attenuated where the size and position of the tumor are such as to subject it

to a certain amount of dragging. The firnmess and vascularity of the tumor
will depend upon the amount of fibrous tissue in the pedicle and body of the

growth. These tumors may undergo degenerative changes, and, wliile they

are generally benign, it is not very rare for them to assume a malignant form

or to be followed, after they have been removed, either by the return of the

same kind of growth or by the development of a new growth of a malignant

nature.

AMien the pedicle is narrow it may be twisted, tied, or snared off. If the

pedicle is broad or the tumor sessile, the entire mass should be removed by an

incision which is carried through the mucous membrane down to the muscular

layer, and should include a wide margin of healthy tissue. If any of the base

of the pedicle remains it should be ligated, and the wound should be closed

with catgut sutures.

Multiple Adenomata.—The rectum, the sigmoid, and sometimes the entire

colon may be the seat of multiple adenomata. Their etiology, pathology,

symptoms, and course differ from those of simple adenomata. Quenu and

Landel {Revue de Chirurgie, 1889, Tom. XIX., pp. 465-494) give a most ex-

haustive review of this subject. They point out, not only a difference in the

ages at which the two varieties of adenoma occur, but also certain differences

in their histology and pathology, differences which settle definitely the cjues-

tion as to their being two separate varieties. Multiple adenomata constitute

a disease that belongs especially to adult life. The authors above-cjuoted found

that over fifty per cent of these cases occurred in individuals between the ages

of twenty and thirty-five years. They do occur at an early age, however. One

of us has seen three cases in children of three, five, and nine years, respectively.

^^Tlile in multiple adenomata there is a hyperplasia of the normal glandu-

lar tissues of the bowel, the exact cause of this hyperplasia is not definitely

known. It has been attributed to hereditary influence by some, to parasitic

and to microbic influences by others.

From a review of the cases reported, it would appear that the rectum is

the portion of the intestinal canal which is most frequently affected. The

growths may vary in size from a hemp-seed to a good-sized egg, and, in con-

formation, from a smooth, round, shiny tumor, to a rough, and wart-like

growth. Multiple adenomata are more likely to be sessile than to have ped-

icles. There is always more or less proctitis and colitis along with this con-

dition. According to Quenu and Landel it is more likely that the changes in

the mucous membrane are of a trophic nature than that they are due to me-

chanical irritation.

The symptoms observed in these cases are: at first, a slight diarrhoea,
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which soon becomes very annoying; digestive disturbances; and exhaustion,

Tlie stools, which at fii"st are simply diarrhceal in character, contain, at a later

stage, nuu'us. with both fresh and decomj^oscd blood. There is also tenesmus,

with bearing-down ])ains.

The only positive and satisfact(^ry method of making a diagnosis is by in-

spection through the proctoscope, ^^'ith the aid of this instrument one may

determine, not only the fact of the presence of these tumors (when they are not

too far uj) in the IjoweD. but also their actual number, their general characteris-

tics, and the extc^nt of surface involved. In

order to ascertain whether or not the tumors

have undergone malignant transformation, it

will be necessary to cut off one of them and ex-

amine its base microscopically. It must be

borne in mintl, however, that a negative exam-

ination in the case of one tumor does not prove

that some one of the others may not have un-

dergone a malignant change. As a rule, in

about three out of four cases of multij)le ade-

nomata, malignancy is likel}^ to show itself sooncn-

or later in some of the growths. Ordinarily, the

microscopic examination shows that these

growths are comjwsed of hypertrophied glands

and connective tissue, covered with cylindrical

e])itlielium. Xeitliei' restriction of diet nor in-

ternal medication seems to exert more than a

temi)orary control over some of the symptoms

(the diarrhoea, for instance), and it certainly ex-

erts no influence whatever over the adenojnata

themselves. At the same time much may be

acconii)lishe(l in these cases by cold astringent lavages and internal medication,

>ucli as salicylate of bisnnuh, tannoi)iii, and o])ium, toward (luieting tiie tenes-

mus. It is usually taught, however, that the growths are best dealt with by

removal, as by snaring, by ligature, and by cauterization. Before one re-sorts to

the latter, however, it is very important to determine, if possible, the existence

of malignant degeneration. If it be found to exist, no operation short of a

radical removal of the affected area should l>e undertaken. If. however, the

gi'owths are cotifined to the rectum and sigmoid they may be removed, through

a cylindrical ])i-octoscope, witli a wire snare oi- by twisting them off with forceps.

Through a i)ersistent repetition of this oj)eration, good results have been olv

tained by a number of operators; and yet there are others who have found

that new tumors appear in the ))lace of those which have been removed.

\\'he|-e the repeated remox'al of the adenomata fails to gi\'e the de<il'ed relief

and the j)atient continues to grow worse, one may choose, as a palliative

measure, either one of the following operations: an inguinal C(»lostomy. prefer-

ably on the right side, ifthere is reason to belie\-e that the whole <)f the colon

Fig. 3tJ9.—View of the Surface

of a Papilloma of tlic Hoctuni.

(Earle and Tut tie.)
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is studded with the growths; or, better still, an anastomosis of the ileum with
the lower loop of the sigmoid flexure, after the rectum has been cleared of the
adenomata. If malignant transformation has taken place in the tumors then
excision of the entire affected portion of the bowel may be resorted to. In

the noted case of Lilienthal the entire colon down to the lower portion of the

sigmoid was successfully removed, and the patient made a good recovery.

Papilloma: Villous Tumor.—A papilloma consists of a lobulated, spongy
mass of elongated and hypertrophied villi, which may either be aggregated

into a tumor-like mass, or arranged as a fringe

around a part or the whole of the circumference

of the rectum.

Papillomata arise from the mucous membrane
and from the submucous connective tissue of

the rectum, and, although they are said to arise

high up in the rectum, yet, of the three cases

seen by Earle, all were close to the anal margin,

and one formed a fringe which extended over

four-fifths of the circumference of the rectum,

just within the internal sjjhincter. These growths

may drag down the mucous membrane and thus

give to the tumor the appearance of being pedun-

culated, notwithstanding the fact that, in nearly

all cases, it is attached by a broad base. (Figs.

369 and 370.) These tumors, which are red in

appearance, soft, and velvety to the touch, vary

in size from that of a pea to that of a small egg.

Usually they do not have a spherical shape, but

are simply raised a little above the surface of

the mucous membrane, with the villi projecting

free into the lumen of the bowel.

As shown by the schematic cut taken fi'oni

Quenu and Hartmann, these tumors sometimes assume a pedunculated form.

The etiology of these growths is not understood.

The most constant and prominent symptom is the abundant discharge of

clear, glairy mucus. Hemorrhages from the bow^el vary considerably as re-

gards both frequency of their occurrence and the amount of blood lost. Some-

times the latter amount is excessive. WHien these gro^^1;hs are attached low

down, they generally protrude during defecation, and, even though they may
be of medium size, it ma}' be found necessary to return them. It is when they

are down that they are likely to bleed profusel}', and, in addition, there is likely

to be a feeling of weight about the perineum and sacral rc-gion.

One characteristic feature which distinguishes simple pajiillomas from c}'-

lindrical epitheliomas, is the absolute absence of induration at the base of the

growl^h or at the point where it springs from the rectal wall. (Quenu and

Landel.) The chief characteristics of these growths are their soft, villous sur-

FiG. 370.—Papilloma of the Rec-

tum; View of the Base of the Tu-
mor after Its Rem.oval. (Earle and
Tuttle.)
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face, ratlu'i- hioad pedicle, and the large amount of clear mucus which is gen-

erally discharged from the rectum. They resemble very closely adeno-car-

cinonias of the rectum.

Allingham claims that rectal papillomata recur as carcinomas after their

removal, anil Quenu and Landel claim that they have obser\'ed the transfor-

mation of one of these tumoi-s into a malignant neoplasm, without its having

been o]K'rated upon.

Prompt and thorough removal is the onl}' proper treatment for these tumors.

The jH'dicle should be transfixed, close to its bas(\ with a needle that is armed

with a double ligature; the ligature should then be tied on both sides and the

tumor cut olT; or, if the pedicle is so large that it camiot be ligated, the tumor

should be removed and the edges of the wound drawn together with catgut

sutures. In cases in which the tumor has become malignant, resection of the

bowel may be called for, or it may be necessary to adopt such other measures

as will be considered under the head of Malignant Tumors.

Polypus.—This term is ai)i)lied to any growth that is attached to the sur-

face of the rectu!u by a pedicle which is narrowei' than the tumor itself.

While polypi may be found throughout the intestinal canal, they are en-

countered much more frecjuently in the rectum. They occur generally as isolated

growths; yet. in adults, it is not unusual to find several in the same subject.

The tumors which most frecjuently take on this polypoid form are, accord-

ing to their histological classification, hypin-trophied solitary follicles, ade-

nomata, fibromata, and li])()mata. The most common form, especially in

children, is the soft, mucous variety, which ])robably originates in an inflamed

solitary follicle. The appearance, form, and density of polypi depend upon

the type of tumor to which each belongs, and these characteristics have been

given specifically untler the description of each.

Treatment consists in the removal !)y snare, torsion, oi- excision after pre-

vious ligation.

Cystoma.—As the name im))lies, cystomata are encysted tumors, such as

sim])li' dermoid and hydatid cysts.

One rarely sees a cystic tumor of any kind growing from the walls of the

rectinn, although dermoids are not infrequently found (Mubedded in the tissues

of the recto-vaginal septum or of the retro-rectal space; and sometimes one

of them breaks through the rectal wall and appears on the free surface of the

mucous memimme as a pedunculated tumor, the pedicle being attached to the

tissues in one of these sjjaces.

Extra-rectal Dermoids.—As stated above, dermoids may occur in either

the anterior or the posterior rectal space and also just beneath the skin, be-

tween the anus and the sacrum, in which locality one of us has found th(>m

most frequently: nor are they as rare in any of these localities as in the

rect.nl wall. These dermoids are sii:i:lar to those which occui- elsewhei'e in

the body. They should be removed by (Hssectioii, umh-r the most careful anti-

septic i^recautions.
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Postanal Dimples.—Postanal dimples occur chiefly over the region of the

sacrum, coccyx, and posterior margin of the anus, and are said to be caused

by imperfect union between the two lateral halves of the fo-tal body. Thev
occur as alight, fissure-like, or cylinder-like depressions in the skin, varying

in depth from several inches to a mere dimple. These should be distinguished

from the sinuses which occur in this region as a result of obstructed sebaceous

follicles. Broken-of^" hairs often work their way into these dimples and look

as if they were actually growing therein. They cause inflammation and al>

scesses, which latter may be taken for hstuhe or perirectal abscesses.

If the dimple is deep, and if it has become irritated it may be well to dis-

sect it out and suture the edges of the wound together: but, if it is gi\1ng no

trouble, it is best to let it alone and impress the patient with the importance

of keeping the parts thoroughly clean and free from all collections of irritating

substances.

Angeioma.—An angeioma, which is a tumor consisting of dilated venous

capillaries of the submucosa, is, as a rule, congenital, and is verj^ rarely en-

countered in the rectum. If it is situated low down, it may be excised, or, if

high up. it may be treated by electrolysis.

Verruca.—^Under the heading of verruese are included the warts and vege-

tations which are generally found around the anus in stout people. Aside from

the type known as condylomata lata, which have heretofore been described

under the head of specific ulcerations, these small tumors are in no sense spe-

cific. They represent a simple hypertrophy of the papillarj^ layer of the skin.

Treatment consists in clipping them off with scissors and controlling the

bleeding by hot compresses. After this has been accompUshed the parts should

be kept dressed with some such powder as stearate of zinc or corn starch.

Hypertrophied Anal Papillae.—While hypertrophied anal papillae can

scarcely be called neoplasms, as they are only excessive growths of normal

tissues, yet this section seems to be the proper place in which to consider them.

These papillae are normally located upon the borders of the semilunar

valves, and any one or more of them may become veiy much increased in size

and length. In their nomial state they are endowed with acute sensitiveness,

and this sensitiveness is much increased when they are hypertrophied. Even

in this condition they do not give rise to actual pain, but they cause consider-

able uneasiness and distress by exciting spasm of the sphincter and especially

pniritus ani.

They look like Httle white teats which can be seen either by dragging down

the anal canal or by employing a speculum.

If the presence of these papilla^ is attended with hypertrophy of the sphinc-

ter,- it would be better to use either a general or a local anirsthetic, and then,

after dilating the sphincter, to snip off the growi;hs. If the sphincter does not

recjuire dilating, then the papillae may be snipped off \Aith the scissoi*s. without

an anaesthetic. The bleeding from them would not be sufficient to recjuirc any

treatment.
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XIV. MALIGNANT TUMORS.

Gexeil\l Remarks.—Malignant tumors were referred to at the beginning

of the jirevioiis section as inckuUng tj^pes in which the cellular elements arc

irregularly arranged, grow outside of their normal sites, and are imperfectly

developed.

Instead of the classification that was adopted for benign tumors, where

each tissue involved had its representative tumor, we shall employ, for malig-

nant tumoi-s of the rectum, one in which are included only carcinoma (a tumor

of the epithelial type) and sarcoma (a tumor of the connective-tissue type).

Carcinoma.—From recent statistics it is estimated that, of the total num-

ber of cancers, alxmt G.2 per cent occur in the rectum and sigmoid. The site

in which a rectal or sigmoidal cancer occurs most frequently, is the supra-

jieritoneal portion of the bowel, in which locality it occurred in 67 per cent of

the cases, and in all but 7 per cent of these the recto-sigmoidal juncture

was involved at the same time. These facts have a very imi)oitant bearing,

for they show that a large proportion of cancers of the rectum cannot be

extirj^ated without opening the peritoneal cavity.

Etiolooy.—The etiology of these cancers is not known.

The influence of heredity has not been proven, although some authorities

claim that heredity has i)layed a part in as many as 12.5 per cent of their cases.

The disease occui^s most frequently in the rectum in the middle or the later

period of life, although Tuttle has collected seven cases in which the patient

was under twenty years of age. Cancer of the rectum is more frequent in men
than in women.

Four elementaiy types of cancer are found in the anus, rectum, and sig-

moid, viz., epitheliomas, adenocarcinomas, medullary and scirrhous can-

cers. All of these are subject to various changes, which alter their clinical,

microscopic, and histological features to such an extent that the modified

gro\Al;h is often descril)cd as a separate and distinct type. We shall ignore

these and confine ourselves to the simple types enumerated above.

The essential elements in all carcinomas are the epithelial cells and the

stroma, the former resting in alveoli which are formed by the latter. The dif-

ferent varieties are distinguished by the character of the cells and the amount
of the stroma. The ejjithelial cells are of the embryonic type, and are of every

shape and form; their nuclei may be single or multiple and they contain i)rom-

inent nucleoli. The character of the epillielium is usually that found in the

tissue in wliicii the carcinoma develops; the shape of the individual cell, how-

ever, is governed largely by the pressure to which it is exjmsetl. The cells in

a carcinoma invad(! th(; lymph sjmces and distend them, thus forming alveoli,

but they do not attach themselves to the filirous walls. This fact accounts for

the spread of tlie disease along the lym|)h channels. The blood-vessels and

nerves ramify in the stroma, but they do not extend into the alveoli; hence

the di.sease seldom follows these tracts.
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Epithelioma.—The term epithelioma will be limited, in this article, to the

squamous variety, which occurs at the mucocutaneous margin of the anus.

Histologically, the growth is characterized by the presence of cuboidal or flat

epithelial cells arranged in concentric layers.

An epithelioma begins as a hard nodule in the skin or just beneath it, and

it possesses an indurated base. The skin over the nodule is not movable.

The tumor finally breaks down on the surface and ulcerates. This ulcer has a

tendency to scab over, and, each time the scab drops off, the ulcer is found to

have increased in circumference. The growth gradually tends to surround the

anus and to involve the skin of the perineum and sacrum. It may, or may
not, be painful. An epithelioma is distinguished from a rodent or a tubercu-

lous ulcer by its nodular, indurated, and elevated base.

Malignant Adenoma; Adeno-carcinoma.—A malignant adenoma consists of

tubules of irregular form, arranged in convolutions and lined by cylindrical or

columnar epithelium, similar to that which hues Lieberkuhn's folHcles. The

tubules are separated by a stroma of fibrous or myxomatous tissue.

Clinically, these tumors are comparatively soft, elevated, lobular masses.

They may protrude into the rectum to such an extent as to obstruct its calibre,

and are attended with an abundant discharge of mucus and blood. As a rule,

they are followed by early metastasis (more commonly to the liver), and the

secondary nodules possess the characteristics of the primary growth. Not only

may the columnar cells of the rectum be identified in the secondary growths

in the liver, but they actually develop in this new locality into gland tissue

that is identical with Lieberkuhn's follicles of the rectum.

Medullary Cancer.—Medullary cancer consists of a soft, pulp-like growth

composed of large irregular epithelial cells which are coarsely granular and

multinucleated. The stroma is scanty, fibrous in character, and filled with

inflammatory corpuscles. The epithelium is arranged in an irregular manner,

sometimes in nests or alveoli, which are large. The stroma is abundantly sup-

plied with blood-vessels. Of all the fonns of rectal cancer this is the most

malignant.

Clinically, a medullary cancer occurs as a soft, nodular, ulcerating mass,

upon a dense fibrous base. It grows rapidly and soon involves the neighbor-

ing organs. Involvement of the lymph nodes occurs earlier than in other forms

of cancer, although remote metastasis is not so frequent, owing to the fact that

a fatal result is likely to take place before this occurs.

Scirrhous Cancer.—Scirrhous cancer is composed of a dense, fibrous stroma,

with a series of alveoli which contain atrophied or degenerated epithelial cells.

This type of cancer is the least frequent and the slowest-growing of all cancers

of the rectum.

Clinically, a scirrhous cancer appears as a gradually contracting stricture

of the rectum. It is attended with little if any pain and only slight discharge;

hemorrhage does not occur.

Unless the tumor undergoes a transformation in type, death is most likely

to occur through intestinal obstruction.
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Colloid Carcinoma.—Colloid caroinonia is merely a degenerative change

which may take place in any one of the four tyju's which we have just described.

In a similar manner, any one of them may take on a myxomatous, mucous, or

cystic degeneration.

Symptoms.—The symptoms depend upon the tyju' of the tumor, its site in

the rectum, and the stage of the disease, hut, generally sjH'aking, it is a matter

of sur|)rise, in ;ill fniiiis of cancer of the rectum, if located above the internal

sphincter, how few and how faintly ])i-()nounced are the symj)toms, even after

the disease has advanced to considerable proportions. This fact seems to be

Fig. 371.— DrawiiiK Illu.strate.s a Case of .^deno-C'arciiioina of the Rectum. (Earle and Tiittlo.)

one of the chief reas')ns wliy so many cases of cancer of tlie rectum do not reach

the surgeon uiili! tliey are inoperable, and il em|)hasizes the necessity for the

family ])hysician to make a digital examination of the rectum as .soon as his

attention is called to such vague sym|)toms as a sense of weight and discom-

fort in the region of the sacrum or around the pelvis; the existence of con.stipa-

tion alternating with diai'iiiiea ; tlii' occiu-i'cnce of discharges of mucus tinged

or not with blood; the recurrence of bleeding on defecation, and especially the

presence of dark blood in the stools; the patient's gra<lual loss of strength;

and the existence of pain, at hi'st vague, but afterward moic pronounced.
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Even by the time these symptoms attract the attention of the patient and

physician, the disease is probably well developed, and it is impossible to say

when it began. The lower three or four inches of the rectum should first be

thoroughly examined with the finger for the presence of any growths or in-

durations. Then afterward, vrith the pneumatic proctoscope or the sigmoid-

oscope, the upper part of the rectum and the sigmoid shoidd be thoroughly

examined, and, if any growths at all are found, pieces of them should be

pinched off with specimen forceps and examined microscopically, so that,

at the earliest possible moment, the presence of a malignant growth may be

recognized. As the disease advances, in the case of an adenoid or a medullary

type of carcinoma, the most pronounced SA^nptom consists of frecjuent calls to

stool, which result in small discharges of gas, niucus, and blood, associated with

an annoying tenesmus, which is not relieved by the stool or is relieved for only a

short while. Pain, in these cases, is likely to be marked, although it is often

vague, shooting through the pelvis or down the extremities. It is much more

pronounced when the sphincters are involved than when the growth is located

high up in the rectum.

Constitutional symptoms, such as loss of weight, ana?mia, and increasing

sallowness of the skin, begin to manifest themselves at a comparative!}^ late

stage. Local examination at this stage reveals a variety of conditions—some-

times there is a smooth, hard, lobulated mass involving the entire circumfer-

ence of the rectum ; at other times a similar mass is found, but it involves only

a limited portion of the bowel; then again there may be a proliferating cauli-

flower-Hke growth (Fig. 371); and, finally, there may be no protrusion into the

bowel, but a distinct narrowing of its calibre by an induration which extends

partially or completely around the bowel, with a deep, excavating ulcer In its

centre. These conditions, especially in the medullary type, are associated with

a fetid, gangrenous, and disgusting odor.

In the third or degenerative stage, the symptoms mentioned above are all

more marked. Absolute obstruction of the intestine rarely if ever results from

carcinoma of the rectum itself, which is probably due to the fact that the types

of cancer which occur most frecjuently in the rectum (adenoid and medullary)

are soft and usually undergo ulceration, especially at their most dependent

portions, thus keeping the calibre of the bowel open. On the other hand, such

an occurrence is always likely to take place in carcinoma of the sigmoid, be-

cause the type of tumor likely to develop here is the scirrhous, which has

little tendency to ulcerate, and also because the calibre of the sigmoid is not as

large as that of the rectum.

Above and below the carcinoma, the wall of the intestine is inflamed, often

ulcerated, and very thin. This is more marked above the growth, and it is

here that perforation or rupture is likely to take place. Inflammatory condi-

tions around the growth, and between the rectimi and adjoining organs, are

frequently met with, nor need this inflannr.atory attachment imply that the

attached organs have become involved in the malignant growth.

Carcinoma of the rectum extends by continuity, through the lymi)hatics,
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and possibly also through the blood channels. Dr. W. S. Halstcd (Trans.

Anu'i-ican Surgical .Association. 1907), in speaking of the dissemination of

carcinoma of the bi-cast. (juotes from Handley on "Cancer of tiie Hreast and

its Operative Treatment'' (London, 1907; W. Sampson) as follows: "In show-

ing that cancer cells in the blood excite thrombosis, and that the thrombus

as it organizes usually destroys or renders them harmless, Goldman and Schmidt

seem to have estal^lisheil a fact of jirimary importance, and one which is strongly

oi)pos(Hl to the embolic theory as applied to carcinoma." AVe would there-

fore infer that in most cases of rectal cancer extension takes place unquestion-

ably by one or l)oth of the first two methotls, while its extension by way of the

blood channels is c}uestionable. ^Ye see an excellent illustration of its exten-

sion by the lymphatics in cases of carcinoma of the anus where it travels in

the line of the inguinal lymphatics, which are in the same fascial plane. Me-

tastatic deposits, or a generalization of the cancer, may occur from either the

primar}^ or the contiguous secondary d(^i)osits. The rule, however, is that the

liver is the organ that is generally afl'ectc^d. Whether this occurs through the

blood-vessels or through the lymphatics is not positively known.

Di.\G.\C)Sis.—The only conditions with which carcinoma of the rectum and

sigmoid is likely to be confounded are multiple adenomata, papilloma, sarcoma,

proliferating proctitis, and fibrous stricture. As the first two are likely to take

on maHgnant degeneration, or, when removed, to recur in the form of carci-

noma, it would be wise to treat them as such in the beginning, although, on

account" of the prognosis, it would be better to differentiate between them.

Where the benign is undergoing transformation into the malignant type, noth-

ing less than complete extirpation and thorough examination of the entire

growth will enable one to distinguish one from the other. The most prominent

portion of these growths is the i^art which is most likely to be benign, while

the deejjer portions are most often malignant.

The diagnosis between carcinoma and proliferating ])roctitis is not difficult,

as in the latter disease there is generally a history of syphilis, antl the diseased

condition is uniformly distributed throughout the rectum. Furthermore, in

cancer, the granulations are soft to the touch and without induration.

Between scirrhous cancer and fibrous stricture it is almost imjiossible to

differentiate, except by comijletely excising the mass and subjecting ]iortions

of it to a microscopic examination. The former disease is rai'e in the rectum,

and the latter in the sigmoid. Sciri'hus is generally nodular, whereas in fibrous

stricture the surface is likely to be smooth.

Epithelioma of the anus may be mistaken for condylomata, and, when^ the

C[)ithelioma develops on a ])rolapsing hemorrhoid, it may be didicult (o dis-

tinguish it from the granular condition which the hemorrhoid sometimes pre-

sents; and, l)esides, as Quenu and Ilai'tmaim lia\'e pointed out, on(> should bear

ill mind the resemblance bclwccii these neoplasms and tlie condition ]>i'o(liiee(l

by actinomycosis. In all of these conditions involving the anal orifice a ])osi-

tive diagnosis may be made by a microscoi)ic examination of a clip])ing of the

suspected lesion. Where the malignant growth is located high up in the sig-
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moid, an exj^loratoiy laparotomy maj^ with perfect propriety be done, both

for the purpose of making a positive diagnosis and for that of ascertaining the

extent of the trouble. When such an exploratory laparotomy is done, the

operator should be prepared to do whatever may be necessary, in the way of a

radical extirpation.

Sarcoma.—In the rectum, as in other parts of the body, sarcomata arise

from the connective tissue, and belong to the group of atypical tumors; which

means that they do not agree, either in structure or in the character and ar-

rangement of the cells, with any of the tissues of the adult body. Sarcoma

holds the same relation to the connective tissue that carcinoma holds to the

epithelial tissue. The sarcoma shows its departure from the regular type of

connective tissue by the abundance of its cellular elements, and the carcinoma

shows its departure from the regular type of epithelial tissue by the number

and arrangement of its cells. The characteristic difference between sarcoma

and the other connective-tissue tumors, is to be found in the fact that the con-

nective tissue which forms the type of the sarcoma is represented, not by the

adult, but by the embryonic form of this tissue. The different varieties of sar-

coma may be said, in a general way, to represent the different phases which the

embryonic connective tissue passes through in the course of its development,

and the classification of the different varieties of sarcoma is based principally

on the character of the cells.

Sarcomas of the rectum occur as irregular deposits beneath the mucous

membrane, which, in the early stages, is movable over the growth. As regards

their shape, these tumors are round or elliptical, and their surface is rough and

unequal. At first, they appear as slightly elevated protrusions, then as sessile

tumors, and still later they may become polypoid in shape. Sometimes they

appear as a general fibrous thickening of the wall of the bowel, and in this way

they may be mistaken for a simple inflammatory stricture. Subseciuently the

mucous surface of the tumor breaks down and ulcerates. Sarcomas may ap-

pear singly or there may be several of them. While those which involve the

rectum are comparatively hard, they are not as dense as scirrhous cancers.

As regards their color, they may vary from the normal color of the mucous

membrane to a dark-red or a dark-gray; and when the growth is of the mela-

notic variety, it may appear as a black gangrenous mass.

A sarcoma may appear in any part of the rectum, and it generally termi-

nates fatally much sooner than does a carcinoma. The lymph nodes, in many

cases, but not in all, become enlarged early in the disease.

Metastasis is one of the chief characteristics of sarcomata of the rectum.

The blood-vessels are very numerous and are usually in direct contact with

the cells themselves.

Sarcomas of the intestine develop from the submucosa.

Etiology.—The etiology is unknown.

Symptoms.—The symptoms of sarcoma of the rectum are at first very

vague. Sometimes there may be bleeding and a discharge of mucus, but the

latter symptom is not so marked as it is in the case of an epithelial tumor.
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Where the growth is of the melanotic variety it may Ije mistaken for a fz;an-

grenous hemorrhoiil. The amount of pain depends upon the location of the

growth: and when the tlisease involves the sphincter the pain will be excessive.

Prognosis.—The prognosis is very grave, as the disease tends toward a

widespread metastasis and a rapidly fatal termination. Few patients survive

more than one year after the operation. Earle has under observation two

individuals from each of whom he removed, by complete extirpation, a sj)in-

dle-cell sarcoma of the rectum. In one <if these cases it is now nine years,

and in the other sixteen years, since the removal of the tumor was effected,

and both of the individuals, so far as can he ascertained, are entirely free from

any evidences of a recurrence. "While other similarly favorable reports have

been published, it does not appear that in any one of these instances was the

period of freedom from recurrence longer than in one of the two cases to which

I have just made reference.

Treatment.—The treatment of malignant neojolasms (carcinoma and sar-

coma) of the rectum is both radical and i)alliative. Treatment of the latter

kind, however, is to 1h> advised only after the disease has advanced beyond

the state in which a radical operation can be hop(>fully performed. It will

therefore be considered last, lest some, if they should read the description of

the palliative plan first, might be tempted to try it at a time when there is yet

hope for a radical cure.

In the cla.sses of rectal tumors denominated "benign" there has never been

any question as to the advisability of their removal, but in those called ''ma-

lignant" .some have questioned the benefit derived from a radical operation,

on account of its high mortality and of the frequent recurrences. Extensive

and recent statistics, however, show that in the hands of exi^erienced opera-

toi-s the immediate mortality is steadily decreasing, and that the average

period of life after operation is increasing. Our own statistics pulDlished in

1002 showed an immediate mortality of IS.7 per cent, while the cases operated

upon since then show a mortality of only 10.8 per cent—a total mortality of

13.8 per cent in 108 cases.

As to the permanency of the cure (or the jirolongation of life from that time

onward), three full years of freedom from the disea.so being taken as evidence of

a cure, Kocher, of Bei-ne, ))resented the highest percentage of successes—28.5

per cent of his patients having lived beyond the allotted ]x>riod. His recent

statistics collected by DuPan show a number of cures based ujion the same

figures. The writer has recently reported the histories of one hundred cases,

in forty-one ])er cent of which tlif patients had lived over three years, the aver-

age length of life of these j)atients (since the operation) being, uj) to the present

time, over six years. These statistics are in keeping with the results obtained

by experienced operatoi-s all over the woi'ld, and they offer encouragement to

tho.se suffeiing fi-oiii malignant disease of the r<'ctum.

Inasmuch as the j-ray. radium, serum therapy, and all other methods of

treatment have failed in these cases, surgery is the only resort, and—so far

as one may judge from the statistics given above— it offers results which should
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appear gratifying to those for \Ahoni there is no other hope of Hfc or comfort.

Assuming then that radical removal is the proper treatment in all suitable

eases, we maj^ proceed to study what are the indications and contraindications

for operation in malignant tumors of the rectimi.

The main indications for operation are the existence of the tumor and a

conseiousness, on the part of the surgeon, of his ability to remove it without

an excessive fatality. If the patient is in good physical condition, if his heart,

lungs, liver, and kidneys are free from disease, neither the site, the size or the

character of the tumor, nor the extent of the bowel involved, should cause one

to deny, to sufferers from these diseases, the possible benefits to be derived

from surgery.

The contraindications to extirpation are: immobility of the tumor; in-

volvement of other organs, especially the bladder, Hver, or bony frame of the

pelvis; enlargement of remote lymph nodes; the presence of nodules in the

skin; any evidence of general carcinosis; advanced lung, heart, or kidney dis-

ease; or any condition producing feeble and rapid pulse and a low power of

resistance.

The type of tumor should always be considered when one is weighing the

advisability of extirpation. Medullary cancer and squamous epithelioma are

more unfavorable than scirrluis and simple adeno-carcinoma. Just how far

these contraindications should control us can be told only by wide experience

and good judgment of all the conditions in each individual case. Some of the

best results from operation are often obtained from what seem to be the most

hopeless cases. Immobility of the tumor, for instance, is generally considered

to be the most positive contraindication to operation, and yet, this may be

caused by simple inflammator}^ adhesions to other organs. The writer has

operated upon at least ten patients in whom the tumor was practically im-

movable, owing to attachments to the prostate or sacrum, and in these cases

he has obtained excellent results. Attachments to the prostate, the seminal

vesicles, and even the uterus, though undesirable complications, are no longer

considered, by the most experienced operators, as precluding extirpation.

Involvement of the vaginal wall would not at first sight appear a serious com-

plication, but experience teaches us that, where it has occurred, the probabili-

ties of a pennanent cure are ver}' remote.

The site of the tumor may l^e considered a contraindication or not, accord-

ing to the judgment of the surgeon. It may be stated as an axiom that the

nearer the tumor is to the anus the less will be the fatality from operation and

the greater the danger of recurrence; while the further the tumor is from the

anus the greater will be the mortality from operation and the less the tend-

ency to recurrence. Thus, in tumors situated high up in the rectum, the risk

of operation is greater, but the chances of a permanent cure are better. In

our early experience operations by the combined methods on the tumors that

were situated high up proved disastrous. The same experience has fallen to

the lot of nearly all operators, many of whom have abahdoned the procedure

altogether. Recently, however, v\'e have had a larger proportion of successes,
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tlu' last nine cases having made good rccoN-eries. ^^\' therefore feel more hope-

ful with regard to those cases in which th(^ tumor is situated so high that its

removal necessitates a resort to the abdominal or the combined operation.

The extent of the bowel involved by the tumor may be a contraindication

to oi)eration in two ways: P'irst. the greater the tumor the longer will it have

existed, and the more likely i< it that othei- organs are involved or that metas-

tasis ha^ taken placis secondly, the greater the amount of bowel involved the

greater will be the shock of the o{)eration. A\'hile this feature does not consti-

tute an absolute contraindication, many extirpations of large portions of the

bowel doing better than less extensive ones, we must nevertheless bear it in

mind when we give our prognosis as to the ])robable result of operative inter-

ference. The amount of intestine which it is practicable to remove, either by

the perineal or by the combined operation, depends upon the length of the sig-

moid and its mesentery in each individual case. In two cases the writer has

removed portions of the rectum and sigmoid that measured respectively 39

and 44 cm., and in doing this he experienced less difficulty than he has found

in removing, in other cases, ])ortions that measured only 15 cm. in length.

There is no way of telling ])()sitivelv in advance how much of the intestine can

be brought down, but. if it is possible to get a sigmoidoscope beyond the tumor.

one can determine this fairly well by the degree of mobility of the sigmoid:

this mobility indicating the length of its mesentery. However, from the i)oint

of view of its value as a contraindication, the consensus of opinion is that, the

greater the amount of bowel which it may be found necessary to remove, the

less favorable will be the prognosis.

The age and sex of the patient arc also to be considered in deciding for or

against operative interference. The mortality in patients above sixty years of

age is rather high (about twenty-two i)er cent), but the percentage of perma-

nent cures is also high (sixty-five per cent). In patients under thirty years of

age cancer has usually been considered hopeless, but, in our experience, only two

out of the nine patients under thirty years of age have died—one from operation

and one from recurrence. To us, therefore, the period of life fi'om thirty to

forty years has seemed the most unfavorable for operation; that from fifty to

sixty, on the other hand, appearing the most favorable. As to sex, women

bear the abtlominal and combined operation better than men. In other re-

spects there is practically no difference between the two sexes.

The degree of j)reparedness of the surgeon may be a serious contraindica-

tion to extirj)ation of the rectum. While every operator on the rectum must

ha\-e his fii-st operation of this nature, he should not begin with one which is

es|)ecially difficult. Every minute, every drop of blood, every inch of arterial

supply saved in such a serious oi)eration is of importance, and only exi)erience

can teach one how to conserve them. Fre(i,uent practice on the cadaver is

necessar}'^ to fit one to do this oi)eration on a living subject.

Then, finally, the rights and desires of the ])atient are to be considered in

deciding for or against o))eralion. I'] very man has a right to know exactly

what his condition is and what are thi- dangers incurred if it be left untreated;
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he should also be told the probable result of operation. He can then choose

for himself whether, in a desperate case, he will take his chance for life and
comfort through operation. If he so decides, the surgeon should not refuse

to undertake the work even though the probabilities are against a successful

issue.

All these indications and contraindications having been considered, and

operative interference having been determined upon, one must select the

method which is best suited to each individual case. While there are a large

number of methods named after individuals, there are really only five which

deserve consideration, viz.: the perineal, the parasacral, the abdomino-peri-

neal or combined, the abdominal, and the vaginal. As to the comparative

value of these different operations, it is scarcely possible to make a positive

statement, inasmuch as they are each applicable to different classes of cases.

The perineal and vaginal operations give the lowest mortality and the para-

sacral the next lowest. Then comes the abdominal operation, with a some-

what higher mortality; and the combined operation follows this, with the

highest mortality of all. If the conditions warrant, the preference should be

given to the different operations in the order here named.

The preparation of the patient is the same for each of these operations,

and may be described as follows:

Preparation of the Patient.—At least one week is required for the proper

preparation of the patient for an operation of extirpation. He should be fed

on a concentrated but mixed diet—such, for example, as white meats, strong

broths, milk, beef juice, refined cereals, and small quantities of toasted bread.

If the digestion is impaired, predigested food, such as peptonized milk and

infant foods, should be given in as large quantities as the patient will bear.

He should have, once every day, a saline laxative, preferably Epsom salts, in

a sufficient quantity to give one or two liquid movements; he should also be

given some form of intestinal antiseptic. The writer has had the best results

with betanaphthol, in capsule (ten grains three times a day). Some patients

cannot take this drug, and, when this is the case, salol or sulpho-carbolate of

zinc may be administered in its place. The rectum should be irrigated twice

a day with a mixture of hydrogen dioxide (strength, from ten to twenty per

cent). Bichloride of mercur}^, potassium permanganate, or carbolic acid solu-

tions, of suflficient strength to sterilize the parts, are all too irritating.

On the night previous to the operation all foods should be stopped, and

large doses of deodorized tincture of opium given. The administration of this

remedy should be continued for several days after the operation, in order to con-

trol peristalsis and also for its well-known influence upon peritoneal inflamma-

tions. The pubic, perineal, and sacral regions should be shaved and dressed

with a bichloride dressing several hours before the operation. After the patient

has l^een ana:>sthetized, the rectum should he injected with about six ounces of

a fifteen-volume preparation of hydrogen dioxide. By these means one is usu-

ally able to empty the bowel and bring it to the operating table in a fairly sterile

condition. There are cases, however, in which the stricture is so tight that the
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inti'stine above it cannot be wasluxl out and emptied. The question then

arises as to what it is best to do in these cases. Personally, I prefer incising"

the grow-th posteriorly and curetting it sufficiently to allow the fecal material

to pass. I haw never seen any harm come from this procedure, and, if the

parts are curetted and cauterizcnl with an actual cautery, the elements of sei>

i^is are largely obliterated and the i)atient experiences very little shock.

•Many siwgeons believe that, in these conditions—in fact, in all contem-

jolated extirpations of the rectum—the establishment of a preliminary arti-

ficial anus constitutes the most satisfactory j^reparation. This ]3rocedure, as

advocated by Schede, has been practised all over the world. Some make the

anus in the sigmoid, others in the transverse colon, and some in the ascending

colon. Some make a preliminary artificial anus, and some a permanent one.

The method has some advantages, and among them may be mentioned the fact

that one is able to examine the liver and the prevertebral lymph nodes and

thus determine whether they have been involved by the malignant process.

Still another advantage is to be found in the fact that it turns the fecal cur-

rent aside and i:)revents infection of the operative field from this source. "WTiile

these advantages cannot be denied, it must be remembered that the adoption

of this coui-se subjects the j^atient to two operations instead of one, and that,

if the opening is made in the sigmoid, this act is very likely to interfere with

the bowel being brought down, at the time of the extirpation, sufficiently far

to restore the anus to its nonnal ]^osition. On the whole, surgeons are employ-

ing less and less this plan of making a preliminary anus. The writer has ceased

to use it altogether, except in cases so debilitated that they cannot undergo a

major operation. In such cases the patients sometimes improve so much, after

a colostomy, that (Extirpation, which at first seemed impossible, becomes quite

feasible. It is only in cases of this nature that we advise preliminary colostomy.

Technique of the Different Methods of Operating.—The methods of operating

differ largely in their modes of gaining access to the part to be removed, and

as regards the i)roper mode of treating the ends of the; intestine after the tumor

has been amputated or resected.

(a) The Peiineal Method.—Under this heading, it has always been cus-

tomary to describe the old methods of Lisfranc, Dieffenbach, Velpeau, Ailing-

ham, Depage, and Cripjis. These methods, however, have all been superseded

by the modified Quenu operation, which not only preserves the s])hiiH'lers, but

also the levator ani muscle, and enables one to remove the lymph nodes as

effectually as in other o|)erations. The technical details are as follows:

Modified Quenu Ojieration.—The i)atient is prepared in the manner de-

scribed above, and is placed in the extreme lithotomy position on the ojx'rating

table. A small circle of muco-cutaneous membrane is dis.sected up around the

rectum, and a strong silk ligature is passed around the anal o])ening in order

to prevent the escape of feces and also to remove, from the operator, the tenij)-

tation to insert his finger into the infected cavity. (Fig. 372.) Some opera-

tors introduce sponges or gauze into the rectum in order to facilitate dissec-

tifin. .After the ligature is tied about the anal o])ening, the rosette-like mass
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Fig. 372.—Methods of Resecting the Sacrum in Extirpation of the Rectum. .4, Kraske's; B,
Hochenegg's; C, Bardenheuer's ; £>, Rose's; is, von Heinecke's; i^, Levy's; G, Rydygier's; //, Hegar's.
(Earle and Tuttle.)
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which i)rojccts beyond the hgatiire is cauterized with jnire carbohc acid or with

the actual cauteiy. The external sphincters are next dissected from their at-

tachment to the rectum and drawn away to the sides by retractoi-s; they are

then split anteriorly to the perineal body, and posteriorly to the coccyx. (Fig.

373.) The latter incision is carried well up along the right side of the coccyx

into the retrorectal space. The fingers are then carried into this space, and the

rectum, with all the cellular tissue, is separated from the anterior surface of

the sacrum as high up as the promontory. The mass of cellular tissue is then

peeled otf on each side of the rectum, from above downward, as far as to the

Fio. .373.—Perineal Extirpation of the Rectum. (Qui'nu-Tuttle MetJiod.) li, Rectum; E, exter-

temal spliiucter; C, coccj'x; T, transversus perinci muscles; .1, bulbous urethra. (Tuttle.)

attachment of the levator ani nuisclc, which is then grasped with forceps, and

cut over the finger on Ixjth sides of the rectum, thus loosening all the latter's

attachments except those which l)ind it to the perineal body and prostate, or

the vagina, in front. These tissues and the ano-bulbar rhaphe having been

cut through, the rectum is freed throughout its entire circumference, and the

superior pelvi-rectal s|)ace is entered. (Fig. 374.) The cellular tissue may be

di.s><ect(!d with scis.><ors or torn off with the fingers. Just above it, is found

the peritoneal cul-de-sac, which may be .stripped up in .sonu; cases, but should

always be ojiened if the neoplasm extends above it. (Fig. 375.)

In males, before dissecting the rectum loose from its perineal attachments,

one .should introduce a urethral s(jund to serve as a guide and thus prevent
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wounding the urethra. The peritoneum having been opened, it should be cut

back on either side of the rectum until its attachments to the sacrum have been

reached. Before the mesorectal and mesosigmoidal folds of the peritoneum

are incised, the cellular tissue between these folds should be loosened from the

bone, so that the blood-vessels which it carries may not be wounded in the

next step of the operation, which consists in cutting the peritoneal folds that

hold the bowel to the bony frame of the pelvis. Too much tension should

never be put on the blood-vessels which support the rectum; and if, upon

exerting gentle traction, one finds that it is the blood-vessels and not the meso-

FiG. 374.—Permeal Extirpatiou—Louseuiiig Rectum from Anterior Perineal Rhaphe. L, Levator
ani; R, rectum; M, rhaphe. (Tuttle.)

rectum which prevent the bowel from coming down, he should strip the fat

from the vessels and clamp the latter before cutting the folds.

"WTien the bowel has been pulled down sufficiently to bring the tumor well

outside the anus, the anterior peritoneal opening should be closed by sutures,

the peritoneum being attached around the bowel well above the tumor. (Fig.

375.) The musculature of the perineum should be sewed around the bowel,

layer by layer, until the external sphincter is reached. Then this should be

accurately adapted around the whole intestine. AMien this has been done and

the retrorectal space has been packed with gauze, the bowel should be ampu-

tated just below the sutures attaching the external sphincter to it. This

amputation should be made little by little, the mucous membrane being
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grasi)cd b}' forceps and drawn outside of the wound, so as to prevent the

escape of fecal matter into the latter. After the bowel has been amputated,

one will usually find, in the retrorectal fat, one or two large vessels which

will need ligating. Out' must be very careful at this point to remove all the

lymph nodes that can be felt in the mass of fat and cellular tissue behind the

rectum. After the bowel has been amputated, the nuicous membrane should

be sewed accurately to the skin which surrounded the old anal ajjerture. The

perineal wound is closed in front, and also posteriorly, almost to the tip of the

coccyx : the incision at the side of the coccyx being left open for drainage.

(Fig. 376.)

On several occasions the writer has jxissed two silkworm-gut sutures through

Fig. 375.—Perineal Extirpation. Tlie jieritoneal poucli laid open. (Tuttlc.)

the me.sorectum and muscular wall of the l)owel, as high up as po.ssible, and

in such a manner as to cmbrafo about (/ne-third of its circumference. The

ends of the.se sutures wei'e then canie<l ovit on each side of the sacrum and

tied over a i)iece of sterile gauze. By this means we are able to close up

the dead space i)Osterior to the rectum. This ought not to be done where there

is much oozing. All the cases in wiiicli this jjrocedure has been carried out

in the manner descnbed, have done well. It api)eai"s, however, that dragging

the rectum back in this way sometimes i>ro(luces too much tension on the anal

sutures. Formerly it was supposed that a segment four or five inches in length

represented the limit of extirpation by the perineal method. The writei- has
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removed, b}'' this method, a segment more than fifteen inches in length, and

he has cleaned out the sacral cavity as perfectly as he could have done by any

other possible means. He is therefore adopting the method more and more

in all operations that do not actually demand abdominal section.

(6) Kraske's Parasacral Method.—The term parasacral is employed to in-

dicate any method by which access to the rectum is obtained by either per-

manent or temporary sacrifice of any part of the sacrum or coccyx. They are

all modifications of Kraske's method, which was first introduced in 1885.

Kocher's method consists in simply removing the coccyx. Kraske removes the

coccyx and the left corner of the sacrum. Other operators remove more or

less of this bone, as will be seen by referring to the drawings. (Fig. 372,

Fig. 376.—Perineal Extirpation. P, Lateral peritoneal folds ; V, enlargement of lymph nodes
between folds of mesorectum. (Tuttle.)

A-H.) Rehn, Rydygier, and Hegar do not remove the bone permanently,

but leave it in a skin flap, as will be described. After the bone has been

removed and suitable access has been obtained to the rectum posteriorly,

these operators all employ the same method of extirpation, and it is unneces-

sary to go into any detailed description of this part of the operation more than

once. Von Heinecke makes a T-shaped incision into the skin, canying it through

the sacrum and coccyx. Levy makes a scjuare flap and throws it downward.

The other oi)erators nearly all use a straight incision from the anus backward

and up to about the level of the third sacral foramen ; they then remove the

coccyx and as much of the sacrum as they believe necessary and permissible.

VOL. VII.—58
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The tendc'iicy among surgeons of the pivscnt day is less and less toward

destruction of the bone; and the writer is operating to-day by the peiineal

method in cases in which, five years ago, he would hav(> tiiought it necessary

to sacrifice a considerable portion of the bone. He has always believed,

however, in the Rehn-Rydygier method, and still holds that the Iwne-Hap

method of operating is just as effectual in affording access to the rectum, and,

besides, it givers more satisfaetory results than do any of the methods which

permanently sacrifice some part of the i)elvic frame. The technique which he

has employed is as follows:

Technique of the Bone-Haj) Operation.—The ]\atient having been prepared

Fig. 377.— Perineal Extirpation C'unii)loted. U, Tampon lirainagc'-tiibo in anus.

in the manner already desci-ibcd. the ivctum is i)acked with gauze and the

anus is closed by sutures. The patient is placed in the extreme prone position,

on his left side, with the thighs flexed \\\)()u the body, and the j)elvis well ele-

vated on sand-bags. Tlie parts ha\'iiig been tlioi-oughly cleansed, an incision

is made from about the level of the third sacral foramen outside of and parallel

with tlie right bordei' of the coccyx, down to a i)oint about half an inch back

of the anus. This incision is carried tlii-ougli all the tissues into the cellular

ma.ss. The hand is then inlro(hicc(l into the ictro-rectal space and is made to

separate the tissues from the sacrum. This having been done, the cavity and

the wound are i)acked with gauze. A second incision is then made from the

toj) of tlie first, across the sacrum, and down lo the !)()ne. The latter is ihcn



SURGICAL DISEASES OF THE ANUS AND RECTUM. 915

cut through with a chisel, the gauze packing preventing injury to the soft

parts. The flap is pulled down to the left side, where it is held by a hea\y

retractor. (Fig. 378.) At this point it is usually necessary to tie the middle

sacral artery. As this, however, is sometimes very difficult, I have found it

easier, in such cases, to crush the vessel against the bone and thus control

hemorrhage. The gauze is removed and the blood-vessels which have been

cut in the original incision are ligated. The flaps are then pulled to one side,

and the cellular tissue is incised until the bowel itself is reached. Then the

dissection is continued around its tunica until the peritoneal cul-de-sac is

reached, when the latter is promptly opened. (Fig. 379.) With the aid of a

large pedicle needle, one can then easily surround the bowel with a large tape

and thus control the hemorrhage, if there be any, and at the same time furnish

Fig. 378.—Extirpation of Rectuni by Bone-flap Metliod. R, Rectum; S, sacrum; LS, lateral

rectal ligaments; A'^, neoplasm. (Tuttle: " Diseases of the Anus, Rectum," etc. D. Appleton & Co.,

New York.)

a means of traction. (Fig. 378.) .\ided by this tape attached to the bowel, the

operator should proceed to separate the organ from its attachments above,

always freeing the cellular tissue from the bone and lateral peritoneal folds be-

fore incising the latter, in order to get the blood-vessels out of danger. \ ery

little hemorrhage occurs during this part of the operation if one does not cut the

superior hemorrhoidal or inferior mesenteric arteries, and this will not be done if

the precaution above-mentioned is taken.

After these lateral folds have been incised and the bowel has been brought

down as far as possible, it may be found that the blood-vessels, in tlieir ten.sely

stretched condition, still hold the l^owel, thus rendering it necessary to cut the

latter. This should be done between two ligatures or forceps at a point just
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brlow the sigiiioidal artery, in oi-dci' to prcsiM-vc the anastoniotic circulation

in the lower end of the rectum. Then, the bowel haviui:; been well loosened

above the cancerous growth, a tajx' or strong ligature is thrown about it,

ami one must then determine, without further delay, whether he will adopt

resection oi- ami)utation for i-emoval of the growth. As a general statement

we would say that it is d(>sirable to avoid sacrificing any part of the intestine

which may projx'rly be .saved; but, under the circumstances which we are con-

sidering, one is not lik(>ly ever to remove too nmch of the organ. The wider

the dissection the surer the cure. Hence, whenever it is possible, without sub-

jecting the liowel to too great tension, and when the blood-supply is sufficient,

Fig. 37t».— Hone-Hap Extirpation. 7 . > >|hmiiii; ol piTitoiicuiu ; V, .seimiial vesicles; .V, neoplasm ; R,

rectum, tied ofif. (Tuttlc: "Diseases of the Anus, Rectum," etc. D. Appleton & Co., New York.)

to amjjutate and bring the free end of the upper section down to the margin

of the aims, it is wise to do so. At this jioiiit in the operation the surgeon,

having IooscikmI the bowel sufhciently to l)ring it down to the anus, or to the

end of the rectum which is left aftei' a I'e.section has been made, shoukl close

the peritoneum by sutures and should then cover the lino of sutures with gauze

packing. (Fig. 380.)

In cutting off the bowel above the tumor, the surgeon should be cai'cful to

do this between two ligatures, and he should then cauterize l)oth ends with

pure carbolic acid, .\ftei' this has been done the lower segment can be dis-

.sected out almost without lo.ss of blood. If the upper segment is sufhciently

long to be carrieil down into the anal opening and sutured there, the lower seg-

ment may be everted before oi' aftei- the tuii:oi' has been excised, and an end-

to-end suture made outside the anus.
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Another way of treating the ends, that of Hochenegg, is to dissect the mu-
cous membrane off the lower segment, invaginate the end of the upper seg-

ment through this freshened tube, and suture it to the skin. If resection is

done \\hen the tumor is removed, the two ends may be united by end-to-end

suturing (Fig. 381), by a Murphy button, or, as advised by Kocher, by uniting

the ends throughout two-thirds of their circumference and leading the poste-

rior third open. The writer has seen only four eases in which resection has

not been followed by fistula; all these, nevertheless, healed, but he has never

been convinced of the wisdom of suturing the l)owel half way around. If a

complete circular suture is emi)ln\ ed there will probably be a fistula, but this

Fig. 380.—Fourth Step iu Bone-flap Extirpation of the Rectum. /?, Rectiun; £, site of recto-

vesical cul-de-.sac ; Si, .sigmoid; P, peritoneal cavity closed b3^ sutures. (Tuttle: " Disea.ses of the
Rectum, Anus, and Peh-ic Colon." D. Appleton & Co., New Ycrrk.)

vaW be smaller and will be more likely to heal than if it involves one-half or

two-thirds of the circumference of the bowel.

As to the use of the ^lurphy button in these cases, it is certain!}^ a conven-

ience, but not a more perfect method of securing apposition than is the plan

of applying sutures. FurtheiTnore, as in the latter plan, it is followed by the

estabhshment of a fistula.

After the ends of the intestine have been disposed of, it is well to carry a

large silk suture through the meso-rectum and to tie it to a fi.xed portion of the

margin of the wound, thus anchoring the bowTl as a whole and so preventing

too much tension on the ends which have just been united. The sacral cavity

is now packed with iodofonn gauze, and the bone-flap is carried back into its

natural position and fastened by sutures passed through the skin and perios-



918 AMERICAN PRACTICE OF SURGERY

teum. Some advocate the practice of not suturing the bone, but we have

never found any seriou^^ objection to doing so. The skin wound is closed down

to the sacro-coccy^eal joint, the rest of the woiiiul being left open for drainage.

The retro-rectal sinice is packed with gauze and a drainage tube is inserted

as in the perineal operation. (Fig. 382.) Whatever disposition is made of the

ends of the intestine, the anus should be stretched befoi-e the i)atient is put to

bed, and a large drainage tube should be carried u]) beyond the line of sutures

in the bowel. The patient is placed in bed upon the right side, and the head

of the IxmI is elevated, in ohUm- to i)revent any concealed hemorrhage from flow-

ing up into the jx'ritoneal cavity. For the first twenty-four hours there is con-

siderable oozinir. but after tiiis it is slight. The gauze is removed at the end

Fig. 3.S1.— Hono-flap Kxtirpatioii ol Kcctuiii. riic drawing shows ncw-growtli rcsctcd and the

two ends of tlio bowel united l)y end-to-eiid suturing. (Tuttle: " Diseases of the Anus, Rectum, and
Pelvic Colon." 1^. .\pi)leton <fc Co., .New York.)

of forty-eight hours, and for it a small drainage tube is sul)stituted. Where it

is impossible to bring the bowel down to the anus, or to unite it to the lower

segment of the rectum, it will be necessary to make a sacral anus—that is, to

unite the i)roximal end of the intestine to the skin at the corner of the rec-

tangular wound. (Fig. 3S3.) The main point to be Ijorne in mind is, that one

should never attempt to sutui-e a portion of the !)owel that has not a good

artv'rial circulation, to eithei- the anus, the rectum, or the sacral wound. In other

words, unless tiie blood flows freely from the j)roximal end when it is cut, one

should contiiHie the dissection higher up until good circulation is found, even

though it be necessai-\- to bi-iiig the bowel out thi-ougli the abdominal wound

and make an artificial anus. Without an ade(|uate circulation slouching, gan-

grene, and death are almost suic t<i occur.
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(c) \'agiiial Method.—Extirpation of the rectum by way of the vagina has

been practised since 1890, when it was introduced by Desgiiins, and it has

proved a most successful operation, so far, at least, as mortality is concerned.

Formerly it was employed only in the case of tumors located within the first

two or three inches of the rectum; but, more recently, since these tumors have

been so easily managed through the perineum, the vaginal oi)cration is applied

only to tumors located high up in the rectum and in the sigmoid. Murphy, of

Chicago, was the first to give the details of this operation as it is now (with

some variation) employed. His method (Figs. 384 to 388) is as follows:

The patient is placed in the extreme lithotomy position, with the hips slightly

elevated. The vagina is dilated with broad retractors, the cervix is drawn

f



920 AMKKR'AX PRACTICE OF SURGERY.

aperture being thus closeil. and dissected out from the liollow of the saoruin

as high up as the promontory or further, if tlie removal of the entire gro\nh,

together with any lymph nodes tiiat may he involved, necessitates such a step.

The same i)recautions as have been described in the previous paragrai)hs are

observed with regard to tearing off or wounding of the sui)erior hemorrhoidal

or inferior mesenteric arteries. When the bowel has been sufficiently loo.sened

to bi'iiig it di)wn without tcusion it is amputated about one inch above th(^

tumor and sutured to the distal end by sutures j^asscd from within outward, so

that the knots can be tied inside the bowel. (Fig. 3S7.) The slit in the anterior

wall of the bowel is closed in a like manner. After this, the lai)arotomy i)a(ls

are removed: the jieritoneum is closed by catgut sutures; and the vaginal

Vic. ;JS3.—Sacral Anus, After Honc-flu]) l'>xtirpation. (TutUc: " Diseases of tlic Anus, Rectum, and
Pelvic Colon." D. Appleton & Co., New York.)

wall, together willi the pcritoncuui and cxtei'iial sjtliiuclcrs, is reunited. For

this i)art of the ojM'iation .\bii|ihy uses silkworm-gut sutures. (Fig. 388.) A
drainage tube is passed thi-ougli tlie anus, aboxc the ]»oint of anastomosis, and

sutured in i)osition.

( )\\ing to the fact that a large si)ace is left behind the bowel aftei' the re-

nio\a! of the cellulai" tissue, fat, and lymph nodes in the hollow of the sacrum,

the writer modifies Dr. Muiphy's technifjue in the following manner: .\ circu-

lar incision is made behind the anus and is cai-ried thi-ough all the tissues into

the ret ro-i"ectal space. The rectum and the cellular tissues in this space are

separated from the saci'uin. a-^ higli up as the gi'owth extends, hy the linger

or by a dull instiniment. The rectum is then sepai'ated fi'om its attachments,

on l>oth sides, by tlie fingers, down to the superior surface of the levator ani
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muscles. This wound is packed with sterile gauze, to control hemorrhage, and

the operation is then conducted, from this point onward, according to IMurphy's

technique, except that the bowel is not opened until it has been freed from its

attachments and brought down as far as necessary, and the i:^eritoneal cavity

closed by suture. The postanal ^^•ound is left open for drainage, and through

it a drainage tube filled with gauze or a cigai-ette drain is introduced to com-

plete the operation.

(rf) The Abdominal Method.—The abdominal method is applied to tumors

Fig. 3S4.—Incision in Vaginal Extirpation. (Murphy.)

which involve the upper rectum and sigmoid or the sigmoid alone. "\^ here the

growth is confined to the movable loop of the sigmoid and can be drawn out-

side of the abdomen, the operation resolves itself into a simple^ intestinal resec-

tion, with end-to-end or lateral anastomosis—an operation which has already

been described on a preceding page (page 917) and therefore need not be de-

tailed here. Owing to the dangers of anastomosis in the sigmoid one ot us sug-

gested some years ago that this operation might be done in three steps where

the growth could be brought well outside the abdominal cavity, i.e., pull the

growth and all of the sigmoid that will come without too great tension out of

the wound; fix the two legs together after the manner of Bodine; sutui-e the
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bowel to tlic peritoiu'uin and skin and leave it for two or three days, then excise

it thus forming an artificial anus, which can be closed according to the methods

hereinafter described (Tuttle, op. ciL). The method has been employed a num-

ber of times and most successfully. AMiere the tumor is situated low down in

the sigmoid, or involves tlie recto-sigmoidal juncture, complete abdominal

resection is rather difficuh. Mann, of Buffalo, claims that the procedure is

feasible with the use of the Mui-phy button and he i-eporls three cases which were

treated bv this method iwith one death). My own experience, as well as that

Fi<;. '.iS'j.—.Si-paratioii of Rectum from Vaginal Walls. (Murplij'.)

of Drs. Muri)hy, .Marcy, and others, who have used the button for uniting the

divided ends of the bowel where one or both of them are only partially covered

with peritoneum, has l)een most unsatisfactory. Invaiiabiy there has been

leakage, and this is almost sui'c to |)rove fatal where there is no dependent,

drainage. luid-to-end suturing deej) down in the pelvic cavity is also difficult

and dangerous. We believe, therefore, that the al)doniinal operation should

be reserved for those cases in which the bowel, on both sides of the neojjlasm,

is completely covered with j>eritoneun», or where it is advisable, on account of

the condition of the patient, to make a i)ernianent artificial anus.

Colorectostomv.—Where the tumor is confined to the lower loop of the
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sigmoid, or even where it involves the recto-sigmoidal juncture, one may some-

times employ the method devised by Kelly, in 1895, and denominated colo-

rectostomy. The technique is as follows: The abdomen having been opened,

the patient is placed in the Trendelenl^urg posture, and all the movable con-

tents of the pelvis are packed up in the abdominal cavity by means of gauze

pads. The tumor is then loosened from its mesenteric attachments and drawn

out of the abdominal cavity; the bowel is incised transvei-sely (between two

ligatures) one inch or more above the tumor; the two cut ends are cauterized

Fig. 386.—Resection of Involved Area in \"aginal Extirpation of the Rectum. (Murphy.)

with pure carbolic acid; the lower end is inverted and sutured with Lembert

sutures and the upper end is wrapped in gauze after ha^Hng been clamped with

intestinal forceps and drawn out of the aljdomcn. The tumor is then ex-

cised, the bowel being cut across one inch or more below the gro\\'th. Before

the bowel is divided the pelvis is well packed with sterile gauze. The upper

end of the rectum thus left open is cauterized and inverted by means of a purse-

string suture which passes through the peritoneum and muscular wall. Four

long heavy silk ligatures are then passed through the walls of the cut end of

the sigmoid, at equidistant points, and are firmh' t\\iste(l together so as to

form a rope; this step practically closing the aperture. A longitudinal incision,



924 AMERICAN PRACTICE OF SURGERY.

about one inch in length, is then made in the anterior wall of the rectum; a

long forceps is carried through the anus and brought out through this incision;

by means of its blades the long sutures attached to the sigmoid are grasped

and this organ is dragged down into the rectum, thus invaginating the edges of

the wound which are covered with peritoneum and making a wide ajiposition

between this and the ])eriton(>al covering of the sigmoid. (Fig. 389.) The

twisted sutures are caught by a pair of forceps, or wrapped aroimd a small roll

of ])andage and rotated until they hold the sigmoid well in place. The clamp

or the ligature on the sigmoid is now removed, and one may add a few Lem-

»r
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tion of the roctuni and the lower siginoid, it is often advantageous to loosen

it from its attachments through the abdominal route, and then to remove

it by the anal, the perineal, or the sacral method. These procedures are

termed abdomino-anal, abdomino-perineal, and abdomino-sacral extirpations.

Maunsell, of Australia, was the first to advocate this method (the abdomino-

anal method"). He loosened the tumor from its attachments through the ab-

dominal wound, then passed a long tape on each side of the mass, through its

walls into the rectum, and then through the anus. By dragging on this tajje

he was able to bring the tumor outside the anus and to excise it little by little.

Fig. 388.—Closure of Peritoneum and \ aginal Wound alter \aginal Extirpation of the Recttim.

(Murphy.)

Afterward, he effected an end-to-end union by means of sutures. He suggested

that, if the tumor were very large, it would be necessary to split the anus back-

ward, in order to allow the tumor to be drawn out. After resection has been

accomplished and the parts have been sutured, the everted end of the bowel

is restored to its position, the peritoneum is sutured from above, and the ab-

dominal wound is closed.

Weir (Journal of the American Medical Association, 1901) has modified this

operation by first removing the tumor through the abdominal wound, then

everting the remaining portion of the rectum and dragging the sigmoid down
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through this ovcrted jjait, and tiiiaily fixing it tlu'iv by nci-dlcs thrust through

the four walls at right angles to eaeh other. The edges of the bowel are

trimmed off even and sutured, tlie needles are reIn()^e(l, a drainage tul)e is

inserted into the bowel, and the everted reetuni is rei)la(HHl in position. In this

operation it is imi)ortant to observe carefully the eondition of the circulation

in the proximal end of the bowel Ix'fore one applies the sutures. Unless there

are spurting arteries when the bowel is divided, one had better cut it off higher

up, and e\-en to repeat the operation until such are found; or, if spurting arte-

FiG. 389.—('olorocto.stoiay, after Kelly'.s iiicthod.

ries cannot be found, it will be bettei' to In-ing the bowel out through the ab-

dominal wall and make an aiiifirial aims.

The combination of the abdominal with the i)erineal and sacral methods

(abdoniino-i)erineal and abdomiiio-sacral methods) has b(>en enii)loyed since

1884, when Czerny did it in oidei- to extricate himsell' from c(>rtain difficulties

in a sacral operation. Priority, in this operation, is attributed variously to

Gaudier, Chaput, and Challot. Some o|)erators loosen the bowel and the

tumor as far as possible IVom below, and then remox'e tliem through an nb-

dominal incision; some loosen the parts as far I'owii as |)ossibJe, thi'ough the

abdominal incision, then close the abdominal wound and extii'|)ate the bowel

from below; some attem))t to bring the bowel down and unite it to the anal

orifice, or to the segment of the rectum which remains after resection has been
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accomplished; others still (Quenii, Boeckel, Keen) prefer to make a permanent

artificial anus in the left inguinal region. The writer has done the combined

operation eight times. In three of these cases he employed the abdomino-

sacral method, and in five others the abdomino-perineal. In the three cases

in which he employed the abdomino-sacral method there was one death, and

in the five in which the employed the abdomino-perineal method there were

two deaths—a mortality of 37.5 per cent. In the last five cases operated upon

there has not been a single death. The technique which he employs is as

follows

:

The abdomen is opened by a long abdominal incision, just outside of or

through the left rectus muscle; the sigmoid is dragged out of the abdomen

and cut across, at a point one inch above the tumor, with an electric angeio-

tribe, which seals up, and at the same time disinfects, both ends of the bow^el.

The lower segment is invaginated and secured by a purse-string suture. It is

not necessary to do this to the upper end, as it need not be manipulated to

any extent. The lower segment is then loosened from its mesenteric attach-

ments, great care being taken, as the dissection advances, not to wound the

internal iliac veins. The peritoneum is incised in front and at the sides, the

rectum is separated from the bladder down to the prostate, and the lymph

nodes in the hollow of the sacrum are removed by blunt dissection with the

fingers. WTien the dissection has been carried downward as far as possible a

ligature—if the growth is large—is carried around the bowel below the tumor,

the pelvis is packed with gauze, and the tumor is removed through the open-

ing in the abdominal wall. If the tumor, however, is not very large, the part

to be resected may be crowded down into the pelvis, the abdominal w^ound

temporarily closed, the patient put in the lithotomy position, and the tumor

removed together with the necessary amount of bowel, either by the perineal

method, as heretofore described, or through an incision extending along the

side of the coccyx and sacrum. If a sufficient amount of the sigmoid is left

above, it should be l^rought down and an end-to-end union effected; or it

should be invaginated into the anus; but, if there is not a sufficient amount,

the perineal wound is left open, the floor of the peritoneum is closed on the

abdominal side, and the proximal end of the sigmoid is utilized to make an

artificial anus, according to the writer's modified Bailey method. In our last

five cases, all of which have recovered, we have made an artificial anus only

once; in the other four cases we have been able to re-establish the fecal exit

at its normal site. Theoretically, this is the most perfect operation for car-

cinoma of the rectum, and it has been recommended as the ideal operation by

Mayo and others. Nevertheless, its high mortality has caused the majority of

operators to abandon it. It is possible, however, that, with improved tech-

nique and greater skill, it will once more come into favor, for it possesses the

great advantage that it enables the operator to determine accurately the intra-

abdominal condition of affairs—the degree of involvement of the lymph nodes,

and whether or no the liver and other organs are afi"ected—before he under-

takes the actual extirpation.
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Local Excision.—There arc a certain nuniher of isolated growths of limited

size, which occur on the side or in the posterior wall of the rectum, and which

may be locally excised without extirpatiiiu- the rectum. In not a few of the

cases of this character the oju'ration has i)roved successful and there has been

no recurrence of the .growth. Such excisions may be made through the coc-

cygeal or the parasacral incision. The rectum is ajjproached, as has been

descrilx'd, through the removal of th<' coccyx or by the cmi)lo3-ment of the

modified Kraske method. The bowel is opened, the tumor is locally excised,

the edges of the wound in the intestine are drawn together layer by layer, and

the posterior wound is elo-ed with the exception of a small aperture left for

drainage. A wide margin of healthy tissue should always be taken away with

the growth.

Further Rkm.vuks upox the Treatment of Malignant Tumors of the

Rectu.m.—In the matter of treatment no distinction is made between carci-

noma and sarcoma; radical extirpation being the rule in each case, whenever

possiljle. The .r-ray and the seiiim treatment offer somewhat better prospects

of success in sarcoma than in carcinoma, but neith(>r of them should ever be

substituted for a radical oj)eration, if the circumstances are such as to render

the latter practicable. After the oj^eration has been done, however. Coley's

and the .T-ray methods may both be used to advantage, as preventives against

recurrence.

After one has I'eviewed the various methods which are employed at pres-

ent for the extiri)ation of a malignant tumor of the rectum, it will be natural

to ask, Which is the best? The only answer to this (luestion is, The choice of

a method depends upon th(> site of the tumor and upon the condition of the

patient. The more I practise the perineal operation, the wider is the field to

which I am inclined to apply it. At the present time, therefore, I would ad-

vi.se that, whenever a i-ectal tumor cannot be removed by the perineal method,

it should be treated by either the abdominal or the combined method. If the

surgeon has a large hand, he will not find the ju'rineal method so easy as the

para.^acral, owing to the fact that the space in the j^elvic outlet, especially in

men, is rather narrow for work, ^^'()nlen bear abdominal manipulation much

better than men, and conscniuently we do not hesitate so much about doing a

combined operation in them as we do in men. At the same time, if in either

sex the limits of the growth caimot be made out through the anus, the ab-

dominal or the combined operation ought to be advised. Finally, amputation,

with the restoration of the noiinal fecal outl(>t, is the method of choice when-

ever the operation is feasible. Resection should be done only when the growth

is located more than three inches above the anal margin.

When the tumor is of the cauliflower-like type, filling up the rectum and

obstmcting the i)assage, much relief may be given by curettage and cauteriza-

tion. The only danger attending this ])roce(lure is that of perforating the

bowel on its j)eriton<';il surface; the danger from hemorrhage is slight. In

scraping, however, one must be caicful Ic.-t an accident should occur, "^riie
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tumor may be scooped out with impunity in the posterior quadrant of the

intestine. After the parts have been curetted, they may be cauterized with

the electro-cautery, after the manner of O'Beirn in carcinoma of the cervix.

The writer has employed this method a number of times, and, while it does

not effect a cure, it gives great relief for a time by checking hemorrhage, re-

ducing discharge, and furnishing an intestinal calibre sufficient to admit of free

fecal passages.

There are a number of cases in which the passage of fecal material causes

so much pain and bleeding that it is necessar}^ to turn the fecal current aside,

in order to relieve the distress of the patient. In this class of cases we may
employ either inguinal colostomy or entero-anastomosis. The former opera-

tion, if properly done, is by no means the disgusting and intolerable condition

described by many writers who have had little experience with it. The arti-

ficial anus can be so formed that the patient practically controls the new fecal

outlet; and, in the later stages of carcinoma, it is an invaluable aid to local

treatment. In those cases, however, in which there is considerable healthy

bowel below the tumor, one may employ entero-anastomosis, either lateral or

end-to-side, thus short-circuiting the fecal current and maintaining its normal

outlet. To a very sensitive individual this operation is much more satisfac-

tory than colostomy, and, although somewhat more difficult to perform, is

very little more dangerous.

Palliative Treatment.—Notwithstanding the boldness of modern sur-

gery and the improved skill in diagnosis, there are numerous patients affected

with malignant disease of the rectum to whom we can hold out no hope of a

radical cure. In these cases one must be prepared to institute such palliative

treatment as will preserve life the longest and bring the greatest comfort to

these miseral)le sufferers. The methods to be employed may be enumerated

as dietary, medicinal, and local.

Dietary Treatment.—So far as control of the tumor is concerned, we have

never been able to note any particular effect from special lines of diet. Re-

cently it has been held that meat increases the tendency to cancer. It is our

own impression, however, that, so long as the digestive functions remain good

and the food is assimilated, it makes little difference what articles of diet are

used. It is only a question of maintaining strength and resistance to infection

in a general way. One would advise refraining from articles which contain

much fibrous material, inasmuch as this would irritate the growth. ]\Iilk, fats,

light meats, and well-cooked starches would seem to be the rational diet.

Treatment by Drugs.—No drug, so far as we are aware, has any influence in

curing cancer. We have seen several cases, however, in which thyroid extract,

combined with quinine, seemed to retard the growth. ^V"hether it had any

influence on the growth, or whether its beneficial influence was through the

maintenance of normal metabolism, we cannot say; but it apjiears to l)e worth

trying in inoperable cases. A^'hatever remedies aid in maintaining good i)hys-

ical condition and good digestion are the ones to be used. Opium is, after all,

our sheet anchor in this stage of the disease, but it should not be administered

VOL. VII.—59
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by the mouth, on account of its constipating effects and its disturbing influ-

ence upon digestion. For the relief of pain, morphine should be used spar-

ingly at fii-st. Init with all freedom—to relieve pain, mental anxiety, and hope-

less despair—after the jiatient n^aches the bedridden stage. Other analgesics

are depressing if use<l in ({uantities sufficient to be effectual.

Local Treatment.—Local treatment of inoperable cancer of the rectum con-

sists in keeping the i^arts clean, in warding off sepsis, and in preventing intes-

tinal obstruction. The first of these objects is accomplished by irrigations of

boric acid, hydrogen dioxide, and jjotassium permanganate. When the parts

are not too sensitive, a ten-per-cent {^reparation of hydrogen dioxide will do

more to disinfect and sterilize the rectum than an}i;hing else of which I have

an}' knowledge; but some patients are so sensitive to applications of this rem-

edy that it is necessary to emi)loy in its place boric or carbolic acid, or potas-

sium permanganate, in mild solutions. These remedies should be introduced

through a soft-rubber tube, with the patient in the laiee-chest posture. No
hard irrigatoi*s or long tubers should be used in rectums that are affected with

cancer, lest perforation should occiu". When there is exuberance of the growth,

portions of it protruding into and obstructing the rectum, one may often wideii

the calibre, check the hemorrhage, and relieve the pain, by curetting the tumor

and cauterizing its base with the electro-cautery. In doing this, however, the

surgeon must exercise great care, so as to avoid either burning or curetting so

deeply as to ])enetrate the peritoneal cavity and thus set up a fatal peritonitis.

The most important of the palliative remedies is the operation for colostomy.

This operation is properly described under its special heading, in a later sec-

tion. In all cases of malignant growth that are inoperable, this o))eration

should be done sooner or later, nor should it be delayed too long. Whenever

the patient becomes very much annoyed by frequent stools, tenesmus, and

l)earing-down pain, colostomy will be found to afford very decided relief, and

will j)revent all risk of a complete obstruction, which, in these cases, frequently

comes on so insidiously that rupture or serious results from over-distention

take place before the patient is referred to the surgeon for operation.

XV. SIGMOIDITIS, PERISIGMOIDITIS, AND DIVERTICULITIS.

The teiTn sigmoiditis, first employed by Mayor, would indicate an inflam-

mation of the sigmoid, or pelvic colon, of any kind. In proctologic literature,

however, it is not u.sually employed in connection with sjjecific diseases, such

as .'^yijhilis, tuberculosis, typhoid fever, dysentery, etc., but is confined to the

.subject of simple inflammation involving the sigmoid. The first complete

description of this affection was given by Mathews, of Louisville ("Diseases of

the Rectum, Anus, and Sigmoid Flexure," 1892). The disease, however, had

been known to some extent by proctologists for a long time, and Trastour, in

an article upon "Pa.><sive Dilatation of the Siguioid," had described it most accu-

rately. Since Mathews wrote about the disease a number of articles on the sul)-
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ject have been published, and among them two very detailed theses by Catz
and Patel.*

Elaborate classifications have been made by these writers, and most in-

teresting cases have been reported to support the same. These divisions are

too numerous, however, and are likely to confuse the ordinary reader. We
have, therefore, adopted the following simple and brief classification:

( Catarrhal.

Sigmoiditis .... -^ Ulcerative.

( Interstitial.

( Primary'.

Perisigmoiditis ....-( Associated with Diverticula.

( Secondary.

Catarrhal Sigmoiditis.—Catarrhal sigmoiditis is frequently a part of a gen-

eral enteritis or proctitis, and yet it is more often than otherwise the begin-

ning point of such an inflanmiation. It occurs in both an acute and a chronic

fomi. It attacks the sigmoid more frecjuently than any other part of the

lower bowel because the fecal matter is more frequently arrested here, and it

remains in this part longer than in any other portion of the canal.

Acute Catarrhal Siymoirtitis.—The acute disease usually follows a period of

constipation or dissipation in diet. The symptoms are: some loss of appe-

tite, flatulence, and at first a flatness on percussion over the left iliac region,

together with a certain amount of pain at this point; then the pain becomes

more severe and is of a griping character, and there is a frequent desire to go

to stool; the passages consist at first of hard or lumpy fecal matter, but they

soon assume a watery character, and eventually contain mucus, with or with-

out blood; usually there is some elevation of temperature, and the pulse beats

at a more rapid rate than normal. The inflammation subsides after a re-

stricted diet and the administration of saline laxatives, and leaves no sequelae

of importance.

These attacks are usually of so short duration, and they are so easily man-

aged by the general practitioner, that they rarely come under the observation

of the specialist. The writer, however, has seen one case in which he was able

to make a proctological examination during the acute stage. The examina-

tion was made on October 10th, 1906, twenty-four hours after the attack began.

The record reads: "Temperature, 99.2° F.; pulse, 80; tongue rough; tender-

ness over the left iliac and the suprapubic regions; percussion gives a slightly

t3"mpanitic sound; anus is tender to the touch, but not abraded; the rectum

is normal, except for the presence of a little glairy mucu« at its lower segment;

the mucous membrane of the sigmoid flexure and of the region where it joins

the rectum shows increased rechiess, while that higher up is fiery red and cov-

ered, in places, with a gra\dsh, sprue-like deposit in a bed of mucus. Although

certain parts are redder than others and swollen, the rugae being obliterated, I

am unable to make out any ulcerations. An examination of the stool shov.'s

*Catz: Gazette des Hopitaux, Xo. 10, 1907, Paris.—Patel: Re%-ne de chirurgie, Oct. and

Dec, 1907, Paris.
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no amci'btr or bacilli dyscntcriu'." Uiulcr local applications and saline laxa-

tives and regulated diet the syniiitonis tlisappeared in alK)ut four days, and the

nuicous membrane assumed its normal appearance. Tenderness over the left

iliac fossa pei-sisted for a week or more.

The attacks may be much more se\ere than that described above would

indicate. For exami)le, the patient is sometimes seized with a severe pain,

hi my experience this is more often a dull aching sensation, w^hich extern Is

through to the back, than the acute agony of whicli Catz and Lejars speak.

The tongue becomes coated ajid red upon the tip and edges; the complexion is

muddy; the temperature is elevated and the pmlse is very rapid; the patient

is stupid, or mentally heavy; he finds the erect posture very uncomfortable;

antl palpation shows a state of tension of the left rectus muscle, and the

pivsence of a mass or tumor in the left iliac fossa, with more or less tenderness

on dei'i) ))ressure. Digital examination of the rectum itself revTals nothing,

beyond the fact that the organ is generally ballooned. Above and in front,

one can usually feel, through the I'cctal wall, a bosselated mass which gives one

the impression of a neoplasm in the pelvis. The proctoscope, in such cases,

usually demonstrates the existence of an angulation oi the sigmoid, above

which point there has been arrested a mass of hard, lumpy, fecal matter.

iSuch cases have l^een ojjerated on for tumor of the uterus or its adnexa, and

it was on this account that Segond warned the French surgeons not to be too

hasty in applying the bistoury to swellings in the left inguinal fossa.

The cause of sigmoiditis, in these cases, is the arrest of putrid, infectious

fecal matter in the sigmoid, and its absorption through some traumatism or

abrasion of the mucous membrane at this point. These patients may even

have diarrhd-a, notwithstanding the fact that the mass remains lodged in the

sigmoid flexure; the current, under the.se circumstances, passes around or

through the centi-e of the mass. The only way in which the condition may be

accurately diagnosed is by means of a local examination with the jnieumatic

proctoscope. One can readily understand how^ such conditions as these may
lead to ulceration of the sigmoid, and also how, by recurring from time to time,

they may cause a chronic catarrhal condition, with plastic exudation and thick-

ening of the wall of the bowel which will lead to a diminution of its calibre and

to organic stricture.

Treatment.—The treatment of acute types of sigmoiditis consists in clean-

ing out the bowel by irrigations until the sigmoid is em])ty, and in adminis-

tering afterward saline laxatives. The food .shonld be limited as to (juantity

and should be restricted to white meats, rice, eggs, broths, milk in limited

quantities, oil, toa.sted bread, coffee, and tea. Ice bags should be applied over

the left inguinal region. Hydrogen dioxide, as mentioned by Cook and others,

is the best solvent of the fecal mass. .After the latter has been removed, the

bowels should be iii'igated with a mild antisejitic tuid astringent solution.

Chronic CaUirrlud Si(jnioi(li(is.—Clu'onic catarrhal sigmoiditis may result

from acute sigmoiditis, or it may be part of a general catarrhal enteritis or

proctitis, coming on in an insidious manner and without a well-defined history.
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Patients suffering from this affection may have more or less regular movements
of the bowel, but the stools are hard and lumpy, and surrounded by nuicus.

If the rectum and sigmoid are examined after stool, one will find these hard

lumps arrested in the saccules or flexures of the sigmoid. In some cases a

channel is bored through the centre of a hard fecal mass, and through this the

liquid feces pass while the main mass remains adherent to the intestinal wall.

In these cases there is more or less dulness on percussion in the iliac region;

the left rectus muscle is tense; there are flatulence and loss of appetite; the

complexion is muddy, sometimes of a jaundiced hue; and often there is a

periodical discharge of mucus, resembling the discharge observed in a crisis of

mucous colitis. Trastour, who has well described the mental condition accom-

panying this disorder, believes that the disease is one of the chief causes of

melancholia. In two of the writer's cases, in which there was acute mania

associated with delusions, the mental disorder subsided in a few days, and the

patients entirely recovered, after the removal of an impacted mass of feces

from the sigmoid. A local examination made in these cases shows the follow-

ing conditions: a pale mucous membrane throughout the rectum and sigmoid;

both organs dilated or sacculated; the sigmoid is either blocked by one large

fecal mass, or at least it contains, in its saccules, a number of lumps coated

with mucus; there are usually small ulcers or abrasions, due to the pressure of

the hard fecal masses; and the walls of the bowel are coated with thick mucus,

which, after it has been allowed to remain undisturbed for a little while, is dis-

charged in masses, often spoken of as membranes. While this form of mucous

colitis may be brought about by many other causes, it is a fact that they all

act through the production of fecal stasis, irritation or traumatism of the

mucous membrane, infection and toxaemia. The arrest of the feces does not

always occur in the sigmoid, but it takes place more often in that part of the

bowel than elsewhere.

Treatment.—The treatment of chronic catarrhal sigmoiditis resolves itself

into the removal of the cause of the fecal stasis, and the adoption of those

measures (already enumerated on pages 788 et seq.) which are calculated to

allay the catarrhal affection.

Interstitial Sigmoiditis.—From the foregoing paragraphs one might assume

that fecal matters alone compose the tumors or swellings which are felt in these

cases. These swellings, however, do not entirely disappeaj- after the fecal mass

has been removed. There remains a small sausage-shaped swelling in the

lower part of the abdomen, either on the left side or just above the pubes. It

can be easily felt and may persist for many months after the attack. Gradu-

ally, however, it disappears, and the patient usually resumes his average con-

dition of health; but the attack may recur. Aporti has watched one case

through three distinct attacks. There resulted, after these recurring attacks,

a loss of suppleness, a thickening, and an infiltration of the bowel. Catz de-

scribes these changes as constituting a chronic perisigmoiditis. The inflam-

mation, however, involves the entire thickness of the wall of the bowel, and is

associated with a plastic deposit upon, or thickening of, the muscular and



934 AMERICAN TRAITICE OF SURGERY.

pontoncal portions. It is an interstitial inflammation. As Catz says, it may
follow an acute sigmoiditis, but usually it ck-vulops in an insidious manner and

manifests itself in the form of chronic obstipation, with autotox«mia. There

is obstinate constipation. When the fecal mass is solid it is usually oval, flat,

or misshajjen, and contains pus and blood. As a rule, the blood is mixed with

fecal matter, but sometimes it is bright red and is discharged separately from

the feces. There is more or less pain in the pelvic and sacral regions, and the

pain is increased when a fecal i)assage takes place. There is a slight rise of

temperature and an increase in the pulse-rate, due to the peritoneal inflamma-

tion anil the absorption of toxic mattei's. Palpation gives one the sensation

of a sausage-shaped tumor, which is felt in the left iliac region or, in fact, in

any i)art of the abdominal cavity. This tumor is sometimes smooth or it may
be nodular, the nodules being small diverticula or hernias of the mucous mem-
brane, which extend into and inflame the appendices epiploicse. The condi-

tion may easily l)e mistaken for carcinoma of the sigmoid. The sigmoidoscope

gives very little information bi'yond the fact that the walls of the bowel are

stiff, inelastic, and painful upon pressure, and they do not dilate under atmos-

pheric or artificial pressure. The calibre of the bowel appears to be free from

any protrusion such as would suggest the presence of something growing out

from the nuicous or submucous coat; nor can there be seen any cicatricial tissue,

such as would suggest syphilitic involvement. Nevertheless, the condition

has been mistaken for scirrhous cancer of the sigmoid.

Treatment.—The treatment of this type of intestinal inflammation is essen-

tially surgical. If one can be positively sure that a malignant growth is not

present, palliative treatment might be justified; but when one realizes how

serious a matter delay, under such circumstances, may be, neither the surgeon

nor the patient can afford to temporize, ^^'hen, therefore, a tumor of this

type is discoven-d, even though there be a history of chronic sigmoiditis, ex-

ploratory lai)arotomy should be done at once, in order that the nature of this

tumor may be ascertained. If it proves to be of a benign character, the de-

cision as to what shall be done with it will depend upon the condition of the

parts. It may seem necessary, for example, to remove the mass in its entirety

or else to establish an artificial anus. Then, on the other hand^ the condition

of the [jarts may be such that one may feel warranted in not disturbing the

continuity of the intestinal tract; the hope being entertained that nature will

bring about a cure through absorption.

Pcrisiymoiditis; Diverticulitis.—Perisigmoiditis and diverticulitis are de-

scribed as one because they are pathologically of the same nature, notwith-

standing the fact that diverticula may occur in other portions of the large in-

testine as well as in the sigmoid. Perisigmoiditis, as the name would imj^ly,

consists in an infiummation around, or ui)on the outside of, the signujid flex-

ure It may be |)rimar\- or secondary, and may, or may not, suppurate.

Pnmary ju'risigmoiditis has its origin in the sigmoid itself. It may be

caused in a variety of ways: by an ulceration which perforates the muscular

wall of the bowel; by a foreign body which produces either a sinn)le trauma-
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tism or an actual puncture; by a follicular inflammation; or by the spread of

inflammation from a diverticulum in which fecal matter has become tight!}'

lodged, and the mouth of which has subsequently been sealed by oedema of

the adjacent mucous membrane. Byron Robinson (Medical Standard, August,

1907) holds that the perisigmoidal inflammation maj^ be caused by a

traumatism produced by the iliac and psoas muscles. He states that, under

strong exercise, the muscle, in contracting, i)ounds upon the wall of the bowel,

crushes it against the hard fecal mass within, and sets up an irritation in, or

causes an actual abrasion of, both the peritoneal and the mucous surfaces.

The writer has much respect for this ingenious theory. He has frequently

seen such a perisigmoiditis follow horseback and bicycle riding and strenuous

e.xercise in the field. The inflammation usually confines itself to the bowel

or its mesentery, but it may extend to adjacent organs, causing adhesions and

limitation of n:iotion. It may remain stationary or the inflamed tissues may
become infected and suppuration follow. Where no infection or suppuration

takes place the attack will proceed as one of local peritonitis; the symptoms
subsiding under physiological rest. When infection takes place, however,

there will be all the symptoms of suppurative perisigmoiditis—an inflammation

which is often taken for left-sided appendicitis. Except for the fact that this

inflannnation usually occurs on the left side, the resemblance to appendicitis

is very close.

Mayo ("American Surgery ') and Brewer {Journ. Amer. Medical Association,

Oct., 1907) have each reported a number of cases of timior and of abscess

which occurred on the left side and which at first presented symptoms

either of a left-sided appendicitis or of a tumor of the sigmoid, but which,

upon operation, turned out to be instances of perisigmoiditis due to inflam-

mation in the diverticula or the appendices epiploicae. Sidney Jones, Loonns,

Patel, Catz, von Eiselberg, and others have published accounts of similar

cases. Recently Dr. CuUen, who has collected reports of one hundred and five

clinical cases of all varieties of this disease published up to date, gives, in the

London Lancet, an interesting review of the instances of perisigmoiditis, both

suppurating and non-suppurating, said to be due to inflammation in the

diverticula. Graser claims that these infections occur entirely through rup-

ture of the diverticula into the meso-sigmoid. Inasmuch as these abscesses

have been found in all parts of the circumference of the bowel, this \iew can-

not be taken unreservedly. It is a fact, however, that most of the perforations

occur in places where the intestines are covered by cellular tissue, such

as the meso-sigmoid or the epiploicae. In cases in which the parts have been

laid bare by an incision before suppuration occurred, the tumors have

nearly all been found to be located in the meso-sigmoid, to be of an inflam-

matoiy nature, and to have been caused by leakage from the bowel through

minute diverticula. All the authors are agreed as to one point, viz., that con-

stipation and fecal stasis in the sigmoid precede inflammations of this character.

Suppurating Perisigmoiditis.—Suppurating perisigmoiditis comes on as an

acute sigmoiditis. The symptoms and signs are as follows: There is always
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tension of the left rectus muscle; a history of constipation is given; there is

a tumor in the abdomen, usually in the left iliac n'gion, but it may be in the

right, and it may be located as higli u}) as the und)ilicus; at first, the tumor

is movable, but it soon iK'comes fixed; there is usually a history of chill, but

this may be somewhat indefinite; if the abscess is upon the convex wall of the

bowel, there will be dulness upon percussion, but, if it is in the mesentery and

the bowel comes lietween it and the abdominal wall, there may be tympa-

nites; the temperature is likely to be very high, and the pulse-rate soon be-

comes rapid, just as in appendicitis; Icucocytosis is present, although it does

not always mean the presence of pus, for it often exists as a result of intes-

tinal stasis. Digital and instrumented examination of the rectum and sigmoid

reveals very little. Catz says that the abscess may be absorbed, and the

writer has seen one case in wliich this took place. The abscess may be encap-

sulated, but eventually it opens into the bowel, upon the skin, or into the

peritonc^al cavity. The writer has seen tw^o cases in which the abscess opened

into the sigmoid flexure, then refilled, and finall}^ opened again. In one of these

cases he was able to pass a uterine probe into the abscess cavity in the meso-

sigmoid. The t^^o patients were comfortable so long as the abscesses discharged

^eely, and on this account operation was never urged. Nearly all of the cases

in which the abscess has opened through the abdominal wall, or into the sig-

moid, have done well. Several instances have been reported in which there

were adhesions between the diverticula and the bladder; the ultimate result

in these cases being an entero-vesical fistula. The writer has never seen any

cases of this nature, but he believes that they all terminate fatally.

Treatment.—The treatment of these cases depends entirely upon the fact

whether or not the presence of pus has been estabhshed. Where no infection

has occurred the palliative treatment is often successful. The writer has twice

seen a large tumor in the left iliac fossa, evidently of perisigmoidal origin, dis-

appear vmder rest and local ai)plications. In dealing with this condition, one

should always remember Segond's axiom: "Never be in a hurry to incise a

swelling in the left iliac fossa." And yet, while remembering this, one should

not take the chance of letting an abscess burst into the peritoneal cavity, when

such evidences of pus as chills, night-sweats, high temperature, and marked

leucocytosis are present. The abdomen should be opened with aseptic pre-

cautions, and, if it be found that suppuration has not taken place, then the

wound may be closed witli no fear of harmful results. Some have urged that

one should wait until the abscess shall have become adherent to the abdominal

wall and then should make an extraperitoneal. opening. Such advice is mis-

leading, because, if the abscess is on the meso-sigmoid, it will nev^r reach the

mural peritoneum, and one will therefore always have to pass through the

free peritoneal cavity in order to open it. When the evidences that pus has

formed are not convincing, one should fii-st ajiply ire and then creolin poultices.

At the same time the jxitient should rest in bed and shoidd l)e kept on a limited

but mixed diet. The sigmoid should also be irrigated regularly. If, when the

abdomen is opened, it is found that the inflammation is confined to one of the
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appendices epiploicse, the inflamed mass may be ligatured and excised, the base

being burned off or invaginated, just as is done in apixjndicostomy.

Secondary Perisigmoiditis.—The sigmoid, by reason of its mobihty, is at

one time or another in close relation with every organ in the abdominal cavity.

It is therefore possible for it to become involved in an inflammatory process

affecting some one of these organs, such involvement constituting what we
have denominated as secondaiy perisigmoiditis. Byron Robinson, in the

excellent article already referred to, says that the sigmoid is in close relation

to the appendix in at least forty-eight per cent of women, and in thirty-eight

per cent of men. It is in touch with the utems and its appendages in nearly

eveiy woman. How easy, then, for an inflammation of one of the abdominal

organs to extend to the sigmoid, and for adhesions to form between the two,

or for a discharge to pass from one to the other. Abscesses of the ovaiy and
Fallopian tube, of whatever type, have been known, not only to adhere to the

sigmoid, but to .rupture into this organ. Byron Robinson reports one case in

which there were three separate openings into the sigmoid from an abscess of

one of the tubes. He claims that many deaths are caused by the accidental

opening of one of these fistulous tracts during the course of an operation upon

the uterine adnexa, and by the neglect of the operator to close the aperture

into the sigmoid. In the course of my operative work I have detached the sig-

moid from every organ in the pelvic and abdominal cavities except the liver,

pancreas, and right kidney.

Treatment.—The treatment of these conditions resolves itself into the treat-

ment of the source of inflammation. At the same time, while one is engaged

in relieving these abnomial conditions of certain abdominal organs, it is im-

portant to take into account the condition of the sigmoid, and to repair any

openings that may have been made by cutting across fistulous tracts or by

tearing through ulcerating abscesses.

XVI. COLOSTOMY.

The term "colostomy," which is derived from two Greek words {y.oXoy^

colon; aziitia, opening), is used to describe the operation of making an open-

ing into the colon through the abdominal wall, this opening being intended to

serve as an artificial anus. This opening may be made either temporary or

permanent. The procedure has for its object either to overcome some ob-

struction in the bowel below this point or to give functional rest and thus to

relieve the diseased portion from the irritating effects of a constant flow of

fecal matter over the part. It also serves as a useful preliminary to extirpa-

tion of the rectum, in cases of imperforate anus and in complicated fistida^ be-

tween the bowel and uro-genital organs. The permanent artificial anus is

recjuired in cases of inoperable stricture or of neoplasm of the bowel below this

point, and it is also a necessary adjunct in operations for resection or excision

of the rectum or sigmoid, where it is impossible or impracticable to re-estab-

lish the continuity of the intestinal tract.
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Since the introduction (by Schodo, in 1887) of colostomy as a means of

temporary relief, it has been the effort of surgeons to establish a method by

which the operation could be done in such a manner that the opening might

be easily and safely closed after it had served its purpose. Thanks to theij-

efforts this can now be accomplished without opening the peritoneal cavity or

resecting any portion of the bowel. The term colostomy should not be re-

stricted, by a prefix, to any special part of the abdominal wall, inasmuch as

it becomes necessary, in various conditions, to open the colon at different

localities. It is therefore best to speak of the operation which is almost uni-

versally done at the present time, as abdominal colostomy—in contradistinc-

tion to the lumbar method, which is now almost obsolete. Lumbar colostomy,

however, still has a sufficient field of usefulness to merit description. It is

api)li('able, for example, in incurable diseases of the sigmoid and descending

colon, ill which the usual opening in the inguinal region woukl be below the

site of the disease, and also in cases in which the intestines are grcnitly dis-

tended

—

i.e., in cases in which it would be much easier to find and open the

colon in the lumbar region than at some other part of the abdomen.

The immediate danger from colostomy, no matter what may be the route

adopted, is, in pro]:)erly selected cases and under the proper antiseptic precau-

tions, very slight.

Lumbar Colostomy.—The patient is laid upon his right side and a firm pil-

low is placed under thv loin in order to make the flank i)rominent. The patient

is then turned partially on his face, thus making it possible to feel the anterior

border of the quadratus lumborum distinctly. An incision is made just below

the Ijorder of the last rib and one inch and a half back of the anterior superior

spine. This incision should extend downward and forward a distance of about

five inches, and in a direction i)arallel with the crest of the ilium. The fibres of

the nuiscular layers should be separated and not incised, and they should be

held back by n-tractors. Before the transvenalis fascia is divided, all bleed-

ing vessels should be ligated. The external border of the quadratus lumborum

will be exposed through the transversalis fascia. After passing through the

latter the operator comes upon the bed of suliserous fat, in which the kidney

is embedded, and in front of which lies the colon. Blunt dissection should now

be used to avoid wounding the ureter, which may be abnormally i)lace(i in this

fat. Whether the colon can or cannot be rcaciied without entering the peri-

toneal cavity, depends upon the length of the mesentery.

When the colon is exjjosed,—in a case, for example, in which its mesentery

is short,—the first step consists in drawing the bowel out at least as far as to

the surface of the wound and holding it there while the latter is packed witli

gauze. Then a silk ligature is |)assed first through the skin, then through the

bowel, and finally through the skin on the ojijjosite side of the wound. These

sutures should be introduced at intervals of half an inch throughout the extent

of the wound. The intestine should now be incised longitudinally, and the

loops of the sutures that had been passed through the walls of the bowel are

caught, drawn out through the wound, and cut in the middle, the ends being tied
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to those which have been passed through the skin on each side. After the gas

and feces have passed tliroiigh the opening, the wound in the skin should be
thoroughly cleansed and the edges of the intestinal wound and skin should be

approximated and neatly sutured by interrupted sutures all around. The sur-

rounding skin should then be smeared with some adhesive ointment to protect

it from the fecal discharge. The stitches may be removed on or about the sixth

day, and the patient allowed to sit up on the tenth day.

In order to provide a spur w^hich shall prevent the escape of fecal matter

into the lower segment, the posterior wall of the colon may be pulled well for-

ward, in the wound, before it is stitched to the edges of the skin. A silver-wire

suture is first passed through the skin and then beneath the bowel and out

through the skin on the opposite side. The wire is then drawn taut and fast-

ened to shields on each side.

In a case in which the mesentery is abnormally long and the colon cannot

be reached without entering the peritoneal cavity, it is best to draw the colon

out of the wound, and fix it in that position by a glass rod passing under it and

from one side of the wound to the other. ^Yhen this has been done, it will not

be necessary to open the bowel for some hours.

Inguinal or Abdominal Colostomy.—The advantages of the inguinal or

abdominal over the lumbar route are these : the operation is much more easily

and quickly done; there is less danger of infecting the wound, because it is

much more shallow; it affords an opportunity for exploring the abdominal

cavity ; an outlet in this locality is more convenient for the patient ; the open-

ing is much easier to close; and the mortality is much less. For these reasons

abdominal colostomy is now employed almost exclusively, except in the in-

stances mentioned above. Recently it has been adopted as a preliminary

measure in extensive operations on the lower portion of the intestinal canal.

When it is done as a temporary measure, special care should be taken to perform

the operation in ^ch a manner that the opening can be closed with the least

possible danger to the patient and in the most successful manner.

Abdominal colostomy, as already intimated, may be done either as a tem-

porary measure or for the purpose of pro\dding a permanent artifical anus.

As a temporary measure the operation is performed for the purpose of providing

an outlet for fecal matter while the lower portion of the bowel is undergoing

surgical or medicinal treatment, and also in cases in which it is possible to re-

establish the normal fecal canal ; it is performed for the purpose of establishing

a permanent artificial anus when the disease in the bowel below is mcurable or

when it is impossible, after an operation for excision or resection, to restore the

normal canal.

Temporary Colostomy.—Temporary colostomy is done for the pm'pose of

turning aside the fecal current while treatment or some operative measure is

being carried out on the intestinal tract below. The site at which the opening

is made depends upon the location of the disease and also upon the treatment

that is to be adopted. Thus it may become advisable to vary the location of

the opening from the caecum to the upper two-thirds of the sigmoid.
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Technique of the Oj^M-ation.—Several (HtTerent proeedures have been reeoni-

niended for the perfornianee of the operation. In one of these, for exanipk\

special importance has been attached to the formation of an efficient spur; in

another, great stress is laid ui)on the necessity of preventing prolapse of the

mucous membrane; and in a third, the operator is specially urged to construct

the artificial anus in such a manner that later it may be easily closed. Instead

of giving a detail(>d account of these different methods, we shall try to combine,

in one general descrijition, the specially good jjoints of each.

The preparation of the patient, for each of the different methods of colostomy,

is the same as for any other case of laparotomy. The location of the incision

will be determined by the conditions to be met, but the left inguinal region

will meet the large majority of such indications, and it is therefore the site

usually selected, ^^'e will i)ass over the customary details which are familiar

to all operators and which are iccognized l)y them as essential jwints in the

operation, and we will take uj) the consideration of some recent recommendations

for the correction of what have generally been recognized as defects or short-

comings in the operation as it has been performed in the past. Such are, for

example, the formation of the spur between the two legs of the loop of the colon

that is brought to the surface; the production of an artificial anus that will

giv(» the greatest amount of fecal continence; the proper method for securing

fixation of the bowel ; the best way of doing a temi)orary colostomy and the best

manner of closing the opening; the steps reciuired for preventing prolapse of

the mucous membrane; and the proper time and method of opening the bowel.

As regards the fixation of the l)owel, Reclus first showed that it is unnecessary

to suture the parietal peritoneum to the edges of the wound in the skin, a step

which had uj^ to that time been considered necessary for securing union between

the edges of the wound and the bowel; and this has been verified by a number

of different operators.

For making an acute sjjur the Maydl-Reclus method appears to us to be the

simplest and most efficient. It consists in drawing the loop of the colon out

through the wound, and, aftei- pulling the bowel down from above until it is

taut, making a small incision in the mesentery, card being taken to avoid blood-

vessels. Then, through the opening thus made, a glass or vulcanized rubber

rod, about five inches in length, is i)assed and its ends are made to rest on each

side of the wound. This rod should remain in i)lace for about two weeks. The

protruding portions of the bowel are sutured to the skin at the two angles of the

abdominal wound. This unquestionably brings the posterior wall of the bowel

above the level of the abdominal wall and forms a perfectly satisfactory s])ur.

To prevent prolapse of tlie mucous membrane, the pulling down of the bowel

until it is taut (in the manner described above), before passing the rod through

the mesentery or fixing the organ to the abdominal wound, will be found effective.

The projx'r time and method for opening the bowel will (l(>i)end upon the

urgency of the .symptoms of obstruction. If it should become nece.'^sary to open

the bowel at once, or .soon after it has been drawn to the surface of the wound,

and before union has taken place between it and the alxlominal wound, the
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organ may be clasped with two pairs of intestinal compression forceps, applied

about an inch apart, and an incision then made between them just large enough

to introduce the end of a Paul's tube* A piece of rubber drainage tubing is

then attached to the distal end of the glass tube to draw off the gas and feces.

After the tube has been secured in the bowel, the base of the protruding loop of

the bowel should be sutured to the edges of the abdominal wound. If there is

no urgent reason for the immediate opening of the bowel, it may remain

closed for several days.

When a temporary artificial anus is to be made, the following method should

be pursued:—A simple longitudinal incision is made from the superior angle of

the wound to a j^oint half an inch below the supporting rod. Tuttle recom-

mends, in addition, that a transverse incision, involving two-thirds of the

Fig. 390.—Temporary Inguinal Colostomy. (Tuttle.)

circumference of the bowel, be made at the lower end of this longitudinal incision.

(Fig. 390.) In both instances the object is to preserve as much of the wall of

the bowel as is possible, in order that it may be more easily restored. Tuttle

claims that, in making the transverse incision, the triangular flaps roll backward

and curl up, and, when the artificial anus is to be closed, the curls of the flaps

can be dissected apart, unrolled, and saitured in their original places. In the

latter case, or when a permanent artificial anus is to be made, or if, after pro-

viding for a temporary artificial anus, it becomes necessary to make it permanent,

the entire circumference of the protruding loop of bowel can be cut through

* [Tnderthe title of " F. T. Paul's Method of Performing Colectomy " there will be found, in

the British Medical Journal for May 25th, 1895, p. 1139, a reference to Paul's glass intestinal

drainage tubes. The tube in question, which consists of glass, has a diameter somewhat less

than that of the colon, is six or eight inches in length, and is provided with a double flange at

the end which enters the bowel; the object of the flange being to secure the tube in place.
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down to the incsenteiy, and the protruding edges may then be cut away, leaving

a distinct sulcus between the upper and lower apertures. (Fig. 391.) The
opening of the intestine does not require the employment of an ana}sthetie, as

it ]iroduces no pain unless the mesentery is cut. In the latter case a light

general or a local ana'sthetic will have to be employed.

Closure of a Temporary Artificial Anus.—The method of closing an artificial

anus will depend altogether upon the way in which it has been made and upon

the amount of the bowel which has been sacrificed in making the opening. If

the method of Allingham or of Bodine (Fig. 393), for making the spur and cut-

ting away the loop of the bowel has been employed, then the spur may be divided

Fig. 391.—Drawing Illustrates a Ca.se in which the Bowel is Cut througli for the Purpose of

Establishing a Permanent Artificial Anus. (Tuttle.)

Dy long pressure-forceps, and the edges of the bowel around the alxlominal

opening may be dissected loose and then united by Czerny-Lembert sutures;

the skin and muscle layers being l)rouglit together above. The objection to this

plan is that it leaves the bowel in a very distorted condition. An end-to-end

anastomosis would, under the.se conditions, be decidedly preferable.

When the bowel has been opened first by a longitudinal inci.sion extending

down to a point half an inch below the glass rod, and then by a transvei-se

incision bisecting the lower end of the fii-st, Tuttle's method for closing the

artificial anus (mentioned above) may be us(>d with advantage. The T-.shaped

wound in the bowel is then brought together first by silk sutures passed through
the mucous membrane, and then by a row of Lcinhcrt sutures placed outside
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of these. (Fig. 392.) The bowel is then dissected loose from its attaclimcnt
to the abdominal ^^all down to the peritoneal layer. This layer should be care-

fully stripped from the abdominal wall in the form of a band about one inch all

around the artificial anus. This allows the closed bowel to drop below the

level of the abdominal wall. (Fig. 396.) The opening in the latter, already

freshened by dissecting loose the intestine, is then brought together by silk-

worm-gut sutures passed through all its layers. The bowel is thus effectually

closed with very little if any diminution in its cahbre and without opening the

abdominal cavity; and the abdominal wall is completely restored in all its

thickness. Numerous plastic methods for closure of the artificial anus have

Fig. 392.—Drawing Sliows Tuttle's Method of Closing a Temporary Artificial .Ajms. (Tuttle.)

been devised, one of which is illustrated in Figs. 394 and 395. The technique,

known as that of Szymanowski, is as follows: A curved incision about three

times the length of the artificial anus is made internal to the apertm-e and with

the centre of its apex at the artificial anus. Tliis flap of skin is dissected up for

about one inch or more throughout its entire extent. A second curved incision

is made on the opposite side of the artificial anus, begimiing at the ends of the

first incision and passing out beyond the aperture to a distance of about two

inches. This flap is dissected up to the margin of the artificial anus, is then

folded, hinge-hke, over the artificial anus, and is sutured to the freshened sur-

face from which the first flap has been lifterl. The first flap is then dragged

over the second flap and sutured to the margin of the skin from which the

second flap was lifted, thus closing the artificial anus by a double layer of skin

and subcutaneous tissue.
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Permanent Colostomy.—Thv fliicf things required in un artificial anus which

is to be of a permanent character are these: first, it should have a free outlet

for the fecal matter; second, it should be so located that the patient can easily

take i>r()per cari> of it; third, it should be so formed that prolapse of the mucous

membrane will not occur; and, last, the control of the fecal outflow should be

the maxinunn attainable. It is generally conceded that an artificial anus in the

inguinal regibn is more convenient for the patient than one placed anywhere

else, and this locality should therefore be the one selected wherever it is prac-

ticable. A free outlet for the fecal matter may be easily obtained, in any

one of the positions named, by making a free incision into the bowel; and the

Fig. 393.— Bodiue's Operation for Colostomy.

prolapse of the mucous membrane is controlled by pulling the upper segment of

the bowel out, until taut, as heretofore stated.

The control of the fecal discharges is the most important part of this subject

yet to be considered. The constant escape of gas and feces from an artificial

anus, as experienced before the attempts to control it had been successful,

brought the operation into great disrepute. Many surgical devices have been

employed to effect this control, but, until recently, none of them has been found

quite satisfactory. Taking advantage of his own past experience, as well as of

that of workei-s in the same field, Tut tic has devised a method of procedure

which will be founil to combini^ the gooil results of all the different methods

and to be eminently satisfactory. He advis(>s that a loo|) of sigmoid sufficiently

long to be drawn at least two inches outside of the abdominal cavity be selected,

and that then a tape, or loop of large silk, be i)assed around it through a small
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slit in the mesentery, the ends being left long and being held by artery forcejis.

The lower fibres of the external oblique are then pidled down, the internal

oblique is split laterally for a distance of about three-quarters of an inch, and
the skin is separated from the external obli(iue muscle for a distance of about
two inches. An incision large enough to admit the bowel is next made through
the skin just above Poupart's ligament. The dressing forceps is passed first

through this opening and then through the opening made in the internal oblique

muscle, and is made to grasp the tape or the loop of silk that has been passed
around the bowel through the slit in the mesentery. By this means the bowel
is drawn down through the openings and out through the lower slit in the skin.

Fig. 394. Fig. 39.5.

Fig. 394.—Closure of Artificial Anus by Plastic Operation; First Stage. (Earle and Tuttle.)

Fig. 395.—Closure of Artificial Anus by Plastic Operation; Second Stage. (Earle and Tuttle.)

The opening made by the incisions should be of such size that the loop of sigmoid

may be drawn through easily and without subjecting it to much compression.

After it has been drawn through the bowel is held in position by passing a glass

rod through the slit in the mesentery and allowing it to rest at each end on the

surface of the skin. The abdominal wound is closed in the usual manner. When
the proper time arrives, the bowel is opened by a simple slit in the line of its

longitudinal fibres. In the course of a few weeks the protruding edges of the

bowel should be trimmed down flush with the skin.

The bowel is brought outside of the external oblique muscle in order that it

may lie upon a resisting plane; and, if this does not suffice to effect the desired

closure, a truss or compress can be placed upon it, by which means its calibre

will be absolutely occluded. Tuttle has found it necessary to employ a truss

in only two out of seven cases. The fact that the bowel passes through the slit

VOL. VII.—60
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in the internal oblique niusek> gives a certain amount of voluntary control over

the movements.

Colostomy on tlie Right Side.— It is rarely necessary to make a permanent
artificial anus on the right side, and even a temporary colostomy in this locality

is only occasionally called for in the treatment of chronic intractable inflamma-

tions of the colon. Appendicostomy (see page 797) will doubtless sui)ersedc

this operation in the large majority of such cases. Whenever it is found neces-

sary, however, to perform a colostomy on the right side, the surgeon should

bear in mind the anatomical conditions which differ from those found on the

Fig. 396.—Cross Section of Parts after Extra-peritoneal Closure of Artificial .\nus. (Tuttle: " Diseases
of the Anus, Rectum, and Pelvic Colon." D. Appleton & Co., Xew York.)

left side—viz., the higher location of the colon in the pelvis, the fact that the

mesentery is shorter here, and the very soft or even semifluid condition of the

feces, which renders ineffectual any attempts to secure fecal continence except

by Gibson's or Grant's valvular caecostomy.

XVII. FOREIGN BODIES IN THE RECTUM AND SIGMOID.

Foreign bodies are frequently met with in the rectum and sigmoid, and there

are three ways in which they may reach this part of the intestinal canal: first,

by being swallowed; second, by being develoi)ed in som(> portion of (he in-

testinal tract it.self ; and, third, by being introduced through the anus.

Medical literature abounds with instances of foreign bodies of the most
varied and marvellous character that have been swallowed and subsequently

found in the sigmoid or the rectum. Among such bodies may be mentioned

chicken or fish bones, the outer hull of an ajiple seed, a plate of false teeth, etc.

There are certain disorders or conditions which ])redispose to the formation of

foreign bodies in the intestinal canal, .\mong such may be mentioned altered or

deficient secretions from the inteslinal canal, the liver, or the pancreas. Entero-

liths have their origin in small bodies whicli have been swallowed and around
which the lime .salts are deposited in tiie fonn of incnistations. Tho.<?e who live

in limestone regions and drink the hard alkaline water characteristic of such lo-

calities, are especially liable to have these calcareous masses form in the intestine.
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For various reasons foreign bodies are frequently introduced into the rectum,

and, while this is always done 'with the knowledge of the patient, the purpose

for which the foreign object was introduced is of such a nature that he or she

will not admit it until forced to do so by pain and distress.

In a certain number of cases foreign bodies are introduced into the rectum

by ignorant people for the relief of certain conditions or symptoms, as for con-

stipation, or for its reverse condition, diarrhoea. Again, the rectum has, for a

long time, been made use of by thieves and criminals for the purpose of con-

cealing stolen articles and instruments for use in crime.

Foreign bodies sometimes find their way into the rectum by accident, as

by falling on pointed sticks or on the palings of a fence, and then, after pene-

trating the rectum, they break off and are left in the bowel.

In this section belong also those distressing cases in which foreign bodies

have been introduced, by depraved individuals, for the purpose of exciting

passion, and in which the object has slipped from their grasp and has passed

up into the rectum.

The length of time occupied by a foreign body that has been swallowed, in

passing from the stomach to the rectum, varies from twelve hours to several

months.

Some remarkable cases have occurred in which large objects that have been

introduced into the rectum have worked their way upward until they were

beyond the reach of the hand or of instruments used for their removal.

Symptoms.—The symptoms will depend very much upon the size and shape

of the foreign body. If smooth, round, and not very large, it may give rise to

very few s^inptoms, pain and tenesmus being the chief. ^Mien the object has

remained for some time in the intestine and has produced much irritation,

grave constitutional symptoms, with high temperature, may supervene.

Dl\gxosis.—The educated touch and the proctoscope afford the only reliable

means of diagnosis in these cases. The latter instrument should be used only

when the foreign body has passed up beyond the reach of the finger; but then

it may be used as a means, not merely for making the diagnosis, but also for

removing the foreign body, which may be grasped with forceps and pulled down.

Removal by Abdominal Section.—\Mien a large foreign body has passed

beyond reach or has been arrested, in its passage from above downward, in the

upper part of the sigmoid flexure, it may be advisable to open the abdominal

cavity at once, to make a longitudinal incision in the bowel, and then to re-

move the foreign body through this aperture.

X\TII. WOUNDS, INJURIES, AND RUPTURES OF THE RECTUM.

The protected position of the anus and rectum between the folds of the

buttocks guards it, as a rule, from injury. Nevertheless, there are a sufficient

number of injuries of this character to make the subject worthy of our con-

sideration. These injuries may be conveniently divided into contused, lacerated,
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punctured, and incised wounds. Contusions arise from falls on the buttocks,

from prolonged pressure brought about by any cause, and from excessive mani-

pulation employed in stretching the sphincter. Laceration may be produced

by a sharp foreign body in the stool, by excessive divulsion of the si)hincter.

and by falling or sitting down upon some sharp object. Punctured wounds

result from gunshot or bayonet injuries and also from falling on sharp-pointed

objects. Urethral sounds have sometimes been the cause of such accidents,

but the greatest number have been occasioned by the improper use of syringe

tips and rectal bougies. The writer has known of three cases in which the

improper use of the Kelly tube caused perforation of the rectal wall, fecal ex-

travasation, peritonitis, and death.

Oi)erations for stone in the bladder or for prostatectomy, by perineal section,

have frequently resulted in injury to the rectum.

Rupture of the rectum has occurred from the use of the colpeurynter in

suprapubic cystotomy, and from that of a Barnes' bag to dilate a high stricture.

As additional causes of this lesion the following may be mentioned: dragging

upon tlu^ organ in efforts to break up attachments between it and a pelvic

growth; the use of force with the nozzle of a syringe or w4th a rectal bougie,

in pelvic operations; penetrating and punctured wounds; and excessive press-

ure from the use of compressed air. Rupture has occurred in several instances

during attempts to reduce rectal procidentia, and it has also occurred from the

introduction of the hand for diagnostic purposes.

The gravity of a wound or injury to these i)ai'ts depends largely upon the

site, the tissues, and the particular part of the organ involved. Where the

injury is confined to the anus and rectal walls, the wounds usually h(>al promptly

under antiseptic precautions, (>xcept in those cases in which the puncture of the

rectal wall has taken place within {i.e., higher up than) the anal opening and

without injury to it. The majority of such cases which have been reported

as terminating fatally, are due, in all probability, to improper drainage through

the closed anus.

The results of gunshot wounds of the rectum, according to the records of

oui- Civil War and of the Franco-Prussian War, show a mortality of over forty

[jer cent. Pelvic cellulitis, septicamiia from infiltration, diffuse suppuration,

and secondary hemorrhage were the chief causes of death.

Little trouble may be aii(i('i|)atcd from minoi' wounds or injuries of th(>

rectum and anus, if the cardiiial i)riiicii)l('s of drainage and disinfection are

strictly followed. Hemorrhage should Ik' controlled l)y taking up the bleeding

vessels, if possible; otherwise the bleeding should be arrested by packing, care

Ix'ing taken always to irrigate the rectum with hot antiseptic solutions before

the packing is done. When the j)eritoneal cavity has been penetrated, sponging

should be sub.stituted for irrigation.
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Abbe's method of treating stricture of oesopha-

gus, 435

Abdomen, anatomical landmarks, 108

aponeuroses, 109

muscles, 109

nerve supply, 112

surface of, 109

surgical landmarks, 108

tumors of, diagnosis of, 96

vascular supply, 112

Abdominal cavity, drainage of, 114

indications for, 116

materials for, 115

objections to, 116

postural, 118

through stab wounds, 117

through vagina and rectum, 118

irrigation of, 119

Abdominal hernia, 555

Abdominal section, 105

adhesions after, 132

anatomical considerations, 107

anatomical landmarks, 108

closure of incision, 128

definition, 105

disinfection of abdomen, 137

drainage, 114

dressing the wound, 140

examination of patient, 134

exploratory section, 113

hernia after, 133

historical, 105

irrigation in, 119

incisions, 123

landmarks, 107

linea alba, 110

linea semilimaris, 111

lineae transversse. 111

muscles, 109

nerve supply, 112

operative technique, 137

peritoneimi. 111

position of patient during operation,

120

post-operative care, 141

post-operative sequelae, 132

Abdominal wall, abscess of, 78

actinomycosis of, 89

adenoma of sebaceous glands of, 86

anatomy of, 75

angioma of, 86

bums of, 93

Abdominal wall, carcinoma of, 87

contour, 107

contusions of, 91

desmoid tumors of, 83

embryologj' of, 75

fibroma molluscum of, 87

hydatid cyst of, 89

incised wounds of, 94

landmarks, 107

lipoma of, 87

lymphatics of, 75

nerve supply of, 77

phlegmon of. 77

punctured wovmds of, 95

sarcoma of skin of, 87

scalds of, 93

surgical diseases of, 75, 77

ulceration of, 80

wounds of, 75, 91

Abscess,, axillary , 66

intraperitoneal, 494, and see Subphrenic

abscess

ischio-rectal, 811

of abdominal wall, 78

of gluteal region, 29

of liver, complicating appendicitis, 639

of recti muscles, 78

of space of Retzius, 78

palmar, deep, 60

pelvi-rectal, 811

perianal, 810, 812

perirectal, 810, 812

periumbilical, 78

retrorectal, 811

retroperitoneal, 493, and see Subphrenic

abscess

subphrenic, 450, 478, and see Subphrenic

abscess

Actinomycosis of abdominal wall, 89

of csecimi, 725

of peritoneum, 752

of rectum, 800

of vermiform appendix, 636

Acupressure, control of hemorrhage by, 243

Adhesions, peritoneal, 726

Adenitis, axillar\% 66

Adeno-carcinoma of rectimi, 899

Adenoma of intestine, 737

of rectum, 892

of sebaceous glands of abdominal wall, 86

Air embolism, 195

Alligator forceps, 771

949
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Amoebic appendicitis, G36

Amputation of the venniform appendix, 683

Amputation stumps, carcinoma of, 67

Amu$sat's operation for atresia of rectum, 775,

77^
Anal examinations, 765

Anal papillip. hypertrophied, 897

Anal-urinary fistula, 828

Andrews, E. Wyllys, on Abdominal Hernia, 555

to 617

Andrews' operation for cure of inguinal hernia,

577

Anel's method of ligating for aneurysm, 278

Aneurysm, 258, 261

arterial varix. 258

arterio-venous. 288

by anastomosis. 259

cirsoid. 259

congenital, 263

cylindrical, 262

dissecting, 262

embolic. 186, 263

false, 261

fusifonn, 261

idiopathic, 263

of gluteal arterj% traumatic, 25

of internal pudic arterj', traumatic, 28

of obturator arterj', traumatic. 28

of sciatic artery, traumatic, 27

racemose. See Cirsoid Aneurysm

saccular, 262

spontaneous, 263

traumatic, 262

true, 261

tubular, 261

Aneurysmal varix. 289

Angioma of abdominal wall, 86

of gluteal region, 31

of intestine, 737

of rectum, 897

of innbilicus, 90

Angiosclerosis, 204

Antyllus' method of ligating for aneurj'sm, 280

Anorectal fistula, 816

Ano-rectal syi)hiloma, of Foumier, 800

Anus, abnormal narrowing of, 775

abnonnalities of, 785

anatomy of, 761

artificial. See Colostomy

atresia of, 775

examination of, 765

fissure of, 801,

imperforate, 775

lymphatics of, 763

malformations of, 774

nerve supply of, 763

occlusion of, by membrane, 781

operations on, anai.sthetics in, 771

Anus, physiology of. 761. 764

surgical diseases of, 761

syphilis, congenital, of, 800

ulcer of, irritable, 801

wounds of, 761

Aorta, gunshot wounds of. 230

Appendicitis, acute, 628

abdominal distention in, 656

abscesses in, 642

bacteria in, 6.30

blood current in, 653

catarrhal, 632

chronic, 628

exudative, 633

facial expression in, 652

fever in, 651

fulminating, 647

gangrenous, 634

interstitial, 633

intermittent, 628

jaundice in, 657

muscular rigidity in, 650

nausea in, 649

onset of, 643

operation for, 675

pain in, 648

posture in, 6.55

pulse in, 652

question of operation in, 667

secondary abscesses in, 642

tenderness in, 649

tuberculous, 628

tumor in, 655

varieties of, 627

vomiting in, 649

Appendicostomy, 696, 797

Appendicular colic, 631

Appendix vermiformis, actinomycosis of, 636

amputation of, 683

anatomy of, 618

cancer of, 625

carcinoma of, 625

colic of, 631

congenital malformations of, 624

cysts of, 624

delivery of the, 682

development of, 619

diseases of, 618

endothelioma of, 625

fibro-myoma of, 625

fos.sii' of, 621

inflammation of, 618, 632, and see Appen-

dicitis

intussusception of, 624

malformations of. congenital, 624

mesenterj' of, 622

nerve supplj' of, 622

papilloma of, 625
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Appendix, peritoneal folds of, 621

physiology of, 623

position of, 618, 619, 622

removal of, when not diseased, 691

sarcoma of, 625

search for the, 681

shape of, 618

tviberculosis of, 636

tumors of, 624

Arterial hemorrhage, 233

Arterial varix, 258

Arteries, contusions of, 208

inflammation of, 202, and see Arteritis

rupture of, 235

suture of, control of hemorrhage by, 249

wounds of, 222

Arteritis, 202

Arteriocapillary fibrosis, 204

Arterioliths, 180

Arteriorrhaphy , Brewer's method of, 253

Carrel's method of, 252

control of hemorrhage by, 249

De Gaetano's method of, 255

Dorrance's method of, 255

Murphy's method of, 250, 251

Payr's method of, 251

technique of, 257

Arteriosclerosis, 204

Arteriosclerotic gangrene, 207

Arteriothrombosis, 181

Arterio-venous anastomosis, treatment of be-

ginning arteriosclerotic gangrene by, 207

Arterio-venous aneurysm, 288

Arterioversion , 243

Artificial anus. See Colostomy

Atheroma, 204

Atresia of anus, 775

Axillary abscess, 66

Bacon's method of entero-anastomosis, 854

Bacteria in appendicitis, 630

Base-ball fingers, 72

Bassini's operation for cure of inguinal hernia,

573

Beck's method of treating tuberculous sinuses,

553

Beyea's operation for gastroptosis, 390

Bigenninal teratomata, 16

Bilharzia appendicitis, 636

Billroth's method of treating stricture of

oesophagus, 437

Bircher's operation for stenosis of oesophagus,

4.38

Birth-palsy, brachial, 71

Blank-cartridge wounds of feet, 42

Blood-vessels, surgery of, 146

Bone necrosis of hand, 63

Bougies for examining oesophagus, 409

Bowels, obstruction of, 727, and see Intestinal

Obstruction

Brachial birth-palsy, 71

Brachial plexus, injuries to, 69

Brasdor's method of ligating for aneurystn, 280
Brewer's method of arteriorrhaphy, 253

Bursa, ilio-psoas, 51, 52

Bursitis, ilio-psoas, 51

pelvic, 29

subacromialis, 44

subiliac, 51

Bums of abdominal wall, 93

A'-ray, 39

C^cuM, actinomycosis of, 725

arteries of, 623

carcinoma of, 724

internal configuration of, 622

tuberculosis of, 724

Calculus, renal, diagnosed from acute appen-

dicitis, 658

Cancer of rectum, 899

of verniiform appendix, 625

Cantlie's method of treating subphrenic abscess,

491

Carcinoma of abdominal wall. 87

of caecum diagnosed from tuberculosis, 724

of ends of stumps, 67

of gluteal region, 31

of intestine, 740

of oesophagus, 413

of pelvic bones, 14

of peritoneum, 752

of rectum, 898

colloid. 900

of stomach, 393

of vennifonn appendix, 625

scirrhous, of umbilicus, 90

Cardiocentesis, 175

Cardiolysis, 159

Cardiorrhaphy, 168

Cardiospasm, 445, 446

Carrel's method of arteriorrhaphy, 252

Chancre of rectum, 799

Chancroid of anus, 798

of rectum, 798

Charley-bone, 73

Charley-horse, 73

Chetwood's plastic operation for restoring

functional activity of anus, 827

Cholecystitis, diagnosed from acute appen-

dicitis, 657

Chondroma of pelvic bones, 13

Cirsoid aneuiysm, 259

Clamp and cautery operation for hemorrhoids,

866

Coccygeal region, pendulous tumors of, 15

Coccygodynia, 31
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Coccyx, excision of. '.V.i

Cceliotomy, 100

Coin-catcher, CJraefe's, 426

Cold, control of hemorrhage by. 239

Colic, appendicular, 631

lead, diagnosed from acute ap|)on(licitis,

661

Colon, artificial distention of, in diagnosis of

abilominal tumors, 102

Colorect ostomy. 922

Colostomy, 7.59, Sor>. 937

Colotomy, 106

Compression, control of hemorrhage by, 241

Connell suture, 736, 73S. 739. 7.54

gastro-ent«rostomy with, 365

Constipation, 785

Contracture, Volkmann's. 37

Contusions of abdominal walls, 91

of arteries, 208

of veins, 322

Coxalgic pelvis, 4

Crossed sciatic phenomenon, .35

Cushing's right-angle suture, 738, 754

Cystoma of rectum, 896

Cysts, after herniotomy, 592

hydatid, of abdominal wall, 89

of mesenterj', 751

of oesophagus, 420

of omentum, 748

of urachus, 80

of vermifonn appendix, 624

sacro-coccygea 1 , 20

Czemy suture, 734

Czemy-Lembert entcrorrhaphy, 735

.suture, 734, 754

method of Interal anastomosis, 749

Deformitik.s, congenital, of sacro-coccygeal

region, 14

of oesophagus, 410

(jf pelvis, bony, 3

of stomach, due to dilatation, 335

De Gaetano's method of arterioThaphy, 255

De Lomie and Mignon's operation, pericardot-

omy, 1.58

Dermatitis, A'-ray, chronic, 39

Dermoids, extra-rectal, 896

post-rectal, 18

Desmoid tumors, of abdominal wall, 83

post -operative, comjjlicating femoral her-

nia, 591

Diaphragm, anatomy of, 4.50

congenital defects of, 457

degeneration of, 460

displacement of, 460

eventration of, 4.59

faults of development of, 457

hernia of. 4.5S. 460, ()12

Diaphragm, infection of, modes of, 451

lymphatics of, 451

surgical diseases of, 450

tumors of, 4.57

wounds of, 460

Diaphragmatic phenomenon, Litten's, 467

pleurisy, diagnosed from acute appendici-

tis, 659

Dilatation, idiopathic, of oe.sophagus, 444

of oesophagus, for stricture, 430

for carcinoma, 416

of stomach, deformity due to, 335

Dimples, postanal, 897

sacro-coccygeal, 20

Diverticula, acquired (of intestines), 703

. of oesophagus, 439

Diverticulitis, 934

of sigmoid, 703

Diverticulum ilei, 701

Meckel's, 701, 708

Dorrance's method of arterioiThaphy, 255

Double monsters, 16

Douglas, semilunar fold of. 111

Drainage, gastric, interference with, 334

Duodenal hernia, 610

sphincter, the, 392

Duodenum, peptic ulcer of, 713

perforation of, 717

Dupuytren's suture, 738

Durand's operation, pericardotomy. 158

Dysentery, causing ulceration of rectum. 794

E.\RLE, Samuel T., and Tuttle, James P., on

Surgical Diseases and Wounds of the Anus

and Rectum, 761 to 948

Earle's hemorrhoidal clamp, S73

method of operating for hemorrhoids, 872

rectal speculum, 768

Echinococcus of pelvic l)ones, 13

Elevation, control of hemorrhage by, 240

Elephantiasis of gluteal region, 31

Elliot's position in abdominal surgery, 122

Embolectomy, 220

"Embolia in.sensibilis," 191

Embolic aneurysm, 186

Embolism, 183, and see Embolus
air, 195

fat, 199

of mesenteric ves.sels, 726

pulmonary, 190

i"etrograde, 184

seat of impaction of, 184

Embolus, 183, and see Embolism

air, 195

fat, 199

pulmonary, 190

seat of impaction of, 184

source of, 183
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Enchondroma of rectum. 891

Endarteritis, chronic. 204

Endoaneurj'sraorrhaphy, 281

Endothelioma of urachus, 81

of vermiform appendix, 625

Entero-anastomosis, Bacon's method of, 854

Enteroclysis, in abdominal surgery, 119

Enteroplasty, 753, 757

Enterorrhaphy, 755, 757

Czerny-Lembert method, 735

Connell suture in, 739

Enterostomy, 758

Epithelioma of gluteal region, 31

of rectum, 899

of umbilicus, 90

Eventration of diaphragm, 459

Excision of coccyx, 33

of pylorus, with gastro-enterostomy, 367

Exostoses of pelvic bones. 13

Exploratorj' puncture, in diagnosis of abdominal

tumors, 103

External oblique muscle of abdomen, 110

Extra-rectal dermoids, 896

Extra-uterine pregnancy, diagnosed from acute

appendicitis, 658

Extremities, minor disorders of, 37

F^CAL fistula, 711

after operation for appendicitis, 695

Fajersztajn's sign. 35

Fat-embolism, 199

Feet, blank-cartridge wounds of, 42

nails in, 42

splinters in, 42

Felon, 57

Femoral hernia, 584

atypical forms of, 587

palliative treatment of, 593

pathologj' of. 585

post-operative complications of, 591

treatment of, 588

Fibro-lipoma of gluteal region, 31

Fibroma molluscum, of abdominal wall, 87

papillary, of umbilicus, 89

of intestine, 737

of pelvic bones, 13

of rectum, 891

Fibro-myoma of vermiform appendix, 625

Fibro-sarcoma of umbilicus. 90

Fibrosis, arteriocapiIlar\\ 204

Fingers, anatomy of, 53

base-ball, 72

infections of, 53

Finney's method of pyloroplasty. 372

Fishbone catcher, Weiss', 427

Fissure in ano, 801

Fistula, anal-urinarj', 828

ano-rectal, 816

Fistula, f;pcal. 711

after operation for appendicitis, 695
in ano, 815

intestinal, 711

perineal-urinary, 828

perineo-urethral, 828, 829

rectal-urinar}\ 828

recto-genital, 835

recto-ureteral. 828, 835

recto-urethral, 828, 829

recto-uterine, 835

recto-vaginal, 835

recto-vesical, 828, 833

recto-vulvar, 835

Fistulae connecting with anus or rectum, 815

Foramen of Winslow, hernia at, 609

Forceps, alligator, 771

Lutter, 424

oesophageal, 425

pharyngeal, 424

Forcipressure, control of hemorrhage by, 243

Foreign bodies in heart. 164

in intestines. 705. 708

in oesophagus, 422

in rectimi, 946

in sigmoid, 946

Fossa, ileo-appendical, 620

ileo-coHc. 620

retro-ca^cal. 621

subcsecal, 621

Foveoe sacrales, 20

sacrococcygeal. 20

Fowler's position in abdominal surgery, 119

Frank's method of operation for femoral hernia,

590

Frank and Ssbanajew's method of gastrostomy,

405

Fimgus, umbilical, 89

Gangrene, arteriosclerotic. 207

Gastrectomy, dangers of, 397

partial, 396

rule for, 396

Gastric ulcer, and its sequete, 337, and see

Stomach, ulcer of

Gastro-duodenostomy, 375

Willard's method, 376

Kuemmel's method, 377

Gastro-enteritis, diagnosed from acute appen-

dicitis, 660

Gastro-enterostomy, 343

after-treatment of, 385

McGraw's method, 352

Moynihan-Mayo method, 345

posterior, 359

Rodman's method, 367

Roux's method, 357

Gastro-gastrostomy, 382
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Gastro-mesenteric ileus, 736

dastroptosis, 'iS9

Beyea's operation for, 390

Gastrorrhaphy, 106. 384

Gastrostomy, 377. 398, 419

Marwetlel's method of. 404

Sshanajew-Frank's method of, 405

Witzel's method of, 402

Gastrotomy, 105

for removal of foreign body from oesopha-

gus, 427

Gibson's blood chart, 654

methotl of valvular colostomy, 796

Girard's operation for diverticula of oesophagus,

443

Glass ann, 73

Gluteal arterj', injuries of, 24

aneurysm of, 25, 26

ligation of, 27

region, abscess of, 29

angioma of, 31

carcinoma of, 31

epithelioma of, 31

elephantiasis of, 31

fibro-lipoma of, 31

incisetl wounds of, 24

lipoma of, 31

lymphangioma of, 31

neuralgia of. 31

sarcoma of, 31

Goldmann's operation for diverticiJa of

oesophagus, 443

Gonorrheal proctitis, 798

Gould's suture, 736

Graefe's coin-catcher, 426

Granuloma of umbilicus. 89

Griffith, J.I)., on Surgicsd Disea.ses and Wounds
of the Abdominal Wall. 75 to 95

Gumma of umbilicus, 90

of rectum. 800

H.EMATOCELE, after herniotomy, 592

Hiematoma of q\iadriceps exten.sor femoris, 73

llalsted's suture, 736, 7.")4

Hand, anatomy of, 53

blank-cartridge wovmils of, 42

bone necrosis of, 63

fascial spaces of, 56

infections of, 53, 60

nails in, 42

.sloughing tendon of, 63

.s|)linters in, 42

tendons of, 54

Harris, Malcolm La Salle, on The Diagnosis of

Tumors of tlu- .Mxhimen, 96 to 104

Heart, adherent, liberation of, 159

foreign bodies in, 164

ma.ssage of, 173

Heart, paracentesis of, 175

penetrating wounds of, 163

projection of, on thorax, 149

structures covering, 146

surgery of, 146, 160

woimds of, 160

Heat, control of hemorrhage by, 240

Hebb's hemorrhoitlal clamp, 874

scissors, 874

modification of Earle's method of operating

for hemorrhoids, 872

Heinecke-Mikulicz method of pyloroplasty, 370

Hemorrhage, arterial, 233

treatment of, 239

Hemorrhoids, 860

accidents and complications follo^viug

operations for, 873

after-treatment, 873

treatment of internal and mixed, 864

varicose, 861

Hernia, 555, and see Abdominal hernia

at foramen of Winslow, 609

diaphragmatic, 612

duodenal, 610

femoral, 584

inguinal, 557

internal, 609

intersigmoid, 611

ischiatic, 605

Iimibar. 607

obturator, 603

perineal, 606

sciatic, 605

umbilical, 594

ventral, 599

Herniotomy, 106

Hour-glass stomach, 379

operative treatment, 380

Houston, valves of, 761

Howship-Romberg sign in obturator hernia,

604

Himter's operation for aneurysm, 278

Hydatid cysts of abdominal wall, 89

Hyilrocele, after herniotomy, 592

Hyperacidity in gastric ulcer, 340

Ileus, dynamic, 727

gastro-mesenteric, 736

mechanical, 727

Iliac vessels, injuries and diseases of, 24

Ilio-psoas bursitis, 51

Imperforate anus, 775

colostomy for, 780

Inci-sed woumls. See Wounds, incised

of alxlominal wall, 94

Indigestion, acute, diagnosed from acute ap-

pendicitis, 660

Infarct, 187
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Infections in wrist-joint, 66

of fingers, 53

of hands, 53

Inguinal canal, 563

fossae, 559

hernia, 557

Ingrowing toe-nail, 43

Injuries of arteries, 208

of intestines, 705

of oesophagus, 410, 421

of rectum, 947

of veins, 322

to brachial plexus, 69

Internal hernia of abdomen, 609

oblique muscle of abdomen, 110

pudic artery, injury of, 28

traumatic aneurism of, 28

pudic nerve, neuralgia of, 36

Intersigmoid hernia, 611

Intestinal exclusion, 758

fistula, 711

intussusception, 728, 730

obstruction, 727

obturation, 732

stenosis, chronic, 732

strangulation, 727

ulceration, diagnosed from acute appen-

dicitis, 661

ulcers, 713

tuberculous, 723

Intestine, adenoma of, 737

angioma of, 737

anomalies of, congenital, 700

anastomosis of, 749, 757

carcinoma of, 740

congenital anomalies of, 700

development of, 704

diverticula, acquired, 703

fibroma of, 737

foreign bodies in, 705, 708

injuries of, 705

lipoma of, 737

myoma of, 737

obstruction of, 727, and see Intestinal

obstruction

operations on, 754

peritoneal adhesions, 726

perforation of, typhoid, 720

sarcoma of, 738

tumors of, 737

typhoid perforation of, 720

wounds of, 698

Intussusception, intestinal, 728, 730

of vermiform appendix, 624

Intraperitoneal abscess, 494, and see Subphrenic

abscess

Irrigation of abdominal cavity, 119

peritoneal, in septic peritonitis, 515

Ischremic myositis, 37

Ischiatic hernia, 605

Ischio-rectal abscess, 811

Jacobson, Nathan, on Tuberculous Peritonitis,

527 to 554

Jalaquier-Kammerer incision, 124

Jejunum, peptic ulcer of, 718

Joan Baptista dos Santos, 17

Jones twins, the, 16, 17

Ivajvimerer-Battle incision, in operation for

appendicitis, 680

Kraske's parasacral method of resecting rectum,

913

Kuemmel's method of gastro-duodenostomy,

377

Kyphotic pelvis, 3

Laparotomy, 106

Lasegue's phenomenon, 34

Lead colic, diagnosed from acute appendicitis,

661

Le Conte, Robert G., and Stewart, Francis T.,

on Surgery of the Pericardium, Heart, and

Blood-vessels, 146 to 331

Lembert suture, 734, 754

Ligation, control of hemorrhage by, 244

of gluteal artery, 27

of sciatic artery, 28

of veins, 327

Ligature operation for hemorrhoids, 866

Linea alba, 1 10

semilunaris. 111

Linese transversse. 111

Lipoma of abdominal wall, 87

of gluteal region, 31

of intestine, 737

of rectum, 891

Litten's diaphragmatic phenomenon, 467

Liver abscess, complicating appendicitis, 639

Lumbar hernia, 607

Lungs, borders of, 148

Lutter forceps, 424

Lymphadenoma of rectum, 892

Lymphangioma of gluteal region, 31

Malformations, congenital, of vermiform

appendix, 624

of anus, 774

of oesophagus, 410

of rectum, 774

Marwedel's method of gastrostomy, 404

Massage of heart, 173

Mastin, William McDowell, on Abdominal

Section, 105 to 145

Matas' operation for aneurysm, 281
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Mattress sutures, 736

Maydl-Reclus method of colostomy, 940

Mayo's imbrication method in umbilical hernia,

597

Mayo and Mojniilian's method of gastro-en-

terostomy. 345

McBurney's point, 6.50

gridiron incision, 123, ll26

operation, in appendicitis, 679

McCosh, Andrew J., on Inflammatory and Other

Diseases of the Vermiform Appendix,

618 to 697

on Surgical Treatment of General Septic

Peritonitis, 505 to 526

McGraw's method of gastro-enterostomy, 352

method of gastro-intcstinal ami entero-

intestinal anastomosis, 751

Meckel's diverticulum, 701, 708

Mediastinum, anterior, conditions modifying

relations of, 150

Mesenteric vessels, emboUsm of, 726

thrombosis of, 726

Mesentery, cysts of, 751

injuries of, 750

surgical diseases of, 698, 750

tumors of, 751

Avoimtls of, 698, 750

Mcso-appendix, 622

Mikulicz's method of treating intestinal car-

cinoma, 744

Mikulicz and Heinecke's method of pyloro-

plasty, 370

Mixter's tube, 756

Monsters, double, 16

Moynihan-Mayo's method of gastro-enteros-

tomy, 345

Murphy button, gastro-enterostomy with, 3.>9

Murphy's invagination method of suturing

arteries, 250, 251

Myoma of intestine, 737

of oesophagus, 420

of rectum, 892

Myositis, ischa-mic. 37

ossificans jirogressiva, 38

traumatica, 38

Myositis, ossifying, 38

Myxoma of rectum, 892

Naius in feet, 42

in hands, 42

Necrosis, bone, of hand, 63

Neuralgia, obturator, 36

of gluteal region, 31

of pelvic region, 31

of internal pudic nerve, 36

of sciatic nerve. See Sciatica

of symphysis pubis, 36

New-growths. See Tumors

Obstruction, intestinal, diagnosed from acute

appendicitis, 660

pyloric, 335, and see Pyloric stenosis

Obturation, intestinal, 732

Obturator artery, injury of, 28

traumatic aneurysm of, 28

hernia, 603

neuralgia, 36

Ochsner, Albert J., on Surgical Diseases and
Wounds of the Stomach and Qi^sopha-

gus, 332 to 449

method of treating septic peritonitis, 522

method of treating stricture of oesophagus,

431

(Esophageal forceps, 425

Oesophagitis, 411

(P^sophago-jejuno-gast rostomie, 438

Q^sophagoscope, use of, in removal of foreign

bodies, 423

ffisophagoscopy, 410

CEsophagostomy, 419

CEsophagotomy, 426

(Esophagus, anatomy of, 408

carcinoma of, 413

cysts of, 420

deformities of, 410

dilatation of, for carcinoma, 416

for strictures, 430

diseases of, 410

diverticula of, 439

examination of, 409

foreign bodies in, 422

itiiopathic dilatation of, 444

inflammation of, 411 and see (Esophagitis

injuries of, 410, 421

malformations of, 410

myoma of, 420

papilloma of, 420

phlegmon of, 412

polypi of, 420

resection of, 417

sarcoma of, 420

stricture of, 428

surgery of, 408

surgical diseases of, 332

thrush of, 411

tumors of, 413

ulcer of, 413

wounds of, 332

Ollier's operation, pericardotomy, 157

Omental grafting, 757

Omentum, accessor}', 748

anatomy of, 745

cysts of, 748

injuries of, 745, 746

surgical di.sea.ses of, 698, 745

torsion of, 748

trauma of, 746
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Oment)im, tumors of, 748

wounds of, 698

Ossifying myositis, 38

Osteomalacic pelvis, 3

Osteoma of pelvic bones, 13

Osteomyelitis of pelvic bones, 4

Oviatt, Charles W., on Surgical Diseases and
Wounds of the Intestines, Omentum, and
Mesenterj-, 698 to 760

Palmar abscess, deep, 60

fascia, 55

Pancreatitis, diagnosed from acute appendi-
citis, 659

Papilloma of oesophagus, 420

of rectum, 895

of uml)ilicus, 90

of vennifonn appendix, 625

Paracentesis of heart, 175

pericardii, 154

Paraduodenal hernia, 610

Paralysis, brachial, 68

Paronychia, 57

Patent urachus, 81

Payr's method of arteriorrhaphy, 251

Peck, Charles H., on Surgical Diseases and
AVounds of the Pelvic and Gluteal Regions, 3

to 36

Pelvic bones, carcinoma of, 14

chondroma of, 13

echinococcus of, 13

exostoses of, 13

fibroma of, 13

osteoma of, 13

osteomyelitis of, acute, 4

periostitis of, 4

sarcoma of, 13

syphilis of, 12

tuberculosis of, 7

tumors of, 13

bursae, diseases of, 29

colon, 763

region, surgical diseases of, 3
wounds of, 3

Pelvi-rectal abscess, 811

Pelvis, deformities of, bony, 3
kyphotic, 3

obliquely narrowed, 4

osteomalacic, 3

split, 4

spondylolisthetic, 3

Peptic ulcer of duodenum, 713

of jejunum, 718

Perineal abscess, 810, 812

Periarthritis of shoulder-joint, 44

Pericardial effusion, effect of, on relations of

anterior mediastinum, 150

Pericarditis. 152

Pericardium, anatomical considerations, 146
inflammation of, 152, and see Pericarditis

line of reflection of, 148

operations on, 153

paracentesis of, 154

structures covering, 146

surgery of, 146

Pericardotomy, 156

indications, 156

Oilier's operation, 157

DeLorme and Mignon's operation, 158
Durand's operation, 158

Peridiverticulitis of sigmoid, 703
Perineal hernia, 606

Perineal-urinary fistula, 828

Perineo-urethral fistula, 828

Periostitis of pelvic bones, 4

Periproctitis, diffuse septic, 810

idiopathic gangrenous, 812

Perirectal abscess, 810, 812

Perisigmoiditis, 934

secondary, 937

suppurating, 935

Peritoneal adhesions, 726

tuberculosis, 532

Peritoneum, 111

actinomycosis of, 752

carcinoma of, 752

relation of, to diaphragm, 450

tuberculosis of, 533

Peritonitis, chronic, 752

forms of, 752

complicating appendicitis, 638

in appendicitis, 643

pelvic, diagnosed from acute appendicitis,

658

septic, after-treatment, 525

sclerosing, 753

tuberculous, 527

Periimibilical abscess, 78

Pesquin's method of ligating for aneur\'sm, 280

Pharyngeal forceps, 424

Phlebectasia, 308, and see Varicose veins

Phlebitis, 297

acute, 297

after operation for appendicitis, 692

chronic, 308

gouty, 300

migrans, 300

suppurative, 299

tuberculous, 308

Phleboliths, 180

Phlegmon of abdominal wall, 77

of Heurtaux, 77

of oesophagus, 412

Phrenoptosis, 460

Piles, 860, and see Hemorrhoids

Pilo-nitlal sinus, 20
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Pleura, reflection of, 147

Pleural effusion, effect of, on relations of an-

terior meiiiastinuni, 150

Pleurisy, after operation for appendicitis, G93

(liaplirapniatic, diagnosed from acute ap-

pentlicitis, 659

Plexiform angioma. See Cirsoid aneurysm

Plummer's olive-tipped bougie for tliagnosing

idiopathic dilatation of oesophagus, 447

Pneumatic cabinet of Sauerbruch, 418

Polypus of a?sophagus, 420

of rectum, 896

Poop, 73

Porter, Charles A., and Quinby, William C, on

Surgical Diseases of the Extremities, 37 to 74

Postanal dimples, 897

Posterior gastro-enterostomy, 363

Post-rectal dermoids, 18

Postural drainage, 118

Poupart's ligament, 108, 110

Pregnancy, appendicitis in, 692

extra-uterine, diagnosed from acute ap-

pendicitis, 658

Procidentia of rectimi, 875, and see Rectum,

prolapse of

Proctitis, gonorrhoeal, 798

proliferating, 800

tuberculous, acute, 793

Proctoplasty, 854

Proctoscope, 769

Tut tie's pneumatic, 769

Proctotomy, 851

Prolapse of rectum, 875, and see Rectimi, pro-

lap.se of

of stomach, 389, and see Gastroptosis

Pruritus ani, 856

P.seutlo-tails, 15

Pulmonary emboli, 190

thrombosis, after operation for appendici-

tis, 693

Puncture, exploratory, in diagnosis of abdomi-

nal tumors, 103

Punctured woimds of abdominal wall, 95

Purmann's method of extirpating aneurysm, 285

Purse-string suture, 748, 756

Pylephlebitis complicating apjjendicitis, 638

Pylorectomy, 374

Pyloric obstruction, 335, and .see Pyloric sten-

osis due to inflammatorj'^ adhesion.s,

383

stenosis, 335

pyloroplasty for, 370, and .see Pyloro-

])la.sty

Pyloroplasty, 370

Finney's method, 372

Ileinecke-Mikulicz method of, 370

Pylorus, and see Ciastric, and Stomach

excision of, with gastro-enterostomy, 367

Pylorus, ulcer of. inilurated. excision of, 367

Pyramidalis muscle, 110

QuADRATU.s luml)orum muscle, 1 10

Quadriceps extensor femoris, hiematoma of, 73

Qu^nu operation, modified, 908

Quinby, William C, and Porter, Charles A.

,

on Surgical Diseases of the Extremities, 37

to 74

Racemose aneurysm. See Cirsoid aneurysm
Radioscopy, in diagnosis of oesophageal lesion^

410

Rectal examinations, 765

anaesthetics in, 771, 772

digital, 767

instrumental, 768, 770

local anaesthesia in, 772

position suitable for, 766

preparation of patient for, 766

proctoscope in, 769

specula for, 768

Recto-genital fistula, 835

Recto-ureteral fistula, 828, 835

Recto-urethral fistula, 828, 829

Recto-uterine fistula, 835

Recto-vaginal fistula, 835

Recto-vesical fistula, §28, 833

Recto-vulvar fistula, 835

Rectopexy, 885

Rectum, abnormal opening of, treatment of,

781

actinomycosis, 800

adeno-carcinoma of, 899

adenoma of, 893

anatomy of, 761

angioma of, 897

atresia of, 775

cancer of, medullary, 899

scirrhous, 988

chancre of, 799

communicating with uterus, 784

cystoma of, 896

dermoids, extra-rectal, 896

dilatation of, 849

dimples, postanal, 897

drainage of pelvis through, 118

enclioudroma of, 891

ei)ithciionia of, 899

examination of, 765, and see Rectal ex-

aminations

excision of, 853

extirpation of, 908

fil)roma of, 891

fistulic connecting with, 815

foreign bodies in, 946

gumma of, 800

hemorrhoids, 860, and see Hemorrhoids
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Rectum, hypertrophied anal papillae, 897

injuries of, 947

lipoma of, 891

lymphadehoma of, 892

lymphatics of, 763

malformations of, 774

malignant adenoma of, 899

myoma of, 892

myxoma of, 892

papilloma of, 895

physiology of, 761, 764

polypus of, 896

procidentia of, 875, and see Rectum, pro-

lapse of

prolapse of, 875

rupture of, 947

sarcoma of, 903

stricture of, 838

surgical diseases of, 761

suspension of, from sacrum, 885, and see

Rectopexy

syphilis, congenital, of, 800

tvunors of, benign, 891

malignant, 898

ulcers of, 790

vascular supply of, 763

verruca of, 897

wounds of, 761, 947

Rectus abdominis muscle, 110

abscess of, 78

Renal calculus, diagnosed from acute appendi-

citis, 658

Retrocaecal hernia, 611

Retroperitoneal abscess, 493, and see Sub-

phrenic abscess

Retrorectal abscess, 811

Reeve, J. Charles, Jr., on Surgical Diseases of

the Diaphragm, and Subphrenic Abscess,

450 to 504

Resection of CBsophagus, 417

•Rodman's method of gastro-enterostomy, 367

Roux's method of gastro-enterostomy, 357

nail operation for femoral hernia, 590

Rudimentary tail-formation, 14

Rumpel's test for idiopathic dilatation of

oesophagus, 448

Rupture of rectmn, 947

Sacro-coccygeal cysts, 17, 20

deformities, congenital, 14

dimples, 20

fovese, 20

region, congenital deformities of, 14

sinuses, 20

tumors, 17

Sacro-iliac synchondrosis, tuberculosis of, 8

Salpingitis, diagnosed from acute appendicitis,

685

Sarcoma of gluteal region, 31

of intestine, 738

of oesophagus, 420

of pelvic bones, 13

of rectum, 903

of skin of abdominal wall, 87

of vermiform appendix, 625

Sauerbruch's pneumatic cabinet, 418

Scalds of abdominal wall, 93

Schistosoma haematobium, causing ulceration

of rectum, 794

Schwartz's method of treating varicose veins,

318

Sciatic artery, injury of, 27

ligation of, 28

traumatic aneurysm of, 27

hernia, 605

stretching of, 35

Sciatica, 33

Sclerosis, plastic peritoneal, 753

Sebaceous glands in abdominal wall, adenoma
of, 86

Sectio alta, 105

Section, abdominal, 105

Caesarean, 105

exploratory, 113

Semilimar fold of Douglas, 111

Septic peritonitis. See Peritonitis, septic

Serositis, multiple, 753

Shoulder-joint, periarthritis of, 44

anatomy, 45

Sigmoid flexure, 763

diverticulitis of, 703

foreign bodies in, 947

peridiverticulitis of, 703

Sigmoiditis, 930

Sigmoidopexy, 887

Sinus, pilo-nidal, 20

Sinuses, sacro-coccygeal, 20

tuberculous, Beck's method of treating, 553

Sippy's oesophageal dilator, 448

Skin, sarcoma of, of abdominal wall, 87

Skin-grafting, for X-ray ulcers, 40

Sloughing tendon of hand, 63

Space of Retzius, abscess of, 78

Speculum, Earle's rectal, 768

Splinters in feet, 42

in hands, 42

Spondylolisthetic pelvis, 3

Ssbanajew-Frank's method of gastrostomy, 405

Stab-wound drain, 117

Stenosis, intestinal, chronic, 732

pyloric, 335

Stewart, Francis T., and Le Conte, Robert G.,

on Surgery of the Pericardium, Heart, and

Blood-vessels, 146 to 331

Stomach, as a machine for digesting food, 333

carcinoma of, 393
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Stomach contents, chemical examination of. 395

microscopic examination of, 39.)

deformity of. duo to dihitation. 335

dihitation of. deformity due to, 335

hour-glass. 379

perforation of, 341

prolapse of. 389, and see Gastroptosis

surgical diseases of, 332

ulcer of, 337

wounds of, 332

Strangulation, 727

Stretching of sciatic nerve, 35

Stricture of oesophagus, 428

of rectum. 838, and see Rectum, stricture of

Stvmips, amputation, carcinoma of ends of, 07

Styptics, control of hemorrhage by, 240

Subiliac bursitis, 51

Subphrenic abscess, 450, 478

after operation for appenilicitis, 694

Cantlie's method of treating, 491

complications, 483

Suture, Connell, 736, 738, 754

Cushing 's right-angle, 754

Czemy, 734

Czerny-Lembert, 734, 754

Dupuytren, 738

Gould's, 736

Halsted's, 736, 754

intercuticular, 129

intracuticular. 129

Lembert, 734, 754

mattress, 7.36

of arteries, control of liomorrhage by, 249

purse-string, 748, 7.56

Symphysis pubis, neuralgia of, 36

tuberculosis of, 11

Syphilis, congenital, of anus, 800

of rectmn, 800

of pelvic bones, 12

Syphilitic ulceration of rectimi. 799

Syphiloma, ano-rectal, of Fournier, 800

Szymanowski's method of closing artificial

anus, 943

Taii^formatiox, rudimentarj', 14

Tails, in human beings, 14

Taxis, in strangulated inguinal hernia, 569

Tendon, sloughing, of hand, 63

Teratomata. bigemiinal, 10

Thrombectomy. 220

Thrombosis, 175

after operation for appendicitis, 692, 693

art<?rial, 181

diagnosed from embolism, 189

in.sensibilis, 191

of mesenteric vessels, 726

venous, 181

Thrombus, arterial, 181

Thrombus, autochthonous, 179

ball, 179

capillary, 182

cardiac. 181

changes imdergone by, 180

comliined. 179

fibrinous. 179

hyaline, 179

leucocytic, 179

localization of, 181

mixed. 179

mural. 179

obstructing, 179

of arterioles, 181

parietal, 179

primary, 179

propagated, 179

red, 179

secondary, 179

valvular, 179

venous, 181

white, 179

Thrush of oesophagus, 411

Toe-nail, ingrowing, 43

Torsion, control of hemorrhage by, 244

of omentiun, 748

Transversalis muscle of abdomen, 110

Trauma. See Injury

Trendelenburg position, in abdominal surgery,

120, 121

Trusses, 599, 602

Tuberculosis of pelvic bones, 7

of peritoneum. 533

of sacro-iliac synchondrosis, 8

of symphysis pubis, 11

of vermiform appendix, 636

peritoneal, 532

Tuberculous peritonitis, 527

sinuses, Beck's method of treating, 553

ulcer of intestines, 723

of rectum, 792

Tumors, desmoid, of abdominal wall, 83

of abdomen, diagnosis of, 96

of dia])hragm, 457

of gluteal region, 31

of intestine, 737

of mesentery, 751

of oesophagus, 413

of omentuni, 748

of pelvic bones, 13

of rectum, 891

of umbilicus, 89

of \'('rmifonn appendix, 624

jH-ntlulous, of coccygeal region, 15

sacro-coccygeal, congenital, 17

Tuttle, James P., and Earle, Samuel T., on

Surgical Diseases and Wounds of the Anus
and Rectum, 761 to 948
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Tiittle's hemorrhoidal clamp, 867

forceps. 867

method of appendicostomy, 797

miethod of closing artificial anus, 942

modification of Whitehead's operation for

hemorrhoids, 870

operation for recto-urethral fistula, 831

pneumatic proctoscope, 769

T^^ins, joined, 16

the Jones, 16, 17

Typhoid appendicitis, 636

fever, diagnosed from acute appendicitis,

659

perforation of intestines, 720

I'lceratiox, gastric, diagnosed from acute

appendicitis, 661

intestinal, diagnosed from acute appen-

dicitis, 661

of abdominal wall, 80

Llcer, gastric, and its sequelae, 337, and see

Stomach, ulcer of

intestinal, 713

irritable, of anus, 801

peptic, of duodenum, 713

Umbilical fungus, 89

hernia, 594

Umbilicus, angioma of, 90

carcinoma, scirrhous, of. 90

epithelioma of, 90

fibroma, papillary, of, 89

fibro-sarcoma of, 90

gumma of, 90

granuloma of, 89

papilloma of, 90

tumors of, 89

Urachus, cysts of, 80

endothelioma of, 81

patent, 81

Uterus, rectum communicatinir with, treat-

ment of, 784

V.\GiNA, drainage of pelvis through. 118

rectum opening into, treatment of, 783

Valves of Houston, 761

Varicocele, after herniotomy, 592

Varix, 308, and see Varicose veins

aneurysmal, 289

arterial, 258

Varico.se veins, 308

Veins, anastomosing, 310

contusion of, 322

inflammation of. See Phlebitis

injuries of, 322

internal saphenous, total resection of, 31H

ligation of, 327

effects of, 329

perforating, 310

varicose, 308, and see Varicose vein.«

wounds of. 323

Venereal ulceration of anus, 798

of rectum, 798

^'entral hernia, 599

A'entrotomy, 106

^\•rmiform appendix. See Appendix, vermiform

Verruca of rectum, 897

VoUcmann's contracture, 37

Volvulus, 728

Wardrop's method of ligating for aneurysm,

280

Weir's modification of operation for rectal ex-

tirpation, 925

operation of appendicostomy, 797

Weiss' fish-bone catcher. 427

Whitehead's operation for hemorrhoids. 868

Whitlow, 57

Willard's method of gastro-duodenostomy, 376

Witzel's method of gastrostomy, 402

Wounds, blank-cartridge, of feet, 42

of hands, 42

incised, of gluteal region, 24

of pehic region. 24

of abdominal walls, 91

of arteries, 222

of diaphragm, 460

of gluteal region, 3

of heart, 160

of oesophagus, 332

of pelvic region, 3

of pericardium, 151

of rectum, 947

of stomach, 332

of veins. 323

Wrist-joint, infections in, 66

A'-KAY burns. 39
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