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PREFACE

This book treats of pathology from the morphologic point of

view. The aim constantly in mind has been to present the subject

biologically, first by ascertaining so far as possible the cellular

elements out of which the various lesions are built up, and then

by tracing the development of the lesions from the simplest to the

most complex.

The principle followed may be stated in another way. In

order to understand an end result such as sclerosis of an organ or

tissue (for instance, cirrhosis of the liver or chronic nephritis) it is

necessary to find and study all the various acute lesions which may
terminate in sclerosis. Frequently much the same end result may
be produced in several different ways. Once the complete de-

velopment of the various lesions has been traced, then the final

result becomes more intelligible, so that we are often able in a

given instance to surmise or even to state definitely how it arose.

In other words, we are in a position to read the process backward
with some degree of certainty.

The morphologic side of pathology is difficult for many students

to comprehend. To them it is a dead subject. They cannot read

the cell changes going on and visualize them into an active process.

Moreover, it requires patience often extending over many years to

collect the tissues most suitable for study and for teaching pur-

poses. Even then, with the pathologic problems made as simple

as possible by having perfect tissues, perfect fixation, and the best

of stained sections, the lesions are not always easy to read and to

interpret. On the other hand, recourse to animal experimenta-

tion has often served to confuse a subject rather than to simplify

and clear it up.

In pathology the lesions themselves are the original sources of

information. It is necessary to keep going back to them in order,

by means of constantly improved technic, to reinterpret the changes
which are taking place. The hterature of a pathologic subject

represents the history of the study, understanding, and inter-

pretation of the lesions. It is much less important than the study
of the lesions themselves. Hence, not the literature of a patho-
logic subject, but perfect tissue, fixed and stained by the best

methods, affords the greatest opportunities for advance. It is in
11



12 PREFACE

this way that this book has been written. It is based so far as

possible on the study of lesions from the earhest to the most de-

veloped, not on what some one else has written about them. At
the same time use has been made of the literature to avoid going

astray, at least too far, and in order to obtain other men's ideas.

The " Pathologische Anatomie," edited by Aschoff, has been par-

ticularly helpful in this respect and much use has been made of it.

This book is based primarily on a study and analysis of the

pathologic material collected during the past sixteen years in the

Pathological Laboratory of the Boston City Hospital. In addi-

tion, I am indebted to Drs. J. H. Wright, S. B. Wolbach and L. J.

Rhea for the use of their collections, which they have freely and
generously placed at my disposal. I am also under great obliga-

tions to many of my former and present assistants for help in

many ways and especially for the use of tissues showing lesions

which I had been unable to obtain.

The book is incomplete owing to lack of time and of pathologic

specimens which would render possible the study of all stages in

the development of the various lesions. The book as it stands

affords a framework on which to build in the future if it seems to

fill a want. Some parts of it are more or less representative of the

ideal on which it was planned. Other portions are only partially

completed. A few subjects are entirely omitted.

The majority of the photomicrographs are my own, but many
were made with the assistance of Dr. S. Burt Wolbach, to whom I

owe whatever knowledge I have acquired of the technic of this

difficult branch of photography. For a small number of the photo-
graphic illustrations I am indebted to Drs. Wolbach and Ordway.
Initials state the origin of all photographs except a few made long
ago, of which the makers have been forgotten.

Finally, I am indebted to Miss Etta R. Piotti for all the draw-
ings; they have been made with photographic accuracy from
actual fields; to Miss Leonie M. Corcoran for her careful type-
writing and proof-reading of the manuscript; and to Miss Lillian

M. Leavitt for her versatile technical assistance in cutting and
staining sections, making photographic prints and in various other
ways.

F. B. Mallory.
Boston, Mass.
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THE PRINCIPLES OF PATHOLOGIC
HISTOLOGY

PART I

GENERAL PATHOLOGIC HISTOLOGY

INFLAMMATION

INTRODUCTION

Inflammation in a broad sense is the term applied to the re-

action of living organisms to any injury done to them or to any
part of them. It is a process tending toward removal or counter-

action (neutralization) of the injurious agent and toward repair

of the injury produced. In the higher animals the function of

counteracting injurious agents is delegated largely to the fluid

and cellular elements of the blood. If the injurious agent is within

the circulation, this counteraction takes place there; if it is on
a surface or within the lymph-spaces of an organ or tissue, the

fluid and cellular elements of the blood exude onto the surface or

into the lymph-spaces, in varying preportions according to the

nature of the injurious agent, and combat it there.

The term inflammation is commonly used also in a restricted

sense for the more active type of reaction, namely, acute exuda-

tion, called out by strong irritants acting outside of blood-vessels

and producing severe injury to cells and tissues. The broad use

of the term should, however, be constantly borne in mind because

it aids in the understanding of the close relation which exists

between the different types of reaction, caused by the various

strong and mild irritants acting within and outside of the circula-

tion.

As inflammation is the reaction to the injury produced by an
injurious agent it is necessary, in order fully to understand the

process, to study the injurious agent and the injury produced as

well as the reaction. For this reason

—

The logical order in which to study inflammation is as follows:

1. The injurious agent.
2 17



18 PATHOLOGIC HISTOLOGY

2. The injury done to the cells and intercellular substances.

3. The reaction to the injurious agent and to the injury.

The location of an injurious agent is very important as regards

the injury produced and the inflammatory reaction. It may be

—

1. On a surface, as on the skin or within a serous cavity, a

duct, a gland, an alveolus.

2. In the lymph-spaces or vessels of an organ or tissue.

3. In the circulating blood.

If the injurious agent is within the circulation, the reaction

between it and the elements of the blood takes place there. Under
this condition the resulting injury is usually difficult or impossible

of demonstration, because it may have been produced only on the

elements of the blood, and the reaction is so generally distributed

in the circulation that often little or no effect is visible.

When, however, the injurious agent is outside of the circula-

tion, it is usually rather sharply localized in one focus or another,

and the injury is often marked. The elements of the blood, in

order to reach the injurious agent, must escape from the blood-

vessels. As a result they accumulate in the affected area, and
in this way striking lesions are often produced.

The reaction between the injurious agent and the blood ele-

ments is the same within and outside of the vessels, but the ob-

vious effects produced are very different. Compare, for example,

an anthrax septicemia with an anthrax pustule or a pure staphyl-

ococcus pyogenes aureus septicemia with an ordinary furuncle

or carbuncle.

r Some injurious agents act only outside of blood-vessels (heat),

others only within them (plasmodium malariae); some act some-
times within, sometimes without (staphylococcus pyogenes aureus,

b. anthracis); others often in both situations (b. tuberculosis, b.

leprae).

The reaction to injurious agents acting outside of the circula-

tion is taken up first, because the effects produced are much more
striking and, as a rule, much easier to follow.

The injury produced by the irritant may be evidenced in three
ways:

1. Chemically, by changes in cellular metabolism, including

secretion and excretion.

2. Morphologically, by retrograde changes on the part of the
cells immediately affected.

3. Physiologically, by alteration or impairment of functional

activity.

In studying the injury and reaction produced by an injurious

agent, it must be borne in mind that the basis of all morphologic
and physiologic changes is chemical. Sometimes the chemical
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change is prominent, and we can recognize it (carbon monoxid
hemoglobin in the blood following poisoning by illuminating gas)

;

more often we observe the morphologic change (abscess, miliary

tubercle); less often the physiologic (convulsions as a result of

strychnin poisoning, or coma from an overdose of morphin).

The chemical changes bring about the morphologic and physio-

logic changes which we recognize as lesions, signs, and symptoms.
The lesions, signs, and symptoms all together, representing the

effects of the reaction of the body to injurious agents, constitute

the diseases which are characteristic of the injurious agents pro-

ducing them. We are concerned in this book chiefly with the

morphologic changes which constitute the lesions.

The morphologic elements which are called out of the circula-

tion by injurious agents producing their effect outside of the blood-

vessels are comparatively few in number; by exudation, serum
(from which fibrin may form under certain conditions); by emi-

gration, polymorphonuclear and endothelial leukocytes, lympho-

cytes, eosinophiles, and possibly also mastcells; and by diape-

desis, red blood-corpuscles. In addition the number of cells in

and around the injured area may be increased by proliferation

of endothelial cells, endothelial leukocytes, lymphocytes, fibro-

blasts and epithelial cells.

It is not alone the number of the exudative and proliferative

elements of inflammation which leads to the great variety in the

appearance of inflammatory lesions, but the proportions in which

the various elements are combined, the great variety in the struc-

ture and character of the tissues in which the exudation takes

place, and the various retrograde changes which the injured tis-

sues and the exudative elements may undergo. Occasionally,

too, the presence of the injurious agent may complicate the pic-

ture.

Some injurious agents call all the exudative elements of in-

flammation into action; others only one or two. The several

elements do not appear synchronously and yet they do not neces-

sarily follow in sequence. Exudation of serum takes place quick-

est; emigration of polymorphonuclear leukocytes next; then

follow emigration of endothelial leukocytes and lymphocytes.

Proliferation of cells seems to start almost at once, but requires

time to be much in evidence. The character of the reaction

depends on the elements which compose it, and the variety and
number of the elements called out depend on the nature of the

injurious agent.

It is advisable to study the elements of inflammation at first

in the simplest tissues obtainable, so as to render the changes

which take place as clear and evident as possible, and to study
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later similar changes in tissues in' which more or less highly dif-

ferentiated cells occur. It is also advisable and customary to

study, so far as possible, each element of the process of inflam-

mation by itself so as further to simplify matters. For this reason

experimental lesions in animals are commonly resorted to, and
the use of certain tissues and certain irritants has become class-

ical. Similar lesions occur in man but are not always obtain-

able. Tissues removed at surgical operations and fixed immedi-
ately furnish the best material. In animal lesions the tissue itself,

the nature and strength of the injurious agent, and the dura-

tion of its action can all be accurately controlled. Moreover,

the tissue can be obtained in an absolutely fresh condition be-

fore any postmortem changes have set in.

Before beginning to study the reaction of normal tissues to

injurious agents, it is necessary to have as accurate a knowledge
as possible of the normal circulation within blood- and lymph-
vessels, of the elements which constitute the blood and Isnmph,

and of the histologic structure of the normal tissues. To obtain

such knowledge is not so easy a problem as it might seem to be,

even when the simplest of the normal tissues are selected. Here
only the simplest tissue elements will be considered. For more
detailed information text-books on normal histology should be
consulted. It is also strongly advised to study sections of normal
tissues for comparison with the pathologic.

THE NORMAL CIRCULATION

The normal circulation in peripheral blood-vessels may be
studied directly under the microscope in the mesentery, tongue,

or web of foot of the frog. With certain precautions it may be
studied also in the mesentery of warm-blooded animals.

The flow of the blood in the arteries is intermittent, faster in

the systole of the heart, slower in the diastole. The red blood-
corpuscles flow in the center of the vessel as a red core. Between
them and the vessel wall is a colorless zone called the plasma zone.

The white blood-corpuscles flow along the inner surface of the
vessel in the plasma zone and travel much more slowly than the
red blood-corpuscles.

The flow of the blood in the capillaries is slow and continuous,
although often faster in one vessel than in another. The axial

core and the plasma zone are lost because the lumen of a capillary
is usually not much larger than a red blood-corpuscle.

The flow in the veins is slower than in the arteries and is con-
tinuous. The axial core and the plasma zone are present, but
are not so sharply marked as in the arteries.
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THE CONSTITUENTS OF THE NORMAL BLOOD

The chief constituents of the normal blood are eight in num-
ber. They consist of the red blood-corpuscles, of the blood

platelets, of five different types of white blood-corpuscles, and of

the blood plasma as shown in the following list

:

1. Red blood-corpuscles, erythrocytes.

2. Blood platelets.

3. Polymorphonuclear leukocytes.

4. Endothelial leukocytes.

5. Lymphocytes.
6. Eosinophiles.

7. Mastcells.

8. Blood plasma.

Some of the constituents of the blood are very characteristic

and can be recognized under almost all conditions; others are

less definite. Authorities disagree more or less in regard to the

classification of the white blood-corpuscles, especially in regard

to the one labeled endothelial leukocyte. The usual way of

studying the cells of the blood is by the cover slip method of

Ehrlich. This method is, in general, the best for preserving the

granules in the cytoplasm of the leukocytes so that a differertial

stain of them may be obtained. On the other hand, the cyto-

plasm itself and the nuclei are poorly preserved. This method
of studying the leukocytes probably places too much emphasis

on minor structures (the cytoplasmic granules) of the cells.

Fixation of the blood by the same methods that are used for

tissues (Zenker's fluid) preserves the nuclei and cytoplasm per-

fectly, and to some extent the cytoplasmic granules, so that the

cells appear much as they do in the tissues, and therefore can be

more easily compared with them and identified.

1. Red Blood-corpuscles, Erythrocytes.^They are bell- or

cup-shaped masses of cjdioplasm containing no nucleus. They
vary little in size; their average diameter is 7.5 microns. One
c. mm. of blood contains on the average 4,500,000 to 5,000,000

red blood-corpuscles.

The red blood-corpuscles contain hemoglobin which can be

fixed in them by certain reagents (heat, chrome salts, formal-

dehyd). The hemoglobin thus fixed stains readily and deeply

with acid dyes such as eosin, and thus renders the red blood-cor-

puscles very prominent.

The red blood-corpuscles are derived from the erythroblasts

of the bone marrow.
2. Blood Platelets.—They are round or oval discs measuring

about three microns in diameter. It is characteristic of them that
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Fig. 1.—The cellular elements of the blood. Column a, as seen in Zenker
fixed tissue preparations after staining with eosin and methylene blue. Col-
umns b, c, and d, as seen in blood smear preparations stained by Wright's
method. 1. Red blood-corpuscles with blood platelets between them; 2.
polymorphonuclear leukocytes; 3, endothelial leukocytes; 4, lymphocytes;
5, eosinophiles; 6, mastcells.
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they tend to collect in clumps and to disintegrate and disappear

rapidly in preparations made in the ordinary way. They remain

unclumped and intact in a 2.5 to 5 per cent solution of sodium

metaphosphate.

One c. mm. of blood contains on the average 250,000 to 500,000

platelets, but variations within wide limits occur.

It has been demonstrated by J. H. Wright that blood platelets

are detached portions or fragments of the cytoplasm of the mega-
karyocytes. He has shown by a special staining method that they

consist of a hyaline substance which can be stained blue, in which
are imbedded closely set minute red to purple staining granules.

White Corpuscles.—The white corpuscles are present to the

number of 8,000 on the average in one c. litm. of normal blood.

Their proportion to the red blood-corpuscles is as 1 to 600.

3. Poljmiorphonuclear Leukoc3rtes: Neutrophilic, Granular

Leukocytes.—They form from 70 to 72 per cent of all the white

corpuscles. In size they are a little larger than the red blood-

corpuscles. The nucleus is polymorphous, composed of several

more or less irregular or rounded lobules which are united by
slight filaments of nuclear material. The nucleus stains deeply

with basic (nuclear) dyes.

The cytoplasm contains very numerous fine granules which,

in cover-slip preparations prepared by Ehrlich's method, take a

double (so-called neutrophilic) stain. In tissues hardened in

Zenker's fluid these granules are, as a rule, rather poorly preserved

and stain lightly with eosin. The cjrfcoplasm is sharply limited

by a distinct and characteristic cell membrane.
The polymorphonuclear leukocytes are formed from the neu-

trophilic myelocjrtes of the bone marrow.
4. Endothelial Leukocytes; Large, Mononuclear, Non-

Granular Leukocytes.—They are usually a little larger than the

polymorphonuclear leukocjrte, being two to three times the size

of a red blood-corpuscle. Each leukoc3d;e contains an oval, ex-

centrically situated nucleus which is usually curved or indented.

It is never divided into masses. It stains lightly, never intensely

like the nucleus of the polymorphonuclear leukocyte. The cyto-

plasm contains no granules, and is limited by no definite cell

membrane.
Endothelial leukocytes number from 2 to 4 per cent of all the

white corpuscles. They are derived from the endothelial cells

'

lining blood, and to a less extent lymph, vessels by proliferation

and desquamation. They also multiply by mitosis after emi-

gration from the vessels into the lesions.

5. L3rmphocytes.—They form 22 to 25 per cent of all the

white corpuscles. They are of about the size of the red blood-
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corpuscles. By Ehrlich's method the nucleus is poorly preserved

and stains homogeneously. After fixation in Zenker's fluid the

nucleus is very characteristic. It is round, the periphery stains

sharply, and small masses of chromatin project inwardly from
the periphery, and are connected by chromatin threads with similar

granules in the interior, giving the nucleus a granular reticular

appearance, even under low power. The nucleus is generally

slightly eccentrically located in the cytoplasm.

The cytoplasm is usually small in amount, forming often but

a narrow rim, and sometimes even seems to be absent. It tends

to stain rather deeply with basic dyes, especially with methylene
blue, except in one small area near the nucleus in which lie the

two centrosomes. By special methods it is possible to demon-
strate in the cytoplasm minute elongated granules which are

regarded by Schridde as diagnostic of these leukocytes.

Lymphocytes are produced in the lymphoid tissue in various

parts of the body, but particularly in the lymph-nodes.

6. Eosinophiles.—They form two to four per cent of all the

leukocytes. The nucleus is usually polymorphous, but may be
horseshoe-ahaped or round. The cytoplasm contains numerous
coarse granules which after fixation by heat or by Zenker's fluid

stain intensely with eosin and other acid dyes. The cells are

often larger than the polymorphonuclear leukocyte.

Eosinophiles are derived from the acidophilic myelocytes of

the bone marrow.

7. Mastcells.—They form about .5 per cent of all the leu-

kocytes. The nucleus is polymorphous. The cytoplasm con-

tains numerous fairly coarse granules which stain deeply with
basic dyes. A differential stain of the granules may be obtained
by means of certain polychrome dyes such as thionin. The
granules are well preserved by alcohol, poorly by Zenker's fluid.

Mastcells arise from the basophilic myelocytes of the bone
marrow.

8. Blood Plasma.—It forms the intercellular substance of

the blood. Deprived of its fibrin, of which it contains .1 to .4

per cent by weight, it is called serum. The fibrin contains 9.2

per cent of solids, of which 7.6 per cent are proteids (albumin
4.5 per cent; globulin 3.1 per cent).

THE SIMPLE CONSTITUENTS OF NORMAL TISSUES

Leaving out of the question the various specialized cells, the
histologic structures which have to be considered in nearly all

the different organs and tissues of the body are the following

:

1. Fibroblasts or connective-tissue cells with their fibroglia,

collagen, and elastic fibrils.
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2. Endothelial cells.

3. Nerves.

4. Lymph-vessels and spaces; lymph.

5. Blood-vessels (capillaries, veins, and arteries) ; blood.

6. Cement substance.

In many tissues under normal conditions the various leuko-

cytes are frequently added to these structures. They mostly

enter the tissues by emigration from the blood-vessels, but some

Fig. 2.—Fibroblasts from an organized thrombus. Fibroglia fibrils sharp and
distinct. Collagen fibrils fill all the spaces between the cells.

of them probably travel along the lymph-vessels and spaces.

Endothelial leukocytes and lymphocytes are perhaps the cells

most commonly present, but eosinophiles, mastcells and even

polymorphonuclear leukocytes are occasionally found.

1. Fibroblasts, Connective-tissue Cells.—They vary con-

siderably in shape in different situations. As a rule, they are

flat elongated cells with flat oval nuclei which lie more or less

centrally, stain rather lightly, antl show a distinct chromatin
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network. The cytoplasm usually extends out in one or more

processes at each end of the cell.

The fibroblast may produce under different conditions three

kinds of fibrils in varying amounts, namely, fibroglia, collagen

and elastic fibrils. Apparently every fibroblast produces the

first two; but the elastic fibrils are found only in certain situations,

as in the walls of blood-vessels, around ducts, and in the corium.

Under other conditions as in lymph-nodules, the collagen fibrils

appear in a modified form as a reticulum.

The fibroglia fibrils are very delicate fibrils which have an

intimate relation to the cytoplasm of connective-tissue cells.

They form a part of the periphery of the cell from which they

arise and rim along its cytoplasmic processes. They seem to

extend to the surface of other fibroblasts, but this cannot be

proved. Fibroglia fibrils differ chemically from the collagen and

elastic fibrils, and can be stained differentially from them. They
are most numerous and best studied in young, rapidly growing

connective tissue.

Collagen fibrils are very dehcate fibrils which usually are

cemented closely together and run in wavy bundles; or, as in the

cornea, in straight lines arranged in thin planes. They swell up

in dilute acids such as acetic acid and become transparent. They
are destroyed by caustic potash.

Under certain conditions, as in lymph-nodules, the collagen

fibrils are formed into an interlacing branching network or re-

ticulum of delicate fibrils which differ morphologically and pos-

sibly to some extent chemically, from ordinary collagen fibrils,

but certainly are closely related to them.

The elastic fibrils occur in the form of a network of fibrils of

varying size, or as fenestrated plates. In fresh tissue the fibrils

are strongly refractive and have dark outlines. They are very

resistant to acids and alkalies which may be used to render them
prominent in histologic preparations of fresh tissues. In hard-

ened tissues they are usually not visible, but may be demonstrated
by several special differential staining methods.

2. Endothelial Cells.—They line blood- and lymph-vessels;

they also occur in connection with the more indefinite lymph-
spaces and associated with the reticular supporting framework
of organs. They do not produce any intercellular substance

unless it be cement substance.

In form the endothelial cell is always more or less flattened.

The nucleus lies centrally locatetj, is oval in shape, and stains

more faintly than the nucleus of the fibroblast. The cj^toplasm,

as shown by the nitrate of silver stain, is usually irregular or wavy in

outline, but never has prolongations or branches like the fibroblast.
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3. Nerves.—They are simply cytoplasmic (axis cylinder) proc-

esses of nerve-cells. Single nerve-fibers and their terminations can

be demonstrated only by means of special staining methods.

Bundles of meduUated nerve-fibers can be recognized in ordinary

sections, best in cross-sections on account of the characteristic

appearance of the axis cylinders and their sheaths. With a little

care they can be recognized also when running horizontally or

obliquely.

4. Lymph-vessels and Spaces.—They can be studied best after

fixation of fresh tissues in nitrate of silver which stains the cement
substance of cells brown and, therefore, defines very sharply the

limits of the cells and of any spaces between them. This staining

method demonstrates in the cornea, for instance, that the con-

nective-tissue cells are surrounded by lymph-spaces which all

communicate with each other, and which are also connected with

lymph-vessels. This condition probably holds true of all con-

nective tissues.

The lymph-vessels surround and form more or less definite

spaces along the blood-vessels and nerves, but also occur else-

where in the tissue. They are lined with the same kind of cells

as the blood-vessels—that is, with endothelium—but the line of

union of the cells is not so regular as in the blood-vessels. No
tissue is free from lymphatics; the number of them is usually

much under-estimated.

Lymph is a colorless fluid which in part escapes from the blood-

vessels through the stomata between the endothelial cells; in part

is secreted by the endothelial cells. It differs chemically from

blood plasma. It circulates through the lymph-spaces around

the connective-tissue cells, nourishing the cells and receiving waste

products, and then passes into the lymph-vessels. Lymphocytes
in small numbers are usually present in it.

INJURIOUS AGENTS (IRRITANTS)

Various influences may affect the human body injuriously;

such as bad heredity; excess and especially deficiency of water,

food, or oxygen; variations in the atmospheric pressure; over-

use or lack of use of the different organs and tissues; but the

actively injurious agents may for the sake of convenience be put
into a very few groups.

1. Mechanical: Incision, blow, foreign bodies.

2. Physical: Heat, cold, sunlight, electricity, a;-rays, radium.

3. Chemical: Of organic and inorganic origin; (a) Acids, alka-

lies, poisons, (b) Toxins derived from infectious agents, especially

bacteria and protozoa.

Of these injurious agents the bacteria and protozoa, including
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the toxic substances derived from them, are the most numerous
and the most important. It is not necessary here to enter into

a detailed description of them. Such information is readily

accessible in the numerous text-books on bacteriology. Reference

will be made only to certain appearances of the organisms as seen

in connection with the lesions caused by them.

Some toxic substances are actively

produced by living organisms (diphtheria

toxin), others are set free by the disso-

lution of the bodies of the organisms

after death (typhoid endotoxin). It is

usual to speak of the organism itself as

the active agent, rather than of its toxin.

A few organisms seem to act chiefly or

entirely mechanically (balantidium coli).

Nature of Action.—The action of an
injurious agent may be severe or slight,

brief or prolonged. The effect produced
varies accordingly. Some injurious agents

cause lesions in seconds, minutes, or

hours; others act so slowly that they
require days, weeks, or even months to

produce macroscopic changes.

Some injurious agents produce a
maximum effect at once (blow), others

begin insidiously (bacteria, etc.), and as
they increase in number produce grad-
ually a greater and greater effect.

Some bacteria act for a definite

period of time; then their action ceases
(bacillus typhosus, diplococcus pneu-
moniae), probably owing to the produc-
tion of an antitoxin; other organisms
continue to act indefinitely (tubercle
bacillus, leprosy bacillus).

An injurious agent may act only on
the cells immediately around it (staphyl-
ococcus pyogenes aureus toxin), or it

may be more or less soluble, and by
absorption through lymph- and blood-
vessels affect cells both near and at a

distance (bacillus diphtherise toxin).

Agents Used Experimentally.—The injurious agents most
commonly used in the experimental production of certain types
of reaction and the tissues on which they are used are the following:

- ^tf-lf.l"**'*

Fig. 3.—^Acute in-

flammation. Emigration
and accumulation of poly-
morphonuclear leukocytes
in the subcutaneous tis-

sues of a rabbit's ear as

the result of rubbing the
surface with dilute croton
oil.
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Hot water at the temperature of 54° C. If a rabbit's ear is

dipped into it for three minutes an acute inflammatory exudation

of serum and chiefly of polymorphonuclear leukocytes takes place

into the tissues.

Croton oil, diluted one part to six with olive oil, if rubbed on

a rabbit's ear, causes a similar exudation, with perhaps a greater

proportion of polymorphonuclear leukocytes. If it is injected

into muscle it causes extensive necrosis, followed by an abundant
exudation of polymorphonuclear leukocytes.

Turpentine and carbolic acid are sometimes used for the same
purposes as croton oil.

IFig. 4.—Acute inflammation. Migration of polymorphonuclear leukocytes in
the cornea attracted by an injury produced in its center.

Caustic potash in the solid stick form is sometimes applied

to the cornea of the etherized rabbit to cause necrosis in order to

study the processes of exudation and repair.

Similar lesions occurring in man may often be obtained for

control study, such as injuries of the skin due to heat, freezing,

ammonia, and other active agents; diphtheritic colitis due to cor-

rosive sublimate; acute gastritis caused by carbolic acid.

Chloroform has recently been much employed to cause necrosis

•of liver cells in animals. It is administered by inhalation. Swal-
lowed with suicidal intent it has caused the same lesion in man.

Mechanical injury is often used for the study of regeneration

and repair; as in incision of the cornea, driU holes into bones,

fracture of bones, incision and suture of intestine, incision of

•abdominal wall and of muscles, tendons, and nerves.
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Agar-agar is useful, injected subcutaneously, for the study

of the exudation and proliferation of endothelial leukocytes and
of the formation of foreign body giant-cells from them. The
polymorphonuclear leukocytes called out at first by the injury to

the tissues disappear in two to three days.

The staphylococcus pyogenes aureus is used for the study of

suppuration. Injected subcutaneously it produces necrosis of

the tissues in its immediate vicinity and exudation of polymor-

phonuclear leukocjrtes followed by softening of the necrotic tissue.

The result is an abscess which heals in time by granulation

tissue. Injected into the ear vein of a rabbit this organism gives

rise to septicemia and to multiple miliary abscesses in the heart,

Fig. 5.—Repair. Foreign body giant-cells formed around agar-agar injected
subcutaneously in a rabbit.

kidneys, and sometimes in the striated muscles; occasionally,
septic infarcts are produced in the kidneys.

The tubercle bacillus causes a slower type of inflammatory
reaction. It is usually injected subcutaneously, into the peri-
toneal cavity, into the ear vein of a rabbit or branches of the
portal vein of a guinea pig, or inoculated into a rabbit's cornea.

Various other organisms such as the diplococcus pneumoniae,
or the glanders or anthrax bacillus are used; but those cited above
are the ones most frequently employed.

Tissues Commonly Used and Studied.—The following tissues
are the ones most generally used in the study of acute inflamma-
tory exudation

:

The rabbit's ear is useful for demonstrating the clinical signs
and symptoms (redness, swelling, heat, and pain) of acute in-
flammation, as well as for showing the histologic changes which
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are taking place. Microscopically the tissues involved are com-

paratively simple.

Striated muscle readily shows the injury (necrosis) caused by
croton oil and similar substances and the changes which follow

such an injury.

The cornea is a very simple tissue consisting, beneath the

covering of epithelium, of thin layers of fibroblasts and their

fibrils with only lymph-spaces lined with endothelium and with

terminal nerve fibrils to complicate the picture. It is especially

useful for the study of repair of incised wounds in a simple tissue,

and of the origin of certain cells which appear in inflammation.

For direct observation of the reaction of tissues to injurious

agents of various sorts the following tissues have proved very

serviceable: the web of the foot, the tongue, and the mesentery

in the frog. They are delicate enough to permit direct study

under the microscope. The mesentery in warm-blooded animals

has been used for a similar purpose.

THE INJURY PRODUCED

Injury is the term applied to the changes produced in tissues

and organs by harmful agents. Trauma is limited to an injury

produced mechanically. Lesion is the term applied to any
structural change in tissues and organs no matter how produced;

it includes injury. Necrosis signifies death, and may be applied

to a single cell or to groups of cells.

The injury produced by an irritant is often difficult or even
impossible to demonstrate morphologically, as when a rabbit's

ear is treated with hot water for only two or three minutes at

54° C, or with dilute croton oil, although the inflammatory re-

action may be very marked. The same is true, for example, in

pneumonia and in meningitis. We judge of the effect of the

irritant largely by the reaction instead of by the injury.

In poisoning by prussic acid the reaction is physiologic; it

is tremendous and almost instantaneous. Although the basis of the

reaction is undoubtedly chemical, no morphologic change is evident.

In immediate death from chloroform inhalation no significant

morphologic lesion is found, but if the patient or the animal

experimented on lives two or three days before death, extensive

necrosis of liver cells is present and demonstrates at least one

injurious effect of the chloroform.

In tetanus and rabies the injury, aside from the primary
lesion at the site of infection, is evidenced chiefly or entirely by
the physiologic reaction. In rabies little or no morphologic

change can be demonstrated beyond the presence of the Negri

bodies in the ganglion cells.
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When, however, croton oil is injected into such a highly dif-

ferentiated tissue as muscle the effect (necrosis) is marked within

twenty-four hours. Extensive injury is shown in the stomach

following poisoning with carbolic acid, in the colon after poisoning

with corrosive sublimate, in streptococcus infection of muscle,

and frequently in the liver (central necrosis) when there is a

septicemia.

Of the injuries directly produced by irritants, necrosis is the

easiest to demonstrate histologically, but it requires time to make
itself evident. At first, the nuclei stain intensely and uniformly;

then they gradually disappear. The cytoplasm becomes homo-
geneous and stains deeply with acid dyes. Other effects produced

sometimes in injured cells are direct division of nuclei; edema
of the cytoplasm (hydropic degeneration); changes in the size

and number of the albuminous granules in the cytoplasm; deposi-

tion of fat-droplets in the cytoplasm. They are due in part, at

least, to interference with the chemical and physiologic activity

of the cells.

Under the special injurious agents the characteristic retrograde

changes caused by them will be referred to; but as the most con-

spicuous products of retrograde processes (fat, amyloid, hyalin)

are usually not the direct and obvious effect of irritants, but the

result of changes in metabolism, they will be treated of at some
length under a separate heading—"Retrograde Changes."

The chief injury produced in tissues is not always due to the
direct toxic action of the injurious agent, but is secondary to

obstruction of the capillaries and lymph-spaces by the leukocytes
which are attracted and accumulate around the organisms, as,

for example, in the lesions occurring in typhoid fever, tuberculosis,

and leprosy.

REACTION

The reaction to an injurious agent and to the injury produced
by it varies within very wide limits, depending on the amount and
the nature of the injurious agent and on the severity and character
of the injury. The reaction may be evidenced chemically by
metabolic changes, such as alteration of secretion and excretion;
morphologically, by the presence of serum, fibrin, and leukocytes,
and by the proliferation of cells; and physiologically by alteration
of functional activity.

The reaction which occurs in inflammation has a twofold
function— (1) to get rid of the injurious agent if still present or to
neutrahze its action so that it is no longer injurious and (2) to repair
the injury, that is, remove and, so far as possible, replace the
necrotic cells. In a bland infarct of the kidney we can study the
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reaction to simple necrosis where toxic substances derived from
the necrotic cells act as an injurious agent, but in a septic infarct

we have a double reaction, on the one hand to the necrotic cells,

on the other to the toxic agent and to the toxins it generates. As
a rule, in infectious processes the injurious agent causes a greater

and more characteristic reaction than do the injured cells. It is

not customary, however, or perhaps often essential, to separate

the two kinds of reaction, but they should be borne in mind.

The reaction of the body to an infectious agent and its toxins,

uncomplicated by any marked tissue injury, beyond beginning

general retrograde processes dependent partly on toxemia and
partly on interference with nutrition, is best seen perhaps in

septicemias, where the fight is directly between the irritant on
the one hand and the blood plasma and the leukocytes on the

other. Often the endothelial cells lining the blood-vessels play an
important role also by incorporating many of the organisms, as

in leprosy, tuberculosis, and dum-dum fever. We can get some
idea of what is taking place by studying the variations in the

relative proportions of the leukocytes, the chemical changes and
altered serum reactions produced in the blood plasma and the clin-

ical signs and symptoms.
The fluid and cellular elements in the blood- and lymph-vessels

at the service of the body in combating injurious agents and in

aiding in the repair of injuries are few in number. Sometimes
only one of them is used; more often two or more. We ordinarily

express the condition of affairs in another way by saying that a

certain irritant attracts or is chemotactic for a certain kind of

leukocyte.

The action exerted by the leukocytes is to some extent, perhaps,

mechanical, but their chief effect is produced chemically that is,

is due to the action of chemical substances manufactured by the

different leukocytes to neutralize the toxins secreted by micro-

organisms and to dissolve necrotic cells. Some of these chemical

substances can be demonstrated; others are recognized chiefly

by the effects they produce. A certain number of them are

present in the serum under normal conditions.

The morphologic changes which take place as the result of

the action of various injurious agents vary greatly, depending

on the strength and character of the latter. Sometimes an irritant

will produce one type of injury and reaction in one place (local

action of the diphtheria toxin in the throat or of the diplococcus

pneumoniae toxin in the lung), and a different type of injury and
action in another place where the toxin is carried in a dilute

state (diffuse action of the diphtheria toxin in the lymph-nodules

of the spleen, etc., or of the diplococcus pneumonise toxin in the

3
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glomeruli of the kidney). Moreover, different strains of the same

organism may produce more than one type of reaction.

In general we may divide the injurious agents into two groups,

the strong and the mild irritants (with all gradations between),

although it is difficult to confine some of them exclusively to

either group. This is particularly true of the tubercle bacillus.

The reaction of tissues to strong irritants has been much
studied because the lesions are readily produced experimentally.

The reaction to mild irritants is, however, of equal importance,

and should have more attention paid to it.

Reaction to Strong Injurious Agents.—The changes which

take place as the result of the action of strong irritants and the

injury to the cells produced by them are as follows:

1. Circulatory disturbances.

2. Inflammatory exudation.

(a) Exudation of lymph (including formation of fibrin).

(b) Emigration of leukocytes (chiefly of the polymor-

phonuclear leukocytes).

The inflammatory exudate is frequently contaminated by red

blood-corpuscles due to diapedesis or hemorrhage.

3. Proliferation of emigrated endothelial leukocytes and
lymphocytes, of fibroblasts, of vascular endothelium, and of

epithelial cells, if included in the lesion.

These changes are partly physiologic, partly morphologic.

They lead to certain gross functional and anatomic appearances

which are usually recognized clinically when the injurious agent

acts strongly on external tissues, and are known as the four cardinal

signs of acute inflammation; namely, redness, heat, swelling, and
pain. When the injurious agent acts mildly, one or all of these

signs may be lacking.

The Four Cardinal Signs of Acute Inflammation.—If a rabbit's

ear is rubbed with croton oil the effect produced will be visible in

one to three hours. If the croton oil is diluted with six to eight

parts of olive oil a longer time will be required. If preferred the

rabbit's ear may be dipped for three minutes in water heated to
54° C.

The first point noted is that the circulation becomes more
active throughout the ear. The main artery dilates and all the
blood-vessels become more prominent. The affected ear appears
distinctly redder than the normal ear (rubor). It also becomes
warmer than the other ear (calor). Gradually the ear becomes
thicker and may even pit on pressure (tumor) . It is more sensitive

to pressure (dolor). These symptoms, produced by injurious

agents, are known as the cardinal signs.

Rubor.—The redness is due to increased influx of blood. When
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the circulation is active, the color is distinctly red, as in the periph-

ery of a furuncle. When the blood stagnates in the large veins

congestion results, and the color is of a dusky bluish hue, as in the

center of a furuncle. When the color is due to hemorrhage, the

redness remains after pressure; when it is due to blood -svithin

vessels, the tissue blanches on pressure. Not only are the blood-

vessels in the inflamed area dilated, but there is also dilatation of

the arteries which go to the inflamed area and which have not been

acted upon directly by the injurious agent.

Color.—The heat of the part never exceeds the internal body
temperature. No heat is produced in the affected area. The
increased temperature is due to increased rapidity of circulation

and increased supply of blood.

Tumor.—The swelling is produced almost entirely by the

exudation; the dilatation of the blood-vessels plays a very unim-

portant part.

Fig. 6.—^Acute inflammation, a, Peripheral arrangement of polymorpho
nuclear leultocytes in vein; b, serum and lymphocytes in dilated lymphatic.

Dolor.—The pain is due to the pressure of the exudate on the

nerves. It is often possible to count the rate of the heart-beat by
the exacerbations of pain due to the increased pressure caused with

each systole of the heart, as, for example, in toothache. The
degree and character of the pain vary according to the structure

of the tissue and the extent of the injury.

To these four signs is sometimes added a fifth, functio laesa,

impaired function, shown in the rabbit treated with croton oil by
drooping of the ear.

The Circulatory Phenomena in Acute Inflammation.—The
changes produced in the circulation can be observed directly in

living tissues by means of the microscope. For this purpose the

frog's mesentery usually is chosen. Although more active agents can

be employed, exposure to air ordinarily furnishes sufficient injury.
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The arteries show the followihg changes :

1. An initial temporary constriction followed by

—

2. A dilatation of the vessels with more rapid flow of blood

(the vessels may reach twice the normal size) . Later,

3. The dilatation of the vessels continues, but the flow of blood

is slower.

The capillaries in the beginning are dilated and the flow is

more rapid; later, the dilatation continues or increases and the

flow is diminished.

The veins show dilatation; the flow at first is more rapid, but

later becomes slower.

In some of the capillaries and veins the flow may cease entirely.

In the arteries and veins the axial core is at first more pro-

nounced; later, it becomes obliterated.

The leukocytes become attached to the walls of the veins and

in a less degree to the walls of the arteries, so that the walls gradu-

ally become lined with them.

EMIGRATION OF LEUKOCYTES

The emigration of leukocjrtes can be followed, by direct ob-

servation under the microscope, in the mesentery or tongue of a

curarized frog, or in the web of the foot. With certain precautions

they can also be studied directly in the mesentery of warm-blooded
animals. Various irritants may be used, but exposure to the air

is usually sufficient. If desired, the tissues may be fixed at any
stage of the process and the finer details studied in stained pre-

parations.

It is chiefly the polymorphonuclear leukocytes which emigrate
under these conditions, but in fresh preparations it is not easy to

distinguish one type of leukocyte from another. In properly

fixed tissues it is possible to demonstrate that under certain con-
ditions endothelial leukocytes, lymphocytes, eosinophiles, and
probably mastcells also emigrate.

A leukocyte in emigrating alters its contour. A pointed
process of cytoplasm pierces the vessel wall. The nucleus and
the remainder of the cytoplasm in turn become attenuated and
follow so that the cell finally passes through the wall into the
lymph-spaces of the tissue. This emigration of leukocytes takes
place not only in the small veins, but also in the capillaries, and
under certain conditions through the walls of arteries. It takes
place not only from the vessels immediately acted on by the
injurious agent, but also from adjoining vessels. The emigrated
leukocytes travel toward the seat of injury.

Certain facts about the leukocytes which emigrate and about
their functions may be stated briefly here.
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1. Polymorphonuclear Leukocytes.—These cells play the

most important part in acute inflammation, are the first to emi-

grate, and in the early stages of the process may be the only ones

found. They travel to the point of greatest injury, invade masses

of bacteria, frequently incorporate certain varieties of them,

for example, streptococci, and gonococci, and often are killed

in great numbers by the action of the toxins. They also invade

necrotic cells and dissolve them through the action of ferments

which they secrete.

'^\X«»'^
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Fig. 7.—Acute inflammation, a, Mitosis of endothelial cell in wall of

small vein; h, c, and d, emigration of polymorphonuclear leukocytes through
the walls of small blood-vessels.

Polymorphonuclear leukocytes reach the injured tissues entirely

by emigration; they do not multiply by mitosis in the tissues like

some of the other leukocytes. They are called out in great

abundance by certain micro-organisms, especially the pus-cocci,

and by certain chemicals such as croton oil.

They never incorporate other cells, but they do take up small

particles of material such as fragments of fibrin or the sarcous

elements of digested muscle.

2. Endothelial leukoc5rtes play a very important role in

inflammation. They are httle in evidence early in acute inflam-



38 PATHOLOGIC HISTOLOGY

matory processes produced by strong injurious agents. They
often appear later, when the poljonorphonuclear leukocytes are

diminishing in number and the injurious agent is killed off or is

weakened in activity or diminished in strength.

They are called out by mild injurious agents which act for a

considerable length of time; by agents which are mildly toxic,

or which act mechanically only. Thus they form the chief or

only cell reaction to the leprosy bacillus, the typhoid bacillus, and
usually to the tubercle bacillus. They accumulate in large num-
bers in the blood and lymph-vessels and lymph-spaces to counteract

these bacteria and their toxins. The body relies on them also in

its struggle against the protozoon of Leishmania tropica and

against certain other micro-organisms.

Endothelial leukocytes also attend to most foreign bodies;

to carbon and other pigments; to free fat in various more or less

chronic lesions (arteriosclerosis, softening of brain, chronic abscess)

and in fat necrosis; to fat and sodium urate crystals; to inspissated

bile, to cholesterin crystals, hairs, and cornified epithelium around
which they usually fuse to form foreign body giant-cells. They
do this also around particles of bone, thus forming the osteoclasts

of bone and the giant-cells in most of the so-called giant-cell

sarcomas. They also fuse together to form the occasional giant-

cells seen in leprosy and tj^phoid fever and the many giant-cells

found in tuberculosis.

Endothelial leukocytes are phagocytic for certain micro-

organisms. They are also phagocytic for other leukocytes

(polymorphonuclear leukocytes and lymphocytes), and are the
only leukocytes which possess this latter property. In this marked
physiologic property they are hke the endothelial cells from which
they originate. Under certain conditions they incorporate and
digest large numbers of other leukocytes and of red blood-cor-
puscles. They do this when the other cells are injured or killed

and also apparently when they themselves need them as nutrition
in their struggle to form antitoxins against injurious agents, as in
typhoid fever.

Endothelial leukocytes emigrate in part from the blood-vessels,

but are derived also from the endothelial cells of the lymphatic
system. They multiply rapidly by mitosis in the tissues after

emigration.

Their origin, multiplication and fusion to form giant-cells are
best studied in lesions one to ten days old produced by the sub-
cutaneous injection of agar-agar.

3. Ljmiphocsrtes.—These cells reach the tissues both from the
blood and from the lymph-vessels by emigration and migration.
They multiply by mitosis in the tissues. They are never pha-
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gocytic for micro-organisms or cells. Some of them undergo a

change in the tissues and appear in a form to which the term plasma

cell is appUed. The change is due to a large increase in the amount
of cytoplasm which has marked basophilic properties, except for

a small acidophilic area adjoining the nucleus in which the cen-

trosomes are always found. The nucleus is eccentric. Fre-

quently, a plasma cell contains two, three, or even four nuclei:

Lymphocytes are most abimdant after inflammation has lasted

several days, and are most numerous in exudative processes which

have persisted for weeks. They are most abundant, as a rule, at

the periphery of a lesion. In various toxic conditions they may
infiltrate the different organs; for example, the kidney, spleen,

and adrenal in diphtheria and scarlet fever.

When a lesion has apparently healed, lymphocytes often

persist in numbers for a long while in the lymphatics leading away
from the affected tissue, as, for instance, in a healed appendix.

Plasma cells occasionally undergo a change in their cytoplasm

in consequence of which it swells and is filled with hyaline globules

which stain rather deeply with eosin.

The phrase "cells of the lymphocyte series" is sometimes used

to include the lymphoblast and all the cells derived from it

(lymphoblast, lymphocyte, lymphoid cell, plasma cell).

The chief function of the lymphocyte seems to be to neutralize

or to dispose of injurious substances which are being absorbed

through the lymphatics.

4. Eosinophiles.—They are found in very small numbers, as

a rule, in acute inflammation, but usually are more numerous
during the stage of repair. Sometimes they are quite abundant;

for example, in the mucous membrane and in the muscle coats of

an otherwise healed appendix. Usually they are more common
in chronic lesions. Often they are present in very large numbers
in the stroma of cancer of the cervix uteri and in the scirrhous type

of lymphoblastoma (often called Hodgkin's disease). Their

number in the bone marrow and in the spleen is sometimes much
increased.

The relative proportion of eosinophiles in the circulating blood

is greatly increased in certain types of infection. This is par-

ticularly true in cases of trichiniasis, where it may run as high as

thirty or forty per cent or even in rare instances up to sixty per

cent.

The function of the eosinophile is unknown, but it certainly has

one, probably to counteract certain injurious chemical substances.

In rabbits and some other animals the proportion of eosinophiles

in the blood is much larger than in man; this condition must be

borne in mind in studying tissues from such animals.
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5. Mastcells.—Their function is not known, but they occur

in a variety of lesions. They are also present under certain con-

ditions in apparently normal tissues. Occasionally, they are

abundant in leiomyomas of the uterus and in other tumors.

Diapedesis of Red Blood-corpuscles.—In the capillaries not

only the leukocytes but also the red blood-corpuscles pass through

the vessel walls; the red blood-corpuscles escape passively through

breaks between the endotheUal cells, and give rise to small hem-
orrhages. This act is called diapedesis, and usually takes place

after the emigration of leukocytes. Under the influence of certain

agents diapedesis may be a more marked phenomenon than

emigration. It is due apparently to the severe injury done to the

vessel walls by these agents.

Diapedesis is an accidental complication of inflammation. It

is not an essential part of the reaction.

Exudation of Lymph.—^Besides the leukocytes and the red

blood-corpuscles, some of the constituents of the blood plasma
pass through the walls of the capillaries. For the most part this

is not a simple filtration, but is closely akin to secretion. This

fluid, called lymph or serum, enters into and dilates the lymph-
spaces and vessels of the tissue. It differs chemically both from
normal lymph and from blood plasma. It is richer in albumin
and poorer in salts than the latter. It escapes readily from the

surface of mucous membranes, but collects in serous cavities. It

cannot escape through the unbroken skin, but collects in the

epidermis beneath the cornified layer, forming blisters. Its

presence in the loose connective tissue (edema) can be demonstrated
by pressure which forces it from the place pressed upon, leaving

a depression. This is called pitting.

The uses served by lymph are to dilute the toxic substances

derived from the injurious agents and, in certain instances, to

neutralize their action by virtue of chemical substances already

present in solution in the lymph.

Fibrin.—Fibrin forms in varying amount in the lymph under
the action of fibrin ferment on fibrinogen. The fibrin ferment
is set free by disintegration of leukocytes and other cells. Fibrin-

ogen is present in the lymph. On microscopic examination the
fibrin in the tissue appears as a network of fine threads with nodal
points. In time the threads become coarse and may even form a
dense hyaline reticulum. Sometimes it is granular or may occur
within cells, such as those of the liver, in the form of globules and
short rods. Fibrin is formed most frequently on surfaces such as

the air-sacs of the lung and serous surfaces. Fibrin disappears
on the addition of acetic acid. In hardened tissues it may be
stained differentially.
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When the tissue elements are destroyed and are bathed in

lymph they often become coated and impregnated with fibrin

and stain like it; they are sometimes said to have undergone a

fibrinoid change.

When much fibrin forms in an exudation, its presence is some-

times recognized in classifying the lesion; for example, fibrinous

pneumonia, fibrinous pericarditis.

Fibrin does not exude from the vessels. It is a pathologic

product formed out of the serum which has exuded. Its pres-

ence is sometimes harmful, its removal often impossible, and its

organization may lead to much trouble (pleural and pericardial

adhesions), and may even cause death (internal hydrocephalus

following organization of fibrin due to acute epidemic cerebrospinal

meningitis).

The quantity of lymph called out by different injurious agents

and the amount of fibrin formed vary greatly. A few examples

will illustrate.

Mosquito Bite: Much serum quickly poured out; little or no
fibrin formed ; few leukocytes.

Croton Oil: Much serum; little fibrin; many polymorpho-
nuclear leukocytes.

Diplococcus Pneumonice: Moderate amount of serum; much
fibrin; many polymorphonuclear leukocytes.

Bacillus Tuberculosis: Serum usually moderate in amount;
often much fibrin formed (lung, pleural and pericardial cavities);

in miliary tubercles usually very little serum, often much fibrin;

many endothelial leukocytes.

Bacillus Anthracis: Much serum; considerable fibrin; mod-
erate number of leukocytes; frequently diapedesis of red blood-

corpuscles.

VARIETIES OF ACUTE INFLAMMATORY EXUDATION

In acute inflammation, as a result of the varying nature of the

injurious agents, serum or leukocytes may predominate in the

exudation; fibrin may form in abundance from the serum and
lie free in the tissue spaces or in a cavity, or be attached lightly or

by reason of extensive necrosis intimately to an epithelial surface;

much blood may be present in consequence of diapedesis or

hemorrhage; epithelial cells and mucus may be mingled with
the exudation from an epithelial lined surface; gas may be formed
by the infectious agent or marked necrosis or putrefaction pro-

duced. Terms descriptive of these various peculiarities are often

employed and serve a certain useful function.

The same injurious agent may and usually does cause more
than one type of exudation.
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1. Serous Exudation.—The exudation is chiefly fluid. Poly-

morphonuclear leukocytes are always present in at least small

numbers and a little fibrin may form. An exudation often starts

serous in character, but ends by containing much fibrin or many
polymorphonuclear leukocytes or both. The serous type of

exudation is often compHcated by the presence of red blood-

corpuscles as a result of diapedesis or hemorrhage.

When a serous exudation takes place into the tissue lymph-

spaces it is spoken of as inflammatory edema, and the tissue

affected is characterized by swelling and a doughy consistence,

and usually by redness. If the exudation persists a long time,

the tissue cells may imbibe fluid and swell, and the collagen and
other intercellular flbrils may undergo various retrograde changes.

If the exudation occurs beneath squamous epithelium, it may
give rise to the formation of vesicles.

An excellent example of a serous exudation may be produced

experimentally by dipping a rabbit's ear for three minutes into

water heated to 54° C. In man it is produced (at least in sus-

ceptible individuals) by mosquito bites. It is usual in the first

stage of lobar pneumonia due to the diplococcus lanceolatus. It

is sometimes caused by the streptococcus pyogenes and by other

organisms.

2. Fibrinous Exudation.—It consists of serum and leukocytes

(chiefly polymorphonuclear), but fibrin forms so abundantly from
substances in the serum that usually it dominates the gross and
histologic pictiu'e and forms the most striking characteristic.

This type of exudation may occur diffusely in lymph-spaces, but
it is most common on serous and epithelial fined surfaces. It

usually fills up small cavities such as the air-spaces of the lungs,

but in the large cavities and on free surfaces it forms a definite

layer or membrane composed of fibrin threads and meshworks
matted together.

The amount of necrosis associated with fibrinous exudations

varies greatly. If it is slight and superficial, the layer of fibrin

is readily peeled off leaving a smooth but usually dull surface.

If the necrosis is marked and extends deeply, as often happens on
epithelial surfaces, fibrin forms all through the necrotic tissue and
binds it more or less intimately to the fibrin layer on the surface,

so that the combined layer either cannot be stripped off or leaves

a ragged surface behind.

The effort to distinguish different types of fibrinous layers or

membranes has led to the employment of descriptive terms, which
are, to say the least, often confusing.

The trouble arises from two sources:

(a) The employment of the chnical term diphtheritic and its
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derivatives, diphtiieroid and psoudo-diphtheritie, in a purely

anatomic sense for certain types of fibrinous membranes on epi-

tlielial surfaces.

(h) The attempt to distinguish three different tyj^es of fibrinous

membranes according to the intimacy of their attaclnnent to tlie

underlying surface and according to the amount of necrosis present.

The final chstinction between them has to be made with the

microscope, although we learn to recognize the different varieties

with a certain amount of confidence according to the location of

the lesion and the nature of the infectious agent.

Fig. S.—Lung. Lobar pneumonia. Alveolus filled with an exudation of

serum and polymorphonuclear leukocytes. Much fibrin has formed. At two
points it runs through openings in the alveolar wall. ]\L

The three varieties of membranes can be best distinguished by
stating their chief points of difference and giving tjqjical examjiles

of each. It will be noticed that the diphtheria bacillus produces

all three tj'pes, depending for the most jjart or entirely on the

anatomic structure of the surface on which the toxin of the bacillus

acts.

(i) Fibrinous Exudntion (Croupous Inflammation).—The
necrosis is, as a rule, slight, and often demonstrable only with

difficulty. It is hraited to the lining epithelium or on a squamous
epithelial surface to the upper layers of cells only, The threads
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composing the fibrin reticulum are relatively delicate. The fibrin

can be stripped off readily and leaves a smooth but usually

dull surface. In the stage of organization of this fibrinous exudate,

however, the fibrin threads usually thicken up, and the fibrin

membrane becomes adherent owang to the gro\\i;h of blood-vessels

and connective tissue into it.

The typical fibrinous exudation is produced by the diplococcus

lanceolatus in the lung, the pleural cavity, the meninges, etc.

The same type of exudation is often produced by other organisms;

Fig. 0.—Acute inflammation. Diphtheritic (fibrinous) membrane on surface
of trachea. ]-!asement membrane appeals as a broad pale line. M. and W.

by the diphtheria bacillus in the trachea, and, at the l)eginning of

its action, on the tonsils, the pharj-nx and elsewhere; by the
streptococcus in the lungs and meninges; sometimes by the
tubercle bacillus, especially in the meninges.

(ii) Diphtheroid (Pseudo-diphtheritic) Inflarnnuition. — The
necrosis is more extensive than in the simple fibrinous type and
involves, on a surface covered -with squamous epithelium, several
layers of the epithelial cells and may even in places extend a little

into the underlying connective tissue. The deeper lying threads
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of tiie fitjrin reticulum are coarse and hj-aline. This type of mem-
brane is tough and tenacious. It is stripped off with more or less

diffieulty, and leaves a ragged surface which may show bleeding

points.

The diphtheroid membrane is produced by the diphtheria

bacillus more often than the anatomically diphtheritic membrane,
especially over the tonsils.

(hi) Diphtheritic (Necrotic) Inflammeition.—The necrosis is

often the most prominent feature of the lesion and extends deeply

into the tissues underlying the epithelial surface. In the gastro-
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Fig. 10.—Large intestine. Diphtheritic colitis. Necrosis ot mucosa, fibrin

formation, leukocytic infiltration. JM.

intestinal tract it may involve the entire thickness of the mucosa.
The necrotic connective tissue and blood-vessels bathed in the

exuding serum swell and undergo a fibrinoid change. The fibrin

on the surface is often not conspicuous and may be absent owing
to maceration and desquamation, or because the injurious agent
was so strong and death so sudden that it had not time in which
to form. The necrotic tissue resembles a membrane, but it cannot
be .stripped off.

This type of inflammation is most common in the urinary
bladder, the intestine, and the uterus, but may occur elsewhere,
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as in the stomach or mouth, and is often complicated with putre-

faction.

It may be due to bacteria (dysentery, colon, and diphtheria

bacilli) or to chemical agents (carbolic acid, corrosive subhmate).

To sum up: The simple fibrinous exudation shows much fibrin

and little necrosis; the diphtheritic, much necrosis and sometimes

little or no fibrin; the diphtheroid hes between the two extremes

and is less definitely characterized.

3. Purulent Exudation or Suppuration.—Leukocytes are abun-

dant; serum is present in varying quantities, rendering the

exudation thick or thin accordingly; fibrin is usually scanty or

lacking. Of the leukocytes the polymorphonuclear predominates,

and frequently is practically the only one present. Endothelial
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Fig. 11.—Acute inflammatory exudation, a, Chiefly polymorphonuclear
leukocytes and fibrin; b, polymorphonuclear and endothelial leukocytes, also-

several lymphocytes.

leukocytes are usually present in small numbers and may be fairly

abundant. Lymphocytes are sometimes numerous, while eosino-

philes are rare.

This type of exudation is commonly called pus, and the cellular

elements composing it pus-cells; hence the term pus-cell is gen-

erally regarded as synonymous with polymorphonuclear leukocyte,

although it is not necessarily so. The leukocytes usually contain
much glycogen and numerous fat-droplets.

Purulent exudations in organs and tissues are always combined
with necrosis and solution of tissue. When this occurs focally,

the resulting lesion is termed an abscess; when it spreads through
the lymph-spaces and vessels, it is called diffuse suppuration. An
abscess extending to the surface of the skin or a mucous membrane-
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and continuing to discharge its contents there becomes a fistula

or ulcer according to its shape. Small localized collections of pus

in the surface of the skin or mucous membranes are called pustules,

while suppuration spreading rapidly and extensively through the

subcutaneous tissue with solution of it and the overlying epidermis

is known as phlegmon.

Suppuration in a pre-existing cavity, such as the pleural cavity

or the gall-bladder, is usually termed empyema.
Suppuration is usually due to bacteria, especially to the

staphlyococcus pyogenes aureus and to the streptococcus pyogenes.

Other organisms which may cause a purulent exudation are the

gonococcus, the tubercle bacillus, the colon bacillus, the acti-

nomyces, etc. Experimentally it has been shown that suppura-

I
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Fig. 12.—Acute inflammation. Oviduct. Migration of polymorpho-
nuclear leukocytes between the hning ciliated epithelium into the lumen of
the tube.

tion may also be produced without bacteria by purely chemical

reagents, such as croton oil or calomel. Suppuration produced in

this way does not spread, however, because the injurious agent
cannot multiply and extend peripherally.

The tissue solution in suppuration is generally due to the action

of ferments secreted by the polymorphonuclear leukocytes at-

tracted by the injurious agent and the necrotic cells. Sometimes,
however, the injurious agent itself causes tissue solution, as, for

example, bacillus aerogenes capsulatus in infections of muscles.

4. Hemorrhagic Exudation.—Red blood-corpuscles in varying
numbers are usually present as the result of diapedesis or of hem-
orrhage in the three common varieties of acute exudations already

described. When they are very abundant and especially when they
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form the most conspicuous feature, the exudation in which they

occur and which otherwise would be called serous, fibrinous, less

often purulent, is commonly termed hemorrhagic. The red

blood-corpuscles form a contamination of the exudation and serve

no useful function. They are foreign bodies which have to be

removed for the most part through the agency of endothelial

leukocytes. When they are poured out under arterial pressure,

they may mechanically cause much injury which has to be repaired.

The hemorrhagic type of exudation is more common in con-

nection with irritants which affect injuriously the vessel walls.

Thus it frequently attends septicemias due to the diplococcus

lanceolatus and the streptococcus pyogenes. It also occurs when
marked congestion from any cause accompanies an inflammatory
reaction.

5. Catarrhal Inflammation.—The exudation from mucous
surfaces is often contaminated with mucus and desquamated epi-

thelial cells whose presence is recognized in the term catarrhal

inflammation. The term is also commonly used by the Germans
as synonymous with simple acute inflammation.

REACTION TO MILD INJURIOUS AGENTS

We have seen that strong injurious agents produce more or

less severe injury and a marked inflammatory reaction consisting

chiefly of serum (from which much fibrin may form) and of poly-

morphonuclear leukocytes. Endothelial leukocytes, lymphocytes
and eosinophiles usually play a minor part, at least at first.

After the reaction has lasted a short time, however, one or another
of these other leukocytes may become more abundant as various
chemical products attract them.

Other injurious agents exist, however, which cause varieties

of inflammatory reaction which are different from those already
described. They are best classed as the mild injurious agents.
They consist in part of micro-organisms which give rise to the
production of weak toxins; in part, of strong toxins from various
sources which if sufficiently diluted may act also as mild irritants.

Belonging to this group of the mild injurious agents are the
typhoid bacillus, the Leishmania tropica, the still more slowly
acting leprosy bacillus, the diluted toxin produced by the diplo-

coccus lanceolatus, carbon, fat and its products. The tubercle
bacillus belongs usually with the mild irritants, but sometimes
must be classed with the strong injurious agents. The blasto-
myces, the oidixun, and the glanders bacillus hkewise vary between
the two groups, but usually are to be regarded as strong injurious
agents.

The injury produced by the mild irritants is shght and certainly,
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as a rule, cannot be demonstrated morphologically. On the other

hand, the inflammatory reaction is usually marked and may itself

lead to serious consequences.

The most common inflammatory reaction to mild irritants

consists of an exudation and proliferation of endothelial leukocjrtes

which sometimes accumulate in very large numbers. The en-

dothehal leukocyte (to which must be added under certain con-

ditions the attached endothelial cell) seems to be the only one

capable, under ordinary conditions, of counteracting the toxins

of bacillus typhosus, bacillus tuberculosis, bacillus leprae, and

Leishmania tropica. To the endothehal leukocytes may be added

serum (from which much fibrin may form), lymphocjd;es, poly-

morphonuclear leukocytes, and rarely eosinophiles.

Other injurious agents attract lymphocytes in large numbers
so that focal accumulations of some size may occur in various

organs and tissues; for instance, in the heart, kidney, adrenal,

and skin. In one type of acute tubular nephritis lymphocytes

predominate to such an extent that the lesion has been termed

acute interstitial non-suppurative nephritis.

Occasionally, the eosinophile plays an important part in

exudations. It may increase greatly in number in the circulation

in trichiniasis, for example (20 to 60 per cent), and emigrate

to collect around the trichinae in the muscles. Sometimes it

collects in great numbers in other lesions so as to form the pre-

dominating leukocyte, thus often in the scirrhous type of lympho-
blastoma, and occasionally in carcinoma of the cervix uteri.

The inflammatory reactions to mild irritants are usually not

classified as such (endothelial or lymphocytic reaction) but etio-

logically. Thus we speak of typhoid lesions of the intestine, acute

miliary tuberculosis, leprosy, Allepo boil. On the other hand, we
say acute intracapillary or capsular glomerulonephritis, although

the lesion in the one instance may consist only of endothelial cells

or leukocytes, in the other only of proliferated epithelial cells.

It is not necessary to go into details at this point in regard to these

different varieties of exudation produced by mild injurious agents.

They will be taken up at length in connection with the special

injurious agents which produce them. Here it is only important

to appreciate the relation of these inflammatory reactions to those

which have been described as produced by the strong injurious

agents.

REACTION TO INJURIOUS AGENTS WITHIN THE CIRCULATION

Some injurious agents act only outside of the circulation

(taenia solium), others only within it (plasmodium malariae).

Most infectious agents are found chiefly in one situation or the

4
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other, but occur frequently in both (staphylococcus pyogenes

aureus, tubercle bacillus).

The injury and reaction produced by injurious agents outside

of the circulation have been described. Those produced within

the circulation are rarely striking (destruction of red blood-cor-

puscles in malaria, for instance).

Nature's means for defense are nearly all present in the blood.

Those leukocytes which are most effective in counteracting

organisms or toxins or both are increased in number, thus the

polymorphonuclear leukocyte in staphylococcus pyogenes aureus

septicemia, the endotheUal leukocyte (especially in the portal

circulation) in typhoid fever, the lymphocyte in whooping cough,

the eosinophile in trichiniasis. The chemical constitution of the

blood plasma may be altered and new substances be produced in

it (typhoid antitoxin), probably through the action of the leu-

kocytes best fitted to counteract the injurious toxin. The bone
marrow may become hyperplastic. The spleen may increase in

size owing to the accumulation of numerous leukocytes in it

(polymorphonuclear leukocytes in streptococcus pyogenes sep-

ticemia, endothelial leukocytes in typhoid fever).

The endothelial cells lining the blood-vessels often play an
important part, acting in many respects like the endothelial

leukocytes which are derived from them. They take up many
kinds of organisms (tubercle bacillus, leprosy bacillus, Leishmania
tropica). Some they destroy; in other instances they act as

helpless hosts for the parasites multiplying within them. Some-
times they proliferate and desquamate fairly rapidly, thus causing

increase in the number of endothelial leukocytes (typhoid fever,

miliary tuberculosis).

While these points may seem of minor consideration in com-
parison with the gross lesions caused by exudations, it is important
to bear them in mind because they help in the understanding of

certain lesions. Thus, in generalized miliary tuberculosis each
separate tubercle starts in a blood-vessel, usually a capillary, as

the result of a tubercle bacillus being incorporated by one of the
hning endothelial cells. The cellular reaction to the toxin derived
from this tubercle bacillus and its descendants consists usually

of nothing but an accumulation of endothelial leukocytes, first in

the capillary, where the bacillus is lodged, then in the adjoining
capillaries and Ijonph-spaces. By occlusion of the blood- and
lymph-vessels, nutrition is cut off, and first the tissue cells and
then the endothelial leukocytes undergo necrosis. In order to
understand the lesions produced by the tubercle bacillus or any
other injurious agent it is necessary to know nature's reaction to

it, that is, what means she employs against the agent, whether it
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is located in the blood, in a lymph-space or vessel, or in a cavity

lined with epithelium or mesothelium.

No attempt will be made here to go farther into this subject

from the general point of view, but under some of the special

infectious agents the reaction which each causes in the circulation

will be described.

Repair

Introduction.—Repair is a broad term applied to all the

processes following the injury and exudation caused by an in-

jurious agent. It includes removal and encapsulation of foreign

bodies of all sorts, the organization of fibrin and lime salts, and the

regeneration of cells and parts of cells.

The various processes included under repair are necessarily

discussed separately. It must not be imagined, however, that

they occur in nature in the order in which they are taken up and
after the exudation has ceased. Instead, all the various steps

described under inflammation (including injury, exudation, and
repair) are usually more or less intimately combined and therefore

confusing to the beginner. It requires long training and a thorough
acquaintance with all the various processes to be able to disen-

tangle them, and to recognize the significance and relative import-

ance of each.

Under repair it is necessary to consider in due order the means
employed to get rid of foreign bodies of every kind, the organi-

zation of fibrin, less often of lime salts, the regenerative ability of

the different types of cells when some of them are destroyed without

injury to the adjoining blood and connective tissues, healing or

tissue repair when all cells in a given area undergo necrosis, and,

finally, healing or tissue repair in certain special organs and tissues.

FOREIGN BODIES

Toxic substances derived chiefly from injurious agents, but

also to some extent from the injured and necrotic tissue, are

counteracted chemically so far as it is possible by substances

already contained in the blood plasma, or manufactured by the

leukocytes. Besides the toxic substances, however, which must
be neutralized or excreted and the serum which must be absorbed

through the lymphatics, there often remain numerous bodies of

various sorts which must be regarded as mild types of irritants,

and which have to be got rid of before regeneration of cells can
result in more or less complete repair of a lesion. Some of these

different kinds of foreign bodies are derived from the injurious

agents, some from the injured tissues and from hemorrhage, while

still others are to be regarded as pathologic products.
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The following list will give an idea of the kind of foreign bodies

which sometimes require removal from inflammatory lesions before

perfect healing can take place:

Living and dead bacteria; capsules of pneumococci and of

Friedlander's bacilli; colonies and clubs of actinomycetes; blasto-

mycetes; fats from tubercle and leprosy bacilli; sodium urate

crystals; sutures; hairs.

Necrotic cells and the intercellular products of some of them,

such as collagen and elastic fibrils, cartilage and bone; myelin

from nerve-sheaths; fat derived from necrotic cells of all kinds

and especially from necrotic fat cells.

Secretions and pathologic products of various kinds, including

fat and its derivatives; fatty acid and cholesterin crystals; bile; lime-

salts; hemorrhage
and the pigments
derived from the hem-
oglobin; colloid; amy-
loid; fibrin.

For removing
foreign bodies nature

uses apparently the

activities of only the

polymorphonuclear
and endothelial leu-

kocytes. These agents

act by means of

ferments which they
secrete and which are

Fig. 13.—Repair. Foreign body giant-cell able to dissolve or
formed around fat crystals. j- x j xidigest many of these

foreign bodies.

Some of the foreign bodies, such as living and dead bacteria
and their capsules, they incorporate and digest; others, such as
necrotic cells, they invade or surround and dissolve. The two
types of leukocytes, however, are not able to perform exactly
similar functions. Both can incorporate bacteria although usually
not the same kinds; and both may invade or surround and dissolve
necrotic cells; but only the endothelial leukocyte takes up red
blood-corpuscles and carbon, for instance, or attempts to dissolve
cholesterin crystals or hairs or cornified epithelium.

Foreign Body Giant-cells.—When an endothehal leukocyte
finds difficulty in dissolving a substance, as, for instance, lime or
certain fat products or the blastomyces, it frequently fuses with
other endothehal leukocytes to form a multinucleated mass of
cytoplasm, commonly termed a foreign body giant-cell. If the
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foreign body is too large for one leukocyte to incorporate (choles-

terin crystals, hairs), one or more giant-cells are formed which
surround it or plaster themselves on its surface.

Foreign body giant-cells are usually numerous in the lesions

due to the tubercle bacillus and the blastomyces; also in many
lesions involving bone. Frequently, they are present in large

numbers around fat products, especially cholesterin crystals (old

healing abscesses, chronic mastitis); also around elastic fibrils

(heahng furuncle) ; hairs (pilonidal sinus, inflamed dermoid cyst)

;

cornified epithelium (inflamed wen, epidermoid cancer); urate

of sodium crystals (gout).

Parasitism.—^Many micro-organisms incorporated by leu-

kocytes are not destroyed. Instead, they seem under ordinary

Fig. 14.—Repair. Foreign body giant-cells formed around cholesterin

crystals.

conditions to flourish and multiply abundantly as parasites within

the cells. Thus the gonococcus inhabits the polymorphonuclear

leukocyte and the leprosy bacillus and the Leishmania tropica,

usually the endothelial leukocyte and also the endothelial cell.

The organisms are frequently present by dozens in these cells which
they in turn do not destroy. Possibly the leukocytes neutralize

to some extent the toxins eliminated by the organisms.

Necrotic Tissue.—Necrotic cells are usually readily dissolved

by polymorphonuclear and endothelial leukocytes. Sometimes
one does the work, sometimes the other; occasionally the two
together. The reason for the presence of the one or the other

leukocyte seems to depend, in certain instances at least, on the

nature of the injurious agent which destroyed the cells.
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Removal of necrotic cells on a large scale and in a comparatively

short time is seen in the early stage of acute yellow atrophy of the

liver. In this lesion the circulation of the organ is not interfered

with. But in an infarction of the kidney, for example, where the

blood-vessels and connective tissue are all destroyed as well as

the epithehal cells, although the process starts actively enough at

the periphery of the lesion, it soon quiets down and requires a very

long time to transform the infarction into a scar.

In several forms of tumors, but especially in melanomas, the

cells at some distance from the blood-vessels frequently undergo

necrosis which may be very extensive. The necrotic cells rarely

attract aiiy leukocytes, probably because they very slowly dissolve

and disappear by absorption leaving the blood-"0-essels surrounded

by thin sheaths of living

tumor cells.

Collagen fibrils are

more easily dissolved than
elastic fibrils. The latter

often require the long-

continued action of foreign

body giant-cells.

Bone is exceedingly

difficult to dissolve. Even
minute particles lead to

the formation of giant-

cells. Large masses may
persist for years or indefi-

Fig. 15.—Repair. Foreign body nitely, unless removed
giant-cells formed around a hair in a mechanically,
pilonidal sinus. Mygljj, ^^^ ^^^ f^^

derived from it are taken
up by endothelial leukocytes which collect largely in the lymph-
spaces around and within blood-vessels. There they apparently
persist for a long time while they digest the fat.

Fat is also derived from necrotic cells and leukocytes and
especially from necrotic fat-cells. In fat necrosis endothehal
leukocytes collect and multiply by mitosis in numbers around the
fat formerly contained in fat-cells. They often form a regular
single or double row of cells which have been mistaken for regen-
erating fat-cells.

When fat collects in considerable quantities, as in old abscesses
or in the ducts in chronic mastitis, it frequently undergoes chemical
changes, giving rise to fatty acid and cholesterin crystals which in
time may lead to the formation of numerous giant-cells.

Masses of inspissated bile in the bile capillaries of the liver
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often escape through the surrounding wall of Uver cells and are

taken up by endothelial leukocytes and gradually digested.

Rarely colloid in the thyroid gland and amyloid in, for instance,

the wall of the urinary bladder become foreign bodies and lead to

the formation of numerous giant-cells.

Red Blood-corpuscles.—When red blood-corpuscles escape in

the tissues through diapedesis or hemorrhage, one of two
things may happen to them: They may be incorporated by en-

dothelial leukocytes or they may disintegrate and set free their

hemoglobin. From the hemoglobin thus set free hematoidin

crystals may form in the same way that they may in blood pre-

served in a test-tube. Hematoidin is, therefore, not due to cell

activity. Chemically it does not respond to the ordinary tests

for iron. More often all or most of the hemoglobin gradually

diffuses into the surrounding tissues, where it may in part at least

be precipitated in the form of irregular granules.

The hemoglobin in the red blood-corpuscles incorporated in

endothelial leukocytes is transformed by cell activity into hemo-
siderin, a collective term applied to pigments which give the iron

reaction. The hemoglobin diffused from the disintegrated red

blood-corpuscles is taken up also by endothelial leukocytes through
imbibition or by phagocytosis, and transformed in the same way
into hemosiderin. In the course of a long time (months to years)

the hemosiderin is decolorized and digested and finally disappears

from the cells. When carbon is also taken up by the endothelial

leukocytes, as frequently happens in the lungs, the hemosiderin

is deposited around it.

Red blood-corpuscles are more hkely to be taken up by endo-

thelial leukocytes when they are present in small numbers only.

When the hemorrhage is large, the leukocytes can necessarily

attack only the periphery of it. Under these conditions the blood

clots, the red blood-corpuscles gradually disintegrate and the

hemoglobin is set free, the fibrin stimulates organization and the

blood from the hemorrhage is finally replaced by pigmented scar

tissue. If the organization is incomplete, as frequently happens

in the brain, a cyst eventually remains containing clear fluid, but

with pigmented endothelial leukocytes in the walls.

There still remains one foreign body, namely fibrin, which is

the most important of all, and requires separate consideration.

It may be derived from exudations or from hemorrhage. It is a
pathologic product, often useful as in stopping hemorrhage, but
frequently causing great trouble.
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ORGANIZATION OF FIBRIN

Fibrin does not of itself attract leukocytes unless it has under-

gone chemical changes. When it occurs in lesions into which

numerous polymorphonuclear leukocytes are attracted by the in-

jurious agent, as in fibrinous pneumonia, it is usually digested at

least in part by the ferments which the leukocytes set free. Other-

wise it persists and leads to what is termed organization of fibrin.

This condition regularly occurs in the pleural and other cavities

where the leukocytes can affect only the siu-face of the fibrin.

When fibrin occurs in suitable situations, it is quickly covered

over with a layer of endothelial cells (thrombi in blood-vessels),

or of epithelial cells (alveoli of lung, tubules of kidney). It exerts,

however, a very specific attraction for the fibroblast which pro-

liferates and grows into the fibrin and replaces it. In many
situations the fibroblast is preceded or accompanied by vascular

endothelium in the form of capillaries which arise only from capil-

laries; but in other situations the fibroblast works alone.

This replacement of fibrin by connective tissue, vascularized

or not, is termed organization of fibrin. The process can be
studied in a variety of situations, but three are sufficient fully to

illustrate what occurs.

Pleural Exudation.—The fibrinous exudation on the surface

of a serous cavity offers the best and most common material for

the study of organization of fibrin. Various stages of the process

are required and usually can be obtained. It is generally most
convenient to select the pleural exudation on the surface of the lung.

The organization begins after the fibrin has existed about one
week. It consists of an outgrowth of capillary blood-vessels

followed by fibroblasts. The new vessels sprout from the super-

ficial capillaries in the subpleural tissue and extend into the fibrin.

They anastomose laterally with each other so as to form loops.

This enables the blood which comes out in some of the vessels to

return through others. Although the new-formed capillaries are

very thin walled their lumina are relatively large.

The fibroblasts of the subpleural tissue proliferate and invade
the fibrin rather slowly. A few extend along the capillaries and
form a supporting sheath for them, but most of the fibroblasts

are arranged in layers parallel with the pleural surface and in this

way gradually encroach on the fibrin and replace it.

The fibrin does not attract leukocytes of any sort. It gradually
disappears as the vascular endotheUum and the fibroblasts ad-
vance. Apparently, it is dissolved and utihzed as nourishment
by these two varieties of cells, and this alone may explain its

stimulating effect on these cells.
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If the visceral and parietal layers of fibrin in the pleural cavity

are in contact, the organizing cells may eventually meet and

combine so as to cause obliteration of the pleural cavity. Fat

products and lime salts in the fibrin sometimes lead to the forma-

tion of foreign body giant-cells.

Any mesothelial cells not destroyed multiply and cover the

walls of the spaces in which they lie; thus, they may appear

eventually as gland-like cavities in the dense pleural adhesions

or covering sheet and string like adhesions due to the organization

Fig. 16.—Heart. Organizing pericarditis. Fibrin still present along surface
and beneath it.

of strands of fibrin originally kept apart by the presence of fluid

which had not been absorbed.

In time the collagen fibrils produced by the fibroblasts contract,

the blood-vessels to a large extent disappear, and the only reminder

of the fibrin left is a thin layer of dense fibrous tissue.

Pneumonic Exudation.—Some of the fibrin on the surface of

a pleural exudation is probably dissolved by the ferments derived

from the leukocytes attracted by the infectious agent. In the

alveoli and bronchi of the lung in pneumonia this dissolution of
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the fibrin is the usual occurrence. The fibrin is dissolved either

completely or to such an extent as to set it free from the walls of

the air-spaces and thus permit it to be coughed up.

In certain instances, however, more or less of the fibrin remains

attached in place and after a certain length of time (one to two
weeks) undergoes organization. Its surface is first covered over

with a layer of epithelial cells. Then capillary vessels and fibro-

blasts grow out from the walls of the alveoU and the bronchioles

and organize it, replacing it from without in. The organization

starts at the points where the fibrin is attached to the walls,

especially around the minute holes in the alveolar walls, through

which the fibrin runs from one alveolus to the next.

Whenever the epithelium has been completely destroyed,

organization leads to obliteration of the air-spaces, and the trans-

formation of the lung into solid fibrous tissue.

Fibrin is organized in the pericardial and peritoneal cavities

in the same way as in the pleural cavity. In the meninges the

changes are less easily followed, because the fibrin is in the lymph-
spaces of the pia instead of being on a well-defined surface, but

the process is essentially the same. In blood-vessels, however,

and on the valves of the heart the process of organization is a little

different.

Blood-vessels: Thrombi and Emboli.—In certain situations

fibrin is organized by the action of fibroblasts only. The process

can be studied best in the organization of thrombi and emboli

within vessels. The fibrin is usually quickly covered over on the

free surface by a layer of endothelial cells. The fibroblasts grow
into the fibrin at the points where it touches the wall. If the

thrombus is more or less spherical they organize its periphery

first, and then gradually extend toward its center. If the throm-
bus is irregular in shape, the endothelial cells on the surface

dip into all the depressions and slits, and line them so that on
section it would seem as if new blood-vessels had formed in the
organized thrombus, but there seems to be no evidence of so-called

canalization of a thrombus taking place except in this way, unless

there has been an infectious process of the vessel wall as a result

of which blood-vessels have grown in from the adventitia.

Similar organization of fibrin by fibroblasts alone is common
on the inner surface of the aorta and leads to the formation of the
elevated fibrous plaques, so often found there. Fibrin on the
surface of the heart valves is usually organized in this same way,
and the process occurs also on the surface of the liver and spleen.

In all these situations it is due in part at least to the condition of

the tissue adjoining the thrombus; it is non-vascular at least in

the blood-vessels and heart valves and over the spleen.
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Fibrin seems to act as a direct stimulus (food?), especially to

the fibroblasts, less often to vascular endothelium.

Organization of Lime Salts.—Lime salts occur normally in the

intercellular substance of bone. If the bone cells are killed, the

intercellular substance becomes a foreign body. Two different

things may happen to it. It may be gradually dissolved and
removed by osteoclasts (the usual process following osteomyelitis),

or osteal cells may apply themselves to its surface and slowly

Fig. 17.—Cerebellum. Calcified corpora amylacea being transformed (organ-
ized) by fibroblasts into bone.

appropriate the lime salts to their own use. In this way they
gradually replace or organize the calcified intercellular substance

left by necrosis of the bone cells. They do this under sterile, non-

toxic conditions, not when the bone cells have been destroyed by
an infectious process.

This process of organization of the calcified matrix of dead
bone is made use of to some extent by the surgeon in the operation

of transplanting bone in order to fill in defects of bone, or to furnish

rigid support during the stage of repair. The cells of the trans-
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planted bone always die, but the calcified matrix serves a useful

purpose by furnishing a framework on and within which the osteal

cells lay down new bone while utilizing, to some extent, at the

same time, the hme salts already at hand.

Under pathologic conditions lime salts are often deposited in

the body; for instance, in necrotic tissue, in hyaline material of

various sorts, and occasionally in masses of old fibrin. They
frequently exert some effect on adjoining fibroblasts, in conse-

quence of which these cells slowly invade and organize the lime

salts, depositing them in their o^vn intercellular substance and thus

transforming themselves into true bone cells. As a result of this

process true bone frequently replaces, in part or entirely, lime

salts deposited in necrotic cells, etc., as, for example, in the walls

of sclerosed arteries, in old hemorrhages in the eye, and in various

tumors including gliomas of the central nervous system.

REGENERATION OF CELLS

Regeneration is a narrow term applied to the new formation
of cells to replace cells of the same type which have been destroyed.

The term is applied also to the new formation of parts of cells.

Cells multiply or proliferate by so-called indirect division, a
method termed mitosis or karyokinesis. It is probable that all

progressive new formation of cells in the human body takes place

in this way. Direct division of cells, amitosis, is evidence of a
retrograde change. Budding and direct division of nuclei without
division of the cytoplasm is to be regarded as a retrograde process,

except in the case of regeneration of parts of muscle-fibers which
have been destroyed.

Multiplication of certain types of cells is constantly taking

place in the body because many of these cells are being used up
under normal conditions and have to be replaced. When it takes

place under normal conditions, it is called physiologic regeneration;

if it occurs under abnormal conditions, it is termed pathologic

regeneration.

Physiologic regeneration is always perfect; the organ or tissue

is kept intact, in perfect condition. Pathologic regeneration is

usually much more extensive and rarely so complete. It succeeds

best when the accompanying blood-vessels and connective tissue

are uninjured, as in central necrosis of the liver, but sometimes
even there it fails completely.

The cells with slightly differentiated cytoplasm regenerate
better than those in which it is highly differentiated.

Regeneration of cells is more active in youth, at least in some
types of cells, than in old age.

The cells which have to be replaced constantly under normal
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conditions in order to maintain a certain cell equilibrium in the

body are the red blood-corpuscles, the various leukocytes, the

epithelial cells of the epidermis including those of the hair follicles,

etc., the epithelial cells of the gastro-intestinal tract, of the genital

organs, and of various other organs and tissues. The regeneration

may take place in the immediate neighborhood of the destroyed

cells (epitheUum) or at a distance (erj^throblasts, Ijnnphocytes).

Other types of cells, such as fibroblasts and neurogha cells, do
not multiply at all normally, although endowed with great powers

of regeneration which become evident under pathologic conditions.

Still other cells like the ganglion cells have no powers of regen-

erating new cells and if destroyed are never replaced.

Cells proliferate only to replace cells of their own kind which

have been destroyed. It is commonly taught that when the highly

differentiated, so-called parenchymatous, cells of an organ or

tissue are destroyed, blood-vessel endothelium and connective-

tissue cells proliferate and fill up the space formerly occupied by
them. There is no evidence for this teaching and much to the

contrary. For example, in central necrosis of the liver lobule only

the liver cells are destroyed. As a rule, complete regeneration

of the liver cells occurs in from one to two weeks. If for any reason

it does not occur, then, after the necrotic liver cells have been

removed by the action of leukocytes, the blood-vessels collapse,

the connective tissue contracts and thickens up, but the cells do
not proliferate. The liver as a whole is diminished in size. The
same condition holds in the heart when only the muscle-cells are

destroyed as the result of the effect of toxins or of nutritive dis-

turbances. Likewise in the central nervous system, if only the

ganglion cells or their axis cylinder processes are destroyed, the

neuroglia cells do not proliferate on that account. They multiply

only to replace cells of their own land which have undergone

necrosis, or because they have been in some other way stimulated.

Following necrosis of parenchymatous cells, if the collagen or

neuroglia fibrils included in the area are unable to contract, the

spaces left after absorption of the necrotic cells are filled with fluid.

In all these situations (fiver, heart, central nervous system),

however, marked proliferation of the fibroblasts and neuroglia

cells and to a less extent the vascular endothefium takes place if

they themselves have at the same time been destroyed.

Regeneration of cells often takes place in excess of the number
of cells destroyed. Thus young blood-vessels and young con-

nective tissue are regularly reproduced greatly in excess of actual

requirements. Many of the new-formed cells later disappear,

leaving only enough to care for the fibrils which have been pro-

duced. It also occurs, for example, in extreme cases of central
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necrosis of the liver (acute yellow atrophy) where all the liver cells

in many lobules are destroyed. Under these conditions excessive

regeneration takes place from the liver cells remaining in other

lobules so as to reform as much liver tissue as possible. As a
result, while new lobules are not formed, the lobules in the regen-

erated areas are often much larger than normal. This excessive

regeneration is particularly likely to occur in children, but it may
also occur in adults, for instance, in the liver in alcoholic cirrhosis;

some of the collections of regenerated liver cells may resemble

adenomas.

Regeneration of cells on a large scale is best seen, perhaps, in

the liver following extensive central necrosis, and in the kidney
after marked tubular nephritis. In both these instances practically

only epithelium is destroyed; blood-vessels and connective tissue

remain intact. On the other hand, proliferation of fibroblasts and
of vascular endothelium is found abundantly where they themselves
have been destroyed, as in the granulation tissue of wounds,
abscesses, etc.

The power of regeneration possessed by the different types of

cells will be referred to briefly.

Epithelium.—The regenerative ability of epithelial cells is well

marked and in some situations, such as the epidermis and the

gastro-intestinal tract, is in constant evidence under normal con-

ditions as shown by the presence of numerous mitotic figures.

It is most frequently studied experimentally in lesions of the cornea
where the extent and duration of the lesion can be perfectly con-

trolled. Ulcers of the skin following burns or other destructive

agencies afford excellent opportunities to study the rate at which
the epidermis can grow in and cover over a denuded surface.

Typhoid and tuberculous ulcers of the intestine sometimes offer

good examples of the effort of the hning epithelium to replace the
epithelial cells which have been destroyed, or as it is often stated,

to cover over a bare surface.

Regeneration of epithehal cells in two organs is described in
illustration of the process.

Liver.—Liver cells possess great powers of regeneration.

Following extensive necrosis of the fiver cells in the centers of

every lobule complete regeneration will take place in from one to
two weeks. The same condition can be shown experimentally in
animals by administering chloroform and causing central necrosis

of the liver.

Liver cells regenerate entirely from liver ceUs; not from bile-

duct epithehum. If all the liver cells in a lobule are destroyed, that
lobule wiU not be reformed. The bile-duct epithehum will multiply
to some extent and elongate the ducts but will not form fiver cells.
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Mitotic figures in hepatic cells are occasionally found in normal-

looking livers; they probably indicate that there has been some
destruction of liver cells. In one apparently normal liver they

were very numerous. The same condition was in one instance

found in the adrenal glands following diphtheria.

In central necrosis of the liver the blood-vessel endotheHum
and the connective-tissue cells are unaffected; hence they do not

multiply, even if for any reason the liver cells fail to regenerate.

But following infection extending along the bile ducts, where the

connective-tissue cells are often destroyed as well as the liver cells,

the fibroblasts multiply actively and much fibrous tissue is formed.

In the extensive lesions of this type known clinically as acute

yellow atrophy the liver may diminish to one-half or even one-

third its original size; yet if necrosis has not been complete and

if liver cells remain in each lobule, more or less complete regenera-

tion may occur.

Fig. 18.—Repair. Mitosis of fibroblast in wall of chronically inflamed
oviduct.

Kidney.—Regeneration of renal epithelium is very active

following necrosis of the cells lining the tubules. Mitotic figures

may be quite numerous. The cells at first are undifferentiated;

they are low in type and stretch along the walls. The cj^toplasm,

like that of most young cells, tends to be basophilic. Later, these

cells become fully differentiated renal epithelium. These re-

generative changes occur most commonly in the convoluted

tubules. No new tubules are ever formed; the pre-existing ones

are simply relined.

In certain infectious processes in the kidney necrosis of all

the tissue cells and abscess formation occur. As a result, marked
proliferation of fibroblasts takes place and much sclerosis may
result.
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Fibroblasts; Connective-tissue Cells.—The ability of fibro-

blasts to regenerate is marked. Mitotic figures are often numerous;

fibroglia and collagen fibrils are actively produced and in certain

situations elastic fibrils.

Fibroblasts regenerate only when fibroblasts have been de-

stroyed, never to take the place of parenchymatous (the more
highly differentiated tissue) cells which have disappeared. Usually

the cells appear to be regenerated in excess of actual needs be-

cause many of them later disappear.

Endothelial Cells ; Vascular Endothelium.—New blood-vessels

arise as capillaries and take their origin from capillaries by pro-

liferation of the lining endothelial cells. The cells multiply by
mitosis and send out at first cytoplasmic processes.

The cells continue to multiply and grow out in the same
direction, forming narrow columns of cells. The columns of cells

tend to unite laterally so as to form loops. The cells in the columns

and loops soon arrange themselves so as to inclose a lumen which
extends out from the original capillary and brings blood to nourish

the young cells. Later, many of these newly formed capillaries

disappear. Others persist, and may develop into larger vessels,

but never into well-formed arteries and veins.

Chondroblasts ; Cartilage Cells.—Cartilage cells apparently

have no power of regeneration, because, like the red blood-cor-

puscle and the polymorphonuclear leukocyte, they are an end-

product of cell activity and are incapable of mitosis. The same
holds true for bone cells.

Cartilage cells are newly formed from chondroblasts which
are fibroblasts endowed with the property of secreting chondro-
mucin. This accounts for the frequent presence of collagen and
elastic fibrils in cartilage. Cartilage is always surrounded with a
layer of these cells, known as the perichondrium.

Bone; Osteoblasts; Bone Cells.—Under normal conditions

and even in the fetus, bone is being constantly torn down and built

up. The ground substance is dissolved by osteoclasts and re-

formed by osteoblasts or by osteal fibroblasts. The osteoclast is

a foreign body giant-cell, formed by fusion of endothelial leu-

kocytes. The osteoblast is a modified osteal fibroblast and
represents an intermediate stage between the fibroblast of the
peri- and endosteum and the bone cell. This osteal fibroblast is

endowed with the property of secreting osseomucin in addition
to collagen and elastic fibrils. Osseomucin is a homogeneous
ground substance which binds the collagen and elastic fibrils

together and has the property of attracting lime salts. This
homogeneous matrix in which the lime salts are to be deposited
is known as osteoid material.
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The osteal fibroblast also has inherent in it the property of

producing chondromucin, and thus of becoming transformed into

a cartilage cell, as sometimes occurs in the healing of fractures of

bones.

Bone cells are an end-product, and have lost the power of pro-

liferation so that they play no part in the regeneration of bone,

which has to take place entirely from the osteal fibroblasts. These
cells form a thin layer around all bone and are known collectively

from their situation as the periosteum and endosteum.
The collagen and elastic fibrils in bone can be demonstrated

by special staining methods. Under ordinary conditions they
are masked by the homogeneous ground substance, osseomucin.

Neuroglia Cells.—They are capable of active regeneration.

In many ways they resemble fibroblasts. Under certain conditions

regeneration is active and mitotic figures numerous. The new-
formed cells are usually large and have much cytoplasm. They
produce neuroglia fibrils in abundance. Later, many of the cells

may atrophy, but the fibrils persist.

Neuroglia cells regenerate only when neuroglia cells have been
injured and destroyed, never simply because ganglion cells have
atrophied and disappeared.

Smooth Muscle-cells.—They show little or no power of

regeneration. In repair of smooth muscle no new smooth muscle-

cells are formed. The connective-tissue cells injured at the same
time proliferate and form scar tissue which fills in the space left

by the necrotic muscle-cells.

On the other hand, smooth muscle-cells are capable of marked
hypertrophy, as shown in the pregnant uterus and in the thickened

wall of the hypertrophied urinary bladder.

Blood-corpuscles.—Extensive hemorrhage may lead to great

loss of all the cellular elements of the blood. Infectious processes

of different sorts often cause large increase in the numbers of

certain leukocytes in the circulation,, of poljTnorphonuclear

leukocytes in suppurations, of eosinophiles in trichiniasis, of

lymphocytes in whooping-cough, and to a less extent of endothelial

leukocjrtes in typhoid fever. Many of these leukocytes emigrate

into the tissues and are there destroyed. The normal cell equi-

librium in the blood must be maintained by the formation of new
cells.

Regeneration of the polymorphonuclear leukocyte, of the

eosinophile and of the mastcell takes place in the bone marrow
from the three types of myelocjrtes present there; namely, the

neutrophilic, acidophihc, and the basophilic myelocytes.

The red blood-corpuscles are formed by the erythroblasts,

and the proper proportion of blood platelets in the circulation is

5
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maintained by the cytoplasmic disintegration of the megakaryo-

cjrtes.

The endothelial leukocytes in the blood are regenerated chiefly

from the endothelial cells lining the blood-vessels, possibly also to

some extent from those lining lymph-vessels.

The lymphocytes are produced in lymphoid tissue everywhere,

but chiefly in the lymph-nodules of the lymph-nodes, the spleen,

and the gastro-intestinal tract.

Often, owing to the activity of regeneration of the various

leukocytes, the red bone marrow spreads throughout the shafts

of the long bones from which it is usually more or less completely

absent in adult life. In like manner, when the production of

lymphocytes is unusually active the Ijonphoid tissue, and especially

the lymph-nodes, may increase considerably in size owing to the

cellular hyperplasia.

Under certain conditions regeneration of some of the elements

of the blood may occur in the circulation.

REGENERATION OF PARTS OF CELLS

Probably most cells are able to rebuild parts of their cytoplasm

which have been destroyed or mechanically removed. In only

two types of cells (nerve- and muscle-cells) is this form of regenera-

tion of sufficient significance to deserve attention here. The new
formation of the axis cylinder processes of nerve-cells is of the
greatest importance clinically, while the regeneration of parts of

muscle-fibers is of much less value, although histologically inter-

esting.

Nerve-cells.—Nerve-cells do not regenerate. If they undergo
necrosis, they are not replaced. If, however, the axis cylinder

process of a nerve-cell is destroyed, the cell is able in time to re-

produce or regenerate it.

The process of nerve regeneration is best studied experimentally

in animals. The general results obtained by this method of study
are borne out by the clinical results obtained in man.

The results obtained experimentally may be summarized
briefly as follows

:

If a porous foreign body is inserted into an incision in the brain
thus injuring nerve tissue, both axis cyHnder processes and neu-
roglia cells will grow into the cavity.

If peripheral nerves are sectioned, all of the peripheral part
of every axis cyhnder beyond the point of section degenerates
quickly. On the proximal side of the cut each axis cylinder

degenerates back at least to the flrst node of Ranvier, and some-
times as far as to the sixth.

Union of the cut ends of a nerve by means of suturing will
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not, therefore, restore function by bringing about direct and
immediate union of the severed ends of the axis cylinder processes.

It only aids the slow process of regeneration by furnishing a

favorable and direct path for the outgrowing nerves.

Following section of a nerve each axis cylinder process gradually

regenerates by growing out from the proximal end and making
connections, by means of new nerve terminations, with the cells it

formerly supplied.

Fig. 19.—Regeneration of skeletal muscle-fibers. Multiplication of

muscle nuclei by direct division; formation of new cytoplasm; migration of

nuclei into it. a and 6, longitudinal sections; c and d, cross-sections.

Following amputation of an extremity the cut nerves usually

degenerate slowly back to their nerve-cells which degenerate and
atrophy. Sometimes, however, following amputation the nerves,

instead of degenerating at once, attempt to regenerate the part

destroyed. As their extension is interfered with by the amputa-
tion scar they form a nodular mass of interlacing nerves which is

usually (but incorrectly) called by the surgeon an amputation

neuroma.

Muscle-fibers.—The striated skeletal muscle-fibers are not

simple mononucleated cells, but spindle-shaped syncytial masses
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Fig. 20.—Repair, Regeneration of skeletal niu.scle-fiber. Xew cytoplasm
forming arountl part of fiber not destroyed. M.

o 'V , ' V. fX?*!-- , -'""''ft* ""C 1 .''• Cf 'fi-.^^.-^f 'v---;

Fig. 21.—Repair. Regeneration of skeletal muscle-fil)ers following injury due
to acute infection. JNI.
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of highly differentiated cytoplasm containing numerous nuclei

usually situated peripherally beneath the sarcolemma.

When the whole of a muscle-fiber is killed, it is not regenerated.

When, however, only a part of one of these fibers is destroyed,

active regeneration of the part which has undergone necrosis takes

place from the part which remains uninjured. The intact nuclei

undergo rapid direct division, and each forms several to a dozen
separate nuclei. The division of the nuclei may take place at the
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Fig. 22.—Necrosis of skeletal muscle-fibers, a, Necrotic muscle-fiber

invaded by polymorphonuclear leukocytes; b, necrotic muscle-fiber surrounded
by endothelial leukocytes; c, necrotic muscle-fiber entirely removed by action
of endothelial leukocytes, one of which is in mitosis; d, portion of necrotic

muscle-fiber being removed by endothelial leukocytes, one of which is in

mitosis. Some proliferation of remaining muscle-nuclei by direct division.

periphery of the cell or in the center of its long axis. The new
nuclei migrate to the periphery and to the destroyed end of the

muscle-fiber. They are surrounded by young cytoplasm, which
extends forward in the form of blunt processes, each of which
contains a nucleus. In time, these cytoplasmic processes develop

striations and fuse together to form a regenerated muscle-fiber.

They do not separate from the old fiber to form new ones.

The process of regeneration of muscle-fibers is complicated
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and made confusing by the presence of numerous leukocytes

attracted by the^njurious agent and by the injured tissue. Some-

times the necrotic muscle is removed through the action of poly-

morphonuclear leukocytes which usually invade the fibers; they

are readily recognized, but at other times only endothelial leu-

kocytes are present. They attack necrotic muscle substance

from the periphery and gradually dissolve it, working slowly from

without inward. Mitoses in these endothelial leukocjrtes are not

infrequent. Occasionally, multiple mitoses occur from which

multinucleated cells result. More often some of the endothelial

leukocytes fuse to form foreign body giant-cells. Sometimes the

two processes of regeneration and of removal of the necrotic

muscle-tissue of the same muscle-fiber overlap and render the

picture difficult to interpret. Each process must first be studied

separately.

HEALING OF ORGAN AND TISSUE INJURIES

So far we have considered under repair the removal of foreign

bodies of all sorts, the organization of fibrin, and the power of

regeneration inherent in various kinds of cells. It is necessary

now to make use of the knowledge thus obtained and apply it to

the study of what takes place when definite masses of tissue have
been injured and destroyed. In this way we can see how lesions

are finally repaired by healing of the defects in the tissues. It is

customary and easiest to begin with simple traumatic lesions, and
to take up afterward those which are more complex.

Healing of Wounds.—The repair of wounds may be simple or

complex, according to the number and variety of the cells injured

or destroyed, the quantity of blood poinded out, and the absence
or presence of bacteria or other complicating injurious agents.

It is customary to study wounds chiefly in sections prepared from
experimental lesions produced in animals, although similar lesions

can usually be obtained from man. The simplest incised wounds
are produced in the cornea which, in consequence, is much em-
ployed for this purpose. Next in instructive value, perhaps, are

incised wounds of the abdominal wall and of the intestine.

Clinically, the heahng of wounds is of great importance,
because on its quick and successful issue depends much of the
value of surgery as a therapeutic measure.

Primary Healing (Healing by First Intention).—The term
primary heahng or healing by first intention is applied to the
repair of simple incised wounds. The conditions for repair are
usually most favorable. The injury is comparatively sUght;
there are few necrotic cells and little intercellular substance to be
removed; hemorrhage is reduced to a minimum by figature of
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vessels; the cut surfaces are brought into the closest apposition

by sutures and pressure; bacterial infection is prevented so far

as possible by cleanliness or by antiseptics.

Following an incision (accidental or surgical) more or less

serous and cellular exudation takes place; its functions are to

counteract any injurious agents present including any antiseptic

used; and to dissolve and remove all necrotic cells and fibrils and
also any red blood-corpuscles which may be present owing to

hemorrhage. At the same time proliferation begins in those

types of cells which are capable of it to replace the cells which
have been destroyed and thereby to bind together again the

tissue walls separated by the incision. In incised wounds prac-

tically only three types of cells are of importance—fibroblasts,

vascular endothelium, and epithelium. The fibroblasts and the

vascular endothelium produce the connective tissue and blood-

vessels to bind all wounds together. In certain non-vascular

situations as in the cornea the fibroblast alone is sufficient.

Surface epithelium quickly covers over any break in its continuity.

Any fibrin which is not digested and removed by the action

of the leukocytes present is organized by fibroblasts. Ligatures

and sutures, if not removed mechanically by the surgeon, are

dissolved or encapsulated according to their nature. The same
thing happens to other foreign bodies accidentally present, such

as hairs or cotton fibers.

Secondary Healing (Healing by Granulation Tissue).—Sec-

ondary heahng or healing by granulation tissue is the term applied

to the repair of wounds where there is more or less loss of tissue,

which has to be filled in by new formation of cells or where surfaces

are kept apart by fluid or blood or by fibrin which has to be
organized. Healing takes place by proliferation of fibroblasts

and of vascular endothelium on a more or less extensive scale

according to the extent of the injury. The young richly vascular-

ized connective tissue formed in this way is called granulation

tissue. Later, it contracts and persists indefinitely as scar tissue.

At the same time that the granulation tissue is forming, the epi-

thelium on any injured epithelial surface is rapidly proliferating

to cover in the denuded surface.

Nature is able in time to fill in very extensive superficial

lesions, such as ulcerations following burns of the skin or gaping

wounds, where from the nature of the injury or operation the sur-

faces cannot be approximated.

Healing takes place through the action of these two types of

cells simply because following tissue necrosis they are the only

cells in most situations, outside of surface epithelium, which
proliferate to replace cells of their own kind which have been
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destroyed. In addition they possess the property of being able

to organize fibrin. They seem, therefore, to take upon themselves

the whole process of tissue repair, outside of the central nervous

system, and in effect they do.

The difference between primary and secondary healing is

essentially quantitative.

In primary healing the injury is shght and but few cells are

destroyed. There is httle in the way of foreign material of any

sort to be removed. The amount of regeneration required of the

tissue cells in order to effect union of the separated surfaces is

reduced to a minimum. The cells which regenerate are the

fibroblast and the vascular endothelium. In addition the epi-

thelium of any involved epithelial surface, gland, or tubule pro-

Hferates to cover over any break in the surface where it belongs.

In secondary healing we have the other extreme. The injury

is often excessive. Much foreign material has to be removed and

frequently much fibrin organized. In addition fibroblasts and
vascular endothelium must proliferate abundantly and often for

a long period of time to replace the cells of their own type which

have been destroyed. The result is the formation of much granu-

lation tissue. The same excessive proliferation may be required

of epithelium covering a surface, as, for example, of the epidermis.

The terms primary and secondary healing are applied to the

two extremes of the process of healing tissue injuries. They are

essentially one and the same process and all gradations between

the. two extremes occur.

Bacterial infection of a wound renders repair very much more
complicated, so that even the simplest incised wounds can heal

only by granulation tissue.

Granulation Tissue.—The term granulation tissue is clinical

in origin, but very useful pathologically. It is applied to the young
tissue composed of fibroblasts and vascular endothehum which
are proliferating to replace destroyed blood-vessels and connective

tissue, or which are growing into fibrin to organize it. The clinician

employs the term for the red granular appearance presented by
the healing ulcers and wounds as seen especially on the surface of

the body. The pathologist applies the term to young vascularized

connective tissue wherever found.

As just stated, the basis of granulation tissue is fibroblasts and
vascular endothehum. Nothing else is essential; but, as a matter
of fact, granulation tissue is practically always complicated by
the presence of some of the elements of inflammatory exudation,

owing to the action of foreign bodies such as necrotic cells, red

blood-corpuscles, and fat, and of injurious agents such as bacteria,

antiseptic dressings, air, etc. As a result of these various in-
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fluences an acute serous or purulent exudation may continue to

pass through the newly formed tissue from the vessels to the surface;

endothelial leukocytes may collect in large numbers owing to the

presence of fat or other foreign substances, while lymphocytes

in small or large numbers may infiltrate the superficial and es-

pecially the deeper layers to counteract certain injurious substances

which are being absorbed. Eosinophiles are usually present in

small numbers but may be numerous. As the result of diapedesis

granulation tissue often contains many red blood-corpuscles.

W<'
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Fig. 23.—Granulation tissue, a, Surface portion, composed chiefly of

newly formed blood-vessels; very few fibroblasts; many polymorphonuclear
leukocytes between the vessels and in the fibrin on the surface; blood-vessels

and leukocytes separated by serum. 6, Deeper portion; many lymphocytes
between blood-vessels; young fibroblasts growing in horizontal arrangement
at base.

Granulation tissue is likely to be more abundant where there

is plenty of fibrin than elsewhere because fibrin directly stimulates

its growth. The lack of cicatricial contractions following typhoid

fever and tuberculous ulcers of the intestine and of perforating

-ulcers of the stomach is probably due to the absence of fibrin,

which if formed quickly undergoes maceration and disappears.

Abundant fibrin on a surface or between opposing edges

favors the formation of granulation tissue. On this account a

sodium citrate dressing is sometimes used clinically to prevent

fibrin formation.



74 PATHOLOGIC HISTOLOGY

Lesions of all sorts involving destruction of tissue (necroses,

infarctions, abscesses, diffuse suppurations, etc.) tend to heal

after the manner of wounds. The underlying principles are the

same. The cells which have undergone necrosis, together with

their intercellular products, are gradually dissolved by the digestive

action of the leukocytes and discharged on a free surface or ab-

sorbed. Fat, lime salts and certain other substances are removed

largely through the agency of endothehal leukocytes. Fibrin

when not dissolved becomes organized by fibroblasts with or with-

out the help of vascular endothelium.

o b

Fig. 24.^Granulation tissue, a, Marked infiltration with lymphocytes; b,

infiltration with endothehal leukocytes.

At the same time regeneration of the necrotic cells takes place

from adjoining cells of the same type, provided they are capable

of it. Some are capable of it under certain conditions but not

under others. Thus, when a single kind of parench3maatous cell,

such as the liver cell, is destroyed even over considerable areas

without injury to the intervening vascular and connective-tissue

cells, the liver cells may be completely restored by regeneration.

But when definite masses of liver tissue are completely destroyed,-

the liver cells do not regenerate, except possibly in small areas at

the edge of the necrosis where the above favorable conditions

hold. Under these latter conditions, however, the fibroblasts

and the vascular endothelium proHferate and form granulation

tissue which later contracts to scar tissue. These same con-
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ditions hold good in the kidney, and probably in the other epi-

thelial organs. In the heart the muscle-cells do not regenerate

under any conditions.

Scar Tissue.—^As granulation tissue ages the collagen fibrils

increase in amount up to a certain degree. Then, many of the

blood-vessels and of the fibroblasts disappear. The connective

tissue thus formed gradually becomes denser. In this final stage

it is called scar tissue. Scar tissue may also result from the pro-

liferation of fibroblasts only. The term is apphed in addition to

the dense fibrous tissue which results from the contraction of the

connective-tissue stroma of an organ in definite foci following

necrosis and disappearance of the parenchymatous cells. Some
of the areas of fibrous tissue in the heart arise in this way.

The term scar is usually applied to a surface appearance,

either of the skin or of an organ produced by the formation of

scar tissue with resulting contraction and usually depression below

the surrounding surface.

Diffuse formation of scar tissue is variously named. Sclerosis

or fibrosis of an organ is a good term to use when the pathologic

process which caused the lesion is healed. Chronic nephritis and
chronic hepatitis are proper terms only when a chronic process

is present and persisting; otherwise we should speak of a sclerosed

kidney or liver. The correct use of these terms would save much
of the misunderstanding which often arises between chnician and
pathologist.

REPAIR OF BONE
Introduction.—The repair of bone is analogous to repair of

connective tissue, but differs from it in several very important

points.

1. Any necrotic bone present is much more difficult to dissolve

and remove than the necrotic cells and fibrils of other tissues, and
hence persists often for a long time in the lesion and acts as an
obnoxious foreign body, interfering with repair so long as it is

not removed naturally or mechanically. It is dissolved very

slowly through the action of endothelial leukocytes which for the

most part are fused into foreign body giant-cells, ordinarily called

osteoclasts on account of the function which they perform.

2. The fibroblasts available for producing the osteoid material

in which the lime salts are to be deposited are limited to the cells

covering bone, namely, to the periosteum and endosteum. The
bone cells themselves are end-products and cannot produce other

bone cells. Hence, the new cells required to seal together the

ends of a fractured bone have to grow into the fracture from without.
3. The new bone is laid down not in a solid mass but in narrow

connecting trabeculse with richly vascularized connective tissue
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between them. It is usually formed much in excess of eventual

needs and occupies much more space than the original bone which
it is to replace. Later the trabeculse fuse more or less completely-

together, and in time those parts not required are removed by
the erosive action of the osteoclasts. The new formed bone, whose
functions are to unite the ends of the fracture and to hold the shaft

rigid during repair, forms a kind of tumor mass, especially around

the long bones, and is called a callus, which is sometimes distin-

guished as outer and inner callus according to its relation to the bone.

Simple Fracture.—A simple fracture of a bone with the ends

held in proper apposition affords an example of bone repair which
is easy to follow. In experimental lesions produced in animals

the same result is reached by sawing or drilling into bones, instead

of fracturing them, in order to maintain rigidity of bone during

repair.

Ordinarily, the injury produced is slight; necrosis of a com-
paratively few bone cells adjoining the fracture and of a small

number of bone marrow cells, possibly of a few muscle-cells

outside of the bone. A little hemorrhage always occurs.

Following the injury a certain amount of exudation takes

place but it is usually slight. The necrotic cells and fibrils and
the red blood-corpuscles are readily dissolved and absorbed.

Any free fat is taken up by endotheUal leukocytes. All bone not
under the control of living bone cells is dissolved slowly by osteo-

clasts. Experimental lesions produced by sawing and drilling

are usually complicated by much bone dust which attracts endo-
thehal leukocytes. Many of these leukocytes fuse to form foreign

body giant-cells (osteoclasts). While these various processes are

going on the fibroblasts of the periosteum and endosteum are

actively prohferating and extending toward each other in between
the ends of the fracture, where they soon meet and unite. At the
same time they are piling up for a certain distance above and below
the fracture on the outside and inside of the shaft. In this young
and highly vascular connective tissue trabeculse of osteoid material

are soon formed extending out chiefly at right angles to the old

bone. In time the osteoid trabeculae thicken and fuse more or

less intimately together and hme salts are deposited in them.
The new bone formed between the ends of the fracture unites to
the old bone and gradually seals the ends together. After com-
plete soUdification has taken place osteoclasts begin to dissolve
those parts of the callus no longer required, and eventually the
fractured and healed bone approaches more and more to its original

size and shape.

The principle of repair of a comminuted fracture is the same as

that of a simple fracture, and nature goes about it in the same way.
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The danger of extensive necrosis of bone is greater. The amount
of callus formed is usually more.

Complications.—Certain complications of fractures must be

mentioned. Hemorrhage may sometimes be abundant, but is

taken care of in the same way as in other tissues.

Occasionally, a great deal of fat is set free from the fat-cells

in the bone marrow. If it happens to escape through a rupture

into a vein, it may be carried all over the body, causing fat em-
bolism from which death occasionally results.

Necrosis of bone may be extensive. This interferes greatly

with repair because it is so difficult to dissolve. It forms a se-

questrum, and unless removed mechanically becomes encapsulated

by granulation, later scar tissue, and persists indefinitely.

When the fragments are widely displaced so that the alignment

is poor, much more callus formation is required than in a simple

fracture.

If fibrous or muscle-tissue is forced in between the ends of the

fractured bone, it may prevent the ingrowth of the osteal fibro-

blasts capable of producing bone so that bony union cannot take

place.

Compound Fracture.—A compound fracture is one in which
the injiu-y is opened to infection owing to the perforation of an
overlying surface such as the epidermis, the intestine, an infected

pleural cavity, etc. If it occurs, then the simple reparative process

of the fracture is complicated with an acute infection. This

almost invariably leads to more or less extensive necrosis of bone,

which remains as a sequestrum after the infection is ended. Re-
pair then has to attend to the damage done by the acute septic

process, to the necrotic bone left behind, and to the original

fracture.

Necrosis.—Necrosis of bone may occur from a variety of

causes, such as direct injury, fracture, or infection. Repair is not

easy and simple owing to the necrotic bone. It is dissolved with

the greatest difficulty, as the action of the osteoclasts is exceed-

ingly slow and ineffective. In time, however, the necrotic bone is

separated from the living bone through their action and forms

what is known as a sequestrum. Osteoclasts continue to work
at it. It becomes surrounded or encapsulated by the granulation

tissue of the general reparative process. Later, this contracts

to scar tissue.

Perfect repair of bone is not possible so long as a sequestrum

persists. It may be dissolved in time or it may be removed
surgically.

As a result of necrosis of bone a certain amount of callus is

always formed to strengthen the weakened bone. When this
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callus forms from the periosteum, the resulting thickening of the

bone is sometimes mistaken for a tumor, especially when there

has been no history of previous fracture, injury or infection.

In infections involving bone the whole shaft may be destroyed

and form the sequestrum. The periosteum always attempts to

rebuild the bone destroyed. As a result, extensive callus may be
formed. Treatment requires operative removal of the sequestrum.

Then the periosteum if left behind uninjured, can readily reform

the shaft.

REPAIR OF CARTILAGE

Injuries to cartilage are not nearly so frequent or important

as to bone. They may be due to incisions, lacerations, or fractures

(epiphyseal ends of bones)

.

Healing takes place as in other tissues through the formation

of granulation tissue. In addition, however, the perichondrial

cells proliferate like the osteal cells to produce new cartilage.

Sometimes, however, they produce only connective tissue.

It is claimed by some that in repair of fractures through the

epiphyseal cartilage the cartilage cells themselves undergo mitosis

and form new cartilage, but the claim is open to doubt.

REPAIR OF MUSCLE

Repair of an incised wound of muscle takes place entirely by
granulation and scar tissue formed from the fibroblasts and
vascular endothelium adjoining the incision.

Injured muscle-cells undergo certain changes which are partly

retrograde, partly regenerative of the cells injured, but no new
separate muscle-fibers are formed.

The same statement is true in regard to other injuries to muscles

due to infection or tumors; injured muscle-cells may regenerate

the parts which have been destroyed, but no new muscle-

fibers are formed to replace those which have been completely

destroyed.

HEALING OF TISSUE DEFECTS IN THE CENTRAL NERVOUS SYSTEM

Neuroglia Cells.—In the central nervous system there is an
additional cellular element besides the fibroblast and the vascular

endothelium which enters into all processes of repair, namely,

the neuroglia cell. It regenerates as actively as the fibroblast,

and in many lesions plays a more active part. When a mass of

tissue is destroyed, all three types of cells may regenerate. It

is noticeable, however, that while fibrin stimulates the fibroblast

it produces little effect on the neuroglia cell. It is probably on
this account that the capsule of a solitary tubercle is always com-
posed of connective tissue.
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And the Substances Associated with Them

Introduction.—Every cell is a minute chemical manufactory.

According to its inherited nature it converts the nutrition received

from the circulation into various products, some for its own use

in building itself into a fully differentiated cell of its own type and
for purposes of multiplication; some into products which surround

the cell as an intercellular substance, or which 'pass into the cir-

culation to perform functions elsewhere. The grosser structural

products within and without the cell we can recognize under the

microscope; others we are made aware of only through functional

performances and by means of chemical reactions.

Various injurious influences, such as toxins of many sorts, in-

crease or lack of internal secretions which affect cells in other

organs, and lack of nutrition, lead to interference with normal cell

activity. They may stimulate or depress its activity or entirely

alter its nature. If the toxins are strong or if nutrition is com-
pletely cut off, necrosis may occur. As a result of these injurious

influences there occur a great variety of changes, chemical at basis,

of which many can be recognized functionally and morphologic-

ally; only the morphologic changes concern us here.

Certain substances already in the cells in one form or another

may be increased in visible number or in amount, such as al-

buminous granules, fluid, fat, glycogen, mucus. New substances

may be formed within or without the cell, such as hyalin of many
sorts, of which some, like amyloid and mucin, are characterized

by more or less definite chemical reactions.

We speak of the changes which take place as retrograde proc-

esses due to disturbances of metabolism, but we are really con-

cerned chiefly with the morphologic evidences of the changes,

namely, mth normal substances (serum, fat) accumulated in

excess, or new substances (amyloid, hyalin) formed as the result

of the abnormal processes. By observing and studjdng the accu-

mulation and production of these various substances we attempt

to understand the retrograde processes which gave rise to them.

Some of these various normal and abnormal substances are

more or less closely related chemically or in origin (hemoglobin,

hematoidin, bihrubin, hemosiderin, malarial pigment); others

often follow in a certain sequence or are associated together ac-
79
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cording to the degree of injury inflicted on the cells (hydrops,

albuminous granules, fat-droplets, necrosis, lime salts). Some
of the substances included under this heading are definitely char-

acterized (fat, cholesterin, glycogen, mucin, amyloid), others are

very indefinite (albuminous granules, hyalin, colloid), so that one

name may cover a variety of pathologic products (hyalin).

Some of the substances (albuminous granules, fat) are entirely

or chiefly intracellular, others (biurate of sodium crystals) are

extracellular; some are associated with living cells (albuminous

granules, glycogen), others with dead cells (lime salts, cholesterin

crystals); some of the substances are of much importance

(amyloid, biurate of sodium crystals), others are of little signifi-

cance (albuminous granules).

POSTMORTEM CHANGES

The changes which occur in cells and intercellular substances

postmortem are often marked. On this account it is important

to know and to be able to recognize them so as not to mistake

them for vital processes.

Tissues removed during life and fixed at once are always the

best for study. Postmortem tissues fixed within one to two hours

after death are fairly trustworthy, but after about that interval

of time they slowly but steadily deteriorate. Tissues thoroughly

chilled but not frozen may be preserved in fairly good condition

for several days, but are far from ideal.

The degree of temperature at the time of death has an im-
portant bearing on postmortem material. If it is high (40° to
41° C), as frequently happens in typhoid fever, lobar pneumonia
and septicemias, for example, the high temperature will persist

for some time and the postmortem changes are more rapid and
marked than when the temperature is normal or below. For a

similar reason tissues change more rapidly in hot weather than
in cold.

Two other factors are of importance. If edema is present,

or if the tissues are placed in contact with water, the cells and
intercellular substances tend to imbibe fluid and swell and undergo
other changes in consequence. If bacteria of any sort obtain
entrance to the tissues after death or shortly before it, they are

likely to multiply and ferments set free by them often produce
noticeable alterations.

Postmortem changes tend to take place more quickly in some
organs than in others owing to their exposure to putrefactive
organisms (intestine) or to injurious chemical substances (the

stomach and its secretion, hydrochloric acid, the pancreas and its

ferments).
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The changes which take place postmortem in cells and tissues

are best studied by killing a normal animal, removing the heart,

kidney and liver aseptically, and placing them in a covered dish

in a thermostat at 37° C. Sections of the organs may be removed
and studied or fixed at various intervals of time. Similar changes

may be studied in human organs by noting the number of hours,

postmortem, the tissues were placed in fixatives.

Within twenty-four hours or less many of the nuclei have

shrimken a little and the chromatin has diffused through them
so that they stain deeply and homogeneouslJ^ A later change

is disappearance of the chromatin so that the nuclei do not stain

Fig. 25.—Prostate. Postmortem changes; desquamation of epithelial cells

in the glands; hyaline changes in smooth muscle-cells. M.

at all. In human kidneys the nuclei of the convoluted tubules

lose their ability to stain much sooner than those in the collecting

tubules. The condition is often mistaken for necrosis during life.

In the liver of animals cytolysis usually occurs postmortem
owing to the rapid growth of a bacterium which is a more or less

normal inhabitant of that organ.

Myoglia, fibroglia and neurogha fibrils lose rather quickly,

postmortem, their pecuhar chemical or physical properties on
which a differential stain of them depends. Collagen and elastic

fibrils preserve their characteristic staining properties much longer.
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Smooth muscle-cells frequently swell up in the center, present-

ing a lumpy hyaline appearance, and stain deeply with eosin. This

is a common postmortem change and is usually most prominent

in the prostate.

The hemoglobin dissolves out of red blood-corpuscles quickly

postmortem, especially if the tissues are edematous. It con-

tinues to dissolve out for some time even after the tissues have
been placed in fixatives. On this account it is difficult to fix red

blood-corpuscles in the spleen or liver except at the surface of the

tissues, unless the sections are very thin (one to three mm.).
For this reason it is possible to judge faithful tissue-fixation by the

state of preservation of the red blood-corpuscles. Hemoglobin
in solution is precipitated by formaldehyd in the form of black

granules.

Certain other postmortem changes deserve mention.

In the liver the liver cells frequently separate from each other.

Not infrequently the endothelium strips off the walls of the

blood-vessels and the renal epithelium slides down within tubules

and doubles upon itself, so that the condition has been mistaken
for adenoma-formation. The heart muscle-fibers may separate

at the intercalated discs (segmentation). In perfectly fresh

tissues these things do not occur.

Cardiac muscle-fibers are brittle and easily fractured even by
the microtome knife, especially after postmortem changes have
set in. The resulting condition of fragmentation is an artefact

and, of course, of no pathologic significance.

The epithehal lining is very commonly found desquamated
in the gall-bladder within a few hours postmortem. It macerates

off in the urinary bladder and desquamates loosely in the glands

of the prostate so that the cells lie free of one another.

Postmortem changes are very common in the pancreas. The
condition is likely to occur in foci which spread until they coalesce.

The nuclei loose their ability to stain and the cells usually shrink

so that an increase of interglandular tissue is often suggested.

The epithelium lining the gastro-intestinal tract undergoes
rapid changes: the nuclei along the surface lose the power to

stain and the cells may desquamate.

ATROPHY

Atrophy of an organ or tissue, unlike atrophy of a cell, may be
due to diminution in the size or the number of the cells composing
it or to both causes. All three possibilities must be borne in mind.
Atrophy of organs and tissues, and to some extent of cells, may be
caused by normal physiologic changes, by lack of nourishment
or of use, by trophic disturbances, or by toxic influences.
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Physiologic atrophy is the term applied to the diminution

in size which occurs in certain organs normally as the result of

development and senescence. The thymus atrophies before

puberty owing to disappearance of many of its cells, and the

ovary by the time the cUmacteric is reached because the follicles

have been used up. In old age, on the other hand, and in ema-
ciation the atrophy seen in various organs and tissues is due to

diminution in the size of the cells. In emaciation the fat and

Fig. 26.—Fat-cells developing in human fetus. Three different stages shown.

muscle-tissues are those most affected, the central nervous system

the least; even the heart may be diminished to half its normal
weight.

Pressure atrophy may lead to disappearance of cells, as seen

in the effect produced in bone by tumors and aneurysms; or to

atrophy of cells, such as occurs in amyloid formation in the liver.

Atrophy of organs m^y be caused by toxins owing to destruction

of cells. The best example is seen in the liver in acute yellow

atrophy due to necrosis and disappearance of most of the liver cells.

The organ may be reduced to one-half or even to one-third of its

normal weight.

Atrophy from lack of use and from trophic disturbances is



PATHOLOGIC HISTOLOGY

best shown by the changes which take place in muscle and bone,

chiefly as the result of atrophy and disappearance of cells.

The cells of certain organs become increasingly pigmented

with age. The heart and hver afford the best examples. In

Fig. 27.—Atrophying fat-cells.

atrophy due to old age the amount of pigment in the cells is rela-

tively increased owing to diminution in the size of the cells. To
this condition the term brown atrophy is commonly applied,

although the pigmentation has nothing to do with causing the

atrophy.

Atrophy of Fat-Cells.—The fat-cell is a perfectly definite type

of cell formed by differentiation from a mesenchymal cell. It is

not a fibroblast, does not arise from one and When it undergoes

atrophy does not turn into

one. It is characterized

by the property of taking

up and storing fat and by

\- -' VVTI v'X^.g/HJ^y 'y ^ot producing any inter-

f!C^?5r""-r^ v^xN "/^"^ cellular substance.
Ilk./ i^^^^, Kix'^ Fat-cells arise in

sharply defined islands in

various parts of the body.
They appear at first as

star- and spindle-shaped

mesenchymal cells with
finely granular cytoplasm.

Each group of cells is

clustered around the end of a comparatively large supplying blood-
vessel which sends numerous capillaries in between the cells.

As fat is deposited in these cells it appears at first as small
droplets which soon fuse together. As the fat continues to

Fig. 28.—Atrophied fat-cells.
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accumulate the cytoplasmic processes retract and the cell gradually

assumes a spherical shape. After a time the fat fuses into one or

more large drops so that the nucleus is pushed to the periphery of

the cell and becomes
^.e-"-"'^'^

flattened. The cyto- j^^^'^j i)
plasm is thinned to the

" **

merest layer around the

fat and apparently loses

its granulations.

When fat tissue atro-

phies from inanition
either in infancy or in

old age, the fat-cells un-

dergo much the same
changes in reverse order

until they become
rounded or polygonal

cells with dense, finely

granular cytoplasm and
look somewhat like en-

larged endothelial leuko-

cytes or like some form

of epithelial cell. Sometimes the cells are relatively quite large,

especially in emaciated infants, and resemble liver cells. Fat-

-Fat-cells of the embryonic type
from an emaciated infant.

Fig. 30.—Epicardium. Atrophying fat-cells, edema of connective tissue.

cells in this condition, if their character is not recognized, may
suggest some form of new-growth.

Ordinarily, fat-cells do not remain in the definite islands where
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they first arise, but multiply and spread into the surrounding

tissues, especially along the blood-vessels. Thus, in fat people

they multiply in great numbers and may invade such organs as

the pancreas and the heart. In emaciation as the fat is absorbed

most of these cells disappear entirely. They may even disappear

largely from the fat islands. As they disappear the fibroblasts

often take on the appearance of mucous connective-tissue cells,

due to the presence apparently, of mucin between the collagen

fibrils, so that the epicardial tissue, for example, may resemble

in textile and translucency the umbilical cord.

ALBUMINOUS GRANULES

Many normal cells contain in their cytoplasm, in addition to

the microsomes, fine to coarse granules. Those which optically

disappear on the addition of acetic acid but are not affected by
chloroform or ether are regarded as albuminous in nature. To the

apparent or real increase of these granules in the parenchjrmatous

cells of three organs, the kidney, liver and heart and to a less extent

in striated muscle, much attention has been directed in the past,

entirely out of proportion to the slight significance of the condition.

As already stated under postmortem changes these granules

should be studied in the fresh state, not after fixation, and as soon
after death as possible. The results obtained in the fresh state

may be compared with what is found in similar cells after fixation,

but it must be remembered that most of the best fixatives pre-

cipitate soluble albumin in the form of granules, that the acetic

acid test cannot be apphed to the fixed granules and that many
fixatives, as, for example, Zenker's fluid, contain acetic acid so

that the albuminous granules have already been acted on by it.

On the other hand, we may compare sections of similar organs,

both normal and abnormal, fixed under similar conditions and
draw fairly reliable conclusions in regard to the number and size

of the granules present, although it is probably not justifiable to
regard them all as albuminous in nature. Their composition is,

perhaps, as varied as the granules in leukocytes, but we lack at

present rehable methods for demonstrating them.
Increase in the number of albuminous granules is supposed to

be due either to substances in the cytoplasm becoming visible as
granules, or to substances, taken in from without, being deposited
as granules. Such an increase is held to indicate a lowering of the
functional activity of the cell, but the disturbance is not severe
and recovery from the condition may easily occur.

Variation and especially increase in the number of albuminous
granules in the cytoplasm of cells is not easy to demonstrate in a
satisfactory maimer. It lacks definiteness. While it may exist
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there seems to be no reliable way of proving it. The granules

cannot be counted; they are too numerous and too minute.

Consequently, they can be compared numerically only in a relative

way and such a method is not very reliable. Moreover, increase

or diminution in the number of granules is relative for each variety

of cell, even in the same organ. Compare for instance in the

normal kidney the number of granules in the cells lining the con-

voluted tubules with those in the cells of the collecting tubules.

It must be borne in mind that the cytoplasm of the cells lining

the convoluted tubules of the kidney are normally very granular.

The same condition holds in a less degree for the Hver cells. On
the other hand, the striated muscle-fibers of the heart contain

only a few coarse granules adjoining the ends of the nuclei. They
do not occur elsewhere in the cytoplasm between the striations.

The albuminous granules present in the cytoplasm of cells are

studied in the fresh state by mounting scrapings from the cut

surface of the organ to be examined in normal salt solution. The
granules when very numerous may obscure the nucleus, but

postmortem changes may cause the nucleus to appear faint. The
addition of dilute acetic acid to the preparation will cause the

optical disappearance of the albuminous granules, thus distinguish-

ing them from fat-droplets, and at the same time will render the

nuclei prominent. In fixed tissues the granules in the cytoplasm

of cells are readily stained by eosin, acid fuchsin or phosphotung-

stic acid hematoxylin.

In necrotic cells the albuminous granules usually disappear

quickly so that the cytoplasm presents a uniform hyaline appear-

ance.

Increase in size and number of albuminous granules may occur

focally at the advancing edge of acute lesions,such as liver necroses

and abscesses. In these situations the number and size of the

granules can be directly compared with those in the adjoining

normal cells so that the differences noted have some value.

A few observations made in regard to cytoplasmic granules

may be of interest.

In stained sections of heart muscle, fixed within one to two
hours postmortem from cases of typhoid fever, lobar pneumonia
and septicemia, no granules could be found. The various elements

in the longitudinal striations were perfectly preserved and stained.

The number of granules in the cells lining the convoluted

tubules in the kidney is very high normally; to detect an actual

increase is not easy. On the other hand, the cells in the collecting

tubules contain few granules and no marked increase occurs under
any circumstances.

Sometimes the granules in groups of renal cells are increased



88 PATHOLOGIC HISTOLOGY

both in number and in size and stain deeply with acid dyes. As
they continue to enlarge they become definitely hyaline (colloid),

and usually stain lightly or not at all. This change may not be

associated with any acute infectious process; for example, it

often takes place in connection with amyloid formation in the

kidney.

Sometimes the albuminous granules may be more or less com-
pletely absent from liver cells. Rarely, this absence may occur in

foci up to one or more miUimeters in diameter and be scattered

throughout the organ. Such foci appear pale and are readily

visible in the fresh condition and after hardening. The reason

for the lack of granules is not evident, but may be due to some form
of coagulation. The liver pictured in Fig. 47 came from a patient

killed suddenly by being knocked down by an automobile.

Cloudy Swelling.—Cloudy swelling is a term applied by Virchow
to the appearance presented postmortem by the liver, kidneys and
heart in certain acute infectious processes, such as typhoid fever

and lobar pneumonia. It is supposed to be due to increase in the

number of the albuminous granules. The cut surface of the

organs appears less translucent than normally; it is cloudy as if

it had been dipped into boiling water. Often the organs are

somewhat increased in size (an eighth to a quarter). It was on
account of these two characteristics that the term cloudy swelling

was applied. Sometimes the term albuminous degeneration is

used. The increase in the size of the organs, when present, is

probably due largely or entirely to increase of fluid. Whether
the cloudiness is due to an antemortem increase in the number of

albuminous granules or to postmortem changes in the cells as the
result of high temperature is a moot question.

Cloudy swelling is a condition always readily recognized with
great certainty, both in the fresh state and microscopically in

fixed tissues by the beginner even in such an organ as the spleen,

although amyloid and other important pathologic products may
be as readily overlooked. To demonstrate to the student's

satisfaction that he may be in error is not easy. It is the one
lesion that most of them feel sure about, and the instructor often

honestly doubtful or exceedingly sceptical.

FAT

Introduction.—Fat is present normally in visible form in certain

tissues and organs (fat tissue, adrenal glands, sebaceous glands).

It may be stored up in excess of normal needs in fat tissue and in

the liver. It may make its appearance in all kinds of cells as a
result of injury done them. On this account its presence in many
kinds of cells, such as heart and skeletal muscle-fibers and renal



RETROGRADE PROCESSES 89

epithelium, furnishes most rehable evidence that the cells are

injured, in some way or other, and that their functional activity

is impaired. On this account the study of its normal distribution

and of its appearance and significance under pathologic conditions

is important.

Composition.—Fat as it exists in the human body is not a

simple substance. It consists for the most part of neutral fats,

the triglycerids of oleic, palmitic and stearic acids. In addition

it contains small amounts of soaps. More complicated fatty

combinations, such as lecithin, myelin and cholesterin, occur in

certain locations, either alone or in connection with fat.

Characteristics.—Ordinary fat when in droplets is recognized

microscopically by its refractiveness; by its solubility in alcohol,

ether and chloroform, and its insolubility in acids and alkalis; by
the property, possessed in highest degree by oleic fat, of reducing

osmium peroxid to metallic osmium whereby it is stained black;

and by the characteristic common to all three forms of fat of

dissolving certain anilin dyes such as Scharlach R., in consequence

of which they may be readily stained red and rendered prominent.

These tests must be made on tissue which is fresh or fixed in for-

maldehyd. After they have been made, the osmium preparations

may be preserved permanently in balsam, the Scharlach R. pre-

parations in glycerin jelly. In sections of tissues fixed in other

ways and carried through alcohol the fat is dissolved out so that

only vacuoles remain.

Fat also exists in cells either so finely divided or in so close

chemical combination that it cannot be demonstrated micro-

scopically except by special technic. It has been found that

dried cells may contain as much as 20 per cent, of so-called in-

visible fat.

Labile and Stabile Fat.—In starvation fat stored up in fat-

cells and, under certain conditions to be mentioned later, in the

liver, is readily used up and disappears. On this account it is

called labile fat. Under similar circumstances the invisible fat

persists in the tissues; hence it is termed stabile fat.

Normal Distribution.—Visible fat occurs plentifully under

normal conditions in the fat-cells of fat tissue all over the body,

in the cortical cells of the adrenal glands and to a less degree in

the epithelial cells of the sebaceous glands.

Increase of Fat Deposit.—Fat tissue is sometimes increased

much beyond normal limits. The terms adipositas and lipomatosis

are applied to the condition which may be general or local.

As examples of the latter may be mentioned: (a) A marked in-

crease in the fat capsule of the kidney, (b) An increase of fat

tissue around the heart and often an ingrowth extending in
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between the muscle-fibers as far as the endocardium, so that the

function of the heart muscle is interfered with, (c) An ingrowth

of fat tissue between and into the lobules of the pancreas.

The cause of such great increase of fat tissue seems to be chiefly

excess of nutrition, but in some instances impaired metabolism

combined with diminished oxidation may play a part.

Sometimes a growth of fat tissue occurs which seems to have

a compensatory function only. Thus, in atrophy of the kidney

the fat tissue around the pelvis of the kidney is often increased in

amount, and in atrophy of skeletal muscles fat tissue may extend

in abundantly between the remaining muscle-fibers (pseudo-

muscular hypertrophy). In healed sclerosed appendices fat

tissue often makes its appearance in the submucosa.

Fatty Infiltration of the Liver.—Fat is often deposited in the

liver cells, sometimes in large amounts. The condition is known

ah c

Fig. 31.—Fat. a, In epithelial cells lining tubules of kidney; & and c, in muscle-
fibers of heart viewed longitudinally and in cross-section.

'

as fatty infiltration of the liver. If it is of moderate degree the
fat is usually located in the cells at the periphery of the lobule

around the portal vessels. In marked instances, however, every
hver cell may contain a single large fat-drop which pushes the
nucleus to the periphery of the cell and makes it look like a fat-cell.

Cell Degeneration Evidenced by the Presence of Fat; So-
called Fatty Degeneration.—Under various pathologic conditions
visible fat makes its appearance in cells which normally contain
none. The presence of the fat is due to degeneration following
injury or faulty nutrition. The degeneration causes impairment
of cell function.

The fat usually appears in the form of minute to small droplets
in the cjrtoplasm of the cells, but sometimes in the hver it occurs
in large drops. This condition of cell degeneration associated with
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the presence of fat is commonly called fatty degeneration. It is

old usage based on the mistaken idea that the fat arises directly

within the cell from a change of the proteid into fat. This view
has been proved wrong. The term is, therefore, incorrect.

The chief source of the fat is that brought as nourishment to

the cells through the blood and lymph and not utilized. It is

thought that in addition some of the invisible fat in the cells may
be set free and so become visible, and that sometimes complicated

lipoids, such as lecithin, may break down and fat be formed from

Fig. 32.—Fat in skeletal muscle-fibers (diphtheria). M. and W.

them. Certainly fat is often formed in abundance from myelin

in the central nervous system.

In the adrenal glands fat due to cell injury is difficult to dis-

tinguish from the fat normally present and in the liver from fat

due to fatty infiltration. The size of the fat-droplets will not

definitely decide the matter, although in general fat due to infil-

tration in the liver occurs in large droplets and that due to cell

degeneration in small droplets.

Cell degeneration associated with the presence of fat is caused

largely or entirely in two ways, by a deficient supply of nourish-
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ment including oxygen, and by the direct injurious action of toxins

of many sorts.

In general anemia due to hemorrhage from a gastric ulcer or

to any other cause much fat accumulates in the heart, kidneys

and other organs. Local anemia due to interference with the

blood supply by embolism, thrombosis, or narrowing of blood-

vessel lumen likewise results in injury to cells and in the accumu-
lation of fat within them. The condition is common at the edge

of infarcts and in the cells situated a little away from the blood-

vessels in rapidly growing tumors.

Fig. 33.—Fat in nerve-fibers (diphtheria). M. and W.

Many injurious agents injure cells and thus cause fat to ac-
cumulate in them. Phosphorus is a classical example. Chloro-
form affects particularly the cells in the center of every liver lobule.

Diphtheria toxin often injures nerves and striated muscles and
leads to the presence of fat.

Injured cells which contain but little fat may recover, but
cells which contain much fat have been injured beyond recovery.

Fat in Endothelial Leukocytes.—Fat is often set free in the
body by necrosis of cells. When this occurs, the fat is taken up
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by endothelial leukocytes which dispose it in their cytoplasm in

the form of small droplets of fairly uniform size. The leukocytes

in this condition are sometimes called fat granule cells. After

filling themselves with fat in this way the leukocjrfces tend to

collect in the lymphatics around blood-vessels while they digest

the fat and probably transform it into other compounds.
Endothelial leukocytes filled with fat are often numerous in

the granulation tissue walls of old abscesses, in the inflamed

mucous membrane of chronic salpingitis, in softened foci in the

brain, in atheromatous patches in the aorta and other blood-

vessels, and in all kinds of tumors.

Gross Appearances of Fat in Tissues.—Fat in tissues lends

them a white to yellow color and a certain amount of opacity,

most marked when the fat is in small droplets or crystallized, due

Fig. 34.—Spinal cord. Softening. Endothelial leukocytes filled with fat

collected around blood-vessels.

to refraction of the light. It may be completely masked by
injection of blood-vessels and may be simulated by anemia, by
mucous connective tissue and by small hyperplastic masses of

elastic tissue, such as often occur in scirrhous cancer of the breast.

From these it may be distinguished in gross by its greasing the

knife, and microscopically by its characteristic properties. When fat

is present in the tissues in foci, as in the tiger lily heart, it stands

out more prominently than when evenly distributed.

Cholesterin occurs normally in solution and in combination
with fats and soaps in the bile, in nerve tissue, in the blood and,

in shght amount, in nearly all tissues. In its crystalline form it is

easily recognizable on account of its occurrence in characteristic

rhomboid flakes, usually with a corner out. Treated with sul-

phuric acid it turns red, then violet. lodin followed by sulphuric

acid turns it blue.
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Cholesterin crystals may be found wherever fatty degeneration

and necrosis of cells have occurred; for example, in old abscesses,

in old echinococcus cysts and hydrocele sacs, in atheromatous
patches in the aorta. They also appear in connection with comi-
fied epitheUum, as, for example, in dermoid cysts, in wens, in

cholesteatomas.

FLUID

Fluid often accumulates in cells and between them, and within

cavities. Various terms are applied to the condition—^hydrops,

dropsy, edema, ascites, etc. Here we are concerned chiefly with
collections of fluid within and between cells.

The fluid is derived from the

lymph, which in turn comes from
the serum of the blood. Its com-
position evidently varies consider-

ably, depending on the conditions

under which it occurs; sometimes
fibrin forms readily in it but at

other times not.

Hydrops of the Cell.—^The ac-

cumulation of fluid within a cell is

sometimes termed hydropic degen-
eration or, better, hydrops of the
cell. The condition occurs more
often in the cytoplasm than in the
nucleus, and may possess no great
significance although the affected

cells often present a striking ap-
pearance. The fluid may occur
diffusely in the cell or collect within

one or more cavities in the cytoplasm. In fixed tissues only the
cavities or vacuoles in which the fluid was contained appear.
They may be empty or contain spherules, threads or networks of
fibrin or occasionally hyaline material.

Fluid accumulates in cells most often in connection with
inflammatory conditions of various sorts as the result of the
exudation of serum. Thus, it is often found in and between the
epithehal cells of the epidermis where large collections of fluid
known as blisters are of common occurrence (eczema, urticaria,
smallpox, varicella, anthrax pustule, etc.). It may also occur in
a variety of cells as the result of excess of fluid in the tissues in
consequence of general or local disturbances of the circulation,
causing an abundant escape of lymph, for example, as the result
of certain lesions of the heart or kidneys.

Fig. 35.—Hydrops of cells.

Accumulation of serum in corni-

fied cells of epidermis. Slight
formation of fibrin.
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In the liver fluid often collects in small amounts in the cells

around the central vein in the early stage of central necrosis. The
cells show one to several vacuoles,

in each of which is a small ball

of fibrin. In the larger vacuoles

the fibrin may appear as threads

or as a network.

Fluid accumulates in striated

muscle-fibers in a variety of

infectious processes and particu-

larly in the early stages of inva-

sion with the trichinella spiralis.

The longitudinal striations are

usually pressed to the periphery,

but may be separated into bun-

dles by the formation of numerous
vacuoles filled with fluid.

Fluid accumulation between
cells and fibrils is generally termed edema. It is of common
occurrence in inflammatory conditions and also as the result of

"%»» „

Fig. 36.—Hydrops of cardiac mus-
cle-fibers.

^7J''^>

Fig. 37.—Hydrops of striated muscle-fibers. M.

transudation, due to general or local disturbances of circulation.

Fluid often collects in tumors; for example, in fibromas causing
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edema of them, and in the stroma of adenomas of the breast. It

is not always easy to distinguish between simple edema and

that secondary to the secretion of mucin by mucous connective-

tissue cells.

The kidney under various conditions (glomerulonephritis,

etc.) often shows fluid in the cells and tubules and in the inter-

stitial tissue.

NECROSIS

Necrosis is the term applied to local death of cells, that is, to

death of cells, singly or in groups, while surrounding cells continue

living. Necrobiosis is a term sometimes applied to slow death of'

cells under similar circumstances.

Of the various retrograde processes necrosis is necessarily the

most serious because it signifies the end of the life of the cells

involved. It may affect normal cells or follow one or another of

the forms of degeneration, especially that associated with the

presence of fat in the cells. On this account it is impossible

always to draw a sharp line between degeneration and necrosis.

As soon as necrosis occurs the cells involved become a foreign

body,—that is, an injurious agent,—exciting an inflammatory

reaction in part at least as the result of injurious substances

emanating from it, and often stimulating regeneration by cells of

the kind destroyed.

The causes of necrosis are almost as numerous as the causes

of inflammation, and include many of the injurious agents in the

mechanical, physical and chemical groups. In addition, however,

a very important role is played by the cutting off of nutrition,

including oxygen, from the tissues. This is effected by plugging

the vessels on the inside by embolus or thrombus, or by constrict-

ing the vessels from without by compression.

Necrosis may affect single cells or small or large groups of

them. It may involve only the parenchymatous cells in an organ

(central necrosis of the liver), or all the cells in masses of tissue

(infarction of kidney).

Cells killed suddenly often cannot be distinguished at first from
living cells, but only after certain chemical and physical changes

have taken place in them, as a result of being kept at body tem-
perature and bathed in fluid. These changes affect both the

nucleus and the cytoplasm and are characteristic of necrotic cells.

The chromatin of the nucleus may contract into a small,

irregular, jagged mass and stain intensely (pyknosis), or divide

into irregular masses which stain deeply (karyorrhexis), or gradu-

ally dissolve so that the nucleus stains less and less distinctly or

not at all (karyolysis). These transformations are sometimes
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simulated more or less closely by postmortem changes. Thus
in the liver many of the nuclei often stain uniformly and intensely

while the others appear normal, and in the convoluted tubules of

the kidney the nuclei commonly fade away and refuse to stain after

a certain number of hours.

The cytoplasm may become vacuolated from edema, hyaline

from disappearance of its granules, coagulated and homogeneous
so that it stains deeply with acid dyes, or dissolved by the action

of ferments.

Certain types of necrosis have received special names.

Coagulation Necrosis.—Coagulation necrosis is a term applied

originally by Weigert to the transformation assumed to take place

in necrotic tissue in consequence of which, along with other changes,

it swells slightly and becomes firmer than normal. It is supposed

that the albumin of the cells, after the necrotic tissue has been

permeated with fluid, undergoes some form of coagulation such

as albumin does when acted on by formaldehyd, heat, alcohol,

etc. Fibrin formation is not in the least essential to the process,

although fibrin may be present in greater or less amount.
The classical example of coagulation necrosis is seen in an

infarct of the kidney. Its gross characteristics are best studied

tljere. Microscopically, the cells go through one or more of the

changes peculiar to necrotic cells until finally they appear homo-
geneous and more or less fused with each other and with the

surrounding blood-vessels and intercellular fibrils so that the whole

forms a structureless mass.

The changes in the cells peculiar to coagulation necrosis may
take place also in single cells and in groups of them. Thus, it is of

frequent occurrence in the liver (focal necrosis), in striated skeletal

muscle (Zenker's degeneration) and also in various infectious

processes.

Caseation.—Caseation is a form of necrosis occurring especially

in the lesions produced by the tubercle bacillus. It is due to the

gradual necrosis (necrobiosis) of the leukocytes of the inflammatory

reaction to the organism, and of any included tissue cells. As the

cells are injured before they are killed they usually contain more
or less fat.

The usual inflammatory reaction to the tubercle bacillus in

blood-vessels consists of an accumulation of endothelial leukocytes.

When, however, the organisms are in lymph-spaces and vessels or

in epithelial-lined cavities, serum (much fibrin often forms from the

serum) and a relatively small number of lymphocytes may be

added to the leukocytes. The leukocytes, by occluding blood- and
lymph-vessels, gradually cut off all nourishment. The tissue cells

undergo necrosis first, because more delicate, and disappear; then

7
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the leukocytes, beginning in the center of the lesion and extending

peripherally, die off gradually in the same way. Caseation in

tuberculous lesions consists chiefly, then, of necrotic endothehal

leukocytes which have thoroughly infiltrated the tissue and de-

stroyed most or all of its landmarks. Combined with the necrotic

leukocytes there may be much fibrin of inflammatory origin.

Similar lesions may be produced by the oidium.

The caseation occurring in the lesions of syphilis is somewhat
different. The reaction to the treponema pallidum consists of a

moderate inflammatory exudation (usually endothelial leukocytes

and lymphocytes, less often polymorphonuclear leukocytes) com-

bined with reparative proliferation of fibroblasts. This process

taking place in the walls of blood-vessels frequently leads to their

occlusion and to necrosis of the tissue supplied by them. In these

necrotic areas tissue landmarks such as blood-vessels, fat and
fibrous tissues, and muscle can usually still be made out, although

later they may disappear owing to the attraction often exerted

by this necrotic tissue on endothelial and polymorphonuclear

leukocytes. The necrosis in a gumma is, therefore, often much
more like that in an infarct than in a tuberculous lesion.

Fat necrosis is a term applied to necrosis of multiple, dissem-

inated, usually miliary but sometimes extensive, areas of fat tissue.

The lesion occasionally occurs in the peritoneal cavity and is due
to the action of digestive ferments which have escaped in some
way from the pancreas. The pancreatic ferments act on the

glycerids of the palmitic, stearic and oleic acids and splits them
into free fatty acids and glycerin. The glycerin is absorbed and
removed. The free fatty acids remain as needle-shaped crystals

or unite with the calcium of the tissues to form an amorphous
granular material. This causes the areas to have an opaque white

appearance.

The necrotic areas at first attract polymorphonuclear leu-

kocytes, but these are soon succeeded by endothelial leukocytes
which surround and gradually absorb the fat products of the
necrotic fat-cells. Occasionally, they fuse to form giant-cells.

Pancreatic tissue is often involved in the same way as the fat

tissue and very rarely the ferments may extend to the muscles of

the abdominal wall and cause extensive necrosis of them.
Colliquation or liquefaction necrosis is characterized by the

fact that the necrotic tissue elements swell and dissolve in the
tissue juices. The process is most common in the brain following
ischemia. As the result of the softening cysts are formed.

Gangrene is a clinical term applied to two different conditions

:

(a) to necrotic tissue which is in such a location (toes, fingers)

that when it undergoes infarction it may, under the influence of
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the air, dry up (dry gangrene, mummification), or (6) to necrotic

tissue anywhere (extremity, lung, appendix) which, under the

influence of bacteria, undergoes putrefactive changes (moist,

stinking gangrene, sphacelus).

Gangrene about the mouth has received the special name of

noma. It is apparently due to the bacillus fusiformis acting alone

or in conjunction with a spirillum.

Emphysematous gangrene is a condition of moist gangrene

accompanied by the formation of gas. It is due in most instances

to infection with the bacillus aerogenes capsulatus.

A line of demarcation due to acute inflammatory reaction is

formed at the edge of gangrenous tissue just as around an infarc-

tion in the kidney or any other organ.

A marked inflammatory reaction takes place at the edge of

necrotic tissue when the cells have been killed suddenly, as in a

bland infarct of the kidney. This is due to toxins set free by the

necrotic cells. On the other hand, there may be no reaction if

necrosis comes on slowly as the result of gradual cutting off of the

blood supply, because very little toxin is set free at any one time.

The best examples are seen in tumors where the cells at a distance

from the blood-vessels slowly die, dissolve and disappear without

any inflammatory reaction being excited, leaving each vessel

surrounded with a sheath of tumor cells and thereby suggesting

a perithelial type of growth.

HYALINE SUBSTANCES

Numerous substances occurring in the body have the one
common property of appearing transparent, like glass. These
substances differ greatly in chemical composition. A few exhibit

fairly definite chemical reactions; most of them do not. They
will be considered under several different headings.

GLYCOGEN

Glycogen is a carbohydrate which easily changes into grape-

sugar. It is a homogeneous hyahne substance which appears

microscopically in the form of granules and small globules. It is the

only one of the carbohydrates which is visible and demonstrable

under the microscope.

Glycogen is fairly soluble in water and by this property is

readily distinguishable from amyloid. In addition it is quickly

changed to sugar by the action of saliva. like amyloid it is

stained brownish red by iodin. Stained with Bests' carmin
solution it appears red, while amyloid is colorless.

Glycogen when present occurs usually in the cytoplasm, but
sometimes in diabetes is found also in the nuclei of the liver cells.
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Many cells under normal conditions contain glycogen per-

manently or temporarily. This is especially true of liver, cells

and striated muscle-fibers. It also occurs normally in cartilage cells.

Under pathologic conditions glycogen is frequently abundant.

Thus, in inflammatory conditions it is common in the young
fibroblasts and endothelial cells of granulation tissue. It is fre-

quently contained also in epithelial cells. In persistent glycosuria

and in diabetes glycogen occurs not only in the liver cells, but

also in small to large globules in the epithelium of Henle's

loops in the kidneys. It is also found in the cells of many tumors

(adrenal cancers, chondromas).

MUCIN

Mucus is a hyaline slimy substance which occurs normally as

a secretion of the epithelial (beaker) cells of the gastro-intestinal

tract, as one of the homogeneous substances produced under

certain conditions by the fibroblast (mucous connective-tissue

cells of the umbilical cord), and in the fluids of joints, bursas and
tendon sheaths.

Mucus is not a definite compound, but contains a group of

nitrogenous, albuminous substances called mucins, which dissolve

or swell up in water to form slimy stringy fluids. They are pre-

cipitated by acetic acid and by alcohol in the form of threads

which are not dissolved by excess of the acid. They dissolve,

however, after precipitation, in neutral salt solutions and in

caustic alkahs.

In epithelial cells the mucus occurs as round, transparent

masses which may be cast off as in ordinary beaker cells, or the

drops of mucus may run together until the whole cell is transformed

into a homogenous mass.

In mucous connective tissue the fibroblasts are more or less

star-shaped, with branching cytoplasmic processes, and the mucus
occurs between the collagen fibrils which are often widely separated.

This type of tissue is widely distributed in the embryo, but is

best exemplified in the umbihcal cord (Wharton's jelly).

Under pathologic conditions the mucous secretion of epithehal

cells may be much increased or the cells transformed into mucus.
The cells of epithehal tumors arising from the gastro-intestinal

tract often secrete mucus and sometimes masses of the tumor
cells are gradually transformed into that homogeneous substance.

Less often tumors arising in the mammary gland and in the ovary
undergo . mucous degeneration. The epithehal tumors arising

from the ovary are more likely to contain pseudomucin, a homo-
geneous slimy substance which is precipitated by alcohol but not

by acetic acid.
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While mucus is not produced normally in the adult l)y fibro-

blasts, it occurs not infreciuently in tumors of mesenchymal origin;

for example, in fibroma, chonch'oma, osteoma and in the rapidly

growing tumors composed of the same type of cell (myxosarcoma,

etc.). It occurs also in mixed tumors of the parotid region, and
not infrecjuently in the connective-tissue stroma of certain epi-

thelial new-growths.

AMYLOID

Introduction.—Amyloid is a homogeneous, translucent, color-

less, solid substance characterized by fairly definite chemical

reactions which distinguish it from the other hyaline substances.

(,* ~^f *-^

V

mA

Fig. 30.—Amyloid formation in liver. Mcthyl-vinlet reaction for amyloid.

According to Krawkow it is a comljination of an allnuninous Iwdy
with chondroitin sulphuric acid. The latter substance is found
especially in cartilage and elastic tissue.

Amyloid is not a product of degeneration of cell or fibril, or

something filtered out of the blood like serum. Instead it is a
deposit in tissues manufactured out of normal constituents of the
blood by cell activity, as will be explained farther on.

Properties.—Amyloid is insoluble in M'ater and in alkalis,

and dissolves \A\h difficulty in strong acids. Treated with Lugol's
solution, it stains mahogany brown while the surrounding tissue

appears of a yellow color. On the addition of one per cent sulphuric

acid the brown may turn to Ijlue, violet or green; the reaction is

not constant. Sections stained with methyl-violet followed by
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dilute acetic acid show tlie amyloid rose red, the nuclei blue, and
the other structures pale blue or colorless. Methyl-green and
certain other anilin dyes give a similar metachromatic color re-

action. The reaction -with the anilin stains is considered more
relialde than that with iodin.

Origin.—Amyloid does not exist as such in the Idood. By
some it is claimed that it is manufactured Ijy cell activitj- out of

a substance in the circulation. It seems to be generally assumed,

owing to the deposition of amyloid to a large extent just outside

of the endothelial cells lining blood-vessels, that they are the cells

active in its production.

Fig. 40.—Livur. Amyloid formation. Pre.ssurc atropliy of liver cells.

It seems more reasonal.)lc to regard amyloid as an abnormal
product of the fibroblast; in support of this view a certain amount
of evidence can be brought forward. The ordinary fibroblast is

cajjaljle of producing under cUfferent conditions a variety of fibrils

and homogeneous sul)stances (fibrogha, collagen and clastic

fibrils; mucin, chondromucin and osseomucin). It seems more
likely that the normal metabolism of the fibrol^last shoukl be so

altered by fimctional disturbances as to produce an abnormal
product, than that endothelial cells should develop the property

of manufacturing such a substance.

The chemical composition of amyloid, namely, the presence

of chondroitin sulphuric acid is in favor of the origin of amyloid
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from fibroblasts because it is found in other products of these cells,

namely, in elastic fibrils and in chondromucin.

The position of amyloid is around the fibroblasts, around and

between the collagen filsrils. This is true not only in the walls of

a b

Fig. 41.—Amyloiil formation in spleen, a, In pulp; b, in lymph-nodule.

the smaller blood-vessels just outside of the lining endothelium,

but also around the tubules of tlie kidney, between the smooth

a h

Fig. 42.—Tiunor (.lyniphobla.stoma ?) with extensive amyloid formation in
stroma.

muscle-cells in the walls of arteries and in ]ilaces where n(.) endo-
thelial cells are jjresent.

Amyloid is manufactured chiefly in certain situations and
usually close to blood-vessels; in the liver Ijetween the walls of
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the sinusoids and the columns of Hver cells, in the glomeruli of the

kidneys, in the lymph-nodules of the spleen and lymph-nodes and
around the reticulum of the spleen, in the islets of the pancreas.

The occurrence of local amyloid when there is no systemic

disturijance of metabolism favors this view of the origin of amyloid,

as well as the occurrence occasionally of amyloid in the stroma of

tumors.

Fibroblasts often produce a hj^aline substance resembling amy-
loid except in reaction.

Amyloid is formed in consecjuence of some disturbance of cell

metabolism. This chsturbance may be general or local. In

general amyloid formation various organs may be affected; for

example, the liver, spleen, kidneys, intestine, etc. In local amyloid

formation the substance may be confined to a single site.

Fig, 43.—Amyloid formation in adrenal gland, n, Collagen fibrils still ap-
parent in the midst of the amyloid; /), marked atrophy of adrenal cells.

General Amyloid Formation.—Amyloid occtirs in a variety of

cachectic conditions, especially when there has been much loss

of albumin. Thus, it is found in cases of prolonged suppuration

from any cause and in any location; luit it also occurs under

other conditions when there has been no pus formation. The
foUo^dng list is illustrative but by no means complete.

A. Chronic ulcerative tuberculous lesions of lung, intestine

or bone.

Actinomycosis.

Chronic dysentery.

Ulcerating new-growths (carcinoma of stomach, etc.).

B. Chronic syphilis.

Chronic nephritis.
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Malarial cachexia.

Chronic anemia.

General amyloid formation may be produced experimentally

in animals by causing prolonged suppuration, and occurs commonly
in the rats and mice used for carcinoma propagation.

Local amyloid formation is rare. The amyloid may occur

in tumor-like swellings at the base of the tongue, in the mucous
membrane of the larynx, trachea and bronchi, in the eyelids and

chffusely in the wall of the urinary bladder. It also occurs oc-

casionally in the stroma of certain tumors ivithout being present

elsewhere in the body. The cause of its formation is unknown,

but is probably due to some disturbance of metabolism in fibro-

Ijlasts, as the result of local chemical action.

"*<*L^

Fig. 44.—Urinary Ijladder. Amyloiil formation, a, Atrophy of niuscle-

filiers from pressure by amyloid; b, amyloid taken up as a foreign body by a
giant-cell.

As already stated, amyloid is always found in close relation

to fibroblasts. It is deposited between the collagen fibrils which,

at first, in properly stained sections stand out distinctly, Imt later

disappear. Amyloid when first deposited is finely fibrillar, but

soon becomes homogeneous. Amyloid, like the other products

of the fibroblast, requires the care of the cell. When this is re-

moved by the death of the cell the amyloid becomes a foreign

body and is attacked and dissolved bj' the action of endothelial

leukocytes which sometimes fuse to form giant-cells. Tumor
cells may also attack the amyloid when it is formed in the stroma
of the new-growih and utilize it as food.
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Effect.—Amyloid exerts mechanical jircssure ; hence it causes

gradual atrophy and disappearance of the important functioning

or parenchymatous cells in the organs affected; for example, the

liver cells in the liver, the lymphoblasts in lymph nodules of the

spleen and lymph-nodes. It destroys the glomeruli in the kichieys,

and hence leads to degeneration and atrophy of the tubular

epithelium. The result is sclerosis of the kidney.

Gross Appearance.—Amyloid frequently leads to increase of

size and consistence of the organ in which it is found. The kidney,

however, in the late stage may be smaller than normal omng to

atrophy and disappearance of many of the tul^ules. Amyloid
organs are usually pale and translucent and have a dry appearance.

Amyloid is evidently of a tough consistence Ix'cause the walls of

affected arteries never dilate or ru])ture.

V

o]

^ '^'

Fig. io.—Colloid in epithelial eells lining a tubule ui the kidney, yi.

COLLOID

The term colloitl is applied to the transparent, semisolid secre-

tion of the thyroid gland. Unlike mucus it remains homogeneous
after treatment \\ith alcohol or acetic acid. It is characterized

chemically )>j^ containing iodin in the form of iodothyrin. The
acid djres tend to stain it rather tleeply.
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The term colloid is also applied to other homogeneous sub-

stances of epithelial origin which in appearance and consistence

resemble the colloid of the thyroid gland, although chemically

they may differ markedly from it. This is especially true of cer-

tain hyaline substances appearing as droplets in the renal cells

and as casts in the tubules of the kidney.

The colloid material derived from the epithelial cells in the

glands of the prostate usually takes the form of rounded con-

centrically layered masses called corpora amylacea, because in the

early days of pathology they were incorrectly supposed, on the

basis of a single chemical reaction, to be related to starch. Similar

bodies sometimes occur in the alveoli of the lung and may be formed

in large numbers in cysts of the kidney. Similar bodies, usually

smaller in size, are sometimes formed in large numbers in the

central nervous system, especially beneath the pia, when retrograde

changes are in progress.

FfflRIN

Fibrin is usually fairly definitely characterized by its appear-

ance in the form of delicate to coarse anastomosing threads and by
its staining reactions. But it may also appear as a coarse hyaline

reticulum (diphtheritic membrane) and as hyaline spherules (in

liver cells la beginning central necrosis) . Necrotic cells and fibrils

and red blood-corpuscles bathed in serum frequently undergo a
hyaline change due to the formation of fibrin. In this way hyaline

masses of various sifies and shapes may be formed in blood-vessels

(hyaline thrombi) and in the tissues.

HYALIN

Hyalin in the Liver.—In alcoholic cirrhosis the liver cells un-
dergo a peculiar and apparently characteristic type of hyaline

change preceding necrosis. The cells swell somewhat and in the
cytoplasm appears a coarse hyaline meshwork which tends to stain

deeply with eosin and methylene-blue and with phosphotungstic

acid hematoxylin.

In a normal individual in whom violent injury caused sudden
death the liver was studded with small, sharply defined, fight

colored areas, up to several millimeters in diameter. Micro-
scopically the liver cells in these areas are homogeneous and hya-
line, but do not tend to stain deeply \\ath eosin; all the granules

have disappeared from the cytoplasm. The nuclei stain about
normally. Possibly the appearance is due to beginning coagula-

tion necrosis following concussion, and is analogous to the hyaline

change which takes place in striated muscle after rupture and
other injuries.
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Hyalin in Plasma Cells.—It is not uncommon for hyaline

droplets of various sizes to develop in the cytoplasm of plasma
cells. They stain faintly to deeplj' with aeiil dyes antl arc l)rought

Fig. 4(1.—Livfi'. Alcnlidiir cirrliosis. Hyaline malcrial in (\'l()])]aMii (if li\'er

(•elk. IM. aiKt W,

t»l

(#

V.' .

:.^ *

Fig. 4,.—Liver. Sudden death from violence. Hyaline area.s apparently
due to coagulation and loss of cell granulations.

out prominently by the fuchsin in the tuljercle bacillus stain.

After death of the cell these hyaline droplets may persist for some

time in the tissues. They were once claimed to be parasites and
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the cause of cancer. As a result of this notoriety they are still

often called "Russell's fuchsin bodies."

Fig. 48.—Hyaline material forming in .and on the w.alls of capillaries in the
cerebellum.

Hyalin in Blood-vessels.

general, but especially in

_ O '®^'^

—In the l)lood-vessels of the brain in

the cerebellum, hyalin occasionally

occurs in the form of multiple small

droplets which gradually enlarge and

fuse together so as to form homo-
geneous hyaline walls to the vessels.

£ /•,4PiBBfc^^^ • ^'- Sometimes all the capillaries over
v> f i^^1^P!^Kky\ ' ^ i considerable areas are sheathed in

this way. Concentric masses of

various sizes are also freciuently

formed outside of the vessels. As a

result of the hyaline deposit, thick-

ening and fusing, the intervening

cells atrophy and disap])ear, so that

large masses of hyalin may be
formed. Lime salts are usually

deposited in this hyalin. As a result

calcareous masses of considerable

size and rigid blood-vessels are sometimes formed. Later, the calci-

fied masses may become ossified owing to organization by fiV_>roblasts.

'j^J-JOffi

Fig. 49.—Artery. Arterio-

sclcrosi.s. Hyaline formation

with narrowing of lumen.
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In various acute infectious diseases tlie arteries in the spleen

show another type of hyaline change. The walls appear hyaline

and very noticeably swollen so that the lumen is encroached on.

A Scharlach R. stain always shows much fat present. A similar

appearance is presented by lesions of a chronic type appearing

in the condition known as arteriosclerosis.

Hyalin in Smooth Muscle-cells.—The central portion of

smooth muscle-cells often presents a thickened hyaline appear-

ance and stains deeply with eosin. This is a postmortem change.

It is especially common in the

muscle-cells of the prostate, but

may occur in smooth muscle

anywhere.

Zenker's Degeneration.—Ne-
crotic striated muscle undergoes

usually a change, called coagula-

tion necrosis, as a result of which

the striations disappear and the

cytoplasm becomes homogene-
ous. To this form of hyaline

change in striated muscle the

term Zenker's degeneration is

applied because the process was
first desc^ibed by him. Some-
times this hyaline change fails to

take place and the striations persist until the necrotic muscle is

entirely dissolved by the action of leukocytes.

Hyaline Connective Tissue.—The collagen filirils of connective

tissue are oitt>n, under certain conditions, rendered invisible, as

they usually are in cartilage and l:)one, and probably in the same
way, by the deposition of a homogeneous substance between them,

which binds them intimately together. Thus, hyaline connective

tissue is frequently found in the lymjih-nodules of lymph-nodes and
of the spleen follo^^ing inflammatory changes; in old healed

tuberculous lesions; in sclerosed glomeruli.

Fig. 50.—Necrosis and hyaline
transformation of skeletal muscle-
fibers (Zenker's degeneration).

PIGMENTS

Certain substances pos.sess more or less color. The formation

or deposition of such substances in the body is called pigmentation,

and the colored materials themselves are S]3oken of as pigments.

Pigments may appear in homogeneous, grantilar or crystalline

form. They are cUvided according to their origin into two classes:

endogenous, those which originate within the Iwdy and exogen-

ous, those ^N'hich enter the body from without. The endogenous
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pigments are further divided into two groups: autogenous, those

formed by the cells themselves; hemoglobinogenous, those derived

directly or indirectly from the hemoglobin of the blood.

A. Autogenous Pigments

There are several kinds of pigment produced by cell metab-
olism of which the most important is melanin.

1. Melanin is the pigment which gives the color to the skin,

hair and eyes. It occurs within cells in the form of brown to

black granules. Its chemical nature has not been definitely deter-

mined, but it does not seem to be due to blood pigment.

In the skin melanin is found in the deepest layers of epitheUal

cells and also in the melanoblasts or pigment cells of mesenchymal
origin which occur in the corium. It seems probable that the

epithelial cells of the epidermis do not produce the pigment them-
selves, but that it is transferred to them from the melanoblasts,

the only cells which produce this pigment. This view is favored

by the fact that the cells of epidermoid cancers, even in a negro,

never produce pigment.

Melanoblasts occur also in the choroid and iris and in the pia,

especially over the medulla. Abnormal collections of them often

develop in the skin soon after birth, and are known as pigment
nevi. From the melanoblasts in any of these locations melano-

blastomas may arise. The pigment produced by them is some-

times so abundant that it is excreted by the kidneys and appears

in the urine.

In the symptom complex known as Addison's disease a brown
granular pigment, apparently similar in nature to melanin, is

deposited in the epithelial cells of the skin and in the mucous mem-
brane of the mouth. It is probably produced by the melanoblasts.

2. Lutein is a soluble coloring matter found in fat-cells and
in the corpus luteum. It occurs in fat tissue, in lipomas and in

the collections of cells- to which the name xanthoma has been
applied.

The nature of the green color occurring in the tumor nodules

of myeloblastoma, which under this condition is called chloroma on
account of its color, is not known. It fades quickly on exposure

to air but can be restored, temporarily at least, by treatment
with peroxide of hydrogen and also with other chemical reagents.

3. Lipochrome is a pigment which, with advancing age, collects

in the muscle-fibers of the heart, in hver cells, in the zona pig-

mentosa of the adrenal, in certain ganghon-cells, in the smooth
muscle-cells of the intestine and seminal vesicles, and often abun-
dantly in the epithehal cells of the same vesicles. This pigment
reduces osmium tetraoxide and stains with Scharlach R.
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B. Hemoglobinogenous Pigments

Hemoglobin is the normal coloring matter of the blood. It

is manufactured by the erythroblasts and remains as the charac-

teristic feature of the red blood-corpuscles after disappearance of

the nuclei. It contains iron but does not give the iron reactions,

owing to close chemical union with other substances. Hemoglobin
may be set free in the tissues and in body cavities by diffusion or

in consequence of disintegration of the red blood-corpuscles

following hemorrhage, or it may escape into the serum of the

circulating blood (hemoglobinemia) as the result of injury to the

corpuscles by toxins. If it escapes into the serum in large amount
it is excreted by the kidneys (hemoglobinuria) and may be de-

posited in the renal tubules as brown masses and color the papillae

a dirty brownish red (hemoglobin infarct).

Hemoglobin in solution is precipitated by formaldehyd in

the form of black granules which often collect in clumps. This

pigment formation is common in tissues which have been placed

some hours postmortem or after removal from the body in fixatives

containing formaldehyd. The pigment is an artefact and must
be recognized as such.

Hemoglobin as the result of chemical change gives rise to two
pigments known as hematoidin and hemosiderin.

1. Hematoidin is an iron-free pigment occurring as granules

and crystals which vary in color from yellow to red. It arises

from hemoglobin in solution and does not owe its origin. like

hemosiderin to vital activity. After formation, however, hema-
toidin may be taken up by endothelial leukocytes.

Feathery yellow crystals of hematoidin arranged in radiate

form often occur in infarcts of the spleen, especially at the periph-

ery of the lesion, and are frequently within endothelial leukocytes

and foreign body giant-cells.

2. Hemosiderin is a collective term for yellow to brown pig-

ments which are derived from hemoglobin and give the iron

reaction. They occur as granules and small masses. They may
arise directlyfrom hemoglobin still attached to red blood-corpuscles

or from hemoglobin in solution. They require vital activity for

their formation. Ordinarily endothelial leukocytes transform

red blood-corpuscles directly into hemosiderin, and they can

perform the same function for hemoglobin in solution. It seems

probable, however, that hemoglobin in solution can also be trans-

formed into hemosiderin by vital activity without being taken up
by cells, probably through the action of chemical substances

derived from the cells.

Hemosiderin is found very commonly following hemorrhage;
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in the corpus hemorrhagicuni as it undergoes repair; in the lungs

follomng hemorrhages as the result of clironic passive congestion;

in the meninges o^ving to chronic internal hemorrhagic pachy-

meningitis; in the brain following cerebral hemorrhage. In all

of these situations the hemosiderin occurs for the most part within

endothelial leukocj'tes. In the lungs these leukocytes are usually

known as heart failure cells. If they contain carbon, as they often

do, the hemosiderin is deposited around it.

All hemosiderin is very gradually decolorized and disintegrated

by the leukocytes containing it and returned in some other form

to the circulation.

o
»

Fig. .51.—Blood pigment 1 endothelial leukocytes in .spleen following typhoid
fever.

In typhoid fever and some other infectious chseases endo-
thelial leukocytes, filled with red blood-corpuscles, often collect

in small to large numbers in the spleen and to a less extent in the

bone marrow, and gradually transform th(» hemoglobin into hemo-
siderin.

When hemoglobin is set free slowly and continuously for a

long time in the serum, as in pernicious anemia and in certain

forms of chronic poisoning, the epithelial and endothelial cells in

many organs—liver, sjileen, bone marrow, kidneys, heart, ]3an-

creas—take up the pigment and store it in the form of yellowish
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brown granules which may be readily distinguished from any

lipochrome pigment present bjr means of the iron reactions.

When the hemosiderin deposit is extensive the organs may appear

of a rusty brown color.

1-



Fig. 53.—Hemochromatosis, a and c, Pigment in pancreas; h. pigment in
liver cells.
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liver and pancreas, the muscle-fibers of the heart, the endothelial

cells of various organs, but most abundantly in endothelial leu-

kocytes which often collect in great numbers in the liver and to a

less extent in the spleen, lymph-nodes, pancreas, etc.

The hemosiderin is apparently deposited in such large amounts
in some of the parenchymatous cells of the heart, pancreas and
especially of the liver, that it leads to their destruction. The
pigment set free in this way by necrosis of the affected cells

attracts endothehal leukocytes. As a result of this process there

often occur in the liver extensive lesions, forming one type of

cirrhosis with increase in size, owing to the extensive infiltration

with endothelial leukocytes. Similar lesions, but on a smaller

scale, occur in the pancreas (resulting in so-called bronze diabetes)

and in the heart.

Pigmentation is of common occurrence in the liver, spleen and
bone marrow in malaria. The pigment occurs in endothelial

cells and leukocytes and is of two sorts; hemosiderin derived

from hemoglobin and a black pigment of unknown composition

which is formed in some way in the red corpuscles by the activity

of the malarial organisms, but whether from hemoglobin or from

other substances is not known.
3. Bile Pigment.—Bilirubin, the coloring matter of the bile,

is chemically identical with hematoidin. It is a product of the

liver cells, being formed by them from hemoglobin.

Bile sometimes escapes into the circulation either as the result

of bile stasis or in consequence of necrosis of liver cells, and diffuses

into the organs and tissues, staining them a yellow to green color.

The resulting condition is known clinically as icterus or jaundice.

Bile stasis is caused throughout the liver by obstruction of the

bile duct or the common duct, usually by gall-stone or tumor, or

focally by obstruction of the smaller bile vessels by inflammatory

exudation, by sclerosis, or by pressure from an infiltrating tumor.

Bile stasis results in dilatation of the bile capillaries, most marked
around the hepatic vein in each lobule. The bile often breaks

through the wall of liver cells and escapes into the lymph-space

between the cells and the walls of the sinusoids. Here the in-

spissated masses are incorporated and gradually digested by endo-

thelial leukocytes. The fluid bile apparently passes directly into

the circulation through the endothelium lining the sinusoids and
is carried all over the body. It stains nearly all tissues yellow.

If the icterus is persistent the color may turn to green.

When the liver is severely injured by toxic and infectious proc-

esses (phosphorus poisoning, acute yellow atrophy, sepsis) bile

escapes into the circulation. This is due in some instances at

least to necrosis and dissolution of the fiver cells aUowing the bile

to escape from the bile capillaries.
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Icterus is always of hepatogenous origin. This is shown by
the constant presence in the blood of bile acids, which can arise

only in the liver. Enough hematoidin (chemically identical with

bilirubin) is never set free by diffusion from hemorrhage, or by
breaking down of the corpuscles within the circulation to cause

icterus.

Bile pigment usually diffuses and simply stains most cells and
intercellular substances, but the central nervous system is never

colored in the adult and rarely in children. Necrotic tissue,

on the other hand, is readily stained as shown by the classical

examples, the sloughs in the intestine in typhoid fever and the

caseous tubercles involving the bile ducts in the liver.

Sometimes the bile pigment is deposited in granules which

are usually yellowish but may be greenish if old. They occur

most commonly in the liver cells, in the endothelial cells lining

sinusoids and capillaries, in renal epithelium, etc. The pigment

itself does not seem to be injurious to cells, but the accompanying
invisible bile acids and other substances may do damage.

Bile pigment is very rarely found in crystalline form in the

adult as a result of postmortem changes; in the macerated fetus

its occurrence is more common.

C. Exogenous Pigments

Several pigments which frequently or occasionally occur in

the body are derived from outside sources, for example, carbon

and lead. They may be taken into the body in granular form
as pigments (carbon), or be formed after ingestion from color-

less compounds in solution (nitrate of silver). The most com-
mon pigments of extraneous origin are carbon and the various

colors used in tatooing; of rarer occurrence but greater clinical

interest are lead and silver.

1. Carbon enters the body through the respiratory tract. It

often collects in considerable quantities in the alveoli of the lung,

where it appears as greenish black to black granules. Much of it

is expectorated. The rest of it is slowly taken up by endothehal
leukocytes, which migrate with it into the lymph-spaces in the

walls of the alveoli, which, in consequence, may be much thickened.

Many of the leukocytes filled with carbon collect in the lymphatics
around the blood-vessels and bronchi. Still others are carried

by the lymph to the peribronchial lymph-nodes where they infil-

trate the lymphoid tissue and lead to its disappearance. Oc-
casionally they are transported to the spleen or liver. Very rarely

carbon gets into the circulation in considerable quantities through
some infectious process which causes softening of lung or lymph-
node tissue containing carbon; the softened focus may rupture
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into a blood-vessel or the thoracic duct. Carbon may then be

carried in considerable quantities to the spleen, liver and bone

marrow and there be deposited.

If hemoglobin is taken up by leukocytes already containing

carbon, it is transformed and deposited as hemosiderin around
the carbon.

Carbon in the tissues is indestructible. It persists indefinitely

in the endothelial leukocytes unless involved in a tuberculous or

other infectious lesion which causes destruction of the cells. After

repair of the lesion the carbon may be found in scattered granules

in the scar tissue instead of in the masses due to its collection within

leukocytes.

2. Various pigments (vermilion, charcoal, etc.) are introduced

into the skin in the process of tatooing. Some of them are carried

to the adjoining lymph-nodes where they remain stored in endo-

thelial leukocytes in the same way that carbon does. The rest

of them persist in the corium.

3. Lead in the form of soluble salts is often taken into the body
by men working in certain trades, painting for example. It is

sometimes deposited as brownish black granules of lead sulphid

in the subepithelial tissue of the gums, owing to chemical action

following lack of cleanliness of teeth and mouth.
4. Silver under rare conditions is precipitated in certain tissues

and causes a brownish discoloration of the skin known as argyria.

The condition follows the long-continued ingestion of silver salts,

usually the nitrate, as a medicament. The silver is precipitated

from its solution by certain cells, especially the fibroblasts in the

medulla of the kidney and by the smooth muscle-cells connected

with the hairs and around the coil glands in the skin.

In one instance where much colargol was injected into the

substance of a kidney, on the supposition that a cyst was present,

silver was found precipitated most extensively in brown and
black granules in multiple foci throughout the organ.

PETRIFACTION

Petrifaction is a general term applied to the deposit of certain

solid, crystalline, granular or amorphous salts in the tissues,

vessels and cavities of the body. The deposit may consist of

lime salts, uric acid salts, bile pigments, or cholesterin crystals.

Lime Salts

Two different terms are applied to depositions of lime salts

according as the salts are in relation to bone cells or to other cells

and substances.

1. Ossification.—Lime salts in the forms chiefly of phosphate
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and carbonate of lime are present in all normal tissues and fluids.

Under ordinary conditions they are attracted and deposited in

granular form only in the homogeneous ground substance, osseo-

mucin, of bone. This is termed ossification. The lime is deposited

around living cells, the bone cells, whose function it is to protect

and care for the intercellular substances and the lime deposited

in them. The same deposition of lime salts takes place also in the

osteoid substance of the callus formed in the repair of injuries of

bone and in the tumors arising from osteal fibroblasts (osteoma,

etc.).

2. Calcification.— Under pathologic conditions other sub-

stances than osseomucin may attract lime salts. Thus Tvith

advancing age they are frequently deposited in chondromucin,

the ground substance of cartilage. It may almost be regarded

as a physiologic process.

Here, although the cells are

living, the process is called cal-

cification because the cartilage

cells are not transformed into

bone cells. In a similar way,

but less often, lime salts may
be deposited in the intercellu-

lar substance of connective

tissue especially if hyaline

(blood-vessels, kidneys).

The lime salts deposited in

calcification are in about the

same proportion as in normal
bone; and that is about the

same as the normal proportion

in the body fluids, namely,
calcium

.
phosphate over 80 per cent., while the rest consists of

chlorids, carbonates, fluorids and sulphates of calcium, sodiimi,
potassium and magnesium.

Frequently substances not connected with living cells attract
lime salts; to this condition the term calcification is also applied.
Thus necrotic ganghon-cells in the brain, necrotic smooth muscle-
cells in the aorta and arteries and necrotic tissue anywhere may
become calcified. A classical example is the lithopedion due to
the deposition of lime salts in a dead fetus carried for years in the
abdominal cavity. Calcification is common in the caseous
material of old tuberculous lesions, in necrotic retained placentas
and especially perhaps in necrotic portions of tumors (leiomyomas).

Lime salts are very commonly deposited in various homo-
geneous substances, the products of secretion and degeneration;

Fig. 54.- -Calcified ganglion-cells in
brain.
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thus in concretions in the prostate, in the pineal gland, in the

clioroid plexus, in hyaline vessels of the brain, in casts in the renal

tuhules, in dural endotheliomas, in so-called psammomas of various

orimns. If the lime salts are dissolved out Ija' means of nitric

Fi<!;. 5;"!.—Calfifiod corpora aiiiylacfa in pineal glaml.

acid tlie homogeneous l)ase in which tlicy were deposited is easily

rendered visible.

Fibrin or sulistances in it fi-cfiucntly attract lime salts; the

commonest examples occur in old fibrinous deposits in the pleural

Fig. 56.—Calcifiod liyaline capillaries and corpora amylacea in ccrel:)ellum.

cavity, in thrombi in veins (phlcl)oliths), in hemorrhages (eye-

ball), in endocarditis.

Fat products seem unciuestionably to play some part in the
deposition of lime salts. The aorta and other blood-vessels afford
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^

Fijj. 57.—Gout. Granulation tissue containing masses of biurate of sodium
crystals and also numerous giant-cells. M.

Fig. 58.—Gout. Tophi in ear. O.
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numerous examples. For this reason prol)ably caseation often

attracts lime-salts, while gummas and infarctions rarely do. Lime is

also very commonly deposited in the capsules of encysted trichinae.

Fig. .50.—Gout. Tophi in foot. One muss of crystals protrudes throuf^h base
of ulcer. (_).

Fig. fiO.—Gout. Tophi in .subcutaneous tissue of hands. 0.

The ordinary fibroblast is apj^arently incapable of producing
osseomucin, attracting lime salts and converting itself into a bone
cell. But if free lime salts are deposited in its immediate territory
they have the property of stimulating that fibroblast so that it
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grows into a true l)one cell. This is what regularly happens to

the fibroblasts which organize the fibrin due to a hemorrhage into

the ej'eball. The same transformation of an ordinary fil)roblast

into a bone cell is of common occurrence in blood-vessels and also

happens elsewhere, as in a glioma of the brain for instance.

Uric Acid and its Salts

Under normal conditions urates arc present in solution in the

circulation and by excretion through the kidnej's are kept below

any injurious percentage in the blood.

In new-born infants djing within the first few days or weeks

after birth it is common to find yellow to yellowish-red streaks in

the papilke of the pyramids.
" They are due to a precipitate of

uric acid and ammonium urate

crystals in the tubules. Alicro-

scopically these salts appear in

the form of fine and coarse crj-s-

talline masses. Evidently they

are due to a precipitation from
?- the urine during its excretion.

""^:N The appearances above dc-

scrifjed are called uric acid

ii infarcts, but are neither the
fir

\M cause nor the result of local

"^ injury. Probably they are due

to altered metabolism and a

concentrated urine.

Under abnormal conditions
~ -%f'' uric acid and its salts may ac-

„. „, „ , T. 1 4.U r 1 cumulate in the circulation l)e-
Fig. bl.— Gout. Endothelial

leukocytes and giant-eclLs adjoining yontl the normal amount. In
biurate of sodium crystals. the pathologic concfition known

as gout they are deposited in the

tissues as biurate of sodium in the form of bundles of delicate

needle-shaped crystals which often coalesce into solid, mortar-like

nodules knowm as tophi.

The biurate of socUum crystals are deposited most freciuently

in the lobe of the ear, in the cartilages and capsules of joints and
in the surrounding connective tissue, but they may occur any-

where in the subcutaneous tissue. They act as an injurious

agent, whose effect is probaljly mechanical, and cause necrosis and
acute inflammatory reaction. In the granulation tissue formed

around the cr3'stals foreign body giant-cells are usually numerous.

The cause of the deposit of the biurate of sodium crystals is

not definitely known.

n
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Pathologic Cornification

The cells of the epidermis pass through certain characteristic

changes before they become cornified. They develop epithelial

fibrils and kerato-hyalin and eleidin granules and, finally, are

transformed into the keratin of the cornified layer. These same
characteristics are present under pathologic conditions and
frequently one or another of them is magnified. Thus cornifica-

tion may be increased in hyperkeratosis and ichthyosis. In psoriasis

it is said to be diminished.

Cornification may occur in situations where it does not appear

under normal conditions, as on the tongue (hairy tongue), in the

vagina, esophagus, urinary bladder, pelvis of kidney, gall-bladder,

bile ducts, usually as the result of chronic irritation of some sort

or other causing change in the type of growth of the cells (meta-

plasia) .

Occasionally in the middle ear cornified epithelium is found

accumulated in a mass completely filUng the cavity. Similar

masses sometimes of large size occur not infrequently in simple

or multiple form in connection with the central nervous system,

usually in the meninges, and are known as cholesteatomas. They
are abnormalities due to desquamation and accumulation of dead

cornified epithelial cells over the surface of clumps of epidermal

cells displaced from their normal surroundings at the time of the

formation of the neural canal. The material of similar appear-

ance in the middle ear may be of similar origin or due to meta-

plasia of the lining epithelium.

Cornification is common in epidermoid carcinomas and is

sometimes very conspicuous, even when this type of tumor arises

in a location where normally no epidermis exists.
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PRODUCE

STAPHYLOCOCCUS PYOGENES AUREUS

Of the several varieties of pathogenic staphylococci the aureus,

from the pathologic point of view, is by far the most important

and is the only one which will be considered here. What is said

of it in the following pages is applicable, however, although in a
decidedly minor degree, to the albus and citreus.

The staphylococcus aureus causes a great variety of lesions

no one of which is produced by this organism alone and is, there-

fore, pathognomonic of it. On this account the lesions due to

the aureus, are generally classified from the anatomic point of

view as abscess, suppuration, osteomyelitis, etc., with the name
of the active agent sometimes added, as aureus abscess. Two
of the lesions, however, are produced so much more commonly
by the aureus than by any other organism that they are regarded

as fairly peculiar to this bacterium, namely, furunculosis and
osteomyelitis.

The aureus varies greatly in the pathologic effects which it

produces owing to great differences in the virulence of the organ-

isms coming from different sources, and in the susceptibility of the

host. Both of these variable factors must be kept in mind.

The lesions are usually acute but may be chronic and are, as a
rule, sharply circumscribed.

Micro-organism.—The aureus tends to grow in a compact
clump or colony wherever it lodges in solid tissue as in the kidney.

Later, after solution of the surrounding tissue has occurred, the

organisms are dispersed more or less evenly in the pus, probably

largely as a result of the ameboid movements of the leukocytes.

In loose tissue such as the meninges and in the alveoli of the lung

the cocci are usually scattered in the exudation more or less uni-

formly from the first. In acute endocarditis due to the aureus, the

organisms grow in large solid masses on the surface of the valve,

just as on a culture-medium in a test-tube.

The aureus is easily rendered prominent in the lesions which
it causes by means of the Gram-Weigert staining method.

Toxin.—The staphylococcus aureus produces a strong toxin

which acts chiefly locally and possesses apparently only moderate
diffusibility. A certain amount is absorbed by the surrounding

lymphatics and carried to neighboring lymph-nodes where it

126



SPECIAL INJURIOUS AGENTS AND LESIONS THEY PRODUCE 127

causes cellular hyperplasia. There is little or no evidence of the

elimination of any toxin through the kidneys; at least no in-

flammatory changes are produced there, such as so often occur as

the result of infection with the streptococcus pyogenes or the

pneumococcus. On the other hand, central necrosis of the liver

lobules occurs occasionally and may be directly due to the toxin.

Besides toxin the aureus produces one or more ferment-hke

substances which exert a solvent action on certain bodies, such as

gelatin and perhaps fibrin.

Injury.—The characteristic injury produced by the toxin of

the staphylococcus aureus is necrosis which ordinarily occurs

quickly for a definite area surrounding the organisms and spreads

peripherally if the micrococci continue to develop. The produc-

tion of necrosis is best studied in solid organs such as the kidney,

where the toxin from the organisms has little opportunity to

diffuse. In loose-meshed tissues such as the meninges and when
the cocci are within the alveoli of the lung the toxin may be so

quickly diluted by an abundant exudation of serum that necrosis

may be lacking.

Reaction.—The injury and reaction caused by the staphyl-

ococcus aureus can best be studied by injecting suspensions of

the cocci into the ear veins of rabbits and, later, fixing the tissues,

especially the kidneys and heart, at various intervals of time from
six to forty-eight hours. The organism must be one of just the

right degree of virulence, which can be ascertained only by trial,

or the animals may be quickly killed as the result of toxemia, or

septic infarcts be produced instead of miliary lesions. Occasion-

ally similar early lesions can be obtained in man as the result of an
aureus septicemia.

Early lesions, of twelve to eighteen hours' duration, show in

the kidney only a clump of cocci surrounded by a zone of necrosis.

The toxin and the necrosis soon induce, however, an abundant
exudation of poljmiorphonuclear leukocytes and more or less

serum from the surrounding blood-vessels. As a rule, little fibrin

is formed and that soon disappears, dissolved, perhaps, by sub-

stances eliminated by the organisms. Under the action of the

leukocytes the necrotic tissue is digested and softened so that

an abscess is formed. In cellular organs like the kidney this

process of abscess-formation requires but twenty-four to forty-

eight hours. In tough fibrous tissues like the skin it often re-

quires seven to ten days or more to liquefy the dense and tough
masses of collagen and elastic fibrils of the corium, so as to form
pus which may be discharged through an opening in the skin.

Following necrosis of bone it may require months or years to soften

down the necrotic bone (sequestrum) formed.
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Many of the leukocytes attracted b\' the aureus toxin are

destroyed in the same way that the tissue cehs are.

As soon as the necrotic tissue is liquefied the ameboid move-
ments of the leukocytes tend to break up the colonj' arrangement

of the micrococci, which quickly become dis]5ersed among the

leukocytes and to some extent incorporated in them.

The tendency of focal lesions is to extend peripherally until

the contents of the abscess are discharged externally or into some
natural cavitj'. In some tissues, however, such as muscle, the

necrosis and inflammatory reaction often spread ra])idly and ex-

tensively along the lines of least resistance, so that the result is a

diffuse suppurative process.

Fig. fi2.—Staphylococcus pyogenes aureus in abscess in muscle.

Termination of Lesion.—The body shows considerable ability

to counteract, by means of the ]3roduction of an antitoxin, the
toxins secreted by the staphylococcus aureus and to destroy the

organism. It is greatly aided in the process of rejiair by the

tendency of the lesion to remain focal and of the necrotic tissue

to undergo comjilete solution, because the process frequently
extends to a surface or natural cavity, and the pus with most of

the organisms contained in it is discharged; the cocci remaining
behind are easily destroyed.

As soon as necrosis ceases to extend peripherally the surrounding
fibroblasts and capillary endothelium rapidly start regenerating
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and soon form a wall of granulation tissue which on account of its

better vascularization is more resistant than normal tissue to the

action of the organisms and tends to prevent their further extension.

After the discharge of the contents of an abscess the inflammatory

edema of the adjoining tissues quickly subsides, the connective

tissue contracts, and the contracted abscess cavity is soon filled with

granulation tissue which in time changes to a small amount of scar

tissue.

Special Forms of Lesions.—The most common primary lesions

caused by the staphylococcus aureus are the following: furuncle

and carbuncle; bronchopneumonia and abscess of the lung;

abscess of tonsil; infection of wounds of all sorts.

The commonest secondary lesions are: septicemia from which

multiple abscesses of the kidneys, heart, muscles, etc., are likely

to follow; lymphangitis and abscesses of the lymph-nodes; osteo-

myelitis. The primary focus from which the secondary lesions

arise is often not recognized. This is especially true of osteomye-

litis.

Fiiruncle and Carbuncle.—Infection of the intact skin by the

staphylococcus aureus often takes place by direct invasion and
growth in a hair follicle or sebaceous gland. The toxins secreted

cause necrosis of the epithelial cells and an inflammatory exuda-

tion. The organisms soon extend to the corium and cause more
or less necrosis which is followed by a marked inflammatory

exudation and much congestion and edema. Softening of the

tough fibrous tissue of the corium usually requires from seven to

ten days before it can be discharged in the pus through an opening
in the sldn at the original site of infection. Such a lesion as this

is called a furuncle. If the infection in the corium is extensive

and spreads laterally it is likely to reach the surface at a number of

points by extending up through the fat columns. Such a lesion

discharging pus at a number of separate openings in the skin is

called -a carbuncle. It sometimes reaches a diameter of ten centi-

meters and over.

Lesions corresponding in every way to the furuncle may be
caused by infection of a wound of the skin such as a scratch, cut

or prick.

The organisms discharged from a furuncle are very likely to

be deposited elsewhere on the body, infect other hair folhcles and
cause new lesions. On this account furuncles are likely to follow

one another and to be multiple. In fact it is often very difiicult

when a furuncle exists to prevent others from forming. Hence
the very prevalent idea that the blood must be "out of order."

Following the discharge of pus spontaneously or as the result

of an incision the swelhng of a furuncle quickly subsides, the

9
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walls of the cavity collapse and the wound C|uickly heals, especially

if the pus was discharged spontaneously. An incision hastens

the discharge of pus and relieves the tension, but delays the

healing of the wound. Nature's opening is often preferable.

Osteomyelitis.—Another very characteristic lesion produced
by the staphylococcus aureus is osteomyelitis. Infectioir occurs
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Months and years may be spent on the operation and then prove

ineffective.

The necrotic bone is called a sequestrum. The process of

repair surrounds it with granulation tissue. It also forms new
bone from the endosteum or periosteum, according to the location

of the sequestrum, to strengthen the living bone tissue left. If a

whole shaft is necrotic a new shell of bone, called involucrum, is

formed around it by the periosteum. If by a surgical operation

this involucrum or the periosteum alone is stripped back and the

sequestrum is removed the periosteum will form an entire new
shaft.

Septicemia.—The staphylococcus aureus is more likety to

spread by the blood than by the lymph-vessels. It frequently

gains entrance to the circulation from some focal lesion and usually

causes multiple abscesses in the kidneys and heart, less often in

the muscles, lungs, bone marrow and spleen. Sometimes it gives

rise to other lesions such as endocarditis, meningitis, etc.

Under certain conditions the organism becomes attenuated

and persists in the blood for a long time, for months at any rate,

as shown by repeated blood cultures. The patient may finally

recover and return to a perfectly normal condition.

STREPTOCOCCUS PYOGENES

The streptococcus pyogenes is one of the most common and
important of the organisms which infect the human body. It

causes a great variety of lesions of which erysipelas is the

only one wholly peculiar to it. Its virulence varies within very

wide limits, as a result of which numerous attempts have been

made to distinguish several different strains of the organism.

Occasionally very virulent strains arise and may do great harm,

especially if they happen to be spread broadcast in milk, as

has sometimes happened.

The streptococcus is very commonly present in nature and on
this account is a frequent secondary invader, when the body is

weakened by infection with some other organism, as in diphtheria,

scarlet-fever, and small-pox for example.

Septicemia is of frequent occurrence and is often followed by
endocarditis and by infection of multiple joints.

The elimination of the toxin from the body is a common cause

of lesions, especially of the glomerular type, in the kidney.

Central necrosis of the lobules of the liver is due to the toxin

of the streptococcus pyogenes more often than to that of any other

organism.

Micro-organism.—The streptococcus is usually fairly abundant

in the lesions which it causes and is sometimes very numerous.
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It appears in the form of chains, occasionally of great length,

which run in various directions and which, when within lymphatics

or small blood-vessels, may more or less completely fill the lumina.

In streptococcus septicemia chains of the organism are often

found in the vessels of the liver and spleen. Sometimes they

occlude the capillaries in the glomerular tufts of the kidneys.

In endocarditis they are often so numerous as to form solid

masses on the surface of the valves, and occasionally in small-pox

they are present in great numbers in the corium, with little or no
inflammatory reaction around them.

By the Gram-Weigert staining method the streptococcus is

readily and strikingly demonstrated in the lesions which it causes.

As the organism may multiply to some extent postmortem it is

not always possible to say just how abundant it was in the tissues

before death.

Toxin.—The toxin secreted by the streptococcus is fairly

strong and calls out a well-marked inflammatory reaction. The
toxin is also quite diffusible; hence local necrosis and abscess

formation are not of so common occurrence as with the staphyl-

ococcus aureus, and bronchopneumonia due to the streptococcus

does not ordinarily terminate in abscess formation. The toxin

is freely absorbed along the IjTnphatics and usually causes marked
swelhng of the regional Ijnmph-nodes, due largely to hyperplasia

of the lymphocytes.

The streptococcus toxin is readily taken up by the circulating

blood and may cause necrosis of liver cells, hyperplasia of the

endothelial cells in the lymph-nodules of the spleen and other organs

and, by ehmination through the kidney, acute nephritis usually

of the glomerular type.

Occasionally the streptococcus is very virulent and its toxin

strong so that extensive necrosis, especially of muscle tissue, is

produced, and death occurs so quickly that little inflammatory
exudation is called out.

Injury.—As a rule the streptococcus does not produce extensive

necrosis with solution of the tissue and abscess formation as the

aureus does. In the characteristic lesion, erysipelas, there is

little or none, only inflammatory exudation. On the other hand,

in the severer lesion known as phelgmon extensive sloughing may
occur; and as already mentioned streptococcus infection of muscle
may cause necrosis often combined with hemorrhage.

The lesions due to the streptococcus are usually not sharply
circumscribed; they tend to spread owing to the readiness with
which the organisms invade the Ijnnphatics and extend along them,
causing a lymphangitis.

Reaction.—The inflammatory reaction to the streptococcus
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consists of an exudation of serum and polymorphonuclear leuko-

cytes; considerable fibrin is usually formed. The cocci are often

-taken up by the leukocytes so that they may present the appear-

ance of gonococci, but they stain positively by the Gram method.

Sometimes the serous exudation is very abundant and causes

marked swelhng of the tissues as in the early stage of a phlegmon.

Occasionally the streptococcus persists for a long time in an

attenuated form in the circulation and causes abscesses in first

one location and then another. The cellular reaction under these

conditions often consists largely of endothelial leukocytes.

Termination of Lesions.—The streptococcus may die out in

the lesion which it causes. This is the usual termination in

erysipelas, and the same result may happen with bronchopneu-

Fig. 64.—Necrosis of skeletal muscle-fibers due to the streptococcus pyogenes.
Exudation consists chiefly of polymorphonuclear leukocytes.

monia, pleuritis, infections of the skin, etc. The exudation quickly

disappears and the tissues return to a normal condition. Abscess

formation followed by discharge of its contents and the cocci is

not common as in aureus infections. On this account the strepto-

coccus is not easily got rid of. It is very persistent especially in

wound infections. The lesions tend to light up repeatedly.

Hence a streptococcus infection is always to be regarded as danger-

ous. The organism is treacherous.

Special Types of Lesions.—Several forms of lesions due to the

streptococcus deserve brief mention.

Erysipelas is a spreading lesion of the skin due to a mild

streptococcus extending through the lymph-spaces. Little or



134 PATHOLOGIC HISTOLOGY

Fig. 65.—Phlegmonous inflammation of the pharynx due to the strepto-
coccus pyogenes. The lymphatic in tlie center is distended and filled -nith

serum and leukocytes. M.

.. .>?5

v!

Fig. 66.—Pharynx. Phlegmonous pharyngitis. The streptococcus pj'ogenes
present in abundance in the serofibrinous exudation. ^1.
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no necrosis is produced. There is congestion and a moderate

inflammatory exudation. The infection runs a fairly typical

chnical course and tends to terminate in complete recovery, but

the streptococcus may extend along the Isnnphatics or obtain

entrance to the circulation and cause a variety of other lesions

which may prove fatal.

Phlegmon and phlegmonous inflammation are terms applied

to a severer type of spreading inflammation of the skin, pharynx,

stomach, etc., in which the exudation and consequent swelling are

much more marked and extensive necrosis may occur.

Tonsilitis is a fairly frequent primary lesion due to the strepto-

coccus, and often comphcates . scarlet fever. It is dangerous in

U^-g^^K

^1 ^W%
Fig. 67.—Streptococcus pyogenes septicemia. Necrosis of liver cells. Emi-

gration of polymorphonuclear leukocytes.

itself and also because a septicemia is liable to occur and be fol-

lowed by endocarditis and infection of various joints. Infection

of the tonsil may cause superficial necrosis and membrane for-

mation resembling perfectly that due to the diphtheria bacillus,

or it may lead to extensive necrosis and abscess formation.

Bronchopneumonia is often due to the streptococcus. Abscess

of the lungs is more likely to occur when the organisms are brought

there by the circulation. Pleuritis is frequently caused by ex-

tension of the organisms to the pleural cavity.

Septicemia is fairly frequent and always exceedingly danger-

ous. It may give rise to multiple abscesses, to multiple infectious

lesions of blood-vessels, to acute endocarditis, to infection of

joints, to meningitis, etc. The character of the lesions depends
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on the virulence of the infecting organism and this may vary

within very wide limits. When it is virulent elimination of

toxins through the kidneys may cause acute glomerular lesions.

Endocarditis is quite often due to the streptococcus and may
appear as the primary lesion. The organisms grow in solid masses

forming minute to large vegetations which show live organisms

at the surface and masses of dead ones beneath. The inflamma-

tory reaction around them may be marked or surprisingly slight.

DIPLOCOCCUS LANCEOLATUS (PNEUMOCOCCUS)

The diplococcus lanceolatus occurs widely in nature and is

a common inhabitant of the mouth. It causes a variety of lesions

of which lobar pneumonia is the most important and characteristic,

although this diseasemay be caused occasionally by other organisms.
Other lesions of frequent occurrence due to the pneumococcus are

bronchopneumonia, meningitis, endocarditis and septicemia. Pneu-
mococcus meningitis apparently always terminates fatally, but

recovery from some of the other lesions is of frequent occurrence.

A characteristic of the inflammatory exudation is the formation

of much^brin and it is noticeable that the blood clots postmortem
mora extensively than is usual.

Micro-organism.—The pneumococcus appears singly, in pairs

and in chains in the lesions which it produces. Sometimes it

is very abundant, at other times so scarce that it is difficult to

demonstrate its presence microscopically. It is usually most
numerous in the early stages of the lesions, at which time it multi-

plies and spreads rapidly. In lobar pneumonia it is present in

great numbers at the beginning in the stage of edema. After

the leukocytes appear the organisms usually rapidly vanish partly

as the result of phagocytosis.

The diplococcus lanceolatus is readily stained in sections by"
the Gram-Weigert method.

Toxin.—The pneumococcus produces a toxin which is of con-
siderable strength and more or less diffusible. In the immediate
neighborhood of the organisms it leads to a marked inflammatory
reaction, but necrosis is rarely conspicuous. The elimination of

the toxin through the kidneys frequently leads to acute glomerulo-
nephritis, usually of the intracapillary type, if the infection persists

more than two or three weeks.

Injury.—In the ordinary lesions due to the pneumococcus it

is not easy to demonstrate any marked injury caused by the toxin.

It does not usually cause necrosis, at least in the lungs and men-
inges. Occasionally, however, necrosis of the alveolar walls and
abscess formation occur in the lung, apparently entirely as the
result of the action of this organism.
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In septicemia due to the pneumococcus hemorrhage is of fre-

quent occurrence as the result of injury to the walls of the blood-

vessels.

Reaction.—The reaction to the pneumococcus and its toxin

takes the form of an acute exudation in which serum in abundance
is the first element to appear. Polymorphonuclear leukocytes

soon follow and much fibrin is formed from the serum. Endo-
thelial leukocytes as a rule do not play an important part, except

during the stage of resolution. The exudation is often complicated

by more or less hemorrhage.

The fibrin is delicate at first and in the lung often begins form-

ing near the alveolar walls; later it usually fills the air- sacs and
often also the bronchioles and gradually becomes thicker.

^C0/- ^'...

^.

Fig. 68.—Micrococcus lanceolatus. Acute lobar pneumonia, a, Cocci free in
serum in alveolus; 6, cocci within polymorphonuclear leukocytes.

Termination.—The diplococcus lanceolatus tends to disappear

early from its lesions. In lobar pneumonia the toxin seems to

become neutralized, since the temperature drops suddenly by
crisis and recovery is rapid. Under the action of the polymorpho-
nuclear leukocytes the fibrin is dissolved, at least in part, and is

either removed through the natural passages or becomes organized

and replaced by fibrous tissue.

Septicemia.—The pneumococcus frequently gains access to

the circulation, especially in cases of lobar pneumonia. The
resulting septicemia is not necessarily fatal. Sometimes the
smaller blood-vessels are injured by the toxin and multiple pete-

chial hemorrhages result.
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Special Types of Lesions.—The most common primary lesions

due to the diplococcus lanceoiatus are lobar and lobular pneu-
monia; the secondary lesions are pleuritis, pericarditis, septicemia,

endocarditis, meningitis, etc.

Lobar pneumonia is almost always due to the diplococcus

lanceoiatus. Infection occurs through the air passages. The
lesion often affects one or more lobes more or less completely, but
it is never confined entirely to that location. The organisms

always extend to the pleural cavity and occasionally to the tissue

outside of it, causing an exudation in the intercostal muscles, in

the mediastiniun and even extending into the neck. Secondary

infection of the pericardial and peritoneal cavities is also of fre-

quent occurrence.

Lobar pneumonia usually terminates in resolution, but occa-

sionally the fibrin in the exudation is not dissolved. It, therefore,

attracts blood-vessels and fibroblasts which replace or organize it.

The same process takes place with the fibrin on the pleural surface,

resulting in dense fibrous adhesions which bind the visceral and
parietal surfaces intimately together and often obliterate the

pleural cavity entirely.

Lobular pneumonia is more often due to the pneumococcus
than to any other organism. The inflammatory exudation is

exactly the same as in lobar pneumonia. The two types of lesions

sometimes occur in the same lung. The cause of the distribution

of the lesion in lobar pneumonia has never been satisfactorily

explained. Possibly the abundant serous exudation in the early

stage causing rapid distribution of the organisms has something

to do with it.

Lobular pneumonia usually terminates in resolution, but oc-

casionally organization takes place.

MICROCOCCUS INTI^CELLULARIS MENINGITIDIS
(MENINGOCOCCUS)

The micrococcus intracellularis meningitidis produces the disease

known as epidemic cerebrospinal meningitis. About two-thirds

of all cases of meningitis are of this type. The organism is prob-

ably transferred directly from one person to another. The path

of entry is supposed to be through the lymphatics from the nasal

cavity where the meningococcus has been repeatedly demonstrated

by means of cultural methods.

This form of meningitis usually occurs epidemically but also

occasionally sporadically. It is not necessarily fatal. Some
patients recover completely, others with loss of sight or of hearing,

or with mental deficiencies. Some patients recover temporarily

only to die later from internal hydrocephalus.
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The infection is usually acute but sometimes runs a chronic

course, persisting for many weeks with remissions and exacerba-

tions. The meningitis is occasionally complicated by lobular

pneumonia due to the same organism.

The diagnosis of epidemic cerebrospinal meningitis is readily

made apart from the chnical history, by obtaining some of the

exudation by spinal puncture, demonstrating the characteristic

Gram-negative organism within polymorphonuclear leukocytes,

and growing it on blood serum or other suitable medium.
Micro-organism.—The meningococcus is often present in

large numbers at the Ijeginning of the infection. It dies out,

however, in tlie older part of the exudation within a very few days.

Fin. li'-'.—Aputo meningitis due to tlie mieroeneeus intraecllularis meningitidis.

(Jn this account it is ahva^ys most numerous at the advancing edge

of th(> process and within the ventricles, on the surface of the spinal

cord and along the nerves. In the later stages of the disease it

may l)e impossible to demonstrate any organisms.

The meningococcus occurs almost entirely within the cyto-

plasm of polymorphonuclear leukocytes and is often found there

in hirge niunliers. In this peculiarity and in its morphology and
staining reactions it closely resembk's the gonococcus, Init its

cultural characteristics are entirely different.

Toxin.—The meningococcus evidently produces a fairly strong

toxin, judging from the quick inflammatory reaction which it

calls out ami the se\'ere symptoms which the infection causes.
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The toxin acts for the most part locally l)ut is also aljsorbed and
diffused throughout the bodj' causing slight to severe retrograde

changes.

Injury.—Little or no evidence of direct injur}' to the cells in

the meninges produced by the toxin of the meningococcus can be

found. On the other hand, the ganglion cells of the cortex some-

times show slight to severe retrograde changes, and rarely in cir-

cumscribed foci may undergo necrosis, either as the result of toxin

diffusing from the meninges or owing to organisms invading the

brain tissue. The neuroglia cells frequently show active pro-

Fig. 70.—Cerebrum. Epidemic cerelirospinal meningitis. Polymorpho-
nuclear leukocytes around ganglion celts in cortex.

liferation which is probably of a reparative nature secondary to

injury of these cells.

Fat can usually be demonstrated in ganglion cells and especially

in nc>rve-fibers, both in the l^rain and cord and in the peripheral

nerves, in those cases in which the infection has lasted for a numljer

of days.

Reaction.—In the meninges the meningococcus causes an
acute inflammatory exudation consisting of serum and polymorpho-
nuclear leukocytes. Fibrin forms to some extent, but is usualty
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not very abundant, at least early in the process. The exudation

is slight at first, but rapidly increases in amount. After the

exudation has existed for several days, endothelial leukocytes

begin to make their appearance in considerable numbers and incor-

porate many of the polymorphonuclear leukocytes. Lympho-
cytes also accumulate, particularly around the blood-vessels, as

the neutrophilic leukocytes disappear.

In the cortex of the brain polymorphonuclear leukocytes often

appear around the vessels; they have evidently been led to emi-

grate by the toxin diffusing from the organisms in the meninges.

The surface of the cortex also becomes edematous owing to an
exudation of serum.

y-

Pig. 71.—Spinal cord. Epidemic cerebrospinal meningitis. Lesion in wall of
vein with fibrin formation and beginning organization. M.

Gross Appearances.—The inflammatory process in epidemic
cerebrospinal meningitis is usually most marked at the base of

the brain; it is less over the parietal and occipital lobes. The
meninges of the cerebellum are always involved.

In the earliest stage of the process there is intense congestion.

Later, the exudation appears as yellowish lines along the blood-
vessels. At the base of the brain it often appears distinctly

purulent at first; later more fibrin may be formed. The exuda-
tion here may be a centimeter or even more in thickness.

The spinal cord is always involved and presents much the same
appearance as the brain. Occasionally the exudation over the

cord is more abundant than that over the brain. The posterior sur-
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face of the cord is always covered with a greater amount of exuda-

tion than the anterior, owing to the normal reclining position of

the patient. For the same reason the posterior horns of the lateral

ventricles almost always contain a little thick, purulent exudation.

Termination.—If the patient survives for two or more weeks
the polymorphonuclear and endothelial leukocytes gradually

undergo necrosis and disappear, and the fibrin which is not dis-

solved by ferments becomes organized. As a result, at this stage,

the meninges appear thickened and edematous or gelatinous, and
white streaks are present alongside the blood-vessels. Small

yellowish patches occur here and there, particularly over the sulci,

where the thicker masses of fibrin are being organized. At the

base of the brain organization of the abundant fibrin often present

may lead to occlusion of the foramen of Magendie as a result of

Fig. 72.—Focal pneumonia due to the diploooccus intracellularis meningitidis.

which the ventricles may become greatly distended (internal

hydrocephalus) and contain a hundred cubic centimeters or even

more of fluid.

In the acute stage of meningitis the meninges are easily stripped

off from the cerebrum; after repair has taken place they are

usually more or less adherent and tear away small bits of brain

tissue when forcibly removed.

The active proliferation of neuroglia cells along the surface

of the cortex has already been mentioned. Occasionally mitotic

figures are fairly numerous and clumps of several neuroglia ceUs

in close contact are frequent. In the severe or prolonged cases

the neuroglia fibrils produced by these cells cause a certain amount
of sclerosis. Similar changes result in the formation of numerous
minute granules on the surface of the ventricles.

Complications.—The meningococcus shows quite a tendency
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to extend along certain nerves, especially the optic, auditory and

fifth, and sometimes it produces inflammation of the eye or of

the orbit, or destroys the internal auditory apparatus, or the nerve-

cells and fibers of the Gasserian ganglion.

As in other infectious processes the walls of some of the blood-

vessels, especially veins, in the meninges are injured. As a result

thrombi may be formed within them and, later, undergo organi-

zation. Occasionally the lining endothelium of an artery is

elevated by an accumulation of pol3anorphonuclear leukoc3rtes

beneath it.

Lobular Pneumonia.—Occasionally a more or less extensive

lobular pneumonia is produced by the meningococcus. Infection

probably takes place from the nares, not embolically from the

meninges, because a septicemia with this organism has never been
demonstrated. The exudation in the lungs consists almost wholly

of polymorphonuclear leukocytes which often contain the menin-

gococcus in very large numbers.

DIPLOCOCCUS GONORRHCE^ (GONOCOCCUS)

The gonococcus is a common and dangerous infectious agent.

It causes acute lesions which tend to become chronic and persist

indefinitely. Its normal habitat is the genital tract in human
beings. In the male infection spreads from the urethra to the

prostate and epididymis; in the female from the vagina through

the uterus to the oviducts where the greatest damage (salpingitis)

is generally produced.

Infection often spreads to the urinary tract and rarely in the

female to the peritoneal cavity. Septicemia is an occasional

complication and may lead to arthritis and endocarditis.

Infection ordinarily takes place through the act of sexual

intercourse. Occasionally, however, the organism is transferred

from the genitals to the eyes by the fingers in adults, or at the time

of birth in infants, causing ophthalmia of a dangerous type. Small

children, especially females, are not infrequently directly infected

through personal contact with their parents, owing to deplorable

lack of cleanhness. Ophthalmia and more often vaginitis acquired

in this way are sometimes passed from child to child in institutions,

constituting an epidemic difficult to control.

Micro-organism.—The gonococcus usually occurs in diplo-

coccus form with the adjacent surfaces characteristically flattened.

It is found most frequently in the cj^toplasm of polymorphonuclear
leukocytes and often in large numbers in the cells which contain

any at all, indicating that it multipUes freely within the cells which
incorporated it.

The gonococcus is Gram-negative. It is stained readily^
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however, by the ordinary basic dyes. The best results with

sections are obtained by the eosin-methylene-blue method after

Zenker fixation.

Toxin and Injury.—The gonococcus evidently produces a
more or less strong toxin. This is shown not so much by any
direct injury as by an active inflammatory reaction. Infection

takes place and spreads, as a rule, along epithelial-lined surfaces.

The epitheUum usually does not undergo necrosis. When it does

the infection quickly extends to the underlying tissue where ab-

scess formation may follow necrosis and softening.

Reaction.—The exudation consists chiefly of serum and poly-

morphonuclear leukocytes. Little or no fibrin is formed. Endo-
thelial leukocytes are usually inconspicuous, except in chronic

lesions, as in the oviduct for instance, where they may be attracted

Fig. 73.—Smear made from urethral discharge. Micrococeas gonorrhoeae
present in large numbers in the cytoplasm of many of the polymorphonuclear
leukocytes.

by fat accumulated from necrotic polymorphonuclear leukocytes
in the lumen. They take up the fat and collect in the subepithelial

tissues where they may appear to the naked eye as a narrow,
opaque yellowish zone.

In the more chronic lesions lymphocytes often infiltrate the
submucous tissue in large numbers and eosinophils may be fairly

numerous.

Termination.—The lesions due to the gonococcus are acute
to start with, but instead of healing spontaneously they tend to
become less active and to persist in a chronic form for years.

These chronic lesions are characterized by the formation of much
scar tissue due in part to direct injury, as when the organism
invades the submucous tissue and causes suppuration or abscess

formation, inpart apparentlyto diffusion of toxin through the lymph-
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Fig. 74.—Kidney. Clironic infeotious (pyclo) ncpliritis due to the
coccus. RI.

loiio-

j:

Fig. 75.—Kidney. Clironic pyelonephritis due to the gonococcus. Part
of r. tuijule distended with polymorphonuclear leukocytes, some of which con-
tain numerous gonococci.

10
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spaces. The uninjured fibroblasts regenerate and produce much
collagen which later contracts. This contraction frequently

leads in the male to stricture of the urethra with consequent inter-

ference with the outflow of urine. Similar lesions in the epididy-

mis often result in occlusion of the ducts and consequent sterility.

Salpingitis in the female results in accumulation of exudation

within the tube (pus tube), more or less thickening of the wall and
in adhesions to the ovary and surrounding organs, with occlusion

of the fimbriated end and consequent sterifity.

Special Pathology.—The various lesions due to the gonococcus

can be summarized briefly. In the male, urethritis, prostatitis,

infection of the seminal vesicles, extension along the vas deferens,

epididymitis, rarely invasion of the testicle and abscess formation.

In the female, vaginitis, endocervicitis and metritis, salpin-

gitis, abscess of ovary, peritonitis.

Infection of the bladder seems to be fairly frequent but not

very serious. In extremely rare instances the organism may
extend to the Iddney and cause a chronic pyelonephritis.

Proctitis and stomatitis are not common in civiUzed communi-
ties.

Septicemia occurs not infrequently and may be' followed by
arthritis, which is often of a severe and chronic type, and less often

by endocarditis.

Ophthalmia is due to direct transference from the genital

tract, and often results in loss of vision.

The inguinal lymph-nodes are occasionally swollen secondarily

to gonorrheal urethritis. The buboes resulting from the acute

inflammation seems to be due, at least in the majority of instances,

to absorption of toxins rather than to the immediate presence of

the gonococcus.

BACILLUS DIPHTHERI.S:

The diphtheria bacillus ordinarily infects only the air passages

of which the different parts are affected in the following order of

frequency, pharynx (tonsils), larynx, nares, and lungs. Rarely
infection may begin in the conjunctiva. From these primary
foci the pathologic process often extends; from the tonsils to

the uvula, the pillars of the fauces, and the posterior wall of the

pharjmx; from the larynx to the trachea and lungs; or from the

nares to the accessory sinuses of the nose. More rarely it ex-

tends from the primary foci to the esophagus, tongue, or skin

around the nose and mouth, or to the middle and external ear

through the Eustachian tube and a perforated membrana tympani.
Still more rarely, diphtheria bacilH which have been swallowed

cause lesions in the stomach, or are conveyed to the genitals
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(vulva, vagina, penis) by the fingers and give rise to membrane
formation there.

The diphtheria bacillus secretes a strong toxin which usually

causes intense local injury and an active inflammatory reaction.

The reaction appears prominently in the form of an adherent layer

of fibrin, commonly called a membrane. Some of the toxin,

absorbed and distributed in dilute form, causes retrograde changes

in various cells throughout the body and also a well-marked reac-

tion in the various lymph-nodules.

In some respects the diphtheria bacillus resembles the pneumo-

coccus, in others it differs from it. Of the two it is the more

virulent, and the injury produced, necrosis, is usually more evi-

Fig. 76.—Diphtheria. Fibrinous tracheitis. Masses of diphtheria bacilh on
the surface of the membrane. M.

dent. They both produce an acute inflammatory exudation in

which polymorphonuclear leukocytes and especially fibrin play

a conspicuous part. The diphtheria bacillus infects the large air

passages, the pneumococcus, the small terminal vesicles. The
bronchi are more or less common territory. The fibrinous layer

produced by the action of the diphtheria bacillus is usually called

a membrane, but that due to the pneumococcus (fibrinous pleu-

ritis), although of the same nature, is not.

Micro-organism.—The diphtheria bacillus does not ordinarily

form a conspicuous feature microscopically in the lesions which

it causes, although sometimes it is present in abundance in the

trachea and may form large masses in the smaller bronchi of the
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lungs. On the other hand, its presence can almost always be

demonstrated in early lesions when a definite membrane is present.

The organisms occur in clumps of various sizes, chiefly on the sur-

face of the membrane, but also in the underlying necrotic tissue.

They are not found in living tissue, or on the surface of normal
epithelium, or even in those places where there are, in the epithe-

lium, degenerative changes which can be regarded as the primary

injury of the disease. It seems probable that the beginning of the

lesion is due to the toxic action of bacilli growing in the fluids of

the mouth or throat. When necrosis is once produced the necrotic

tissue and the membrane deposited on its surface form a suitable

culture medium. In the accessory sinuses of the nose and in the

middle ear the diphtheria bacilli so frequently present often pro-

duce only a mucoid or purulent secretion.

In a certain number of cases the cervical lymph-nodes become
infected with diphtheria bacilli from the local lesions in the throat,

and the bronchial nodes from lesions in the lungs without the

bacilh reaching the circulation. In many fatal cases, however,
the bacilli get into the blood and can be obtained in cultures from
various organs. The order of relative frequency is as follows,

liver, kidneys, spleen, heart's blood, and very rarely the brain.

The highest percentage of septicemias recorded is fifty, but in

general it does not exceed twenty per cent.

Toxin.—The diphtheria bacillus secretes a strong toxin which
acts energetically locally. The toxin is also diffusible and being
absorbed to a considerable extent, it circulates in the lymph- and
blood-vessels to act injuriously, although in a much more dilute

form, throughout the body. The diphtheria toxin is frequently

contaminated and comphcated by toxins derived from the strepto-

coccus pyogenes and other secondarily infecting organisms.
Injury.—The injury produced by the diphtheria bacillus de-

pends on the strength of its toxin acting in any given location.

It may vary from shght retrograde changes to complete necrosis

of the tissue cells. Frequently in the primary local lesions the
cells are found in all stages of degeneration so that the term necro-
biosis is sonaetimes applied to the condition.

In the epithelium the most noticeable degenerative changes
are enlargement and lobulation of the nuclei, or multiphcation of

them by direct division, vacuolation of the cytoplasm by inhibition

of serum, and necrosis of the cells with disintegration of the
cytoplasm and fragmentation of the nuclei, or with hyaline trans-
formation. In the trachea the necrotic cells quickly desquamate,
but on surfaces covered with stratified epithelium they usually
persist in or beneath the membrane.

The injury involves not only the surface epithelium but often
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extends also to the underlying tissues, which may likewise degener-

ate or undergo necrosis.

Reaction.—The reaction to the toxin secreted bj' the diph-

theria bacillus and to the injury caused by it is an active and
usually abundant exudation, which consists chief!}' of serum and

polymorphonuclear leukocytes. Endothelial leukocytes and
IjTnphocytes play a minor role. From the serum much fibrin is

formed. It is deposited chiefly on the epithelial surfaces in suc-

cessive layers which are parallel mth the surface. The filjrin

threads at first are fine and delicate; later, owing to gradual

FiS- ""•—Hyaline membrane in pliai ynx. The reticulum is coarHe, the
spaces small and rounded; tliey contain few cells. In the submucosa the walls
of the blood- and lymph-vessels show marked hyaline liljrinoid changes. i\I.

and W.

fusion and from continual accretions, they become thick and the

membrane is often spoken of as hyaline, in contradistinction to its

fibrinous apjiearance in the early stages of the process. The
hyaline membrane is formed where the fibrin gets a strong hold on
the surface and persists a long time. On this account it is common
over stratified epithelium and very rare in the trachea and bronchi,

where the membrane readily strips off because the epithehal cells

desquamate. At the same time the basement membrane, which
is particularly thick in the trachea, forms more or less of a pro-
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tectioii for the adjoining tissue so that it does not often undergo

necrosis.

When the subepitheUal tissues become necrotic they are often

transformed, by chemical changes taking place in the serum bath-

ing them, into hyaline structures which give the fibrin reaction.

The transformation is sometimes called fibrinoid degeneration.

The polymorphonuclear leukocytes pass for the most part

through the membrane on to the free surface, but some lodge in

the meshes of the membrane and may be killed like the tissue cells

by the action of the toxin. The endothelial leukocytes do not

migrate to the surface so freely.

Gross Characteristics of Membrane.—The membrane varies

greatly in appearance. It may appear white, dirty white, brown-

ish, grayish brown, or almost black in color. It may form a thin

pellicle which is easily removed, leaving a smooth surface, or a

thick, tough layer which is stripped off with difficulty from the

ragged, injected tissue beneath. It may be soft and granular,

breaking into small fragments, or tough and elastic, and removable

in large patches. The membrane is always more easily removable

from the trachea than from any other part.

Lungs.—The diphtheria bacillus may cause extensive membrane
formation in the bronchi similar to that in the trachea. In addi-

tion it may alone, or combined with other organisms such as the

streptococcus pyogenes or the staphylococcus aureus cause a bron-

chopneumonia. Occasionally the diphtheria bacillus is present in

masses in these lesions.

Systemic Lesions.—The diphtheria toxin is absorbed in strong-

est solution through the lymphatics connected with the local

lesions and may cause severe injury in the neighboring lymph-
nodes, especially the cervical and submaxillary. Hemorrhage
and diffuse and circumscribed necrosis are of frequent occurrence

as the result of the action of the strong toxin.

Toxin absorbed and diffused throughout the body in more
dilute form causes proHferation of the endothelial cells lining the

reticulum in the center of the lymph-nodules of many of the lymph-
nodes, of the spleen, and of the gastro-intestinal tract. The en-

dothelial cells proliferate and incorporate and gradually digest

the surrounding lymphocytes, in some instances so extensively

that only a few are left at the periphery of the lymph-nodule.
The resulting lesion sometimes closely resembles an early miliary

tubercle. Necrosis, hemorrhage, and fibrin formation also often

occur in the lymph-nodules. This reaction on the part of the

endothelial cells probably is connected with the manufacture of an
antitoxin. The endothelial cells are the active agents, the lympho-
cytes serve as nutritive material.
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The termination of this lesion is the disappearance of the

endothelial cells and the contraction of the stroma into a small

mass of hyaline connective tissue.

The toxin leads to various degenerative changes all over the

body. Fat appears in small droplets in the heart, liver, kidneys,

striated muscle-fibers, ganglion cells, nerves, etc. Necrosis is

caused not only in the epithelium and underlying tissues in the

local lesions and in the neighboring lymph-nodes, but also in foci

or diffusely in the heart (toxic myocarditis) and kidney (toxic

nephritis), and centrally or focally in the lobules of the liver.

Wherever necrosis occurs there is an inflanunatory reaction to the

necrotic material in addition to the general reaction to the ab-

sorbed diphtheria toxin.

Besides the lesions already described as occurring in the lymph-

nodules, the pulp of the spleen shows an increase in the number
of lymphocytes, especially of the plasma cell type. They may be

present in large numbers diffusely and in masses in cases which

have lasted for some time. Occasionally lymphocytes collect

in considerable niunbers beneath the lining endothelium of veins.

Eosinophiles are sometimes numerous in the pulp.

BACILLUS ANTHRACIS

Infection with the anthrax bacillus occurs occasionally in man
in this country and is frequently but not necessarily fatal. It

takes place by means of anthrax spores, carried in the wool and
on the hides brought from countries where the disease anthrax

is endemic among sheep and cattle.

Infection in man takes place commonly by direct inoculation

through abrasions of the skin (neck, face, hands, arms); less

frequently in the intestinal tract as the result of swallowing the

spores; or rarely, in the lungs in consequence of inhaling them.

The organisms usually multiply rapidly, the local lesions de-

velop quickly, a septicemia is common, and secondary lesions such

as a meningitis may arise.

A diagnosis in the case of the lesions of the skin is commonly
made from the characteristic gross appearances, and the finding

of bacilli with the characteristic morphology and staining reactions

of the anthrax bacilli, in cover-slip preparations made of the serum
obtained from the vesicles and underlying tissue.

Micro-organism.—The anthrax bacillus is usually prominent
histologically in the lesions which it causes. Sometimes it is

present in great numbers. In the skin lesions it is most numerous
usually just beneath the epidermis. Occasionally in patients

who are recovering spontaneously the organisms may be few in

number and difficult to find.
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The large size and staining properties of tlie anthrax bacillus

enable it to be demonstrated readily in sections. A Clram-AVeigert

stain combined with a carmine red in the nuclei furnishes the best

contrast and most striking ]iicture.

Toxin, Injury Reaction.—The anthrax bacillus produces a

fairly strong toxin. This is evidenced by marked inflammatory

reaction rather than Ijy extensive injury in its immechate vicinity.

Necrosis is not a marked feature, as, for example, around the

staphj'lococcus aureus. On the other hand, the blood-A'cssels are

Fig. 78.—Anthrax pustule of the skin. Many anthrax liacilli and polymorpho-
nuclear leukocytes in the tissue around a coil gland. M.

"

congested and the exudation of serum is abundant; much fibrin
forms in it. The cellular exudation consists chiefly of polymor-
phonuclear leukocytes which often collect in large numbers.
Hemorrhage is a common compHcation and seems to he due to
injury of the vessel walls, caused by toxin derived from the organ-
isms. The necrosis which usually slowly occurs and spreads
seems to be due, in part at least, to obstruction of the blood-vessels
by the exudation around them. Owing to the large amount of
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fibrin present in the exudation, softening and suppuration are not

common features.

Lesion.—The characteristic and most common lesion caused

in man Idj the anthrax _
bacillus is that kno^^m

clinically as malignant

pustule or anthrax car-

Ijuncle. It starts as an
infection of an abrasion or

minute injury of the skin.

The resulting focal lesion,

composed of inflammatory

exudation which causes

marked swelling, rapidly

enlarges. Some of the ex-

uded serum escaping into

the skin forms small ves-

icles. As the lesion

spreads the vesicles in-

crease in number peripherally. In the center of the lesion they

usually become ruj^tured early and the scrum oozing dries to form

FiH- "')—Antlirax liacilliis. Exudation
consists of polymorphonuclear Icukocj'tes.

^^'
!»=.»'.
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Fig. SO.—Vesicles on surface of pustule due to the anthrax bacillus. AI.

a scab. The congested vessels color the lesion red, but usually

the center of it early becomes cyanotic from stasis and hemorrhage.
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*^

Fig. SI.—Antlu-ax pustule of .skin. Anthrax Ijacilli and exudation of poly-

morplionuelear Icukocyte.s produced ]>y tliein. M.

Fig. 82.—Antlirax Ijacillus. Acute meningitis. Heni(jrrhagic type of

exudation.
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Occasionally the lesion in the skin appears in the form of an ex-

tensive diffuse edematous process.

Gastro-intestinal Tract.—The gastro-intestinal tract may be

infected primarily' by ingestion of

anthrax spores, or secondarily by
convej'ance of bacilli to the mouth
from a lesion of the skin. It is also

believed that lesions arise in this

situation as a result of anthrax sep-

ticemia. The facts arc ]iot easy

of proof. The lesions aie usually

focal and marked by swelling, con-

gestion, and usually bj^ hemorrhage.

The center of a lesion may undergo

necrosis with the formation of a

slough. Rarely the lesions in the

intestinal tract take the form of a

diffuse edematous process with

hemorrhage and necrosis.

Lungs.— Primary infection of

the lungs is rare and occurs usually among rag pickers. The
infection results in a bronchopneumonia with extension to the

Fig. 8-3.—Antlirax bacilli

growing in the wall of a blood-
vessel in the brain.

' I
'.

m-

a»

Fig. S4,—.\nthrax bacillus in walls of blood-vessels in cerebrum and hemor-
rhages caused by it.

lymphatics and involvement of the pleura and sometimes of the
mediastinum.

Septicemia.—Anthrax septicemia is a frequent and dangerous
complication of the primary focal infection, but is not necessarily
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always fatal. The number of organisms circulating in the blood
is never enormous, as it often is just before death in inoculated

animals. Still they can usually be demonstrated by cultures and
found microscopically in sections. The organisms carried to all

parts of the bodj^ may set up lesions in various organs. The
lesions most commonly caused are bronchoimeumonia and menin-
gitis.

As the result of the septicemia the spleen is enlarged, usualh'

to more than twice the normal size.

Meningitis.—Anthrax meningitis is usually characterized fiy

much hemorrhage. The abundant exudation consists of serum
and polymorphonuclear leukocytes. JMuch fibrin forms, especially

around the Idood-vessels. The bacilli are usually present in large

numbers. The process frequently extends along the blood-vessels

from the pia into the brain substance and hemorrhage often occurs

around the vessels.

BACILLUS MUCOSUS CAPSULATUS

The l)acillus mucosus capsulatus or Friedlander's bacillus was
held originally to be the cause of lo))ar pneumonia. It does

produce that lesion occasionally as well as lol:)ular pneumonia,
but from a pathologic

point of view it is a much
less important organism
than the micrococcus

lanceolatus. Its name
covers a group of Gram-
negative capsulated bacilli

which differ in minor
characteristics.

Micro-organism.—The
Imcillus is usually very

„. „. T , J . ,
numerous in the lesions

Ji'ig. 8.5.—Lobar pneumonia due to the „,i,;„u •+
i c ^

bacillus mucosus capsulatus. The bacilli
wmcn It produces; ni tact,

are within polymorphonuclear leukocytes. it is often more aljundant
than the exudation itself.

In this respect it resembles the plague bacillus. A diagnosis of

the organism can often be made with more or less certainty, on
gross examination of the lesions it produces, from the slimy
appearance and feel of the exudation due to the ijresence of

the numerous iDacilli with their mucoid capsules.

The organisms occur free in the exudation and also enclosed
in potymorphonuclear leukocytes.

Toxin, Injury and Reaction.—The toxin secreted seems rela-

tively mild, although it sometimes produces necrosis, so that
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softi'iiing of the tissue and abscess formation occur. The exuda-

tion is composed of serum and polymorphonuclear leukocytes.

Fil)rin ma}' be small in amount or abundant. Endothelial leuko-

cytes are usually few in number; they often incorporate both liacilli

iind i)(jlymor])honuclcar leukocytes.

Occurrence.—Friedliinder's bacillus occurs occasionally in

lobar, more (jften in Icjbular pneumonia. From these lesions it

may extend and produce a pleuritis or pericarditis. It some-

times enters the circulation causing a septicemia and giving rise

to multiple abscesses in the kidneys and elsewhere. IMeningitis

may be produced in the same way.

In one instance a septicemia persistcnl for weeks at least. If

the patient bruised himself anywhere an abscess resulted. The
day he was discharged from the hospital as cured blood cul-

tures were taken and numerous colonies developed, showing that

the septicemia still persisted.

BACILLUS OF RHINOSCLEROMA
Tills organism is closely related to bacillus mucosus capsulatus

and evidently belongs in the same group, but it is less toxic. It

gives rise to a chronic indurative process affecting the respiratory

Fig. SO.—Rliinosclcroma. The barilli arc within endothehal leukocytes.

tract. The bacillus occurs in the nasal secretion of infected pa-

tients and is evidently conveyed from them to others. The lesion
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starts in the mucous membrane of the nose causing thickening and
induration, and extends along the respiratory tract into the trachea

and bronchi gradually narrowing the lumina and eventually pro-

ducing death. The lesion frequently extends out on to the ex-

ternal nares, less often to the upper lip, causing smooth, hard,

nodular swellings. It is these visible lesions which have given the

name to the infection and enable it to be recognized during life.

Histologically the lesion consists of masses of endothelial

leukocytes filled with capsulated bacilli. That is the essential

part of the lesion, the inflammatory reaction to the mildly in-

jurious agent. In addition there is some increase of fibroblasts

and usually considerable infiltration with lymphocytes.

BACILLUS MALLEI

The bacillus mallei produces in man a primary, and usually

multiple secondary, acute to chronic exudative lesions which are

all included under the term glanders, a disease occasionally ac-

quired by man from horses.

Micro-organism.—The glanders bacillus occurs in small to

large numbers in the lesions which it produces. It usually lies

free between the exudative cells, but often occurs in large numbers
within endothelial leukocytes. Rarely it may be found within

polymorphonuclear leukocytes. It stains very lightly and appears

as a short to sometimes quite long, delicate, vacuolated rod which
it requires a little practice to recognize readily in sections.

Toxin and Injury.—The glanders bacillus produces a strong

toxin which acts locally and produces necrosis. Its toxic effect

is best studied when the lesion occurs in muscle-tissue, because
the degenerative changes in the muscle-fibers are marked and
easily seen.

Reaction.—The reaction to the glanders bacillus is intense,

exudative in type, and consists of serum, fibrin, and polymor-
phonuclear and endothelial leukocytes in varying proportions.

The necrotic tissue quickly liquefies and the fibrin dissolves and
disappears, so that abscesses are formed. Striated muscle-fibers

become hyaline, vacuolated, invaded by polymorphonuclear
leukocytes and digested. The exudative cells are quickly injured

by the toxin and undergo degenerative changes so that their true

nature is often difficult to recognize, except in the earliest lesions

or at the periphery of an older lesion.

Many of the endothelial leukocytes undergo a peculiar and
fairly characteristic degenerative change. The nucleus enlarges,

becomes multilobulated and often by direct division multinucleated,

so that a kind of giant-cell is formed. This is especially the case

when the endothelial leukocytes, as phagocytes, have taken up
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polj'morphonuclear leukoc,vtes and increased much in size. These

large, lobulated and multiple nuclei generally stain intensely for

a while and then fade away as the cells undergo necrosis.

The lesion produced bj'- the glanders bacillus tends to spread

peripherally, especially along the lines of least resistance, as, for

example, in the connective-tissue septa of fat and muscle-tissues.

Fig. .S7.—Focal pneumonia due to the glanders bacillus. Detail drawings
•showing bacilli and character of exudation. In d, one of the characteristic
large cells.

along the sheaths of nerves and around blood-vessels. Still more
characteristic is a marked tendency to invade blood-vessels, es-

pecialty veins, and spread along them. Here a thrombus of fibrin,

polymorphonuclear and endothelial leukocytes is quickly formed.
Later, the fibrin in the center of the tlirombus softens and dis-

appears, the cells degenerate, and the characteristic large, lobulated
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and multiple nuclei may form within endothelial leukocytes

Ijefore they undergo necrosis. From these softened thrombi

the glanders baciUi unquestionably escape readily into the cir-

culation and are carried all over the body. This thrombus for-

mation is common in the veins of the subcutaneous and muscle-

tissues, and especially in the lungs, where the only lesions may
consist of the thrombi within the pulmonary veins and arteries.

In this latter condition it must be assumed that the organisms

brought to the lung by the circulation have remained within the

lilood-vessels and produced lesions there rjnly. The thrombi in

the blood-vessels in other situations may owe their origin at times

to a similar method of starting.

Fig. 88.—Glanders bacillus. For-al puouraonia. Thr- large eelLs with large
lobulatecl nuclei are fairly characteristic of this infectious agent.

Primary Lesions.—In man infection usually occurs through
a scratch or other injurj- of the skin, much less often through the
digestive or respiratory tract. In the skin a sujjpurative lesion is

produced which may be quite extensive and more or less chronic
in type. It does not differ particularly, liowever, from infectious

lesions due to other organisms.

Secondary Lesions.—The secondary lesions in glanders are

due to the bacilli obtaining entrance to the circulation and being
carried all over the body. They produce focal lesions, usually
acute in character, in the skin and subcutaneous tissues, less often
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in muscle, and very commonly in the lungs, liver, spleen, and

central nervous system, and in the mucous membranes.

Skin.—When the lesion in the skin is near the external surface

serum, and later, polymorphonuclear leukocytes due to the in-

flammatory reaction, escape into the epidermis, separate the cells

and lead to the formation of a vesicle which gradually changes to

a pustule.

Lung.—In the lungs the organisms brought by the blood

usually gain access to the alveoli and produce a miliary broncho-

pneumonia with serum, fibrin, pol3Tnorphonuclear and endothelial

leukocytes in the exudation. Soon the alveolar walls involved

undergo necrosis, the fibrin dissolves and abscesses are formed and

may gradually increase in size.

Somtimes the organisms remain within the pulmonary vessels

and give rise to thrombi composed of polymorphonuclear and endo-

thelial leukocytes and fibrin. Later the thrombi soften down.

Liver, Spleen, Brain, Etc.—The lesions in the other organs

do not require special mention. They are all of the type of acute

abscesses, in which the organism is the most important element.

Still the type of the histologic changes in the lesions is often so

characteristic, owing especially to the formation of the large

lobulated and multinucleated endothelial leukocytes, that the

nature of the etiologic factor may often be shrewdly guessed.

BACILLUS AEROGENES CAPSULATUS

The bacillus aerogenes capsulatus is of interest from two points

of view, first, because it is a dangerous invader of wounds, often

causing death; second, because it sometimes produces gas in the

human body, occasionally during life, more often postmortem.

The organism is widely distributed in nature. It is found, for

example, in the soil and occurs also quite commonly in the intestinal

tract of man. It is, therefore, frequently in a position to infect

wounds or to obtain entrance to the body through ulcerated surfaces.

The bacillus occasionally infects wounds of the extremities,

especially compound factures, and causes rapidly spreading necrosis

which is complicated by the presence of bubbles of gas, largely

hydrogen, produced by the organism. Owing to this peculiarity

the condition is commonly known as emphysematous gangrene.

The gas which is formed in different organs, as the result of a
septicemia, gives rise to conditions laiown as gas cysts, foamy
liver, etc.

Micro-organism.—The bacillus appears as a straight rod not
unlike the anthrax bacillus, but somewhat thicker and more vari-

able in length. Occasionally in a septicemia it will be found
growing in chains. It is Gram-positive and stains readily also by

11
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the ordinary methods. It multiplies rapidly and may be very

numerous in the lesions it produces. If the multiphcation is

largely or entirely postmortem there is no evidence of inflammatory

reaction around the bacilli which are sometimes exceedingly

numerous in the walls of the gas cysts.

Toxin, Injury and Reaction.—The bacillus aerogenes produces

substances which cause necrosis of cells, dissolve chromatin, hemo-
lyze the blood and dissolve the tissues. The toxin is strong and
produces rapid and often extensive necrosis. When muscle-tissue

is affected the fibers may })ecome hyaline or be digested, so that

each fiber is separated into discs or the sarcous elements are set

free. Under this condition these elements may be taken up in

large numbers by the polymorphonuclear leukocj'tes.

i>;w-
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Fig. 89.—Liver from a case of septicemia due to the bacillus aerogenes capsu-
latus. Many endothelial leukocytes in the blood.

The infiammatory reaction varies considerably. There maj^
be considerable serum and manj^ polj-morphonuclear leukocytes.

More or less fibrin may be formed. At other times the exudation
is slight in amount.

Septicemia frequently follows infection with the bacillus

aerogenes. As a result the organisms are carried to all parts of the

body. Whether they give rise to gas formation antemortem or

not is an unsettled question. Occasionally they seem to, but in

most instances the gas is evidently produced after death. Cysts
are formed most frequently in the liver, intestine and lirain.

BACILLUS TYPHOSUS

Introduction.—The typhoid bacillus ordinarily produces a
definite series of lesions characteristic of the disease known as

typhoid fever. These lesions will be considered first. Certain
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other lesions Avhich sometimes occur and usually, perhaps always,

accompany or follow an attack of typhoid fever will be taken up
brieflj^ later.

Typhoid fever is an acute, self-limited disease which may recur

after a very short interval. If the patient recovers he has prac-

tically acquired immunity from further attacks.

The site of infection and the nature of the lesions in typhoid

fever are always the same ; they vary only in intensity.

Micro-organism.—The typhoid bacillus obtains entrance to

the human body through the gastro-intestinal tract and by that

way only. It multiplies usually in the lower end of the ileum;

sometimes in the ileum and colon; rarely most abundantly in the

Fig. 90.—Typhoid fever. Intestine. Characteristic clump of bacilli. M.

colon. It sometimes enters the appendix. Early in the infection

it invades the intestinal wall and gains access to the blood-cur-

rent, giving rise to a septicemia.

The typhoid bacillus is not conspicuous in the lesions to which
it gives rise. In tissues fixed soon after death, or at operations

for intestinal perforation, the organisms are few, scattered, and
difficult to find, and not to be distinguished with certainty morpho-
logically from the colon bacillus. When tissues are fixed in preserv-

atives a number of hours after death bacilli, as a result of post-

mortem growth, are frequently found in small and large colonies

in the intestinal wall, mesenteric lymph-nodes, liver, and spleen.
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These organisms have generaUy been regarded as characteristic

typhoid bacilli, but are necessarilj' open to some doubt; they

might be colon bacilli.

Toxin.—There is rarel.y the intimate relation bet\\-een the

typhoid baciUus and the lesion produced by it, wliich obtains, for

example, between the tubercle bacillus and the reaction around it.

This lack of relation is probably more apparent than real and is clue

to the fact that the tyiihoid toxin appears to be not a secretion

of the living organism, but a product of the disintegration of its

dead bodj'; hence the relation is between the products of dis-

integration, which cannot be demonstrated, and the lesion.
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by phagocytic endotliolial leukocytes M.
iai>iei\ replaced

The toxin is apparently soluljle and diffusible, extending for a
certain distance perijiherally around a dissolving bacterium and
being absorbed and carried in the lymj^h and l)lood streams.

Judging from the character and distriljution of the lesions in the

intestine, much toxin is also absorbed from the intestinal tract

wnere the ty]ihoid bacilli are at first located.

Injury.—The typhoid bacillus under ordinary conditions does
not ]iroduce necrosis of the cells with which it comes in contact.

In fact it does not seem to jirocluce any direct injury. The
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necrosis which occurs in the hiter stages of typhoid fever is of

seconfhiry origin, due to the celhilar reaction to the organism.

Reaction.—The inflammatory exudation in typhoid fever is

the result of the reaction against the typhoid bacillus and its toxin;

it does not take place in consec|uence of any injury of tissue cells

jirocluced by the organism.

The typhoid bacillus produces a mild type of inflammatory

reaction consisting almost entirely of endothelial leukocytes

which accumulate in large numbers where the typhoid toxin is

strongest and thus form the lesions characteristic of typhoid fever.

These endotheUal leukocytes are stronglj' phagocytic for other cells,

Fig. 92.—Typhoiil fc\cr. Phagocytic endothelial leukocytes in lymph-
nodule in a Pej'er's patch.

incorporating anil tligesting large numbers of them. In the
intestinal lesions they take up chiefly lymphocytes, in the spleen

red blood-corpuscles, and in the blood-vessels, especially of the
portal circulation, polymorphonuclear leukocytes and red blood-
corpuscles. The morphologic evidence strongly favors the view
that the endothelial leukocytes take up and digest these various
cells, not because the latter have been injured by toxins, but be-

cause they are needed for nutritive purposes by the endothelial

leukocytes in the preparation of an antitoxin to neutralize the
typhoid toxin.
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As a result of the typhoid toxin in the tissues and in the blood-

and lymph-vessels, which only endothelial leukocj'tes seem able

to combat, the endothelial cells hning the blood- and Ij^mph-vessels

and the reticulum of the lymphoid tissue, proliferate rapidly and
desquamate or are set free as endothelial leukocj^tes. These

leukocytes are capable of emigrating, migrating, and proliferating.

They accumulate in large numbers in the lymphoid tissue, lym-

phatics and lymjjh-spaces, and blood-vessels wherever the typhoid

toxin is present.
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Fig. 93.—Typhoid fever. Piiagocytic endothelial leukocytes present in small
numbers in clot from heart.

The endothelial leukocytes attracted by the ty]:(hoicl toxin

sometimes have associated ^vith them a varying number of lympho-
cytes, especially within the lymphatics, and more or less filirin;

these two elements seem to be secondary rather to degenerative

changes in the endothelial leukocytes and other cells, than directly

to the t3iDhoid toxin.

In order to understand the gross lesions produced by the

tyi^hoid bacillus, which under ordinary conditions leads chiefly

or exclusively to an accumulation of endothehal leukocytes, it is

necessarjr to take up these lesions in detail.

Distribution of Lesions.—The chief and characteristic lesions

of typhoid fever are distributed along the path of absorption of the

t\n[3hoid toxin from the intestinal tract, namely, in the lymphatic
ajjparatus of the intestinal wall and in the mesenteric lymph-
nodes. In addition, the toxin in the blood-vessels leads to changes
in the character antl relative proportions of the blood elements and
to the accumulation of endothelial leukocytes, especially in the
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spleen, bone marrow, and portal circulation. These lesions are

all more or less diffuse in character. They are complicated by
focal lesions due to the attraction of endothelial leukocytes around

dead, disintegrating typhoid bacilli. These focal lesions arc best

Pin. '.)4.—Typlioid fever. Intestine sliowiiif; inarl<e(l jewelling of n. Peyer'a

patch and of numerous solitary lymph-iioilulcs.

Fig. 9.5.—Typhoid fever. Ileocecal valve, appenilix and lower end of

ileum. Marked swelling of a Peyer's patch and of numerous solitary lymph-
nodules. Necrosis and beginning ulceration of surface of many of them.

seen in the liver, the bone marrow, and the spleen; in the intestine

and mesenteric lymph-nodes they are largely or entirely masked
by the more prominent chffuse lesions.
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Intestine.—The lesions of the intestine in typhoid fever are

usually most prominent in the Peyer's patches and in the solitary

and agminated lymph-nodules of the ileum. They are severest

just above the ileocecal valve and diminish in intensity from this

point upwards. If they were due entirely to the presence of baciUi,

&*
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Fig. 96.—Typhoid fever. Phagocytic endothehal leukocytes, r;, h,

and c, In a lymph-nodule in a Peyer's patch; d, in a lacteal in the mucous
membrane.

as in tuberculous lesions, instead of largely to the absorption of

tyiihoid toxin from the intestinal canal, this gradual chminution

in the severity of the lesion upward would not hold. Frequently,

in the lower part of the ileum the lesions al.so involve the mucous
membrane between the patches of lymphoid tissue. Occasionally
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many of the lymph-nodules in the colon are involved, and rarely,

the lesions are more prominent in this portion of the intestine.

When the appendix is affected the lesion corresponds to that in the

ileum.

Fig. 97.—Typhoiil fever. Phagocytic endothelial leukocytes in Ijlood-vessel

in wail of intestine.

Fig. 98.—Typhoid fever. Part of a lymph-nodule in a Peyer's patch; largely
replaced by phagocytic endothelial leukocyte.^. ^I.

The lesion for the first seven to ten days consists only of a
thickening or .swelling of the lymphoid tissue and in severe cases

also of the adjoining mucous membranes. The thickening may
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reach four to six or even, rarely, eight or ten millimeters. It is

clue to the accumulation of large numbers of endothelial leukocji:es

in and around the lymph-nodules, in the mucous membrane, in

the submucosa and frequently, also, in the muscle coats. They
are present in aljundancc in the lacteals and in all the lymphatics,

but especially in the submucosa. Occasionally the subperitoneal

Ij'mjjhatics may be so

distended with cells that

they stand out promi-

nently' as white hues. The
capillaries, and especially

the veins of the intestine,

contain numerous endo-

thelial leukocytes, while

polymorphonuclear leuko-

cytes are to a large ex-

tent or entirely absent. In

all these situations the

endothelial cells and leu-

kocytes may be found
occasional^, sometimes

freriucntly, in mitosis.

In the hanphoid tissue

the lesion is sometimes
most marked within the

lymph-nodules which may
be entirely occupied, ex-

cept for a narrow rim at

the periphery, by endothe-

hal leukocytes filled with

the more or less digested

remains of the lympho-
cytes which have been
incorporated. In other

instances the endothehal

leukocytes are more
abundant around and be-

tween the hmph-nodules.
In the lacteals and Ij^mphatics the endothelial leukocj^tes usually

have associated with them a varying number of lymphocytes,
and more or less serum and fibrin.

In mild cases of typhoid infection the development of the lesion

in the intestine may cease at this point, owing to the formation of

enough antitoxin to counteract the injurious effect of the l^acteria.

The endothelial leukocytes then quickly undergo degeneration

Fig. 99.—Typhoid fever. Inte.stine

"nitli large sloughs still attached in the
Pej'er's patches.
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and disappear. In the severe cases, however, the accumulation

of endothelial leukocytes continues and leads frequently to occlu-

sion of the smaller blood-vessels here and there, usually near the

surface in the swollen lymphoid tissue. The occlusion seems to be

due partly to external pressure on the vessels by the accumulated

cells, partly to obstruction by cells collected within the vessels.

This is caused, in part at

least, by cells accumulating

beneath the lining endothe-

lium where they often un-

dergo necrosis and lead to

the formation of fibrin

thrombi. Owing to ob-

struction of the blood-

vessels and the resulting

interference with nutrition

the cells begin to undergo

necrosis. The necrosis
may be slight and super-

ficial if the occluded vessels

are small; occasionally,

however, the obstructed

vessel is large; then the

area of necrosis is large. As
soon as necrosis of the sur-

face epithelium occurs the

way is open to infection by
various bacteria which may
themselves cause more ex-

tensive necrosis. This in-

fected necrotic tissue leads

to an active inflammatory

exudation of polymorpho-

nuclear leukocytes all along

the edge where it abuts on
living tissue.

The necrotic tissue
macerates and disintegrates

along its inner surface. The main mass, however, which appears

as the slough on gross examination, is finally set free by the

digestive action of the polymorphonuclear leukocytes along its

border. When it separates it may leave behind one or more
eroded vessels which give rise to intestinal hemorrhage, or the

necrosis may have extended so deep that perforation of the intes-

tinal wall occurs.

Fig. 100.—Typhoid fever. Intestine
showing sloughs and ulcerations.
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In the repair of the ulcerations occurring in typhoid fever there

is no cicatricial contraction. This is due probably to two causes.

The lesion is of brief duration, especially the stage of necrosis

which alone affects the connective tissue. In other words, the

injury done the fibroblasts is short and sharp; it is not prolonged.

Secondly, the slough is soon cast off; there is no necrotic tissue or

fibrin left on the surface

to stimulate proliferation

of fibroblasts or require

organization.

Mesenteric Lymph-
nodes.—The lesions in

the mesenteric lymph-

nodes correspond closely

to those in the intestine

^^ except in one particular;

jfe^AiKt. ^H they are rarely exposed

^VWK- I ^^^^ t^^ latter to the

I *.lW^ fe. *H complication of second-

ary infection.

The toxin reaches the

lymph-nodes from the

intestine by way of the

lymphatics; both those

entering and those leav-

ing the lymph-nodes are

usually distended with

serum, endothelial leuko-

cytes and lymphocjrfces.

The peripheral and other

sinuses within the nodes

show the same contents.

In the lymphoid tissue

the endothelial leuko-
cytes may be scattered

diffusely or they may be
more or less focally grouped. As a rule, they are less abundant
within the lymph-nodules than elsewhere.

As the process advances the sinuses often become occluded
by the masses of cells fused together in a fibrinous mesh-work.
Fibrinous thrombi frequently form in the walls of the veins and
may lead to occlusion of them. More or less extensive necrosis

often occurs and may involve an entire lymph-node. Such a
lymph-node on section appears yellow and caseous, suggesting a
tuberculous process. Sometimes hemorrhage takes place.

Fig. 101.-—Typhoid fever. Intestine show-
ing ulcerations.
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The accumulation of endothelial leukocytes is not limited to

the lymph-node. They often infiltrate in large numbers the

capsule and fat tissue out.side of the nodes and probably show the

distance to which the typhoid toxin diffuses and, therefore, exerts

its chcmotactic influence.

Fig. 102.—Typhoid fever. Phagocytic endothelial leukocyte.s in the periph-
eral lymph-sinus of a mesenteric lymph-node.

Liver.—Two tyjies of lesions are ]irescnt in the liver, the one
focal, tlie otlier difi'usc. In addition, the sinusoids in the early

stage of the disease contain large numbers of phagoc_\'tic cndotlielial

leukocytes filled Avith red blood-corpuscles and occasional lympho-

Fig. lO.'i.—Typhoiil fever. Swollen mesenteric lymiih-nofles with hemorrhage.

cytes and polymorphonuclear leukocytes. The endothelial cells

lining the sinu.soids frequently contain cellular inclusicms and rarely

may be found in mitosis.

The focal lesions closely resemlilc miliary tubercles in size,

shape and distribution. They are composed of accumulations of
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endothelial leukocytes which block up the sinusoids and lead to

necrosis of the included liver cells and sometimes, also, of the

leukocytes centrally situated in consequence of nutrition being

cut off. After necrosis has begun, more or less fibrin is usually

formed, and a few lymphocytes may be attracted to the nodules.

These focal lesions have been explained as miliary infarcts

due to occlusion of the sinusoids by the large phagocytic endothelial

leukocytes. Two points may be urged against this explanation.

The leukocytes in the nodules are usualh' less phagocytic than
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Fig. 104.—Typhoid fever. Focal lesion in liver composed of endothelial
leukocytes.

elsewhere and hence not so large. Secondly, if a lesion forms near

a large vein, endothelial leukocytes will collect on the inner wall

of the vein adjoining the nodule and form a sort of endothelial

leukocyte thrombus, similar to a blood platelet thrombus. This

observation shows that the leukoc5rtes are attracted into the

nodules, not pushed there bj^ the blood current.

The study of the early stage of the miliary tubercle in the liver

shows that it is formed, exactly like the typhoid nodule, of an

accumulation of endothelial leukocytes, and when it adjoins a
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vein, endothelial leukocytes in the blood stream are attracted to

the wall over the tubercle. By proper staining methods it is

possible to demonstrate one or more tubercle bacilli in the center

of each tubercle. It seems reasonable to explain the t}T3hoid

nodules in the same way; each is an accumulation of endothelial

leukocytes attracted around a typhoid bacillus, not living, but

dead and disintegrating (probably within an endothelial cell

hning a sinusoid), thus setting free the toxin which attracts these

leukocj'tes to neutralize and counteract it.

Fig. 10.5.—Typhoid fever. Focal le.sion in liver composed of endothelial
leukocytes. Some of them contain red blood-corpuscles and portions of other
leukoc3'tes.

Repair of these focal lesions may result in small foci of scar

tissue.

The chffuse lesion consists of endothelial leukocytes along the

line of lymphatic absorption, namely, in and around the lym-
phatics which accompany the portal vessels. As a rule, they are

not numerous, but occasionally the lymphatics are distended with
leukocytes. Rarely they fuse in this location to form an occasional
giant-cell.

Spleen.—The terminal veins of the spleen are greatly distended

and filled with numerous endothelial leukocytes which are full

of red blood-corpuscles, and occasionally of pohTiiorphonuclear
leukocytes antl lymphocj'tes. Sometimes the vessels are occluded
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with a thrombus composed of these phagocytic leukocj'tes held

together by a reticulum of fibrin. These thromlji maj- lielong

with focal lesions occurring here and there in the spleen, A\-hich

are evidently of the same nature as those in the liver. These

typhoid nodules sometimes encroach on the lymph-nodules which

otherwise usually show no change. The phagocA'tic cells occur

also in the tissue between the veins.

Fig. 106.—Typhoid fever. Focal lesion in liver. Consists chiefly of endo-
thelial leukocytes some of which are phagocytic. M.

Occasionalh' endothelial leukocytes may be found in con-

siderable numbers beneath the lining endotheUum of the larger

veins.

This great accumulation of endotliehal leukocytes in the spleen

leads to consideraljle increase in its size, and in the early stage of

the disease to a marked increase of consistence, kater, the con-

sistence becomes soft and flabby.

If recovery takes place the hemoglobin of the red blood-

corpuscles within the endothelial leukocytes is gradually changed

to hemosiderin which is slowly dissolved, so that during the process

the spleen contains large numbers of i^igmented cells.
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Bone Marrow.—The l)lood-vessels of the bone marrow contain

numerous endotheUal leukocytes filled ^^ith red corpuscles, and

occasional lymphocytes and polymorphonuclear leukocytes. The
characteristic lesion is, however, the typhoid nodule which cor-

responds in every way to that found in the liver and uncjuestionaljly

is formed in the same way. As these lesions get older and some of

,m§^i

Fig. 107 -Typhoid fever. Spleen. Phagocytic endothelial leukocytes con-
taining red blood-corpuscles in blood-sinus.

the cells undergo necrosis more or less fibrin is formed and this

masks the true character of the cell reaction.

(Jwing to the cell activity in the bone marrow as the result of

the typhoid lesions, the fat tissue in the long bones is more or less

encroached upon by erythroblasts and myelocytes and becomes red.

In addition to the tis-

sues already described,

numerous endothelial ^n, -, ^, i

leukocytes are frequently

found in various lympha-
tics, for example, those

of the heart. Occasion-

ally focal lesions (typhoid

nodules) occur also in

other organs ; for instance,

they have l)een founrl in

the kidney, adrenal gland,

pancreas, and testicle.

Lung.—Besides the
typical lesions thus far

described the typhoid
bacillus occasionally gives

rise to others.. Thus, ty-

phoid fever may be complicated by a lobar pneumonia in which
the typhoid bacilli seem to plaj^ a more or less important part;

at least thej^ occur in the alveolar exudation which contains large

numljers of phagocytic endothelial leukocytes, suggesting a reac-

tion .similar to that in the intestine.

Meningitis.—Rarely an acute meningitis supervenes in which
12

Fig. lUS.—Typhoid fever. Phagocytic
endothelial leukocytes in and bct\veen
blood-sinuses of spleen.
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the only organism demonstrable is the typlioid bacillus. The
cellular exudation consists of numerous endothelial and poly-

morphonuclear leukocytes and more or less serum and fibrin.

Gall-bladder.—Although the typhoid bacillus is commonly

found to be present in the gall-bladder, it produces no lesion of the

wall. In like manner it may be present anfl persist for months

in the urinary bladder without jjroducing any lesion. In both

situations it may, however, serve as a nucleus for the formation of

calculi.

* ^
Fig. 109.—Bone marrow from typhoid fever patient. Part of focal lesion con-

taining numcrou.s endothelial leukocytes.

Abscesses.—Abscesses are sometimes produced by the typhoid

bacillus. They occur in the spleen, in muscles, and especially in

bones, sometimes months or even j'ears after an attack of typhoid

fever. The lesion is so different from that ordinarily caused by
this organism that it is difficult to explain. A mixed infection has

been suggested as the reason. It seems more likely that, under

certain rare conditions, the typhoid Ijacillus multiplies in large

numbers in certain favorable foci in the body and then acts pos-

sitily by reason of a much more concentrated toxin than under

usual conditions. This strong toxin produces necrosis and attracts

polymorphonuclear leukocytes just as the tubercle bacillus some-

times does.
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BACILLUS COLI COMMUNIS

The colon Ijacillus is a constant inhal)itant of the intestinal

tract. Postmortem it is often found widely distributed in the

l.)ody, probably as the result of a terminal septicemia due to inva-

sion of the circulation shortly before death. It is also found in

certain lesions of which it is unquestionaljly the cause. First in

order are the lesions of the urinarj' tract, namely, of the bladder,

ureter, renal pelvis and kidney; second, those of the gall-bladder.

Fig. 110.—Kidney. Acute infectious nephritis (pyelonephritis) due to

the colon liacilhis. The inflammatory exudation consists largely of endo-
thelial leukocytes. M.

bile ducts and liver; and third, of the pancreas and its ducts.

To all these organs the bacillus obtains entrance through natural

jxissages into which it is ordinarily unable to penetrate. Hemat-
ogenous infection of these organs in the himian being with the

colon bacillus is always to be regarded as extremely doubtful,

although often strongly claimed. Other less common lesions are

peritonitis, absces.ses and septicemia.

The lesions produced by the colon bacillus maj- be verj- acute



180 PATHOLOGIC HISTOLOGY

and intense and cause death. In general, however, they are mild
and tend to become chronic, especially in the kidney. Frequently
the micro-organism dies out and the lesions undergo repair. On
this account, especially, it is important to recognize the type of

lesions produced by the colon bacillus and their usual distribution,

because without an exact knowledge of them the origin of the

resulting sclerosis, when recovery and repair have taken place,

might not be suspected.

Micro-organism.—The colon bacillus often occurs in large

numbers in the lesions which it produces, for example, in the

Iddney. When it is found in clumps of considerable size a post-

mortem growth in the tissues is presumable just as occurs with the

typhoid bacillus. At other times it may be difficult to demonstrate

the organism microscopically in sections of lesions. Often it is

found for the most part only within polymorphonuclear leukocytes

of which an occasional one may contain one to a dozen bacilli.

Toxin.—The injurious substance derived from the colon bacillus

is apparently an endotoxin, not a soluble diffusible toxin. It

varies much in strength, and as a result, the injury and reaction

likewise vary greatly. The toxin exerts its effect chiefly or entirely

locally.

Injury.—The toxin may cause necrosis of all of the cells in its

immediate neighborhood, or only of those which are more highly

differentiated. Thus, in the kidney the tubular epithelium is

often destroyed, in part or entirely, while the surrounding fibro-

blasts and the vascular endothelium are left intact. Necrotic cells

and mitotic figures may be present in the same tubule. Such
lesions tend to be diffuse and in the end to undergo repair because

the toxin is not strong and the organism usually dies out. In
other instances all the various types of cells are destroyed and
abscesses result.

In the liver the epithelium lining the bile ducts is more resistant

than the liver cells, probably because the cells are less highly differ-

entiated. In like maimer the acinar cells in the pancreas are more
easily injured than the duct and possibly the islet cells.

Reaction.—The inflammatory reaction to the colon bacillus

may be acute and intense, consisting chiefly of an exudation of

serum and of polymorphonuclear leukocytes. This type of reac-

tion commonly terminates in abscess formation as a result of the

extensive necrosis. Fibrin is sometimes abundant. Endothelial

leukocytes, lymphocytes and eosinophiles may also be present

in varying numbers. The blood-vessels in and around the in-

fected areas are usually intensely congested and hemorrhage is

a frequent comphcation. Lesions of this type are fairly common
in the kidney and occur occasionally also in the liver. If recovery
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takes place they terminate in scar formation. The so-called

surgical kidney is usually the result of a chronic infection of this

type due to the colon bacillus.

At other times the injury is shght and the reaction of a mild

type, consisting largely or chiefly of endothelial leukocytes, while

the other exudative elements appear in smaller proportions. The
result is a diffuse inflammatory process without extensive necrosis

and without abscess formation. Such a lesion terminates in

sclerosis of the organ affected.

Urinary Tract.—The colon bacillus is a frequent cause of a

cystitis which is usually mild and chronic in type. The infection

may ascend through the ureter and involve the kidney. Some-
times the organism produces little or no disturbance in the bladder

while the lesion in one or both Iddneys may be marked.
The lesions in the kidney vary greatly. The bacillus invades

the tubules in the pyramids and ascends towards the cortex.

Owing to the way the tubules branch, the affected areas broaden

as they approach the capsule. If the organism is very virulent

the result is necrosis, acute inflammatory exudation and abscess

formation. The process may become chronic and form the so-

called surgical kidney.

If the organism is mildly virulent, only the epithelium lining

the tubules is destroyed and it may regenerate. The tubules are

distended with polymorphonuclear and endothelial leukocytes.

One type or the other may predominate. Fibrin is often present.

The intertubular tissue is usually infiltrated with numerous
lymphocytes and often with many eosinophiles. The fibroblasts,

as a rule, show more or less proliferative activity. The colon

bacillus toxin produces some evident effect upon them.

The termination of these lesions, if recovery takes place, is

to leave behind more or less wedge-shaped areas of sclerosis in the

cortex. The tubules may be partly or entirely destroyed, or only

compressed by the contracting connective tissue and atrophied.

The glomeruli are often sclerosed and hyaline, but they contain

living cells. In this way they may be readily distinguished from
the glomeruli in a partially organized infarct.

Gall-bladder and Liver.—Cholecystitis, usually chronic in

type, is often caused by the colon bacillus. Less often the micro-

organism invades the bile ducts of the liver. If it is very virulent

the result is an acute inflammatory exudation of serum and poly-

morphonuclear leukocytes in and around the bile ducts, associated

with more or less extensive necrosis and abscess formation. If

the organism is only mildly virulent the ducts may contain chiefly

or entirely endothelial leukocytes, while the surrounding tissue is

infiltrated with similar leukocjrtes and occasional lymphocytes.
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The fibroblasts show increase in numbers. This type of infection

maj' terminate in sclerosis (cirrhosis) which is characterized by
being confined to the periphery of the lobules.

Pancreas.—Infection of the pancreas by the colon bacillus is

probably more frequent than generally suspected. Acute cases

with hemorrhagic type of exudation and with abscess formation

have been reported. The more or less extensive sclerosis of the

pancreas occasionally found at autopsy is probably, judging from

similar lesions in the kidney and liver, often of infectious origin

and due to the colon bacillus.

BACILLUS PERTUSSIS

Micro-organism.—The whooping-cough bacillus, discovered

in 1900 by Bordet and Gengou, but not obtained in pure culture

until 1906, is a minute, ovoid, Gram-negative cocco-bacillus which

Fig. 111.—Pertussis. Bacillus pertussis present in large numbers between the
cilia of many of the epithelial cells lining the trachea. }il.

stains lightly by ordinary methods. In the disease caused by it

the organism occurs in large numbers in a location which is char-

acteristic for it, namely, between the cilia of the epithelial cells

hning the trachea and bronchi, and probably also the nares. This

last point has not yet been determined for human beings. The
bacilli also occur to some extent free and enclosed in polymorpho-
nuclear leukocj'tes in the secretion in the air passages. The
organisms are most abundant during the first two or three weeks
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of the disease and then gradually diminish in number, disappear-

ing usually after six to eight weeks or more.

Toxin.—The toxin produced by the bacillus is evidently mild.

Its presence is indicated in three ways : (a) by a moderate inflam-

matory exudate in the walls of the trachea and bronchi; (b) by a
lymphocytosis; and (c) by the production of an antibody in the

patient's blood, demonstrable by the complement-fixation test.

Injury and Reaction.—The injury produced is apparently

largely or entirely mechanical. The action of the cilia is inter-

fered with so that they are unable to remove secretion and inhaled

foreign material, as under normal conditions. The bacilli thus act

as a continual local irritant, inciting coughing which in typical

instances, terminates in the characteristic whoop.

No necrosis of the lining epithelium is produced. The inflam-

matory reaction is probably largely or entirely due to the mild

toxin derived from the organisms. It consists of an emigration of

polymorphonuclear and less often of endothelial leukocytes which
pass through the epithelium to the free surface. In addition,

lymphocytes accumulate to some extent in the tissues around the

trachea and bronchi.

As a result of the absorption of toxin the endothelial cells in

the IjTxiph-nodules of the lymph-nodes, spleen and gastro-intestinal

tract proliferate as in diphtheria, scarlet fever and certain other

infectious diseases, but to a much less extent, and incorporate some
of the adjacent lymphocytes. The increase in the number of

lymphocytes in the circulation and of the endothelial cells in the

lymph-nodules indicates, probably, the cells most available in the

formation of an anti-toxin to counteract the toxin produced by
the bacillus and absorbed into the body.

Bronchopneumonia.—The bronchopneumonia which frequently

complicates whooping-cough is probably due to contaminating

bacteria. So far no evidence has been found that the bacillus

pertussis causes it.

The bacillus bronchi septicus, which causes distemper in dogs,

rabbits and other domestic animals, is found in the same location

in these animals as the bacillus pertussis is in man, namely, be-

tween the cilia of the epithelial cells lining the nares, trachea and
bronchi. Histologically in sections the lesions cannot be told

apart and the bacilli are practically identical in size, shape, and
staining reactions. On this account all experimental work where
the bacillus pertussis is inoculated into the ordinary laboratory

animals is open to doubt, and must be rigidly controlled bacterio-

logically, as the two organisms differ in motihty and in alkali

production in litmus milk.
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BACILLUS TUBERCULOSIS

Introduction.—Several strains of the tubercle bacillus exist

in nature; only two of them concern us here, the human and the

bovine varieties. The human strain of tubercle bacillus is a very

common injurious agent affecting man. Usually infection takes

place indirectly from man to man. Occasionally the bovine

type of the organism, common in cattle, gains access through

ingested milk or its products and causes lesions which apparently

correspond closely to those produced by the human variety.

The tubercle bacillus causes a great variety of lesions, usually

chronic in character, but often acute. The lesions are all included

under the general term tuberculosis, but the lesions in certain

organs are often prominent and give rise to characteristic clinical

symptoms which have long been known under special names and
have been regarded and treated as separate diseases; for example,

chronic tuberculosis of the lungs has been known as consumption,

tuberculosis of the spine as Pott's disease, tuberculosis of the skin

as lupus, tuberculosis of the cervical Ijnmph-nodes as scrofula.

Infection takes place usually through the respiratory, less

often through the digestive tract, rarely through injuries to the

skin. The primary lesions tend to progress; the infecting organ-

ism spreads readily through the lymphatic apparatus, the blood-

vessels, and various epithelial-lined cavities, ducts, and glands of

the body such as the pleural cavities, the bronchi and alveoli of

the lungs, the tubules of the kidney, and of the epididymis and
testicle.

The lesions produced by the tubercle bacillus appear In a great

variety of forms, due less to variations in the character of the

inflammatory reaction than to differences in the structure of the

organs in which the lesions are situated. In order clearly and
fully to imderstand the reaction of the tissues to the tubercle

bacillus it is important to have the organisms stained in the

sections studied.

The organs and tissues most commonly infected are the lungs,

lymph-nodes, intestine, liver, spleen, meninges of the brain and
cord, genito-urinary apparatus, bones and joints, pleural and other

mesothelial-lined cavities, skin.

The lesions produced by the tubercle bacillus are not self-

limited, but are steadily progressive, although they vary greatly

in rate of development. Sometimes they are very acute, at other

times exceedingly chronic, persisting a long life time. They may
heal in one place and spread in another.

No complete local or general immunity is produced, except

under favorable conditions. Therefore, to combat the organism
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successfully the best of hygienic surroundings are necessary;

fresh air and nourishing food are the chief reciuirements.

Tuberculosis is rarelj' inherited, but it is difficult for children

to avoid infection if one of the parents has the disease, or if they

are exposed to infection through people, local surroundings, air,

or food, because the human being is naturally very susceptible

to the tubercle bacillus.

Micro-organism.—The tubercle l)acillus occurs in widely vary-

ing numbers in the lesions which it produces. In some lesions it is

almost impossi})le to demonstrate its presence except by inoculat-

ing some of the tissue into a susceptible animal. In other lesions

it may be present in great numbers. It is usually containeil within

Fifi. 112.—Tubercle bacilli, ii, In inflammatory exudate in alveohH of lung;

b, in giant-cell.

endothelial leukocytes and giant-cells; less commonly within

polymorphonuclear leukocytes. As the result of necrosis and
subsequent softening of lesions it is often left free outside of cells.

Sometimes in necrotic material, in fibrin thrombi, and within

cavities it may grow in solid masses like cultures on media in the

test-tube. Ajiparently it may also grow free in serous fluids and in

the urine.

The tubercle bacillus is non-motile. By the rupture of softened

tuberculous cavities into blood- and lymph-vessels the organisms,

often in large numbers, are carried by the ])lood and lymph cur-

rents to various parts of the body. They seem to spread to some
extent within the lesions j^roduccd 1)>' direct growth from cell to
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cell. More commonly, however, they are slowly distributed by the

ameboid movements of endothelial leukocytes carrying them into

and along blood- and lymph-vessels and epithehal-lined spaces.

Occasionally polymorphonuclear leukocytes play the part of dis-

tributing agents.

Toxins.—The tubercle bacillus produces mild toxins, partly

during the life of the organism, partly by disintegration of its

body after death. These toxins cause lesions locally, that is,

in their immediate presence; not at a distance by diffusion of

the toxins. At least the kidneys never show any effect which

could be ascribed to the elimination of a tuberculous toxin through

them.

The amount of toxicity apparently varies considerably with

different strains of the organism. On the other hand, the reaction

of the host is not always the same. It is, therefore, difficult to

decide from the morphologic picture alone the degree of toxicity.

That is a problem for animal experimentation to decide in the

case of each individual strain of organism.

Early Miliary Lesions.—The primary lesion produced around

the first tubercle bacillus which gains entrance to a human body
has of necessity probably never been seen. We are dependent,

therefore, for our knowledge of the origin and development of the

minute, early, miliary lesions in man on the changes which are

produced by single tubercle bacilli, or small clumps of them,

carried chiefly by the blood and lymph streams to different parts

of the body. The best material is furnished by early cases of

so-called acute miliary tuberculosis. Here an old tuberculous

lesion or thrombus softens and discharges large numbers of

tubercle bacilli into the circulation. As the discharge once started

is often continuous, in appropriate cases all stages in the develop-

ment of the mihary lesions may be present. Such lesions are

best found and studied in the liver, lung, and spleen.

Injury.—It is difficult to demonstrate any direct injury done to

the tissue cells by the immediate presence of the tubercle bacillus

and its toxins, even when the organisms are present in large num-
bers, as, for instance, in a capillary of the tuft of a glomerulus.

The lesion does not start with necrosis as is usually the case with

the staphylococcus pyogenes aureus for example.

Reaction.—Wherever the tubercle bacillus lodges in the human
body it ordinarily brings about an accumulation of endothelial

leukocytes around it, due to the reparative effort of nature to neu-

tralize the toxins produced by the organism and thus to counter-

act its injurious effect. Rarely the endothelial leukocyte is re-

placed in part or largely by the polymorphonuclear leukocyte.

This happens only when the tubercle bacilli are very numerous.
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The leukocjrtes incorporate the organisms which continue to multi-

ply readily within the cells.

Tubercle bacilh may lodge in blood- or lymph-vessels or in

spaces lined with epithehum. The further reaction to them, other

than the accumulation of endothehal, rarely of polymorpho-
nuclear leukocytes around them, depends on their location.

When they are located outside of the circulation the other elements

occurring in acute inflammatory reactions may be added to the

leukocytes already mentioned, namely, serum (from which much
fibrin may be formed), lymphocjrtes, and occasionally eosinophiles.

The reaction to the tubercle bacillus when outside the circulation

is, therefore, to be classed as exudative in character. The reac-

tion is usually of a mild tjrpe.

The earliest tuberculous lesions begin, as a rule, either in the

capillary blood-vessels or in the minute lymph-spaces of organs

and tissues; but they may begin in large blood-vessels, in lym-
phatic spaces or sinuses, or in epithelial-lined spaces such as the

alveoli of the lung. These early discrete lesions produced by the

tubercle bacillus receive different names according to their location.

When the lesions start in the minute blood- or lymph-vessels

of an organ or tissue and involve the surrounding parenchymatous
cells, they are called miliary tubercles. Their development can

best be followed, perhaps, in the liver.

When the organisms are located in sizable blood-vessels the

accumulations of endothehal leukocytes within the vessels and
around the organisms may be regarded as cell thrombi. Such
lesions may best be studied in the terminal veins of the spleen.

If the bacilli obtain access to lymphatic vessels, to loose-

meshed tissues like the meninges, or to spaces Kned with epithelium,

they lead to what is generally recognized as an inflammatory

exudation of a type known as tuberculous. The lung furnishes

the commonest examples of this latter type of lesion.

The important point to bear in mind is that the reaction to

the tubercle bacillus is essentially the same under all conditions.

It appears to differ at times only on account of the situation of

the organism in the tissues.

The endothehal leukocytes in tuberculous lesions are mainly
derived from blood- and lymph-vessels by chemotaxis, but occa-

sionally mitosis of an endothelial leukocyte within a mihary lesion

may be observed.

Giant-cells.—Usually but not always some of the endothelial

leukocytes of the early tuberculous lesions exhibit a marked
tendency to fuse together to form multinucleated or so-called

giant-cells. These giant-cells form a striking and characteristic

but by no means diagnostic feature of tuberculous lesions. As
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a rule, only one giant-cell is formed within a single miliarj' lesion,

but often two or more giant-cells are present. Rarely, all or

nearly all of the endothelial leukocytes fuse together to form one

large or several to many smaller giant-cells. In lesions starting in

lym])hatics and in ejiithelial-lined spaces giant-cells are usually

lacking, but thej- may be formed, as, for instance, in the alveoli

of the lung.

When the tubercle bacilli are numerous and the cellular reac-

\J

t) ^
©

Fig. IV.i.—Liver. Early miliary fnherclo ronsistiriK of an affumulation of

endothelial leukocytes, some of which contain tuljercle bacilli.

tion consists largely of polymorphonuclear leukocytes, giant-cells

are usually not formed.

The giant-cells in tuberculous lesions are probabh' all to be

classed as of the nature of foreign body giant-cells. The foreign

body may be the fats or other derivatives of dead tulx-rcle l)acilli,

or the hve bacilli themselves. The nuclei of tuberculous giant-

cells are usually characteristically arranged at the perii^hery of the

cell; sometimes a more or less bi])olar arrangement is evident.
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The cytoplasm in the center of the giant-cell is as a rule finely

reticular and contains numerous centrosomes.

The giant-cells are generally irregularly spherical in shape.

At the periphery of a cell the cytoplasm may be sharply limited,

stopping abruptly just beyond the nuclei, or it may send out

cytoplasmic processes in one or many directions, probably into

the larger lymph-spaces towards sources of nutritiou.

The different forms under which the early reaction to the

tubercle bacillus appears can be best understood, perhaps, by
describing one or more specific examples of each.

Miliary Tubercle; Liver.—Tubercle bacilh brought by the

circulating blood to the liver are taken up by the endothelial cells

lining the sinusoids. Each one of the endothelial cells containing

one or more tubercle bacilli attracts endothelial leukocytes around

it. The leukocytes pack and occlude the sinusoids around the

cell just infected, and by pressure and by obstructing the circula-

tion soon lead to necrosis of the included liver cells which rap-

idly disintegrate and disappear.

Some of the endothelial leukocytes usually fuse to form one or

more giant-cells which occupy a more or less central position among
the remaining leukocytes. When the miliary tubercle reaches a

certain size, necrosis of fibroblasts, of the blood-vessel endothelium,

and of the endothelial leukocytes, begins in the center of the lesion

and spreads peripherally. The giant-cells are also gradually

involved in the necrosis.

Necrosis.—The necrosis in a miliary tubercle is due to the en-

dothelial leukocytes accumulating in the blood-vessels and lymph-

spaces to such an extent as to occlude the vessels and thereby

cut off nutrition. The process is perfectly analogous to what
often takes place in typhoid lesions, but is continuous and pro-

gressive instead of ceasing abruptly. This is because no immunity
occurs as in typhoid fever.

It is claimed by some that the necrosis in tuberculosis is the

direct result of toxins derived from the tubercle bacillus. If this

were so then the endothelial leukocytes and the giant-cells con-

taining the bacilli ought to be destroyed first in the reaction.

This does not occur.

It is noticeable that the nuclei both in the endothelial leuko-

cytes and in the giant-cells tend to arrange themselves in that

part of their cytoplasm farthest removed from the advancing

necrosis.

Regeneration of Fibroblasts.—If the tuberculous process and
the necrosis advance rapidly enough peripherally, no regeneration

on the part of the surrounding connective-tissue cells is possible.

They are destroyed along with the other cells. Ordinarily, how-
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ever, as soon as necrosis takes place and fibroblasts are destroyed

along with the other cells, prohferation of the surrounding con-

nective-tissue cells takes place, that, is, fibroblasts regenerate

because of injury to fibroblasts, and tend to surround and infiltrate

the miliary tubercle to take the place of those destroyed. They
extend in between the endothelial leukocytes and invade and
gradually organize the necrotic material in the center of the tuber-

cle. Perhaps the stimulating influence of the fibrin in the tubercle

plays some part in organization. The tubercle bacilli die out,

the endothelial leukocytes disappear, and the site of the tubercle

is occupied by a spherical mass of connective tissue. The new
collagen fibrils become fused together and often hyaline in ap-

pearance. The lesion may be regarded as healed.

Regeneration of Connective Tissue.—The new-formed con-

nective tissue forms a wall of secondary defense around the lesion

and is, apparently, often useful in limiting the spread of the tuber-

cle bacilli when they are not destroyed as the result of the inflam-

matory exudation.

The regenerative activity on the part of the fibroblasts is

rarely so active in man as in cattle; in these animals in certain

situations, as in the peritoneal cavity, it often leads to such over-

growth of the connective tissue that the tubercles are raised above

the surface on papillary stalks.

Apparently no regeneration of blood-vessels occurs; on the

other hand, the capillaries around a tubercle are often prominent

owing to congestion.

In the liver the miliary tubercles do not tend ordinarily to

progress; the same is often true in lymph-nodes and in some of

the other organs. The tubercle bacilli are in some way or other

prevented from multiplying and spreading.

Lymphocytes.—Cells of the lymphocyte series are attracted

around tubercles and sometimes into them in varying numbers.

The attractive force seems to come from disintegrating cells rather

than from any chemotaxis on the part of the tubercle bacillus.

Eosinophiles and mastcells play a very slight role.

Miliary Tubercle.—The size of a miliary tubercle represents

the extent to which the toxins exert their chemotactic attraction

for endothelial leukocytes. Bacilli carried to the periphery of a

tubercle by direct growth or by the migratory actions of endothelial

leukocytes containing them, become new centers of attraction

and thus lead to the formation of other spherical accumulations

of endothelial leukocytes. If the centers of attraction start in

the periphery of the first tubercle, they necessarily become
crescent-shaped accretions on the surface. This is the way in

which the small, so-called conglomerate tubercles arise, more
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often than from the fusion of several separate and distinct miliary

tubercles.

It is customary to apply the term epithelioid cells to the cells

composing the miliary tubercles.

The epithelioid cells in a young tubercle are endothelial leuko-

cytes: in a late tubercle where the connective tissue is activelj^

regenerating they are partly or largely fibroblasts. These two

types of cells should be recognized and named accordingly, and the

indefinite term epithelioid cell should be given up so far as possible.

After necrosis has started in a tubercle other endothelial leuko-

cytes are attracted and invade the necrotic material; they often

appear at the edge of the necrosis with their nuclei radially ar-

ranged, pointing towards the center.

Sometimes the necrosis in tuberculosis is so slow in formation

and the cells destroyed are so quickly removed that the condition

is scarcely evident or may be absent. This condition is sometimes

found in lymph-nodes.

Thrombi of Endothelial Leukocytes.—In the spleen miliarj^

tubercles similar in appearance to those in the liver and lungs

a,re often formed in great numbers. They involve the small

blood-vessels and the intervening splenic tissue. Occasionally,

however, lesions of another sort are evident. The tubercle bacilli

carried by endothelial leukocytes to the larger terminal veins,

attract large numbers of other endothelial leukocytes around them
within the vein, so that the lumen may be filled and occluded by
them. As the leukocytes remain within the vein and closely com-

pacted together it seems best to regard them as a thrombus forma-

tion, analogous to the kind frequently formed by the conglutination

of blood platelets. These collections of endothehal leukocytes

within veins may be focal or diffuse in character.

Lymphatics.—Tubercle bacilli carried along IjTnphatics into

lymph-nodes may be taken up by the lining endothelial cells, or be

carried into the parenchyma and give rise to focal lesions, or they

may remain within endothelial leukocj^tes in the sinuses and lead

to large focal, or more often diffuse, collections of other endothehal

leukocytes. Associated with the leukocytes are usually con-

siderable serum, much fibrin, and a varying number of lympho-

cytes. Lesions of this type are frequent in the lymph sinuses of

lymph-nodes and in the lymphatics of the intestine.

Tuberculous Inflammation.—Sometimes the tubercle baciUi

are spread rapidly and diffusely through the smaller lymph-spaces,

probably largely or entirely by the activity of endothelial and
pol3Tnorphonuclear leukocytes, and give rise to a very diffuse type

of tuberculous lesion. The most marked example of this type of

lesion occurs, perhaps, in the meninges, where we may get an acute
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diffuse inflammatory exudation consisting of serum, fibrin, endo-
thelial and polymorphonuclear leukocytes and lymphocytes in

varying proportions. More or less definite miliary tubercles may
be combined with this diffuse process. Occasionally in miliary

tuberculosis of the hver a diffuse infiltration of the periportal con-

nective tissue with endothelial leukoc3rtes containing tubercle

bacilli may occur. A similar acute diffuse process may occur in

the hyperemic tissue surrounding an old tuberculous lesion.

In the lung the development of the miliary tubercle is not so

readily followed as in the liver. The bacilli are taken up by endo-

thelial cells in the capillaries of the walls of the alveoli and lead

to a focal collection of endotheUal leukocytes. These leukocytes

and, therefore, the whole lesion may remain in the wall between
adjoining alveoli and cause great thickening of it; but often in

adults and usually in children some of the micro-organisms, as

they multiply, reach the alveolar spaces on each side of the wall

and cause an exudation within these cavities. The lesion, there-

fore, takes on partly or largely the character of a miliary tubercu-

lous pneumonia and the reaction is readily recognized as exudative.

Serum and fibrin appear in addition to the endothelial leukocytes,

and lymphocytes also are usually present.

Tubercle bacilli frequently obtain entrance to other epithelial

cavities (including those lined with mesothelium) besides those in

the lungs, such as the tubules and pelvis of the kidney, the

glands of the prostate, the oviduct, etc. In all these situations

it gives rise to an inflammatory exudation similar in character

to that already described.

Resemblance of the Lesions to Those Produced by the Typhoid
Bacillus.—The lesions of tuberculosis in their early stages may
closely resemble those produced in typhoid fever in the same
organs, particularly in the mesenteric lymph-nodes, liver and
spleen. The cellular reaction consisting chiefly or entirely of an
accumulation of endothelial leukocytes is much the same. The
tuberculous lesions tend to be more focal in character; they are

usually characterized by the presence of giant-cells which are very
rare in typhoid-fever; they tend to progress and spread indefinitely

and to undergo necrosis, while the typhoid process ceases abruptly
after a definite period, and necrosis is not so definitely associated

with it. In typhoid fever an antitoxin is as a rule quickly produced
and neutrahzes the injurious action of the typhoid bacilli. In
tuberculosis the same cells at work are unable to counteract the
toxins of the tubercle bacilli.

Chronic Tuberculosis.—So far we have discussed the early,

beginning lesions produced by the tubercle bacillus in various

situations; in capillaries and larger blood-vessels, in lymph-spaces
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and vessels, and in epithelial-lined cavities, and have shown that

the reaction consists chiefly of an accumulation of endothelial

leukocytes around the bacillus. As a rule, a number of these

leukocytes fuse together to form one or more giant-cells. Under
certain rather rare conditions the polymorphonuclear leukocyte

plays the more important r61e. In addition to these leukocytes,

serum, fibrin, lymphocytes, and eosinophiles may be added in

varying proportions, according to the location of the organisms.

It is necessary now to follow the changes which occur when the

duration of the injurious action of the tubercle bacillus is not for

days and weeks but for months and years; in other words, when
the tuberculous process is chronic.

Conglomerate Tubercle.—The typical miliary tubercle is

spherical in shape and represents the limit of attraction for leuko-

cytes exerted by a single tubercle bacillus, or by a small group of

them. A miliary tubercle does not enlarge perfectly uniformly

because the bacilli in it do not extend evenly in all directions

towards the periphery in consequence of more favorable conditions

of nutrition at one point than at another; more often they are

carried out by endothelial leukocytes. Whenever they reach the

surface or approach it they become new centers of attraction. In

this way crescent-shaped portions of new tubercles are formed on
the surface of the old miliary tubercle so that there develops first

a small and then a large conglomerate tubercle. The necrosis

which started in the center of the miliary tubercle extends periph-

erally with the enlargement of the conglomerate tubercle.

Solitary Tubercle.—The conglomerate tubercle rarely continues

to develop evenly and to retain its more or less spherical shape.

The reason for this lack of symmetric growth is to be found chiefly

in the anatomic structure of the tissues in which the tubercles

develop. In most of the tissues large lymph- and blood-vessels

and epithelial-lined spaces exist. These are quickly invaded by
the tubercle bacilli and then the pathologic process caused by them
usually spreads rapidly and irregularly. In the brain, however,

a lesion started by a single tubercle bacillus frequently has the

opportunity to reach its full and perfect development. This is

owing to the fact that large portions of this organ are uniformly

solid and possess only small blood- and Ijmiph-vessels. Lesions

starting in these portions frequently develop into the large rounded

masses known as solitary tubercles. They consist for the most part

of necrotic material surrounded by a narrow zone of tuberculous

tissue composed of imperfect mihary tubercles, and are limited by a

connective-tissue capsule. This capsule is being constantly invaded

by tubercle bacilli conveyed to it from within, probably by the

migratory activity of endothelial leukocytes, so that new tubercles

13
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are as constantly developing within it. Rarely the new tubercles

start at the outside of the connective-tissue capsule in the adjoining

brain tissue. The surrounding blood- and lymph-vessels are so

small that the tuberculous ijrocess rarely invades and extends

along them. But if a sohtary tubercle finally reaches a ventricle

or the meninges, then a very active and extensive tuberculous

process may start up and quickly cause death.

Very rarely favorable conditions allow the developement of

solitary tubercles in other organs than the brain, as, for example,

in the liver.

Fig. 114.—Tuberculosis of lung. Process extending into a vein. M.

Thrombus Formation.—A miliary tulDcrcle in the wall of a

blood-vessel or a tuberculous lesion on the outside of the vessel,

which involves the wall and leads to necrosis, may bring about the

formation of a fibrinous thrombus inside uf the vessel. In such a

thrombus tubercle bacilli sometimes multiply in great numbers.
They may attract many polymorphonuclear leukocytes which
digest and soften the thrombus. In this way the bacilli may be
set free and cause acute miliary tuberculosis. This is a common
way for this form of lesion to arise.
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Caseation.—Attention has lieen called to tlie fact that as the

miliary tubercle enlarges the tissue cells, and later the leukocytes

in the center ol it, undergo necrosis. In the lesions starting in the

larger blood- and hanph-vessels and in epithelial-lined cavities

the necrosis at first involves only the leukocytes, but the sur-

rounding tissue cells are affected later.

The necrosis in tuberculosis seems to be due chiefly or entirely

to the endothelial leukocytes plugging the blood- and lymph-vessels

and cutting off nutrition. The necrosis as a rule spreads gradually

Fip;- 115.—Tuberculous thrombus in blood-vessel in lung. M.

and uniformly peripherally. It takes place in tissue so infiltrated

with endothelial leukocytes that the par(>nchymatous cells and
other tissue marldngs (blood-vessels, fat-cells, etc.) have usually

disappeared and can rarely be made out in the necrotic areas.

In certain situations, however, some of the tissue markings are

often well preserved for a certain length of time, as, for example,

in the lung in caseous pneumonia. The walls of the alveoli are

usually perfectly evident microscopically for some time after the

exudative and the tissue cells have lieen dc.stroj'cd. The collagen
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and elastic fibrils persist for a long time and can readily be dem-
onstrated by the special staining methods used for them.

There is nothing peculiar in the necrosis of tuberculosis beyond
the fact that it consists chiefly or entirely of necrotic endothelial

leukocytes, that it usually but not necessarily contains much
fibrin, and that ordinarily it does not undergo softening. Usually

more or less fat is present because the cells die slowly (necrobiosis)

and hence accumulate a certain amount of fat before they become
necrotic. The term caseation is applied to it because of the homo-
geneous, opaque white to yellow appearance which it presents on
gross examination, but much the same appearance is presented by
the necrotic material in a gumma or in an infarct, or in necrosis of

portions of a tumor.

Fig. 116.—Tubercle bacilli in thrombus in blood-vessel in lung. M.

Caseation is most marked in tuberculous lesions of the l3Tiiph-

nodes and lungs, and in solitary tubercles of the brain.

Caseous material may persist almost indefinitely in the human
body, but it tends gradually to undergo one of three changes which
will now be considered, namely, calcification, softening including

ulceration, and organization.

Calcification.—The necrotic tissue in tuberculous lesions fre-

quently attracts lime salts and leads to their deposit. Probably
the fat present in the caseous material as the result of necrobiosis

plays an important part in the process.

Calcification is more common in some organs than in others;
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thus it is of frequent occurrence in the peribronchial and cervical

lymph-nodes, in the lung and in the spleen, but rare elsewhere.

Occasionally the fibroblasts adjoining these deposits of lime

salts are stimulated in some way so that they invade them, organize

them, and become transformed into true bone cells.

Softening, Abscess.—Under certain conditions and in certain

situations the caseous material in tuberculous lesions imdergoes

softening and abscess formation. Apparently the softening is

always due to the attraction of many polymorphonuclear leuko-

cytes into the caseous material which they dissolve through the

action of the ferments they secrete. Sometimes at least the leuko-

cytes are attracted by a very active multiplication of the tubercle

bacilli. It is from the rupture of such abscesses into blood- and
lymph-channels that cases of acute miliary tuberculosis frequently

arise.

At other times the caseous material itself attracts leukocytes

in sufficient numbers just as occurs in softening of bland parietal

thrombi of the heart. This happens most frequently in tubercu-

losis of the bones, especially of the bodies of the vertebrse (Pott's

disease of the spine).

Softening occurs most often in lymph-nodes, in the lungs, and
in the genito-urinary apparatus. Apparently in some situations

it does not take place, for example, in solitary tubercles of the brain.

Sometimes the softening in tuberculous lesions is due to sec-

ondary invasion with the common pyogenic organisms. Naturally

such invasion is more likely to occur in the lung and in certain

other organs than in lymph-nodes or in the brain. In one instance

large sloughs in a tuberculous abscess of the lung were due to the

complicating action of the staphylococcus pyogenes aureus; both
organisms were present in masses.

Ulceration.—Ulceration of tuberculous lesions is common in

all situations when they adjoin a surface or originate there. As
the lesion develops and the necrosis extends the protecting cover-

ing cells of the surface are destroyed and the necrotic material

is thereby exposed to the macerating effect of fluids and, in many
instances, to invasion by a variety of organisms. Such ulcerations

are most common in the intestine, the urinary bladder, and the
trachea and bronchi. When they occur in a blood-vessel, as, for

example, in the wall of the aorta, they may result in the formation

of a tuberculous aneurysm from which many tubercle bacilli may
be discharged into the circulation and thus cause acute generalized

miliary tuberculosis.

Regeneration of Fibroblasts.—In chronic tuberculous lesions,

regeneration of connective-tissue cells is constantly going on as a
result of destruction of fibroblasts. As soon as necrosis begins in a
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miliary tubercle the surrounding fibroblasts begin to proliferate,

provided the tuberculous process does not extend so rapidly as to

destroy them. The new-formed connective-tissue cells grow in

between the endothelial leukocytes at the periphery of the tubercle

and gradually invade and replace the necrotic tissue. The endo-

thelial leukocytes disappear and the bacilli are apparently de-

stroyed. In many instances, for example in the liver and in lymph-
nodes, this process results in complete repair of the lesion which is

replaced by dense fibrous, usually hyaline, connective tissue.

In chronic lesions a similar process is going on all the time; in

some places it is successful; in others it is not. There is another

cause, however, in chronic tuberculous lesions which often results

in a more active proliferation of fibroblasts and that is fibrin.

Organization of Fibrin.—Much fibrin is usually formed as a

result of the inflammatory reaction to the tubercle bacillus when
situated outside of blood-vessels. It is often evident even in

miliary tubercles where occasionally it may be so abundant as to

form a hyaline reticulum similar to that seen in a diphtheritic

membrane. It is especially abundant in lesions involving, for

example, the pleural and pericardial cavities, the lungs, the

meninges, the lymph sinuses of lymph-nodes. Wherever it ap-

pears fibrin stimulates organization by blood-vessel endothelium
and by fibroblasts, or by fibroblasts alone.

Organization of the fibrin formed in tuberculous lesions differs

from that occurring elsewhere only in the peculiarity that wherever

a tubercle bacillus is caught and retained in the advancing granula-

tion tissue it becomes the focus of a new tuberculous lesion. This

is well known in the case of tuberculous pleuritis and pericarditis,

but not so generally recognized in the case of tuberculous pneumo-
nia and some other lesions. Much of the dense fibrous tissue formed
in the lungs in tuberculosis is the result of the organization of fibrin.

In consequence of regeneration of connective tissue and of

organization of necrotic material and especially of fibrin, much
fibrous tissue is in time formed as the result of tuberculous

,

lesions, especially in the lungs.

Perhaps the reason so little connective tissue is formed in con-

nection with tuberculous ulcers of the intestine and of some other

locations is that, owing to maceration and sloughing off of the

necrotic material and of any fibrin formed, there is little stimula-

tion of the fibroblasts to prohferate.

So far the lesions produced by the tubercle bacillus have been
described almost entirely from the general point of view. Fully

to appreciate them, however, it is necessary to describe the lesions

briefly as they affect the more important organs and tissues of the

body.
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Two or three preliminary statements are perhaps necessary.

Acute Miliary Tuberculosis.—Acute generalized miliary tu-

berculosis is due to the sudden or continuous discharge of many
tubercle bacilli into the circulation. It usually happens from one

of the following causes

:

1. Softening and rupture of a tuberculous thrombus in a blood-

vessel
;

2. Softening of a tuberculous lesion with rupture into a blood-

vessel;

3. Tuberculous ulcer or aneurysm of the aorta or other blood-

vessel
;

4. Tuberculosis of the thoracic duct.

If there is a single active iocus of tuberculosis anywhere in the

body, bacilli are likely to be carried occasionally from it into the

circulation by endothelial leukocytes and they may then give

rise to miliary tubercles elsewhere in the body. The bacilli

are most apt to lodge in the liver or spleen.

A single bacillus carried to the meninges, to the peritoneal

or other mesothelial cavity, or to a lymph-node may result in

miliary tuberculosis in those situations owing to rapid multiplica-

tion and distribution of the organisms.

Chronic Tuberculosis.—The character and extent of the chronic

lesions produced by the tubercle bacillus depend largely on the

location of the primary lesions. They are simplest when the

tissue surrounding them is compact and lacking in large blood- and

lymph-vessels and in cavities lined with epithelium; they are most
complex when all these anatomic structures are present. For

this reason the solitary tubercle of the brain represents the simplest

type of chronic lesion, tuberculosis of the lungs perhaps the most
complex type.

A single tuberculous lung may show miliary tubercles arising

from bacilli distributed through blood- and lymph-vessels; miliary

tuberculous pneumonia; extensive caseous pneumonia; softening

, and cavity-formation; calcification; regeneration of connective

tissue; organization of fibrinous exudate with reinfection with the

tubercle bacillus; tuberculous-thrombus formation in one or more
blood-vessels; ulceration of bronchi.

Liver.—Infection occurs almost invariably through the blood,

usually through the hepatic artery, less often through the portal

vein. Infection by direct extension or through lymphatics is very

rare.

The following types of lesion are recognized.

1. Acute Miliary Tuberculosis.—The lesions may be located

in any part of the lobule, but are commonest in the neighborhood
of the portal vessels.
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An occasional miliary tubercle is likely to be found in the liver

if any active tuberculous lesion exists in the body. The liver acts

as a filter and catches and retains them. Miliary tubercles of the

hver tend to remain quiescent after reaching a certain size. They
become encapsulated and heal. The development of the miliary

tubercle in the liver has already been described. Giant-cells are

usually prominent, but sometimes rare or absent.

2. Bile Duct Tuberculosis.—Rarely the tubercle bacillus invades

the periportal connective tissue and produces a diffuse inflamma-

tory reaction, consisting chiefly of endothelial leukocytes. Giant-

cells are sometimes formed. This diffuse process may become
chronic, undergo caseation, involve the bile ducts, and lead to

escape of bile which colors the caseous material.

Fig. 117.—Tubercle bacilli in miliary tubercle of spleen. M.

3. Solitary Tubercle.—This lesion is uncommon but has been
described. It must be carefully differentiated from gumma by
demonstrating the presence of the tubercle bacillus in the lesion.

Spleen.—Infection occurs through the blood.

1. Acute Miliary Tuberculosis.—It is a common lesion and
occurs whenever there is generalized miliary tuberculosis.

2. Miliary Thrombi of Endothelial Leukocytes.—Occasionally

the terminal veins are distended by endothelial leukocytes at-

tracted by the tubercle bacilli. This lesion closely resembles that

which occurs in the spleen in typhoid fever. It has already been
described.

3. Conglomerate Tubercles.—They are usually small, and often
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calcified, but on occasion the spleen is much enlarged and shot

through with conglomerate tubercles of all sizes.

Lymph-node.—The Ijonph-nodes most commonly infected are

the cervical, peribronchial, and mesenteric.

Infection usually takes place through the lymphatics, rarely

through the blood. The tubercle bacilli may be distributed quite

rapidly and evenly throughout the node by the ameboid action of

the endothelial leukocytes carrying them, in the same way that

carbon is carried to the node and distributed. The organisms

transported into the pulp give rise to miliary tubercles; those

which remain in the sinuses cause an accumulation of endothelial

leukocytes which fill and distend the vessels for a certain distance.

In addition to the leukocytes,' lymphocytes, serum and fibrin in

varying proportions are usually present. A lesion in the pulp

may extend to a sinus and infect it, or the reverse may occur.

Both types of lesions are commonly found if the tuberculous proc-

ess is not too far advanced. At a later stage the two types

are generally more or less combined and fused. An early exten-

sive tuberculous lesion in the lymph sinuses may closely resemble

that occurring in typhoid infection.

The miUary lesions gradually spread, and if multiple, fuse,

so that in time the entire node may be transformed into a caseous

mass with all its landmarks destroyed. It is limited peripherally

by a fibrous capsule, just inside of which endothehal leukocytes

and giant-cells are commonly present to some extent and indicate

the nature of the pathologic process.

Softening and calcification are two processes which caseous

lymph-nodes not infrequently undergo.

These acute and chronic lesions are those ordinarily found.

Two other types, however, occasionally occur.

Sometimes the reaction in a lymph-node is very slow. The
cells and leukocytes are dissolved and removed as fast as they
undergo necrosis, so that no caseation is evident and no giant-

cells are formed. The fibroblasts regenerate more or less actively.

As a result the entire node is replaced by focal areas of endothehal

leukocytes and fibroblasts which suggest miliary tubercles some-
what by their arrangement. The organisms are so few that it

usually requires animal inoculation to demonstrate the nature of

the lesion.

Still more rarely each miliary tubercle as formed is rapidly

replaced by active regeneration of fibroblasts, so that it is trans-

formed into a miliary mass of fibrous tissue which in time often

becomes hyaline in appearance.

Lungs.—Infection may occur through the blood, the respira-

tory tract, and possibly the lymphatics.
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It is simplest to divide the lesions first into two groups, acute

and chronic.

1. Acute Miliary Tuberculosis.—The tubercle bacilli reach the

lung through the blood-vessels. Mihary tubercles may develop

in the walls of the alveoU and remain confined to them. Fre-

quently, however, in adults and always in children, the bacilli

reach the alveoU on each side of the alveolar wall and produce what

anatomically is a miliary tuberculous pneumonia. This has

already been described under the miliary lesions.

2. Chronic Tuberculosis.—The first lesion may arise from a

bacillus brought by the blood or through the air passages; per-

haps occasionally through the l3Tnphatic system. As the lesion

enlarges and spreads it is almost sure to involve all three of these

tracts and to extend along all of them. It is likely to extend

quickest and most extensively through the alveoli and bronchi

setting up numerous other foci of infection; the lymphatics are

more often involved than the blood-vessels.

The gross pictures presented by chronic tuberculosis of the

lungs vary greatly. They are built up out of the following ele-

mentary lesions and processes which have already been to some
extent described.

1. Miliary Tubercles.—They are constantly developing wher-

ever bacilli are carried from the existing lesions. The miliary

lesions in chronic tuberculosis arise chiefly from bacilli carried

along the lymphatics, but also from organisms distributed through

the alveoli and bronchi and carried into the walls by endothelial

leukocytes. Possibly a few bacilli are carried through the blood-

vessels.

From the miliary tubercles develop conglomerate tubercles

which may reach a considerable size.

Necrosis regularly occurs when the tubercles reach a certain

size. Calcification of the necrotic material sometimes takes place.

2. Tuberculous Pneumonia.—The lesions may be miliary in

size or very extensive. The miliary lesions are due to single

bacilh distributed here and there, chiefly through the air cavities.

The extensive areas are usually due to numerous bacilli being

discharged into a bronchus from an old tuberculous cavity in the

lung.

Many miliary and conglomerate tubercles are surrounded by
a tuberculous exudate in the alveoli.

When the baciUi are few and the fibrin in the exudate abundant

in tuberculous pneumonia organization frequently takes place.

More often, however, the exudate and the alveolar walls gradually

undergo necrosis. It is to this picture, when at all extensive, that

the term caseous pneumonia is applied.
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Sometimes the process is limited almost entirely to the bronchi

"which become occluded by caseous material.

Many apparently miUary and conglomerate tubercles are really

a combination of tuberculous pneumonia, organization of fibrin,

and tubercle formation.

3. Softening; Abscess Formation; Cavity Formation.—Softening

of tuberculous lesions is fairly common in the lung. Sometimes
it is due to invasion of the necrotic material by pus producing

organisms, but this does not appear to be the rule. The softened

area or abscess may discharge into a bronchus and give rise to ex-

tensive caseous pneumonia, or into a blood-vessel and cause acute

generalized miliary tuberculosis.

In other instances the discharged material is mostly coughed

up. Large blood-vessels and bronchi often persist as trabeculse

in the cavities thus formed. If a blood-vessel is eroded, more or

less extensive and even fatal hemorrhage may occur.

4. Regeneration of connective tissue is usually in evidence

around miliary and conglomerate tubercles and may become quite

abundant, especially when these lesions cease to progress and the

necrotic material becomes organized. Much of the coimective

tissue, however, perhaps the greater part of it, is due to organiza-

tion of the fibrin produced as a result of the inflammatory exudate

into the air-sacs. From both these causes, extensive fibrosis is

sometimes produced in very chronic tuberculosis of the lungs,

and by contracting leads to shrinkage of the lung and to deformity

of the chest.

5. Tuberculous lymphangitis in the peribronchial lymphatics is

not uncommon. The exudate gradually undergoes caseation in

the same maimer as the exudate in the air-sacs.

6. Fibrin thrombi occasionally form in the pulmonary vessels

and may partially to completely occlude them. They usually

form when a tuberculous lesion adjoins and invades a vessel.

Tubercle bacilli sometimes grow luxuriantly in these thrombi

and subsequent softening and rupture of the mass may discharge

great numbers of tubercle bacilli into the circulation and give rise

to acute generalized miliary tuberculosis.

7. Tuberculous ulcerations of the bronchi sometimes occur and
may be fairly extensive.

8. Secondary infections especially with the streptococcus pyo-
genes and the staphylococcus pyogenes aureus are not infrequent;

they necessarily complicate and may even obscure the tuberculous

process.
BACILLUS LEPRS:

Introduction.—The leprosy bacillus causes a variety of lesions

vrhich since ancient times have all been grouped together under
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the general term leprosy. The lesions develop slowly and tend to

persist indefinitely. They may affect any part of the body, but

occur most commonly in the skin of the face and extremities and
in the nasal mucous membrane. They are disfiguring in character

and often produce marked deformity. Largely on this accoimt,

because the lesions a'ffect the most conspicuous parts of the body,

infection with the leprosy bacillus is universally feared and dreaded;

yet long experience has demonstrated that the disease is very

slightly contagious.

The lesions of leprosy tend, to progress steadily like those of

tuberculosis. There never occurs any general immunity as in

tjrphoid fever or any local immunity as in sj^hilis.

Clinically two types of the disease are recognized, the nodular

and the anaesthetic. This is an artificial distinction depending on
whether the nerves are involved or not. The two types often co-

exist.

Micro-organism.—The leprosy bacillus with its characteristic

morphology and staining reaction, in both of which it closely

resembles the tubercle bacillus, is usually easily demonstrable

in the lesions produced by it. It may be overlooked, however,

owing to the readiness with which the stain is extracted from the

organisms in dehydrating and clearing the sections. The lesion

itself is fortunately, as a rule, fairly characteristic.

From the pathologic point of view the leprosy bacillus is a very

innocuous parasite which grows fairly slowly and must be present

in large numbers in order to produce any noticeable reaction and
macroscopic lesion. The micro-organisms do not occur free in the

tissues, but are almost invariably contained within cells, chiefly

within endotheUal leukocytes, much less commonly within epi-

thelial cells, and only occasionally inside of polymorphonuclear

leukocytes. They are present in these cells, especially in the

endothelial leukocytes, usually in large numbers, from dozens to

hundreds. This is particularly true of the leukocytes in the more
acute lesions. But in old lesions when the endothelial leukocytes

are often large and vacuolated, the bacilli may be few in number,
lying in the cytoplasm between the vacuoles.

In the more acute lesions the bacilli may be diffusely scattered

in the cytoplasm of the endothelial leukocytes, but more often

they are grouped in clumps in soUd rounded and elongated masses

of which one to several or many may occur in a single leukocyte.

Toxin.—The toxins produced by the leprosy bacillus are ex-

ceedingly mild. Possibly they consist only of the fat produced

within the body of the organism. This fat may be readily demon-
strated by staining with Scharlach R, or with osmic acid. After

the latter stain the separate bacilli can be readily seen under the
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oil immersion. No matter how many bacilli are present in a cell,

and they often number hundreds, they never cause necrosis of that

cell. Death of the cells results only secondarily from obliteration

of blood-vessels and consequent cutting off of nutrition.

No secondary lesions are produced in the kidneys or in any
other organs by elimination of any toxin derived from the organ-

isms.

Injury.—No direct injury to the tissues due to a toxin derived

from the leprosy bacillus is demonstrable. The injury occasioned

is secondary in origin, due to the inflammatory exudation.

Reaction.—The reaction to the leprosy bacillus is of the mildest

type; it consists only of an accumulation of endothelial leukoc3^es

il^
Hi^

Fig. 118.—Leprosy nodule of skin. Bacilli within endothelial leukocytes. M.

without other evidence of inflammatory exudation. The leuko-

cytes collect together practically only so fast as they are needed

to contain the leprosy bacilli. Apparently there is little or no need

of them to counteract any diffusible toxin as in the lesions of

typhoid fever and of tuberculosis.

The endothelial leukocytes containing bacilU gradually in-

filtrate the normal tissues in great numbers and distend them. In

this way they lead to nodule formation. The leukocytes are de-

rived partly by emigration from the vessels, partly by mitosis of

the newly emigrated leukocytes. In recent lesions mitotic figures

are not infrequent, but apparently they never occur in leukocytes

containing bacilli.

From any focus of infection endothehal leukocjd;es containing
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leprosy bacilli gradually spread and infiltrate the surrounding

tissues, such as fat and muscle-tissues, nerves, and walls of blood-

vessels. They cause atrophy of the more highly chfferentiated

cells as a result of the pressure exerted, and a moderate amount of

proliferative activity on the part of fibroblasts. As a result
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Fig. 119.—Leprosy bacilli, a, In polymorphonuclear leukocytes; h

and c, in endothelial leukocytes; d and e, in giant-cells formed from endothelial
leukocytes; /, in endothelial leukocytes containing vacuoles; g, in endothelial

cells Hning a capillary.

smooth and striated muscle-cells, fat-cells, and nerve-fibers dis-

appear, and connective tissue increases moderately in amount.
The whole process is so slow that visible necrosis of cells as a result

of the infiltration mth the endothelial leukocytes, such as com-
monly occurs in tuberculosis, is not evident. On the other hand.
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the infiltration of the walls of blood-vessels, especially of arteries,

leads to their thickening, often to a marked degree, and to the
occlusion of the lumen, so that in this manner necrosis of tissue

may occur. In this way retrogressive changes in the nodular
lesions arise, and probably the gradual destruction and loss of the
smaller extremities.

The endothelial leukocyte undergoes considerable change as

the result of the multiplication of leprosy bacilli ^vithin its cyto-

plasm. It gradually enlarges, sometimes to a verj^ great size.

Occasionally the leukocytes contain two or more nuclei and rarely

they form giant-cells similar to those in tuberculosis. The bacilli

usually occur in the cj'toplasm in masses probablj^ as the product of

centers of proliferation. As the cells get older many of the bacilli

die and they and their fat pro-

ducts are gradually digested and
removed. As a result the leuko-

cytes in time liecome vacuolated

and many contain several small "'^^-'^ ;#-^.

or one or more large vacuoles.
. ®l^ '

rS^^n
Within these vacuoles fat derived

from the organisms may be ^ -.: ^^ ^^
present. ^':j<?v^~': '

T- ;|The leprosj^ bacilli may in -'-y ' "•- " 't-

time become verv few in number " j**^*;^;. -..V^

and lie scattered in the C5do- '"^^''*''*'i.'5:'.f

plasm between the vacuoles. "^.1^''

These large vacuolated endo-

thelial leukocytes are especially

characteristic of leprosy. When ,^,1 conta^imn^ a'^'^pKmlate/'lmly
ihey are present in fat-tissue and also numerous leprosy Ijacilli.

they sometimes closely resemble

young developing fat-cells. In the liver and spleen and in Ijaiiph-

nodes these vacuolated cells form a very characteristic picture.

The leprosj^ bacillus does not lead to the emigration of the

polymorphonuclear leukocjd;es. On the other hand, if necrosis

occurs from occlusion of blood-vessels, or if through mechanical

injury or secondarj^ infection, poljTuorphonuclear leukocj-tes are

attracted into tissue containing leprosy bacilli, the latter maj^ be

taken up to some extent by these leukocytes, but such inclusion is

not of frecpent occurrence.

Leprosy bacilli not infrequently infect the endothelial cells

lining blood-vessels, especially those in the larger capillaries and
in arteries. They may occur in masses in separate cells here and
there, but more usually all the cells OA'er a given stretch are

affected. This infection of the endothelial cells lining blood-
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vessels leads to no proliferative or exudative reaction. On the

other hand it is, of course, a common source of infection of the

wall of the blood-vessel and of the surrouncUng tissues.

Leprosy bacilh also infect epithelial cells. They are found

most often in the epithelium lining the coil glands which are of

necessity so often involved in the leprosy lesions of the skin. The

Fig. 121.—Leprosy bacilli, a, In epithelial cells of epidermis; b, in epi-

thelial cells lining coil gland; c, in lumen of coil gland; d, fat-droplets in epi-

thehal cells of coil gland.

bacilli occur in small clumps, and do not load to marked enlarge-

ment of the cells as in the case of the endothelial leukocjd-es.

The bacilli are easilj^ distinguished from the larger, round masses

of hyaline, perhaps fatty, material which occurs in the epithelial

cells of the coil glands and stains differentially, like the tubercle

bacillus. The leprosy bacilli may be found not only in the deeper

portions of the coil gland, but also in the part running through the
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epidermis and even in the cornified layer on the outer surface.

Occasionally the bacilli lie free within the lumen of a coil gland and
may be present there in such large numbers as to dilate it con-

siderably. A patient thus affected is capable of "sweating"
leprosy bacilli.

The leprosy bacillus is sometimes present in considerable

numbers in the epithelial cells of the epidermis. This occurs most
commonly by extension of the infection from the epithelial cells

in the coil glands at the points where they pass through the epi-

dermis. Sometimes all the epithelial cells over a given area will

be filled with the bacilli which give rise to no reaction of any sort

around them.

Very rarely the epidermis of a hair folUcle is invaded by the

leprosy bacillus which, by growth and extension of the hair shaft,

may reach the surface of the body in the same way that it does

through the coil glands.

The leprosy bacillus probably spreads from one cell to another

by direct extension, growing out of one cell and into another or

being incorporated by the latter. This view is especially favored

by the location and spread of the organism in contiguous epithehal

and endothelial cells. The same method of extension probably

holds good for the endothelial leukocytes. Certainly, there is no
evidence in the ordinary uncomplicated lesions that the organisms

are set free by necrosis of cells containing them so that other cells

can take them up.

Cells of the lymphocyte series frequently infiltrate and sur-

round the more acute leprosy lesions. They are probably at-

tracted, not by any toxin from the leprosy bacilli, but by products

set free by the atrophy and disintegration of the morq highly

differentiated tissue-cells.

ACTINOMYCES

The actinomyces produces progressive lesions of a chronic

type, which are all included under the term actinomycosis. In-

fection with the organism is common in cattle in whom the disease

is known as lump jaw; it is comparatively rare in man. Infec-

tion occurs most frequently by way of the gastro-intestinal tract,

particularly in the mouth where the opportunities for invasion

are greatest, but it sometimes starts in the lungs, or in the skin.

In the mouth, and especially about the lower jaw, the lesions begin

as hard nodules which soften and rupture so that discharging

sinuses are formed. In the lung the actinomj'ces produces lobular

pneumonia and abscesses from which cavities may arise. Here
the process may strongly suggest tuberculosis. The lesions of the
lungs show a marked tendency to involve adjoining structures by

14
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direct extension, for example, the liver and particularly the ribs

and vertebrte.

The organism occasionally obtains entrance to the circulation

and produces multiple abscesses in various parts of the body, such

as the skin, muscles, kidneys and brain.

Infection occurs, not by transference from an infected case,

but through the agency of grain and hay on which the organism

seems to occur normallj''.

Histologically the actinomyces usually forms a conspicuous

and characteristic feature in the lesions which it produces, and has

perhaps naturally attracted more attention than the inflammatory

reaction caused by it.

Micro-organism.—The actinomyces appc>ars in the lesions to

which it gives rise as branching filaments, as bacilli, sometimes in

still shorter forms resembling cocci. Still more characteristically,

t'

"ry
Fig. 122.—Actinoniycetcs growing diffusely in exudation.

it often appears in the form of small and large colonies frequently

surrounded by a striated hyaline zone, the separate elements of

which are spoken of as clubs. In human beings the resistance to

the growth of the micro-organism is active Ijut not very effective;

the para.site, therefore, multiplies rapidlj- and numerous filaments

occurring singly, in loose tangles, and in colonies, are often aljun-

dant. The hyaline clubs are usually rare and often entirely

wanting. They probably represent a iDrotective secretion of the

marginal filaments.

The colonies are readily visi])le to the naked eye as gra^fish

or graAdsh-white granules.

In cattle the growth of the organism is usually less active and

more chronic, and the actinomycetes api^ear for the most part

as colonies surrounded by a well developed layer of clubs.

The organisms extend from the original focus partly by direct
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Fig. 123.—At'tinomj'cosi!:;. a, Edge of colony showing filaments and clubs.
6, small colony showing filaments within clubs.
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growth, partly by being transferred by leukocytes which have
incorporated them. Sometimes a lesion extends into a blo(Kl-

vessel; in this way the organisms may be distributed all over the

body.

The actinomyces colonies measure up to one and even two
millimeters in diameter. The fully developed ones usually form
somewhat flattened ovoid masses with an opening on one side

communicating with the interior. They show up well even in

sections stained -ndth hematoxylin and eosin, but are made to

stand out most strikingly by a deep eosin stain followed by the

Gram-Weigcrt methyl-violet method.
Toxin, Injury and Reaction.—The organism produces a toxin

of considerable strength so that more or less extensive necrosis is

always produced. The
exudate consists chiefly

of serum and poly-

morphonuclear leuko-

cytes. When the
growth of the organism

is less active endothelial

leukocytes maybe more
or less numerous.
R a r e 1 y foreign body
giant-cells are formed.

The alDscesses resemljle

those caused by the

staphylococcus aureus

and other pus organ-

isms, but are not so

ra]5idly formed.

Repair.— The re-

parative activity
around the lesions of

actinomycosis, particularly when they are at all chronic, is usually
strikingly characteristic. The separate colonies or groups of colo-

nies are surrounded by granulation tissue and outside of this

there is often much fibrous tissue.

It is not easy to determine just how the organisms spread from
such encapsulated lesions, but it is prolmbly in two ways: by
direct invasion of the capsule in places so that necrosis and soften-

ing are produced and further extension rendered possible, and
possibly by organisms being carried to other parts by endothelial
leukocytes in which they are often found.

In cattle, in which the growth of the organism is usually much
less active, the lesion is characterized by the production of masses

Fig. 124.—Actinomycosis bovis. Colony
with clubs surrounded Ijy polymorphonuclear
and endothelial leukocytes.
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of fibrous tissue in which are minute softened areas containing the

colonies of the organism, surrounded by a broad zone of clubs.

The inflammatory reaction is composed of a few pol3Tnorpho-

nuclear and often also of endothelial leukocytes. Sometimes it

consists of the latter leukocytes alone. Occasionally single clubs

or small clumps of clubs can be found within endothelial leukocytes.

Diagnosis.—-The gross lesion produced by the actinomyces is

often more or less characteristic, but the diagnosis is made by
finding the colonies in the pus from the abscesses or sinuses.

They should be sought and identified microscopically both fresh

on a slide with a cover-slip dropped gently on the material, and also

in fixed preparations stained by Gram's method.

Special Pathology.—In the gastro-intestinal tract, but par-

ticularly in the mouth and intestine, the lesions appear for the most
part as chronic suppurating sinuses lined with granulation tissue

and with much fibrous tissue outside of them. The lesions exhibit

a strong tendency to spread.

In the lungs the organisms are readily distributed through the

bronchi. They produce lobular pneumonia and also abscesses

from which cavities arise. Frequently much fibrin is formed in

the exudation and may undergo organization; so that considerable

fibrous tissue may arise in this way.

In the liver the infection may spread rapidly causing extensive

necrosis and a diffuse suppurative process, or slowly so that much
fibrous tissue is formed in which are numerous large and small

pockets of pus.

Infection of bone causes a chronic inflammatory process. The
cells of the connective tissue produced from the osteal cells as a

result of repair tend to differentiate into bone cells; as a result the

lesions tend to exhibit the production of much bone.

In the other organs, kidneys, brain, muscle, etc., the lesions

usually take the form of abscesses of comparatively slow formation,

so-called cold abscesses.

TREPONEMA PALLIDUM

Introduction.^The treponema paUidum is the cause of various

lesions which are all included under the term sj^hilis. Infection

with it may be acquired or congenital.

In acquired syphilis infection takes place almost invariably on
a cutaneous or mucous surface and leads to the formation of a
primary lesion. Later, the micro-organism, hke many other

infectious agents, gives rise to a septicemia and causes multiple

usually slight lesions which are most evident in the skin and visible

mucous membranes. These lesions may soon disappear, or per-

sist for a long time, or develop into larger lesions. Still other
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lesions may develop anywhere in the body in the succeeding months
and years.

Syphihs is peculiar in several ways. The lesions develop very
slowly. Under natural conditions a septicemia apparently always
follows the primary lesion. The lesions, unlike those due to the

tubercle bacillus and many other infectious agents, do not tend to

spread indefinitely. After a variable length of time they retrogress

and undergo repair, although new lesions may start up in other

locations. Evidently both local and general acquired immunity
plays an active part in limiting the growth of the organisms and the

development of the lesions.

For the sake of convenience three stages in the development of

the lesions in acquired syphilis have long been recognized clinically.

The first includes the development of the primary lesion; the

second the lesions immediately following the septicemia; the third

all the later lesions due to the immediate presence of the treponema
pallidum, whether they develop out of the secondary lesions or

arise independently after them.

It is difficult to determine how soon the septicemia takes place.

We know, however, that the treponema spreads very early from the

site of primary infection through the lymph-vessels to the adjoining

lymph-nodes. Moreover experiments have shown that excision

of infected skin a few hours after inoculation will not prevent the

development of the disease. Judging from the length of time

elapsing between the infection and the first appearance of the

primary lesion, a general septicemia exists at least three to four

weeks before the secondary lesions appear.

Acquired Syphilis.

—

Primary Stage.—The early course of the

infection in acquired syphihs is much alike in all cases. There is a
primary lesion which is often multiple and which, in about ninety

to ninety-two per cent of the cases, starts on the genitals, in the

other eight to ten per cent on the tonsils, lips, tongue, skin, etc.

The primary lesion, known chnically also as chancre or hard
chancre, develops slowly at the site of infection. It starts as a

papule which becomes evident at about the twenty-first to twenty-
eighth day after the date of infection, and which quickly or from
the beginning exhibits erosion of its surface. The underlying

tissue becomes thickened and indurated. At the same time the

regional lymph-nodes enlarge considerably and become distinctly

harder.

The first stage of syphilitic infection usually lasts until about
six weeks after the time the primary lesion first appeared.

Secondary Stage.—This begins with the development of the

multiple cutaneous lesions as the result of the general systemic

infection with the treponema pallidum. It usually occurs at about
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the forty-second clay after the first appearance of the primary

lesion, but often later. Various lesions generally but not always

manifest themselves; a variety of cutaneous lesions called syphi-

hdes (macular, papular, pustular, squamousj ; mucous patches,

condylomas, iritis. Lesions of a similar inflammator}- nature

probably occur in the internal organs and tissues, Imt are not witliin

reach of observation.

The duration of the second stage is varialjle, from weeks to

months.

Tertiary Stage.—All the later manifestations of infection with

the treponcma pallidum are included in the tertiary stage which

has no limit of time but lasts till the patient dies. They may

* A^ 5s, J ^
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Fig. 12.5.—Syphilis, consenital. Liver. Treponcmata pallida between the

li-\'er cells and around the sinusoids.

occur in the skin as the so-called later syphilides and in the various

organs and tissues {liver, testicles, muscle, brain and meninges,

liones) as diffuse and focal inflammatory processes. Infection of

the blood-vessels, chiefly the arteries, causes thickening of their

walls and frecjuently leads to partial or complete occlusion of the

lumen. When more or le.ss extensive necrosis is present, chiefly

or entirely as the result of oliliteration of blood-vessels, the lesion

is called a gumma.
Syphilis is very commonly complicated by am^doid formation

in various organs.

Congenital Syphilis.—In congenital sj-philis infection occurs
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in utero. No primary external le.sion iw formed. Tire disease

may be said to start at tlie secondary stage. All the various lesions

which develop in accjuired syphilis may be duplicated in congenital

syphilis with the exception of the primary sore or chancre. As
a rule, however, the lesions are of a milder type and more ex-

tensively distributed. The inflammatory reaction is usually

slight and gummas are of rare occurrence. {3n the other hand,

abundant production of connectiA^e tissue as the result of regener-

ative proliferation of fibroblasts is a usual and prominent feature

in various organs, but especially so in the liver. Occasionally the

reaction is more or less intense and all the secondary and tertiary

lesions of acquired syjihilis may be present in the congenital form.

Fiiz 120.—Syphilis, congenital. Heart. Treponemata pallida present in.

large numbers in nerve and its sheath.

Micro-organism.—The treponema pallidum is a very delicate,

cork-screw-like micro-organism vnih one or more cilia at each end.

It is stained faintly in cover-slip preparations by Giemsa's and
Wright's methods. For demonstrating it in sections only Leva-
cUti's method is at present available. The method is unsatis-

factory for two reasons: it deposits a precipitate on the surface

of the organisms making them appear larger than they really are;

and it is very unreliable, often failing to stain the trejionemas even
when they are present in large numbers. It also renders necessary

for the study of syphilitic lesions a parallel series of sections; one
set stained for organisms, the other for cell changes.
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The treponoma pallidum is often j^resent in enormous numbers
in the lesions which it produces, in primary lesions, mucous
patches, condylomas and especially in the liver and other organs

in congenital syphilis. At other times it is very chfficult to find

any at all. This absence of organisms may lie due to the accjui-

sition of local immunity or to antisyphilitic treatment.

Location of Treponema Pallidum.—The treponema is found

chiefly in two situations, between the epithelial cells of the epi-

dermis, and most often and aliundantly iir connective tissue where-

ever it occurs, as subcutaneously, in various organs and tissues, and
in blood-vessels and nerves. It lies in the minute lymph-spaces

between the cells and the various filirils, and especially between

the collagen fibrils. When it is found in the lumina of blood-

vessels, bile-ducts, etc., and in epithelial cells it has probably

Fig. r: -Sypliili.s, congenital. Heart. Treponemata pallida in conneetive
tissue and Ijetween musole-fihers.

invaded them postmortem as the organisms are very actively

motile. The organism sometimes occurs within giant-cells and
may possibly lie taken up by endothelial leukocytes.

Toxin.—The treponema pallidum jsroduces a very mild toxin

which is locally diffusible and is absorbed along the lymph-spaces

and vessels. Apparently it recjuires numerous organisms and some
time (days to weeks) to produce enough toxin to injure the fixed

tissue-cells and to attract leukocyties.

Injury.—It is important in studying the lesions produced in

s}'philis to tlistinguish between the primary injury due to the
chrect action of the toxin and that secondary to obstruction of

blood-vessels. The primary injury is difficult to demonstrate.

The organisms may be present in large numbers ^n-ithout evidence

of injury or reaction around them. In time, however, the epi-

dermis over a chancre or a mucous patch disappears, evidently as
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the result of necrosis slowly produced. In like manner in con-

nective tissue the fibroblasts gradually begin to proliferate (re-

generate) to replace those adjoining fil)roblasts which have been

destroyed. The cells have been killed slowly and diffusely here

and there, not in large visible areas. Hence the regeneration is

diffuse. In like manner fat-cells and smooth and striated muscle-

cells may be gradually destroyed.

In the late lesions of sj^Dhilis necrosis is common and often

extensive. It is due largely, perhaps entirely, to obstruction of

blood-vessels and cutting off of the blood supply.

Fig. 12S.- -Sj'philis. Primary lesion. Tissue infiltrated -n-ith numerous
endothelial leukocytes; one of them is in mitosis.

Reaction.—The inflammatory reaction in syphilis takes place

slowly. It consists of serum, endothelial and polymorphonuclear

leukocj'tes, of lymphocytes and occasionally of cosinophiles. The
numl^ers in which the cellular elements are present and the pro-

portioir in which they are combined vary greatly. Polymorpho-

nuclear leukocytes maj^ Ijc entirely absent, or l^e present more

numerously than any other cell of exudative origin. Lymphocytes,

often in the form known as plasma cells, may be aljundant or few.

Mitosis of endothelial leukocytes, fibroblasts and lymphocytes is

fairly frequent.
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It is difficult to determine liow much of the reaction is due to the

treponema pallidum and its toxin and how much is due to the ne-

crotic cells and the injurious products derived from them, but the

latter elements certainly play an important part. Thus endothe-

lial leukocytes often accumulate in large numbers around arteries,

especially when the smooth muscle-cells are undergoing necrosis,

and also around fat-cells when they have been destroj'ed. Fat
and its products attract them strongly.

h

Fig. 129.—Syphilis, acquired. Prinuiry lesion. Treponcmata pallida in (a)
connective tissue anil (6) giant-cells.

Giant-cells occur rarely in chancres, frequently in gummas.
They are probably all of the foreign body giant-cell type, due to
fusion of endothelial leukocytes. The inclusions which they are
attempting to digest vary; elastic or collagen fibrils; masses of

fibrin; most often fat and its products. They may also form
under certain conditions within blood-vessels, apparently around
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treponemas, and in this location possibly from endothelial cells

instead of leukocytes.

The inflammatory reaction in the (hfferent lesions due to the

trejjonema pallidum is essentially the same although the gross and
clinical manifestations vary greatly.

Repair.—The lesions due to the treponema pallidum, unlike

those caused by the tubercle bacillus and many other infectious

agents, tend in time to heal instead of spreading indefinitely, be-

cause the organisms, after a varying length of time, die out locally,

apparently as the residt of accpiired immunity in the affected area.

''^ J^

v^ iX

V

i'^iZ

if^ K^

Fig. 130.—Sypliilis. Primary lesion. Trcponeinata pallida in epidermis. M.

The local immunity is, perhaps, due to substances produced by the

leukocytes attracted around the organisms.

The development of syphilitic lesions may also be stopped at

any moment by appropriate treatment.

Repair of the simple lesions, those in \A-hich no extensive necrosis

has occurred, takes place by destruction of the treponemas, gradual

chsappearance of the leukocytes and diminution in the number of

fibroblasts with contraction of the collagen fibrils. The lympho-
cytes persist longest in and around the affected area. The ulcer-
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atecl surface of a chancre heals in the same way as an orcliiiar,y sur-

face wound, by the formation of granuhition tissue which is

gradually covered over with epidermis. AVhere extensive necrosis

has occurred as in gummas, the necrotic tissue is slowly dissolved

and absorbed by the action of leukocytes and an ingrowth of

granulation tissue. In time its place is taken by scar tissue. The
most extensive scars resulting in this way are, perhaps, found in

the liver which may be deeply clefted and extensively lobed as the

result of necrosis followed by repair.

Fig. 131.—Syphilis. Primary lesion. ^\'all of blood-vessel infiltrated vrith

many endothelial leukocytes; mito.sis of one of them (diaster).

Pathologic Histology.—I'riniary Lesion, Chancre, Hard Chancre.

—The primary lesion of sj'philis starts on an epithelial surface.

It is the first lesion producecl by the treponema pallidum just as a

furuncle often is with the stajjliylococcus aureus, the malignant

pustule with the anthrax liacillus, etc. The treponema almost

always infects the epidermis first and multiplies there l^etween the

cells and then, later, invades the lymph-spaces and vessels of the

corium. It is usually present in large numliers. The injury pro-

duced is slight and diffuse. A cell here and there is destroyed and
disappears, The result is the loss of the epidermis over a certain
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are;i and slight to moderate erosion of the corium. The inflamma-

tory reaction is mild. It consists of a moderate infiltration of the

affected area with endothelial leukocytes and of a marked accumu-
lation of lymphocytes, chiefly in the form of plasma cells, more
abundantly at the peri^Dhery of the lesion and in the walls of the

l)lood-vessels than in the lesion itself. The endothelial leukocytes

are sometimes fairly aJDundant and polymorphonuclear leukocj'tes

may l>e added to them in variable numbers. Ciiant-cells are rare.

Regenerative proliferation of fibroblasts is fairly active. Exu-

Fig. lo2.—Syphilis. Primary lesion. Two mitoses in wall of hlood-vessel. M.

dation and regeneration take place in the corium not only be-

tween the blood-vessels, but often also around and -nithin them,
leading to narrowing and occasionally to obliteration of them.

The primar\- lesion starts as a papule which is soon transformed
into an erosion with thick indurated l)ase. The hardness of the

chancre seems to be due rather more to the proliferation of filiro-

blasts than to the leukocytic and lymphocytic infiltration.

The size of the primary lesion varies considerably, from a few
millimeters to four centimeters or over in diameter. It is regularly
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accompanied liy swelling and induration of the regional lymph-
nodes (syphilitic buljo) which, in uncomi^licated cases, show little

or nothing beyond hyperplasia of the h'mphocytes.

Secondary Lesions.—They represent the reaction to the trep-

onemas distributed all over the body as the result of the septicemia

and are most conspicuous in the skin. The condylomas are often

removed, but the other lesions are rarely ol)tained for histologic

examination. The gross manifestations arc much more striking

than the microscopic changes which simj^ly show various combina-
tions of exudation and repair.

Fin. 133.—Syphilis, congenital. Heart. Artery. Adventitia infiltrated with
numerous endothelial luekocyte.s. M.

The lesions arc multiple, slight antl superficial. They heal

without leaving any scars. Evidently more or less gen(>ral ac-

C|uired immunity prevents their development beyond a certain

moderate degree, except in rare instances.

Tertiary Lesions.—The histologic changes in the tertiarjr

lesions have been practically covered under injury and reaction.

Here it is needful only to emphasize the two following points.

1. The tertiary lesion represents an inflammatory reaction to a
mild form of injury and rejiarative proliferation of the fibroblasts

j)lays a prominent i3art in the lesion.
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Fig. lo4.—Syphilis, acf|uire(l. Brain. Sypiiilitic ondurteritis. Vfs.sel

almost occluded, Vliicfly by infiltration with endothelial leukocytes. Many
others together with polymorphonuclear leukocytes outside of the vessel.

Fibrin at the periphery.

Fig. l-!5.—Syphilis, actiuircd. Liver. Syphilitic endarteritis. Mitosis of

one cell. M.
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2. This inflammatory lesion is often complicated by more or

less extensive necrosis, due to obliteration of one or more blood-

vessels (usually arteries) in or adjoining the lesion, owing to occlu-

sion of their lumina by the same inflammatory process taking place

in the intima. The term gumma is practically restricted to those

tertiary lesions in which necrosis has taken place. The other

lesions are classed as inflammatory (periostitis, meningitis, endar-

teritis, etc.).

It is imi)ortant to cover brieflj^ the tertiary lesions in the

princii)al tissues and organs of the body so that some connected

Fiff. l.'ili.—Aorta. Syphilis. Elastic ti.ssue stain. Xccrosis exteiuling into
media. Thiclvenin"; of intima. M.

idea of the treponema pallidmn and the pathologic disturbances

which it may cause may be obtained. First in importance, owing
to their ^'s'ide ch.stribution and their relation to all syphilitic lesions

and e.speciallj^ to gummas, are the blood-vessels.

Blood-vessels.—SjqDhihtic lesions of the blood-vessels are of

fr('(iucnt occurrence and of great importance. The treponemas
arc present more often in the adventitia than in the intima, but
both locations arc frequently infected at the same time. The
media mav' thus Ije involvcfl from either or Ijoth sides. The
intimti at one point or all around may rapidly thicken up and cause

narrowing or com])lete occlusion of the lumen. The thickening is

15
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due to an infiltration with endothefial leukocytes often comljined

with lymphocytes and occasionally with polymorijhonuclear leuko-

cytes. In addition the fibroblasts proliferate. The cell changes

correspond with those produced elsewhere by the treponema. As

soon as the blood-supply is cut off completely, necrosis occurs and

more or less fibrin is formed.

In the adventitia much the same reaction takes place. As

soon as necrosis occurs, probably as the result of occlusion of blood-

vessels, numerous endothelial or polymorphonuclear leukocytes

-- <>
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-Syphilis Aorta. Syphilitic endaortitis.

pallida in lesion. M.
Many treponemata

or both are attracted by the products of the disintegrating cells.

Occasionally some of the endothelial Icukocj'tes fuse around sub-

stances hard to dissolve, such as clastic fibrils, masses of filarin,

or fat and its products and form foreign bod)^ giant-cells.

As already stated necrosis occurs in tuljerculous lesions, usually

o^nng to complete infiltration of the tissues with endothelial

leukocytes which block all the smaller vessels and thus cause

necrosis and disappearance of the tissue cells before they themselves

undergo necrosis. Conseciuently all the landmarks have been
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obliterated. In syphilis, on the contrary, the necrosis results

largelj^ or entirely from the obliteration of blood-vessels and the

tissue which undergoes necrosis may show onlj- moderate inflamma-
tory infiltration and proliferation of fil:)rol3lasts, or none at all.

Syphilitic lesions of the aorta have always attracted much
attention and excited a great deal of discussion, but the demon-
stration of treponemas in them often in great numbers has tlecided

in favor of their actual occurrence. The organisms may invade

the aorta from -without or through the nutrient vessels of the wall,

but certainly in many and perhaps in most instances they infect

the vessel from the intimal side. The lesions often extend deeply

into the wall causing necrosis and softening with subsequent repair

Fig. 13S.—Liver. Syphilitic, cirrliosis, iK'quired. Liver celts atrophied;
marked increase of connective tissue. M. and B.

and scar formation, or jiclding of the wall in the form of aneurysms.
Fibrin often forms in aljunclance and later undergoes more or less

extensive organization.

Syphilitic lesions of the aorta most commonly involve the arch,

espcciallj' its ascending portion, and may extend to the aortic

\-aIve; but they may occur in anj^ part of the aorta. In a case of

congenital ,sy])hilis in a girl of sixteen extensive lesions were present
only in the abdominal jiortion of the aorta.

Liver.—The early lesion in the liver is a diffuse inflammatory
process which results in more or less of an exudation of endothelial

or i)olj'morphonuclear leukocytes, or of both between the liver cells
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and the walls of the sinusoids. The fibroblasts gradually pro-

liferate and lead to much increase of the connective tissue. Con-
traction of the connective tissue causes atrophy of the liver cells.

This inflammatory process may be present throughout the liver,

but it is usually focal and statistics show that it is more common
in the region of the suspensory ligament, and in the left lobe than

in the right.

Frequently the treponemas invade the blood-vessels, especially

the arteries, and produce the same type of lesion there, with re-

sulting thickening of the intima and partial to complete occlusion

of the lumen, so that the circulation is interfered with and necrosis

(gumma formation) occurs. Repair of the necrosis by granula-

tion tissue leads in time to scar formation and often to marked
lobulation of the liver. Repair of the diffuse inflanamatory lesion

when necrosis has not taken place results in sclerosis.

Central Nervous System.—Syphilitic infection of the central

nervous system may be confined to the meninges or to the nervous

tissue or involve both sjnichronously.

SyphiUs of the meninges may affect chiefly the blood-vessels

or the tissue around them, or more commonly both at the same
time. The process is usually coniplicated by necrosis (miliary

and large gummas) owing to obstruction of small and large arteries

by endarteritis. The diffuse process in the meninges consists of

an inflammatory exudation of endothelial and polymorphonuclear

leukocytes and of the formation or more or less fibrin. Giant-cells

may be few or numerous. Usually there is a well marked infiltra-

tion with lymphocytes. Treponemas may be present in small or

large numbers.

Syphilitic infection of the brain appears under two forms.

The first is gumma formation and is usually,but not necessarily,

due to extension of the process from the meninges. Single or

multiple gummas of small or large size may be formed. The
neuroglia cells are usually stimulated to proliferative activity and
often surround and digest masses of fibrin formed in their neigh-

borhood.

The second tj^e of infection is caused by a diffuse infiltration

of the grey matter, especially of the cerebrum, with treponemas,

which cause little injury or inflammatory reaction around them,

but gradually bring about more or less proliferation of the neuroglia

cells, as a result of which a certain degree of sclerosis is produced.

In time many of the ganglion cells atrophy and disappear (general

paresis). Until the recent discoveries of Noguchi this type of

lesion was supposed to be of toxic origin and not due to the immedi-

ate presence of the treponemas.

Bone.—The treponema may affect bone on the inside or the
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oiit.si<le. A lesion starts as an inflammatory process of mikl type.

The fibroblasts which proliferate in the process of repair tend to

produce bone because they are derived from the osteal cells. The
result is sclerosis of bone -within, periosteal thickening -^^ithout.

Tlie lesions may be complicated by necrosis omng to obliteration

of blood-vessels. The necrotic tissue has to be softened and re-

moved. The result is erosion of bone; but where necrosis has not

occurred bone continues to be formed. This combination of erosion

and new-formation of bone is fairly characteristic of syphilitic

lesions of the skeleton.

The lesions in the bones in congenital syphilis arc wide-spread

and fairly constant and characteristic. The treponemas develop

readily along the line of ossification where the vascular supply is

abundant. Their ]iresence causes delayed ossification, so that the

normal nan-ow straight line;, where tlie cartilage is replaced by

<*-»>_:: N , 1
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¥\'^. 1311.—Sypliilis, acquired. Trcpoiicinatu palliilu in i^uiimui of optic nerve.

bone, becomes a. l)r()ad yellowisli white zone which fades out on the

sicle away from the cartilage. In addition the organisms often

cause an incrcasi' of the connective tissue around the vessels which
send tongue-shaped processes into the cartilage, so that the upper

edge of the line of ossification appears jagged.

Other Organs.—Syphilis affects many other organs and tissues

(testicle, muscle, skin, etc.). The lesions formed arc com]iarable

in every wa}' with those already described.

If the principles of the pathologic process caused bj' the trep-

onema pallidum are fully grasped the lesions in the various organs

can be readily understood.

Amyloid.—Svphihtic infection of long duration is often com-
])licated by amyloid formation, probal-jly as the result of some
toxic substance acting on the fibroblasts. Amyloid is formed in

the liver, Iddnc}' and spleen; less often in the adrenal glands and
in a few other situations. Excessive amyloid formation in the
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kidney may bring about chronic nephritis owing to the mechanical

injury it exerts by its presence in the glomerular tufts, the blood-

vessels, and sometimes around the tubules. It interferes with the

action of the glomeruli and causes atrophy of the tubules. Ehmina-
tion of waste products in the circulation is thereby prevented to a

less or greater extent and they, acting as injurious agents, are per-

haps the direct cause of the nephritis.

BLASTOMYCES AND OIDIUM

Most infectious diseases due to vegetable parasites are caused

by bacteria, but a few owe their origin to micro-organisms of a

higher type, namely, to the yeasts and molds. Two of the in-

fectious processes caused by yeasts, although comparatively rare,

deserve brief consideration. Both the organisms and the lesions

they produce microscopically and in gross resemble each other

more or less closely. For this reason they were for a long time con-

fused with each other, but the differential characteristics are now
fairly generally recognized.

The relation of the yeasts or blastomycetes to the bacteria

and the molds is shown in the following diagram.

PROTOPHYTES
i

Sohizomyoetes Blastomycetes Hjrphomyoetes
(bacteria) (yeasts) (molds)

i

Oidia
(transition form)

i
Blastomyces Oidium

True yeasts grow by budding; they rarely form mycelia;

under favorable conditions of growth they may form endospores.

Oidia grow by budding and as mycelia with spore formation.

Hyphomycetes grow as mycelia with spore formation of asexual

or sexual origin.

All authorities seem agreed that there is no sharp line of de-

marcation between the blastomycetes and the hjrphomycetes, and
most of them place the oidia as a transition form.

Blastomycosis is the term apphed to the lesions produced by a

blastomyces. A variety of organisms have been cultivated from
the lesions and different names have been assigned to them.

Whether they are distinct entities or only strains of a single organ-
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ism has not j'ct been (lefinitely decided. Tlierefore, at present,

it seems best to use simply the general term blastomyces.

Blastomycosis has been recognized and studied more thoroughly

in and around Chicago than anywhere else in this country. Infec-

tion begins practically always in the skin and may remain localized

there. Occasionally, however, the organism iiwades the circula-

tion and causes lesions in all parts of the body.

Micro-organism.—The blastomycetes occur in human tissues

only in the blastomycetoid form, that is, as small round bodies
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Fig. 140.—Blastomycosis. Focal pneumonia due to the lilastomyces.

Exudation consists of polymorphonuclear and endothelial leukocytes. Some
of latter fused to form giant-cells which contain many organisms, a, Part of

an alveolus; b, c, antl (/, details from exudation.

with granular protoplasm, and with thick hyaline capsules. They
multiply by budding only. In cultures they may develop mycelia

or grow by budding, or in both ways. Thej^ may be numerous in

the lesions which they produce, or few and hard to find.

Toxin, Injury and Reaction.—The blastomyces produces a

fairly strong toxin which acts locally, frequently causes ne-

crosis, and excites a well marked inflammatory reaction. The
exudation consists of serum and polymorphonuclear and endothelial
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leukocytes. Much fibrin is sometimes formed. Many of the

blastomycetes are enclosed in endothelial leukocytes and in giant-

cells due to fusion of these latter cells.

Fiff. 1-H-—Blastomyoo^i^. Focal piiouinonia due to the Ijlastomyces. M.
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Fig. 142.—Blastomycosis. Focal pneumonia due to the blastoniyces.

Xiunerous organisms present. Exudation in b, consists of polj'morphonuclear
leukocytes. Sc\'eral giant-cells in n.

Following necrosis of the tissue cells the lesion may present

the appearance of caseation, but as a rule it tends to undergo soften-
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Fig. 14:i.—Didioiiiyrosis. a, Riipturcil capsule partially siirroundcil Ky a

foreign Ixjdy giant-cell; h, empty capsule invaded by leuk(icyt(_'s.

f^^ _:

Fig. 144.—Didioniycosis. /), c and (/, Show .structure of organism; a,.

organism filled with sjiores in a giant-eell; c, two organisms and the char-
acteristic cellular reaction which they produce.
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ing and transformation into an abscess or an ulcer according to

its location.

In the skin the blastomyces produces chronic lesions of a com-

bined nodular and ulcerative type.

In the lungs the lesion resembles a lobular pneumonia and

affects large and small groups of air-sacs. Fibrin often forms in

abundance from the exudation and may undergo organization.

In other foci abscesses result from necrosis and softening of the

alveolar walls.

Multiple lesions may form in various other organs, such as

lymph-nodes, spleen, hver, kidneys, bone, etc. They may be

small or large, few or many.

Fia 14.5.—Oidiomycosis. Organisms in alveoli of lung. In a, distinctly

\'isible; in b, surrounded by deeply stained mucinous secretion.

Oidiomycosis (granuloma coccidioides) is the term applied

to the lesions produced by an oichum variously named in the past

immitis, coccidioides, etc., but not yet definitely classified by the

botanists. Infection mth this organism is rare and is confined

almost exclusiveljr to California. The disease is practicalljr fatal.

The oidium occurs in human lesions in the form of spherical

bodies which may reach a size of thirty microns. They consist of

an irregularly staining mass of protoplasm enclosed ^rithin a double

contoured capsule which is occasionally covered with prickles,

or even long spines. The organisms multiply in tissues only by
endosporulation, never by budchng. The spores may number as

high as a hundred or more. Thej^ are lil^erated by the bursting

of the capsule. The number of parasites in the lesions varies.

They may be many or few and hard to find. In cultures the oidium
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grows as long septate l^ranehing li^'phai'. In time spores develop

in the ends of the hyphse and are infectious if inoculated into

animals; the hyphse themselves are not.

Toxin, Injury and Reaction.—The lesions produced \)y the

oidium often bear a close resemblance to those caused by the

tubercle bacillus, and have probably been mistaken for tliein more
than once on histologic examination. If the organisms are few
in number typical caseation may he produced as the result of a

gradual infiltration of the tissues with endothelial leukocvtes.

Fig. 146.—Oi(-liom_\C(jsis. Orgunisin in a giant-cell. Inflammatory exuda-
tion consists chiefly of endothelial leukocyte-s.

If they are numerous suppuration, often in the form of abscesses

and ulcers, is more likelj' to occur, (iiant-cells are of frequent
formation and often contain oidia. Tlie lesions may be infiltrated

with numerous eosinophiles.

The okiium tends to spread by the l)lood and lymph streams so

that the lesions, as a rule, are ^videly distributed. The primary
focus is as hkely to be within the body as in the .skin. The lesions

not only closely resemble those caused by the tubercle bacillus,

both liistologically and in gross, but they tend to involve much
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the same organs, the hiiigs, Ij-mph-ncxles, adrenal glands, men-
inges, semhial vesicles, etc.

In the skin the lesions are chronic in type and consist oi nodules,

abscesses and ulcerations.

ENTAMEBA HISTOLYTICA

The entameba histolytica causes a primary clironic ulcerative

process in the large intestine, so-called amel^ic dysentery. The
organisms are frequently carried to the liver by the poi'tal circula-

tion and give rise to abscesses which may attain a large size and
ma}' extend to a pleural cavit>' or to a lung. Karely, metastatic

lesions are produced in the lungs and Ijrain.

Amel.)ic dysentery is a common infection in the tropics, but

occurs also more or less freciucntly in the tera]ierate zones.
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Fig. 147.—Aiuehir ilyspntory. Amolitp histolyticit in siibmucosa of intestine.

Micro-organism.—The entameba histolytica measures fifteen

to twenty-five microns in diameter. It contains a small round

\-esicular nucleus whicli stains Ijut poorly with the ordinary basic

dyes and wth alum hematoxylin. The nucleus contains a minute
nucleolus. The cytojilasm arotmd the nucleus is finely granular

and is surrounded by an outer zone or ectosarc which is trans-

l)arent and refractive, and which shar])ly defines the (juter limits

<jf the organism.

The entamelia hist(.)lytica is commonly sought in ]ireparations

made from the fresh stools and examiiu'd on a warm stag(>, in order

to detect the characteristic movements; but it is readily identified

in properly fixed tissues owing to its characteristic morpliology.

The organism is ciuite phagocj^tic and frequently contains red

blood-corpuscles, bacteria, or cellular debris. It is al)le to pene-

trate filirous and other tissues and is frequently found in the walls

of blood-vessels and inside of them.
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Toxin, Injury and Reaction.—The entameba histolytica evi-

dently secretes a mild toxin which slowlj'' produces necrosis of the

Fis. 148,- -Aiiiel)ic dysentery. Amebcp histolytica? in wall of vein in intestine,

several also within lumen of vessel.
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Fig. 149.—Liver. Ameba histolytica. Two ameba' in small blooil-vessel. J\I.

cells in its neighborhood and also gradually dissolves them. It

does not, as a rule, cause an active acute inflammatorv reaction.
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Frequently the ameljjB are found in considerable numbers in tissues

which otherwise appear normal. In other fields the nuclei are
fa(hng out and in still other places there is more or less of an
inflammatory exudation; chiefly polymorphonuclear leukocytes
and fibrin. Sometimes lymphocytes are fairly numerous.

Intestine.—Infection begins in the mucosa where there is

formed a small ulcer which gradually spreads more or less exten-

sively in the submucosa, undermining the mucosa. The tissue

'^%^
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Fig. 150.—Ameba histolytica in the liver, n, h, and c, Within veins ami
capillaries; d, in an abscess.

gradually undergoes necrosis. The blood-vessels persist longest,

but usually in the end become thrombosed and then are quickly

destroyed. The ameb£e are often very numerous in the necrotic

tissue. Polj'morphonuclear leukocytes may be present in num-
bers in the exudation, but tend to undergo necrosis like the other

cells. Filjrin is sometimes abundant, especially upon the wall

of the ulcer.

The gross lesions of the intestines are more or less character-
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istic. The ulcerations extend widel}^ beneath the mucosa, under-

mining it in all directions, so that they are often comiected l^y

sinuous passages. The edges of the ulcers are swollen and gelati-

nous owing to the serous and cellular exudation in them.

Liver.—In the liver the amebae can sometimes be found in the

sinusoids in places where the liver tissue appears perfectly normal.

Gradually, however, the tissue undergoes necrosis and then solu-

tion. Leukocytes may not be very abundant. Fibrin often forms

on the walls of the abscesses. That is aliout the extent of the

process but it keeps spreading. There is little or no evidence of

repair. The amebae invade the living tissue peripherally and the

necrosis and softening follow them.

BALANTIDIUM COLI

The balantidium coli is an infusorium of oval shape measuring

about 0.1 by 0.07 mm. It is surrounded by ciha which are most
developed in the funnel-shaped opening at one end, called the

peristome. It has a bean-shaped

macronucleus and a spherical micro-

nucleus. In the tissues the organisms

frecjuently exhibit changes of form due

to ameboid motion, as in penetrating the

epithelial lining of the intestinal glands.

This organism is a common inhabi-

tant of the intestine of the hog where it

causes no lesion. On rare occasions it is

apparently transferred to man and gives

rise to more or less extensive ulcerations

in the large intestine (rarely in the lower

end of the small intestine) accompanied
usually Anth persistent diarrhcBa which ,„, ^^ 'lym^^'Z
may terminate fatally. Many balan- intestine,

ticha may be found in the stools.

Occurrence.—The lialantidium coli is found occasionally in

the lumen of an intestinal gland. More often it penetrates the
ejjithelial lining and lies along side of a gland or at its base. ]\Ianjr

enter the lacteals and occasionally they collect in numbers in the
lymph-nodules, lying among the lymphocytes. The lJ^nph-vessels

of the submucosa may be greatly distended and filled with them.
They are found also in the veins, but in smaller numbers. In
addition they occur in the lymph-vessels and veins, both in the
muscle coats and suljperitoneally.

It would seem as if the balantidia W(nild be transported from
these situations to all parts of the body, Init so far as known they
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Fig. 152,— Hahmtidiurn coli outside of ^land in uiufous meinbrane of in-

testine. M.
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Fig. 15.1—Tlie balantidiuni coli pre.sent in numlxT.s in a dilated lymphatic

in the submueosa of the intestine. M.



SPECIAL IXJURIOUS AGENTS AND LESIONS THEY PRODUCE 241

*;^-'"k'»» •"-•' i-'''-' '""'- —...:"- -''-'-~ • -
'

Fig. I.")4.—Balantiiliii i-cili in suliinucosa cif intestine. M.

Fig. 155.—A l)alanti(liuni coli in a slit-like ulceration in the mucosa of the
intestine. M.

16
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have been found, outside of the intestinal wall, only in the mesen
teric lymph-nodes and in the liver.

The balantidium occurs also in large numljcrs in the pus and
in the walls of the ulcers and fistulous tracts.

Injury.—The balantidium coli seems to produce mechanical

injury only. This view is favored by the frequent lack of any
inflammatorj' reaction around it in the various situations in which

it is found outside of the ulcers. As a rule the mechanical injury

does little harm. Occasionally, however, the paths opened up in

Fig. 15(j.—A balantidium coli in a fistulous tract in the submucosa of the in-
testine. Several also at the base of the glands. M.

this way become infected with bacteria and a fistulous tract is

formed, in which balantidia congregate and wliich they aid in

enlarging, so that eventually extensive ulcers with more or less

undermined edges are formed. Around these ulcers the walls are

infiltrated -with numerous polymorphonuclear leukocytes, lympho-

cytes, eosinophiles and mastcells, in varying numliers. Sometimes

the intestinal wall is much thickened. In general the ulcerations

occurring in c(jnnection wth the balantidium coli resemble those

produced by the entameba histolytica.
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TRICHINELLA SPIRALIS

Introduction.—The trichinella spiralis is a nematode which
occurs frec|uentlj' under ordinary conditions in the hog and the

rat, and occasionaUy, as a result of the ingestion of uncooked,

infected pork, in man. The encysted trichinje escape as the muscle

containing them is chgested and develop and differentiate in the

stomach and small intestine into male and female round worms of

minute size. The female measures .3 mm., the male 1.5 mm. in

length. With a little practice they can be recognized -with the

'sSo 1^,

Fig. 157.—Trichiniasis. Liver. Embryo of trichinella spiralis surrounded by
acute inflammatory exudation.

naked eye in the intestinal contents. The female, after fertiliza-

tion, ploughs her way just beneath the eiDithelium of the duodenum
and jejunum (rarely as low as the cecum) and deposits in suc-

cessive batches her numerous embryos, when ripe, here and there

in the mucous membrane. The embryos quickly gain entrance

by their owaa activitj' to the l5anphatics and are carried to the
mesenteric lymph-nodes where, in the earlj' stages of infection,

they may often be found in the lymph sinuses. From the lymph-
nodes they pass by waj^ of the thoracic duct to the blood stream
and by it are distributed all over the body. By means of centri-
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fugalizatioii they hav(> Ijccn demonstrated in large nuinhers in the

circulating blood (up to 100 in 1 com.)- Within ten days to three

weeks after ingestion of infected pork trichinte may he found in all

Fig. 158.—Trichiniasis. Many trichiiielUc spirales within musclc-fihpr.'^. M.

/
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Fig. 159.—Trichiniasis. Succcs.sful invasion of muscle-fibers by the
trichinella spiralis, u and b, In a rabbit; c and d, in human muscle-tissue.
Orgam.sms present in a, h, and c, but not in d. Longitudinal striations left

only at periphery of fiber in c and d.

the muscles of the body. It is thought by some that trichina may
occasionally reach the blood more directly by penetrating the

lilood-vessels in the intestines, but no positive evidence has been

offered.
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The development and .spread of trichinse in the host are best

followed in animals fed with infected muscle, but most if not all

steps of the process have been traced in man.

^pr^i€

l'"ig. UiO.—Trichiniayis. Two trichinclke wpirales within one muscle-fiber. M.

."."•II mniin ,|iu^- __

Fig. 1(11.—Trirliinia.si.s. Two tricliinellae spirale.s in muscle-fibers. Little

inflammatory reaction around them. j\l.

When trichinae are carried all over the IdocIa' bj- the blood stream

they emigrate from the vessels situated not only in muscle-tissue,

but in various other locations. Thus they have been found in
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numbers in the heart, and occasionally in the liver, pancreas, and
brain; further search would probably show them in other organs
and tissues. It is only in striated, skeletal muscle-fibers, however,
that they find conditions favorable for further development. In

other locations, as well as frequently in skeletal muscle, they die

or are Idlled, and each organism becomes surrounded by a focus of

acute inflammatory reaction.

Embiyo trichinse emigrating from blood-vessels running

through muscle-tissue attempt to penetrate into muscle-fibers.

A successful embryo at first lies stretched out straight in the center

of the fiber and grows. After reaching its full size in a very few
clays it curls up in its characteristic spiral attitude, becomes ap-

'.'•'^ >rv>«

'h*-'

Fig. 102.—Trichiniasis. Part of a mu.scle-fil5er shomng portions necrotic and
other portions beginning to regenerate.

parently imiocuous, and may persist in this condition for years

(twenty or more) until death of its host and ingestion of the in-

fected muscle by another host sets it free to continue the cycle of

development.

Injury.—The usual effect of an embryo trichina on the muscle-

fiber which it has invaded is to cause more or less degeneration.

The mere mechanical invasion seems to do little harm. The injury

is apparently produced by a soluble toxin eliminated liy the embryo
trichina during its stage of development. The invaded fiber may
become edematous, as shown by hoUo^^dng out of its center, or by

the formation of numerous vacuoles. The striations may dis-

appear diffusely, or over considerable areas. Sometimes only a
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single row is left at the pcriplier.y of the fiber. Sometimes the

filler undergoes more or less extensive necrosis either centrally or

in scattered patches, or over long stretches. If the whole fiber,

or the part in which the embryo hes, becomes necrotic the trichina

dies or is killed. Apparently after it reaches

a certain size it is too large to invade another

fiber.

Regeneration.—As soon as any portion of

an invaded muscle-fiber is destroyed the

adjoining nuclei in the remaining portion are

stimulated to regeneration. They multiply

by direct division and extend towards the part

destroyed. Even if only a single nucleus mth
a little cytoplasm is left intact it attempts

regeneration. How far the process will prog-

ress towards the formation of a whole fiber

cannot be determined. The active regenera-

tic)n occurs not only immediately around the

included trichina, but also throughout the

filler wherever injury has been clone by the

action of the diffusible toxin. Sometimes as

the result of the necrosis of a large part of a

muscle-fiber several minute fibers, each witli

one to several nuclei, may be formed to take

its place.

Exudation.—A muscle-fiber seems to be
the only structure in the body capable of

furnishing an asyhun of rest and protection to

a trichina. Elsewhere it is quickly surrounded

by a focus of acute inflammatory exudation

and destroyed. The cells of the exudation

consist of polymorphonuclear leukocytes, en-

dothelial leukocytes, lymphocjdes, and eosino-

philes; the latter are sometimes verj^ numer-
ous. Occasionally some of the endothelial

leukocytes fuse together around parts of the

trichina to form foreign body giant-cells.

Invaded muscle-filjers which are not ne-

crotic usually ha-\T little or no inflammatory
reaction around them. When, however, as

freciuently occurs, the fiber is destroyed, the reaction is usually

intense. The necrotic muscle is removed by the action of endo-
thelial leukocytes, but the trichina is surrounded and acted upon
by the variety of leukocytes mentioned above. Whether the
exudation is called out by disintegration of a tlead trichina, or is

\^-

Fig. 1G3.—Tri-
chiniasis. Regenera-
tion of parts of mus-
cle-fiber not killed.

Viewed in a length-
wise; in b in cross-

section. Necrotic
portion of fiber still

persistent.



248 PATHOLOGIC HISTOLOGY

attracted by a living trichina whose death it strives to cause, is dif-

ficult to determine, but the latter view seems the more probable one.

Capsule.—Soon after a muscle-fiber is invaded by a trichina

the connective-tissue cells immediately around that fiber are

stimulated to produce an increased number of collagen fibrils.

I ®^«.

© «
9»€*^_

^f^TW^
>^

<;^ ^ « *a*

w^^^^":.^

^

Fig. 164.—Trichiniasis. Inflammatory reaction to necrotic mu.scle-fibers

which have been dissolved and removed. In a, it consists cluefly of poly-
morphonuclear leukocytes and eosinophiles; in h, of endothelial leukocytes
with a few eosinophiles. The invading trichinella; are not visible.

^-
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165.—Trichiniasis. Acute inflammatory reaction around a trichinella

spiralis which killed the muscle-fiber it in\-aded. M.

Possibly the fibroblasts proliferate to some slight extent. In this

way a capsule is formed which gradually thickens and contracts,

and usually becomes hyahne. Eventually it may become calcified.

This capsule serves as a further protection for the included

trichina, but occasionally it is invaded bjr leukocytes either be-
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cause the organism has died, or because they have been attracted

by some toxin emanating from it.

Fig. !()().—Trichiniasis. Muscle-fiber, killed by action of trichinella spiralis,

being dissolved by endothelial leukocytes.
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Fig. 167.—Trichiniasis. a, Trichinella spiraUs surrounded by endothelial
leukocytes in space previously occupied by a muscle-fiber; b, dead trichinella

spiralis in similar location.

In the heart, brain, and other organs the trichinae invarialily

(Ue or are ls;illed, and give rise to small foci of acute inflammatory
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exudation. The organisms are gradually dissolved and removed;

the exudation disappears, and only small foci of fibrosis or gUosis

are left as marks of the lesions to which they owe their origin.

Gross Appearance.—Infection of muscle with trichinis cannot

be detected in the early stages with the naked eye. The embryos

are grey and translucent. What one sees and recognizes later on

are the whitish connective-tissue capsules around the encysted

tricliina?. If these capsules Ijecome calcified they are rendered

still more prominent.

End Results.—If the l)ody is overwhelmed with embryos, death

ensues probably as a result of destruction not only of great num-
bers of muscle-fibers, but of small foci of tissue in many other

^^

\\

0.,

Fig. 168.—Trichiniasis TrichinelliP .spirales within thick connective-tissue
cap.sules.

organs, such as the heart, brain, pancreas, etc. In ackUtion, toxins

derived from the trichinae and from the necrotic cells of different

kinds must produce some injurious effect. We have some evidence

of this in the leukocytosis which accompanies infection, and espe-

cially in the eosinophiUa which is characteristic and usually amounts

to twenty to forty per cent and has run as high as sixty per cent.

Diagnosis.—The onlj' way to make a positive diagnosis of

trichiniasis in suspected cases is by demonstrating the eml)ryos,

by means of centrifugalization, in the circulating blood, or by
cutting out a bit of muscle, usually from the calf of the leg, and

demonstrating trichinte in the muscle-fibers. The adult trichinse

do not appear in the feces; apparently they are destroyed before

reaching the rectum.



TUMORS

Introduction.—Tumors play a very important part in pathol-

ogy and occupy a distinct field by themselves. They occur in

great variety; may be inconvenient, disfiguring, or dangerous

from size or location; are frequently destructive to the tissues ia

which they axe situated; and often cause death of the individual

afflicted with them.

We know a great deal about the gross and microscopic appear-

ance of tumors and in regard to their classification, but nothing in

regard to their cause, and little in regard to their origin. Much
still remains to be learned. Experimental work on animals is

throwing light on certain points, but continued observation and
study of tumors occurring in man is likely in the end to be the

more profitable line of investigation.

In a way tumors form a class of injurious agents; the tissues

involved may react to them as they do to certain kinds of foreign

bodies. This statement is particularly true of certain forms of

cancer. Yet tumors, with perhaps one exception, the chorion-

epithelioma, originate from the host himself, although they may
lead to his destruction.

In some respects tumors bear a close relation to abnormalities

from which certain new growths unquestionably arise, especially

from small persisting and displaced groups of cells known as fetal

rests and displacements.

Tumors act as parasites'. They draw noiu"ishment and support

from the tissue in which they occur and are often hindered in

their growth by lack of these factors. But in many ways they

axe independent of normal tissues, especially in the possession of

a greater vitality such as few normal cells can withstand, of con-

tinuous growth without physiologic hmitation, and of autonomous
growth independent of body control.

Definition.—^Before taking up the subject of tumors it is

necessary to have as exact and comprehensive a definition as

possible of what a tumor is, in order to be able to distinguish it

from enlargements due to various conditions, such as hyperplasia

(lymph-nodes); hypertrophy (prostate, thyroid); exercise of

function (lactating breast); regeneration (end of cut nerve);

repair (callus) ; excess of process of repair (keloid) ; normal growth
and development of displaced cells (adrenal displacements, choles-

251
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teatoma) ; dilatation of obstructed ducts (wen) and of persisting

fetal cavities (simple dermoids of neck and over coccyx); in-

fectious tissue formation (verruca).

It is difficult to frame a definition and to make general state-

ments which will apply to all types of tumors.

The term tumor is used in two senses, first, in a general way to

mean swelhng, its original signification, as when in discussing

acute inflammation we speak of the four cardinal symptoms as

rubor, tumor, calor, dolor, or of an enlarged spleen of septic origin

as acute splenic tumor; second, specifically as a new formation

of tissue, a new-growth, or as is often said a true tumor.

In this specific use of the term a tumor is a new formation

(usually a more or less circumscribed collection) of cells which
proliferate continuously and without control; tend to differen-

tiate as the cells from which they arose would do under normal
conditions; serve no useful function; lack an orderly structural

arrangement ; and have, at least at the present time, no assignable

cause for their existence.

TUMOR CHARACTERISTICS

Autonomy.—The most striking of these characteristics of a
tumor is its autonomy or independence of growth. It is unhmited
and uncontrolled except when its nutrition is interfered with so

that necrosis results or, as sometimes happens, especially in cancer,

the active stroma by its contraction retards the extension of the

tumor.

Normal cells are under control in some way or other. They
cease to proHferate after a certain limit of size of organ or need of

secretion is reached. The same limited growth of cells and tis-

sues, due probably to a control of chemical nature, becomes evi-

dent under various inflammatory conditions, including those of

regeneration and repair.

VitaUty.—In some respects tumor cells seem to possess greater

vitality than normal cells, at least they are able to obtain nutrition

and multiply while at the same time the normal cells which are

interfered with, atrophy and disappear. Thus, on the one hand a
tumor may grow rapidly while the patient is wasting away, or it

may infiltrate and destroy an organ.

On the other hand, some tumors at least are more susceptible

to x-rays and radium emanations and disappear under their in-

fluence while the normal cells persist.

Morphology.-—^A tumor is an attempt at the formation of a

tissue or organ (the simple tumor), or more or less of an entire

fetus (the mixed tumor). The results are sometimes very close

copies in detail, that is, in the construction of single cells and in
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the grouping of cells in acini, -but never in gross. In general it

may be said that the more the cells differ from the normal in

structm'e and arrangement, the more likely is the tumor com-

posed of them to be malignant.

Function.—So far as physiologic function is concerned a

tumor is useless and may even be dangerous. The smooth and

striated muscle-cells do not fit into the plan and architecture of the

body and cannot be utilized. The bile secreted by a liver cell

cancer has no way of getting into the intestinal tract.. The
colloid material of a thyroid tumor or the internal product of an
adrenal tumor needs no duct and can be directly absorbed, but

it may prove injurious, or in case of destruction of the organ

itself, useful.

Cause.—In the lesions of typhoid fever and usually of tuber-

culosis, for example, we have a marked diffuse or focal accumula-

tion of endothelial leukocytes which arise largely by proliferation,

as is shown by the presence of numerous mitotic figures. This

accumulation and multiplication of cells is due to definite causes,

the toxins arising from the typhoid and tubercle bacilli. The
cells are needed to produce antitoxins to combat the toxins. In

the case of the typhoid bacillus the reaction is sharp and quick;

it is over in two to three weeks and, if the patient recovers, the

endothelial leukocytes disappear quickly because they are no
longer needed. In the case of the tubercle bacillus the reaction

is usually continuous because not effective.

In hke manner we frequently get a proliferation of fibroblasts

from at least two definite causes; injury to other fibroblasts

(regeneration of connective tissue), and the presence of fibrin

(organization of thrombi, etc.). For tumors no such definite

cause of proliferation can at present be advanced.

In the past all sorts of causes have been assigned; injury,

long continued irritation, bacteria, protozoa. They have all

been urged at least for certain types of tumors, and have all been
discarded until recently. In the past few years, however, injury,

severe or long continued, has come to the front again as a frequent

cause of certain types of cancer and possibly of some other varieties

of tumors. This change of view is due to the repeated occurrence

of carcinoma following excessive exposure to x-rays and radium.
A similar formation of carcinoma following exposure to ordinary
sunlight occurs rarely in a few very susceptible individuals

(melanoderma). The exact manner in which the cancer arises

has not been fully determined, but it seems to be due, not to direct

stimulation of the epithelium, but to injury done the connective
tissue and blood-vessels as a result of which excessive regenera-

tive efforts on the part of the epithelium are called forth. Other
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injurious agents maj^ possibly act occasionally in some similar

way.

Evidently something starts the cell, which produces a tumor,

to proliferate just as a spermatozoon influences an ovum, or as

recent experimental work has showm conclusively various chemical

reagents may do. Perhaps the solution of the cause of cancer

lies along this same line.

Origin.—We know more in regard to the origin of tumors in

general than we do in regard to their cause. Many of them un-

questionably arise from cells which have become displaced from

Fig. 169.—Carcinoma of mammary gland. The hyaline bodies are prod-
ucts of secretion or degeneration and were formerly exploited as parasites and
the cause of cancer. &I. and W.

their normal relations during fetal and postembryonic development,

or have persisted into adult life when they should have disappeared

after their function in the fetus had been performed.

Still others arise from local tissue al^normalities of various sorts

and from fetal inclusions. We can often find examples of fetal

rests, displacements, antl local tissue abnormalities. The fetal

inclusions we assume with confidence l)ecause we have, as good

evidence, the occurrence of occasional monstrosities in the same

locations where the mixed tumors most often arise. These four

definite sources of origin of tumors will be taken up separately.
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Many of the remaining tumors may arise from the same or similar

abnormalities, but at present we are unable to demonstrate them.

Fetal Rests.—Certain structures formed during early embry-
onic life give rise to various organs and tissues. After they have
served their purpose these structures usually disappear entirely or

in part. If separate cells or cell groups belonging to these

structures persist they are called fetal rests. Various examples

may be mentioned: remains of the neural canal over the coccyx,

of the branchial clefts in the neck, of the Miillerian and Wolffian

ducts in the oviduct and broad ligament, of the notochord at

the base of the skull.

A knowledge of fetal rests is important on several accounts.

While the majority of them cause no trouble, some of them un-
questionably give rise to tumors. They explain the presence of

certain types of tumors in situations where they apparently have
no right to be, for example, gliomas over the coccyx and at the

base of the nose from remains of the neural canal. If the fetal

rests are of early embryonic development the cells may differ-

entiate in several ways and give rise to mixed tumors; if, however,

the fetal rests were formed at a late stage of development they
are capable of giving rise only to simple tumors.

Fetal Displacements.—During fetal development cells or

groups of cells are often displaced from their normal relations.

Such displacements are especially liable to occur in those places

where developmental conditions are complicated and where
considerable movement of cell masses normally occurs. A re-

markable example of such a condition is presented in the for-

mation of the organs of the abdominal cavity.

Displaced cells tend to develop in exactly the same way as they
would have done if they had remained in their normal environ-

ments. If the resulting cell masses are small, they are called

fetal displacements; if large, they often form secondary organs.

Thus we may have accessory spleens, or an accessory pancreas

in the wall of the stomach or elsewhere.

The following examples will serve to show the variety of fetal

displacements. Displaced adrenal cells are common, not only

in the capsule of the adrenal and in the sm-rounding fat tissue, but
also in the kidney and its capsule, along the ureter, the epididymis

and elsewhere. Epithelial cells which would normally give rise

to epidermis are sometimes displaced into close association with
the central nervous system. The desquamated product of their

growth forms rounded pearly masses of cornified epithelium,

which have been regarded as tumors (cholesteatomas). Fat-cells

also are sometimes displaced into the cerebrospinal canal. The
result of the normal development of such a fat-cell is not a lipoma
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hut a fetal displacement. Cartilage cells are sometimes displaced

in postembryonic time as the result of rickets and may continue

to grow as they would have done under normal conditions. The
result is an abnormality (exostosis cartilaginea), not a tumor.

Displaced cells cannot always be found or seen: Ijecause of

later occurrences we judge them to have taken place. For example,

an osteosarcoma of the breast is probably due to displaced periosteal

cells from an underlying rib.

Local Tissue Abnormalties.—This term includes lioth fetal

rests and displacements, but is applied here to such minor devia-

tions as result, for example, from excess of fetal development of

some particular kind of cell. Thus we have congenital nevi due

to overgrowth of vascular enrlothelium or of clu'omatophores, and

Fig. 170.—Cholesteatoma. A mass of cornified epithelial-cells which has been
slowly formed and pressed into the brain.

molluscum fibrosum from excessive growth of filjroblasts in the

corium.

From the congenital vascular ne\-i the different forms of

hemangio-cndothelio-blastonia usually, in fact apparently always,

arise while the melano-blastoma freciuently has its origin in a

congenital i)igmented mole.

Fetal Inclusions.—The occurrence of teratomas in certain

situations can h(- explained onlj- on the assunrption tliat within

one fetus there has been included a cell which could have formed

another fetus. This view is favored by the occurrence of mon-
strosities frecjuently in the same situations, as over the coccyx,

for example.

Tumor-like Formations.—A variety of tumor-like formations

occur which must be carefully distinguishetl from the tumors.
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To do so with certainty is not always easy. A few illustrative

examples are given.

From Fetal Rests.—A branchial cleft of the neck persisting as a

sinus is an abnormality. If both ends of the sinus are closed the

cavity may be dilated into a cyst by the accumulation of secre-

tions. In this way there is formed a simple dermoid cyst which

is not at aU a true tumor. Simple dermoid cysts may be formed

in a similar way in other parts of the body where epithehal-lined

surfaces are united during fetal development; for example, over

the coccyx, in the orbit, etc.

Simple cysts may be formed by dilatation of remains of the

Miillerian, Wolffian and other ducts.

From Fetal Displacements.—Displacement of epidermal cells

into close relation with the central nervous system, and their

development as if they had remained in their normal location,

leads occasionally to the formation of single and multiple pearl-

like bodies due to the piling up of cornified epithelial cells. These
bodies are termed cholesteatomas and were long regarded as true

tumors. From such a cell-displacement an epidermoid carcinoma
might arise; that would be a true tumor.

Displaced adrenal cell masses, if of considerable size, are some-

times regarded as adenomas. It is not always easy to decide on
their exact nature.

From Pathologic Processes.—Obstruction of the mouth of

the duct of a sebaceous gland often leads to marked dilatation of

the duct. The result is a cyst lined with epidermis and known
clinically as a wen. Wens like simple dermoids are sometimes
mistaken for true tumors. They have no relation to the true

teratomatous dermoid cysts occurring in the ovary, testicle, and
occasionally elsewhere.

Organization of a fibrinous exudate in the peritoneal cavity

sometimes results in a multiple cystic formation which has been
mistaken for a tumor (endo- or mesothehoma). The cysts are

lined with mesothelium derived from mesothelial cells which had
not been destroyed: these cells have proliferated and lined the
serum-filled spaces present in the fibrin while it was undergoing
organization by fibroblasts.

Regenerative efforts on the part of a severed nerve lead to a
tumor-like formation often called an amputation neuroma.

The lesion underlying a.hypertrophied prostate may be inter-

preted as an adenoma or as glandular hyperplasia often combined
with more or less dilatation of the lumina of the acini.

The tissue masses formed as the result of the reaction to the
treponema pallidum and the tubercle bacillus, for examples, may
occasionally be easily mistaken for true tumors on gross examina-

17
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tion. The terms syphiloma and tuberculous granuloma are

occasionally applied to such lesions.

The infectious lesion of the skin called molluscum contagiosum

resembles to some extent an epidermoid cancer, and the coccidium

oviforme produces in the bile ducts of the rabbit's liver the typi-

cal structure of a papillary cystoma.

Maimer of Growth.—Tumors grow entirely by multiplication

of their own cells, not by the transformation of normal cells into

tumor cells. In the past the exact nature and diagnosis of many
a tumor has been based on the statement that it has been possible

to trace every gradation from normal cells to tumor cells. This

Fig. 171.—Molluscum t-onttigiosum. M. and W.

claim has been made especially for new-growths of the uterus in

the attempt to demonstrate that certain rapidly-growing, in-

filtrative, spindle-cell tumors were rapidly-growing leiomyomas as

they probably were. The argiunents, however, were founded on

incorrect observation, interpretation and deduction; they should

have been based on cell differentiation.

So far as exact observation goes at the jjresent time all active

tumor cells multiply entirely by indirect division, that is by mitosis.

This statement does not deny that degenerating tumor cells may
not occasionally divide directly by amitosis.

Tumors grow in two ways: by expansion and by infiltration;

the two types of growth are often combined.
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111 growi;h by expansion the tumor cells are said to grow in a

solid mass shoving the normal cells before them. This statement

is not entirely true because blood-vessels and more or less connec-

tive tissue, enough to furnish a blood supply and physical support

for the cells, always remain in the tumor and develop with it.

But the other cells are pushed back and the parenchymal cells

(liver- and muscle-cells for instance) are compressed so that they

atrophy and disappear. The connective-tissue cells, however,

persist as a fibrous capsule around the tumor and may even in-

crease in number. This type of gro\vth is characteristic of benign

tumors (lipoma, fibroma, etc.).

Fig. 172.—Coccidiuni oviforme in bile duct of rabbit'.s liver, oau.sing the forma-
tion of papillifcrous cyst. M. and \\ .

In growth by infiltration the tumor cells penetrate between

the cells of the tissue in which they arise. As a rule, owing to

their greater vitality, by pressure and by using up the nutrition,

they lead to necrosis or atrophy antl disappearance of the paren-

chymatous cells; only the conirective-tissue cells and the blood-

vessels ordinarily persist in the end.

When tumor cells grow in between the tissue cells they lie in

the lymph-spaces which surround all cells. The tumor cells may
extend in this way so gradually and uniformly that the tumor is

sharply defined and looks as if it were growing by expansion.
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In other instances a tumor will spread out very extensively and
diffusely, or will extend very rapidly in one or another kind of

tissue and present little of the appearance we ordinarily associate

•with a new-growth. Thus in one instance a glioma of the lumbar

cord reaching the pia spread in it the entire length of the cord and

over the brain, presenting an appearance which was at first mis-

taken for an organizing or a tuberculous meningitis. In other in-

stances tumors will grow into cavities (alveoli of lung, uterus), and

ducts (mammary gland), or into lymphatics and blood-vessels, and
extend along them, adapting themselves more or less perfectly

to the natural cavities. Tumors may thus branch in various

Fig. 173.—Glioma over coccyx. Mitotic figure. M. and W.

directions and extend over a large amount of space and yet the

cells may all remain in direct continuity, a part of the original

primary tumor (cavernous hemangio-endothelioma)

.

Structure.—All tumors consist of two parts : of the tumor cells

and their products, and of the stroma. The tumor cells form the

parenchyma and as distinguished from the stroma are the true

essential part. The stroma is entirely secondary and is furnished

by the surrounchng tissue. It is common to all tumors. Its cells

are not tumor cells although it is sometimes difficult to distinguish

them everywhere from the tumor cells, especially in a filjroma or

fibrosarcoma because the nature of the two kinds of cells is identical.
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On the other hand, it is easy in the case of a glioma, especially of

the dense slow-growdng type, because by special staining methods

it is possible to make the different tyjoes of cells and their fibrils

stand out in marked contrast.

Tumor Cells.—The true tumor cells tend to differentiate in

exactly the same way as do the normal cells to which they cor-

resjjond. In slow-growing tumors the differentiation may be

perfect. In rapidly-growing tumors the cells may depart so widely

from the model that it cannot be recognized. The nuclei often

show much variation in size and are often larger than in the normal

Fig. 174.—Carcinoma of mammary gland. ^litotic figure in last .stage of

(livi.sion. M. ami W.

cells. The tumor cells themselves frequently exhibit marked
differences both in size and in shape.

Mitosis.—Rapidly-growdng tumor tissue offers very favorable

material for the .study of cell proliferation because the mitotic

figures are often exceedingly numerous, and the tissue can usually

be obtained in a perfectly fresh condition at the operating table

and placed at once in thin sections in any fixative desired.

Multiiile mitoses are not infrequent : two, three or four spindles

are common and they may number dozens or even run up to a
hundred or more, giving rise to giant-cells of various sizes with
few to many nuclei. Such true tumor giant-cells have been found,



262 PATHOLOGIC HISTOLOGY

for example, in the following types of tumor: fibrosarcoma, glioma,

Ij^mphoblastoma, carcinoma.

Multiple mitoses are not necessarily diagnostic of tumor growth

because they occur as well in various inflammatory and reimrative

processes.

Stroma.—The stroma of tumors ordinarily consists, like that

of the glandular organs, of connective tissue and blood-vessels.

It may be newly formed or consist of the existing stroma of the

organ or tissue in which the tumor is situated, or it may be a com-

bination of the two. The amount of stroma varies greatly in dif-

Fig. 17.5.—Carcinoma of mammary gland. Multiple mitosis. A lymphocyte
is included within the cell. M. and W.

ferent tumors. It may be slight and scarcely demonstrable or

more abundant than the tumor tissue itself.

We can best assure ourselves that the blood-vessels and con-

nective tissue are newly formed in the case of encapsulated tumors

and of those which grow above surfaces and into ducts. When
a tumor infiltrates, the preexisting vessels and connective tissue

may be all-sufficient and no new ones may be formed, or they

may be stimulated to active proliferation.

The nature of the stroma, its arrangement and structure,

depend to a considerable extent on the tumor cells. Wherever a

breast cancer metastasis takes place (lymph-node, bone marrow)
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the stroma formed is usually abundant and often resembles that

seen in the heaUng of wounds. Wherever the cells of a lympho-

blastoma are carried, a connective-tissue reticulimi is usually

formed for them. The slow-growing varieties, however, often

lead to the production of abundant fibrous connective tissue.

Tumor cells seem unquestionably to incite in some way a

proliferative activity on the part of the fibroblasts. Some kinds

of cells exert a greater influence than others. In general it may be

said that tumor cells obtain about the same amount of connective

tissue as subtends normal cells of the same kind. For example,

in the epithelial tumors, the epithelium of the mammary glands

and ducts are subtended by a large amount of connective tissue.

The epithelial tumors of the breast cause an abundant connective-

tissue stroma to be formed. This is best seen when metastases

of cancer take place into the axillary lymph-nodes or into the bone
marrow. On the other hand, the adrenal contains very httle

connective tissue and tumors of the adrenal cause the production

of very httle connective tissue. The same is true of the chorion-

epithelioma.

Of course rapidity of growth plays some part. The connective

tissue is always better developed in the slower growing tumors of

any given type. In the ordinary leiomyoma every muscle-cell

is surrounded by collagen fibrils produced by fibroblasts which
accompany the blood-vessels and spread between the muscle-cells.

To a considerable extent the collagen fibrils are the cause of the

denseness and toughness of these tumors. In those which grow
rapidly little or no stroma is formed and the tumor is soft and easily

teased apart.

While the connective tissue of the stroma is usually fibrous in

character, occasionally it is mucous. Rarely in tumors involving

bone the fibroblasts of endosteal and periosteal origin are osteo-

plastic, that is, produce bone owing to some chemical effect of the

tumor cells upon them.

If the tumor grows slowly the blood-vessels are well formed,
with muscle-cells and fibroblasts to strengthen the walls of the
larger vessels. If growth is rapid the vessels may consist of only
a single layer of endothelial cells and be so thin and dehcate that
hemorrhages followed by necrosis take place readily. The blood-
vessels may vary greatly in number and in size. For example, a
rapidly-growing leiomyoma of the uterus was like a coarse sponge
in structure owing to the large size and number of the blood-vessels,

and collapsed to half its volume when cut into. Such a tumor is

not an angioleiomyoma but simply a very vascular rapidly-growing

leiomyoma.

The stroma of a cancer, especially of the breast, often suggests
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scar tissue, as if it had resulted from an inflammatory reaction.

When an epidermoid carcinoma of the skin first starts there is

usually marked inflammatory reaction adjoining it: infiltration

with lymphocytes and plasma cells occurs, occasionally a few eosin-

ophiles are present and there may be active proliferation of fibro-

blasts which are sometimes to be found in mitosis.

Retrograde Metamorphoses.—Tumors are subject to many of

the retrograde changes which affect normal tissues, such as necro-

sis, the accumulation of fat in the cells and intercellular substances,

calcification, hemorrhage, pigmentation and hyaline change of

the connective-tissue stroma. To these changes they react as

do the normal tissues: necrosis may call out an inflammatory

exudation; fat often leads to the emigration of large numbers of

endothelial leukocytes which take up the fat in their cytoplasm.

Sometimes the stroma is packed with these cells. At other times

mastcells are present (leiomyoma of uterus) and eosinophiles

sometimes occur in great numbers (carcinoma of cervix uteri,

scirrhous type of lymphoblastoma).

Following hemorrhage the red blood-corpuscles are taken up
by endothelial leukocytes and transformed into hemosiderin,

causing a type of pigmentation sometimes called false melanosis.

When a tumor adjoins a surface, necrosis often results in

extensive ulceration. This condition is seen most often in car-

cinoma involving the gastro-intestinal tract.

Tumors are frequently exposed to bacterial invasion. They
react just as do the normal tissues. The blood-vessels and their

contents and the stroma are similar in the two kinds of tissues.

The tumor cells may undergo necrosis, but they do not interfere

with an inflammatory exudation taking place.

Gross Characteristics.—In describing the gross appearances

of tumors it is customary to consider size, shape, color and con-

sistence. Of these qualities, color and consistence alone are more
or less characteristic in the case of certain tumors. Thus black

is fairly diagnostic of a melanoma, green of myeloblastoma nodules,

red to purple of a hemangio-endothelioma, and the consistence

of a chondroma or of an osteoma is quite characteristic.

The gross appearance of a tumor, while often very suggestive,

should never be considered as absolutely diagnostic. The diag-

nosis should always be based on cell differentiation and cell ar-

rangement as seen under the microscope.

Size.—Tumors vary greatly in size, from microscopic col-

lections of cells to masses weighing more than the incividuals

possessing them. Large tumors are not so common nowadays as

formerly because people are recognizing more and more the im-

portance of having them removed early.
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The size of tumors depends in general on two factors, namely, on
rapidity and on duration of growth. Sometimes, as in the case of

a scirrhous carcinoma, they represent an actual loss of substance

owing to infiltration and destruction of the normal tissue, followed

by contraction of the stroma. Necrosis and ulceration may like-

wise lead to much loss of the normal tissue as well as of the tumor.

Shape.—The shape of tumors in general tends to be spherical,

especially when they grow expansively (fibroma, lipoma), but

also often when they infiltrate (cancer, glioma). Many other

forms occur, however, and various descriptive terms, most of

which are self-explanatory, have been applied, such as the follow-

ing: nodular, lobulated, tuberous, polypoid, papillary, racemose,

fungoid, cauliflower-hke. The different forms depend to some
extent on the vascular supply, on the presence of obstructions

which prevent growth in certain directions, and on the tendency

of all tumors to adapt themselves more or less to the form of pre-

existing cavities (ducts, blood-vessels, spinal canal, etc.).

Color.—^The color of' tumors, like that of normal tissues,

depends on microscopic conditions. Cells massed together are

in general gray and translucent. This condition, best seen in a

fibrosarcoma, is generally compared to fish flesh. It may be

altered in various ways.

Fat present in the form of small droplets in the cells reflects

light in all directions; as a result the tissue appears opaque white

to yellow. Fat is commonly present here and there in many
tumors, but especially in cancer, owing to interference with the

nutrition of the cells.

Necrotic cells appear opaque white to yellow owing to some
chemical change. As a rule they also contain fat.

Elastic fibrils are sometimes present in masses in cancer of the

breast and appear to the naked eye as small yellow areas.

If a tumor is vascular and the vessels congested the blood may
so mask the tissue that its real nature will be overlooked; for

example, a vascular lipoma may be mistaken by the surgeon for

a sarcoma. Blood escaping from the vessels may cause a variety

of colors, red, brown, or black, and give rise to a false melanosis

which can be demonstrated by the reaction for iron.

Edema, if the fluid is amber colored, may cause a fibroma to

look like a lipoma, but the knife cutting it is not greased.

The green color of myeloblastoma nodules fades rapidly on
exposure to air but may be restored quickly, but only temporarily,

by treatment with peroxide of hydrogen.

Cancer nodules in the fiver are sometimes stained greenish by
bile.

Melanin, the pigment of the melanoma, is a product of meta-
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bolism of the chromatophores and appears microscopically in the

form of minute brownish granules.

Consistence.—The consistence of some tumors depends on
the amount and character of the intercellular substance produced
by the tumor cells (fibroma, glioma, osteoma); of others on the

amount and character of the stroma (carcinoma, leiomyoma,

lymphoblastoma). It varies within wide limits, from the deli-

cacy of a rapidly-growing sarcoma to the ivory-like density of an

osteoma durum.
Recurrence.—When there is failure to remove all of a tumor the

part left behind, if it be only a single cell, will continue to multiply

until another tumor mass is formed. This is termed a recurrence.

The danger of recurrence is so well recognized nowadays that

surgeons usually remove a wide margin of apparently normal

tissue around a tumor to avoid any risk. This is particularly

true of cancer because it infiltrates the surrounding tissue so far,

and so readily invades and extends along lymphatics. However,

the surgeons not infrequently fail either because the original tumor
has infiltrated farther than they suspected, or because they were

unable or unwilling to remove as large a zone of normal tissue as

was desirable. Occasionally a malignant tumor shells out so

easily that infiltration of the surrounding tissue is not suspected.

In the older days it was not uncommon to cut into the tumor
during the operation and so inoculate the wound. Finally an appar-
ent recurrence may be due to metastasis in the immediate neigh-

borhood of the original tumor.

Under this same heading must be mentioned the apparent

recurrence of keloid after removal. This is a tumor-like growth

due to excessive proliferation of connective tissue, usually, perhaps

always, associated with repair of the corium following injury.

Removal of the tumor repeats the injury and leads to a like for-

mation. In one case removal of the apparent recurrence led to a

second return and probably the process could have been repeated

indefinitely.

Metastases.—When tumors grow from the beginning within

vessels or cavities or invade them, cells or masses of cells may be

set free and be carried to other points within the vessels or cavities

and there continue to grow and to proHferate. A secondary growth

arising in this way, entirely apart physically from the original or

primary tumor, is called a metastasis. Metastases occm- most
commonly by way of the lymphatics, less frequently through the

blood-vessels, and only to a comparatively moderate extent

within cavities lined with epithelium. Some tumors metastasize

most often by way of the lymphatics (carcinoma, lymphoblastoma)

;

others by the blood-vessels (myeloblastoma, melanoma); a few
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in all three ways. Some tumors metastasize so quickly and early

that they are often claimed to be of multiple origin (myeloma,

lymphoblastoma)

.

The cells of a tumor may get into blood or lymph-vessels or

into epithelial lined cavities in several ways:

(a) By direct migration of the tumor cells into vessels (lympho-

blastoma, myeloblastoma).

(b) By the growth of the tumor into vessels or cavities whereby

cells or groups of cells may be set free (cancer, melanoma).

(c) By rupture of a tumor growing -within a cavity (papillary

adenocystoma).

(d) By cells being set free or transplanted (inoculated) at a

surgical operation.

Cells set free within blood-vessels are usually carried along by
the circulation until they block a capillary or a small artery.

Within veins they may be stopped by valves. Then if conditions

are favorable they proliferate and form secondary nodules. Met-

astases develop much more often in some organs and tissues than

in others. Conditions of a chemical nature probably play an

important part.

Cells within lymphatics are likewise carried along until they

meet with obstruction, usually within lymph-nodes.

If tumor cells enter the blood stream, metastases are most
likely to form in the liver and lungs; but cancers of the prostate

and breast are prone to have metastases develop in the bone

marrow. A melanoma is likely to give rise to secondary nodules

in many organs and tissues, including heart, skin and gall-bladder.

Metastases by way of the lymphatics are naturally of most

common occurrence in lymph-nodes, although sometimes they

develop extensively within the lymph-vessels themselves, as in the

lungs, for example.

Metastases by transplantation within an epithehal-lined

cavity are most common in the peritoneal cavity. Apparently

the cells simply plant themselves on the surface and develop;

later a stroma is furnished them from the underlying tissues.

Metastases usually occur in the direction of the current of

blood- and lymph-vessels; rarely in a retrograde direction; for

examples; in lymph-vessels from the breast to the axillary lymph-

nodes; from over the sacrum to the inguinal l5anph-nodes; and
from the abdominal cavity by way of the thoracic duct to the

blood stream and into the lungs.

Metastases by way of the blood follow the peculiarities of the

circulation; from the stomach and much of the intestinal tract

to the Uver; but from the rectum as well as from the uterus to

the lungs.
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From primary metastases in the lungs, cells may be set free

and form secondary metastases in various parts of the body.

Tumor cells may pass through the capillaries of the lungs and
develop elsewhere in the arterial circulation; or develop in the

same way after passing through an open foramen ovale.

While metastases usually develop rapidly cases are on record

where they were not evident until after many years.

The stroma of a metastasis is furnished entirely by the tissue

in which the tumor cells prohferate.

Malignancy.—A tumor is often said to be malignant or benign

according as it endangers or not the life of the individual possessing

it. There is a clinical as well as a pathologic use of these de-

scriptive terms and the two forms of usage do not entirely har-

monize.

Clinically any tumor is malignant which destroys life whether

it grows rapidly or slowly, and whether it infiltrates surrounding

tissue and gives rise to metastases or not. From this point of

view certain kinds of tumors are invariably malignant because

they are destructive of important organs (most types of cancer);

others are so usually (dural endothelioma); or only occasionally

(fibroma of epiglottis, or nasopharynx) owing to the location in

which they grow.

From the pathologic point of view the term malignancy is not

easy to define in exact terms. The usual characteristics assigned

are rapidity of growth, infiltration (and consequently destruction)

of surrounding tissues and the formation of metastases. Some
mahgnant tumors possess all these characteristics; others only

one or two of them.

Rapidity of growth is a common but not necessary character-

istic. Some cancers grow with marked slowness, yet infiltrate

and give rise to metastases, and eventually, after many years,

cause death. On the other hand, some tumors cause death in

months or even weeks.

Infiltration of surrounding tissues is usually regarded as a sure

sign of malignancy, yet one type of tumor, the hemangio-endo-

thelioma, always infiltrates (fat- and muscle-tissues and nerves

especially) and yet is not ordinarily regarded as malignant, and
almost never gives rise to metastases.

The formation of metastases is, perhaps, the most important

evidence of malignancy, although rarely or never exhibited by
certain types of tumors. For example, glioma of the central

nervous system is an infiltrative, malignant tumor which sometimes

spreads far by direct extension, but only one case of metastasis

is on record. On the other hand, a glioma arising over the coccyx

from fetal remains of the neural canal gave rise to metastases in

the lymph-nodes of both groins.
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Slow-growing chondromas occasionally invade blood-vessels

and give rise to metastases. Likewise a slow-growing leiomyoma
may metastasize.

Tumor cells are not in themselves malignant. They possess

in some respects greater vitality than many normal tissue cells

and usurp their nutrition; in this way and by pressure due to

more rapid growth they destroy the normal cells, but biologically

they are of the same nature.

Multiplicity.—Some tumors are not infrequently multiple at

the start. There may be dozens of them, rarely hundreds to

thousands.

Leiomyomas of the uterus are often multiple, several to a

dozen or more. Rarely they occur in large numbers in the skin.

Fibromas, usually of congenital origin, sometimes number
hundreds to thousands in the skin and along the peripheral nerves.

Lipomas are sometimes multiple.

Some tumors metastasize so early that they appear to be of

multiple origin (myeloma, lymphoblastoma).

A cavernous hemangio-endothelioma may apparently be

multiple owing to its forming a number of nodules, but the nodules

always appear in chronologic order and are really all connected

together by direct extension of the tumor through blood-vessels.

The nodules represent simply local developments of the primary

tumor itself.

A few tumors of congenital origin are often or usually double;

neuroblastoma of the eye; mixed tumor of the kidney.

Heterogeneous Tumors.—Occasionally an individual will have
at the same time two or more tumors of different character,

for example, coincident leiomyoma and carcinoma of the uterus,

or two different types of carcinoma. Two unusual cases, seen

personally, are worth citing.

1. 05.150. Male, aged fifty-one years; death from rupture of

esophageal vein secondary to cirrhosis of the liver. Carcinoma
(malignant adenoma) of colon. Papillary adrenal tumor of kidney.

Adenoma of kidney.

2. 04.41. Female, aged seventy; death from bronchopneu-

monia. Adenoma of left adrenal gland. Leiomyoma of uterus.

Fibroma of ovary. Rapidly-growing leiomyoma of broad liga-

ment. Adenomas of liver. So-called cavernomas of liver.

Differentiation of Normal Cells.—In order to understand

something about the different varieties of tumors and how they

may be distinguished more or less positively from one another,

it is necessary to know as much as possible of the development
and differentiation of normal cells.

As is well known, every individual higher organism starts
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from a single cell, the fertilized ovum. This cell multiplies by-

mitosis and gives rise to three layers of cells known as the epiblast,

the mesoblast and the hypoblast. The cells of these three layers

undergo further multiplication. They also undergo a process of

development or, better, of differentiation in consequence of which
various types of cells are produced according to the function they

are to perform later. These different types of cells can be dis-

tinguished from one another by the possession of certain charac-

teristic morphologic features. One cell is characterized by the

development of peculiar structures within its cytoplasm (striated

muscle-cell, eosinophile) ; another cell produces fibrils possessing

peculiar staining properties (neuroglia cell); another cell secretes

and surrounds itself with an intercellular substance which dis-

tinguishes it from all other cells (fibroblast, cartilage cell). But
once a cell has reached a certain degree of development it cannot

retrogress and give rise to cells of other types, derived from cells

which have differentiated in other ways.

This can be stated in another way by saying that after the

three germ layers are formed, the cells of one layer cannot give

rise to the differentiated cells produced by the other two layers;

for example, the cells of the mesoblast cannot produce the neu-

roglia cells derived from the epiblast.

Type Cells.—There occur in the human body some fifteen

different distinct varieties of cells, giving rise to tumors, which

may be denominated type cells. Some of these cells are very

sharply characterized so that they are readily recognized (fibro-

blast, neuroglia cell) ; others are recognized with more or less dif-

ficulty (endothelial cell, lymphocyte). Some of these cells occur

in more than one form and stage of development (endothelial

cell, endothelial leukocyte; lymphoblast, lymphocyte, plasma
cell; myeloblast, myelocyte, neutrophile, eosinophile, etc.).

There are other type cells which seem not to give rise to tumors
(erythroblast, megakaryocyte).

Each of these fifteen type cells gives rise to a series of tumors
which grow at various rates of speed. All gradations occur

between the slowest and fastest growing. With some of the tumors
the two extremes in rate of speed of growth are recognized by dif-

ferent names assigned accordingly (fibroma, spindle-cell sarcoma);,

with other tumors one name usually includes all rates of speed

(glioma, lipoma, melanoma, neuroblastoma).

The list of type cells and of the tumors arising from them,

follows.
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SIMPLE

Type cell

1. Fibroblast (connective-tissue

ceU).

2. Myxoblast (mucous connective-

tissue cell).

3. Chondroblast (cartilage cell).

4. Osteoblast (bone cell).

5. Lipoblast (fat-cell).

6. Leiomyoblast (smooth muscle-

ceU).

7. Endothelioblast

(a. blood-vessel endotheKum.)

(b. lymph-vessel endothelium.)

(c. dural endothelium.)

8. Lymphoblast (lymphocyte).

9. Myeloblast (myelocyte).

10

11. Melanoblast (pigirient cell).

12. Rhabdomyoblast (striated mus-
cle-cell) .

13. Ghoblast (neurogUa cell).

14. Neuroblast (nerve-cell).

15. Epithelioblast (epithelial cell).

TUMORS
Name of tumor and what it includes

Fibroblastoma (fibroma, fibrosar-

coma) .

Myxoblastoma (myxoma, myxosar-

coma).
Chondroblastoma (chondroma,

chondrosarcoma)

.

Osteoblastoma (osteoma, osteosar-

coma).
Lipoblastoma (lipoma).

Leiomyoblastoma (leiomyoma, leio-

myosarcoma).
EndotheHoblastoma.

(a) hemangio-endotheho-blastoma
(hemangioma, angioma).

(b) lymphangio-endothelio-blasto-

ma (lymphangioma)

.

(c) dural endothelio-blastoma

(dural endotheHoma).
Lymphoblastoma (lymphosarcoma,
mahgnant lymphoma, lymphatic

leukemia).

Myeloblastoma (myelogenous leu-

kemia, chloroma).

(myeloma)

.

Melanoblastoma (melanotic sarcoma,

melanoma).
Rhabdomyoblastoma (rhabdomy-

oma, rhabdomyosarcoma).
Glioblastoma (gUoma, ghosarcoma).

Neuroblastoma (neuroma).

Epithelio-blastoma (adenoma, pap-
illoma, carcinoma).

Differentiation of Tumor Cells.—Tumor cells tend to differ-

entiate as the cells from which they arise would do under normal

conditions. For example, a leiomyoma, a smooth muscle tumor,

arises from the proliferation of a smooth muscle-cell or of a cell

which, under normal conditions, would have produced smooth
muscle-cells.

If the growth of the tumor is slow the differentiation of the cells

may be as perfect as in normal tissues although as a rule it is not.

When the cell multiplication is rapid the differentiation of the

cells is less marked and may be entirely wanting except, perhaps,

in some part where nutrition is less favorable and growth is less

rapid.

The study and recognition of the differentiation of tumor cells

are exceedingly important, for on the differentiation depends the

exact diagnosis of the various kinds of tumors. At present certain.
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loose indefinite terms such as spindle-cell sarcoma, round-cell sar-

coma, perithelial angiosarcoma are much in use; they sliould be

given up so far as possible. The use of them indicates lack of

exact knowledge. Such general terms are permissible onl}*- when
the rate of growth is so rapid that cell differentiation does not

take place and an exact diagnosis is impossible. Such a con-

dition rarely obtains. These terms signifj^ only shape of cell or

type of growth, features which are not characteristic of any one

type of tumors. For example, a tumor ^^dth spindle-shaped cells

may prove, on careful examination, to be any one of the follow-

ing new-growths: fibrosarcoma, chondrosarcoma, osteosarcoma,

melanoma, leiomyoma, ghoma, rhabdomyoma, hemangio-endo-

thehoma or neuroblastoma.
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Fig. 176.—Filirosarcoma of bone containing numerous foreign body giant-cells.

M.

Similarly a tumor with round cells may be demonstrated to

be a Ij^mphoblastoma, melanoma, myeloblastoma, myeloma,
neuroblastoma, osteosarcoma, chondrosarcoma or leiomyoma.

A perithelial angiosarcoma is not a peculiar tj^pe of tumor,

but a form of growth dependent on malnutrition. Cells at a

distance from blood-vessels receive less nutrition and readily

undergo necrosis, dissolution and absorption. Owing also to lack

of nutrition no exudative or reparative processes occur. The
vessels are thus set free from each other with onlj^ a sheath of

tumor cells around them. In conseciuence they often may be

dra-wn out in threads like the tubules of the normal testicle of the
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adult. Such a type of growth is not infrequent in any of the

following tumors: melanoma, neuroblastoma (of the retina) and

fibrosarcoma, and may occur in glioma and carcinoma (breast,

skin)

.

Psammoma is a term often applied to tumors containing

calcified hyaline concretions. Such sand-like material may
(X'cur in a variety of tumors: for example, dural endothehoma,

carcinoma of ovary, carcinoma of antrum of Highmore. Such

tumors should be classified according to the type of cell composing

them, not named from some accidental calcified product of secre-

tion or retrograde process.
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Fig. 17(.—ForciKn Ijcidy giant-cells formcil in stroma of incta.static. cancer in
bone marrow. 'SI.

Giant-cell sarcoma is another term which is misleading and
should l)e aljolished. At least two tj'pes of giant-cells occur in tu-

mors. One type results from multiple mitoses and signifies rapid

growth. It is a true tumor cell with characteristics Ukethe other

cells in the tumor in which it is present. This kind of giant-cell

occurs in a variety of rapidly-growing tumors, such, for example,

as fibrosarcoma, ghoma, lymphol)lastoma, carcinoma. Its origin

is plainly evidenced by the presence of numerous multiple mitoses.

Oddly enough tumors containing this type of giant-cell are rarely

called giant-cell sarcomas, etc.

18
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Ciiant-cells of the second type are found most commonly in

new-growths involving bone. They occur both in rapidlj-growing

and in slow-growing tumors. There are no multiple mitoses to

explain their origin.

Giant-cells of this type produce no filirils. They are foreign

body giant-cells, similar to the osteoclasts of normal bone and are

due to the fusion of endothelial leukocytes attracted into the tumor

by the presence chiefly of lime salts which they dissolve and re-

move. They signify usually disintegration of bone, rarely the

presence of fat and fat crystals. Sometimes they are present in

great numbers in epidermoid carcinomas, attracted by the cornified

epithelium which they digest and remove. They occur most

Fig. 178.—Fibrasarcoina of bone containing true tumor giant-eells, due
to multiple mito.ses (one of which is present), and foreign body giant-celts

(with dark cytoplasm) due to fusion of endothelial leukocytes around particles

of lime-salts which attracted them into the tumor.

commonly in fibroma and fibrosarcoma involving bone; in the

stroma of cancer metastases in bone; in osteosarcoma.

Rarely a rapidly-growing fibrosarcoma involving bone may
contain both types of giant-cells. The tumor containing foreign

body giant-cells should be classified according to the nature of

the other cells present in the tumor; the foreign body giant-cells

should be disregarded. They do not signify either rapid growth

or malignancy.

Classification.—Tumors are classified like normal tissues on a

histologic basis; that is, on the differentiation of the cells com-
posing them. When the differentiation of the cells is marked,

as it ordinarily is in slow-growng tumors, a diagnosis of the nature

of the tumor is usually easy. When growth is rapid, ho\^'ever,

the differentiation is slight and may be entirely wanting. In the
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latter case we may be able only to guess at the probable diagnosis

from the situation in which the tumor grows, or from having for

comparison with it a series of tumors of the same nature growing

at all rates of speed. Sometimes, too, in a part of the tumor the

cells may grow slowly so that more or less differentiation of them
has had time to take place; and from them the character of the

growth can be ascertained.

In the classification of tumors a knowledge of the embryologic

development and appearance of the normal tissue cells is important

for two reasons.

If a tumor grows rapidly its cells do not have time to differ-

entiate to any extent; they remain of an embryonic type which

must be recognized (nerve-cells and striated muscle-cells, for ex-

ample).

Embryology is useful in explaining the occurrence of certain

tumors in certain situations; for instance, a glioma in the nasal

sinuses or over the coccyx; adrenal cell tumors in the kidney and
liver; a chordoma at the base of the skull; an epidermoid car-

cinoma deep in the neck not connected with the skin.

Under every recognized variety of tumor should be grouped

both the slowly-growing and the rapidly-growing tumors built up
by the multipUcation of the same type cell. In no other way is

it possible fully to understand each variety of tumor and find

out its characteristics. The type cell is the one important element

in every tumor. From it the tumor should be named, not from
some peculiarity of minor importance, such as method of growth,

or arrangement of cells, or form of retrograde change.

Besides the fifteen varieties of simple tumors, there are other

tumors due to the proliferation of cells of an earlier embryonic
type which are capable of differentiation into two or more of the

simple adult type cells. These tumors are called mixed tumors.

Several varieties occur, some very simple, others more complex
in structure. The most complex tumors arise from cells capable

of developing into a fetus.

Nomenclature.—The nomenclature of tumors is very un-
satisfactory. Most names were applied long ago when much less

was known about tumors than now. Consequently they have
become heirlooms which are not easily cast off. Many improve-
ments in names have been suggested and a few have been generally

accepted.

The use of some names has been restricted. The term car-

cinoma was formerly applied to all malignant tumors. It is now
confined to malignant new-growths of an epithelial nature. The
term sarcoma has long been applied to all mahgnant tumors of

a non-epithelial nature. The tendency now is to restrict its use
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to the four types of rapidly-growing tumors derived from -the

fibroblast (fibrosarcoma, myxosarcoma, chondrosarcoma and
osteosarcoma). Perhaps it would be advisable to retain it in the

broader meaning of signifying rapid growth, but such terms as

gliosarcoma and rhabdomyosarcoma offend some people strangely.

On the other hand, it would enable us to avoid the use of the

clinical phrases, such as malignant leiomyoma, etc.

One good suggestion is being followed more and more, to join

the ending blastoma to the name of each kind of cell of a distinct

type and have the term apply to all the tumors arising from that

type of cell; a few examples are given: fibroblastoma (includes

fibroma and fibrosarcoma) ; osteoblastoma (includes osteoma and
osteosarcoma); glioblastoma (includes glioma and gliosarcoma?);

epithelioblastoma (includes adenoma and carcinoma); embryo-
blastoma (includes embryoma and teratoma).

Simple Tumors
introduction to the four connective-tissue tumors

The first four types of tumors (fibroblastoma, myxoblastoma,
chondroblastoma, osteoblastoma) are very closely related, just

as are the normal tissues to which they correspond. They are

sometimes included under the term "the connective-tissue tu-

mors."

The ordinary connective-tissue cell, the fibroblast, produces

fibroglia and collagen fibrils. It has inherent in it, however, the

property of being able to manufacture certain other substances.

Thus in many situations, as in the walls of blood-vessels, it also

produces elastic fibrils. In other situations and also under certain

pathologic conditions the fibroblast may produce, in addition to

the three kinds of fibrils already mentioned, three different kinds

of homogeneous substances, namely, mucin, chondromucin and
osseomucin.

The tumors in which the fibroblast produces only fibrils are

included under the term fibroblastoma which covers both fibroma

and fibrosarcoma.

If the fibroblast produces, in addition to the fibrils, a gelatinous

homogeneous intercellular substance known as mucin, the cell is

spoken of as a mucous connective-tissue cell, and the tumors to

which it gives rise are included under the term myxoblastoma, or

more commonly myxoma or myxosarcoma, according to their rate

of groAvth.

If the fibroblast produces a solid homogeneous intercellular

substance known as chondromucin, it is called a cartilage cell and
the tumors are included under the term chondroblastoma, or
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chondroma or chondrosarcoma, according to rate of growth.

Three varieties of cartilage cells are recognized, namely, hyaline,

fibrous and elastic, according to the amount of chondromucin

secreted and the number of collagen and elastic fibrils present.

If the fibroblast produces in addition to the fibrils a dense

homogeneous intercellular substance, known as osseomucin in

which lime-salts tend to be deposited, it is called a bone cell.

Tumors of which the cells tend to differentiate into bone cells are

included under the term osteoblastoma or commonly osteoma or

osteosarcoma, according to rate of growth. Bone cells may arise

directly from fibroblasts or from an intermediate cell known as

an osteoblast.

Cartilage and bone cells are end products. They do not

rejuvenate and by mitosis give rise to other cartilage and bone
cells. They all arise from less differentiated cells, the fibroblasts

of the perichondrium and peri- and endosteum, which have in-

herent in them the property of producing homogeneous inter-

cellular substances in addition to various fibrils.

Owing to the intimate relation between the four types of

connective tissue, all of which arise in fact from the fibroblast,

it is easy to understand how tumors frequently occur in which
various combinations and proportions of the fibrils and inter-

cellular substances which can be produced by it are present.

The origin of an osteo-chondro-myxo-fibroma thus becomes
readily comprehensible.

I. FffiROBLASTOMA (FIBROMA, FIBROSARCOMA)

Definition.—^A group of tumors of mesenchymal origin of

which the cells tend to produce fibroglia and collagen fibrils, less

often elastic fibrils.

T3rpe Cell.—The type cell from which this group of tumors
arises is the ordinary connective-tissue cell or fibroblast, a cell

which is characterized by producing regularly two kinds of fibrils

named respectively, fibroglia and collagen fibrils. In addition it

may give rise to elastic fibrils, but it does not do so under all con-

ditions. These three kinds of fibrils can be readily differentiated

from each other by several different staining methods.
The fibroblast is in general a flat elongated cell with one or

more cytoplasmic processes at each end. Its nucleus is flat and
oval in shape and vesicular in character. The fibrogha fibrils

are straight or gently curved; they run along the surface of the
cytoplasm and follow its prolongations. The collagen fibrils are

intercellular, lying free between the cells, are more dehcate in

structure than the fibrogha fibrils, and run parallel in wavy bundles
of larger and smaller size. The elastic fibrils vary from fine to
coarse and form an interlacing network.
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The fil)roblast forms a great variety of tissues in the l)od}%

aponeuroses, tendons, supporting and landing tissues of all sorts.

It varies in size and shajje and in the amount and arrangement

of the collagen and elastic fibrils it produces in these different

tissues in accordance mth the function it has to perform. In the

cornea the fibrils are abundant and run in thin, closelj^ compacted

layers. In the corium the bundles of collagen fibrils are loosely

bound together. In the cortex of the ovary the fibrils are few in

number and the cells are more or less spindle-shaped. It is not

surprising, therefore, that the tumors arising from fibroblasts in

different parts of the body should vary much in appearance,

structure, and texture.

Fig. 179.—Fibromu. Few cells, many collagen fibrils.

Rate of Growth.—Tumors arising from fibroblasts grow at

all rates of speed. One on a big toe was thirteen ^^ears in reaching

a diameter of five cm. Others grow with great rapidity, forming

large tumors in a few months. To the slower-growing tumors
the term fihroyna is applied, while those which grow rapidlj- are

classed under the term fibrosarcoma. The dividing line is not

always easy to determine, but, for practical purposes if mitotic

figures are present the tumor should be regarded as a fibrosarcoma.

When the cells divide by mitosis it is always transversely, across

the long axis of the cell.

Histologic Structure.—The cells of tumors arising from fil^ro-

blasts tend to differentiate like the normal cells. They are fiat
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Fig. 180.—Fibrosarcoma. Cells viewed flatwise; fibroglia fibrils red, collagen

fibrils blue.

Fig. 181.—Fibrosarcoma. Cells viewed sidewise.
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cells with oval nuclei and produce fibroglia and collagen fibrils,

and occasionally elastic fibrils. The collagen fibrils are always

the more abundant and the more easily stained and recognized.

They surround in ecjual amount all cells growing at the same rate

of speed. In fibroinas the fibroglia fibrils, hke the cells themselves,

are few in numl)er. The tumors are composed chiefly of inter-

lacing bundles of collagen fibrils. In the more slowly-growing

fibrosarcomas the fil^roglia fibrils are more prominent, but in those

in which the cell proliferation is very rapid both kinds of fibrils

are so delicate that they are seen with difficulty except wlien

deeply stained or when viewed on end.

Giant-cells.—Occasionally, especially in the more rapidl>'-

gnjwing fibrol)lastomas, numerous multiple mitoses and multi-

nucleated cells arising from them are present. Some of the cells

may contain dozens of nuclei. These giant-cells are true tumor

':Ss<U^

Fig. 182.—Fibi'osai'foiiia. Cells viewed in cross-spetion.

cells and produce fibrils like the other cells. Thej' indicate

abundant nutrition and usually rapid growth.

More often giant-cells of another type are present. They are

foreign body giant-cells due to fusion of endothelial leukocytes

which have been attracted into the tumor l)y foreign bodies of

some sort or other, usually fat crj-stals or hme-salts, and have
fused around them. On this account this tj'pe of giant-cell is

common in fibroblastomas involving bone.

Stroma.—The stroma of fibroblastomas consists of l)lood-

vessels and connective tissue derived from the surrounding tissue.

They run in the centers of the strands of tumor cells which run

parallel with them. The most active proliferation and the young-
est tumor cells always adjoin the vessels. In the most rapidly-

growing tumors the stroma consists for the most part only of

l)l()od-vessels lined with a single layer of endothelium. In the

more slowly-growing tumors the vessels are accompanied by a
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Fig. 18.J.—Fihi'o.sarcoiua containiiifi; multiple mitoses and Inie tuiiKir Kiant-

oells.

."i-r

Fig. 1S4.—FilirosaiToma. Multiple mito.sis.
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var^'ing amount of connective tissue wliicli cannot always be
readil>' distinguished from tlie tumor tissue.

Fibroma.—While there is no sharp line separating the slowly

and rapidly-growing fibrol^lastomas from each other, because all

gradations in rate of gro\\'th occur, it is advisaljle to discuss separ-

ately and briefly the two extremes of growth recognized by the

terms fibroma and fibrosarcoma.

Histologically the cells and fibrils of a fibroma are joined to-

gether sometimes in large bundles which run in different directions^

xa^ Oo-\,_,^

Fig. 1S5.—Fitirosarcoina. True tumor giant-cell. Many nuclei and ccntro-
somes present.

sometimes in small strands which twist and t'wine in every way.

If the bundles and strands are closely woven the result is a compact,

hard tumor, fibroma durum; if loosely woven, a flabby, shapeless,

tough mass, fibroma molle. Sometimes edema has the same effect

on a fibroma causing it to be flaljby, tough, and on section moist.

Fibromas usually grow exiDansively and form spherical or

rounded nodular masses. As a rule, they are surrounded by a

fibrous capsule and are dangerous clinically only from size, loca-

tion, or pressure exerted. Occasionally they grow diffusely and
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tend to infiltrate. Frequentlj' tliey are multiple, occurring some-

times in great numbers in the skin and along nerves. Rarely they

*»'3*l»»»___

Fig. 186.—Fibroma. Cells few in number. Collagen fibrils form wavy
bundles. M.

Fig. 1.S7.—Fibroma. Cells and fibrils in small bundles which run in every
direction. M.

present a plexiform appearance possibly owing to extension along

or around nerves or other structures. They originate most com-
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Fi lS8.-Fibroma developing from sheath of nerve. Nuclei ten,:! to

occur in groups, close together; hence the clear areas where only cytoplasm

and collagen fil^nls arc present. M.

Fig. ISil.—Fibrosarcoma. M.
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monly in the skin, muscles, fasciae, tendons, periosteum, ovaries

and uterus. On section the hard varieties are white and glistening

when the bundles of cells and filjrils run horizontallj^, and of various

shades of grey when the bundles are cut oblicjuely and trans-

versely. The flabby varieties are light grey and if edematous
are translucent. Rarely the serum in an edematous fibroma may
color it yellow like fat.

Fibrosarcoma.—The rapidly growing tumors, the fibrosar-

comas, tend to infiltrate the tissues in which they grow and to

give rise to metastases, especiallj' by way of the blood stream,

to the lungs, liver and other organs. The cells are almost always

spindle-shaped and may be large or small. Occasionalljr they are

oval, round or polymorphous. On section the cut surface is even,

^^-^

^^5^-

a*@s:ssi

—

Fig. 192.—Fibrosarcoma of breast. Numerous collagen fibrils,

figure. Fibroglia fibrils blue.

One mitotic

translucent and resembles fish flesh. As a rule the cells are readily

teased apart. The fibrosarcomas originate in much the same
locations as the fibromas, but are never multiple except by metas-

tasis.

Keloid.—Keloid is a term applied to certain tumor-hke struc-

tm-es composed of dense fibrous tissue which occur in the skin in

certain peculiarly constituted people. Keloids usualh' follow

an injur^^ (cut, blow, burn), but occasionally they appear to arise

spontaneously. The fibroblasts of which they are composed are

distributed in thin sheets between thick laj^ers of collagen filjrils

which are more or less fused together and usually appear hj'aline.

The cells and fibrils run in various directions. The tissue resembles

scar tissue.

When a keloid is removed, a similar gTo«i:h arises to take its
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Fig. 193.—Keloid. The collagen fibrils form thick hyaline layers, with the
cells in thin sheets between them. i\I.

Fig. 194.—Keloid of face following a liurn.
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place and is often incorrectly regartleil as a recurrence. If the

second mass is removed a third mil talve its place, because the

injury is the same each time. In other words a keloid is the result

of over-activity on the part of the regenerative powers of the fibro-

blasts and represents a hypertro])liied scar.

A keloid in the active stage of formation closely resembles

histologicaUy a fibrosarcoma, because the fibrol:)lasts play a much
more active part than the vascular enrlothelium and there is little

or no leukocytic or lymphocytic infiltration.

2. MYXOBLASTOMA (MYXOMA, MYXOSARCOMA)

Definition.—A tumor of mcscnchj-mal origin of ^^-hich the cells

tend to produce mucin in addition to fibroglia, collagen, and elastic

fibrils.

Fig. 19.5.—I'mbilical cord at term. Mucous ronncctivc-tissue cells with
fibroglia and collagen fibrils.

Introduction.—The myxoblastoma is a comparatively rare

tumor and, therefore, clinicallj' of minor importance. It is char-

acterized Ijy its translucency and in well-marked examples by
its sliminess. It is questionable whether it deserves recognition

as an entity. It often differs so little from the fibroblastoma that

it could well be included under that tumor. Moreover, all the

tumor cells do not secrete mucin; many produce only the fibrils

and hence cannot be distinguished from the ordinary fibroblast.

On the other hand, the cells which do secrete mucin show how all
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the cells tend to tliffcrentiate and may be said to characterize this

tumor, just as the production of chondromucin distinguishes the

chondroblastoma.

Type Cells.—The type ceU is the mucous connective-tissue cell

as found in the early embryo, but restricted at the time of birth

almost exclusively to the umbilical cord. It is a fibroblast which

secretes, in addition to the three kinds of fibrils, a homogeneous
semifluid intercellular suljstance called mucin. The mucin occurs

between the collagen fibrils. Sometimes it is much more abundant

Fig. lOG.—Myxoma. The cells and their fibrils are separated by fluid con-
taining mucin.

in some situations than in others, filling small cavities between
strands of fibrils.

Rate of Growth.—The myxol)lastomas grow at various rates

of speed. The term myxoma is applied to one which grows slowly,

myxosarcoma to one which grows rapidly. The absence or

presence of mitotic figures determines the heading under which a
given tumor should be grouped.

Histologic Appearance.—The cells of a myxoblastoma tend
to differentiate into mucous connective-tissue cells. Owing to the

19
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presence of the mucinous fluid the fibrils are more or less widely

separated from each other and the cells often jjresent a stellate

appearance with long branching cytoplasmic processes, because

they are not packed tightly together as in a fibroblastoma. Rarely

some of the cells contain multiple nuclei; they are true tumor

giant-cells derived from multiple mitoses. In a myxosarcoma

many of the cells are likely to be of the spindle type.

Myxolilastomas have a slight stroma containing fairly numer-

ous blood-vessels and a small amount of connective ti.ssue.

Gross Characteristics.—Myxoblastomas may attain a con-

siderable size, one or more kilos. They usually form lol)ulatetl or

polypoid masses which may or may not he sharply limited and

encapsulated. On section they often appear translucent, gela-

Fig. 197.—Myxoma. The cells and their proces.ses are .separated by fluid

containing mucin. M

tinous, and colorless, but are sometimes grayish, yellowish or

whitish, at least in part, and if the vessels in the stroma are numer-

ous and injected they may be colored light to dark red. Natur-

ally, they are not rigid and dense to the touch, but tlie myxomas
are tough like the umliilical cord owing to the presence of numer-

ous collagen filiirils. The myxosarcomas are delicate and easily

teased apart. Both forms of growth on section often feel slimy

to the fingers, o\\ing to the presence of much mucin.

]\'Iyxoblastomas occur most often in the soft parts of the ex-

tremities, especially in the fat-tissue; along the course of nerve

bundles; in the neighborhood of joints; rctroperitoneally; in the

umbilicus; in the periosteum; and rarely in the endocardium of

the heart.
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The mj^xoma is benign, is occasionally multiple, and sometimes

congenital.

The myxoVjlastoma may be closely simulated by an edematous

filiroblastoma. The presence or absence of mucin on test is the

deciding point. jNIyxomatous tissue is often present in some of

V ^0^ ^

Fig. IDS.—Myxosiu'coina.

the mixed tumors, especially in those derived from the fibroblast

and in the mixed tumors of the parotid region. Myxomatous-
like tissue is often formed in the stroma of certain tumors, es-

pecially in adenomas of the mammary gland antl in hair matrix

cancers of the skin.

3. CHONDROBLASTOMA (CHONDROMA, CHONDROSARCOMA)

Definition.—A tumor of mesenchymal origin of which the

cells t('n<l to differentiate into cartilage cells.

Type Cells.—The type cell is the cartilage cell which ordinarily

arises from the perichondrium. This structure con.sists of fibro-

blasts which produce fibroglia, collagen, and elastic filjrils. In

aiklition they are al)le to secrete a dense homogeneous intercellular

sulistance kno\\'n as chondromucin, which more or less obscures

the fibrils unless they are rendered prominent bj^ special staining

methods. In transforming itself into a cartilage ceU, a filiroblast

alters its shape, becomes sjiherical or more or less flattened, and
apparently loses its fibroglia filjrils. The cartilage cells, at least

in hyaline cartilage, do not retain cytoplasmic connection with
each other. The homogeneous substance is sometimes deposited
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ill lit;ht(T and denser layers around individual eells ajid small

ji;roups of thoiii so as to appear in tlu: form of hyaline (;a|jsules.

When the homogeneous intercellular substance is aljuntlant,

the hyaline typi' of cartilage is foj-med. When it is sligliter in

amount and the collagen or elastic filirils f)red(jrninate, fihrous

(white) or elastic (yellowj cartilage results. So fai' as known
cartilage cells are an enrl product; they do not give rise to other

cartilage cells, but all arise from the less differentiatefl fibroblast

of the ]")erichondrium, or from other fibrobla.-t- -ucli a.- lliosi;

composing the ])r'riosti'uni, for example.

Rate of Growth.- Tumors composr'd of cartilage cells grow at

all rates of spe(.'d. The term cli(jiidroma is apjilieil to tlio-e which

*

«

Fig. ]',!'.).— .N'oniiiil fartiluKO in ;i ffliis. 'I'be liliroljlnst,-, of tin- pciiitioniliTiini

;ire iiinicigoiiig a gradual traii-forriiatiuii iiitu i-artilage i'<tl-. ,\I.

grow slowly, chonrlro-arcoma to tho-e which grrjw rapidly, 'hhere

is no shar]) dividing line between the two, but the absence or

presence of mitotic figurf^^ may be used as the .surest guide.

Histologic Appearance.—The cells of a chondrobla.stoma tend

to differentiate intij cartilage- cells and in a given tumor may form

any one of the three \'arieties—hyaline, fibrtju- or ela-tir-. Com-
binations f)f all these tyjjcs may occur. The tumor cf-lls vary

con-iderably in size and shape in different instancr-,-,. In ,-ome

tumors they are large and pol>iiiorphous; in (jthers they rriay be

small and spindle-shaped.

The stroma of a chondrobla'-toma consists of blo(jd-ves.sels
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aeconipanii'd liy coniKH'tive tissue usually in small amount. The
aeti\cly prdlilerating tumor t'l'Us adjoin the sti'oma ami in a ehon-

l-'lil. '-'DO.— CIioihIi-oii

(Iroma form the iieriehondrium from whieh growth takes ]ilaee.

As the tumor masses enlarge jieripherally the stroma is stretehetl
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Fig. 202.—Chondroma. An area where the interceUular substanee is

soft and the cells have cytoplasmic processes, like nmcous connective-tissue

cells.

Fig. 203.—Choni Irosarcoma.
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and its meshes surrounding the tumor as a whole and extending

in between the tumor cell masses become more and more distended.

As a result of this manner of growth the tumor cells farthest

removed from the stroma get less and less, nutrition by imbibition,

and are likely to undergo retrograde changes, such as mucoid
softening, calcification, or necrosis.

In chondrosarcomas the blood-vessels are usually large and
numerous and little or no connective tissue is present. The tumor
cells immediately adjoin the vessels and proliferation is most
marked in this situation. Farther away from the vessels the

cells undergo differentiation and form cartilage cells.

Gross Characteristics.—Chondroblastomas may attain a

large size, sometimes weighing many kilos. They are usually

lobulated or nodular, and on section of a translucent pale bluish

or opalescent white color. As a rule they are hard and dense to

the touch.

Chondromas grow expansively, are limited by a definite capsule

and are in general benign, but occasionally they invade lymphatics

and veins and extend along them. They may give rise to metas-

tases but this occurrence is much more likely to happen with the

chondrosarcomas which tend to infiltrate the tissues around them.

Chondroblastomas arise usually from perichondrium and peri-

osteum, but occasionally originate in the soft tissues and in internal

organs. They are found most often, therefore, in connection with

the skeleton.

Chondromas are sometimes multiple and occasionally con-

genital.

4. OSTEOBLASTOMA (OSTEOMA, OSTEOSARCOMA)

Definition.—A tumor of mesenchymal origin of which the

cells tend to differentiate into bone cells.

Tjrpe Cell.—The type cell of the osteoblastoma is the bone
cell.

Under, normal conditions bone cells arise from fibroblasts

either directly or through an intermediate form of it called the

osteoblast. The fibroblasts which produce bone cells are known
as periosteal and endosteal cells. They produce fibroglia, collagen

and elastic fibrils. In addition they are capable of secreting a
dense homogeneous intercellular substance called osseomucin,

which binds the fibrils together, rendering them more or less

invisible, and attracts lime-salts. While this substance is being
deposited the fibroblast contracts and alters its shape. The cell

finally comes to occupy a cavity called a lacuna, surrounded by
the homogeneous substance in which the lime-salts are deposited.

From the cell cytoplasmic processes and perhaps fibroglia fibrils
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extend in all directions through canaliculi to connect with other

cells. Bone cells are formed in this way in the skull, etc. In other

places the fil^roblasts change first into polymorphous osteoblasts,

often with numerous fine granules in their cytoiDlasm.

So far as is now known bone does not arise from cartilage but

may substitute itself for it. On the other hand, cartilage often

becomes calcified but the cartilage cells do not change into true

bone cells.

Bone cells always arise from fibrol:)lasts and osteoblasts.

They are an end product. They do not rejuvenate and by mitosis

give rise to other bone cells.

Fig. 204.—Osteosarcoma arising from periosteimi of femur. Tho timior
fon.sists largely of rapidly proliferating filjroblasts which in places differentiate

into hone-cells arranged in trabecuUc. M.

When, a bone cell undergoes necrosis, the intercellular sub-

stance and especially the lime-salts under its control are removed
by the action of foreign botly giant-cells formed from fused endo-

thelial leukocytes attracted to the site. The giant-cells arc kno\\ir

as osteoclasts.

Rate of Growth.—Bone timiors gro^^' at all rates of sjjeed.

Some require many years to reach a size attained by others in

weeks or months. Those which grow slowly are classed under os-

teoma; those which increase in size rapidly are grouped under

osteosarcoma; there is no sharj") di\iding line; many are on the

Ijorder line. It is sometimes difficult to decide in which group to

place a given tiunor. .
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The ra]3idly-growing tumors are the more interesting to study

because all stages in the development of bone cells are present.

Histologic Appearance.—Bone cells in osteoblastomas arise

in the same manner as in normal l)ones from fibroblasts and
osteoblasts. In the rapidly-growing tumors of this tj'pe all stages

in the transformation of fibroblasts into bone cells can be readily

followed. Some of the tumors gTow as fibrosarcomas, but here
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Fin- 20.3.—Ostcosarcoiiui. Four view.s from same tumor showing different
rates of growth and differentiation.

and there groups of the cells cease to proliferate, secrete osseomucin
between the fibrils and attract lime-salts; in other words, they
differentiate into bone cells. Other cells adjacent to these groups
of cells join them so that the differentiating foci s]iread antl coalesce,

thus forming the bony trabeculte of the tumors.

In other osteoblastomas the ra]5idly-growing cells may be
spindle-shajied or rotmd, but, instead of forming fibrils, at least

to any extent, they deposit directly large amounts of homogeneous
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intercellular substance in the form of anastomosing trabeculae. In

conseciuence of the prominence of this deposit of osteoitl material

these tvmiors have received the distinctive name of osteoid sar-

comas. Occasionally osteoblastomas occur in which both the

fibrous and osteoid types of growth arc present and they may
be very intimately combined, showing that th(>re is no essential

difference in the cells. Possibly the cells in the osteoitl tumors

correspond to the cell intermediate lietween the fibrolilast and the

bone ceil in certain situations, namely, to the so-called osteoblast.

When an osteoblastoma gets to growdng rapidly the cells in

some parts of it may not differentiate in the slightest. Under

these conditions they may appear spindle-shaped or spherical.
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Fig. 20S.— < )ste(ji(l sarcoma. One cell in mitosis.
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cellular substance not under the immediate care of living bone
cells. Sometimes the retrograde processes are very active, so

that the number of foreign body giant-cells is in excess of the

tumor cells. The term giant-cell sarcoma is often incorrectly ap-

plied to such a new-growth.

Gross Characteristics.—Osteolilastomas may attain a very

large size. This statement was particularly true in the old days

when tumors were allowed to attain their natural development
without operative interference. They form spherical or tuberous

tumors, often of great hardness. The osteomas are sometimes

divided on the basis of hardness into osteoma durum (compact,

ivory-like) and osteoma spongiosum (porous, sponge-like). The
osteomas appear white to yellowish like bone, but the osteo-

sarcomas are often grayish to white, and sometimes reddish brown

Fig. 209.—Osteoid sarcoma. From an area wtiere no differentiation has taken
place.

as the result of hemorrhage. Occasionally, they are hollow and
cystic as the result of necrosis, softening and absorption. When
the}^ start in the periosteum the new trabeculse of bone extend

out for the most part at right angles to the shaft.

True osteomas are rare, especially out of connection with the

skeleton, but they have been found, for example, in the lung,

l)rain and elsewhere. Thej' grow slowly and expansively. Some-
times it is difficult to distinguish between them and tumor-hke
growths of inflammator}^ origin.

The osteosarcoma is a more common and important tumor than

the osteoma. It invades and destroys bones, especially when it

arises within one and often extends to muscle and other neigh-

boring tissues. Metastases occur most often by way of the blood

stream.
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5. LIPOBLASTOMA (LIPOMA)

Definition.—A tumor of mesenchymal origin of which the
cells tend to differentiate into fat-cells.

Type Cell.—The type cell is the fat-cell found in various places

throughout the body. In the embrj'o the fat-cells are early

differentiated as a definite cell entity from the other mesenchA^mal
cells. They appear in small clumps in the subcutaneous tissue

and elsewhere, and have a stroma consisting of numerous capil-

laries and a slight amount of connective tissue. The fat-cell is

not a fibrol)last, is not derived from one, and in emaciation does

not return into one.

Fis. 210.—Lipoma.

A fat-cell at first resembles to some extent a small liver celL-

The nucleus is centrally located; the c3'toplasm is abundant,
finely granular, and sharply limited although it does not seem to

possess a cuticle. In emaciated infants, especially soon after

birth, the fat-cells often increase considerably in size, although
containing no fat, and may so resemble large epithelial cells as to

be mistaken for some form of tumor.

At a later stage in the development of fat-cells minute droplets

of fat appear more or less evenly distributed in the cytoplasm.
By coalescence larger drops are formed, but the nucleus remains,
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Fig. 211.—Lipoma. Detail sliomng characfer of nurlei.

Fig. 212.—Lipoblastoma in which mo.st of the fat-cclls are of the embryonic
type. JNI.
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in the center of the cell. Fat-cells of this type are not infrequently

found in the adult, especially retroperitoneally. They are common
in many of the lower animals, such as monkeys, mice, etc.

The adult t3^e of fat-cell ordinarily contains one large globule

of fat around which its cytoplasm is distended into a thin envel-

ope. The nucleus is flattened and pushed to the periphery of the

cell. Within the nucleus is often a small opening (vacuole).

Rate of Growth.—The lipoblastoma is a tumor of comparatively

slow growth and is ordinarily called a lipoma. If rapidly-growing

forms occur their true nature has not been recognized.

Histologic Appearance.—The cells of a lipoblastoma tend to

differentiate into fat-cells usually of the adult type, but occasionally

of the embryonic type. They are held together by a small amount
of connective tissue and are

provided with blood-vessels,

mostly of the capillary form.

The fat-cells of a lipoblas-

toma are usually thought to

be a little larger than the

normal size, but in a lipoma

from an infant they were un-

questionably smaller. A rap-

idly-growing lipoma from the

back of a nurse was composed
almost entirely of fat-cells of

the embryonic type and they

were considerably above the

normal size. The cytoplasm

of the cells was decidedly granular and some of them contained

no fat. At the periphery of the tumor the cells were invading

the surrounding fat and muscle-tissue. The growth must therefore

be regarded as possessing some of the properties of malignancy.

Gross Characteristics.—Lipomas usually grow slowly and
expansively. They are lobed or lobulated and are surrounded
by a connective-tissue capsule in consequence of which they can
usually be easily shelled out of the tissue in which they have
developed. They may reach a large size and from size or pressure

prove dangerous clinically. In other respects they rank among
the most benign of tumors. Occasionally, they undergo retro-

grade changes, such as necrosis, cyst formation, or calcification.

Rarely they become ossified.

Lipomas occur most frequently subcutaneously, intramuscu-
larly and subserously. They have also been found in the kidney,
orbit, uterus, and skull cavity. Sometimes they are multiple
and symmetrically distributed. On section they resemble ordi-

Fig. 213,- -Lipoma of fetal fat-cell

type.
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Fig. 214.—Lciiiniyoma. Smooth musflc-cells with their myoRlia fibrils appear
bkielv. Fibroblasts with their collagen fibrils appear light. M.

f^^ _^^- ^^.,^1^. ^^.-v.

L.^-*

Fig. 215.—Leiomyoma. Nuclei grouped in regular rows like columns of in-

fantry. M.
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nary fat-tissue. The rapidly-growing one from a nurse's back was

reclilish yellow in color and very vascular.

The consistence of a lipoma depends largely on the amount

of connective tissue present.

6. LEIOMYOBLASTOMA (LEIOMYOMA)

Definition.—A tumor of mesenchymal origin of which the cells

tend to differentiate into smooth muscle-cells.

Type Cell.—The type cell is the smooth muscle-cell of mesen-

ch>'mal origin which occurs in the uterus, gastro-intcbtinal tract,

blood-vessels, and elsewhere.

Fig. 21(i.—Leiomyoma. Myoglia tihrils rclal.ivoly coar.se.

The type cell is long and spindle-shaped with a rod-shaped

nucleus and dcn.se acidophilic c>'toplasm. The cell is character-

ized liy having in the cuticle of the cytoplasm longitudinal stria-

tions, known as myoglia fibrils which can l)e stained diffc^rentially

and which have much to do with the deep acidophilic staining of

the smooth muscle-cell cytoplasm. These fibrils are fine and
seixarate except at the ends of the cells where they fuse more or

less together to form coarse fibrils which terminate the cell. 0\\nng

to this condition smooth muscle-cells show when properly stained

both fine and coarse fifirils and in this respect differ from a fibro-

blast.

Smooth muscle-cells vary considerably in size and in the

development of fibrils in different parts of the Ijody. The cells

20
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Fig. 217.—Leiomyoma. Cells and fibrils viewed in cross-.section.

Fig. 21S.—Leiomyosarcoma. jVIyoglia fibrils well developed. One mitotic
figure present.
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are Largest in the vas deferens, the prostate, and the pregnant

uterus.

Smooth muscle-cells are always surrounded by numerous

collagen fibrils which bind them together and which appear to be

largely responsible for the density and toughness of smooth

muscle tissue. The collagen fibrils are not produced by the

muscle-cells but by fibroblasts which occur in moderate numbers

between them.

Fig. 21!).—Leiomyosarcoma. Three mitotic figures present. M.

Rate of Growth.—Lciomyoblastomas grow at various rates

of speed, although generally regarded as of slow growth. They
are commonly called leiomyomas, or fibroids hy the clinician, and
have received no special designation when growing rapidly except

that of malignant leiomyoma. The term leiomj'osarcoma has

been used, but the general feeling is that the use of the word sar-

coma should be restricted to the four connective-tissue tumors.

When mitotic figures are present in a leiomyoblastoma the

tumor is to be regarded as capable of infiltration and of giving

rise to metatases and, therefore, as clinically malignant.
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Histologic Appearance.—Tlie cells of a leiomj'oblastoma tend

to differentiate into smooth muscle-cells. In the slowly growing

n*^
r~. ":^t

Fig. 220.—Leiomyosareoina. (>ne cell in mitosis. From .spindle-ccll portion
of tumor. M. and \\\

Fig, 221.—Leiomyosarcoma. One cell in mitosis. From round-eell portion
of tumor. M. and W.

tumors this readily takes place, Ijut in those whiclr proliferate

rapidly tlie fibrils may Ije formed only to a slight extent or not at
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all and the cells, instead of preserving a spindle shape, may become
spherical and sometimes multinucleated.

The stroma of a leiomyoblastoma consists of blood-vessels and
of connective tissue. The tumor cells seem able to make large

demands on the fibroblasts since these deposit numerous collagen

fibrils around every muscle-cell. In time many of the smooth
muscle-cells disappear owing to interference with nutrition while

the hardier fibroblasts persist. As a result a leiomyoblastoma

may come in time to contain more fibroblasts than smooth muscle-

cells. It has reached the condition of many a scirrhous cancer.

Gross Characteristics.—Leiomyoblastomas usually form spher-

ical or lobulated tumors, occasionally of large size, and of a

reddish gray to white color, and of fairly dense consistence; the

greater the amoimt of stroma present, the whiter the color and the

denser the consistence. Beginning necrosis of a leiomyoblastoma

in consequence of obstruction of blood-vessels often results in a

hght to dark reddish coloration. The cut surface of a leiomyo-

blastoma offers a play of shades! owing to the various angles at

which the intertwining strands of cells are cut.

Leiomyoblastomas are of conimon occurrence, and are fre-

quently multiple, most often in the uterus, occasionally in the skin

and elsewhere. They are usually sharply defined and definitely

encapsulated so that it is easy to shell them out, but occasionally

they infiltrate the surrounding tissue. This is especially true of

the more rapidly growing forms which often give rise to metastases.

These mahgnant leiomyoblastomas originate most often in the

uterus, but have been found also in the subcutaneous tissue, the

kidney, and in other locations. Owing to the elongated spindle

shape of their cells they may easily be mistaken for fibrosarcomas.

7. ENDOTHELIOBLASTOMA
(Angioma, hemangioma, hemangio-endothelioma, endothelioma, lymphan-

gioma, lymphangio-endothelioma, dural endothelioma)

Definition.—A tumor of mesenchymal origin of which the

cells tend to differentiate into flat endothehal cells and to line

vessels, cavities and surfaces.

Type Cells.—^Three different tjrpe cells are recognized under
this tumor heading.

1. Endothehal cells Uning blood-vessels.

2. Endothelial cells lining lymph-vessels.

3. Endothehal cells fining the arachnoid or subdural space.

The endothelial cells fining the heart and the blood- and Ijonph-

vessels have a common origin and may be considered identical

in all respects. The cells fining the subdural space are derived
from the mesenchyma at a considerably later period of embryonic
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life. They differ in some respects from the other endothelial

cells and are usually referred to as dural endothelium, but it is

convenient to treat them along with the other types of endothelio-

mas because they have certain features in common.
The endothelial cell is not morphologically a highly differ-

entiated cell. On this very account, however, it stands out in

marked contrast with those cells which are thus characterized when
all are properly fixed and stained. It is a large flat cell with a flat

oval nucleus surrounded by a moderate amount of delicate cyto-

plasm. It gives rise to no intercellular substance and its free

border develops no cuticular surface. Its function is to cover

surfaces. Under normal conditions the endothelial cells fining

blood- and lymph-vessels possess marked phagocytic properties

and they may desquamate and give rise to endothelial leukocytes,

but these characteristics play no part in tumors originating from

them.

The three different types of endothelioblastoma will be taken

up separately.

HEMANGIO-ENDOTHELIOBLASTOMA

Histologic structure.—The endothefial cells of a hemangio-

endothelioma tend to form blood-vessels as they do under normal

conditions. These vessels are backed ordinarily by a slight

amount of connective tissue which forms a stroma and binds them
together. Sometimes this stroma is quite abundant so that the

tumor appears more or less scirrhous in type. The vessels of the

tumor carry blood unless something arises to prevent.

The vessels of the tumors may be capillary in type or cavern-

ous, or of any gradation between these two extremes.

The capillary hemangio-endothelioblastoma is relatively com-
mon, often congenital, and frequently grows with considerable

rapidity. Mitotic figures may be numerous in it. It is always

infiltrative in growth. In the skin it surrounds the coil glands

and ducts and invades especially lobules of fat-tissue, nerves and
muscle tissue. In one instance one of these tumors was confined

to a nerve of the wrist; the infiltrated and enlarged nerve was
excised on the supposition that it was a tuberculous tendon.

Certain peculiarities of growth occasionally occur in angiomas

which it is important to understand:

(a) In the larger vessels the endothelial cells sometimes thicken

up into two or more layers. In angiomas with vessel lumina of

larger size this pihng up of the cells in several layers is occasion-

ally quite a prominent feature. It may affect all the vessels and

cause a distinct perithelial type of growth. Mitosis may take

place in the cells in any of the layers. In time some of the fibro-
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Fig. 222.—Capillary hemangioma of skin. M.
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Fig. 223.—Capillary hemangioma invading fat-tissue. M.
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blasts around the vessels grow in and deposit collagen fibrils

between the endothelial cells.

(b) Rarely, the endothelial cells grow out into the lumina of

the vessels in the form of papillary projections in which the endo-

thelial cells sometimes accumulate in concentrically arranged

masses or whorls. One tumor of this type started from avascular

nevus of the eyelid, invaded the orl)it and destroj-ed the eyeball.

Another, reported by Borrmann, recurred repeatedly at its site

of origin beneath the breast after excision, and finally gaxe rise

Fig. 224.—Capillary hemangioma invading fat-tissue around a coil gland. M.

to multiple metastases in the lungs. In a third tumor, showing

marked perithelial type of growth and forming painful nodules

around the ankle, both arteries and especially veins had been

invaded; the latter were much distended in conseciuence of the

growth and extension of the tumor within them.

(c) If the capillary vessels are occluded or injured in any waj^

so that blood ceases to circulate in them the endothelial cells

continue to proliferate, but as they are no longer connected with

the blood stream they do not form vessels. Instead, the cells
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collect in rows, groups, and especially in concentric masses or

whorls. These collections of cells are gradually invaded bj' fibro-

blasts which deposit collagen fibrils between the endothelial cells.

They do this probably in response to some influence emanating

from the tumor cells, in the same way that a stroma of blood-

vessels and connective tissue is furnished to other kinds of tumors.

An angioma which has undergone the changes described here may
closely resemble a fibrosarcoma, but the endothelial cells possess

no fibroglia fibrils. The true nature of the growth is sometimes

^•^.
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Fig. 225.—Capillary hemangioma invading a nerve. M. and W.

to be recognized only by finding areas at the peripher}' or in the

surrounding fat-tissue where the tumor vessels are intact.

(rf) Much fibrous tissue sometimes develops in angiomas so

that they may present a scirrhous t3rpe of growth. Whether this

results from gradual atrophy and disappearance of many of the

tumor vessels or whether it is a consequence of some of the

changes already described cannot be made out with certainty.

(e) Rarely, after the vessels have become occluded the endo-
thehal cells accumulate fat, and sometimes also blood pigment
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from the red blood-corpuscles left within the lumina, and present

in gross a yellowish ajipearance, in consequence of which they

have sometimes been called xanthomas.

(/) Very rarely, when the endothelial cells of the vessels

thicken up to several layers, those on the outside continue to

])rohferate and invade the surrounding tissues to a sliis;ht extent.

Small tumors of this tyi)e occur most often in the bend of the

elbow.

The cavernous type of hemangio-endothelioma is rare. It

is doubtful if the so-called cavernomas of the liver are to be re-

Fig. 226.—Capillary licmanKioma invading a nerve. All the darker portions
are tumor. M. and W.

garded as true tumors. Those ordinarily found certainly show no

evidence of advancing growth. They suggest rather an abnor-

mality of the blood-vessels similar to a vascular nevus of the skin.

The true cavernous tumors consist of large irregular cavities

separated l)y thin non-vascular walls of connective tissue lined

on each side with endothelial cells. These partitions have just

the structure of the valves in veins. All three of the tumors of

this type obtained for study showed the same structur(> and the
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Fig 227.—Ilemmigiuina of leg. Cells several layers tliick in walls of vessels.

M. and W.

I'ig. 22S.—Hemangioma of orbit. The endothelial cells tend to form several
layers in the walls of the vessels. M. and W.
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Fig. 229.—Ilriiuuigionia of orbit. Papillary irias.sis of rndothflial vfW^ pro-

ject into lumen of vefi.scl. M. and W.

Fig. 230.—Capillary hemangioma growing without lunjen formation. Three
whorls of celts present. M. and W.
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samp peculiarities. They were found to be growing and extending

witliin l)l()()(l-vessels, ehiefly the veins. Here and there the tumor
leads to great (hbitation of the vessels and may break through the

wall and invade the surrounchng tissue. In this way new sec-

ondary nt)dules may arise at a distance from the primar,y growth,

not by metastasis ])ut by direct extension.

Without much question this form of tumor starts within the

larger blood-vessels—that is, veins not cajiillaries—and grows

and extends intravaseularly in the fcjrni of thin connective-tissue

membranes covered with endothelial cells. The starting point

of new membranes may occasi(jnally be found; also whorls of

Mk. -ill.—("a,\('iri()us lu'iiiaiigi(>in:i of skin. M. ami W.

(Midothelial cells such as occur in the capillary form of endothelioma

when the lunKai of a vessel becomes obliterated. When the

enilothelial cells undei' cither of these conditions form more than

one layer, collagen fibrils extend in between the endothelial cells

and form a. su|)port for them.

Thrombi are of fretiuent occurrence in this type of tumor.

Th(\v may liecome calcified and form ]ihleboliths, or they may
become oi'ganized. Those found in tlie late stages of the jirocess

of organization may consist entii'cly of fibroblasts surrounded

by fibroglia, and collagen fibrils.

Occurrence, etc.—The hemangio-endothelioblastomas are often
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Fig. 232.—Cavernous hemangioma e.xtending within a vein. INI. and W.

Fig. 233.—Cavernous hemangioma extending within a vein. M. and W.
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congenital and frequently, perhaps always, arise from abnormali-

ties of the blood-vessels, especially from vascular nevi. They occur

most often in the skin and subcutaneous tissue, but may originate

also in muscles, nerves, the Uver, spleen, brain, bone marrow, etc.

They are to be regarded on the whole as benign growths, although

locally destructive, because their manner of extension is by infiltra-

tion of surrounding tissues and by growth within and along blood-

vessels. Apparently but one case of metastasis is on record.

Gross Characteristics.—The hemangio-endotheliol)lastoma pre-

sents marked variations in size. In one instance a rapidly-growing

tumor of the capillary type involved the lower half of the face, while

njiWA ^

Fig. 234.—Cavernous hemangioma in a girl fourteen j'ear.s old.

the cavernous example pictured here extended from the axilla,

where it started, to the hand and also on to the front of the chest.

The tumor may be level with the surface or form one to many
nodular projections. The color varies from light red to the

deepest i3ur])le. (_)n pressure the nodules are comparatively soft

and the blood can usually l)e forced temporarily out of them.

LYMPHANGIO-ENDOTHELIOBLASTOMA

The cells of a lymphangio-endotheliobla.stoma tend to form
lymph-vessels. True tumors arising from the endothelium lining

hinph-vessels are rare antl the means of recognizing them are not

so sure and reliable as in the case of the hemangio-endothehomas.
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Dilatation of pre-existing lymph-vessels does not constitute a

true tumor formation.

Fig. 235.—Lymphangio-C'ndothcliol)lastoma (lymphangioma). M. and W.

Fig. 236.—Lymphangio-endotheliohla.stoma (lymphangioma). M. and W.

Lymphangio-endotheliomas are composed of irregular cavities

of various sizes communicating with each other and lined with
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flat endothelial cells. The cavities contain a serous secretion.

Two tumors of this type, one occurring retroperitoneally and

the other in the wall of the uterus, both showed areas of a more

sohd appearance where spherical cells were becoming hollowed

out. The vacuoles thus formed coalesced into lumina, while the

cells flattened out and formed a wall for them.

True lymph-vessel tumors are rare. They occur in the skin,

in the connective tissue in various locations, and very rarely in

the different organs, such as the spleen, uterus, etc. Organization

of a peritoneal exudate with cyst formation by mesothelial cells

which have not been destroyed has unquestionably been mistaken

more than once for a lymphangioma. In a similar manner marked
dilatation of the lymph-vessels of the intestinal wall may suggest

tumor formation.

Gross Characteristics.—They may form very definite tumor

nodules, sometimes of large size, which on section are gray, trans-

lucent, sometimes of a spongy appearance and very moist owing

to the escape of the serous contents of the vessels and cysts.

DURAL ENDOTHELIOBLASTOMA

The type cell of a dural endothelioblastoma varies considerably

in the different tumors. It may be very large and thin, or more
compressed and thick, even approaching sometimes a cubical

epithelial cell in form. Occasionally, the cytoplasm shows a very

fiinely fibrillar structure.

The tumor cells are ordinarily grouped in small or large masses

with a slight connective-tissue stroma containing blood-vessels

between them, an alveolar arrangement; but sometimes the tumor
and its stroma are intimately blended together so as to present

the appearance of a fibrosarcoma. This blending occurs when
growth is slow and the fibroblasts have time to grow in between
the tumor cells and deposit collagen fibrils as a backing for them.

The cells of a dural endothelioblastoma tend to cover a surface.

Under various pathologic conditions, aside from tumor formation,

the dural endothelial cells often proliferate, thicken up into

layers, and form small and large concentric masses of cells. Such
cell accumulations are not uncommon around the pituitary body
and may often be found scattered over the surface of the pia. A
similar tendency in the manner of growth is often exhibited by
the cells in a dural endothelioma and is fairly characteristic. The
cells incline to WTap around each other so as to form single and
multiple, small and large concentric masses or whorls. These
whorls may be exceedingly numerous or entirely absent. The cause

of their formation is not evident. Cells simply apply themselves

to the surface of one or more other cells which form the center.

21
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When a dural endothelioma invades the dura, as not infre-

quently happens, the tumor cells sometimes apply themselves to

the surface of strands of collagen fibrils, especialh^ when the

fibroblasts caring for them have undergone necrosis. Under
these conditions the whorls may be of various shapes, spherical,

elongated, irregular. The centers of them maj' contain one or

several masses of collagen fibrils which gradually undergo a hyaline

transformation. These two types of whorls may occur together.

A third type of whorl also occurs. This is due to a commingling

of dural endothelial cells and of fibroblasts either as the result of

Fig. 237.—Dura of spinal cord in five months' fetus. Dural endothelium at
bottom not yet split into two layers.

invasion of connective tissue by the tumor-cells or the ingrowi^h

of the fibroblasts into the tumor cell masses. Both processes

occur. In this third type the center of the whorl is formed by
one or more endothelial cells around which one or more fibroblasts

deposit a spherical shell or capsule of collagen fibrils. Compound
whorls also occur owing to several centers of whorls starting close

together in contact with the same clump of fibroblasts. After a

certain length of time the endothelial cells in the center of these

whorls may undergo necrosis and disappear

.
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Fig. 238.—Dural endothelioma. Cells form large whorls. Dura at base of

picture. M. and W.

Fig. 2.39.—Dural endothelioma containing numerous whorls formed around
hyaline masses of collagen fibrils. M.
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One other feature more or less characteristic of dura! endo-

theUomas is a gradual hyaline transformation of many of the eon-

centric whorls of cells. This feature is sometimes especially

prominent when the dura is invaded because, as already mentioned,

the strands of connective tissue surrounded liy the tumor cells are

often the first to undergo necrosis and hyahne transformation.

As a result hyaline beams and irregular masses of various shapes

may be formed as well as the ordinary spherical balls. Rarely,

the walls of small blood-vessels thicken up and are transformed

in the same way into hyaline material.

<W«^
Fig. 240.—Dural endothelioma. A.wliorl of cells enclosing iiyaline masses of

collagen fibrils. M.

Lime-salts may be deposited in these hyaline masses so that the

tumor on section feels sandy to the touch.

This form of tumor, although usualh' regarded as benign,

sliows a marked tendency to invade the dura and infiltrate it

more or less extensively. Instances have been reported of ex-

tension through the skull. On the other hand, although it exerts

a good deal of pressure internally as it grows, and causes atrophy

of the nervous tissue on whicli it jiresses, it \'ery rarely shows any

tendency to invade the ]iia. While invasion of the dura indicates

a slight degree of malignancy, metastases apparently never occur.

The tumors grow at various rates of speed. Occasionally,
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mitotic figures are fairly numerous, but most of the tumors are

of slow s'rowth.
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Fig. 241.—Dural endothelioma, (i. Whorls of endothelial cells and fibro-

blasts; b, whorls of endothelial cells around (necrotic) hyaline masses of col-

lagen fil)rils.
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Fig. 242.—Dural endothelioma. Several true tumor giant-cells present. M.

The dural endothelioma is necessarily limitetl in its site of

origin. Usually it arises from the endothelium lining the dura
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but occasionally from the endothelium covering the pia arachnoid.

The tumor is much more common within the skull than in the

spinal canal.

It occurs most commonly in the vault of the skull, but may
arise also anywhere at the base.

Gross Characteristics.—Dural endothehomas are usually

small, a few centimeters in diameter, but occasionally they reach
a large size; thus, for example, one weighed a little over 200 grams;

another in the right occipital lobe measured 8.5 by 6 by 6 cm.

Occasionally, they are multiple.

They tend to be spherical in shape but sometimes are irregular

or lobed; if they are attached to the dura, they are more or less

flattened on one side and sometimes hemispherical.

In color they vary from reddish gray to gray or white according

to their vascularity.

Some are soft in consistence and easily teased apart; others

tough or firm.

When the hyaline concentric masses are calcified, the tumors
feel sandy or gritty. On this account they have sometimes been
called psammomas. This term is inexact and inadvisable, how-
ever, because it simply has reference to a physical condition which
may occur also in tumors of other nature.

8. LYMPHOBLASTOMA
(Lymphocytoma, lymphoma, lymphosarcoma, pseodoleakemia, lymphatic

leukemia, Hodgkin's disease)

Definition.—^A tumor of mesenchymal origin of which the cells

tend to differentiate into lymphocytes, that is, into cells of the

lymphocyte series.

Type Cell.—The type cell is the lymphoblast. It occurs

abundantly in the germinative centers in the lymph nodules of

the lymph-nodes, the tonsils, the gastro-intestinal tract and the

spleen.

The lymphoblast under normal conditions passes by slight

degrees of differentiation of nucleus and cytoplasm through inter-

mediate stages, to which the term lymphocyte is applied, to the

end product known as the lymphoid cell. In the mucous mem-
brane of the intestine it appears in another form called the plasma
cell. Under pathologic conditions plasma cells may be formed in

large numbers anywhere from Ijmiphocytes and even rarely from
lymphoblasts.

The various forms of cells derived from the lymphoblast are

sometimes all classed together as lymphocytes or are spoken of

as cells of the lymphocyte series.

The different cells of the lymphocyte series vary considerably
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in size and in other features. In general they are comparatively

small round cells. The lymphoid cell is the smallest of the series

and represents the end product of differentiation. It is probably

incapable of undergoing mitosis. All the lymphocytes possess

the power of ameboid motion, but they are never phagocj^ic for

foreign particles of anj^ sort or for other cells.

The nuclei are round, relatively large, and contain rather

coarse chromatic granules, located for the most part at the periph-

ery. As a rule, the nucleus hes a little eccentric in the c}i:o-

plasm.

The cytoplasm tends to be basophilic. This property is

especially prominent in the plasma cell. Near the nucleus on

A ^^'
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Fig. 243.—Lymphoblastoma gromng rapidly. M.

the side where the cytoplasm is most abundant is a small crescent-

shaped, acidophilic area in which the centrosomes lie. Under
normal conditions certain minute, rod-shaped granules, stainable

Ijy special methods, can be demonstrated in the cytoplasm near

the nucleus (Schridde). They do not appear, however, in tumor
cells derived from the lymphoblast, hence they do not possess

diagnostic value.

It is evident that the characteristics of the cells of the lympho-
cj'te series are not particularly striking even under normal con-

ditions. They are even less so in the tumors originating from
lymphoblasts because the cell differentiation is rarely perfect.

Histologic Appearance.—The cells of a lymphol^lastoma lend
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U) cliff'crcntiiite into cells of the lymphocyte scries, l)iit so far iis

known they never form plasma cells. They may come very close,

mor])hologically, to the pre-lym|)hoc-ytes, lymphocytes and
lymphoid cells or depart widely fr(jm them, hut it seems pj-obahle

Fit;. 24 1.—Lyinphohliistonui (^rowint; rapiiUy. u, Thrco mil otic fif^uns pres-

ent; h, liirge lobulateil tuiuor-cell.

w
i- '

^.

>§/

9 <o
t1^

d.

%

alb » «fc '«V^-

9

(T-,

^5?'

Fig. 24.").—LympliohhistoiiKi, .snirrlicjUH type < H'Icii I'idlcd Ilodfrkiri'.s di.scM.se

anil rcnanlcil as an iiil'iTl ions process.

that thej' always retain tlieir jjliysioloi^ic ])i'operty of amel)oid

ni(jtion.

In some of the tunujrs, cells of larf^e size, with large lobulated

(jr nniltiple nuclei, often occur. They arise hy mitosis which is

fre(|iiently multiple, and, although they sometimes resemble to

s(jme extent the endothelial cells occui-ring in normal lym])hoid



TUMORS 329

tissue, are un(iu(\stioiuil)ly true tumor cells of lyinphohlastic origin.

On the other hand, endotlu'lial eells are eonnnonly present, as in

normal lymphoiil tissue, and often exhibit marked phagocytic

proi)erties, incorporating and digesting numerous tumor cells.

The lympholalastoma is an infiltrative tumor, therefore its

stroma is furnished by the organ or tissue it invades. In some

tumors the stroma is of the slightest, consisting chiefly of capillary

blood-vessels aecomjianied by a minimum of connective tissue,

usually in the form of a reticulum. As the invaded organs enlarge

the stroma may be increased by proliferation of fibroblasts and

probably by the formation of new blood-vessels.

.31-

Fig, 246.—Lyiiiphnlilastoin:!. Scirrhous (y|)i' of tumor; only two tumor-cells

prcscnl
;
numerous eosino]iliiles.

Sometimes th(> tumor eells arouse mai'ke(l reaction on the ]iart

of the filiroblasts, so that the latter multiply exceetlingly just

as thej' often do in certain forms of carcinoma. This noticeable

increa.-^e of connective tissue is most common in the slowly-grooving

scirrhous type of lympholilastoma. At the same time there is

oftcai an abundant inflammatory infiltration with eosinophiles

and plasma cells. This tyjie of tumor may sometimes so closely

resemble inffamnuitory tissue that it is often regarded as a chronic

infectious ]irocess. Its distinguishing feature is the presence of
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tumor cells, often in very small numbers, which are different from
any cell found in chronic inflammatory processes.

Origin and Occurrence.—The lymphoblastoma probal)ly

originates from a single cell, a lymphoblast. Cells of this type

occur in nearly all parts of the body, but are most common in the

various lymph-nodes and in the lymph-nodules of the gastro-in-

testinal tract and spleen. On this account the lymphoblastoma
may originate in various localities wherever lymphoid tissue exists,

as, for example, in the cecum or spleen, but it starts most commonly
in lymph-nodes, especially in those in the cervical, axillary and
inguinal regions and in the mediastinum.

Fig. 247.—Lympholilastoma of lymph-node invading and destroying a lymph-
nodule. M. and W.

The tumor cells spread rapidly from one node to another so

that all in a given region often seem to be involved at once, but

careful study of early cases shows that the tumor spreads from one

point, probably from a single cell or perhaps from a small group

of them, just as a cancer does. The tumor cells infiltrate the

parenchyma and the lymph sinuses of the lymph-nodes and very

quickly destroy all landmarks. Sometimes it is possible to dis-

cover the advancing edge of infiltration within a node and observe

how it spreads. As a rule, a lymphoblastoma remains within the

capsule of the lymph-node but it may infiltrate it and spread to
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the surrounding fat and muscle-tissues. It extends to other lymph-

nodes chiefly through the lymphatics.

Rate of Growth.—Some lymphoblastomas grow very rapidly;

others very slowly; all variations in rate of growth between the

two extremes occur. The rapidly-growing tumors are readily

recognized as such. Those which grow slowly are sometimes

mistaken for a chronic inflammatory process and have been

regarded as of infectious origin. The reason for the error is the

comparatively small number of tumor cells often present and the

marked inflammatory reaction which they induce.

Gross Characteristics.—When a lymphoblastoma involves a

group of Ijonph-nodes it leads to marked enlargement of them.

The packet of nodes formed is frequently the size of the fist, or

larger. The separate nodes are often distinct but may be ob-

. scured by tumor infiltration of the surrounding tissues. On
section, the tissue usually appears gray and translucent and more
or less friable, but may be tough and fibrous owing to the formation

of much dense connective tissue.

Retrograde Changes.—It is not uncommon for foci of necrosis

to occur in the lymphoblastoma. They are probably due to

obstruction of the small blood-vessels either by pressure or by
tumor thrombus formation within them. These foci of necrosis,

especially when they are present in the slowly-growing tumors,

sometimes suggest gummas.
Diagnosis.—The diagnosis of a lymphoblastoma must be

based, just as with other varieties of tumors, on the character of

the tumor cells, not on that of its stroma or on the kind of cellular

exudation which it sometimes calls forth.

Metastasis.—The cells of the lymphocyte series normally

migrate into the lymph-vessels and in this way, and probably also

to some extent by direct ameboid action, gain entrance to the blood

stream. It is not surprising, therefore, that the cells of a IsTupho-

blastoma quickly invade the lymph-vessels of the organ, usually

a lymph-node, in which it starts. It is in consequence of quick

and early metastasis of the cells from one lymph-node to another

that the tumor so commonly involves a whole chain of lymph-
nodes and suggests thereby a multiple origin in a given region;

but the same rapid spread may be observed when another group

of Ijonph-nodes becomes involved.

Tumor cells in the Ijonphatics are often carried into the blood

stream and in this medium are transported all over the body.

They may emigrate at any point from the vessels into the tissues

and in this way form metastases in various organs, but especially

in the spleen, fiver, kidneys and bone marrow. They may give

rise to diffuse infiltrations or to more or less discrete tumor nodules.
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Not infrequently, however, many of the cells, finding condi-

tions favorable for growth in the blood, remain there and multiply.

With other tumor cells, except those derived from myeloblasts,

this does not occur. Neither does it always occur with the lympho-
blastoma. Apparently those tumor cells succeed best which are

nearest in character to the normal lymphocytes. This condition

of the growth of the cells of a lymphoblastoma in the circulating

blood is commonly called lymphatic leukemia. It is really a

circulating tumor metastasis.

The cells of a lymphoblastoma causing lymphatic leukemia

may gain access to the blood through the lymi)hatics by way of

€*64f* fe> «k ^ # ^ ^
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Fig. 248.—Lymphoblastoma (lymphatif leukemia). Tumor-cells in blood-
sinuses of liver.

the thoracic duct, by immigration into the Ijlood-vessels, or by
direct growth of the tumor through the vessel wall into a vein

or artery. From a tumor thrombus formerl in this manner the

cells readily escape, often in large numljcrs, into the blood stream.

Clinical observations have shown that the tumor cells sometimes

make their appearance in the blood in successive crops.

Sometimes a lymphoblastoma seems to start from the begin-

ning in the circulation as a lym])hatic leukemia; at least in certain

instances no tumor mass can be foun<l anywhere as a starting point.

Lymphatic leukemia occasionally runs a very rapid course
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of only a few weeks' duration and may in tliis way simulate an

acute infectious process.

The h'mphol;)lastoma appears under various forms and is

known bj' a numljer of different names, such as lymphoblastoma,

lymphoma, Ij^mphocytoma, lymphosarcoma, small round cell sar-

coma, pseudoleukemia, lymphatic leukemia, Hodgldn's disease.

This variety of names is partly the result of the different clinical

pictures presented by the tumor as the consequence of location,

rapidity of gro\vth and manner of spreading, and partly the result

of the lack of distinctive peculiarities which would render the

exact nature of the tumor recognizable under all conditions.

•' V"—

^

- ..-v.rl •

-.* • %. y.

.

& '-n-.

45:. ^.v...-?^^.

Fig. 249.—Liver. Lymphafio leukemia. ^la.sses of lymphocytes beneath
lining cndotheliimi of a central \'ein. M.

Hodgkin's disease is a term of clinical origin applied to a certain

sj'mptom complex or syndrome, namely, to a marked chronic

enlargement of the lymph-nodes of the neck.

The nature of the affection is various. The quickest, and in

fact the only, relialjle way in which to make an exact diagnosis

is to excise a lymph-node in each individual instance and make a

microscopic examination. Sometimes it is advisalile to inoculate

a guinea pig vnth some of the tissue at the same time.

The diagnosis frequently turns out to be tufierculosis; rarelv

it is due to metastasis from an inirecognized tumor in the im-
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mediate neighborhood (thyroid, esophagus, carcinoma of branchial

cleft origin) or at a distance; most often it is a lymphoblastoma,
usually of the slowly-growing scirrhous type. Tuberculosis and
lymphoblastoma may occur in the same lymph-nodes.

The scirrhous type of lymphoblastoma is regarded by many
as a chronic infectious process and not as a new-growth. It is also

regarded as the typical lesion of Hodgkin's disease. Therefore

the term Hodgkin's disease is extended and sometimes applied to

this type of lesion wherever it occurs; for example, primary

Hodgkin's disease of the spleen.

The term Hodgkin's disease is inexact and should not be used.

It always covers ignorance of the true nature of the lesion.

9. MYELOBLASTOMA (MYELOGENOUS LEUKEMIA; CHLOROMA)

Introduction.—The myeloblastoma is a fairly common and
very important tumor which has been generally recognized as

such only within recent years. The usual form under which it

appears is as myelogenous leukemia. Rarely, it occurs in another

form known as chloroma, the green-colored tumor.

Type Cell.—The type cell of the myeloblastoma is the myelo-

blast of the bone marrow and its derivatives. In its undiffer-

entiated form this cell is not sharply characterized morphologically.

It resembles a large lymphocyte. From it by multiplication and
differentiation arise first the three types of myelocytes with acido-

philic, basophilic or neutrophihc granular cytoplasm, and later the

three forms of polymorphonuclear leukocytes (eosinophile, mast-
cell, and polymorphonuclear leukocyte or neutrophile).

The cells of a myeloblastoma tend to differentiate in the same
way as do the cells derived from the myeloblast under normal
conditions. If the tumor grows slowly the differentiation is more
or less perfect, but if the cell multiplication is rapid the character-

istic granules in the cytoplasm may be only partially formed.

Under this condition the recognition of the tumor by morphologic
characteristics only may be difficult or open to doubt. For-
tunately, there are two reactions of a biologic or chemical nature
which aid in the recognition of the myeloblast and its derivatives.

These cells develop and contain in their cytoplasm an oxidizing:

substance. This oxidase can be demonstrated most satisfactorily

by the indophenol synthesis test, which stains blue the cells con-

taining it. Lymphocytes and most other cells do not give the
reaction.

The myeloblast also shows, when properly tested, the presence

of a proteid splitting enzyme which acts in an alkaline medium.
Lymphocytes tested in this way are always negative.

Origin.—The myeloblastoma probably always starts in the



TUMORS 335

bone marrow, although it is theoretically conceivable that the

cell from which the tumor originates might be circulating in the

blood and the tumor start wherever the cell happens to be, as

occasionally occurs in the case of the chorionepithelioma and
possibly of some other types of tumor.

The early beginning tumor in a bone is not exposed to examina-

tion and it produces no physical symptoms which call attention

to its location. Moreover, owing to the rapiditj' with which the

cells of a myeloblastoma enter the circulation and are carried all

over the body, and the readiness with which they infiltrate the

-'iC*©
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Fig. 2.50.—Myeloblastoma (myelogenous leukemia). Tumor-cells in blood-
vessel in bone marrow.

bone marrow everywhere and develop there, it is probably im-

possible ever in any given instance to state in the marrow' of

which bone the tumor started.

Metastases.—As already stated the cells of a myeloblastoma
C|uickly invade the lilood and, owing to the nature of their origin,

find conditions there favorable for further development. In

other words, they become a circulating meta.stasis of which the
cells continue to multiply in the blood. No other cell except the
lymphocj'te is capable, so far as we yet know% of developing under
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simihir conditions. The cells of other tumors get into the l)lood,

l)ut they do not continue to proliferate and circulate there.

The circulation of the cells of a myeloblastoma in the blood

naturally causes great increase in the number of white corpuscles,

so that they run up from the normal proportions of 8,000 to 12,000

per cubic millimeter into the hundreds of thousands and even

into the millions, eciualing or exceeding the number of red blood-

corpuscles. The condition has long been known as myelogenous

leulrnua. If the cells of the tumor are proliferating slowly many
of them have the opportunity to differentiate into fully developed

leulvocj^tes. The proportions of the three types varj- greatlj' in

chfferent instances.

Fig. 251.—Myeloljlastoma (myelogenous leukemia). Tumor-Pclls in blood-
sinuses of liver.

AVhen tlie tumor is growing rapidly the cell differentiation may
be slight. Cases with cells of this type have unquestionably- been

regarded as lymphatic leukemia with cells of a large size.

From tlie circulating metastasis in the blood the tumor cells

may invade various organs in the body. Thus they quickly in-

filtrate the marrow of all the bones and thereby suggest a primary

disease of the blood-producing tissues, the view formerly held.

Prol)ably the invasion is always very uniform, but it may not be.

Careful examination of many bones in cases coming to autopsy

at an early stage of the process might tlirow light on this point.
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111 the spleen the infiltration is often very extensive and ap-

parently alwaj's uniformly distributed. If the cells were only

in the blood stream the spleen would be no larger than in con-

gestion. Instead it often reaches a large size and weighs mam'
kilos (one to eight). The tumor cells emigrate from the blood-

vessels, infiltrate the tissues between them and multiply there in

great numbers. The increase in weight of the spleen represents

simply tumor growth. When the spleen is much enlarged the

chnicians often apply the term splenic myelogenous leukemia

to the case.

The liver also often attains a large size and may weigh five or

six kilos. Here again the increase in weight represents tumor

Fig. 252.—Myeloblastoma (myelosenous leukemia). Tumor cells in the blood
in the central ^ein and adjoining sinusoids of a lobule of the liver. M.

growth. The cells infiltrate, especially throughout the periportal

connective tissue.

Besides the metastases in the blood, bone marrow, spleen,

and liver, certain other organs, such as the lymph-nodes and the

kidneys, may be invaded and the cells may even extend from a

l>'mph-node into the surrounding fat-tissue.

As a rule, the myeloblastoma is a slow-gro^^^ng tumor and
the cells tend to differentiate more or less perfectly into myelo-
cytes and the various polymorphonuclear leukocytes. Occasion-

ally, however, the tumor develops rapidly and the cells differen-

tiate but little. They resemble large lymphocytes and have un-

22



338 PATHOLOGIC HISTOLOGY

questionably been mistaken for them. The cells also act more
like other tumor cells and may give rise to multiple tumor
nodules in various parts of the body; for example, in the kidneys,

lungs, brain, within the dura, etc. They also commonly form
masses along the vertebral column, sternum and other bones,

apparently owing to direct extension from the bone marrow into

the periosteum which is elevated and infiltrated.

In connection with the rapidly-growing myeloblastoma one
point not yet touched on must be taken up and that is the color of

myeloblasts when massed together. If the blood from a case of

so-called myelogenous leukemia is rapidly centrifugalized after

withdrawal, with as little exposure to the air as possible, it will

be found that the layer of leukocytes presents a greenish yellow

color; the greater the proportion of undifferentiated myeloblasts,

the greener the color.

In the cases of rapidly-growing myeloblastoma the tumor
masses and the areas of infiltration usually appear light to dark
green, owing to the presence of numerous undifferentiated myelo-
blasts. The color is readily masked by blood; on this account

the bone marrow often shows no evidence of a green color. The
presence of much connective-tissue stroma appears to have a
similar effect.

Tumor nodules presenting a greenish color have been termed
chloroma, and regarded as a definite pathologic entity. It is only

within a few years that their relation to myelogenous leukemia,

has been recognized.

The green color is very evanescent. It disappears in about

ten minutes on exposure to the air. If the tissue is treated with

peroxid of hydrogen the color will return almost immediately,

but soon fades again. The test works also on tissue long preserved

in formaldehyd.

Diagnosis.—The presence of a myeloblastoma is recognized

by the examination of the blood. The circulating metastasis

(the leukemia) has always and necessarily attracted more attention

than the primary tumor. Enlargement of the spleen and liver

naturally throw much light on the spread and development of the

pathologic process. The condition known as chloroma should be

suspected if the symptoms are acute and the blood examination

shows many undifferentiated myeloblasts. The diagnosis of

chloroma during life has been made from the presence of green

nodules in the skin or elsewhere.

JO. MYELOMA

Definition.—A tumor, undoubtedly of mesenchymal origin,

which arises only within the bone marrow and which is peculiarly-

characterized by causing the presence of albumose in the urine.-
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Type Cell.—The t^-pe cell of this tumor has not yet been

determined. Evidently it does not belong to the myeloblast

series of cells l)ecause it does not differentiate like them. More-
over, the myeloma is never associated with myelogenous leukemia.

Fig. 2.'i.3.—Myeloma. M.

Fig. 2.'J4.—Mveloma.

The only other cells peculiar to the bone marrow are the erythro-

blast and the megakaryocyte. Possibly it arises from one of

these cells. It is claimed by some writers that there exists in

the bone marrow another peculiar kind of cell which they call the
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bone marrow plasma cell and that from it this tumor arises. Time
alone will tell.

Histologic Structure.—The cells of a myeloma sometimes
closely resemble plasma cells, but in other instances they do not,

at least at all closely. They are of medium size and irregularly

spherical. Usually they are compressed so that in sections they

often appear more or less polygonal. The nuclei vary from round

to oval. The chromatin granules are coarse and show a tendency

to mural arrangement. Usually there is a distinct nucleolus.

As a rule, the nucleus hes a little eccentric. Sometimes a cell

contains two or three nuclei or a large, irregular nucleus.

The outline of the cytoplasm is distinct but there is no cell

membrane. The cytoplasm is apparently composed of a fine,

thick reticulum which contains no granules and has been compared

to ground glass. It tends to stain rather deeply, but not so

intensely as in plasma cells which these cells resemble to some
extent in size, shape and staining reactions. The cytoplasm is

usually said to be basophilic. By the eosin methylene-blue method
after fixation in Zenker's fluid it is rather neutrophilic and some
of the cells are distinctly acidophilic. There is no light space in

the C3d;oplasm near the nucleus as in plasma cells.

The stroma consists of delicate blood-vessels along with which

runs a very slight connective-tissue reticulum which spreads in

between the tumor cells and supports them.

The tumor occurs in various bones, is often multiple, and forms

nodules and diffuse infiltrations. The bones may become eroded

so that fractures occur and the periosteum may be infiltrated.

I J. MELANOBLASTOHA (MELANOMA, MELANOTIC SARCOMA)

Definition.—A tumor of mesenchymal origin, of which the

cells tend to differentiate into pigment cells or melanoblasts

(chromatophores)

.

Type Cell.—The type cell is the melanoblast or pigment cell

which occurs (a) in the skin and in the mucous membranes
derived from it, (6) in the iris and choroid of the eye, and (c) in

the membranes of the central nervous system, especially in the

pia over the medulla. It is a perfectly definite type of cell of

mesenchymal origin, characterized by production of pigment,

and by lack of any intercellular substance.

Pigment cells are relatively large and have considerable cyto-

plasm. They may be spindle-shaped or irregularly round with

long cytoplasmic processes. The pigment is iron-free and con-

tains sulphur. It is a direct product of the cells and occurs as

brown granules; some cells contain many of them, others few.

The normal pigment cells are best studied by stripping the pia
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from the medulla, preferably of a dark eomplexioned or colored

person, and mounting it flat on a slide in water or glycerin. Per-

manent mounts can also be readily prepared. The cells with

their long pigmented cytoplasmic processes stand out in their

entirety.

Abnormal collections of pigment cells occur as soft congenital

warts (pigmented ncvij in the skin. The cells are polymorphous,

varying considerably in shape. Collagen fibrils from the sur-

rounding fibroblasts often, but not always, extend in between the

individual pigment cells. Where thcj' do not the cells present

more or less of an alveolar arrangement. As a rule, many of the

cells in these nevi are comparatively small and contain no pigment.

They are regarded as undeveloped melanoblasts. Others are

deeply pigmented and may have cytoplasmic processes.

Fig 2.5.5.—MelaiKihlastonia. Some cells contain nnicli jiiijincnt, otiicrs none
at all.

Histologic Appearances.—The cells of a melanoblastoma tend

to differentiate into pigment cells or melanoblasts. They vary

much in size, pigmentation and arrangement, depending on the

amount of differentiation the cells have undergone and to some
extent on the .source of origin of the tumors. They may be large

or small ; and spindle-shaped, round or polymorphous. In a given

tumor the cells may all be of the same shape or combinations of

forms may occur. The amount of pigment likewise varies greatly.

Some of the cells may be deeply pigmented, containing numerous
dark brown granules which hide the nucleus, while others contain

none at all, and all gradations between the extremes occur. INIul-

tinucleated cells due to multiple mitoses are not infrequent,

especiallj' in those tumors in which the cells are large and round.

The stroma consists of blood-vessels and of more or less con-
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nective tissue. It is never verj' abundant, as so frequently hap-

l^ens in cancers, but in some of the tumors divides the cells into

masses, forming a distinct alveolar arrangement. This type of

groA\'th is noticeable when the cells are round or oval, rareh' when
they api^roach a s])indle shape.

Gross Characteristics.—The melanol)lastoma is a fairly com-
mon tumor of striking and usually characteristic gross appearance.

It occurs most frecjuently in the skin, occasionally in the ej'e, and
very rarely in connection mth the central nervous system. In the

tumors originating in the eye the cells are usually spindle-shajied,

but cells of the same form may occur in melanoblastomas arising

;?s;v

Fig. 2.j0.—Melanotic sarcoma showing perithelia! type of growth. M. and W.

in the skin. More frequently, however, the cells of the tumors
starting in the skin are polj^morphous and often exhibit a well

marked alveolar arrangement. They are believed to arise almost
always from the pigmented nevi occurring there.

Melanoblastomas form flat to spherical, often loljulated,

masses and may attain a considerable size. The color varies from
a light to dark brown and sometimes approaches an almo.st dead
black. It is not alwaj^s uniformly distributed. Frequently in

metastases brown and black nodules will adjoin others which
contain no pigment at all. The consistence varies consideraljly,

depending chiefly on rate of gro\\th.
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So far &s known the melanoblastoma is always malignant and

usually gives rise to metastases by way of the blood and lymph
streams; frequently these take place before the original tumor
has reached any size or aroused any alarm.

The melanoblastoma frequently exhibits a perithehal type of

growth owing to necrosis of the tumor cells at a distance from the

source of nutrition and the persistence of a sheath of them around

all the blood-vessels. When the necrotic cells have undergone

liquefaction and absorption the vessels with their sheaths of tumor
cells can be pulled out in threads like the tubules of a testicle.

12. RHABDOMYOBLASTOMA (RHABDOMYOMA)

Definition.—^A tumor of mesenchymal or mesodermal origin

of which the cells tend to differentiate into striated cardiac or

skeletal muscle-cells.

Type Cells.—The type cells are of two sorts, the cardiac

muscle-cell, which is of mesenchymal origin, and the skeletal

muscle-cell, which is derived from the mesodermal epithelium.

Both types of cells are characterized by longitudinal and cross

striations in their cytoplasm, due to the presence and orderly

arrangement of contractile fibrils composed chiefly of anisotropic

and isotropic segments.

Cardiac muscle-cells are not separate and distinct cells, but

form a syncytium, being united end to end into branching and
anastomosing fibers. The nuclei are round or oval, possess a

distinct chromatin network, and are situated in about the middle

of the fibers.

Skeletal muscle-cells are long, multinucleated cells known as

muscle-fibers. In the embryo the fibers are narrow and the nuclei

lie between the contractile fibrils; in the adult the fibers are

thicker and the nuclei he, for the most part, just beneath the

surface.

A. RHABDOMYOBLASTOMA OF CARDIAC MUSCLE-CELL TYPE

Histologic Appearance.—The tumor cells tend to differentiate

into striated muscle-cells or fibers similar to those in the heart.

As a rule, however, they differ markedly from them. They are

usually very large and may be spherical, elongated, or branching
and contain one to several nuclei. The cytoplasm of the cells

is often coarsely vacuolated, a characteristic which has attracted

much attention in the past. The contractile fibrils in the cyto-

plasm may be well defined, just forming, or even in some cells

entirely wanting. The tumor contains blood-vessels, a slight

stroma of connective tissue, and in the case pictured is sharply
limited by a fibrous capsule.



344 PATHOLOGIC HISTOLOGY

Fig. 2o7.—Rhabdomyoma of heart. Normal heart muscle on left. W.

Fig. 2.5S.—Rhabdomyoma of heart. A single edematous cell. W.
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Fif;. ^-^'I.—Rluiljdoiiiyonia of lieart. Cross striations distinct in cytoplasm.
W.

a h

Fig. 2(30.—Rhal)domvoma of heart, n. Longitudinal fibrils and cross striations
both distinct, but in b only cro.ss striations evident.
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Gross Characteristics.—This type of rhalwlomyolilfistoma is

very rare (only about twelve cases are on record) and occurs only
in the heart. It is always congenital, often multiple, and does not
infiltrate or give rise to metastases. It is, perhaps, always as-

ir«w.

Fig. 21)1.—Rhal)(lomyoma of heart. W.

sociated with abnormalities of the central nervous system, usually

diffuse scleroses of the cerebral cortex. It forms rounded, firm,

elastic tumor nodules of a reddish grav color.

B. RHABDOMYOBLASTOMA OF SKELETAL MUSCLE-CELL TYPE

Histologic Appearance.—The tumor cells tend to differentiate

into striated muscle-cells or fibers of the skeletal type, but they

never get beyond the embryonic stage of development with the

nuclei centrally located between the contractile fibrils. In the

.slowdy-growing tumors fully developed muscle-fibers of the em-
bryonic type are formed, l)ut in the rapidly-growing ones the cells

are spindle-shaped and each contains a single nucleus. Often

only a few of the cells are sufficiently differentiated to produce

the contractile fibrils which alone render the true character of the

tumor recognizalde.

Gross Characteristics.—This type of rhal)domyoblastoma is

rarely found outside of the genito-urinary tract (kidney, testicle,
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uterus, urinary bladder, prostate) although it has been reported

as occurring in the orbit, the wall of the esophagus, and elsewhere

in the skeletal muscles. It may grow slowlj' and be benign, but

more commonly it grows rapidly, infiltrates, and gives rise to

metastases. In gross appearances it resembles a fibrosarcoma.

'-J, ^«C-w^' ^ ^Tf^t --^m"^ ~.^^'^

r zr- t-

Fig. 2H2.—Ulialiilomyosarconia of testicle. M.

,/

^
j*r^

Fig. 263.—Rhabdomyosarcoma of testicle.

Striated cells and fibrils of skeletal muscle ty])e of tumor
origin arc found not only in rhabdom\'ol:)lastomas, Ijut even more
often, perhaps, in the mixed tumors which occur in the genito-

urinarv tract.
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13. GLIOBLASTOMA (GLIOMA)

Definition.—A tumor of epiblastic origin of -which the cells

tend to differentiate into neuroglia cells.

Type Cell—The type cell is the neuroglia cell. It is charac-

terized by the production of only one kind of fibril, the neuroglia

fibril, which can be .stained sharply and characteristically by

special staining methods.

'?;.<" >.

Fig. 2154.—tilioma. Four views from different parts of the same tumo

The normal neuroglia cells are derived originally from the

ependymal cells lining tlie neural canal and are, therefore, epi-

blastic in origin. The exact relation between the ependymal

cells and the neurogha cells in post-embryonic tissue is undeter-

mined. It is impossible to state whether the ependymal cells

produce neuroglia fibrils or not; those covering the choroid

plexuses certainly do not, but elsewhere they seem to do so.
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Normal neuroglia cells vary considerably in size from small

to large. In shape they run from spherical to spindle. As a

rule the cytoplasm is small in amount.

The neuroglia fibrils do not start from the cell, but course along

the surface of the cytoplasm with which they are in intimate

contact and extend awajr from the cell in two directions. Every
cell is surrounded by perhaps one to two dozen fibrils of unde-

termined length. Around the spherical cells they run in all

directions; around the spindle-shaped cells they run ])arallel to

the long axis of each.

The neuroglia cells and tlieir fibrils form the more aliundant

and chief supporting tissue of the central nervous system. Con-
nective tissue is present also in small amounts, for the most ]iart

along the course of the Ijlood-vessels, but plays normalh', and
usualh' also pathologically, a suljordinate role.

iMg. 265.—Glioma of brain. Large cell type. Few neuroglia filirils

many in 6.

In inflammatory lesions of various sorts in the central nervous

system neuroglia cells react much as fibroblasts do in the other

organs and tissues of the body. They often proliferate, and the

cells may enlarge and the cytoplasm become aljundant. The
nucleus usually lies eccentric and the fibrils may become very

coarse. The cells under these conditions are sometimes spoken

of as spider cells. Similar large neuroglia cells appear in various

degenerative lesions of the central nervous system.

Histologic Structure.—The cells of a glioblastoma tend to

differentiate into neuroglia cells, that is, into cells which form
neuroglia fibrils. Whether they do this or not depends much on
the rate of growdh of the tumor. If the cells proliferate slowly,

neuroglia fibrils may be formed in large numbers; if they multiply

rapidly, few or no fibrils may be produced. Complete lack of

fibril formation necessarily renders a diagnosis douljtful.
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Fig. 266.—Glioma over coccyx. Cells arranged in alveoli like a carcinoma.
Stroma abundant. M. and W.

Fig. 267.—Glioma over coccyx. Many neuroglia fibrils present between
cells. M. and W.
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Structurally, a glioblastoma, or glioma as it is more commonly
called, consists of masses of neuroglia cells through which runs a

delicate stroma of blood-vessels accompanied by a slight amount
of connective tissue. Rarely, the connective tissue is abundant

so that the tumor cells present an alveolar arrangement just as

they do in a carcinoma.

The tumor cells vary much in size and shape. They maj- be

large or small and round, oval or spindle in form. As a rule all

the cells of a given tumor are more or less of the same type and

size. The neuroglia fibrils also vary considerably in thickness

Fig. 2r>S.—Glioma over coccyx. Neuroglia tihrils abutting on .stroma. M.
and W.

and in number. They may be very fine or decidedly coarse and few

in nmnber or verj' abundant.

Gliomas grow at all rates of speed, but the terms glioblastoma

and glioma are applied indiscriminately to them all. JMitotic

figures may be very numerous and in some instances multiple so

that large multinucleated cells which are true tumor giant-cells

result.

Occasionally gliomas occur in which there are present gland and
cyst-like cavities lined with ependymal cells. The presence of these

structures suggests that these particular tumors at least arose

from some abnormality of the central canal, such as displacement
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of a group of ependjTnal cells in early embryonic life. Such

displacements are not infrequently found when otherwise normal

brains and cords are systematicallj' searched for them.

Origin and Occurrence.—A glioblastoma originates only from

neuroglia cells or from cells of the neural canal from which they

are derived in the first place. It follows from this that gliomas

occur only within the central nervous sj^stem and its outgrowths,

and from remains of the neural canal. These remains are ap-

parently found onlj' at the ends of the canal, over the coccyx and

at the base of the nose where closure of the canal takes place and

Fig. 269.—Glioma of brain. True tumor giant-cells present due to multiple

mitoses. M.

where atroph^y and disappearance of the ependymal cells are often

incomplete.

It is easy to demonstrate these remains of the canal persisting

in the form of glands over the cocc.vx in embryos a few months old.

Probably the same could be done for the upper end of the neural

canal.

These persisting cells have inherent in them the capability of

forming neuroglia cells with their fibrils. Occasionally they give

rise in both these regions (over the cocc^-x and in the nose and

orl^ital sinuses) to perfectly typical gliomas.

In the brain and cord the tumors mav lie within the solid
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nervous tissue or project into a ventricle. It is ]iossible that they

may occur in the eye because the retina is an outgrowtli of the

brain and contains neuroglia tissue, but the tumor of the eye

commonly called a glioma is a neuroblastoma.

Malignancy.—Gliomas are necessarily almost ahvaj's danger-

ous owing to their common location in the central nervous system.

In addition, however, they are dangerous owing to their manner
of growth. They are often sharply defined, but in other instances

are so intimately fused with the surrounding tissue that their

limits cannot be clearly made out. While some of them seem to

grow expansively only, it is ])robable that thej' are all infiltrative

by nature. This is clearly shown in some instances by invasion

Fig. 270.—From a second case of glioma over the coccyx. One ah-eolus of

neuroglia cells and their fibrils. M.

not onl}- of brain tissue but of the pia, and by extension in one or

two cases directly across the longitudinal fissure. A remarkable

example occurred in a child, in whom a glioma of the liunbar en-

largement invaded the pia and then extendetl through the meninges

the entire length of the cord and over the cerebellum and cere-

brum, invading these structures at many ]ioints. The tumor was
mistaken at autopsy for an organizing meningitis.

23
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Fig. 271.—Glioma ot lumbar cord extending up around the cervical cord

through the meninges. M. and W.

Fie ''72—Glioma of cord extending through meninges and invading cere-
^'

' helium. M. and W.
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Metastasis.—Although glioblastomas often show a marked
tendency to infiltrate the tissue surrounding them, they apparently

do not invade blood-vessels and in that way give rise to metas-

tases in other parts of the body. At least no instance of a glioma

of the brain or cord giving rise to metastases outside of the central

nervous system is on record, so far as known. : On the other hand,

a typical glioma over the coccyx in a woman of forty-two recurred

after removal and gave rise to metastases in the lymph-nodes in

both groins.

Capsule.—The neurogha tissue surrounding a glioma, especially

when it is growing 'slowly and expansively, often thickens up as a

gliosis and forms a sort of capsule. Sometimes this capsule is

very definite and easily distinguishable from the tumor, but at

other times it is difficult to tell tumor and gliosis apart. Occa-

sionally a glioma so closely resembles a diffuse gliosis that its

exact nature is difficult to determine.

Gross Characteristics.—A ghoma may. be as hard as a dense

fibroma or as soft as the most delicate sarcoma. In size it may
range from a millimeter to five or six centimeters or more in diam-

eter. The color may be glistening white, gray and translucent,

or reddish gray. The shape is usually more or less spherical in

the brain, and rod-shaped in the cord owing to confinement within

a narrow canal.

Retrograde Changes.—Various retrograde changes are common
in gliomas. The most frequent is necrosis from which, by lique-

faction and absorption, cysts may be formed. Hemorrhage may
bring about the same result and is sometimes so extensive that

only a rim of tumor tissue is left at the periphery, and that may be

overlooked at examination unless the possibility of its presence

is appreciated. Necrotic tissue, instead of undergoing softening,

may become calcified and later any fibroblasts which are engaged

in organizing the necrotic tissue may be transformed into bone
cells (ossification).

In one instance fibrin formed in ependymal-lined cavities of

a glioma of the cord. The fibrin attracted the neighboring fibro-

blasts which organized the fibrin. In this way the ependymal-

hned cavities came to hold masses of fibrous tissue.

14. NEUROBLASTOMA (NEUROCYTOMA, NEUROMA)

Definition.—A tumor, of epiblastic origin, of which the cells

tend to differentiate into nerve-cells.

Tsrpe Cell.—The type cell is the nerve-cell. In the central

nervous system and its outgrowths, the eye, ear, and nose, and
in the sympathetic nervous system, nerve-cells occur in great

variety, differing much in size, shape, and function, but all charac-
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terized by one common feature, the prolongation of the cytoplasm

at some point into an axis cylinder process or nerve-fiber. The
cells of neuroblastomas arising in difi'erent parts of the body may
be expected, therefore, to vary considerably in appearance.

Histologic Appearance.—The cells of a neuroblastoma tend

to differentiate into nervc-ccUs of tlie same type as those which

would have developed under normal conditions from the cell giv-

ing origin to the tumor. The result is considerable variation in

the histologic appearance of different examples of this tumor.

The tumors arising outside of the central nervous system

usually show a more or less well marked alveolar arrangement of

the tumor cells with respect to the stroma, which is often fairly

imm
Mmm

Fig. 27.3.—Neurobla.stoma of the adrenal gland showing bundles of nerve fibrils.

abundant. When the tumor growth is rapid the cells show little

or no differentiation although thej- may varj' considerably in size

and shape. As a rule, however, the nuclei are small, spherical

and rich in chromatin, with little cytoplasm around them. When
more or less cell differentiation has occurred, delicate fibrils are

associated with the cells. These fil)rils do not give the character-

istic reactions of neuroglia, fibroglia, and collagen fibrils, Init react

to the various differential staining methods as nerve-fibrils do.

The fibrils of the tumor cells are usually arranged in one of two

ways: either parallel to one another in bundles or woven in small

spherical masses around which are grouped the cell nuclei. These

masses form balls which on section show a circle of nuclei sur-
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rounding a network of delicate fibrils, an appearance to which

the term rosette has sometimes been applied.

Kig. 274.— Xeurolilasloiiia of eye. Cells on right diffcicntiatefl and arraiif^ed

aroumi .siiiall huiiina. M. anil \V.
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Fig. 275.—Neuroblastoma of eye. Gland-lilvC cavities formed where the
cells have ditTerentiatcd and attempted to produce rods and cones.

Fibril formation may occur only in a few places or not at all,

so that the positive recognition of a tumor of this type may some-
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times be difficult or even impossible. In other instances the fibril

formation may be abundant even in the metastases.

A distinct and well known variety of this type of tumor occurs

in the retina where it has usually incorrectly been called a glioma.

It is always congenital and often bilateral. It destroys the eye-

ball and may invade the brain. When the tumor grows slowly its

structure can readily be made out. It forms small, gland-like

cavities lined by cells which produce more or less perfect rods and

cones. These structures project through a hmiting membrane
just as in the normal retina. From the other end of each cell

projects an axis cylinder process. When the cells proliferate

rapidly the gland-hke cavities cease to be formed although the

axis cylinder processes may
still be. With more rapid

growth, cell differentiation

ceases and the tumor passes

into that ill-defined group, the

so-called small round-cell
sarcoma. Owing to necrosis

and absorption, a perithelial

arrangement of the tumor cells

Fig. 276.—a, Rods and cones around the blood-vessels is
irom tne normal retina; o, rods and j.

,

cones formed in neuroblastoma from irequent.

same eye. Neuroblastomas originate

most commonly in the adre-

nal glands, less often in the brain, lung, and other organs. They
occur most often in infants but occasionally in adults. Those
arising in the adrenals are frequently congenital and bilateral.

This type of tumor is probably not so rare as is usually sup-

posed. The rapidly-growing forms are the more important and
are distinctly malignant, infiltrating the surrounding tissues and
giving rise to numerous metastases. Neuroblastomas containing

nerve-cells of the large type with dendritic processes and tigroid

bodies are rare.

J 5. EPITHELIOBLASTOMA (PAPILLOMA, ADENOMA, CARCINOMA)

Introduction.—The epithelial new-growths form the largest

and most important group of the simple tumors. The type cells

from which they are built up are the epithelial cells which occur

normally in great variety. The different epithelial cells have no
one striking morphologic characteristic which distinguishes them
from all other cells. In general they cover surfaces or line cavities,

but they may grow in solid masses (pituitary gland, adrenal gland).

On the other hand, the various epithelial cells differ among
themselves in many ways. Some are ciliated, others contain
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characteristic granules, still others undergo peculiar retrograde

changes. These morphologic variations are not surprising when
it is remembered that epithelial cells arise from all three embryonic
layers, form a multitude of organs and tissues, and perform a

great variety of functions.

The tumors arising from epithelial cells have some character-

istics in common, but more that are peculiar to the variety of

type cell from which they arise. It is necessary, therefore, to

state the characteristics which are common to all the epithelial

tumors and then to group under each variety of type cell all the

tumors, whether they are benign or malignant, which arise from it

and study these separate sub-groups by themselves. In no other

way is it possible to obtain a comprehensive knowledge of the

epitheUal tumors.

T3rpes of Growth.—The cells of epithehal tumors cover surfaces

or grow in solid cords and masses. The surfaces may be elevated

in finger-like processes or in ridges, or they may be depressed in

pockets and folds. In these three different ways of growth the

epithelial cells are supported and nourished by a stroma composed
of connective tissue and blood-vessels.

In some tumors the epithelial cells are all arranged after a

single type of growth; in others they may grow in two or even in

all three of the ways mentioned.

Nomenclature.—Various names have been applied to epithelial

tumors. These names are based partly on the histologic structure

of the tumors, partly on whether clinically they are benign or

maUgnant. The following three terms are the most important;

the first two characterize type of growth; the third malignancy.

Papilloma.—^An epithelial tumor in which the cells cover

finger-like processes or ridges of stroma.

Adenoma.—An epithelial tumor in which the cells hne gland-

like depressions or cavities in the stroma. Dilatation of the glands

of an adenoma by secretion leads to cyst formation.

Combinations of these two types of growth are common (in-

tracanalicular papillary adenoma of the breast, papillary adeno-

cystoma of the ovary). These two terms are commonly restricted

to tumors which do not invade and hence are not malignant.

Carcinoma.—An epithehal tumor which infiltrates and which
may give rise to metastases. It is the term apphed to all epithelial

tumors which pathologically invade and which clinically are

malignant.

It is important to realize that a carcinoma may grow in any one

of the three ways described, as a papilloma (penis, bladder), as an
adenoma (rectum, uterus), or more commonly and characteris-

tically with its cells in solid cords and masses (carcinoma of
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breast). Hence in a narrow sense carcinoma is often used to

signify this type of growth of the tumor cells in solid masses,

without lumen formation, as is evidenced by the term adenocar-

cinoma used for a tumor containing epithelium grouped both in

gland-form and in solid masses.

For a papilloma which infiltrates, the term papillary carcinoma
is often employed. For an adenoma which invades the chnical

term malignant adenoma is in common use ; infiltrating would be

better; still better in all these instances is the simple term car-

/

Fig. 277.—Carcinoma of breast. Alveolus of epithelial cells surrounded by
abundant stroma of fibroblasts.

cinema. The type of growth matters little; all three types may
be combined in one tumor. The one essential point is the invasion

of the surrounding tissue.

A papilloma is to be regarded as benign when it shows no

evidence of invasion and gives rise to no metastases.

An adenoma is benign which grows expansively only, without

invasion of the surrounding tissue and without formation of metas-

tases.

Another way of making these statements is as follows: A
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carcinoma is always malignant; a papilloma or an adenoma may
be; if it is, it is best then to call it a carcinoma.

A non-infiltrating (benign) tumor without lumen formation,

arising from epithelium which grows in solid masses (pituitary

gland, cortex of adrenal gland) is usually classed as an adenoma.
Papillomas growing in certain situations are always to be

regarded with great suspicion. This is particularly true of the

urinary bladder, for clinical experience favors the view that in

the end they are always malignant owing to invasion at the base

of the tumor.

\
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it forms such a conspicuous feature that some pathologists regard

these tumors as fibromas and others as an example of a mixed
tumor, an adenofibroma. In carcinomas of the breast the stroma
is usually a prominent feature, and on this account the alveolar

arrangement of the cells with reference to the stroma, at least as

seen in sections, is almost always conspicuous.

Metastases from the infiltrating (mahgnant) tumors in these

different regions lead to the production of a stroma corresponding

more or less closely in amount to that in the original tumor. Thus,

a metastasis of a cancer of the breast leads to abundant stroma

formation even in a tissue containing as little coimective tissue

as the bone marrow. This matter of production of more or less

stroma favors the view that the epithelial cells, both in the normal

organs and in the tumors arising from them, directly influence and

determine the amount of the stroma; in other words, that epi-

thelial cells, chemically or otherwise, can cause proliferation of

fibroblasts.

Papilloma.—The epithelial cells of a papilloma may be in the

form of an epidermis, of a stratified epithelium, or of a single layer

which may or may not be cihated. The arrangement of the cells

depends on the location of the tumor, that is, on the nature of the

epithelium from which it starts.

A true papilloma is a benign growth, but its recognition is not

easy. Many carcinomas grow, especially at first, in papillary

form; for instance, in the urinary bladder, on the penis, and in the

ducts of the mammary gland. Papillomatous formations may arise

as the result of chronic irritation or stimulation of various sorts

(verruca, condyloma accuminatum, the papuliferous cysts in the

bile ducts of the rabbit due to the coccidium oviforme), but they

are largely or entirely infectious in nature and are not true tumors.

Adenoma.—Adenomas may occur in many situations. They
are common in the breast where they are usually attended by a

large amount of stroma, often have papillary projections into the

glands, and may attain a large size. They arise also in the mucous
membrane of the stomach and intestine, and in the kidney, liver,

skin, sebaceous glands, thyroid, etc. The true benign adenoma
grows expansively.

The adenomas in certain situations, as, for instance, in the

breast, are almost always benign, although malignant tumors may
occasionally start from them, thus a carcinoma from the epithelium,

a fibrosarcoma from the stroma; but adenomas in many other

situations, such as the uterus or rectum, are always to be regarded

with suspicion.

Some or all of the glands in an adenoma may be dilated into

cysts. This is the common condition in the adenocystoma of the
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ovary. This tumor is ordinarily regarded as benign and yet it

is open to a certain amount of suspicion. When it contains pap-

illary projections it is generally regarded as more or less malignant,

that is, as a carcinoma. Experience shows that those in which

the cells are ciliated are especially prone to infiltrate. They may
give rise to metastases in the peritoneal cavity and elsewhere.

Carcinoma.—A carcinoma is an epithelial new formation which

tends to invade the lymph-spaces of the connective tissue ad-

joining it. When it starts it may at first only replace the epithe-

Fig. 279.—Epitlermoid carcinoma. Epithelial pearls in early stage of forma-
tion. M.

lium lining a duct, gland or surface, or grow between it and the

connective-tissue wall and usurp its nutrition. At this stage it

may resemble a benign adenoma or papilloma or grow in sohd

masses in ducts and glands. But sooner or later it invades the

surrounding lymph-spaces between the cells, fibrils and blood-

vessels of the normal stroma. From here it frequently grows into

the lymph-vessels, giving rise to metastases along the paths of

absorption, and occasionalh' invades the blood-vessels and causes

secondary growths in various parts of the body.
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A carcinoma may grow in any one of several different forms or

in various combinations of tfiem ; thus it may grow with the cells

arranged in solid masses (carcinoma simplex), in the form of

glands (malignant adenoma), or in the form of papillary pro-

jections (papillary carcinoma). Some of the combinations are

expressed in the following terms: adenocarcinoma, papillary

adenocystoma.

Epidermoid Carcinoma.—The epidermoid carcinoma forms one

special variety of malignant epithelial tumors. It deserves sepa-

rate mention in consequence of the characteristic changes which

Fig. 280.—Epidermoid carcinoma. Two cells just beginning to undergo corni-
lication. Epithelial fibrils still evident. M. and W.

its cells undergo. It is so named because the tumor cells tend

to differentiate in the same way that the cells of the epidermis do,

that is, they tend to form prickle cells and to undergo cornification.

It is one of the commonest forms of cancer. It occurs most
frequently in the skin (hps, penis, etc.), but also in numerous
other situations where an epidermis is present normally, and
occasionally where it is not, thus, in the tongue, pharynx, larynx,

esophagus, cervix uteri, urinary bladder, gall-bladder, neck (from

remains of a branchial cyst).

In an epidermoid carcinoma the cornified epithelial cells can-

not, as a rule, reach the surface. As a result they are not washed
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off, as happens with the eornified epithelium of the skin, but

gradually accumulate. New cells at the periphery are added to

the old cells at the center. In this way layered, often concentric,

masses of eornified epithelial cells are formed, which are frequentlj'

more or less spherical in shape although they may assume various

other forms. Owing to their striking appearance in stained

preparations these eornified masses have received the name of

epithelial pearls. As a rule the pearls are verj^ compact, but

sometimes the cells forming them do not contract and weld to-

gether well.

'^&^J^^

-J_

Fig. '2S1.—Carcinoma of mammary gland. Scirrhous in type until it

inwaded tlie lymph-vessels, where it is growing rapidly and forming large masses
of cells. M.

Progressive Changes.—The rate of growth in cancer varies

greatly, depending in part at least on the location of the cells.

If they are within lymph-spaces surrounded by much connective

tissue the.y may grow very slowlj^, often in single rows of cells

(scirrhous carcinoma). But once these same cells obtain entrance

to a lymphatic vessel and receive plentiful nutrition, they multiply

and spread rapidl3^ Frequently the two tjqDes of growth can be
found side by side in the same tumor.
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In other instances the tumor cells multiply rapidly. Mitotic

figures may be very numerous and often they are multiple. Oc-

casionally multinucleated giant-cells are formed in this way, just

as in other rapidly-growing tumors.

Metastases usually take place by way of the lymph-vessels

because cancer so commonly gets into them. Ordinarily the

tumor extends in the direction of the lymj^h current, either by
direct growth or in consequence of cells being carried along by
the lymph. Occasionally, however, the tumor extends in the oppo-

site direction, against the current, and certainly as a rule by direct

growth'

Fig. 282.—Carcinoma ot mammary gland. E.xtension of tumor through
a lymphatic in fat tis.suc. M. and W.

Metastases often occur also by way of the blood, following

invasion of a vessel at some point or other and the formation of a

cancer thrombus. Cells set free are carried all over the boch' and

in favorable locations cause secondary nodules, especially in the

liver, lungs, and bone marrow.

Metastases usually grow much faster than the original tumor,

sometimes very much more rapidly.

Cancer of the lireast not infrequently invades the ducts and

grows beneath the hning epithelium. Sometimes it fills the ducts

completely and extends along them. It also invades nerves and
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very commonly infiltrates the underlying muscle tissue. Some-
times it seems to occupy the spaces formerly filled by the muscle-

fibers themselves.

The growth of the stroma in epithelial tumors, and especially

in carcinomas, is at times so active that it is not unusual to find

fibroblasts in mitosis. In cancers of the breast the stroma often

seems to be actively stimulated in some wa^', perhaps chemically,

by the tumor cells. The filjroblasts proliferate actively and

produce many collagen fibrils. In addition, the production of

elastic fibrils is also often stimulated. Large masses of fine and

Fia 2S3.—Carcinoma of mammary gtanrl fcrowing nrouml and in^'arling a
duct." M. and W.

coarse fibrils are often formed around the ducts and vessels and
may be visible to the naked eye on fresh .section.

Rarely a cell hi the stroma of an adenoma or cancer may take

on malignant properties antl grow independenth', producing a

fil^rosarcoma.

Retrograde Changes.—Retrograde changes are rare in the

benign epithelial tumors, Ijut common in those which are malig-

nant.

Fat often accumulates in conseciuence of impaired metabolism
in those cells of a cancer which arc farthest from the blood supply.

Groups of such cells present a white or yellowish white opaque
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appearance on fresh section. Sometimes the fat is taken up by
endothehal leukocytes which may later accumulate in numbers
in the stroma while digesting the fat. Necrosis often occurs as a

result of local interference with the circulation within a tumor, as

by pressure or hemorrhage. Rarely in small areas all cells die

except for a sheath of them around the vessels. In this way a

perithehal arrangement of cells is produced, but is much less com-
mon than wth some other types of tumors.

In epidermoid carcinomas the cornified material in the epi-

thelial pearls often attracts numbers of endothelial leukoc^'tes.

Many of the leukocytes may fuse to form foreign l)ody giant-cells

Fig. 284.—Epidermoid carcinoma of tongue. Numerous endothelial
leukocytes attracted into it by cornified epithelium. Many have fused to

form foreign body giant-cells. M.

and graduallj' chgest the cornified cells. Polymorphonuclear
leukocytes are sometimes attracted into the epithelial pearls, but

this is usually where they are near an exposed surface and is pro-

bably the result of some bacterial infection.

The cells of some epithelial tumors secrete mucus, of others a

mucoid material. In still other tumors many of the epithelial

cells gradually undergo a transformation into a hyaline gelatinous

suljstance (colloid carcinoma).

Sometimes the stroma of some of the epithelial tumors be-

comes markedly edematous, so that the collagen fibrils are all

separate and distinct and the cells assume more or less of a stellate

appearan.ce. The presence of mucus is often strongly suggested
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by the staining reaction. Edema is frequent in adenomas of the

breast, and in certain tumors of the skin, probably derived from

the coil glands.

Epithelial Tumors of the Skin

In order to understand the different epithehal tumors of the

skin it is important to bear in mind that four different epithehal

structures are present in it

:

1. The covering epidermis.

2. The hair matrix, follicle, and shaft.

3. The sebaceous gland.

4. The coil gland, and its amplified derivative.

5. The mammary gland.

The epithelial cells of each one of these structures have their

own peculiar form of differentiation. Hence the epithelial tumors

arising from them tend likewise to differentiate in the same four

ways. The tumors will accordingly be taken up under these

separate headings.

I. epidermis

The cells of the epidermis are characterized by the forma-

tion of numerous short fibrils, which bind the cells together

and are known as intercellular bridges. Longer fibrils are some-

times present which are known as epithelial fibrils. The exact

relation of these two kinds of fibrils to each other and to the cell

is not fully determined. They seem to be due, for the most part

at least, to a differentiation of the cuticle of the cell, and not to

be an intercellular substance. The cells of the epidermis are

further characterized by retrograde changes involving the for-

mation of eleidin and keratohyahn and ending in cornification.

In tumors derived from epidermis the cells tend to undergo these

same changes and the resulting cornified epithelial cells collecting

in masses are termed epithehal pearls. The mitoses occur

entirely in cells corresponding in development to the lowest

layer, the rete Malpighii ; but even in this layer the surface of the

cells usually shows the characteristic surface fibrilation which
becomes more prominent in the prickle cell layer.

Papilloma.—The true benign papilloma is not very common.
It must not be confused with the common hard wart, verruca,

which is often multiple, and is probably infectious because there

is good evidence that it is communicable; or with condyloma
acuminatum which occurs frequently on the genitals and in that

neighborhood.

In a papilloma the cornified cells buried deep between the

papillae often cannot escape but instead accumulate and form
24
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Fig. 285.—Normal epidermis. Epitlielial fibril-s are formed even by the cells

in the lowest layer. M.

':&

Fig. 286.—Epidermoid carcinoma. Numerous pearls present, owing to slow

growth of tumor and marked differentiation of cells. iM.
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epithelial pearls just as in an epidermoid carcinoma. The im-

portant point to bear in mind is that an epitheUal pearl does not

assert anything with regard ito malignancy, although often associ-

ated with that condition.

The epidermoid carcinoma has already been described in part

histologically. It only remains to add certain additional features.

Occasionally the epithelial fibrils are 'much more numerous and
apparently also longer than in the normal epidermis.

When an epidermoid carcinoma sta'rts'in the skin there usually

occurs a marked inflamma,tory 'reaction in the. underlying corium.

The fibroblasts proliferate actively so that mitotic figures are not

infrequently found in them, and a marked infiltration with lympho-
cytes takes place.

Sometimes an epidermoid carcinoma grows so rapidly that

little differentiation of the cells occurs; there is no time for it.

In other instances 'the tumor consists largely of cornified epi-

thelium; there is little in the way of actively proliferating cells.

All proliferation of an epidermoid carcinoma starts from the

lowest layer of cells, the rete Malpighii, and occurs in cells of

that undifferentiated stage. The idea which has been advanced,

and which has obtained wide notoriety, that a carcinoma starting

from the rete Malpighii does not undergo cornification is absurd.

There are better explanations for the origin of the tumor to which
the term carcinoma basocellulare has been appfied.

The gross appearances of an epidermoid carcinoma vary

greatly. At its inception- it may^preserit only a small nodule of

thickening and induration. As it enlarges its surface may show
numerous short projections so that it resembles a verruca. Later

it may ulcerate; the surface may be 'eroded while the edges re-

main elevated and indurated. It may be confused with hard

chancre. The latter Las been excised more than once for an
epidermoid carcinoma, to the later surprise and chagrin of the

surgeon.

Metastases to the regional lymph-nodes commonly occur and
often at an early stage of the lesion.

2. HAIR MATRIX

The cells which arise from a hair matrix and form the hair

and its sheath do not differentiate, except to a slight degree, in

the way that the cells of the epidermis do. The hair is composed
of cells which develop large numbers of delicate fibrils. These
fibrils bind the cells closely together. The cells of the sheath, on
the other hand, undergo cornification to a slight extent.

Carcinoma.—Tumors arise not infrequently from hair matrices;

the cells composing them tend to differentiate in the same way as
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Fig. 2S7.— [lair inalrix faiTiiioina. INI.

%4 ^)

Fig. 288.—Hair matrix carcinoma forming connections witli epidermis. JNI.
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do the cells normally arising from these structures. The cells

may occur as large masses of spindle-shaped cells running in

bundles so that seen by themselves they suggest a spindle-cell

sarcoma: they also occur in broad and narrow connecting bands.

The cells are characterized by their cubical, cylindric or spindle

shape, their small amount of cytoplasm, and their intimate relation

to each other. In addition they frequently produce numerous

long fine and coarse fibrils running in the direction of the long axis

of the cells. Rarely, there is a hint of the formation of intercellular

bridges and small epithelial pearls are occasionally present.

/P

Fig. 280.—Hair matrix carcinoma, a, Cells and fibrils in normal hair shaft in

fetus; /), r, cells and fibrils from hair matrix carcinoma.

The tumor in ciuestion usually grows slowly: it may spread

widely in the corium and form connection with the overlying epi-

dermis at many points. It rarely invades the cfeeper tissues or

gives rise to metastases. While locally destructive it can hardly

be considered clinically very malignant. It is usually but not

always the lesion which is known clinically to the dermatologists

as rodent ulcer. It has been very unfortunately named and elabo-

rately classified into numerous varieties by Krompecher on the

theory that it is derived only from the rete Malpighii of the epi-

dermis and that, therefore, the cells do not undergo the usual
tran.sformation into prickle cells and cornified epithehum.
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3. SEBACEOUS GLAND

The basal cells of sebaceous glands gradually accumulate fat

in the form of small droplets in the cytoplasm which in this way
becomes distended. The nucleus is gradually compressed and
finally the cell is desquamated. The cells of a sebaceous gland

may be said to be sharply characterized, although they undergo

no differentiation.

Tumors of the characteristics of the sebaceous gland are rare.

The example pictured is from an adenocystoma definitely encap-

sulated and larger than one's fist removed from a man's neck.

Fig. 290.—Adenocystoma of scl^aceou-s gland origin. M.

The changes in the cells are perfectly characteristic. The numer-
ous cysts present were filled with clear oil which on cooling and
sohdifying was of the color and consistence of butter.

Cancers arising from sebaceous glands are said to be of frequent

occurrence in some animals.

4. COIL GLAND

The coil glands are lined by a single layer of cubical to columnar
epithelial cells outside of which is a thin laj'er of slender rod-

shaped fibrillated cells of epithelial origin running longitudinally.

These two layers of cells characterize the coil gland.
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Adenomas and adenocystomas of small size are sometimes

derived from the coil gland; possibly also certain forms of cancer.

It is not easy to say positively, because the characteristic fibrillated

cells are not produced in malignant tumors.

Fig. 291.—A(lcnocy.stonia of coil gland origin. M.

5. THE MAMMARY GLAND

The mammary ducts and glands are composed histologically

of the same elements as the coil glands. They are lined with

epithehal cells backed by a layer of slender fibrillated cells. These

cells are usually called smooth muscle-cells, although of epithelial

origin, and probably possess the power of contraction. In all

l)enign epithehal tumors of the breast, l^oth adenomas and pap-

illomas, the epithelial cells hning the glands, cy.sts and papillae

are backed by these same fibrillated cells; but when the epithelial

cells begin to prohferate in masses within the ducts there is no
corresponding proliferation of the long cells. In like manner when
the epithehal cells invade the stroma they are not accompanied

by these characteristic cells. However, the epithelial fibrils oc-

curring in cancers of the breast may owe their origin to these cells.

It is fair to state, therefore, that there is not any striking

l^ecuharity by which the cells of a carcinoma starting in the breast

can be positively identified.
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Several varieties of epitlielial tumors arise in the breast. Some
are distinctly benign, while others apparently from the beginning

tend to invade and to give rise to metastases. Still others are

Fig. 292.—C'iircinoma of breast. Epithelial fibrils within an ah-enlus

Fig. 293.—Adenoma of mannnary gland. M. and W.

on the border line. They start like l)enign growths but are open

to suspicion. Sooner or later they are almost sure to take on

malignant properties and invade the surrounding stroma.
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Epithelial tumors of the breast are very common. On this

account and owing to the variety of them, they have been more
studied than the new-growths from almost any other organ or

tissue in the; body.

Adenoma.—The adenomas vary considerably in histologic

appearance. In some the glands are numerous and closely

packed together; the stroma is moderate in amount. In others

the stroma is very abundant and much the more prominent

feature. All gradations between these two extremes occur.

Fig. 294.—Adenoma of mammary gland, growing in intracanalicular papillary
form. M. and W.

In some adenomas papillary projections extend into the gland

lumina and distend them. The projections may be few in number
or form a large part of the tumor. On section of one of these

tumors in the fresh state the dilated glands and the papillary

projections into them are often easilj^ demonstrable by expand-

ing the cut surface.

The adenoma is a common tumor of the breast in females

between the ages of fifteen and forty-five years and occurs oc-

casionally also in males. It grows expansively, is usually more
or less spherical in .shape, is encapsulated and may attain a large

size. Sometimes it is multiple.

The stroma varies considerably in appearance. It may be
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Fig. 295.—Epithelial tumor in ducts of mammary gland; is growing in

papillary and gland form and in solid masses; has not yet invaded the normal
stroma at any point, hence is in the pre-canccrous stage. M.

^^^i^@^^P%5 4^ :^ 13

,!?i;

Fig. 296.—Mammary gland. Chronic ma.stitis. Prohferation of the

epithelium in some of the glands; papillary masses of it project into the

lumina. M.
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dense and fibrous, edematous, or composed of mucous connective

tissue, and occasionally is quite cellular so tliat it suggests a fibro-

sarcoma.

Papilloma.—Papillomas occur in tlie ducts of the mammary
gland, especially near the nipple. They may dilate the duet so

as to form a papuliferous cyst of considerable size. Usually they

grow slowly, but occasionally \Yith much rapidity. They are

always to be regarded with more suspicion than the adenomas.
Sometimes the epithelium grows into many of the ducts and
glands and finally extends out into the surrounding connective

tissue, showing that the tumor was from the beginning a carcinoma.

Fig. 297.—Epithelial tumor in duct of mammary gland; is growing in papillary
and gland form and in solid masses. ^I.

Carcinoma.—It is a common experience to find in breasts

removed for chronic mastitis small areas where the epithelium

lining one or more glands or ducts is different in type from that

occurring elsewhere. The cells are large and often form small

projections into the lumen. Sometimes they fill the lumen com-
pletely. Occasionally these cells spread along ducts and glands,

either replacing the lining epithelium or gro^^ang between it and
the lining layer of elongated cells. In one instance practically

every duct and gland in the breast was filled and often distended
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Fig. 298.—Carcinoma of mammary gland. Papillary adenomatou.s type of
growth. JNI. and W.

Fig. 299.—Carcinoma of breast. Exeessi^-e production of elastic tissue
around duct. M. and W.
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with cells in this way. Yet at no point had the cells invaded the

adjoining stroma outside.

All these conditions are to be regarded \\dth great suspicion;

they show a marked tendency on the part of the epithelium to-

wards malignancy. The condition has sometimes been called

the pre-cancerous stage. Whether all cancers of the breast start

in this way or not cannot be stated.

Cancers of the breast grow most often with the cells packed

in solid masses, which in sections appear to be arranged in alveoli,

but are really all more or less intimately connected together. The

Fig. 300.—Carcinoma of mammary gland. IModnllary typi- of growth.
Slight tendency to the formation of gland lumina. M.

cell masses may be large or small and surrounded by little or much
stroma.

Sometimes the cells of a cancer are arranged in gland form and
still less often the glands are somewhat dilated and have small

papillar>' projections into them.

Occasionalh- the cells of a cancer of the breast may in part at

least jjroduce hyaline material in the cytoplasm and thus form

what is known as colloid carcinoma.

The stroma varies greatly in character, often «athin the same
cancer. In some places it is dense and hyaline; in other places

actively growing and very cellular. The rea.son for the differences
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Fig. 301.—Scirrhous carcinoma of breast. Alveoli of epithelial cells small:
stroma abundant. M.

Fig. .302.—Carcinoma of mammary gland invading fat tissue. M. and W,
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is not evident. Frequently the elastic tissue, especially around

the blood-vessels, is greatly increased in amount. It would seem

as if some chemical substance from the epithehum of the cancer

frequently exerted a stimulating effect on the fibroblasts of the

stroma. The methyl-violet stain for amyloid often gives a strong

positive reaction with parts of the stroma, suggesting an abnormal

product of some of the fibroblasts.

Fig. 303.- -Carcinoma in\'afling fat tissue, destroying fat-cells, and apparently
utilizing the fat as nutrition. I\I.

Carcinoma of the breast occurs most commonly in the fourth

and fifth decades. It may grow rapidly and form a large, more

or less soft tumor mass (medullary cancer), or grow slowly and

form a small dense nodule (scirrhous cancer). All po.ssible inter-

mediate gradations are found. The tumor may be fairly discrete

and sharply limited or spread diffusely. It may invade and thicken

the overlying skin or extend to the underlying pectoral muscles, or

to the surrounding fat tissue. Metastases to the axillary lymph-

nodes usually occur fairly early.

Cancer of the nipple is rare. It may start from the cylindric

epithelitnn deep in a duct or from the squamous epithehum near
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its mouth. In one instance a cylinclric cell carcinoma of the duct,

not over one centimeter in diameter, had given rise to metastases

in the axillary lymph-nodes.

Epidermoid cancer of the duct tends to invade and replace

the epidermis around the nipple, thercljy causing a peculiar

clinical picture which has received the name of Paget's disease of

the breast.

Fig. 304.—Epidermoid carcinoma of duct of mammary gland invading and
growing in epidermis of nipple (Paget's disease of the breast.) M.

The Enamel Organ

The cells of the enamel organ are of epiblastic origin, but do

not undergo cornification. The cells of the outer layer are cuboidal

in shape, those of the inner cyUndric. The cells between these

two layers form the enamel pulp, and correspond to the priclvle

cells of the epidermis: thev become more or less separated from

each other by vacuolization, but remain connected by cell processes

so that they resemble to some extent mucous connective-tissue

cells. The nuclei in the cylindric cells of the inner layer are

situated away from the untlerh'ing connective tissue instead of

close to it, as is usual in most other epithelial hned surfaces. It is

these cylindric cells which lead to the formation of enamel, and

hence are known as adamantoblasts.
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The dentin is formed by specialized fibroblasts known as

odontoblasts. Still other fibroblasts form a periosteum and

deposit a layer of true bone called cementum outside of the dentin.

The cells of tumors which arise from adamantoblasts tend to

differentiate in the same way as the normal adamantoblasts do

and they also tend to produce the effect of the normal cells on the

adjoining fibroblasts, that is, they sometimes convert them into

odontoblasts.

Three types of tumors are recognized as arising from the

enamel organ.

\ ;vkM,
•1 ' \V>.

Fig. 30.5.—Enamel organ from fetvis. Pulp cells ot epithelial origin in

center. The nuclei in the adamantoblasts on the right are situated away from
the stroma. M.'

1. The follicular cyst is the simplest. It consi.sts of a cy.st

lined witli pavement ei}ithclium. The inner wall of the cyst

often bears a single, rarely several to many teeth.

2. The ada]nantinoma grows as branching masses of epi-

thelial cells of which those adjoining the stroma correspond to

adamantoblasts while the others form the enamel pulp. Cysts
often form owing to distension and coalescence of the vacuoles
lying between the cells corresponding to those in the enamel
pulp. Other cysts which may be more numerous and larger

often occur in the connective tissue of the stroma as the result of

focal collections of fluid. Blood-vessels will always be found
running through this second form of cyst. Rarely the cells cor-

25
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responding to those in the enamel pulp assume a concentric arrange-

ment and suggest or may even form definite epithelial pearls.

Fig. 306.—Adamantoblastoraa. Cyst forming between the pulp cells. M.

Fig. 307.—Adamantoblastoma. Cysts forming in stroma aroimd blood-
vessels. The nuclei in the epithelial cells are situated away from the stroma
and hence from the cysts. ^I.

This result is not surprising considering the origin of the enamel

organ.
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The adamantinoma grows expansively only and produces no

metastases. Owing to its location and the size it sometimes

reaches it may cause clinically much local disturbance.

3. Occasionally the adamantinoma produces typical enamel.

More often it converts adjoining fibroblasts into odontoblasts.

When this happens separate teeth or fused masses of them

(odontoblastoma) of various sizes may be produced. Cementum
may also sometimes be formed.

EprtHELiAL Tumors of the Gastro-intestinal Tract

Esophagus.—The esophagus is hned with stratified pavement

epithelium and is furnished with two varieties of glands, neither

of which is particularly characteristic. Epithelial tumors may
be derived from the surface epithehum or from that of the glands.

Adenomas and papillomas, the latter occasionally multiple,

have been reported but are rare.

Carcinoma is much more common. As a rule it is of the

epidermoid type, but, malignant adenomas sometimes also occur.

Combinations of. the two types have been reported;' also very

rarely carcinomas with ciliated cells.

Stomach.—The glands of the stomach are characterized by
the presence of acidophilic parietal cells in varying numbers. In

addition there are two other varieties of epithelial cells; one kind

in the body of the gland contains relatively large zymogen granules,

the other kind in the neck of the gland secretes mucus. In the

epithelial tumors arising from the stomach the acidophilic parietal

cells and the cells containing zymogen granules apparently do not

appear.

Adenoma sometimes occurs; it forms. a polypoid mass and
may be multiple. It is always to be regarded with suspicion.

Carcinoma of the stohaach may grow in gland form (malignant

adenoma), but the cells more often occur in solid masses. The
cells of. either type of growth may undergo a hyaline, change so

that the tumor is variously called hyaline, mucous, gelatinous or

colloid carcinoma.

The gross appearances of cancer of the stomach vary greatly.

If the tumor grows rapidly (medullary, carcinoma), it may form a

large, soft, cauUflower-hke mass which histologically is usually

of the gland type. Necrosis may lead to more or less extensive

ulceration.

If the tumor grows slowly (scirrhous carcinoma) it tends to

infiltrate the wall of the stomach widely, occasionally involving

its entire extent. The surface is almost invariably ulcerated.

Histologically the cells are grouped in small sohd masses.

The colloid cancer is usually scirrhous in its type of growth
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and tends to infiltrate extensively. Rarely it may lead to marked
uniform thickening and hyaline transformation of the entire

stomach wall.

Rarer forms of cancer of the stomach are the epidermoid and
the ciliated.

Intestine.—The epithelial cells lining the intestinal tract are

of the tall columnar type. They are all capable of being trans-

formed into goblet cells by the production of mucus. At the bottom
of the crypts of Lieberkiihn in the small intestine the cells often

contain numerous zymogen granules. The cells of Brunner's

glands in the duodenum secrete mucus.
Adenomas of the intestine occur in the form of polj^^i of which

the surface may be smooth or papillary. They are often elevated,

each on a slender stalk which may reach a length of a centimeter

or more. The polypi are often multiple and occasionally very

numerous, especially in the large intestine. As a rule, the epi-

thelium lining them is of a different character from that present

elsewhere in the intestinal tract. The significance of these polypi

is in dispute. They may belong among the malformations. Cer-

tain it is that cancer may, at least occasionally, arise from them.

It is even more difficult to decide the exact nature of certain

small tumor-hke collections of epithelial cells occurring occasion-

ally in the appendix, but also more rarely in the small intestine.

They resemble a carcinoma in structure and are found most
often in young people. The cells are small, are grouped in

gland form or in sohd masses, and may occur not only in the

mucosa but also in the muscle coats and subperitoneally. In the

appendix they often look as if they had started from the mucosa
and more or less completely destroyed it, and then infiltrated the

surrounding muscle and fibrous tissue. On the other hand they

show little or no activity of growth and there is no evidence of

reaction on the part of the tissue around them. They are regarded

by some as a local tissue abnormality comparable to the congenital

nevi of the skin.

True cancers occur most often in the rectum; less commonly
in the ileocecal region, in the duodenum, and elsewhere. They
are of much the same character as those foimd in the stomach.

The mahgnant adenoma and the adenocarcinoma are the most
frequent, but colloid and scirrhous forms also occur. They often

completely encircle the intestinal wall, thus presenting an annular

form, and may lead to complete stenosis of the lumen. Some-
times they extend directly to the surrounding organs, especially

in the pelvis. Metastases are frequent, most often to the liver

where they may cause great enlargement (over fifteen kilos in

one instance).
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Carcinoma of the papilla of the common bile duct occurs

occasionally and is cHnically of great importance, although it may
not exceed one centimeter in diameter, because it usually leads to

complete bile stasis.

Liver.—Two different types of epithelium occur in the liver;

the liver cells and the bile duct epithelium.

The liver cells are characterized by their size and shape, bj^

the secretion of bile, and by their arrangement in cords or trabec-

ule around minute canals, the bile capillaries.

The bile ducts are lined b.y low and high columnar epithelial

cells which are not in any way peculiar.

Fig. .'30S.—Liver. Liver-cell carcinoma on right. One mitotic figure

present. i\L

Adenoma.—Two different types of adenomas occur in the

liver, derived from the two different kinds of epithelial cells.

The Ih'er cell adcno)na is the more common of the two. It is

sometimes more easily recognized by the naked eye than micro-

scopically, and may be difficult to distinguish from the local

hyperplasia of liver cells which sometimes occur in chronic in-

flammatory processes. In a true liver cell adenoma bile ducts

are not present. The tumor grows ex]Dansively and exerts pres-

sure on the surrounding cells so that they are flattened. The
structure of the liver cells and especially the formation of bile

capillaries and the secretion of bile positively identify the nature
of the new-growth.
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Bile duct adenomas are less common and have no particular

characteristics beyond forming a mass of glands and ducts more

or less closely resembling bile ducts.

A third land of adenoma sometimes occurs and must be care-

fully distinguished from the hver cell adenoma. It arises from

displaced adrenal cells, grows without any kind of lumen formation,

and of course lacks the characteristic bile capillaries of the other

type of adenoma.

Primary carcinoma of the liver is rare. It may arise from liver

cells, under which circumstances the tumor cells ma)'' closelj^

resemble the liver cells, but are usually larger. They may secrete

bile and form bile capillaries even when growing fairly rapidly.

Fig. 309.—Liver-cell carcinoma. Bile capillaries present; the one in b con-

tains inspissated bile.

The same characteristics may be shown by the metastases in other

parts of the bod}'.

Carcinoma may also arise from the bile ducts. This form

sometimes spreads diffusely along the portal vessels. When this

hajopens it is often extremely difficult to tell the normal bile ducts

from the tubules produced by the tumor. In one instance the

problem was made easier because the tumor cells were to a large

extent ciliated.

Cancer may also arise from arlrenal rests, and present the

same peculiarities as that form of tumor does elsewhere.

When a cancer of the liver grows without any differentiation

of the cells, that is, in solid masses and usually rapidly, the exact
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nature of the cells from which it started often cannot be deter-

mined with any degree of certainty.

Cancer of the liver may form one large primary nodule with

or without smaller secondary nodules around it, or occur as a

diffuse infiltration with much connective-tissue formation so that

the sclerosed liver is easily mistaken for some form of cirrhosis of

inflammatory origin. Various gradations between these two
extremes may also occur.

Gall-bladder.—The gall-bladder is Hned with columnar epi-

thehum of the same character as that in the bile' ducts.

Papillomas occur but are very rare.

Carcinoma is relatively frequent and is found almost exclu-

sively in gall-bladders which have contained gall-stones. It starts

in the wall, usually infiltrates, and often invades the liver; rarely

it projects in papillary form into the gall-bladder. The cancer

is generally of the cylindric cell type and sometimes undergoes the

colloid change. Rarely it is a typical epidermoid carcinoma,

starting probably from a pavement epithelium which has arisen

metaplastically from the cylindric epithelium as the result of

chronic irritation. Such irritation is due most often to gall-stones.

Pancreas.—Three types of epithelium occur in the pancreas.

The gland cells are characterized by the production of coarse

zymogen granules in the cytoplasm adjoining the lumen, and by
the basophilic staining properties of the basal homogeneous
portion. The ducts are lined with a simple columnar epithelium.

The islets contain epithelial cells of a smaller type and of two
varieties named A and B ; each is characterized by the presence of

fine granules of peculiar chemical and staining properties.

Adenomas of the structure of the islets occur rarely; also

adenocystomas apparently of the type of the duct epithelium.

Cancer is somewhat more common: it is usually scirrhous

in type, but may grow rapidly or undergo hyahne change. As a

rule cancer starts in the head of the pancreas. In one instance

the tumor was glandular in type and the cells ciliated.

Respiratory Tract

The larynx is lined in part with stratified squamous epithelium

which passes over into the pseudo-stratified ciliated columnar epi-

thelium lining the trachea and bronchi. Numerous mucous glands

pour their secretion into these air passages. The alveoli are lined

with flattened epithelium. The several forms of epithehal cells

present no striking peculiarities.

Papilloma is the commonest tumor affecting the larynx: it

is usually located on the vocal cords and may more or less occlude

the lumen.
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Carcinoma usually of the epidermoid type also occurs and as

a rule starts on the vocal cords.

Carcinoma of the lung is rare although the commonest primary
tmnor of this organ. It usually arises from bronchial epithehum.

The Gentto-urinary Tract

Kidney.—The renal epithelium lining the tubules is derived

from two sources : the uriniferous tubules originate in the nephro-

genic tissues; the ducts of the kidney, from the papillary ducts to

the collecting tubules of the medullary rays, arise from the epi-

theUal buds which develop from the side of the Wolffian ducts.

The cells lining the uriniferous tubules are, for the most part,

more highly differentiated than those lining the ducts.

Small adenomatous structures occur in the kidney, usually

in the cortex, and may have papillary projections into them. The
hning cells are columnar in type and suggest renal epithelium.

These structures usually show no evidence of exerting pressure

on the adjoining tubules; they may be irregular in form and en-

close glomeruli and tubules. They are probably to be regarded

as abnormalities. Rarely, however, expansively growing ade-

nomas do occur, which apparently are of renal-cell origin.

Adrenal rests of various sizes may occur in the kidney, usually

in the cortex or in the capsule. They also are to be looked upon
as congenital abnormaUties.

Cancer of the kidney is relatively frequent. Most of the

tumors are composed of cells of the adrenal type and are prob-

ably derived from adrenal rests. They grow often with great

rapidity, invade the renal vein or its branches and give rise to

multiple metastases in the lungs and elsewhere. Less often they

extend into the pelvis of the kidney. The cells of these tumors fre-

quently vary in shape and structure in different areas.

Cancer of renal-cell origin is much less common. The cells

may grow in solid or gland form and form nodular masses or

infiltrate diffusely.

Pelvis of Kidney and Ureter.—They are lined with stratified

epithelium of the same origin as that lining the renal ducts.

Papillomas are of rare occurrence.

Urinary Bladder.—The urinary bladder is lined with stratified

epithelium of the same origin as that in the ureter and in the pelvis

of the kidney.

Papillomas of the bladder are not infrequent and although

many of them are regarded as benign they should always be looked

upon with suspicion. The almost invariable termination is in-

filtration of the bladder wall at the base of the tumor. The
papillary projections are often long and delicate and covered with



TUMORS 393

a stratified epithelium. Epithelial fibrils are often demonstrable

in and between the cells.

Typical epidermoid carcinomas containing numerous epi-

thehal pearls sometimes occur: less often adenomas (derived,

perhaps, from the prostate). Some forms of cancer may undergo
hyaline change.

Prostate.—The alveoli of the prostate are lined with simple

columnar epithelium. The cytoplasm of the cells often contains

acidophilic granules on the side adjoining the lumen. The ducts

are also fined with columnar epithelium, except near their ter-

minations where its place may be taken by a stratified epitheUum.

Hyperplasia and dilatation of the preexisting glands and ducts

of the prostate are common in old age and are often looked upon,

but probably incorrectly, as adenomas. True benign adenomas
may occur but they are certainly rare, and reported cases are

doubtful. They ought to grow expansively, shoving back the

part of the prostate surrounding them, not extending diffusely

throughout the organ.

Cancer of the prostate is fairly frequent in old men and the

cells are usually of small size and grow in solid masses or gland

form. They are supposed to arise from the epithelium lining

the glands. The tumor may grow in nodular form, or so dif-

fusely infiltrate the prostate as not to be recognized, aside from
the resulting hypertrophy, except on microscopic examination.

A frequent peculiarity of cancer of the prostate is to give rise

to metastases in the bone marrow and to cause a marked reaction

on the part of the peri- and endosteal cells so that much, often

dense, osteoplastic stroma is produced. Metastases also take

place retroperitoneally, into the lungs and elsewhere.

Uterus.—The mucosa of the body of the uterus and of the

cervix is lined with a single layer of columnar ciliated epithelium,

but the cells lining the glands of the cervix are tall, cyhndric and
secrete mucus.

Adenomas in the form of mucous polyps are not infrequent.

The epithefium lining them corresponds in type to that part of the

mucosa from which they spring. The stroma varies in amount,
is often abundant and sometimes edematous.

Cancer of the uterus is very common. In the fundus it

may grow in solid alveolar or in gland form. It may remain
sharply locahzed in the mucous membrane, but invade deeply in

the underlying muscle-wall. More often it spreads gradually

through the entire mucosa and infiltrates the muscle everywhere.

Cancer of the cervix starts most often from the stratified

epithefium covering it externally and extending a varying distance

through the external os into the cervical canal. On this account
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cancer of the cervix is usually of the epidci-moid type. Sometimes

it is infiltrated with great numbers of eosinophiles. Frequently

it presents a cauliffower-like appearance.

Ovary.—The ovary is almost entirely covered with meso-

thelial cells which here are culjical to cylindric in shape and are

known as the germinal epithelium. From them are derived the

primary egg tubes of Pfiiiger, which form the ova and the cubical

folhcular cells surrounding them. The stroma is cellular and

abundant

.

The epithelial tumors of the ovary are numerous and impor-

tant. The simple cysts of various sizes and origin probably do not

belong in this category.

Fig. .310.—Ciliated papillary adenocystoma of ovary. M.

The adenomas of other organs are replaced here by adenocyst-

omas. Two ty|3es are recognized; the simple and the papillary.

The simple adenocystoma is a multilocular tumor often of

large size. It is composed of glands and cysts lined with tall

cylindric epithelial cells which produce a mucoid secretion. The
cysts are filled with this pseudomucin which varies greatly in

consistence and in color. The inner surface of the cj^sts is smooth.

The papillary adenocystoma differs from the simple adeno-

cystoma chiefly in having papillary projections from the walls.

This condition indicates greater activity on the part of the epi-
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thelium. These projections may be located in one small area

or be more or less extensive, in some instances covering the wall

of all the cysts and sometimes more or less completely filling them.

Apparently all gradations between the simple and the papillary

adenocystoma may occur. On the other hand the cells lining

some of the papillary adenocystomas are ciliated. This condition

would seem to indicate a possible difference in origin for at least

some of them.

Sometimes either by direct growth through the wall or by
rupture of a cyst, a papillary adenocystoma grows on the surface

of an ovary largely in the form of a papilloma.

These epithelial tumors of the ovary vary from benign to

malignant. To draw a sharp line of division is impossible. The
papillary adenocystoma is always to be regarded with more
suspicion (especially if its cells are ciliated) than the simple adeno-

cystoma. If the epithelial cells form a single orderly arranged

layer and are multiplying so slowly that no mitotic figures can be

found, the tumor may be looked upon as benign and classed with

the adenomas of other organs; but if the cells tend to pile up into

two or more layers and cell proliferation is rapid, the tumor should

be regarded as a carcinoma.

The opportunity for one of these tumors to invade is not great

because the ovary is, to a large extent, free from actual contact

with other tissues. On the other hand, the ovary itself is often

entirely invaded and destroyed.

If one of the cysts of a papillary adenocystoma ruptures so

that its contents escape into the peritoneal cavity multiple surface

implantations of freed tumor cells often take place. This form
of metastasis indicates at least a mild degree of malignancy. In

occasional instances, however, metastases have taken place also

apparently through the lymphatics into the thoracic cavity.

While these two forms of adenocystoma, and especially the

papillary type, are not infrequently malignant and, therefore, to

be classed as carcinoma, that term is usually reserved for the

malignant epithelial tumors of the ovary which grow in soUd form,

that is, in which cysts are not present. The cells may grow in the

form of glands or they may be massed together. The stroma is

often excessively abundant. Occasionally multiple concretions

appear and become calcified (psammo-carcinoma) . The tumors
form solid masses the size of the fist or larger and sometimes possess

a peculiar yellow color.

The accidental finding of a small, infiltrating, ciliated, pap-
illarj' adenocystoma in the broad hgament suggests that tumors
of this type may arise from remains of the Wolffian tubes in the
ligament. Similar ducts and glands fined with cihated epithelium
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and surrounded Ijy smooth muscle frequentty occur in the uterine

tube. It is the cihated papillary adenocj'stomas which prove
clinically to be especially malignant. It seems much more prob-

able that they are derived from the ciliated remains of the WolfSan
and perhaps Mullerian ducts than from displaced intestinal epithe-

lium as suggested by Ribbert.

What is needed is the careful study of early cases before the

ovaries are infiltrated and destroyed and all relations lost. The
finding of small solid masses of squamous epithelium in the outer

wall of two different normal uterine tubes, and the occurrence of

a thick layer of squamous epithelium lining one fold of tlie tul)al

mucosa while the rest was perfectly ciliated, suggests the possi-

ble origin of epidermoid carcinomas in this region.

Adrenal Gland

The cortex of the adrenal gland consists of c]iithelial cells

arranged in three zones. The cells are characterized by the

presence of numerous fat-droplets in many of them (chiefly in the

Fig. 311.—Adrenal carcinoma. M. and W.

two outer, glomerular and fascicular zones), and of pigment
granules in some of them (in the innermost reticular or pigmented
zone). The medulla is composed largeh^ of chromatin cells

derived from the sympathetic nervous system. These cells are

smaller than those in the cortex and contain granules which are

stained brown by chromic acid and its salts. Numerous ganglion

cells and their nerve fibrils are also present.
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The connective-tissue stroma of the adrenal is shght in amount,

especially in the cortex. The blood-vessels are largely of the

capillary type.

Adenomas of the adrenal gland are common and vary much
in size. They arise most commonly in the cortex, but also occa-

sionally in the medulla and in the capsule from displaced cortical

cells. As a rule, the tumor cells are characterized b}' the presence

of numerous fat-droplets which cause the new-growth to have the

characteristic yellow color of the adrenal cortex. Occasionally

K ^1
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Fig. 312.—Adrenal carcinoma; actively growing part. One mitotic
figure present. M.

adenomas occur adjoining the medulla, in which the tumor cells

are pigmented and thus correspond in their differentiation to the

pigmented zone.

The stroma of connective tissue and blood-vessels of the ade-

nomas usually corresponds in character to that of the normal

adrenal gland.

Carcinoma of the adrenal gland is of less common occurrence

than adrenal cancer of the kidney. The tumor cells usuall.y

differentiate like the cells of the adrenal cortex and contain numer-
ous fat-droplets.

Thyroid Gland

The thyroid gland is composed of cubical epithelial cells ar-

ranged in non-communicating acini of various sizes grouped in lob-

ules. The cells secrete a hj^aline substance called colloid or colloid
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material. The colloid is characterized lay the presence of iochn

in combination with protein. The characteristic feature of the
epitlielial cells lies in the secretion which they produce.

Under various pathologic conditions the acini may liecome

dilated -with colloid material or they may increase greatly in

number and contain little or no secretion. These changes may
take place diffusely or in foci.

The connective-tissue stroma of the thyroid is fairly abundant
and the blood-vessels numerous.

Adenomas of the thyroid are not infrequent, Ijut it is often

difficult to recognize them with certaintj', at least when one has

to decide from material removed surgically. A microscopic slide

-Thyroid gland. Carcinoma growing in solid form and gradually-
invading it. M.

preparation will not, as a rule, settle the question because there is

nothing distinctive about an adenoma of the thyroid. What one
really requires, or perhaps would like to have, is the whole thyroid

gland with the tumor nodule in place.

An adenoma must be distinguished first from normal or ab-

normal thj-roid tissue, and then from focal collections of colloid

material in dilated glands and from focal hyperplasia of acini. It

is claimed that in adenomas, inasmuch as the gro^vth is expansive

and the stroma new formed, no elastic tissue is present except along

the blood-vessels. In other words elastic fibrils cease at the cap-

sule of the tumor. This point may be of some diagnostic value.

With carcinoma of the thyroid gland much the same difficulty
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Fig. 314.—Thyroid gland. Rapidly growing carcinoma. Two mitotic figures

in center of field. M.

Fig. 315.—Thyroid. Illustration shows two small masses of a papillary

epithelfal tumor. A mitotic figure present in lowest clump of tumor cells

in right hand mass. M.
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in the way of making a positive diagnosis is sometimes presented.

The cancer may grow with the cells arranged in sohd masses in a

well developed stroma. Here the atypical cell arrangement is

sufficient, as it is also in the rare cases when the cancer grows in

the form of a papillary adenoma.
In other instances, however, the cancer corresponds in every

way to normal thyroid tissue and even in its metastases in the

liver, lung, bone marrow, etc., produces tj^pical colloid material

containing iodin. Cases have even been reported where metas-

tases of this structure were present in various organs when the

thyroid gland itself was apparently normal in every respect with

no evidence of any tumor being present.

Hypophysis

The hypophysis contains in the glandular or anterior lobe alve-

oh filled with two varieties of epithelial cells; chromophihc cells in

whose cytoplasm are numerous coarse granules which stain deeply

with acid dyes, and basophihc cells which are more numerous and

contain fine granules with a strong affinity for the basic stains.

Chiefly adjoining the posterior lobe occur epithelial lined acini

which are similar to those in the thyroid gland and usually con-

tain colloid material.

Adenomas consisting of either chromophilic or basophilic

cells are said to occur, especially after the age of forty. They may
be found on microscopic examination.

Carcinoma is also said to occur. It may extend through the

capsule and invade the adjoining bone or brain tissue. The
tumors containing acidophilic cells are the more important as

they may be associated with symptoms of acromegaly.

Very rarely epithelial tumors arise from the colloid secreting

glands.

Epiphysis.—The pineal gland contains follicles lined and
sometimes entirely filled with epithelial cells. Some of the fol-

licles contain round and irregular concretions known as brain

sand.

Very rarely carcinomatous tumors arise from the epiphysis.

Chordoblastoma (Chordoma)

Definition.—A tumor of entodermal origin of which the cells

tend to differentiate into cells like those forming the notochord.

The notochord is a rod of entodermal cells forming the axis

around which the bodies of the vertebrae are laid down. It dis-

appears for the most part from the body of each vertebra during

fetal development, its tissue being forced into the intervertebral

disk where it develops into the nucleus pulposus.
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The notochordal tissue starts as epithelial cells which develop

vacuoles containing mucin. Later, the cell walls disappear and

the cytoplasm fuses to form a sjmcytium which resemljles fetal

mucous connective tissue. The mucin escaping from the vacuoles

in part remains in the cytoplasmic mesh, in part collects around
the notochord, forming an inner sheath. A still later change is

the formation of more or less definite cells or cell-like structures

in the sj'ncytium, each of which contains one to three large vacuoles

filled with serum. These peculiar vacuolated cells are character-

istic of adult notochordal tissue. They occur in rows and clumps

of various sizes, separate and surrounded by more or less mucin
which acts as an intercellular sul^stance, and usualh' held some-

Fig. 310.—Notochonl tissue from base of skull. X\uncrous cysts present in

cytoplasm of syncytial cell masses.

what intimately together by a small amount of syncvtial cvto-

plasm.

The cells of a chordoblastoma tend to differentiate into the

vacuolated cells which are characteristic of adult notochordal

tissue. In the one rapidlj'-growing malignant tumor of this

nature reported, situated on the upper surface of the basi-occipital

bone, all types of notochordal cells were present, the fetal as well

as the adult.

The chordoma is of much theoretical interest, but has little

practical significance as but one other instance of a real tumor of

this kind, besides the one mentioned above, is as yet on record

20
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The illustrations are from a third ease, not >'et reported, in which

the tumor started over the coccyx in an elderly person and re-

curred twice within two 3'ears after removal.

On the other hand, very small masses of notochordal tissue

are found not infrequently in certain definite locations and their

nature should be recognized. They occur most often upon the

dorsum sellse, less frequently in the hypophysial fossa and at the

spheno-occipital junction, rarely elsewhere (anterior surface of

the cervical vertebrse and (jn the sacrum). Although commonly

Fig. 317.—Choidoblastoma. Numerous vacuoles present, some with Yrell

defined walls.

called chordomas these small masses are probably only the result

of the normal development of notochordal tissue forced out of the

bone at the base of the skull during fetal development. They are

analogous to the frequent displacements of adrenal cells.

These cell-masses are soft, of glass-like transparency, and may
reach the size of a small pea. Ribbert has shown that those

occurring on the dorsum sellse are connected by a slender stalk

extending through a small hole in the dura with similar tissue

embedded in the underlying bone.
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Fig. SlS.^Chorioncpithelioblastoma in uterus. M. and \\

.

„t- ^ ^^

Fig. 319.- -Chorioncpithelioblastoma of the uterus. M. and W.
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Fig. 320.—Chorionepithcliohlastoma. Metastasis growing in vein in wall of

vagina. M.

e.

Fig. 321.—Chorioncpithelioljlastoma. From metastasis in wall of ^-agina. M.
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Chorionepithelioma

The chorionic vilh are covered with two laj'ers of epitheUal

cells; the inner or so-called layer of Langhans is composed of

separate cells which are sharply defined and cubical in shape; the

outer so-called syncytial layer is derived from the inner and is

composed of flat connecting masses of cjrtoplasm containing

numerous nuclei.

The tumor arising from the epithelial cells covering the villi

is called a chorionepithelioma. It is an epithehal tumor of fetal

origin and its cells tend to differentiate as do those covering the

Fig. 322.—Hydatidiform mole. Marked hyperplasia of chorionepithelium
coverinp; a villus. M.

chorionic villi. It is usually, therefore, sharply differentiated from
other forms of carcinoma by the presence of two kinds of cells;

separate cells which undergo mitosis and which correspond to the

layer of Langhans, and large multinucleated cells which correspond

to the syncytial laj'cr.

The tumor causes little or no reaction on the part of surround-

ing fibroblasts; that is, it does not lead to active stroma formation.

Instead, the tumor cells tend, as do the normal cells of the same
type, to invade blood-vessels and to develop within them. On
this account hemorrhage is a prominent feature with this tumor.

Metastases are of common occurrence, especially in the wall of the
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vagina and in the lungs. Occasionally the tumor starts directly

as a metastasis in the limg or elsewhere without any original tumor
having been formed in the uterus.

A chorionepithelioma may start from a uterine or rarely from

a tubal pregnancy. It is frequently preceded by the formation

of a hydatidiform mole in which condition the epithehum covering

the edematous vilh often shows marked hyperplasia.

Mixed Tumors

The simple tumors arise from the cells which have reached the

end of their embryologic development. The tumor cells are

capable, therefore, of forming but one type of cell and these cells

may undergo complete or incomplete histologic differentiation

largely according to whether the tumor grows slowly or rapidly.

Mixed tumors on the other hand may arise in two ways, rarely

from combinations of two different types of tumors, commonly
from cells which have not attained full embryologic development,

or from cells which have inherent in them the possibilities of

developing into an embryo. The tumor cells may, therefore,

undergo more or less complete embryologic development into two
or more types of cells and these cells may differentiate more or less

completely histologically; the degree of differentiation depends

again largely on the rate of growth of the tumor. It is apparent

from this statement that we may have a variety of mixed tumors,

running from the simplest which contain but two tjrpes of cells to

complicated new-growths which may contain examples of all the

various kinds of cells which occur in the human body.

Mixed tumors are classified according to their coniplexity,

that is, according to the nature of the germ cell from which they

arise. It is often convenient, however, to name them according

to the locality in which they occur, namely, mixed tumors of the

kidney, mixed tumors of the parotid region, because experience has

shown that certain varieties of mixed tumors arise most frequently

in definite situations.

One series of mixed tumors arises from the ectoderm and its

derivatives, a second from the mesoderm, a third from the ento-

derm, a fourth from all three layers. Whether combinations of

ectoderm and mesoderm occur is exceedingly doubtful although

often assumed.

Combinations of Tumors.—Combinations of two different

types of tumors occasionally occur; for example, adenocarcinoma

and sarcoma of the uterus; carcinoma and sarcoma of the thyroid;

adrenal carcinoma and fibrosarcoma of the kidney. In the last

instance the two different tumors in places grew separately while

in other places they were intimately combined. The invasion
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or spread of the fibrosarcoma along the stroma of the carcinoma

could easily be followed.

Such combinations of two different kinds of tumors may some-

times of course be accidental; in other instances it certainly seems

to be the effect of a primary tumor on its stroma, as in the case

of the adrenal carcinoma and fibrosarcoma just mentioned.

This view is favored by some of the recent experimental work
with cancer, in which it was shown that after a number of trans-

plantations the cancer had disappeared and its place had been

taken by a fibrosarcoma.

1. Of Ectodermal Origin.—The neural canal is formed by an

infolding of the ectoderm. The ependymal cells lining it are

ciliated in early embryonic life; occasionally the cilia persist into

adult life. From these ependymal cells are derived all the nerve

cells and neuroglia cells of the central nervous system. Closure

of the lower end of the neural canal takes place over the coccyx.

The cells lining it should atrophy and disappear. Frequently

they fail to do so; instead they remain as small gland-like forma-

tions on the surface of the coccyx. These groups of cells or fetal

rests, of ectodermic origin, may differentiate like the epidermis,

or like the cells of the neural canal. Sinuses and cysts lined with

epidermis occur in this region. They are probably not to be re-

garded as real tumors. On the other hand we sometimes get true

tumors here : (a) simple tumors composed of neuroglia tissue and (b)

mixed tumors composed of nerve cells and fibers, neuroglia cells

with their fibrils, and cysts of various sizes, some fined with epi-

dermis, others with ependymal cells which may or may not be

cihated.

Similar tumors may occur also where closure of the upper end
of the neural canal takes place, at the base of the nose.

Cell remains of the branchial cleft in the neck may differ-

entiate into ciliated epithelium like that hmng the trachea, or

into an epidermis. Glandular and cystic tumors occasionally

occur in this location in which some of the cavities are lined with

ciliated epithelium, others with an epidermis. Such a new-growth

may be considered a very simple form of mixed tumor.

Occasionally tumors of the breast occur in which the epithelial

cells derived from the ectoderm have differentiated in part fike

the gland cells, in part hke the epidermis. The result is a tumor
composed of glands and cysts some of which are lined with cubical

to cylindric epithelium, while others are covered with a typical

epidermis.

2. Of Mesenchymal Origin.—A more common group of mixed
tumors is that derived from the mesenchyma which, under normal
conditions, gives rise especially to fibrous and mucous connective
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tissue, cartilage and bone cells, and to fat and smooth muscle-

cells. A mesenchymal cell may, therefore, give rise to a tumor
containing all these cells or any combination of them. The most
frequent combinations consist of two or more of the first four, that

is, of fibrous and mucous connective tissue, cartilage and bone
cells. As the fibroblast, at least in certain situations, retains

throughout life the inherent possibility of differentiating into any
of these four types of cells, the question might be raised whether

this combination of cells formed a true mixed tumor. For prac-

tical purposes it is, perhaps, as well so to regard it.

Other combinations which sometimes occur are of fat and
mucous connective-tissue cells, and of fat and smooth muscle-

cells.

The mesoderm differentiates into mesothelium and mesen-

chyma, and under normal conditions produces a variety of organs

and tissues. Cells of intermediate stages are known as myotomes,

sclerotomes, nephrotomes, etc. A mesodermic cell or any of its

early derivatives which give rise to a tumor may be expected,

therefore, to differentiate into a variety of cells, depending on the

stage of development it had reached before it escaped from its

normal relations and on its normal location in the embryo, that

is, whether it lies in the region of the kidney, of the lung, or in

the neck.

Tumor cells of mesodermic origin differentiate in various ways
along the course of the genito-urinary system. The amount of

differentiation depends on rate of growth.

In the kidney the tumor usually grows rapidly and the cells

often form only glandular canals embedded in very cellular mesen-
chymal tissue which resembles in appearance that of a sarcoma.

Sometimes striated muscles and fat-cells, cartilage, and bone are

also formed. Similar tumors may develop in the pelvis of the

kidney, urinary bladder, vas deferens, vagina, cervix uteri.

The origin and distribution of these tumors in and along the

genito-urinary tract is supposed to be due to the great local move-
ments which the cells forming these structures undergo in normal
development and, therefore, to the ease with which some of the

cells may be displaced out of their normal arrangement.

Somewhat similar tumors develop in the lungs. They contain

striated and smooth muscle-cells, as well as gland and cyst-like

formations.

Mixed tumors occur also in the parotid and other salivary

glands and in the region of the lips. They commonly contain

cartilage and epithehal structures, some of which may be in the

form of glands and contain colloid material, also less often bone.

3. Embracing all Three Embryonic Layers.—^A cell having
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the inherent possibihty of producing an entire embryo is in a

position to give rise to a tumor of which the cells may differentiate

into any or all of the cells which make up the human body. Cells

with such possibilities exist in the ovary and testicle and theymay
be introduced from outside the body in the same way as happens

when the monstrosity known as a fetus in fetu is produced.

If the tumor develops slowly the cells may undergo a large

amount of differentiation, so that the results are easily recognized.

Such a tumor is called a teratoma. If, however, the cells prolifer-

ate rapidly so that little or no cell differentiation has time to occur,

the tumor is called an embryoma. All gradations between the

two extremes necessarily occur.

Ovary.—Mixed tumors of the ovary usually grow slowly so

that considerable differentiation of cells and tissues is possible.

Ectodermic structures especially are formed, most commonly
epidermis, hair, sebaceous and coil glands, and teeth, in addition

to connective tissue, bone, etc. The product of the glands collects

in the space lined with epidermis and distends it into a cyst until

it may reach a diameter of five to ten cm. or more. The cavity

is usually filled with thick greasy material and hairs. The solid

part of the tumor remains as a projecting mass at one side of the

cyst. From its surface grow the hairs which are gradually cast

off and mix with the secretion of the sebaceous glands.

One or more, occasionally many teeth, are also often present.

Examination of this sohd part of the tumor often shows bone and
cartilage, muscle, neuroglia and nerve tissue, and sometimes many
other structures suggesting attempts to form various organs of

the body. This cystic form of teratoma has commonly been
called a dermoid cyst. The term is best reserved for simple cysts

lined with epidermis occurring in other parts of the body and
probably not to be classed as true tumors.

The more rapidly-growing teratomas of the ovary usually

form more or less solid tumors containing numerous small cysts

of various sizes fined with various kinds of epithelium, ciliated,

pavement, etc., and containing multiple foci of cartilage, smooth
muscle-cells, neurogUa tissue, less often striated muscle and nerve-

cells. The more rapidly these tumors grow the more likely are

they to give rise to metastases in the lungs and elsewhere. Rarely

a carcinoma, usually of the epidermoid type, will start from a
slowly-growing cystic form of teratoma.

Testicle.—Mixed tumors of the testicle are relatively frequent

and usually grow in sofid form, although multiple cysts are some-
times present. The dermoid cyst form of teratoma so common
in the ovary is rare in the testicle. Various tissues may be found;

fibrous and mucous connective tissue, cartilage, bone, smooth and
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striated muscle-cells, neuroglia tissue, glands and cysts lined with

epithelium of various types. As a rule, the slower the rate of

growth, the greater the cell differentiation. Metastases from one

of these teratomas are not frequent.

A more common tumor of the testicle is one which must be

classed as an embryoma. It has been variously regarded in the

past as a carcinoma or sarcoma. The microscopic picture is

fairly characteristic. The tumor is composed of cells growing in

large solid masses with little stroma between the masses. The
cells are of medium size, with round nuclei surrounded by a mod-
erate amount of delicate cytoplasm which is sharply limited as

by a cell membrane.
Syncytial cells are sometimes present and occasionally masses

of cartilage or other adult type of tissue may be formed.

Fetal Inclusions.—Occasionally teratomas occur in other parts

of the body than in the ovary and testicle; for example, at the

ends of the body, within the skull, in the mediastinum, retro-

peritoneally, etc. They frequently form solid tumors containing

numerous small cysts. They may grow slowly so that the cells

have opportunity to differentiate in various directions, that is,

into cells characteristic of various tissues and organs (neuroglia

tissue, smooth and striated muscle-cells, cartilage, bone, teeth,

retina, and epithelial structures of many varieties), or they may
grow rapidly and exhibit little cell differentiation, but on the other

hand, a strong tendency to infiltrate surrounding tissues and to

give rise to metastases.

Mixed tumors of this sort can be explained only on the suppo-

sition that some cell has been included in the body capable of

developing all three of the embryonic cell layers. Such a cell

could be either one of the early cells formed from the proliferation

of an ovum, or a second ovum included among the developing

cells of the first. The abnormalities due to inclusion of one fetus

within another, often in the same regions where these teratomas

occur, is a strong argument in favor of this latter view although

the other, of course, cannot be excluded and may indeed occur also.



PART II

SPECIAL PATHOLOGIC HISTOLOGY

ORGANS OF CIRCULATION

PERICARDIAL CAVITY

Introduction.—The most important lesions of the pericardial

cavity are of infectious origin and are all included under the term
pericarditis.

Anatomy.—The pericardial cavity is lined with cuboidal

mesothelial cells. They rest on a layer of connective tissue

containing numerous elastic fibrils. The cavity contains, in

health, twenty to fifty, rarely as much as 100 c.c, of a light yellow

serous secretion.

Fat-cells.—Fat-cells occur normally in the epicardium. Under
certain conditions they may be either increased or diminished in

number. Variations within fairly large limits must be considered

normal. If they pass beyond these limits the condition becomes
pathologic.

In obese people the fat-cells increase greatly in number. They
occupy not only the epicardial tissue, but extend into the myo-
cardium, growing along the blood-vessels and infiltrating between
the muscle-fibers. They may even make their appearance beneath
the endocardium. The condition when extreme is called adipos-

itas cordis, and is of some pathologic importance because it

interferes with the perfect functioning of the heart.

In emaciation the fat-cells may be greatly reduced in number.
As the fat is needed for nutrition the fat-cells atrophy until the

fat is all removed from them and then, for the most part, they
disappear. They are not fibroblasts filled with fat, but mesen-
chjnnal cells sui generis. They multiply as they are needed and
disappear when not required.

When the fat-cells disappear the fibroblasts of the epicardium

apparently produce a certain amount of mucin to take their place.

At any rate, the collagen fibrils are often separated by a gelati-

nous fluid so that the fibroblasts resemble the mucous connective-

tissue cells of the umbihcal cord. To this condition the term gela-

tinous atrophy of fat tissue is sometimes incorrectly applied.

Circulatory Disturbances.—The blood-vessels in the wall of

411
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the pericardium are hyperemic ordinarily under two conditions,

when acute pericarditis, or chronic passive congestion has existed

at the time of death.

Subpericardial ecchymoses occur under a variety of conditions;

in death from strangulation; frequently in severe septicemias; in

pernicious anemia; in eclampsia. They are significant of mechan-
ical or toxic injury to the walls of capillaries and small blood-

vessels, but otherwise are unimportant.

Occasionally as the result of rupture of the heart or from
a mechanical injury such as a stab woimd, the pericardial cavity

may be distended by a large hemorrhage which interferes with or

prevents the action of the heart.

In general edema from cardiac or renal disease the pericardial

cavity may contain, as the result of transudation, a large amount
of serous fluid in which loose gelatinous clots may form.

Pericarditis.—A variety of infectious agents may cause acute

inflammation of the pericardial cavity. The most common
are the diplococcus pneumonise, the streptococcus pyogenes, the

staphylococcus aureus, and the tubercle bacillus. They probably

never lodge here primarily, but come from other lesions elsewhere,

thus by direct extension or through lymphatics from the lung,

mediastinum, or heart, or by the blood stream from any part of

the body.

The injury caused is usually slight, simply degeneration or

necrosis of the lining mesothelial cells. Even this is often only

partial.

The inflammatory reaction on the other hand is usually abun-
dant. It is called] out chiefly to counteract the injurious agent

and its toxins. The injured cells play an unimportant part.

The character of the inflammatory exudation depends on the

nature of the infectious agent and may be serous, fibrinous, or

purulent, or a combination of any two or of all of them. The
exudation may be complicated by hemorrhage or undergo case-

ation.

The exudation of serum and polymorphonuclear leukocytes

passes into the pericardial cavity from the congested vessels

in its wall. Fibrin quickly begins to form between and on the

surface of the lining mesotheUal cells. It may build a layer

of varying thickness parallel with the surface, or if there is little

or'no free fluid present and the visceral and parietal surfaces touch,

it may, by the heart's action, be forced into delicate ridges and villi.

The leukocytes lie in part in the meshes of the fibrin reticulum,

but mostly collect in the free fluid in the cavity.

The mesothelial cells may be partly or entirely destroyed;

they may remain in situ or be desquamated singly or in clumps.
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Macroscopically, the fibrin forms at first a thin, easily remov-
able layer on the pericardial surface and clouds or dulls its ghsten-

ing appearance. Later it often forms a layer one to three or more
mm. in thickness and maj' be smooth or deeply ridged and
furrowed, or villous in appearance dependent largely on the amount
of free fluid present to keep the two pericardial surfaces apart.

If the infectious agent dies out earl}- the small amount of

fibrin present may lie dissolved and entirely disappear b}- afv

sorption along with the serum present. More often the fibrin

is abundant and organization of it gradually takes place. After

al)out a week capillaries begin to grow into the fibrin from the

subpericarcUal capillaries. They extend in at right angles to

the surface, but form lateral anastomoses. At the same time the

fibroblasts begin to jDro-

liferate. A few follow

the blood-vessels, but
most of them form a

layer parallel with the

surface. At this stage

only the upper part of

the fibrin can be stripped

off. The deeper layer is

too intimately b o u n

d

down to the subperi-

carcUal tissue.

As the granulation

tissue advances the fibrin

gradually disappears, al-

though small islands of

it sometimes persist here

and there for a long time

and may act as foreign

bodies and lead to the

formation of giant-cells.

The subpericardial tissue

Fig. '.-y\l?>.—Acute pericarditis. Mesd-
thelial cells still intact. Exudation of poly-
morphonuclear leulvocytes and serum, from
which fibrin has formed.

teneath the new-formed granulation

tissue usually contains a few polymorphonuclear and endothelial

leukocytes, but occasionally is infiltrated ^\'ith numerous Ij-mpho-

cytes, mostly of the plasma-cell tyi^e.

If little or no fluid is present, so that the visceral and parietal

surfaces are united by fibrin, organization may result in complete

ol)litcration of the pericardial cavity. Occasionally the fibrin layers

are so thick that the process of repair ceases after a time. Under
these conditions lime-salts may be deposited in the remaining fibrin.

The calcified material may eventually be transformed into bone,

as the result of invasion and metaplasia of adjoining fibroblasts.
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When much fluid is present in the perieardial cavity so

that the ridges and vilh of fibrin are kept apart, the granu-

lation tissue necessarily spreads more irregularly smce it extends

only through the fibrin between and around the spaces. These

spaces may disappear in time if the fluid is absorbed, unless

desquamated lining mesothelial cells are present. If they are,

they multiply until they cover over all the free surface of the
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Fig. 324.—Pericardium, o, Acute fibrinous pericarditis; 6, fibrous tags or

adhesions resulting from organization of fibrin due to an acute pericarditis.

filirin. In this way gland-like cavities and small cysts are often

formed in the granulation tissue and persist later in the dense

scar tissue which eventually results from the contraction of

the collagen fibrils in the granulation tissue, and from the atrophy

and disappearance of the l^lood-vessels.

Dense pericardial adhesions must interfere seriously with
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the heart's action. Frequently, but not always, they lead to its

hypertrophy.

Tuberculous Pericarditis.—The tubercle bacillus causes in the

pericardial cavity two different tj^es of lesions which are some-
times combined, in varying proportions, just as miliary tubercles

and tuberculous pneumonia often coexist in the lung.

In the one tj^e, miliary tubercles are formed in the sub-

pericardial tissue and project to some extent into the pericardial

cavity. They are often due, in part at least, to distribution of

tubercle bacilli through the lymphatics.

In the other tj^e the bacilU gain access from such miliary

tubercles, or from lesions adjoining the pericardium, to the pericar-

dial cavity and cause an abundant fibrinous type of inflammatory
exudation. In the course of time organization of the fibrin begins

and progresses. Wherever tubercle bacilli are enclosed in the

granulation tissue thus formed they cause the production of

miliary and conglomerate tubercles. As the process is always
chronic and progressive a layer a centimeter or more in thickness

is sometimes formed, composed of granulation tissue studded

with tubercles and covered with a layer of fibrin and leukocytes.

ENDOCARDroM

Anatomy.—The endocardium lines the cavities of the heart

and forms the valves. It corresponds to the intima of the blood-

vessels and is really the continuation into the heart of that

structure in the large blood-vessels. It consists of a lining of

endothelial cells which rest on a layer of connective tissue of vary-

ing thickness. This cormective tissue contains elastic fibers and in

places includes smooth muscle-cells, but no blood-vessels. Con-
sequently all the cells forming the endocardium are nourished by
imbibition.

Toxic Endocarditis.—The endocardium of the heart is ex-

posed to the effects of toxins of various sorts circulating in the

blood, and to disturbances of nutrition in the same way that

the intima of the blood-vessels is, and reacts in the same way.
Observation shows that certain parts of the endocardium, hke
certain parts of the vascular intima, are more sensitive to injuri-

ous influences than others. Thus, the endocardium of the valves

is much more often affected than the endocardium lining the

cavities, and the aortic valve more often than the mitral or other

valves. Possibly the nature of the work which they perform has
something to do with this.

Toxic endocarditis is a chronic process. The lesions at first

are sHght, but they tend to persist and progress or to recur. They
are much more prominent in their late than in their early stage..
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They affect most commonly the aortic valve, but may involve

the mitral, much less often the pulmonary and tricuspid valves.

The nature of the toxic lesions in the endocardium is similar

to that which occurs so commonly in the blood-vessels and is

included under the term arteriosclerosis. It consists of injury to

the subendothehal fibroblasts and of the accumulation of fat-drop-

lets in the cytoplasm of these cells. The lesion is usually toxic

in origin, but disturbances of nutrition may play a part.

If the fibroblasts containing fat undergo necrosis, endothelial

leukocytes are attracted and digest the necrotic cells and incorpor-

ate the fat. The fibroblasts destroyed in this way may be replaced

by regeneration and the process proceed no farther. Frequently,

however, the lesion progresses. More fibroblasts are destroyed and

a greater number of endothelial leukocytes are attracted. As
they use up part of the nutrition which reaches the site involved

other fibroblasts and even some of the leukocytes may undergo

necrosis. From the fat derived from the necrotic leukocytes,

fatty acid and cholesterin crystals are frequently formed. These

crystals often act as foreign bodies and may lead to the forma-

tion of giant-cells by fusion of endothelial leukocytes. Lime-salts

may be attracted and result in calcification of the necrotic mate-
rial, or by regeneration of fibroblasts the affected area may in time

be restored more or less perfectly to its former condition.

If the injury is severe the lining endothehum is often destroyed

along with the subendothehal fibroblasts. In such instances the

lesion is often complicated by the formation of fibrin on the surface.

When this takes place on a valve it is commonly spoken of as

a vegetation. It may be large or small. The fibrin may be formed
at one site only or at several. Fibrin formation is likely to con-

tinue until endothelial cells growing in at the periphery cover

over the whole surface. At the same time the fibroblasts at the

base of the fibrin are actively stimulated to proliferate and
gradually infiltrate and replace (organize) the fibrin. In this

way a valve may be thickened, or its cusps united to each other.

Contraction later may lead to stenosis or insufficiency of the

valve or to both. The result is interference with the functional

activity of the valves, which causes more work to be thrown on
the heart. The walls of the cavities may weaken and dilate,

to be followed by increase in the size of the muscle-fibers and
consequent hypertrophy of the heart.

Infectious Endocarditis

Introduction.—Infectious endocarditis is more common than

the toxic variety and, in its early stages, is much more important.

The process may run a very rapid course and terminate fatally,
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or persist for a long time, or undergo repair and result in more or

less complete recovery. In infectious endocarditis there always

occurs a toxemia and usually a septicemia.

Micro-organisms.—The organisms most commonly concerned

in its production are the streptococcus pyogenes, the diplococcus

lanceolatus, or the staphylococcus aureus, less often the gono-

coccus, and various other infectious agents, including the trep-

onema pallidum. It is not always possible to identify every

infectious agent which may occasionally produce endocai"ditis.

The number of organisms concerned in the production of a

given lesion on a valve may be small or it may be very large.

In many instances the infecting bacteria grow in sohd masses,

like colonies in a culture tube.

Source of Micro-organisms.—Acute infectious endocarditis is

usually secondary to a local infectious process somewhere else

in the body. Cultures from the blood have shown that a septi-

cemia is of frequent, or even of constant, occurrence in connec-

tion with certain acute infections. Such a septicemia may per-

sist occasionally for weeks or months. The blood may contain

few organisms or many and they may be very virulent or almost

innocuous. The original lesion may heal while the septicemia

persists and gives rise to secondary lesions such as endocarditis,

arthritis, abscesses, etc. A few common sequences of infection

will make this point clear : (a) micrococcus lanceolatus ; lobar pneu-

monia, septicemia, endocarditis; (&) micrococcus gonorrhcese;

urethritis, septicemia, arthritis, endocarditis; (c) streptococcus

pyogenes; tonsiUitis, septicemia, endocarditis, arthritis.

Site of Infection.—Statistics show that infectious organ-

isms locate most often on the mitral valve; then follow in order

the aortic, the tricuspid and the pulmonary valves. Occasionally

two valves are affected at the same time (most frequently the

mitral and aortic valves), rarely three or all four.

The lesion usually starts along the line of apposition of the

valves, not at the free edge. It may start at one point and spread,

or start at a number of points and by extension from these gradu-

ally coalesce. The lesion may remain sharply localized along

the line of apposition or spead over both sides of the valves,

along the chordae tendineae of the mitral and tricuspid valves, and
even on to the endocardium lining the auricular and ventricular

cavities.

Injury.—^Most of the toxin emanating from the bacteria

passes into the circulation causing a toxemia. It is carried all

over the body anJ produces a certain amount of injury and
reaction. Some of the toxin, however, diffuses into the tissue

on which the bacteria are located and causes degeneration, and in

27
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many instances necrosis. The injury thus produced may be slight

and superficial or extend deep into the tissue. Sometimes the

infecting organisms invade the tissue of the valve and even the

adjoining myocardium or other adjoining tissues, causing exten-

sive necrosis and cUffuse suppuration or abscess formation. Per-

foration of a valve flap is a common result and severance of chordte

tendineffi sometimes occurs. These different effects depend on the

nature of the infectious organism and on its degree of virulence.

Fig. 2.5.—Heart. .A.cuto vegetative endocanliti.s. Masses of living cocci at

surface. M.

Local Reaction.—Often there is little or no reaction around

the organisms on a valve. A vegetation may be composed of a

solid mass of dead and living bacteria mthout admixture of

fibrin or leukocytes, although both may, of course, be deposited

on the free surface of the mass postmortem. Blood platelets

are often deposited in great numbers in the same way. If, how-
ever, necrosis of the underlying tissue has occurred then many
polymorphonuclear leukocytes usually migrate into the necrotic

tissue, or hne up in masses at its edge. Occasionally they

incorporate in large numbers the bacteria present. If the

infecting organism is not very virulent, many endothelial leuko-
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cytes may be present in the exudation; occasionally some of them
form large multinucleated cells by direct division of the nucleus

and increase in the amount of cytoplasm. Occasionally an

abundant infiltration with l3Tnphocytes and plasma-cells occurs

in the neighborhood of the necrotic tissue.

Sometimes the organisms on a valve may be few in numljer,

while fibrin may be very abundant and form masses of various

shapes and sizes.

Fig. 32().—Acute endocarditis, due to the streptococcus pyogenes. M.

General Reaction.—Tlie toxin which passes from the organ-

isms on the valve into the circulation produces toxemia and,

according to its strength and character, may cause much injury,

esijecially to highly differentiated cells, throughout the body.

As a result these cells maj' .show various forms of retrograde

change stich as the accumulation of fat-droplets, colloid forma-

tion, or necrosis. Some of the toxins are eliminated through

the kidney and may lead to marked lesions in the glomeruli or

tulmles. Necrosis of the hver cells around the hepatic veins is a

common result.

Besides the toxemia two other possibilities are always threaten-
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ing. Organisms may at any time be swept into the blood stream
causing a septicemia, and are then liable at any time to produce
other lesions such as abscesses, etc. ; or large masses of organisms

and fibrin may be broken off and be carried as septic emboli to

block small vessels elsewhere in the body, and thus lead to septic

infarctions or other lesions.

Gross Appearance.—The gross appearance presented by the

lesion of acute endocarditis varies greatly. It may appear in the

form of minute granulations, of large vegetations, of ulcerations and
perforations, or as combinations of all these forms. Much depends

on the nature and virulence of the infecting organism. The
micrococcus lanceolatus usually causes vegetative endocarditis;

the staphylococcus aureus the ulcerative form; while the strepto-

coccus pyogenes and the gonococcus may produce either type of

lesion.

Microscopically, the bacteria usually tend to grow in masses

or colonies just as they do in a test-tube on an artificial medium.
The surface adjoining the circulating blood shows the bacteria

well preserved and multiplying. Farther back towards the tissue

on which they rest they receive less nutrition and hence gradually

die off.

Duration and Termination.—The duration of infectious endo-

carditis varies widely according to the type and virulence of

the organism. If the organisms multiply rapidly and pro-

duce much toxin death may result in a few days. In other in-

stances death occurs after days to weeks, chiefly as the result

of secondary lesions produced in the kidneys by the elimination

of the toxins in the circulation. In still other instances the organ-

isms are only slightly virulent, but very persistent so that death

follows only after many months as the result of a variety of lesions

in the heart and often elsewhere in the body. With some organ-

isms, such as the treponema pallidum and the tubercle bacillus,

the duration is by nature chronic, because the organisms persist

and do not produce a toxin strong enough to cause death.

Repair.—Repair takes place in endocarditis just as in patho-

logic processes elsewhere in the body, if the lesion persists a certain

length of time or if the infecting organism dies out. Inasmuch,
however, as no blood-vessels are present normally in the valves,

repair involves regeneration of fibroblasts only, as in the cornea,

unless the lesion has been extensive enough to involve directly

or indirectly the capillaries in the adjoining tissues. Under these

conditions an outgrowth of yoimg blood-vessels may occur and
granulation tissue be formed.

The process of repair includes the removal of the necrotic

organisms by solution and absorption, the organization of fibrin,
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usually by fibroblasts only, the regeneration of the connective

tissue destroyed, and the growth of endothelial cells over the

injured surface.

The common results of repair of the lesion of endocarditis

are thickening, shortening and interadherence of valve curtains

and chordte tendineae so that the normal function of the valves is

interfered with. The valve orifice is narrowed and the curtains

no longer meet in apposition. The physiologic results are in-

competence of the valves, regurgitation of the blood, and increased

worlv thrown on the heart.
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Fig. 327.—Heart. Fibrous ma.ss oontaininn fibrin on surface of valve as result

of organization of fibrin due to acute endocarditis.

Frequently the process of repair is not perfect. The dead

organisms and the fibrin may not be entirely removed. Under
this condition they usually attract lime-salts which form masses

of calcification.

Treponema Pallidum.—Endocarditis due to the treponema

]iallidum resembles more closely toxic endocarditis than it does

the common forms of infectious endocarditis. This is clue to

the nature of the infectious agent and to the reaction to it. It

does not grow in masses on the surface of the valves in the way
that bacteria do, but infiltrates the subendothelial connective

tis.sue and produces a slow chronic type of inflammatory reaction,

consisting of more or less infiltration with leukocj'tes and repar-

ative proliferation of fibroblasts. If necrosis occurs, infiltration



422 PATHOLOGIC HISTOLOGY

with endothelial and polymorphonuclear leukocytes follows, and
much fibrin may form on the surface and lead later to organization,

and an ingrowth of blood-vessels may occur as a result of necrosis.

End Results: Sclerosis of Valves.—It is apparent from the

description of toxic and infectious endocarditis that both types of

lesions may terminate in repair, and that both may present as the

end result a sclerosis of the valve affected. The sclerosis shows
as thickening and shortening of the valve curtains which may
be interadherent. The chordae tendinese may present similar

changes. The lesion may be complicated by calcification. The
term chronic endocarditis is often apphed to this end result,

although sclerosis is preferable.

To state in a given instance whether a sclerosed valve owes its

origin to a toxic or to an infectious process is not easy. Two points

may help : the valve affected, and the other lesions present in the

body. They must be taken into careful consideration. Sclerosis

of the mitral valve is usually due to an infectious process, of

the aortic valve to toxic endocarditis (arteriosclerosis). Lesions

in early life are usually infectious in origin; late in life toxic in

origin.

Physiologic Effect.—Injury to the valves of the heart may
produce very serious functional disturbances although the original

lesion may have healed. Stenosis or insufficiency of a valve

throws increased work on the heart and usually leads to dilatation

and hypertrophy. Chronic passive congestion of the various

organs of the body is a common sequence.

MYOCARDIUM

Introduction.—Many of the various retrograde processes already

described from the general point of view may affect the myo-
cardium. Here we are concerned only with their appearance and
significance in this tissue.

Albuminous Granules.—In certain acute infectious diseases the

myocardium on section at postmortem examination sometimes ap-

pears cloudy. The same appearance may be produced by post-

mortem changes, especially during hot siunmer weather. It may
be that in these acute infectious processes, usually combined with

high temperature, the cloudy appearance is due to rapid post-

mortem changes.

In stained preparations of myocardium properly fixed within one

to two hours after death from typhoid fever, lobar pneumonia, and

similar diseases the striations are perfectly preserved, the sarcous

elements are distinct, and no albuminous granules can be demon-

strated except those normally present in the muscle cytoplasm

adjoining the nuclei. In myocardium poorly fixed, or preserved
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after postmortem changes have begun, the sarcous elements (aniso-

tropic segments) are fragmented and appear as granular debris.

In diphtheria and a few other infectious processes accompanied

by much toxemia, necrosis of muscle-fibers often occurs diffusely

or in foci. The necrosis is sometimes preceded by an accumulation

of fine and coarse granules, apparently albuminous in nature and
possibly all derived from the sarcous elements, in the fibers. Later,

these granules may fuse into hyaline masses of irregular shapes

and various sizes. Under these conditions the granules in the

muscle-fibers have some significance.

In conclusion it seems reasonable to claim that cloudiness of

the myocardium, unaccompanied by the presence of necrosis or fat,

has little or no significance.

Hydrops.—Edema of the muscle-fibers shows itself most com-
monly in the cjrfcoplasm around the nucleus: the fibers often appear

hollow. At other times the edema appears as vacuoles separating

the longitudinal striations.

Hydrops of the myocardial fibers is probably of not much sig-

nificance, although sometimes marked. It is of common occurrence

in connection with necrosis of muscle-fibers following embolism and
thrombosis.

Fat.—Fat may occur in the myocardium in the form of fine to

coarse droplets, usually very evenly distributed between the longi-

tudinal fibrils. When the droplets are large the fibrils are often

pushed apart.

Fat is of common occurrence in the myocardial fibers in general

anemia from all causes. It may also appear focally as the result of

lesions in branches of the coronary arteries, causing more or less

complete occlusion of them and diminishing the local blood supply.

Fat appears frequently as the result of toxins which may be due

to the immediate presence of bacteria in the myocardium as in in-

fectious myocarditis, or to a toxemia due to absorption of toxin

from bacteria or other infectious agents elsewhere in the body.

Thus fat is present in large amount in those toxemias which pro-

duce necrosis of heart-muscle (toxic myocarditis) as sometimes
occurs in diphtheria and in a few other infectious processes.

The fat makes its appearance in visible form because of dimin-

ished utilization (oxidation) of the fat normally brought to the

muscle cytoplasm. The fat accumulates as the result of two dif-

ferent causes, (a) disturbance of nutrition and (b) toxemia. The
accumulation of fat in the cytoplasm of the muscle-fibers has of

itself little significance. It may in time unquestionably be utilized

and removed. Its importance pathologically lies in the evidence

its presence gives of disturbed cell metabolism and in its frequent

association with necrosis.
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Fat in the muscle-filjers causes more or less cloudiness and
opacity, and a whitish to yellowish white appearance depending
on the amount present. Congestion may comijletely mask it unless

the blood is thoroughly washed from the cut surface with normal
salt solution.

The fat may be distributed in the muscle-fil^crs fairly uniformly

throughout the heart, or

-t*' •, >2 v-*^ '°"*' ^ occur more or less focally

or in certain localities, as,

for example, in the papillary

muscles of the left ventricle.

It frequently accumulates

in the muscle-fibers farthest

from the arterial blood

supph' just as occurs so

commonly in the liver. The
result is a uniformly mottled

or layered (so-called tiger

lily) appearance. This

mottled arrangement is due

to tTv'o causes, to normal

muscle-fibers around the small arteries, while the fibers at a

short distance contain fat, and to the manner of distribution of

the smaller arteries which run irregularly transversely to the muscle-

bundles of the heart.

.\f

«-»
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Fig. 328.—Heart. Arterioselerosis,

thrombosis, softening, rupture. Infiltra-

tion of necrotic mu.scle by polymorphonu-
clear luekocytcs.
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Fig. .329.—Heart. Necrosis of muscle-fibers.

Sometimes fat is abundant and prominent in the muscle-cells

just beneath the epicardium when acute pericarchtis is present. It

is probably due to local diffusion of toxin from the adjoining in-

fectious process. The fat containing fibers may appear as a yellow-

ish white, opaque line 0.5 to one mm. wide.

Necrosis.—Necrosis of muscle-fibers in the myocardium may
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occur from cutting off the Ijlood supply completely by embolism

or thrombosis followed by infarction, or partially as the result of

narrowing of the lumina of arteries by thrombosis, or in consequence

9%"

Fig. 330.—Heart. Nccro.sis of muscle-fibers. InvasiDii by endothelial leu-

kocytes which have dissolveil some of the fibers.

Fig. 331.—Heart. Infectious myocarditis. More than half of the cells are
eosinophiles; the rest are lymphocytes. M.

of arteriosclerosis. It may also follow the effect of diffusible toxins

(toxic myocarditis) or result from the immediate presence of in-

fectious agents (infectious myocarditis).
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The necrosis may affect large areas of muscle-fibers, or small

groups of them, or single fibers here and there. The necrotic fillers

may retain their form and striations, or become perfectlj' homo-

geneous. Sometimes the sarcous elements (anisotropic elements)

fuse together irregularly, producing bizarre figures which in places

suggest a hyaline reticulum or they fragment into small and

large granules.

The necrosis may be produced suddenly as in an infarct or

slowly as in toxic conditions. When produced slowly, the fibers

may contain much fat in the form of small or large droplets.

Fig. 3.32.—Heart.. Area of sclerosis due to necrosis and disappearance of the
muscle-fibers. The fibroblasts and blood-vessels were not injured. M.

The necrotic fibers attract polj'inorphonuclear and endothelial

leukocytes, sometimes the one, sometimes the other. The leuko-

cytes invade the filjers and cjuickly dissolve and remove them,

especially when the necrosis is diffuse and the intervening l)lood-

vessels are uninjured. The process is often accompanied by a more
or less extensive and diffuse infiltration with lymphocj'tes and

occasionally with numerous eosinophilcs. In infarctions the

necrotic muscle is removed much more slowly, because it can be

attacked only from the peripliery.
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Total destruction of myocardial tissue is followed by the for-

mation of granulation tissue which eventually is reduced to scar

tissue. When only the muscle-fibers in a given location are de-

stroyed the blood-vessels and connective tissue left behind shrink

together so that highly vascularized foci of connective tissue result;

they are not new-formed although they suggest granulation tissue.

In time by the gradual disappearance of many of the blood-vessels

these foci may resemble scar tissue.

Calcification.—Calcification of muscle-fibers is rare, but some-
times occurs especially following poisoning by corrosive sublimate.

It appears as yellowish white streaks in the papillary muscles and
in the walls of the ventricles. In the fibers least affected a deposit

of fine granules of lime-salts is present arranged like fat-droplets

between the longitudinal fibrils. The granules may fuse into solid

masses. Necrosis seems always to precede the hme deposit, but
certainly, as a rule, necrotic muscle-fibers in the heart do not
attract lime-salts. Probably fat in some form is the active agent

when the deposition does take place.

When endocarditis is produced experimentally in rabbits

through the agency of the streptococcus pyogenes, calcification of

muscle-fibers is of common occurrence.

Atrophy.—Normally in old age and pathologically in emacia-
tion from starvation, cancer, and other causes, the heart diminishes

in size by disappearance of its fat-cells and by atrophy of its muscle-
fibers. It may weigh less than half of what it should. The muscle-

fibers become considerably more slender than under normal con-

ditions owing to atrophy of the fibrils; many of those in the centers

of the fibers seem to disappear. The longitudinal striations are

distinct but delicate. The cross striations are hardly visible

because the sarcous elements are very minute.

The pigment granules situated in the cytoplasm at the ends of

the nuclei begin to appear towards the age of ten years and gradu-

ally increase in amount with age. When the heart undergoes
atrophy the relative amount of pigment may be doubled, so that

the heart seems more deeply pigmented than normally. On this

account the term brown atrophy is often used, but it is extremely

doubtful if there is any actual increase of pigment in the heart-

fibers uhder these conditions.

The muscle-fibers sometimes undergo atrophy as the result of

injury. This condition is best seen occasionally in the fibers ad-

joining the epicardium when there has been a severe pericarditis.

The fibers in this situation, as already mentioned, are hkely to

contain numerous fat-droplets. Frequently many of the fibrils are

partly to completely destroyed. After repair has taken place many
of the remaining fibers are diminished to half the normal diameter
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or even less. Occasionallj^ the muscle nuclei show evidence of

direct division. This fact seems to indicate that partial regenera-

tion of injured' heart muscle-fibers is possible just as in the case of

skeletal muscle-fibers.

Disturbances of Circulation.—The terminal branches of the

coronary arteries of the heart are end arteries, but the areas sup-

plied by them are not absolutely cut off from each other; fine

peripheral anastomoses exist between the separate areas.

Of the chfferent arteries the descending branch of the left cor-

onary is the most important.

The heart may be affected by general or by focal disturbances

of circulation. The latter are much the more important. The
general chsturbances include both congestion and anemia.

w^'^^-^mm
Fig. 3.3.3.—Heart. Chronic passive congestion.

Congestion leads to no changes in the muscle-fillers except that

when congestion becomes chronic the fibers may become edema-
tous and vacuolated.

General anemia is more important than congestion because it

may affect the nutrition of the myocardium. In acute anemia from
hemorrhage or other cause the mj'ocardium appears pale but not

cloudy. In chronic anemia much fat is usuall}' present in the

muscle-fibers in the form of fine to coarse droplets, but there is no
increase of albuminous granules and no necrosis. Small hemor-

rhages may occur. Recovery from the condition probably can

take place if the cause of the anemia is removed.

Local A)iemia.—Local anemia is verj' much more important

than general anemia because it usuallj' results in destruction of

muscle-fibers and thereby affects injuriouslj^ the action of the heart.

It depends on interference with the circulation through the coro-

nary arteries or their branches. Obstruction is usually caused by
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•an embolus or more often by thrombus formation. Arteriosclerosis

frequently plays an important part as the lesion which most often

leads to the formation of thrombi. Acute infectious lesions of the

blood-vessels may, however, produce the same effect in the same
way, by causing thrombus formation.

Local anemia may be produced suddenly or slowly, completely

or only partially. The effect produced varies accordingly.

Complete local anemia results in infarction. It is usually pro-

duced suddenly by an embolus, or slowly by thrombosis. Partial

anemia is generally due to thrombus formation, but may be due to

arteriosclerosis alone.

When infarction has occurred the muscle-fibers and all the in-

tervening connective tissue and blood-vessels undergo necrosis.

Following the necrosis an inflammatory exudation takes place at

the periphery of the infarction, and regeneration of fibroblasts and
vascular endothelium starts up. In the course of time the necrotic

material is dissolved and removed and the granulation tissue re-

sulting from regeneration contracts and persists as scar tissue.

Infarcts occur most commonly in the papillary muscles and in

the wall of the left ventricle, especially in the interventricular

septum. They involve chiefly the central or deeper layer of the

myocardimn and rarely extend to the endocardium or pericardium.

The occluded artery always lies outside of the infarcted area. At
the edge of the infarction there is marked hyperemia and usually

more or less hemorrhage. The abutting muscle-fibers contain

much fat.

When local anemia is partial only, the amount of oxygen and
nutrition supplied to the tissue is diminished. As a result many or

all of the muscle-fibers degenerate and slowly disappear, or imdergo
necrosis and are removed by the action of the endothelial leuko-

cytes attracted to them. The blood-vessels and fibroblasts being

more resistant usually persist. The result is very vascular foci of

connective tissue which resemble to some extent granulation tissue,

but are not new-formed. In time, however, the blood-vessels atro-

phy and the connective tissue shrinks so that the resulting fibrous

tissue closely resembles scar tissue.

Scleroses originating in this way are usually very irregularly dis-

tributed and may have muscle-fibers scattered singly or in smaller

or larger groups all through them. The fibers are usually preserved

also around the larger veins and beneath the endocardium, prob-

ably because nutrition reaches them by direct diffusion. Scleroses

of this type are probably of more common occurrence than is gen-

erally supposed.

Ordinarily an infarct of the heart terminates in a small mass of

scar tissue. Sometimes, however, if the infarcted area is large the
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resulting softening of tlie necrotic tissue (myomalacia) in the proc-

ess of repair may lead to rupture of the heart wall.

Rarely the scar tissue resulting from repair of an infarct is not

strong enough to withstand the strain of the heart's action and
gradualljf yields and forms an aneurysm. This aneur3'sm may
rupture or a thrombus may form within it and undergo organ-

ization.

It is alwaj'S possible that an infarct may in^'olve the motor-

exciting tract, His's bundle, and cause the Adams-Stokes sjm-

drome.

Toxic Myocarditis.—Occurrence and Cause.—Following cer-

tain acute infectious diseases, especially diphtheria and scarlet

.cm^

Fig. 334.—Heart. Acute to-xie myocarditis. Necrosis of muscle-fibers;
infiltration with endothelial leukocytes.

fever, but occasionally lobar pneumonia and other acute infec-

tious processes, an infiltration of the m^'ocardium with leukocytes

and lymphocytes may occur, either alone or in combination with

necrosis of the muscle-fibers. The lesion is rare except in j'oung

children, and is often accompanied ])y a similar lesion in the kidnej^s.

It is due apparently to the action of soluble toxins emanating from

the circulating blood and being absorbed through the lymph-spaces

and vessels. Judging from the effects produced the toxins vary

much in character and strengtli.

Iitjurij.—In some instances the only injury produced is degen-

eration of the muscle-fibers as evidenced by the presence of fat-

droplets. Occasionally, howe^-er, more or less extensive necrosis
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of muscle-fibers is produced, often preceded by granular and

hyaline changes. The necrosis may occur focally or diffusely and

be slight or extensive in amount. The nuclei and striations of the

muscle-fibers disappear, and sometimes the cj'toplasm assumes a

hjfaline appearance.

Reaction.—The inflammatory reaction to the exuded toxin

often consists of nothing but an accumulation of lymphocytes in

the connective tissue, especialh' around the blood-vessels. The in-

filtration may be focal or diffuse and slight or very extensive in

degree. Eosinophiles are usually present also in small ciuantities,

but occasionally they outnumber the lymphocytes, at least in some
places.

fi,
"» mm /,

1© m

Fig. 335.—Necrosis of cardiac muscle-fibers.

liocytes.

E.xudation of endothelial leu-

If any of the muscle-fibers undergo necrosis the reaction to

them is tlifferent. They are invaded by polymorphonuclear or by
endothelial leukocytes, or by both, and are gradually dissolved and

removed. Sometimes the endothelial leukocytes will be found per-

sisting for a long time in the spaces formerly occupied b}' the muscle-

fibers.

The filiroblasts and vascular endothelium are not injured, or at

least not destroyed, by the diffusible toxins, hence they remain

after the muscle-fibers have chsappeared.

Sometimes in typhoid fever the diffusible toxin leads to accumu-
lations of endothelial leukocytes in considerable numbers in the

lymph-spaces and vessels.
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E-nd Result.—After the necrotic cells have been removed the

leukocytes gradually disappear, and the connective tissue shrinks

and contracts. In this way vascular foci of sclerosis are formed,

although there has been no new formation of connective tissue or

blood-vessels.

Regeneration of muscle-cells in the affected areas does not take

place, although it is probable that a general hyperplasia of muscle-

cells may occur in young children following recovery.

Infectious Myocarditis.— Introduction.— Infectious myocar-

ditis is the term applied to those forms of myocarditis in which the

injurious agent is present in the lesions produced by it. As a rule,

these lesions are focal in character.

Fig. 33G.—Heart. Mass of streptococci occluding small blood-vessel

in heart. Necrosis of surrounding muscle-fibers and exudation of poly-
morphonuclear leukocytes.

Micro-organisms.—The injurious agents commonly present are

the ordinary pus organisms, especially the staphj'lococcus aureus

and the streptococcus pyogenes. Less often lesions are produced
by such organisms as the tubercle bacillus, the gonococcus, the

treponema pallidum, the trichinella spiralis.

Manner of Infectio72.—Most of these organisms reach the

m3'ocardium through the circulation. Sometimes they develop in

the blood-vessels and completely occlude them. From the vessels

they extend directly into the surrounding tissue, and in this way
gain entrance to the Ijonphatics. The mj'ocarditis may arise also

by direct extension from an infectious endocarditis, less often from

an acute pericarditis. Rarely the infection is due to invasion along
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the lymphatics from the base of the heart, or to direct infection

through a mechanical agent (stab wound of heart).

Injnnj.—The injury caused by the infectious agent depends on
the nature of the latter. The pus cocci produce necrosis which may
be focal or diffuse, according to whether the organisms remain
closely grouped together or spread diffusely and rapidlj^ Some-
times the necrosis is very extensive and is produced so rapidly that

only organisms are present in it. There has been no time for a

leukocytic exudation to occur.

Fig. 337.—Heart. Acute infectious lesion in wall of blood-vessel. M.

x\s a rule the injurj- develops around organisms caught in the

capillaries or incorporated by the lining endothelium of blood-

vessels, especiall}' of arteries. These infectious lesions of the arte-

ries in the heart are fairly frequent and often prominent. If the

organism is virulent it may produce necrosis of the vessel wall and

extend into the surrounding tissue. Sometimes the wall is so weak-

ened that it yields to the blood pressure forming what is known as

an infectious aneurysm. Or the wall may rupture and give rise to

hemorrhage. If the infecting organism is of mild virulence and

dies out readily, the injury may be shght.

28
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Reaction.—The reaction to the pus organisms consists of an
active inflammatory exudation cliiefly of polymorphonuclear
leukocytes. The lesion may take the form of abscesses or of

diffuse suppuration. The necrotic muscle-fibers are usually rapidly

dissolved.

By extension of the inflammatory process the wall of the heart

may be so weakened that it stretches and ruptures, so that the

blood escapes into the pericardial ca^-ity and accumulates there

until by its pressure it stops the heart from beating.

Fig. 338.—Heart, Acute articular rheumatism. Inflammatory lesion around
artery. M.

When severe injury is produced in the walls of arteries the

reaction consists of an exudation of pol}'Tnorphonuclear and endo-

thelial leukocytes in varying proportions ; in addition lymphocj'tes

are usually numerous. Much fibrin is formed both in the necrotic

wall and often extensively outside of it in the loose perivascular

tissue. In addition fibrin is frequently deposited in the lumen of

the vessel as a thrombus which may partially or completely

occlude it.

Repnir.—Infectious lesions of the heart sometimes heal. This



ORGANS OF CIRCULATION 435

is particularly true when the injurious agent is only mildly virulent

and is destroyed as the result of the inflammatory reaction to it.

The processes of repair are similar to those in other organs. The
necrotic tissue is gradually dissolved through the action of the

leukocytes and removed. The fibroblasts and vascular endothelium

regenerate and form first granulation and then scar tissue.

Repair of the infectious lesions in the walls of the arteries de-

mands a separate word, because they have not alwaj's been un-

derstood. They are often produced by organisms of slight viru-

> «.

Fig, ,339.—Heart. Acute .articular rheumatism.
M.

Acute focal lesion in muscle.

lencc which die out so that repair is possible. The part of the wall

destroyed is replaced by regeneration of fibroljlasts. The smooth
muscle-cells arc not restored. If a thrombus has formed it becomes
organized by fil:)roblasts and the lumen remains partly or entirely

occluded. The lesions outside of the vessel walls are the most
striking and prominent. This condition is due chiefly to necrosis

of fibroblasts and to the large amount of filjrin often formed in this

situation. The collagen fibrils left l)y necrosis of fibrobla.sts are

very slowly attacked and dissolved by the action of endothelial
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leukocytes which sometimes form multinucleated cells. In addi-

tion, the fibrin stimulates the neighboring fibroblasts which invade

and organize it, thus producing an excess of fibrous tissue in that

location. As a result of these two conditions clumps of fairly large

cells and eventually masses of connective tissue are formed. These

focal lesions have been considered characteristic of the clinical con-

dition known as acute articular rheumatism. As a matter of fact

they are characteristic of a certain type of infectious lesions of

blood-vessels and chiefly of arteries. They may be caused by a

variety of organisms, but chiefly by the streptococcus pyogenes.

Occasionally all stages in the progress of the lesions may be found

in one case. They are usually secondary to an infectious endocar-

ditis, and cell changes similar to those described in the walls of the

arteries may be found in the endocardium beneath the organisms.

These infectious lesions of the blood-vessels are not limited to the

heart, but may occur at the same time in the kidneys, liver, and

other organs. The lesions known as periarteritis nodosa arise in

this same way.

Necrosis of myocardial muscle-fibers frequently follows as a

result of these infectious lesions of the blood-vessels in the heart,

in consequence of the narrowing of the lumina of many of the

vessels and cutting down of the blood supply.

Tuberculosis.—The inflammatory reaction to the tubercle

bacillus in the myocardium is similar to that elsewhere in the body.

The lesion is rare and occurs most often in the form of miliary

tubercles. Occasionally large caseous nodules develop. By exten-

sion of these nodules the tubercle bacilli may reach the pericardium

or endocardium, and cause a tuberculous pericarditis or tuber-

culosis of the parietal endocardium with thrombus formation.

Treponema Pallidum.—In congenital syphilis the treponema
pallidum is frequently present in the myocardium. It does not

invade it uniformly, but is extremely numerous in some places and
absent in others.

It occurs between the muscle-fibers, between the collagen fibrils

in the connective-tissue septa, in the walls of blood-vessels, espe-

cially arteries, and sometimes in the nerve bundles.

The direct injury produced by it is not evident. No necrosis

is ordinarily present. On the other hand, the cells in the affected

areas show the presence of considerable fat, an indication of faulty

metabolism.

The reaction to the spirochetes is usually well marked. They
lead to infiltration with endothehal leukocytes and lymphocytes

and to prohferation of fibroblasts. As a result of this condition

the connective-tissue septa are broadened and the walls of the arte-

ries are thickened and their lumina narrowed. In instances of
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extreme infection it is probable that these changes may result in

the interruption of the blood supply and in the production of

necrosis (gumma).
Recovery from the lesions described must leave behind a certain

degree of diffuse sclerosis.

In acquired syphilis, infection of the heart is rare, but lesions

of a character more or less similar to those in congenital syphilis

sometimes result in the formation of gummas which are most likely

to be situated in the septum between the auricles and ventricles.

Trichinella Spiralis.—In trichiniasis the embryos not infre-

quently emigrate from the vessels in the heart and try to invade

the muscle-fibers. The attempt is always a failure, but results in

focal lesions or necrosis of muscle-fibers and acute inflammatory
exudation, which contains at first numerous endothelial leukocj^tes

and eosinophiles. The embryos soon die or are killed and only a
small focus of scar tissue is left as a mark of the injury produced.

Sclerosis.—^As may be seen from a perusal of the preceding

lesions, sclerosis of the myocardium may result from a variety of

pathologic processes. The term chronic myocarditis is commonly
applied to the condition, but is usually, at any rate, a misnomer,
because sclerosis is an end product, the healed stage of some ante-

cedent acute process and not itself an active process in any way.
Sclerosis most often results from:

1. Infarction following embolism or thrombosis.

2. Infectious myocarditis with destruction of all the cellular

elements in the parts affected.

3. Syphilitic infection with orwithout the formation of gummas.
4. Necrosis due to slowly cutting off the blood supply with de-

structionof muscle-fibers only; contraction of the original connective

tissue in the affected foci and gradual atrophy of the blood-vessels.

5. Toxic myocarditis with destruction of muscle-fibers only and
similar contraction of connective tissue, etc.

New-Growths.—Tumors of the heart are not common or of

much importance. Primary tumors are especially rare.

The most interesting primary tumor is the rhabdomyoma which
starts in the wall of the ventricle. It is always congenital and is

usually, perhaps always, associated with malformation of the

central nervous system, especially with hypoplasia of the cerebral

cortex, and often with malformation of the kidney. It occurs as a

nodular mass of varying size and is sometimes multiple. The
tissue may be composed of muscle-fibers exactly hke the normal
ones in the heart, but more often the cells are large and edematous,

more or less spherical and contain fibrils in all stages of formation.

Other primary tumors which have been found here, especially

in the auricles, are: fibroma, fibrosarcoma, myxoma, etc.
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Metastatic tumors are more common: adrenal cancer, mela-

noma, chondroma, thyroid cancer.

Physiologic Effects.—Certain physiologic effects are produced
by the cardiac lesions which have been described. It is perhaps

valuable to refer to them briefly here so that the logical relation

between lesions and physiologic effect may be borne clearly in mind.

Pericardial Cavity.—1. Fibrinous pericarditis with httle or

no serum present is usually attended with rubbing of the surfaces

together; but they may become united.

2. The collection of a large amount of fluid (serum, pus, blood)

in the pericardial cavity interferes with the action of the heart and
may even stop it.

3. Organization of the fibrin resulting from pericarditis, often

causes obliteration of the pericardial cavity and leads to more or

less interference with the heart's action.

Endocardium.— 1. Acute lesions of the valves may cause:

(a) Vegetations.

(6) Ulcerations and perforations of valve curtains,

(c) Severance of chordae tendinese.

2. Repair of valve lesions may result in:

(a) Thickening, shortening and interadherence of valve

curtains and chordae tendinese.

(fc) Narrowing of valve openings (stenosis),

(c) Lack of perfect closure of valves (insufficiency and in-

competence).

These lesions may cause obstruction to the perfect flow of blood

through the heart or leakage after it has passed the valves. The
usual result is the production of abnormal sounds (murmurs) which
to the trained physician are significant, in connection with other

signs and symptoms, of the lesions producing them.

Myocardium.—1. Abundant ingrowth of fat-cells from the

epicardium causes interference with muscular contraction.

2. Accumulation of fat in the muscle-fibers, especially when
abundant, indicates serious interference with cell nutrition and ac-

tivity, and possibly by its presence is mechanically disadvanta-

geous.

3. Necrosis and disappearance of heart muscle-fibers from all

sorts of causes mean so much loss of the heart's power which can be

restored only by hypertrophy of the remaining muscle-fibers.

4. Destructive lesions involving in any way the bundle of His

may lead to great functional disturbance and to the production of

the Stokes-Adams syndrome.

BLOOD-VESSELS

Introduction.-—The pathology of the blood-vessels can be best

understood by taking up the lesions which occur in them, first
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from the general and then from the special pathologic point of

view. In addition, it is necessary to study the different varieties

of early lesions and trace their development just as in the liver and
kidney in order to get at an exact understanding of what takes

place, and thus be in a position to interpret the late lesions and
unravel their origin.

The same cause does not produce the same t3T)e of lesion

throughout the vascular system. Hyaline formation is common
in the arteries of the spleen under a variety of acute and chronic

conditions. Nothing similar seems to occur in the aorta. Whether
this difference is due to peculiarities of structure or of function or

to some other cause is not evident.

In the aorta and larger arteries the intima and the muscle coat

may undergo pathologic changes entirely independently of each

other although both are often affected at the same time. In the

smaller vessels the two structures are commonly involved together.

It is very important to study the vascular system both in

the fresh condition and especially after fixation by two methods,

formaldehyd and Zenker's fluid. The value of fixation in for-

maldehyd is that it permits the employment of certain chemical

tests such as that for calcium and that it preserves, at least to a
considerable extent, the fat in the tissues. This fat is best demon-
strated in frozen sections stained with Scharlach R. and alum
hematoxylin. After fixation in Zenker's fluid the various cells

and intercellular substances can be sharply defined, particularly

the elastic, collagen and fibroglia fibrils, and the smooth muscle-

cells.

Anatomy.—One important point to bear in mind about the

vascular system is that all parts of it, including heart, aorta,

arteries, capillaries and veins, have in common the lining endo-

thehal cells and a varying number of fibroblasts with their fibrils

on which the endothehum rests. In many situations the fibro-

blasts produce, in addition to collagen fibrils, an abimdance of

elastic material which takes the form of fibers and membranes
and may be variously distributed in the wall. The internal

clastic lamina is, perhaps, the most important anatomic landmark
in the arterial system, because so many lesions he between it and
the lining endothelium. To these two kinds of cells we have
smooth muscle-cells added in the aorta, arteries and veins and
striated muscle-cells in the heart. It follows from these anatomic

conditions that certain lesions are likely to be common to all parts

of the vascular system, while others will be limited to certain por-

tions of it.

Another point of importance in the anatomy of the large

blood-vessels is this, that the intima and an adjoining portion of
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the media contain no capillaries. The cells composing these parts

are nourished entirely by imbibition. This anatomic condition

accounts for certain pecuharities in the repair of lesions, which

will be spoken of later.

Injury.—Injury of blood-vessels may be caused by mechanical

force, by disturbances of nutrition, by toxins of many kinds, or

by the direct presence of injurious agents. It may be produced

suddenly or slowly. The injury itself is shown chiefly by two

forms of retrograde change, by an accumulation of fat in the cells

injured and by necrosis. These two processes may be complicated

by fibrin formation, by hyaline transformation, or by the de-

position of lime-salts. The necrotic cells may preserve their form

^^._.v. ,._ _
for some time, or he masked
by fibrin formation, or be

dissolved quickly.

Fat.—The presence of

fat in the different cells

forming the walls of blood-

vessels is the best guide we
have as evidence that the

functional activity of the

lining cells is interfered
with, owing to injury of

some sort or other. If later

the cells undergo necrosis

the fat is set free and be-

comes a prominent feature

in the lesions formed he-

cause its removal requires

much time. In fact the

reaction to the fat, at least

in the intima, forms the most conspicuous feature in many lesions,

especially those of a chronic type and is likely to lead one to

overlook the real condition underlying it.

Under toxic and other unfavorable conditions fat may collect

in the lining endothelial cells, in the muscle-cells, or in the fibro-

blasts. As a rule it collects most abundantly in the fibroblasts,

especially in those situated in the intima, and in fresh tissue or

in properly stained sections outhnes even the most delicate cj'to-

plasmic processes of these cells. The fat occurs usually in small

to medium-sized droplets. An excellent way to study the con-

dition is to strip thin layers from the intima of the aorta and
mount them in water or stain them in Scharlach R. Fat is de-

posited also in very fine droplets between the collagen and elastic

fibrils. Less often fat collects in the smooth muscle-cells.

Fig. .340.—Artery. Cerebral menin-
ges. Arteriosclerosis. Intima much
thickened on one side. Fat, largely within

endothelial leukocytes, abundant in deeper
part.
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Under favorable fonditions cells containing fat can unques-

tionably utilize it later and return to a perfectly normal condition.

Fat is also commonljr associated with the more serious lesions

of blood-vessels, such as the hyaline change often present in the

arteries of the spleen in diphtheria, for example, and necrosis from
various causes.

In Zenker fixed tissues the endothelial leukocAi:es which were
filled with fat appear with delicately reticulated cytoplasm owing

Fig. 'Sil.—Artery. Brain. Endothelial leukocytes filled with fat-drop-

lets aecumvilatcd in large numbers beneath Uning endothelium. Secondary
to cerebral hemorrhage anil softening.

to the removal of the fat. These leukocytes often collect together

in large numbers. Thej' may be deposited in thin layers between

the collagen fil^rils or accumulate in large clumps vrith or nithout

a slight collagen reticulum between them.

Necrosis.—Necrosis may involve the whole of the vessel wall

or only a portion of it, or simply groups of cells in the intima or a

single cell here and there. When necrosis is produced suddenly

the cells contain little or no fat. When it occurs slowly, however,
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much fat may accumulate in the cytoplasm owing to the inability

of the cells to utilize it. In infectious lesions due to the pus

organisms the necrotic cells are usually dissolved and disappear

quickly, but under other conditions they may jDersist for a long time.

Fig. 342.—Aorta. Relative amounts of smooth muscle-cells and connective

tissue between elastic plates under normal conditions.

Fig. 343.—Aorta. Disappearance of smootli muscle-cells between elastic

plates in sclerosed aorta.

Sometimes groups of the smooth muscle-cells in the walls of

blood-vessels undergo necrosis. This conchtion is of much more

frequent occurrence in the distributing arteries and in the aorta

than in the small arteries. This necrosis of the muscle-cells may
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occur independently, or in combination with the lesions which
are so commonlj- found in the intima.

The necrosis may affect single smooth muscle-cells or small

groups of them, or involve fairly extensive areas. The necrotic

cells may contain many fat-droplets or few of them or none. In
like manner they may contain small to coarse granules of lime-salts.

Sometimes fat and lime-salts are demonstrable in the same cell

at the same time. The necrotic cells may present a swollen hya-
line or a granular appearance. They seem to disintegrate very
slowly and to cause no inflammatory reaction around them.

-"SSS-

Fig. 344, -Artery. Disappearance of numerous smooth muscle-cells in the
media. Relative increase of the connective tissue.

Neither the fat-droplets nor the granules of lime attract any leuko-

c.^-tes.

Hyalin.—Two different types of hyalin aside from amyloid

frecjuently appear in the walls of blood-vessels.

The walls of the smaller arteries are sometimes transformed

into hyaline material as the result of acute toxic action. The
change is found most often in the arteries of the spleen, as the

result of diphtheria and some other acute infections. The hyaline

aijpearance seems to be due to necrosis and swelling of the vessel

wall. Fat is always present.

Much the same ])icture is sometimes presented by vascular
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lesions as the result of the long-continued action of toxic substances

(the condition known as chronic arteriosclerosis).
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Fig. 345.—Artery. Kidney. Artericsclerosis. Hyaline thickening of intima
with occlusion of lumen.

Fig. 346.—Hyalin forming in the walls of capillaries in the cerebellum.

The second kind of hyalin appears in the arteries and capillaries

of the central nervous system. It is usually most marked in and
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around the dentate nucleus of the cerebeUum. The cause of the

formation of this Idnd of hyalin is wholly unknown. The hyalin

is deposited in the form of minute droplets which enlarge and fuse

together, forming finally a complete sheath for the vessel. Tliis

form of hyalin often becomes calcified so that the larger vessels

on section mil project above the surface like ends of cut -nires.

Occasionally calcified masses are formed in this way.

Amyloid formation occurs very often in the walls of arteries

and veins, but has been discussed elsewhere and does not recpire

any further consideration here.

Lime-Salts.—Lesions of blood-vessels are very often compli-

cated by the presence of lime-salts, probably omng in part at

Fig, 347.—Artery. Calcification involving media and intima.

least to the frequent presence of fat and its decomposition products,

some of which lead to the deposition of the lime. It is deposited

only in necrotic material, frequently in the intima, less often in

tlie muscle coat when the muscle-fibers have undergone necro.sis.

Blood Pigment.—Blood pigment usually in the form of hemo-
siderin is sometimes found in lilood-vessels as the result of hemor-
rhages into the walls, or because red blood-corpuscles were included

in thromlii which later became organized. The hemoglobin is

taken up by endothelial leukocytes, converted into hemosiderin

and then very slowly digested and returned to the circulation.

Inflammatory Reaction.—The reaction following injury of the
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cells in the walls of blood-vessels varies greatly as in other tissues

from nothing to acute suppuration, depending on whether necrosis

occurred slowly or suddenly, and whether it was the result of

mechanical, nutritional, toxic or infectious causes. Necrosis of

single cells in the intima may call out no leukocytes unless fat has

accumulated in them. The necrotic cells may gradually dissolve

and disappear. Any fat set free attracts endothelial leukocytes

which take up the fat and very slowly dissolve it. If a group of

cells containing fat die many endothelial leukocytes are attracted

and gradually incorporate the fat, beginning at the periphery.

This infiltration and accumulation of endothehal leukocytes as

the result of the presence of fat set free by necrosis of cells is

the most common and conspicuous lesion of arteries, and especially

of the aorta. Free fat in the liver is quickly, got rid of owing to

the great vascularity of the tissue, but in the larger blood-

vessels this is .impossible. In the aorta this type of lesion is

largely restricted to the intima, but in the smaller arteries it may
extend through the whole wall into the adventitia. The endothehal

leukocytes filled with fat may themselves undergo necrosis and set

free their fat. In the fat thus collected together fatty acid and
cholesterih crystals often form and the latter sometimes lead to the

formation of foreign body giant-cells.

The accumulation of endothehal leukocytes filled with fat

causes thickening of the intima which, as a result, is elevated and
appears yellow and opaque.

Necrosis of the smooth muscle-cells, particularly in the aorta,

may cause no reaction even where the cells contain fat-droplets

or granules of lime or both, probably because the cells are so far

from the circulating blood that their decomposition products

exert no attraction on leukocytes.

The various steps in the process of repair of blood-vessels are

best studied in the aorta, where they all occur on a large scale,

but they can be followed perfectly well also in the arteries of the

kidney, spleen, heart and meninges, and may even take place in

the capillaries of the glomerular tufts of the kidney.

Necrosis due to infectious agents often involves the entire

thickness of the wall and may call out an exudation of polymor-
phonuclear leukocytes alone or combined with endothelial leuko-

cytes, lymphocytes and occasionally eosinophiles in varying pro-

portions.

Fibrin is a frequent complication of the necrosis and exudation,

whether the blood-vessel lesion is of toxic or infectious origin.

The fibrin may be deposited in the vessel wall or outside of it, or

within the lumen. It may appear as definite fibrin threads or

form hyaline fibrinoid masses. It is useful in some respects, but

is always a complicating and often a very injurious element.
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A peculiar form of inflammatory reaction is found in blood-

vessels not infrecjuently as the result of toxic substances of in-

fectious origin diffusing along and through their walls. It occurs

as an accumulation of leukocytes beneath the lining endothelium.

In lobar pneumonia, in acute meningitis of various origin, in

glanders, for example, polymorphonuclear leukocj'tes sometimes
collect here in great numbers and may more or less occlude the

lumen. In diphtheria and some other infectious diseases similar

accumulations of lymphocj'tes may occur beneath the intima of

veins, especially in the spleen.
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Fig. 3-tS.—Artery. Thrombosis. Organization of fibrin which appears

black. Numerous vessels formetl by enilotlielium growing into cracks in the

contracted fibrin and fining the walls of the spaces formed. M.

Regeneration and Repair.—Only the endothehal cells and the

fibroblasts in tlie vessel walls regenerate; the smooth muscle-cells

do not. The endothelial cells as a rule quickly replace any cells

of their own kind which have been destroyed. They will grow
over connective tissue or fil)rin, but not over the broken down
fatty (so-called atheromatous) material, occurring as the result of

necrosis of cells filled with accumulated fat and frequently left
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exposed to the l)loocl stream in the form of erosions, especially
in the aorta. They readily grow into fissures in fibrin resulting
from contraction of this substance and thus line cavities which
have been mistaken for newly formed blood-vessels. The fibrin

between the cavities undergoes organization by fibroblasts.

Fibroblasts regenerate readily and replace those which have
been destroyed when the process has Ijeen at all sudden. In
lesions of slow origin, due chiefly or entirely to disturbances of

nutrition or to toxic influences, there may l)e little or no regenera-

Fig. 349.—Aorta. Partially organized thrombus on intimal surface,

appears black. M,
Fibrin

tion owing to the lowered vitality of the surrounding fibrobla.sts.

They are way below par as shown by the accumulation of fat

within them. In other instances, where onl.y cells here and there

or in small groups have been injured and have undergone necrosis,

regeneration takes place fairly well, especially on the intimal side

near the source of nutrition. Regeneration of fibroblasts may in

this way lead to a moderate amount of local thickening of the

intima.

Fibrin and its organization by fibroblasts jilay an important
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role in the repair of lesions of blood-vessels. The fibroblasts

grow into any fibrin deposited in their neighborhood and replace

it. They apparently utilize it as nourishment and flourish in it,

producing numerous and prominent fibroglia fibrils. In this way
the walls may be considerably thickened by organization of fibrin

formed around or within them, and the lumen may be particularly

or completely obliterated. Sometimes two or more layers of

connective tissue can be made out on the surface of the aorta due

to organization of separate deposits of fibrin.

All these fibroblasts have inherent in them the property of

producing elastin in addition to fibrogUa and collagen fibrils.

Fig. 350.—Organized thrombus in wall of artery. M.

Thus in the lumen they often lay down not only numerous elastic

fibrils, but also elastic membranes.

Atheromatous erosions will persist a long time in the aorta

with little or no attempt at repair, imless fibrin is deposited and
stimulates the fibroblasts to replace it.

When perfect repair takes place the endothelial leukocytes

gradually dissolve the fat which they have taken up and then

disappear, probably by necrosis. The spaces they occupied are

filled ndth serum which may in time be absorbed owing to con-

traction of the connective tissue. The intima as a rule remains
permanently thickened.
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Fig. 351.—Organized thrombus in wall of artery in kidney. M.

Fig. 352.—Artery. Kidney. Arteriosclerosis. Thicliening of intiraa and
formation of new elastic laminx. M.
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It is noticeable that when toxic lesions hav.e once started in

the aorta, for instance, they often show a tendency to enlarge

instead- of healing and terminating in a small mass of scar tissue.

Two factors may play some part in this besides the lowered vitality

of the surrounding fibroblasts. The endothelial leukoc3i;es

attracted to the site may utilize much of the nourishment which
reaches the part. In addition, regeneration of fibroblaists on the

lumen side and especially organization of fibrin on the surface,

results in removing the primary lesion farther and farther from the

source of nutrition. As a consequence, many of the endothelial

leukocytes themselves undergo necrosis. Possibly pressure due

to contraction of the new-formed connective tissue on the mass
of leukocytes, fat and debris also plays some part.

In the aorta and larger arteries injury and necrosis of the

smooth muscle-cells are evidenced by the accumulation of fat

and by the deposition of lime-salts; as a rule but little else can be
made out. There is no reaction to the necrotic cells. When the

necrotic cells are not calcified they gradually disappear and the

connective tissue appears thickened and sometimes edematous.

Beyond this sclerosis nothing else can be seen. Under other

conditions the necrotic cells become calcified and the process may
involve the intervening connectite-tissue . cells so that calcified

plates are formed. Occasionally through the influence of the lime-

salts adjoining fibroblasts organize the lime and are converted

into bone cells arid the calcified plate into bone.

Mechanical Lesions.—Blood-vessels are very often injured

mechanically by compression, cutting, distension, etc. These
lesions are of great importance surgically, especially incision and
compression by ligatures. Thrombus formation within the

injured vessel is of great value in effecting stoppage of hemorrhage,

but later may prove more or less injurious by exciting organization

by fibroblasts, with resulting permanent partial to complete oc-

clusion of the lumen.

Rupture of a normal artery by sudden excessive distension is

rare, but has occurred even in the aorta. On the other hand, the

ordinary tension in the arterial system will lead to dilatation or

rupture of vessel walls weakened by necrosis. Thus we may have
aneurysms of acute or chronic infectious origin or due to long

continued toxic action.

Lesions Due to Disturbances of Nutrition.—Vessels are often

injured by having their blood supply partially to completely cut

off. This may happen as the result of an embolus (fibrin, fat) or

of a thrombus. The "cells in the vessel walls may show by the

presence of fat that they are functionally impaired, or they may
undergo necrosis.
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In cases of severe anemia the nutritional qualities of the blood

may be so lowered that many of the cells in various vessels show
the presence of much fat, and hemorrhages may occur from the

smaller vessels as a result of weakening of the walls.

Lesions due to disturbances of nutrition are very often asso-

ciated with those of toxic and infectious origin.

Toxic Lesions.—Toxic lesions of the blood-vessels, particularly

of the arterial system, are of the greatest importance. They are

to be found in all infectious processes which are at all severe. The
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Fig. 3.5.'?.—Heart. Infectious lesion of blood-vessel with necrosis of wall and
inflammatory reaction. Mas,ses of streptococci within lumen of vessels. JM.

toxins are derived from the infectious agents in the local lesions

or present as a septicemia in the circulating blood. Familiar ex-

amples are diphtheria, scarlet fever, lobar pneumonia, strepto-

coccus septicemia, lead, etc. The injury to the vessels is usually

evidenced by the presence of fat in the injured cells, less often by a

hyaline change or by necrosis vAWi l)oth of which fat is always

associated.

Lijury of toxic origin tends to be more eveirly (hstributed than

that tlue to the immediate presence of an infectious agent, but
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even this injury occurs in tlie vessels of some organs more than in

those of others, and often shows a tendency to focal distribution.

The reason for lack of perfectly uniform distriljution is not

evident. It does not seem to be dependent in any way on the vasa

vasorum.

The best way to understand the toxic lesions of lilood-vessels is

to study them in young children who have died from various sorts

of diseases, infectious and other'ndse. The duration of the lesions

found can usually he definitely estimated and the nature of the

toxin surmised. In adults this information is not nearly so reliable

because the lesions present may have existed there for years. No

J^

Fig. 3.54—Heart. Infectiou.s lesion of .artery. Necrosis, fibrin formation, poly-
morplionuclear and endothelial leukocytes, lymphocytes. M.

one can expect to reach old age wthout some of his vessels having

been injured from a slight to a marked degree, not once but many
times.

Infectious Lesions.—By the infectious lesions of blood-vessels

is meant those which are due to the immediate presence of patho-

genic micro-organisms of one kind or another. The lesions may
be slight and even insignificant or so severe that complete occlusion

or destruction of the vessel involved may be the final result. Their

histologic structure and appearance vary greatly since they depend
on the nature of the infecting micro-organisms and of these there
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is a great variety. The severe acute lesions due to the so-called

pus-cocci, terminating in complete destruction of the vessel wall

and usually in abscess formation, are of frequent occurrence and
the easiest to find. They are often very numerous and occur in a

great variety of organs and tissues.

The most interesting lesions, at least from a histologic point of

view, are those which are due to micro-organisms which die out

readily after infection of the vessel wall is started, or are only

mildly toxic and persist more or less indefinitely.

It is obvious that blood-vessels may be infected either on the

outside from acute processes adjoining or surrounding them, or

^^Hy.^

Fig. 3.5.5.—Artery. Kidney. Infectious lesion. Necrosis, fibrin-formation,

polymorplionuclear and endothelial leukocytes.

from within in consequence of organisms having obtained access

to the circulating blood and causing a septicemia. Some infectious

agents invade the blood-vessels only from v.-ithin, but most of

them, like the streptococcus and the tubercle bacillus, maj' attack

the vessels from either side.

The injury which may be produced in a vessel wall varies

greatly, from changes so slight that they may be difficult to

demonstrate, up to partial or complete necrosis. It may be fol-

lowed by hemorrhage, by aneurysm formation, by inflammatory

exudation and repair, or by complete destruction.
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The inflammatory reaction to infections of the Ijlood-vessels

is the same as in other organs and tissues. It may be clue (1) to

the organism itself, (2) to the toxin derived from it, or (3) to the

injured cells. It is sometimes easy to cUstinguish these three forms

of reaction, but at other times it is not as they are often variously

combined.

Collections of leukoc3'tes sometimes occur beneath the lining

endothelium of blood-vessels. They are usuallj^ due to toxins

diffusing from organisms in the surrounding tissues and filtering

through the vessel wall. Thus polymorphonuclear leukocytes

o I.- iC)
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Fig. 356.—Artery. Kidney. Detail from intectioua lesion in wall.

Necrosis of muscle coat. Fibrin-formation beneath lining endothelium. Be-
ginning leukocytic infiltration.

often accumulate in large numbers in this location, especiallj' in

arteries; for instance, in the lung in lobar pneumonia, in the

meninges in acute infectious processes, and in many different

organs and tissues in infections due to the glanders bacillus.

Sometimes endothelial leukocytes and often lymphocytes may
collect in the same situation. These three types of leukocytes

may be combined in different proportions.

As the result of the inflammatory reaction to many organisms

much fibrin is often formed from the exuded serum or from that

circulating within the vessel. As in toxic lesions it is useful in
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some respects, but is always a complicating ami often a very in-

jurious element. Unless many polymorphonuclear and endothelial

leukocytes are attracted, and the fibrin is dissolved by ferments

ehminated by them, it stimulates fibroblasts to proliferate. It

tloes not of itself attract leukocytes. The fibrin may form in

abundance in the wall of a vessel, in the perivascular tissue, or

within the lumen as a thrombus which may partially or completely

occlude it.

Hemorrhage.—Hemorrhage is a frequent complication of in-

fectious lesions especially when the organism, as for instance the

Fig. 357.—Glanders. Artery. Infection around ve.ssel and invading it.

Polymorphonuclear leulcocytes have accumulated in large numbens beneath
lining endothelium. M.

anthrax bacillus, is strongly toxic. Injury of the wall may cause

hemorrhage so quickly that little else is seen but the blood around
the vessel, and death may occur before much of any inflammatory

reaction has had time to take place.

Re-pair.—Repair of infectious lesions in blood-vessels takes

]5lace as in other tissues. If only a part of the wall has been injured

and little or no fibrin has been formed, almost complete restoration

may take place. The necrotic cells and their fibrils are gradually

dissolved by the action of polymorphonuclear leukocj^tes and
absorbed. The hardest materials to dispose of are the elastic
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and collagen fibrils. They become surrounded by endothelial

leukocytes which often enlarge and may become multinucleated,

forming foreign body giant-cells, just as they do around necrotic

bone.

Infectious lesions due to a septicemia tend to be distributed

more or less uniformly throughout the body. Thej^ may Ije few
in number or very numerous. Acute generalized miliary tuber-

culosis furnishes a very good example of the distribution and
varying number of the lesions which may be produced, because

they all start as lesions of the blood-vessels, chiefly the capillaries,

although we do not ordinarily think of them in that waj^

Lesions of the vessels start wherever the micro-organisms find

lodgment, and, as a rule, enlarge as long as the infectious agent

I
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Fig. 358.—Hemorrhage from blood-vessel in brain. Due to the anthrax bacil-

lus which is present in numbers in the vessel wall. M

.

thrives and the patient lives. Some organisms develop and pro-

duce lesions in certain organs and tissues more readily than in

others; thus the staphjdococcus aureus in the kidney and heart,

and the tubercle bacillus in the lung, liver and spleen. Some
organisms iiifect only capillaries and sometimes onlj' those in

certain organs, while others like the leprosj' bacillus may start in

vessels of any character.

The streptococcus, perhaps more than any other of the pus-

producing organisms, causes, when present in the circulation, a

variety of lesions which may vary even in the same patient from
simple necrosis followed by repair, because the cocci die out, to

complete destruction of the wall and abscess formation.
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Four cases will illustrate the different types of lesions which

may be produced:

In the first, a girl eight j'ears old, death occurred from acute

purulent arthritis secondary to scarlet fever and diphtheria and

due to the streptococcus pyogenes. Multiple acute infectious

lesions of the blood-vessels were found in the heart, kidneys antl

hver. They all showed practically the same kind of histologic

change, necrosis of a part of a vessel wall, with considerable fibrin

formation and the accumulation of numerous polymorphonuclear

Fig. 359.—Artery. Heart. Acute infectious lesion; necrosis, fibrin-

formation, leuliocytic infiltration. Yielding of wall forming infectious aneu-
rysm. M.

and endothelial leukocytes and some lymphocytes in the peri-

vascular tissue adjoining the site of the iniur3^ But httle fibrin

was deposited a.s a thrombus within the vessels. It was either in

the wall or on the outside. In one of the arteries in the heart the

injured wall is yielding to the blood pressure, forming an aneurysm

of infectious origin.

The second patient was a male, nineteen years of age, who
died from typical acute articular rheumatism of two weeks dura-
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tion complicated at the end with lobar pneumonia. There was

also a slight mitral endocarditis. Numerous lesions were found

in the heart, in the walls of the arteries, and extending into

the surrounding connective tissue. They were milder in type

than in the preceding case and evidently in the stage of repair.

Some showed considerable fibrin and numerous endothelial leuko-

cytes. Strands of collagen fibrils left by necrotic fibroblasts

were surrounded by them in places. Alongside some of the vessels

focal cellular areas of connective tissue due to proliferation of the

fibroblasts were present, and were surrounded and infiltrated by a

few lymphocytes. These are the lesions considered characteristic

Fig. 360.—.\rtcry in muscle. Poriartoritis nodosa. (Case of Dr. W. T.
Longcope). Lumen filled with fibrin; much increase of fibrous tissue in wall,
largely as the result of organization of fibrin. iM.

of acute articular rheumati.sm. They do not differ from those

already described except in intensity.

In a third case, the patient, a woman aged thirty-three years,

died from chronic infectious endocarditis of the mitral valve due
to a streptococcus corresponding in type to that described by
Poynton and Payne. The heart showed a number of infectious

lesions in the walls of the blood-vessels and in the .surrounding

connective tissue. Some were acute and others healing. The
important jDoint is that all stages in the development of lesions

corresponding to those described in the first two cases were present.
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In the liver and kidney and in muscle-tissue from a case of

periarteritis nodosa some of the lesions are acute and exactly like

those described in case one. Others are in all stages of repair. The
lesion is peculiar only in one respect; evidently much fibrin was
formed within and outside of the vessels and it has led to marked
proliferation of fibroblasts, so that the walls of some of the vessels

are greatly thickened. Many are also completely occluded by
thrombus formation.

These four cases illustrate very clearly the different types of

infectious lesions produced in blood-vessels by an organism, usually

some variety of streptococcus, which is not too virulent and which
dies out quickly after causing an injury, thus giving opportunity

for repair. It seems fair to conclude that the lesion often found in

the heart in acute articular rheumatism is characteristic not of that

disease, but only of an acute infectious process which has involved

the walls of blood-vessels. Similar lesions may occur in the heart

in other infections which have not presented the symptoms char-

acteristic of acute articular rheumatism.

Special Infectious Agents.—Certain other micro-organisms,

which more or less frequently infect blood-vessels, require brief

separate consideration because the lesions which they cause differ

in some respects from those already described. They are the

bacilli of glanders, tuberculosis and leprosy and the treponema
pallidum. In order to understand fully the lesions which they pro-

duce it is necessary to bear in mind the nature of the inflammatory

reaction which each of these infectious agents brings about in the

human body.

Glanders.—The blood-vessels are often infected in glanders.

When they are involved from without the vessel wall may gradually

undergo necrosis and polymorphonuclear leukocytes may collect

in large numbers beneath the lining endothelium. The charac-

teristic lesions are formed, however, within the vessels, most often

in veins by the immediate presence of the baciUi. The cellular

reaction of polymorphonuclear leukocytes around them together

with the formation of more or less fibrin, lead to obstruction of the

vessels and often to extension of the thrombotic process along them.
Involvement of the surrounding tissue by direct extension and
abscess formation is the usual termination. The interesting point

is that the large multilobulated cells so characteristic of the glanders

lesions are usually present in these thrombi.

Tuberculosis.—^With a knowledge of the reaction of the body
to the injurious effect produced by the tubercle bacillus, the tuber-

culous lesions of blood-vessels may be presented in a 'few words.

Lesions in the capillaries are very common. They are due to the

bacilli being taken up by the lining endothelial cells. The toxins
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eliminated by them attract endothelial leukocytes which occlude

the vessel and in time cut off the nutrition. Most miliary tubercles

start in this way. In the terminal veins of the spleen the endothe-
lial leukocytes sometimes collect in such large numbers as to distend

and occlude them. They form what may be called endothelial-

cell thrombi.

The larger blood-vessels, both veins and arteries, are most often

infected from without by direct extension of the tuberculous lesions

surrounding them. Such infections of the vessels can be found
most often in the meninges and in the lung. The bacilli may
invade the intima and give rise to miliary tubercles lying beneath

the endothelial lining, or more commonly to the formation of

thrombi consisting of fibrin or of endothelial leukocytes, or of a

varying combination of these two elements. In the fibrinous

thrombus the tubercle bacilli may develop in great numbers and
later, by softening and rupture of the thrombus, be discharged

into the circulation. Evidently fibrin under certain conditions is an
excellent culture medium for the tubercle bacillus. Infection of

the larger blood-vessels from the intimal side is rare but possible;

miliary tubercles have been found even on the inner surface of the

aorta.

Tuberculous lesions of the arteries and aorta have in rare

instances caused weakening of the wall and aneurysmal formation.

The tuberculous lesions of blood-vessels may be summed up
in a few words. They are very common in capillaries and lead to

complete occlusion of them. They occur more or less frequently

in the small veins and arteries especially in certain parts of the

body, such as the lungs, for instance, and are dangerous because

the tubercle bacilli may multiply in great numbers and by escap-

ing into the circulation give rise to acute generalized miliary

tuberculosis. Rarely they lead to the formation of an aneurysm
in arteries or the aorta from which again large numbers of bacilli

may be discharged into the blood.

Leprosy.—In leprosy the changes in the blood-vessels are not

prominent. Bacilli are very often present in small to large numbers
in the lining endothelial cells. They attract no leukocytes as

tubercle bacilli would do and produce no visible effect of any sort.

They do not even seem to invade the adjoining tissue. Another

tj^e of lesion is due to the presence of endothelial leukocytes filled

with bacilli in the vessel wall which may in consequence be con-

siderably thickened. The bacilli sometimes invade the fibroblasts

near them. Such vessels may in time show much thickening of

their walls, with narrowing of their lumina and disappearance of

the smooth muscle-cells. The atrophy of leprosy nodules and
scar tissue formation is probably dependent, in part at least, on
sclerosis of the blood-vessels.
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Syphilis.—Lesions of blood-vessels clue to the immediate jires-

enee of the treponema pallidum occur freciuently and at all stages

of the disease. They are most important, however, during the

tertiary stage because then they tend to be progressive, frequently

causing complete obliteration of the lumen and necrosis (infarction,

gumma) of the tissue supplied by the vessel affected. The infection

may involve the vessel from without, starting in the adventitia, or

it may begin in the intima. It consists of a low grade of inflam-

matory reaction, chiefly endothelial leukocytes and lymphocytes
combined sometimes with poljonorphonuclear leukocytes. Repar-

ative proliferation of the fibroblasts is usually a prominent feature.

Owing to extension of the infection the media generally becomes

^^ — i* - -v- -,"; >~-^ ---c

Fig. .361.—Syphilis, acquired. Aorta. Area of necrcsis in upper part of

media. Intima thicl^ened owing to fibrin-formation and organization. M.

involved in the process. As soon as necrosis is produced much
fibrin is formed both within and outside of the vessel.

The lesions in the aorta do not differ in essential nature from

those in other blood-vessels, but are usually more extensive. They
may start in the intima or adventitia, but probably most commonly
in the former and certainly as a rule extend to the media. More or

less extensive necroses may be formed which often attract leuko-

cj'tcs in large numbers. These lesions are usually spoken of as

miliary gummas. Fibrin often forms on the intimal surface and

undergoes organization by fibroblasts.

Arteriosclerosis.—Arteriosclerosis is the term applied to the

more or less chronic lesions of the aorta and arteries, or to the end
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product of these lesions. It is the end result of the various toxic,

nutritional and infectious lesions involving the arterial system. It

corresponds to sclerosis of the liver, kidney and other organs. It

is usually of toxic origin, but may be the result of infection (syphihs)

.

The two forms may be and often are combined. Disturbances of

nutrition may play an important part, more particularly in the
smaller vessels (kidney, for example). It is by no means easy or

always possible to state in a given case the nature of the origin of

the chronic lesions in the aorta and in the arteries, but a knowledge
of the way in which the different types of lesions develop and their

usual distribution will help much

.

Some pathologists prefer the term atherosclerosis because fat

and its products, which so commonly complicate the lesions, often

form, together with the cellular reaction to them, a more prominent

feature than the primary lesion or the sclerosis. Moreover, the

sclerosis is usually sUght except when fibrin has led to organization

or when the lesion is due to the treponema pallidum. On the whole,

however, the older term, arteriosclerosis, seems to be preferable.

Arteriosclerosis is a very common and often prominent patho-

logic condition in people beyond middle age, but similar lesions

sometimes occur in comparatively yoxmg people (sixteen yearsof age,

for instance). Very often there are present all stages of the process

from injury and necrosis with fat accumulation, to the resulting

inflammatory reaction and repair, and to these there may be added
the complications due to calcification, surface erosion, fibrin for-

mation and organization. The result is a very confusing picture

both in gross and microscopically. It can be understood only by
analyzing it into its different elements and arranging them in the

order of their development.
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LUNGS

Introduction.—Toxic lesions play no important part in the

pathology of the lungs. There are no highh' differentiated

parenchymatous cells present in numbers like the liver cells in

the liver and the muscle-fibers in the heart, which can be affected

by toxins circulating in the Ijlood or entering with the inspired

air. The epithelium lining the bronchi and air-sacs ])lays a use-

ful but insignificant part; it is only a surface covering.

The most important lesions of the lungs are those of infectious

origin. They occur in the greatest variet}'. Here they are

taken up only from the anatomic point of view. The differc>nt

Fig. 362.—Lung. Chronic passive congestion. Dilated capillaries pi'ojecting
from wall into alveoli on each side.

forms of inflammatory reaction occurring in them will he found
discussed under the various infectious agents which cause them.

Disturbances of Circulation.—Acute congestion in the lungs is

of little significance by itself. It is present in all acute inflamma-
tor}' conditions, follows extreme exertion, and occurs as the result

of sudden heart failure.

Chronic puasive congestion is of more importance. It occurs

most often in consequence of obstruction or leak in the left heart,

es]5ecially when due to lesions of the mitral valve. The internal

vascular pressure causes distension and elongation of the capil-

laries so that they project in loops from the alveolar walls into the

air-sacs. Small hemorrhages from the distended capillaries are

common. The red blood-corpuscles which are not expectorated
464
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are taken up by endothelial leukocytes which occasionally fill

some of the alveoli. They are sometimes called heart-failure cells.

Some of the leukocj^tes invade the walls and settle around the

blood-vessels and bronchi. They gradually transform the hemo-
globin into hemosiderin. If carbon is taken up by the same leu-

kocytes the hemosiderin is deposited around the carbon.

Chronic passive congestion leads to increased consistence

of the lungs which are denser to the touch, and do not contract

as under normal conditions. In color they appear dark red or

brownish red. When the leukocytes containing blood pigment

are numerous they may appear as orange colored specks.

Infarction.—An infarction in the lung is always hemorrhagic

and is always due to an embolus. An embolus, however, does not

always produce an infarction; it does it only under two conditions

—when the embolus is infected or when there is chronic passive

congestion in the pulmonary circulation. As the result of occlu-

sion of a pulmonary artery the blood pressure in the affected

area is at first much lowered, but is soon raised again owing to

back pressure from the surrounding veins. Circulation ceases,

stasis exists, and hemorrhage into the alveoli soon takes place,

probably entirely as the result of injury to the cells of the vessels

owing to lack of nutrition. Necrosis of all the cells in the infarcted

focus is soon evident.

Infarctions of the lungs are always at the periphery of the

lobes; they vary much in size and rarely may involve an entire

lobe. As a rule they are multiple. They occur most often

shortly before death, but if the patient survives, repair takes

place. An inflammatory exudation at the periphery is followed

by granulation tissue. The infarction is gradually invaded and
absorbed and replaced by scar tissue.

A septic infarction quickly becomes invaded by the infectious

agent present and is usually converted into an abscess or into a

gangrenous focus. A bland infarction may undergo the same ter-

mination as the result of infection by way of the bronchi.

Fat embohsm is not of great importance in the lungs unless

the amount of fat is excessive so that at least one-third of all the

blood-vessels are occluded. Under this condition small hemor-

rhages and edema may occur.

Edema.—Fluid containing more or less albumin often accumu-

lates in the alveoli and smaller bronchi of the lungs. It may
also distend the lymph-vessels. The causes of this accumulation

of fluid are several, and the extent, distribution and composition

of the fluid vary with the cause. The albumin contained in solu-

tion is precipitated in granular form by some fixatives (Zenker's

fluid, boihng) but not by others (formaldehyd).

30



466 PATHOLOGIC HISTOLOGY

In generalized edema of the lungs, due to impairment of the

heart's action, or to certain disturbances resulting in hydremia
(chronic nephritis, pernicious anemia, etc.) the fluid escaping

from the vessels everywhere tends to accumulate in the dependent
parts of the lungs according to the position of the body, usually

in the posterior inferior portions. The fluid collecting under
these conditions contains a moderate amount of albumin and
usually a few desquamated, swollen epithelial cells. When the ac-

cumulation of fluid is abundant the lungs are voluminous and
heavy, the consistence is doughy, and on section a watery fluid

mixed with more or less air in the form of small bubbles escapes

from the surface.

The fluid present in edema is a good culture medium. On
this account it is always liable to infection, which takes the form
of so-called hypostatic pneumonia.

Localized edema is usually, perhaps always, of inflammatory

origin. It is a serous exudation and contains a higher percentage

of albumin than the fluid in generalized edema, and also a varying

number of leukocytes. Fibrin may form in it. It is common in

the early stage of lobar pneumonia and also in connection with

atelectasis and hypostasis, probably as a result of their being

infected. In certain tuberculous lesions, where the lymphatics

are involved, locaUzed edema may be present and may ex-

hibit a gelatinous appearance owing to the large amount of albu-

min and numerous endothehal leukocytes contained in it.

Lesions of Mechanical Origin.—Two different forms of emphy-
sema are recognized, (a) Interstitial emphysema is due to the

escape of air from the lung into the interstitial tissue between the

alveoh, especially into the connective-tissue septa between the

lobules. The condition results from rupture of the alveolar wall

in consequence of increased air pressure as in violent coughing,

for example. The interstitial air may extend to the base of the

lung and by this path eventually reach the wall of the thorax.

(b) Alveolar emphysema is a condition in which the air-sacs

are much distended and often coalesce to form vesicles of consider-

able size, occasionally one to several centimeters in diameter,

with thin walls. The cause of the dilatation in many instances

is increased air pressure due to obstruction to expiration, but a
simihar condition may apparently arise simply from old age and
atrophy of lung tissue. The elastic fibers in the alveolar walls

diminish in number and many of the capillaries disappear, so that

eventually obstruction to the flow of blood through the lungs

is produced and causes chronic passive congestion in the venous
circulation.

In spite of the atrophy of lung tissue alveolar emphysema
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results in increase in the volume of the lungs and hence of the

thorax, giving it the well-recognized barrel shape.

Carbon and less often certain other substances, such as iron

in pulverized form, enter the lung and act injuriously. Their

effect, so far as we know, is entirely mechanical. A description

of the lesion they produce will be found under the heading "Car-

bon."

Atelectasis is the term applied to undistended or to compressed

foci of lung tissue. The condition may be congenital, due to

parts of the lung not having been inflated at Ihe time of birth,

or acquired, due to compression of lung tissue from without by
fluid, tumor or other cause, or to obstruction of a bronchus

by mucus, inflammatory secretion, foreign body, etc. FoUowing

the obstruction the air in the part affected is soon absorbed, the

blood-vessels are distended and the part involved appears of a

dark bluish-red color. It is always sharply limited to several or

many lobules.

Atelectatic lung tissue on microscopic examination shows

contracted alveoli with the lining epithelial cells prominent

and more or less cuboidal in shape owing to contraction.

Lesions of Infectious Origin.—The infectious lesions are the

most numerous, varied and important of the pathologic processes

affecting the limgs. They are due to a great variety of micro-

organisms among which the bacteria easily hold first place.

The limgs are open to infection through the bronchi as well

as through the venous and arterial circulation, by direct continu-

ity with the pleural and pericardial cavities and the surroimding

tissues, and through the Ijrtnphatics.

The infectious lesions of the lungs are classified, for the most
part, on an anatomic basis (lobar and lobular or focal pneumonia),

although etiology, manner of infection, etc., sometimes play a

part (tuberculous pneumonia, embolic pnemnonia). The anatomic

point of view will be followed here so far as possible, because the

lesions have already been presented etiologically imder the infec-

tious agents. The anatomic lesions recognized are lobar pneu-

monia, lobular, focal or bronchopneumonia, abscess and cavity.

They may be acute or chronic in their clinical course.

Lobtilar pneumonia is the term applied to inflammatory foci

in the lung involving only part of a lobe. The foci are usually,

but not always multiple. Other terms in common use are focal

pneumonia and bronchopneumonia.

Manner of Infection.—In lobular pneumonia infection, as a
rule, takes place through the bronchi and through the same chan-

nels the organisms may be distributed to other parts of the limg to

start up other foci of infection. Infectious agents may also reach
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the lung, however, through the circulation and give rise to lobular

pneumonia. Lesions arising in this manner are sometimes called

embohc pneumonia.

In generalized miliary tuberculosis the lesions in the lung,

especially in children, although called miliary tubercles, are histo-

logically often miliary foci of tuberculous pneumonia of embolic,

that is vascular, origin.

An organism which reaches the lung through the blood may
later spread through the bronchh

Fig. 363.—Lung. Focal pneumonia due to the blastomj-ccs. M.

Etiology.—Lobular pneumonia, unhke lobar pneumonia, may
be due to a great variety of micro-organisms. The most frequent

one is, perhaps, the micrococcus lanceolatus followed by the

streptococcus pyogenes, the staphylococcus aureus, the tubercle

bacillus and many others which are found only occasionalh', such

as the glanders bacillus, actinomyces, oidiomyces, etc.

Injury.—The injury in lobular pneumonia depends chiefly

on the character of the infectious agent. It may be slight if

due to the diplococcus lanceolatus, for example, or severe (necro-

sis) if due to the staphylococcus aureus or the glanders bacillus.
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Necrosis is, perhaps, more likely to occur when infection takes

place through the blood-vessels than when it comes through the

bronchi.

Reaction.—The inflammatory reaction in the lung, like the

injury, depends largely on the character of the infectious agent.

It may vary from serum and a few polymorphonuclear leukocytes

to an abundance of fibrin or to acute suppuration. Sometimes

endothelial leukocytes play the more prominent part. Rarely

giant-cells are formed by syncytial growth of the liniiig epithelium.

Hemorrhage is a frequent complication. The walls of the alveoli

and bronchi may remain intact or undergo necrosis and persist

in caseous material or dissolve with abscess formation.

Lobular pneumonia begins in minute foci of inflammatory

reaction around .single organisms or small groups of them, and

Fig. ,364.—Lung. Pneumonia. Giant-cells formed by syncytial growth of
alveolar epithelium.

tends to spread peripherally, through the walls of alveoli and
along the bronchioles. Neighboring foci often become confluent.

In this way and by direct spreacUng large foci are formed. Some-
times lobar pneumonia clue to the diplococcus lanceolatus and to

the bacillus mucosus capsulatus suggests this mode of formation.

The various lymphatics around the blood-vessels and else-

where are often greatly distended by serum and letikocytes within

them.

The exudation in acute lobular pneumonia usually under-

goes resolution, but occasionally when much flbrin has been
formed, organization takes place just as in lobar pneumonia.
It is also of common occurrence in the chronic lesions due to the

tubercle bacillus.
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Fig. 365.—Lung. Lobar pneumonia. Bacillus mucosus capsulatus.

Most of the bacilli are contained within the cytoplasm of polymorphonuclear
leukcoytes. M.

Fig. 3G6.—Lung. Lobar pneumonia. Necrosis of alveolar wall. Invasion
with leukocytes.
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Lobar pneumonia is clue in most instances to the diplococcus

lanceolatus. It may, however, be caused occasionally by the

bacillus mucosas capsulatus and possibly, also, by the bacillus

typhosus and a few other organisms.

Injury.—In the ordinary case of lobar pneumonia it is not

easy to demonstrate any marked injurj^ done to the lung tissue.

The inflammatory reaction seems to be chiefly to counteract the

organisms and their toxins. Some injury is, however, probably

inflicted on the lining epithelial cells so that some of them are

injured and destroyed, because mitosis of lining epithelial cells

is occasionally found, indicating regeneration. In very toxic

cases of lobar pneumonia, however, the injury is more severe
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Fig. 367.—Lung. Lobar pneumonia. Diplococcus lanceolatus. The organ-

ism is abundant in the serous exudation. M.

and may affect the whole thickness of the alveolar wall, causing

necrosis of all the tissue cells and thrombosis of the capillaries.

This is of interest in connection with abscesses and organization

which not infrequentlj^ complicate lobar jjneumonia.

Exudation.—In lobar pneumonia clue to the chplococcus

lanceolatus the number and virulence of the infecting organisms,

and the reactions to them, seem to vary considerably. The first

noticeable change is engorgement of the capillaries in the walls

of the air-sacs followed by an exudation of serum. In some
instances serum is abundant, distending the air-sacs, and contains

large numbers of diplococci. In other instances the organisms
are less numerous and the serum less afwndant. Coincident
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with the appearance of the serum or immediately follo^ving it,

polymorphonuclear leukocytes make their appearance in varying

numbers, emigrating from the capillaries. They show a marked
tendency to incorporate the organisms and often contain them in

large numbers. Endothelial leukocytes also appear, usually in

comparatively small numbers.

The exudation is almost invariably complicated by the formation

of fibrin, usually in large quantities, but sometimes only a little

appears, at least in the early stage of infection. The fibrin may be

more abundant at first near the alveolar walls, or form out in the

middle of the air-sacs. Strands of it may frequently be seen run-

ning through minute openings in the alveolar walls and connecting

Fig. 368.—Lung. Lobar pneumonia. Fibrin passing through openings in

wall between two alveoli.

ttHth the fibrin in the adjoining air-cells. These points of contact

with the walls are of interest because it is here that organization of

the fibrin starts when resolution does not occur.

The exudation is usually complicated also by more or less

hemorrhage from the engorged capillaries. The hemorrhage as a

rule occurs in small foci, not diffusely. This early stage of lobar

pneumonia characterized by congested vessels and iDeginning

exudation is known as the stage of red hepatization.

As the exudation increases in amount and the fibrin mesh-

work thickens up the air-sacs are greatly distended, the alveo-

lar walls stretched, and the capillaries compressed so that they



ORGANS OF RESPIRATION 473

no longer appear engorged. As a result, the redness due to con-

gestion and to some extent to hemorrhage fades and the lung

passes into the stage known as grey hepatization.

This condition is followed ordinarily by the stage of resolution,

a period during which the leukocytes increase greatly in number,
the fibrin dissolves to a greater or less extent under the digestive

action of the polymorphonuclear leukocytes, the air-sacs contract

and active circulation returns to the capillaries.

Sometimes in the stage of resolution endothehal leukocytes

make their appearance in large numbers in the alveoli and often

incorporate the polymorphonuclear leukocytes in their cytoplasm.

In the lobar pneumonia occurring in typhoid fever endothelial

leukocytes are usually very numerous.

Bronchi.—In lobar pneumonia the exudation takes place not

only into the air-sacs as already described, but also into the

bronchioles and even into the larger bronchi. They are sometimes
completely occluded by a dense network of fibrin in whose meshes
are varying numbers of leukocytes.

Blood-vessels.—^Another lesion not infrequently found in

the larger blood-vessels is an exudation of polymorphonuclear

and endothelial leukocytes beneath the lining endothelium. It

may be only one or two rows of leukocytes in thickness or half a

dozen, so that the lumen is much diminished in size. In severe

lesions the wall of the blood-vessel may become necrotic.

Lobar pneumonia often does not involve the whole of a lobe.

The process starts in one or more foci which rapidly enlarge and
fuse. The abundant serous exudation at the beginning may aid

in distributing the organisms.

Extension.—On the other hand, lobar pneumonia is never lim-

ited to one or more lobes of the lung. It always extends to the

adjoining pleural cavity and may extend to the intercostal mus-
cles, to the mediastinal tissues and the pericardial cavity, into

the neck, through the diaphragm to the peritoneal cavity, and by
extension of the organisms into the lymphatics and blood-vessels

to any part of the body.

Lymphatics.—The lymphatics around the blood-vessels and
bronchi, in the interlobular septa and beneath the pleura are

usually more or less distended, sometimes greatly so, with serum,

leukocytes and fibrin, so that those beneath the pleura stand out

to the naked eye as white cords.

Gross Appearances.—The exudation distends the air-sacs,

hence, except at the beginning and end of the process, the affected

lobe is distended to its full capacity. It is firm and dense to the

touch owing to the presence of much fibrin. It is distinctly red

in the early and late stages on account of the engorgement of the
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blood-vessels. On section the fibrinous masses project and the

alveolar walls contract; hence the surface appears granular. After

resolution begins and the fibrin diminishes in amount, the surface

is less granular and on pressure the leukocj^tcs well up on the sur-

face as a purulent fluid. Sometimes the I^ronchi are filled with a

fibrinous exudate as in di]3htheritic bronchitis. The pleural

lymphatics may be distended with a serofibrinous or fibrino-

purulent exudate and stand out like a meshwork made of small

cords. The pleural surface is covered with a thin or thick layer

of fibrin which may be peeled off easily. In the beginning of the

process the pleural surface may be simply clouded.

-HiS*T*^5*»v?

Fig. 369.—Lung. Lobar pneumonia. Organization. The alveoli are

filled with plugs of granulation tissue wliicli are replacing the fibrin formed
from the exudation. M.

Organization.—Under certain conditions resolution is incom-

plete or more or less entirely lacking. The fibrin contracts and
thickens up more or less, but the masses in the different alveoli

usually remain connected. Sometimes the surface of the fibrin

is covered over by epithelial cells. More often the fibroblasts

from the alveolar walls grow out into the fibrin, working from

the surface towards the center. Usually numerous capillary blood-

vessels accompany or precede the fibroblasts. They gradually

rejilace the fil)rin from the surface towards the center. The new-
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formed granulation tissue, as it gets older, is often infiltrated with

numerous Ij'mphocj'tes.

The organization starts out from tlie points where the fibrin

touches the walls, hence, where it runs through the holes in the

alveolar walls; also wherever the alveolar wall is destroyed and
fibrin formation has taken place. The empty alveoli and the

unoccupied portions of others often contain numerous endotiielial

leukocytes fiUed with fat droplets.

Organization occurs not only in the air-sacs but also in the

bronchioles and smaller bronchi, which later may be partially

to completely filled and occluded by granulation and scar tissue.

^ >?-. \^^-""
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Fig. .370.—Lung. Lobar pneumonia. Organization. The organizing
(granulation) tissue is extending tlirougli two openings in the alveolar wall,

replacing the fibrin which was formerly there. M.

In time the newly-formed granulation tissue contracts. The
alveoli and the remains of them are compressed to gland-like

cavities lined with cubical epitheUum. The new connective

tissue may fuse so closely with the alveolar walls that it is difficult

or impossible to recognize it after a time, especially if much or all

the epithelium has been destroyed. The affected hmg tissue may
be reduc(>d to dense fibrous tissue with few or no epithelial elements

in it.

An organized lobe is usually more or less completely dis-

tended, as in the .stage of exudation, but it is denser to the touch
and does not crush readily. On section the surface is moist and
smooth, not granular; it appears greyish or reddish grey and is
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usually speckled with yellow due to endothelial leukocytes filled

with fat in the remaining alveoli. If all the air-sacs were filled

with granulation tissue and the epithelium killed the organized
lobe will, in time, resemble dense fibrous tissue.

Abscesses are of frequent occurrence in the lungs, may be
acute or chronic in duration, and like lobular pneumonia, may be

due to a great variety of organisms. Infection may take place

through the bronchi or the blood-vessels. The lesions may be

small or extensive and may discharge their contents through the

bronchi or rupture into a pleural cavity. They practically always

Fig. .371.—Lung. Lobar pneumonia. Organization. Bronchiole filled

with a plug of granulation tissue which is attached to the wall at several

points. AL

start as a lobular pneumonia in which necrosis and softening

quickly take place. Acute abscesses are most often due to the

staphylococcus aureus, but may be caused Ijy a variety of

other organisms such as the streptococcus pyogenes, the glanders

bacillus, the actinomyees, the blastomyces, the ameba histolj-tica,

etc. Chronic abscesses are most often caused by the tubercle

bacillus.

Gangrene of the lungs is due to the action of putrefactive

organisms usually in combination with pathogenic bacteria. They
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cause necrosis and softening of the tissue and an inflammatory

exudation. The lesion is really an abscess complicated with

putrefaction. It may be embolic in origin secondary to a pri-

mary lesion elsewhere in the body, such as the uterus, or due to

infection through the bronchi. Gangrene of bronchogenic origin

is especially likely to contain acid-fast bacilli and spirochetes in

addition to numerous other organisms.

Cavities in the lung may be due to dilatation of bronchi (bronchi-

ectases) or follow an abscess. They are particularly common in

tuberculosis, are often multiple, and may be of any size up to that

of a lobe. They often contain trabeculae due to the persistence

of bronchi and blood-vessels within them.

Tumors.—The most important primary tumor is the carci-

noma which occurs occasionally and arises usually from the cyl-

indric epithelium of a bronchus. Other primary tumors are

rare, for instance, chondroma and osteoma.

Secondary tumors, on the other hand, are comparatively

frequent, such as carcinoma of various types, fibrosarcoma,

melanoma, etc. They usually reach the lungs through the cir-

culation, but occasionally through the lymphatic system or by
contiguity, especially from the mediastinum.

PLEURAL CAVITY

The commonest lesions of the pleural cavity and the most
important are those due to infectious agents which gain access

chiefly from the lung, but also to some extent from the pericar-

dial and peritoneal cavities and from adjoining tissues. The pneu-

mococcus, the streptococcus, the staphylococcus aureus and the

tubercle bacillus are the organisms most frequently found. The
inflammatory exudation varies greatly; serum, polymorphonuclear

leukocytes and fibrin may be combined in any proportion; endo-

thelial leukocj^es, lymphocjd;es and red blood-corpuscles may be

added to tjiem. Putrefactive organisms from a gangrenous focus

in the lung may compHcate the condition.

Repair of a pleural exudation requires removal of the fluid

and leukocytes by absorption or operative interference and organ-

ization of the fibrin. Capillary blood-vessels followed by fibro-

blasts invade and gradually replace the fibrin. They work from
both the visceral and the parietal surfaces and eventually meet,

if the fibrin is not too thick or if hme-salts are not deposited in

it. The lime-salts may eventually be organized by fibroblasts

which in consequence become transformed into bone cells.

In a tuberculous pleuritis the process of organization is com-
plicated by the formation of tubercles wherever tubercle bacilli

are surrounded by the granulation tissue.
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Primary tumors are rare in the pleural cavity. Theoreti-

cally the most interesting of these is the carcinoma which arises

from the lining mesothehal cells.

Secondary tumors are much more common.
A new-growth in the pleural cavity may appear in the form

of small nodules, or as a thick layer covering more or less com-
pletely the entire surface. At the same time there always occurs a

serofibrinous exudation which is often complicated by hemorrhage.
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There are a few conditions such as postmortem changes which
are common to the entire gastro-intestinal tract, while others, like

ulcer, are peculiar to certain parts of it. On this account and in

order to save space the subjects more or less common to all parts

of the gastro-intestinal tract are presented first.

Postmortem Changes.—From the nature of its functions the

gastro-intestinal tract is much more intimately in contact with vari-

ous chemical substances and pathogenic and especially putre-

factive micro-organisms than any other part of the body. Dm-ing
hfe it is capable of protecting itself from the action of most of these

without trouble, but as soon as death occurs they become effective.

On this accoimt postmortem changes begin early and progress

rapidly. Natiu'ally some parts of the tract are more quickly affected

than others. The nuclei of the Uning epithehal cells soon lose

their power of staining and this condition rapidly extends outwards

until the epithelium in the glands and the other cells in the mucosa
and finally in the muscle coats are involved in the same way. Des-

quamation of the lining epithelium and maceration of the mucosa
quickly follow. Tissues fixed within an hour postmortem are

usually in fairly perfect condition; after that length of time they

rapidly deteriorate.

The gastric juice when present in any amount may cause soften-

ing of the wall of the stomach (gastromalacia) and be followed by
ruptiu-e and escape of the gastric contents into the peritoneal

cavity. The condition is most marked in the fundus along the

greater curvature. The secretion also usually flows into the lower

end of the esophagus after death, and by its digestive action causes

loss of the lining epithelium on the surface of the folds of the mucous
membrane. Rarely softening and ruptm-e may take place as in the

stomach.

Retrograde Changes.—The retrograde changes in the gastro-

intestinal tract are not remarkable.

Atrophy of the glands in the stomach and intestine is often

claimed, but difficult to prove. These organs exist imder condi-

tions varying from contraction to extreme dilatation. The walls

vary in thickness accordingly. Under conditions of dilatation the

glands may be shortened and even almost obhterated; the villi

shortened and broadened. In consequence the mucous membrane
479
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may appear greatly atrophied. The thickness of the muscle coat

is some guide to the condition of dilatation and must always be

taken into consideration.

Apparent atrophy may also be due to a previous necrosis of the

surface of the mucosa, followed by only partial regeneration of the

epithelial glands.

Amyloid is occasionalh' found in the walls of the blood-

vessels, both in the submucosa of the stomach and in the villi in

the intestine.

Plasma cells containing hyaline droplets are sometimes cjuite

numerous in the mucous membrane of the stomach and less often in

that of the intestine; their significance is not known.

Fig. 372.—Dilatation of esophageal veins secondary to cirrhosis of liver;

hemorrhage; death, a Dilated veins; h, ruptured varix with clot in opening.

Pigmentation is more common in the intestine than in the

stomach. Endothelial leukocytes filled viith hemosiderin granules

are occasionally found, especially in the appenchx, and ]5robably

point to jjrevious hemorrhage, often perhaps of inflammatory origin.

Disturbances of Circulation.—Acute congestion accompanies

manjr of the acute toxic, and infectious lesions and is often

complicated by hemorrhage and occasionally by much edema and

thickening of the gastro-intestinal wall. Lesions due to the anthrax

bacillus usually show much hemorrhage.

Chronic passive congestion is a common sequence of cardiac in-

sufficiency, but is most marked when cirrhosis of the liver causes

obstruction of the portal circulation. It is often accompanied by

increased secretion of mucus from the lining epithelium. A frequent

result of obstruction to the portal circulation is marked dilatation
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of the veins at the lower end of the esophagus and in the cardiac

end of the stomach so that varices are formed.

Small hemorrhages may occur as the result of the congestion

or of acute inflammation, but multiple minute hemorrhages are

often found in the stomach without any good reason therefor being

evident. Probably in some instances mechanical conditions such as

vomiting or toxic or infectious lesions in the walls of the vessels are

the imderlying factors.

Large and often fatal hemorrhages arise from erosion of blood-

vessels, especially of the varices formed in the neighborhood of the

cardiac orifice, both in the esophagus and stomach in obstruction

of the portal circulation by cirrhosis of the hver, and of arteries in

ulcers of the stomach and duodenum, and of cancers of the stomach.

Obstruction of mesenteric arteries by thrombosis of arterio-

sclerotic origin, or more frequently by emboli, often but not always

causes hemorrhagic infarction of the intestine and the lesion may
be very extensive.

Obstruction of the lacteals or lymphatic vessels of the intestine

occurs occasionally and may give rise to small cysts filled with fluid

in the submucosa. More rarely, a number of vessels in a segment

of the intestine or even in an extensive portion of it, may be

involved in the same way so that a large, cystic, tumor-like mass is

formed. The fat present in the fluid often attracts large numbers
of endothelial leukocjdies which/become filled with it and occasion-

ally fuse to form giant-cells around cholesterin crystals, or other

products of fat metabolism";

,

^ ESOPHAGUS

The most important lesion of the esophagus is the carcinoma.

Varices and ulcer are considered elsewhere. Cancer originates most
often at the ends of the esophagus, usually the lower. It may grow
rapidly in papillary masses or with more or less ulceration, or slowly

in scirrhous form. Histologically the growth may be of the epider-

moid or of the glandular type.

STOMACH

Anatomy.^-The cells peculiar to the stomach and believed to be

intimately concerned with the production of the hydrochloric acid

in the gastric secretion are the parietal cells. They are few in

the glands near the cardiac orifice, fairly numerous in those of

the pyloric end, and abundant in the glands lining the fundus.

These cells are irregularly angular in shape and show marked
acidophilic staining properties. The other or chief cells lining

the glands differ somewhat in the different parts of the stomach,

but are in general cylindric in shape and in the cardiac end of the
31



482 PATHOLOGIC HISTOLOGY

stomach normally produce mucus, but the mucus has somewhat
different chemical properties from that in the intestine. The
cells at the base of the glands often contain zymogen granules.

Lesions of Toxic Origin.—Various injurious agents reach the

stomach in food and drink or are swallowed with suicidal intent.

Their action and consequently the effects which they produce
varies greatly. The lesions may be inconspicuous or very striking.

In the milder conditions there may be redness, swelling, increase

of mucus secretion and sometimes slight hemorrhages. Strong

injurious agents may produce intense congestion and marked
swelling or necrosis of the surface which may be variously

colored.

The commonest poisons are, perhaps, carbolic acid and corro-

sive sublimate. Others taken occasionally are mineral acids, alka-

lies, oxalic acid, phosphorus and arsenic. The gross appearances

produced vary greatly and are often very striking.

Microscopically, the usual picture is more or less inflammatory

exudation in which the polymorphonuclear leukocyte plays a prom-
inent part, occasionally fibrin formation on the surface, and often

more or less hemorrhage. The mucosa may be necrotic to a varying

depth. Very often death occurs so quickly that there has been no
time for an exudation to take place.

Lesions -of Infectious Origin.—Infectious lesions of the stomach
which can be definitely recognized as such are not common. Most
pathogenic organisms which reach the gastro-intestinal tract on the

inside pass through the esophagus and stomach and infect some
part or other of the small or large intestine.

Very rarely diphtheria bacilli which have been swallowed infect

the gastric mucous membrane and cause small patches of necrosis,

which become covered with fibrinous membrane formed from
the inflammatory exudation. The membrane may spread out

laterally for some little distance over the adjoining normal mucosa.

Of more importance are the occasional infections which take

place usually through some lesion already present, such as an ulcer-

ation, and invade the submucosa, spreading extensively in it and
often involving the muscle coats. They may cause marked thick-

ening of the stomach wall. The condition is called phlegmonous
gastritis and is usually due to the streptococcus pyogenes.

Acute Gastritis.—While it is possible to divide some of the acute

lesions of the stomach into two groups, the toxic and the infectious,

others do not admit of such a division because we do not yet know
enough about them. They are due to one cause or the other or

possibly often to both, but for the present we are obhged to leave

them unclassified, except on an anatomic or histologic basis. The
mucosa shows more or less extensive infiltration with polymor-
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phonuclear leukocytes often combined with necrosis of the mucosa
and with fibrin formation. Therefore, acute inflammation is pres-

ent, but the actual cause is not evident.

Ulceration.—Several different types of ulceration occur in the

stomach. The most important is the chronic or so-called round

ulcer; the others require study and consideration, however, because

without much ciuestion it is from an occasional one of them that

the chronic form arises.

Repair of lesions in the stomach may take place as readily as

elsewhere in the body, but the hydrochloric acid present in its

secretion is always capable of proving a disturbing factor, and may

r-x **

.

Fig. 373.—Stomach. Slit-like fissure in mucosa opening into more extensive
lesion beneath. Case of Dr. L. J. Rhea. M.

become a tlistinctlj' injiu'ious agent, preventing repair and causing

enlargement of the original lesion.

1. Hemorrhagic erosion is the term applied to an ulceration

following a miliary hemorrhage. The lesion is commonly multiple,

is most frec]uent in the fundus, and is usually confined to the

mucosa. It is due to ulceration following hemorrhage and necrosis.

The inflammatory reaction may be very slight.

2. Acute ulcerations occur mo.st often in the fundus and on the

posterior wall, but also occasionally in the region of the pylorus.

They are round or oval in shape, vary from a few millimeters to a
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centimeter or over in size and have a smooth base and sharp edge.

They are superficial but extend deeper than the erosions, often

reaching to the submucosa. The edges are usually infiltrated with

a few leukocytes and the adjoining tissue is hyperemic. The origin

of these ulcerations is disputed, but is probably not always the

same. It seems likely that they may follow a variety of toxic and
other forms of lesions.

3. Fissures in the mucosa were found in one case examined
postmortem by L. J. Rhea. They were recognized only by means
of a hand lens. The patient had been operated on for persistent

hemorrhage. Nothing was found at the operation except a few

bleeding points which were cauterized. Microscopically, the lesions

consist of narrow slits which extend through the mucosa and then

spread out some distance in the submucosa, where the wall shows
an infiltration with polymorphonuclear leukocytes and a deposit

of fibrin on its surface.

4. The chronic or round ulcer is usually situated on the poste-

rior wall of the stomach between the pylorus and the fundus and, as

a rule, near the lesser curvature, but it may occur on the anterior

wall or elsewhere. It is generally solitary but may be multiple. In

two instances there were five, two in the stomach and three in the

duodenum in one case, and four in the stomach and one in the duo-

denum in the other.

The ulcer is usually round, but may be more or less oval or

irregular. Its edges are sharply defined and often slightly indurated.

The base of the ulcer is almost always clean. The sides slope

gradually towards the deepest point which may be in the center or

at one side and often present, at least in part, a step-like arrange-

ment corresponding to the layers of the stomach wall which have
been eroded. As a rule the wall of the ulcer shows but little inflam-

matory infiltration, but in one instance it was thickly infiltrated

with eosinophiles. The tissue lining the ulcer generally exhibits

very little reaction on the part of the fibroblasts and vascular

endothelium, but in other instances abimdant granulation tissue

containing numerous capillaries and vessels is present.

The two chief dangerous results to be feared from an ulcer are

hemorrhage owing to erosion of a blood-vessel, and perforation

from extension of the lesion through the wall of the stomach.

Repair by scar formation may take place, but in turn prove

dangerous by causing stenosis if the ulcer is near the pylorus.

Chronic ulcers similar to those in the stomach and due to the

same causes occur in the duodenum and also rarely at the lower end

of the esophagus.

Tumors.—The most common and important tumor of the

stomach is the carcinoma. It may grow in gland form or in solid
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masses and either type of growth may give rise to colloid formation,

partly as a secretion, partly as a retrograde transformation of the

tumor cells. The carcinoma may grow rapidly and project in pap-

illary, cauliflower-like masses into the lumen of the stomach, or

it may undergo more or less extensive ulceration. Frequently it

grows slowly in scirrhous type and forms a local induration, or

spreads gradually until the entire wall of the stomach is involved

and contracted to a small part of its normal dimensions.

In one instance the stomach by infiltration with a colloid car-

cinoma was transformed into a large sac with transparent walls

three to four centimeters thick.

The next most common tumor of the stomach is the leiomyoma
which, under rare conditions, grows rapidly and gives rise to met-
astases.

INTESTINE

Toxic Lesions.-^Various toxic substances unquestionably reach

the intestinal tract and act injuriously, but to distinguish the le-

sions caused by them with certainty from some types of infectious

lesions is difficult or impossible, unless the clinical history or a

bacteriologic examination throws light on the subject. Most of

them have to be grouped, for the present at least, on an anatomic

basis as acute enteritis and colitis of unknown toxic or infectious

origin.

Corrosive subhmate is one definite toxic substance which some-
times causes an intense colitis and occasionally enteritis, appar-

ently owing to the fact that it is passed along quickly through the

gastro-intestinal tract until it reaches its lower end, where it causes

necrosis of all the projecting portions of the mucous membrane and
acute inflammatory exudation. In the small intestine the edges

of the valvule conniventes in the lower part of the ileum may be
affected in the same way.

Certain toxins in the circulation, especially in diphtheria, may
cause proUferation of the endothelial cells in the lymph-nodules of

the intestinal tract, just as in the spleen and elsewhere. The
endothehal cells are often filled with the debris of ingested lympho-
C3d;es. In consequence of these changes the lymph-nodules often

appear swollen and prominent.

Lesions of Infectious Origin.—A great variety of infectious

lesions occur in the intestine. Some are very characteristic of the

infectious agents which produce them; others have to be classed

anatomically as acute enteritis or colitis, except in those instances

where the micro-organism can be definitely determined by bacteri-

ologic methods. This is the case, for example, with the dysentery

group of organisms. The clinical history and the bacteriologic
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results are much more important and characteristic than the path-

ologic appearances.

Most of the infectious lesions of the intestine have already been

considered under the different infectious agents. They will, there-

fore, be mentioned but briefly here.

The inflammatory exudation in the intestine is commonly com-

pHcated by an excessive production of mucus by the epithelial cells

when they have not been destroyed. On this account the term

catarrhal enteritis is in common use. The point to bear in mind
is that the actual inflammatory exudation is just the same as in

any other organ, under like conditions.

The gross appearance presented by the intestine, but especially

by the colon in acute dysentery, varies from a normal looking

mucosa to one which is deeply injected and edematous with occa-

sional small hemorrhages. If the process has existed long enough

the surface of the mucosa, at least in the projecting parts, shows

more or less necrosis: deep necrosis and ulceration do not occur,

only superficial erosions.

In another type of infectious enteritis and colitis the necrosis

of the mucous membrane along the edges of the valvulse conniven-

tes in the small intestine and on the surface of the folds in the

colon is more extensive, and is covered with a fibrinous layer which

also extends into the mucosa and binds the cells together. Later

this diphtheritic membrane sloughs, often leaving more or less

extensive ulcerations.

The etiology of diphtheritic enteritis and colitis of infectious

origin has not been fully worked out. Probably some of the ordi-

nary infectious organisms such as the streptococcus pyogenes are

the usual causal agents.

Aside from the bacillary forms of dysentery, the most character-

istic infectious lesions of the intestinal tract are due to the typhoid

and tubercle bacilli, the ameba histolytica, and in rare instances

the balantidium coli. Infections due to the treponema palUdum
and the actinomyces sometimes occur. For a description of the

lesions produced the section on infectious agents should be con-

sulted.

Appendicitis.—Appendicitis is an acute infectious process more
important -from the anatomic than from the etiologic point of

view. The common acute type of lesion is due to a Gram-positive

coccus, probably the streptococcus pyogenes. It starts as a small

area of infection in the mucosa. There is necrosis and loss of

epithelium and an infiltration with polymorphonuclear leukocytes,

together with fibrin formation. The process spreads rapidly, espe-

cially in the submucosa and in the muscular coats and may extend

to the peritoneal covering. Other areas in the mucosa become in-
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volved, but the intervening portions may appear normal or nearly

so, although the lumen may be full of pus. A layer of fibrin is often

formed on the peritoneal surface of the appendix.

The lesion may heal at this stage or continue. If it persists

miliary abscesses are formed in the appendix wall and may per-

forate within the lumen or without and give rise to localized or

general peritonitis.

The distal end of the appendix may be swollen, distended and
occasionally gangrenous. The meso-appendix may show consider-

able involvement.

Repair under natural conditions depends on the severity of the

lesion. The appendix may be restored practically to the normal

condition or be reduced to a fibrous cord. All intervening degrees

occur. Partial or complete stenosis of the lumen by scar formation

may lead to physiologic disturbances and clinical symptoms. Dur-
ing repair the appendix is often infiltrated with numerous eosin-

ophiles and the lymph-vessels filled with lymphocytes. The appear-

ance presented by appendices in the various stages of repair is

often spoken of as chronic appendicitis, but the term is not justified.

Pin worms filling the appendix may cause a mild type of chronic

appendicitis but the condition is rare. So also is tuberculous in-

flammation, but the possibility of this condition must be borne in

mind.

Tumors.—The epithelial tumors are the most important new-
growths originating in the intestinal tract.

One group of them is difficult to classify. It is composed of

epithelial, gland-like structures which occur both in the small and
large intestine and may be multiple. They usually lie in the mucosa,

but may be elevated on a stalk. The glands usually differ from

those of the normal mucosa and may dip into the submucosa and
into lymph-nodules, or even reach to the serosa. They are usually

classed as polj^s and regarded as benign structures, probably of

congenital origin; but carcinomas unquestionably sometimes arise

from them. Apparently related to these structures are other

epithelial growths occurring in the small intestine and more often

in the appendix. They have all the appearance of a carcinoma,

both in structure and in the way they are disposed in the muscle

and other coats. Those in the appendix frequently occur in young
people and children and are found at operations for appendicitis.

The tumors show no evidence of active growth and do not give rise

to metastases, although malignant tumors may arise from them.

They are probably best regarded as congenital anomalies analo-

gous to the vascular and pigmented nevi of the skin.

Primary cancer of the intestine occurs most commonly in the

rectum, in the ileocsecal region and in the papilla of the common
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bile duct. The tumors closely resemble those in the stomach; the

adenomatous type is the most common and colloid formation of

frequent occurrence. Cancer often encircles the intestine and
causes stenosis.

Of the other types of tumor the lymphoblastoma stands next

to the carcinoma in frequency of occurrence and in importance.

PERITONEAL CAVITY

Infectious lesions of the peritoneal cavity are much like those

in the pleural and pericardial cavities and the reaction may be
serous, fibrinous, purulent or hemorrhagic in type. The exudation

may be slight or abundant in amount and the coils of intestine

glued together by fibrin or floating free in serum. The usual

infecting agents are the ordinary pus cocci and the tubercle

bacillus, and in addition, the colon bacillus and occasionally

the gonococcus. Acute peritonitis is most often secondary to

appendicitis, but it may follow lesions of the intestine, stomach,

uterus, oviducts and other organs.

Organization of the fibrinous exudation usually results in

multiple adhesions which may more or less completely obliterate

the peritoneal cavity. Sometimes, as in the pericardial and pleural

cavities, mesothelial cells left behind may line any cavities present

in the adhesions and form gland-like cavities, or even cysts of all

sizes so that a cystic tumor-formation is strongly suggested.

Tuberculosis of the peritoneal cavity is a common lesion. It

may appear in the form of miliary tubercles or of a serofibrinous

exudation, or of a varying combination of the two. The fibrin

leads to organization just as in the pleural cavity.

Primary tumors of the peritoneal cavity are rare. The most
important is a form of carcinoma arising from the mesothelial

lining.

The secondary tumors are common and mostly carcinomatous

in character following primary tumors in the stomach, intestine,

gall-bladder, ovaries, etc.

LIVER

Introduction.—The liver is a large, important organ composed
chiefly of parenchymatous cells which are easily injured. For-

tunately, as a rule, they easily regenerate. The cells are liable to

various retrograde changes. Lesions of mechanical origin are

comparatively infrequent. On the other hand, toxic lesions are

common. Lesions of infectious origin, outside of tuberculosis and
syphilis, occur only occasionally. All three classes of lesions may
terminate in sclerosis of the liver and, by contraction of the con-

nective tissue around the bile ducts and blood-vessels, cause jaun-

dice and ascites.
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Metastatic tumors play a much more important role than pri-

mary new-growths.

Anatomy.—The structure of the lobule adopted in this Isook is

the one generally used, which places the portal vessels at the per-

iphery and the branches of the hepatic vein in the center.

Postmortem Changes.—A common microscopic postmortem
change is the separation of the liver cells from each other. Wher-
ever the hemoglobin is fixed in the red blood-corpuscles, the liver

cells will usually 1)6 found well preserved.

If bacteria develop in the liver postmortem, the nuclei of the

liver cells in their immediate neighborhood will usually be found

to have lost their staining properties. Gas bubbles point to the

Brown atrojihy of liver cells.

presence of B. aerogenes capsulatus which usually can be found in

numbers in the surrounding tissues, without any evidence of in-

flammatory reaction having been produced.

Atrophy.—The liver may he atrophied as a whole from dimi-

nution in the si.ze of its elements, or from disappearance of many of

its cells without regeneration, as sometimes occurs in central necro-

sis, especially when complicated with chronic passive congestion.

In old age atrophy is often combined with apparent increase

of pigment in the cells; hence the term bro^^ai atrophy. Around
rapidly growing tumors the liver cells are often greatly com-
pressed and atrophy as a conseciuence (pressure atrophy).
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Albuminous Granules.—The albuminous granules often seem
to be increased in number in the liver cells. Whether this appear-
ance is of postmortem origin or due to changes of metai^olism as

the result of infection and high temperature is difficult to determine.
Similar changes may occur focally at the edge of advancing lesions

such as abscesses, or in the cells undergoing necrosis in central and
focal necroses.

Occasionally from some unknown cause, the granules may be
partially or entirely absent from the cytoplasm. When large

patches of cells are thus affected the liver appears studdetl ^vith

light areas of various sizes. One such case followed severe injury

IpW'^
Sii-?

Fig. 37 -Liver. Loss of granules in liver cells; cause unlcnown.

resulting in death and may have been due to some form of coag-

ulation, although the nuclei of the cells seemed fairly normal.

Hydrops.—Fluid may collect in liver cells and form vacuoles.

This condition is of common occurrence in the early stages of

central necrosis. The vacuoles in sections appear as if due to fat,

but each contains a hyaline l)all which stains like fibrin. At a

later stage, threads and networks of fibrin may appear.

Fat.—Fat in liver cells is of common occurrence. It ordinarily

api)cars in two distinct forms, as large drops and as small droplets;

however, drops of intermediate sizes often occur.
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The large drops of fat are associated with no impairment of the

functional activity of the cells. The fat is simply in excess of the

normal daily needs and is stored up in the cytoplasm of the cells,

where it usually collects in large drops. This form of fat deposit is

commonly termed fatty infiltration. It accompanies high living,

especially indulgence in alcohol; but also occurs in tuberculosis of

the lung owing to diminished oxidation. The large fat drops are

usually grouped around the portal vessels, but may be located

instead around the hepatic vein or in the midzonal region.

Occasionally they are fairly evenly distributed throughout the

whole lobule.

Fat in fine droplets is associated with impaired function of

liver cells; hence it is found in many toxic and infectious processes

and is present especially in the degenerating cells in central and
focal necroses. The fat is not due to the transformation of album-

inous material into fat as formerly taught, but is fat brought to the

cells as under normal conditions and not used up owing to faulty

metabolism. Hence the term, fatty degeneration, generally applied

to the process is incorrect because it implies a wrong relation be-

tween the cells and the fat. On the other hand, the presence of

small fat-droplets in cells where fat is not ordinarily present is,

perhaps, the surest guide to the fact that the functional activity

of the cell is impaired.

Glycogen.—Glycogen is present normally in the liver; the

amount varies, depending on the stage of digestion. It is increased

in amount in the livers of diabetics, occurring in granules and drop-

lets in the cytoplasm of the liver cells and sometimes in the nuclei.

As it requires special methods of fixation and staining it does not

make itself evident in ordinary sections except when so abundant

as to give the cytoplasm a vacuolated appearance.

Hyalin occurs in li\^er cells in alcoholic cirrhosis and forms

an irregular, coarse meshwork. Later the cells undergo necrosis

and are invaded by leukocytes. This form of hyaline change seems

to be characteristic of the alcoholic type of cirrhosis.

In central and focal necroses of the liver the cells after necrosis

appear homogeneous and hyaline, and stain deeply with acid dyes.

Necrosis.—Liver cells are easily injured in various ways, con-

sequently necrosis is of frequent occurrence. It is most often of

toxic origin as in central and midzonal necroses and around certain

bacteria, but may be due to interference with the circulation as in

the typhoid lesions and in miliary tubercles.

Necrosis may affect single cells, or small or large groups of

them. It may be preceded by increase in the number and size of

the albuminous granules, by the presence of fat-droplets, or of

vacuoles containing fluid, or by hyaline degeneration as in alco-
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holic cirrhosis. After complete necrosis tlie cells are usually homo-
geneous and stain tleeply with acid dyes. They are remo^-ed l:)y

the digestive action of the polymorjjhonuclear and endothelial

leukocytes.

Amyloid.—Amyloid is rare in the liver unless the kidne3^s and
spleen are also involved. When much of this substance is present

the organ is enlarged and firm with rounded edges. Smaller

amounts may readily be overlooked. Focal deposits of amyloid
in the liver are very uncommon but do sometimes occur.

The amyloid appears first in the walls of the arteries. Later,

it is more or less uniformly distributed throughout the organ around
the connective-tissue cells and fibrils, between the liver cells and

Fig. 376.—Amyloid formation in Kver. Marked atrophj'
pressure. j\l.

the enrlotheliuni lining the sinusoids. The liver cells become more
and more compressed and finally disappear. The lumina of the

sinusoids are also gradually encroached upon.

Bjr means of the anilin lalue stain the collagen fil)rils at first

may Ije demonstrated in the midst of the amyloid, but later they

disappear. On the side towards the liver cells the amyloitl often

presents a feathery appearance.

Pigments.—Various kinds of pigments occur in the liver. Here

they need be mentioned only briefly.

1. The brownish yellow, finely granular pigment which occurs

normally in the liver cells, especially in the center of the lobule,

gives no iron reaction, and may l^e increased in amount with age.
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2. Bile pigment from obstruction of bile ducts. In general bile

stasis, it is located around the hepatic vein in the center of the

lobule, chiefly in the dilated bile capillaries near the hepatic veins,

but also in endothelial leukpcytes between the liver columns and
the walls of the sinusoids. Less often it is found as granules and
small elongated masses in the cytoplasm of liver cells. When the

bile stasis is focal, as in the different forms of cirrhosis, the inspis-

sated bile may be in any part of the lobule or even in the bile ducts.

3. Blood pigment, hemosiderin, may be derived from extensive

hemorrhage anjovhere in the body, but is most abundant in per-

nicious anemia and especially in the condition known as hemo-
chromatosis. It occurs as yellowish and brownish granules in the

liver cells and bile duct epithelium, and as brownish masses in the

endothelial cells lining the sinusoids and in endothelial leukocytes

which migrate into lymph-spaces and vessels, especially in the

periportal connective tissue.

4. Melanin, formed by the malarial parasites within red blood-

corpuscles, occurs as black granules in the endothelial cells lining

the sinusoids and occasionally in endothelial leukocytes free in the

sinusoids, and also collected in small numbers in the periportal

connective tissue.

5. Carbon is occasionally carried to the liver by endothelial

leukocytes which migrate with it, usually to the connective tissue

around the portal vessels.

6. Argyria. Very rarely as the result of treatment with silver

salts, precipitated silver is found in the liver, almost exclusively

in the walls of the branches of the portal vein.

Regeneration.—Regeneration of liver cells is of common occur-

rence. A half or more of all the liver cells may be killed and they

may all be regenerated in two weeks time (central necrosis, acute

yellow atrophy.) In alcoholic cirrhosis mitotic figures occur along-

side of other liver cells undergoing hyaline degeneration and nec-

rosis. The finding of numerous mitotic figures, as sometimes oc-

curs, in an otherwise normal looking liver suggests that there has

been a previous fairly extensive necrosis of liver cells.

Circulatory Disturbances

Congestion.—Acute congestion of the liver leads to dilatation

of the sinusoids around the hepatic veins, so that the centers of

the lobules appear hyperemic and conspicuous and the liver as a

whole may be enlarged. As a result of the distended sinusoids

the intervening liver cells are narrowed and elongated. If the

liver cells around the hepatic veins are infiltrated with fat the

congestion is confined to the midzonal region because the cells

containing fat are not easily compressible.
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Chronic Passive Congestion.—Owing to cardiac and other
lesions which interfere with the normal circulation congestion of

the hver is a condition which often persists for months and years.

It is usually taught that under these circumstances the liver cells

around the hepatic veins disappear as a result of pressure and
malnutrition, although in the adrenal and other organs back
pressure does not cause important functioning cells to atrophy.

In a certain proportion of livers, however, the liver cells do not
disappear; they may be stretched and thirmed, but remain other-

wise perfectly preserved, even after years of cardiac insufficiency.

The reason is that the liver cells disappear, not as the result of

pressure, but of a complicating lesion, namely, toxic necrosis, a
relatively common lesion of the liver as will be shown later. This

form of necrosis affects the cells around the hepatic veins. Under
ordinary conditions the liver cells are usually quickly regenerated,

but in chronic passive congestion regeneration does not take place.

This is due, perhaps, to the fact that the necrosis under these

conditions is always of the hemorrhagic type.

In many livers the necrosis has occurred only a short time before

death. It is then easy to demonstrate the necrotic cells in the

midst of the hemorrhage which so distends the trabecular spaces

(that is, the spaces normally filled by the columns or trabeculse of

liver cells) that the sinusoids are compressed. If the liver cells,

as often happens, have completely disappeared, then the trabecu-

lar spaces filled with blood are usually mistaken for dilated sinu-

soids, while the latter being compressed are entirely overlooked.

Gradually the blood in the trabecular spaces is removed by
the action of endothelial leukocytes which become filled with

pigment and remain behind for a long time : the sinusoids again

dilate, the connective tissue contracts, and the liver shrinks. The
result is a small, dense, indurated liver showing microscopically

in each lobule a slight central sclerosis.

If the cells around the hepatic veins are infiltrated with fat

the disappearance of liver cells may be confined to the midzonal

region. Occasionally a liver will show disappearance of the

Hver cells in the centers of the lobules with a recent necrosis in

the midzonal region.

Hemorrhage.—Two types of hemorrhage are found in the

liver; in one the blood escapes passively and uniformly; in the

other it is forced out under pressure.

Necrosis of liver cells in cases of chronic passive congestion is

always comphcated with hemorrhage which is usually limited to

the areas affected, either the center of the lobule or the midzonal

region. Very rarely it may be more extensive and involve entire

lobules so that large hemorrhagic areas are formed.
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In eclampsia, to be spoken of again, the hemorrhages vary,
greatly in extent, but they always start in the region of the portal
vessels and the blood is driven under pressure into the hver cells,

often disrupting them.
Infarction.—Infarctions in the liver from obstruction of branches

of the hepatic artery are very rare.

Edema.—In edema the fluid collects between the liver columns
and the walls of the sinusoids, causing more or less compression of

the latter. In fixed tissue the only evidence of the edema is

finely granular material, the coagulated albumin, left behind.

Edema may cause considerable enlargement of the liver, 1950
grams in one case.

Mechanical Lesions

Bile Stasis.—When the outflow of the bile from the liver or

any part of it is prevented the bile ducts and capillaries back of

the obstruction become distended, often to a marked degree. If

the obstruction affects the common bile duct a uniformly

distributed general bile stasis occurs. If small bile ducts here

and there are blocked then a focal bile stasis results. General
bile stasis is usually caused by a calculus in the common bile duct
or by a cancer involving it. Focal bile stasis is common in dif-

ferent forms of sclerosis of the liver, where it is due to con-

striction of bile ducts by contracted connective tissue; and in

infectious processes extending along the bile ducts, where the

inflammatory exudate present more or less prevents the escape of

the bile.

When general bile stasis exists, unless the liver is hardened in

toto, the bile quickly escapes from the dilated bile ducts and also

from the bile capillaries near the portal vessels as soon as the organ

is sectioned, and these vessels contract. As a consequence, on
microscopic examination after fixation the bile is found, as a
rule, only in the bile capillaries around the hepatic veins. In

focal bile stasis, however, the bile ducts are occasionally found
distended with bile.

On microscopic examination of the liver, in which general bile

stasis has existed, the bile is found in masses distending the bile

capillaries around the hepatic veins. It also occurs as a fine

meshwork where secreted within the cjrtoplasm of the liver cells,

being unable to flow out into the bile capillaries. It collects in

the form of granules and small irregular, usually elongated masses,

and mechanically or chemically often leads to necrosis of the af-

fected cells. Occasional mitotic figures show that regeneration

of the liver cells may take place. Microscopic evidence certainly

favors the view that it is chiefly the liver cells around the hepatic
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veins in the inner half or less of the lol)ule, which are concerned
with the secretion of bile. The cells around the portal vessels

never show the same changes.

If the obstruction is complete and persistent, the inspissated

bile frequently breaks through the wall of the liver cells surround-

ing it and escapes into the lymph-space lying between the rows of

liver cells and the walls of the sinusoids. Here the masses of bile

are taken up by endothelial leukocjdes, which migrate into the

space, and are gradually dissolved. Frequently in small areas

the endothelial leukocytes outnuml^er the liver cells.

Fig. 377.—Liver. Bile stasis. Inspissated bile in dilated capillaries; also

within endothelial leukocytes.

The presence of occasional pigmented endothelial leukocytes

in the lymph-channels around the portal vessels indicate that a

little, at least, of the dissolved bile enters the circulation in that

way. On the other hand, the endothelial cells lining the sinusoids

are usually pigmented onlj' in the neighborhood of the hepatic

vein, where the inspissated l)ile escapes from the bile capillaries

and is dissolved by the action of endothelial leukocytes. This

relation of escaping bile and pigmented endothelial cells suggests

that a part at least, perhaps most, of the bile enters the circulation

directly ijy o.smosis through the endothelial cells lining the sinu-
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soids. This view is favored by recent experimental work on

dogs which shows that the bile does not enter the circulation

through the thoracic duct.

Some of the masses of bile in the bile capillaries and in the

cytoplasm of the liver cells may be set free by necrosis of the cells,

but apparently no extensive necrosis of liver cells is caused simply

by the bile being dammed back, and no sclerosis aroimd the

hepatic veins results.

On the other hand, no lesion of any sort is formed in the region

of the portal vessels from simple uncomplicated bile stasis. If

infection of the bile ducts occurs, however, a very different ap-

pearance is caused, as will be described later.

In focal bile stasis the cell changes due to the distention of the

bile capillaries are similar to those already described, but may
occur in any part of a lobule or throughout it in the areas affected.

As a result of general stasis of bile around the hepatic veins,

the centers of the lobules appear yellowish green to dark green on
section, in more or less well marked contrast to the lighter stained

peripheries.

In focal bile stasis the affected areas stand out distinctly of a

dark green color.

Hemochromatosis.—In the pathologic condition knomi as

hemochromatosis, the liver cells often contain much pigment in

the form of granules which give the reaction for hemosiderin. The
cause of the pigmentation is not known. In addition, numerous
endothelial leukocytes filled with blood pigment collect often in

large numbers in the lymphatic spaces and vessels of the liver,

chiefly around the portal vessels, but also to some extent around

the hepatic vein, and irregularly throughout the lobule between
the liver cells and the walls of the sinusoids. When this process

is extensive it leads to the production of a large, smooth liver

which weighed, in one instance from a woman, 2500 grams. In

time, more or less of the pigment is changed and dissolved by the

endothelial leukocytes which then disappear leaving dense fibrous

tissue in places more or less free of pigment. By contraction of

this fibrous tissue later, a certain amount of injury is probably

caused to the liver cells. The end result is marked sclerosis of the

liver characterized by more or less pigmentation. The nature

of the lesion is not yet understood; it may be mechanical as here

intimated or it may be toxic.

Carbon.—Very rarely carbon is transported to the liver,

probably in endothelial leukocytes. It is carried by them into

the lymph-spaces and vessels, especially around the portal vessels,

in the same way that blood pigment is, in hemochromatosis. The
result is the same, a sclerosis of the hver, due apparently to

32
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mechanicai causes. Very rarely this deposit of carbon with
resulting sclerosis is sufficient to deserve the designation of cir-

rhosis.

Toxic Lesions

Introduction.-—Lesions of toxic origin probably play a more
important part in the pathology of the liver than in that of any
other organ. The toxins are of various origins, but chiefly derived

from bacteria, although some other substances such as alcohol

seem to play an important role. They lead to a variety of retro-

grade changes in the hver cells of which the most marked and
characteristic is necrosis. As a result necrosis of liver cells is an
important lesion and may give rise to striking gross and micro-

scopic pictures.

Necrosis may affect single cells, clumps of cells, or definite

small and large areas of them. Hemorrhage frequently compli-

cates the necrosis and masks the essential lesion.

Some necroses are recognized and named as such (central,

midzonal, focal necroses) : others occur in processes which are best

known under clinical names and often pass imnoticed because
secondary features are more prominent (acute yellow atrophy,

alcoholic cirrhosis). Strangely enough these lesions, which are

perfectly analogous to inflammatory lesions of other organs, are

rarely classed under the term acute and chronic hepatitis where
they rightfully belong.

Central Necrosis.—Necrosis of liver cells in a definite area

surroimding the hepatic vein in every lobule is a common lesion.

The term central necrosis has been applied to it. This form of

necrosis is clearly toxic in origin and follows infection with a large

variety of micro-organisms, but especially with the streptococcus

pyogenes and the pneumococciis.

Necrosis around the hepatic veins is often very extensive, so

that only a few rows of liver cells are left intact immediately aroimd
the portal vessels. In other cases the lesions are slight and may
affect the cells uniformly around every hepatic vein, or only large

or small areas of them on one of more sides of the vein. By
their form and grouping they may suggest focal necroses, but

unlike these lesions they never abut on the portal vessels.

This type of necrosis of liver cells is frequently preceded by
hydropic degeneration. Small vacuoles, often many in number,
form in the cytoplasm of the affected cells and suggest spaces

occupied in life by fat, but in each vacuole is a minute hyaline

ball; later fibrin threads and even occasionally fibrin networks

appear. Then the albuminous granules disappear, and the cyto-

plasm becomes homogeneous and stains intensely with eosin.
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The nucleus at first stains uniformly and deeply with nuclear

dyes, and then disappears.

The necrotic cells soon separate from each other. As a result

of the necrosis and accompanying it an acute inflammatory exuda-

tion, consisting of serum and polymorphonuclear or endothelial

leukocytes or of both, takes place into the trabecular spaces.

The leukocytes invade the necrotic liver cells and bring about

their chssolution and chsappearance.

Central necrosis is usually a terminal lesion, that is, it occurs

shortly before death, but if the patient recovers the cells gradually

disappear, regeneration of the liver cells as a rule occurs, and the

trabecule of liver cells are completely restored in from one to two

weeks so far as can be judged from the study of similar lesions pro-

duced in animals by chloroform inhalation. Occasionally human

>!! j._ ^ ",o . .
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Fig. 378.—Extreme decree of central Fig. 379.—Healed central neci-o-

necrosis of liver. si.s of liver without regeneration of

liver cells.

cases come to autopsy in which active regeneration is evidenced by
numerous mitotic figures in the liver cells at the edge of the necrosis.

Rarely this type of necrosis of liver cells is limited to a zone of

varying width, sometimes narrow, sometimes broad, between the

hepatic and portal vessels, the so-called midzonal necrosis. This

type of lesion seems to be due, at least in some instances, to

fatty infiltration of the liver cells around the hepatic veiti, which

in some cases, not in all, enables the cells better to resist the

toxemia to which the others succumb.

The gross appearances of central necrosis are not striking; the

degenerated areas appear yellow and opaque. Marked cases

suggest fatty infiltration around the hepatic veins. If congestion

is present the lesion may be entirely masked; washing off the

blood usually renders it visible.
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Central necrosis is followed )jy no reaction on tlie part of the

connective-tissue cells. If, as rarely happens except in chronic

j^assive congestion, regeneration does not take place, the center

of the lobule collapses, the trabecular spaces are obliterated except

for the presence of a few pigmented endothelial leukocytes, the

c d

Fig. 3S0.

—

a, Simple chronic passive congestion of liver; h, central ne-

crosis of Ii^er complicated by hemorrhage in consequence of chronic passive

congestion; sinusoids ahnost empty; c, sinusoids almost empty; necrotic

hvor cells beginning to disappear; d, sinusoids almost empty. Necrotic h^'cr

cells have disappeared. Their place is occupied by red blood-corpuscles.

loliulcs shrink, the coimective tissue contracts and thickens up,

and the liver as a whole may suggest a slight uniform cirrhotic

process.

Fil)rin sometimes forms in the traljecular spaces around the
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necrotic cells. More often it appears in the sinusoids as thrombi

secondary to the necrosis of the cells.

Central Necrosis with Hemorrhage.—In cases of congestion,

especially of the chronic passive type, a necrosis occurring around

the hepatic veins is usually complicated by a uniformly distributed

hemorrhage into the trabecular spaces around the separated

necrotic liver cells. As a result of the hemorrhage the distended

trabecular spaces strongly suggest dilated sinusoids. This is

particularly true when the necrotic cells have more or less com-

pletely disappeared. As a matter of fact the sinusoids are usually

compressed as a result of the hemorrhage. Midzonal necrosis

may be complicated with hemorrhage in the same way.

Fig. 381.—Liver. Acute yellow atrophy. Two or three liver cells con-

taining fat present. Many endothelial leuJiocytes in spaces formerly occupied
by liver cells. M. and B.

The hemorrhagic type of necrosis may be suspected, but is not

readily recognized at the autopsy table. If the necrotic cells are

still present the centers of the lobules on section are not depressed,

and on washing off the blood the surface may appear yellowish

and opaque. Microscopically, this form of necrosis has in the past

been commonly overlooked.

Acute Yellow Atrophy.—In certain cases of central necrosis

the process may be so extensive as to kill every liver cell over a

large area. Only the bile ducts, the blood-vessels and sinusoids,

and the connective tissue are left intact. If the patient lives for a
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Fig. 382.—Acute yellow atrophy of liver. Several liver cells containing fat-

droplets; many endothelial leukocytes, some with pigment in them.

^»==^-«;.>-^,^s!Sj^_

Fig. 383.—Healed stage of acute yellow atrophy of liver. Illustration
shows one lobule; aU liver cells gone. ProUferation of bile duct epithelium,
but no liver cells formed. M. and B.
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certain length of time (one to several weeks) the necrotic cells are

rapidly invaded and removed by the action of leukocytes, especially

of the endothelial type. The liver cells left in certain parts re-

generate actively, but in the large areas where there are none only

the bile-duct epithelium proliferates. It leads to prolongations of

the bile ducts which stretch out towards the hepatic veins, but

they do not produce liver cells. In these areas the form of the

lobule and the arrangement of the vessels remain perfect but much
shrunken. The connective-tissue cells show little or no prolifera-

tive activity.

This stage of the removal of the necrotic liver cells and of

regeneration and repair following extensive necrosis gives rise to

:a;4;:--'i?^M^^^' i
Fig 384—^Liver Healed stage of acute yellow atrophy Regenerated

liver cells on left. The rest consists of atrophied liver lobules with bile ducts
at their peripheries. M. and B.

certain anatomic changes and to certain clinical symptoms depend-

ent on them to which the term acute yellow atrophy is applied,

yellow because the patients are always jaundiced, atrophy be-

cause the liver is much diminished in size.

The gross appearances of the liver fouind postmortem vary
greatly, according to the length of time which intervenes between

the liver-cell necrosis and the death of the patient. At the end
of about one week the liver cells have to a large extent been dis-

solved and removed. Their place is occupied by a variable

number of endothelial leukocytes. The liver has shrunken to one-

half or even almost to one-third of its normal size (595 and 600
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grams respectively in two instances). Here and there, especially

around the portal vessels, single living liver cells and small groups

of them may be found. In gross the liver is uniformly greatly

diminished in size. Its edges are thin and its surface is delicately

wrinkled. It is noticeably flaccid and can be easily rolled upon
itself. Its color is yellowish red.

In case the patient lives two to four weeks or more, regeneration

of the liver cells plays an important part and alters the gross

appearance of the organ. In those parts of the liver where the

hepatic cells remain uninjured around the portal vessels, the

lobules may be completely regenerated and those parts of the liver

distended up to their normal size again (or possibly even beyond

that as the result of compensatory hyperplasia). In other lobules

vv^here only one or more cells remained uninjured, only small clumps

of cells result from regeneration. In those areas where necrosis

of all the liver cells took place, the shrunken lobules persist with a

network of capillary-like vessels at the center around the hepatic

veins, and small bile ducts stretching cut towards them from the

portal vessels at the periphery.

In consequence of these regenerative changes a liver at this

stage of the process looks as though only a part of it had origin-

ally been injured and it weighs more than at the earlier stage

(960 grams in one instance). The regenerated areas appear of

an intense yellow hue due to bile staining of the regenerated

liver cells. The atrophied portions are of a brownish or reddish

color, owing to little else remaining than sinusoids filled with

blood.

Toxic Cirrhosis.—If the patient makes a complete recovery

the liver remains sclerosed in the atrophied portions, and when
found postmortem is classified under the general term cirrhosis,

of which condition it forms one interesting type. It represents

the healed stage following extensive sudden necrosis of liver cells.

The lesion is of acute toxic origin, hence the designation, toxic

cirrhosis. In contrast with the other forms of cirrhosis, toxic

cirrhosis is not a progressive chronic process, but an end pro-

duct.

Chloroform Necrosis.—Central necrosis of toxic origin is readily

produced in animals by subjecting them to chloroform narcosis

for an hour or two. The same type of lesion affecting three-fourths

of every lobule occurred in a woman who died three days after

drinking four ounces of chloroform.

Alcoholic Cirrhosis.—In the chronic, progressive, alcoholic

type of cirrhosis there occurs a peculiar form of necrosis of the

liver cells, which seems to be characteristic of it. The cytoplasm

of the cells first undergoes a degenerative change in consequence
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of which an irregular, coarse, hyaline meshwork appears in It.

This meshwork stains deeply with eosin and with phosphotungstic

acid hematoxylin after fixation in Zenker's fluid. This degenera-

tive change may attack single cells or small or large groups of

them; it maj' occur focally or verj' diffusely. The afi'ected cells

may Ije situated in any part of the lol^ule, but lie most commonly,
perhaps, in the region of the portal vessels, and sometimes are

sharply limited to that location.

The affected cells and the nuclei within them are usually

swollen. After the hyaline change has reached a certain degree

of intensity the cells are surrounded and invaded by numerous
polymorphonuclear or entlothelial leukocytes (sometimes the one,

Fig. 3S5.—Liver. Alcoholic cirrhosis. Hyaline droplets appearing in cyto-
plasm of liver cells and fusing together.

sometimes the other), which dissolve the cells, the hyaline retic-

ulum la.st, and thus bring about their disappearance.

Along mth this hyaline change and destruction of the liver

cells there occurs active regeneration as evidenced by occasional

mitotic figures in adjoining liver cells. There is also more or less

proliferative activity on the jiart of the fibrobla.sts resulting in

increase of connective tissue.

These different processes of hyaline degeneration ending in

necrosis, of leukocytic infiltration, of regeneration of liver cells,

and of increase in the amount of connective tissue when extensive,

diffuse, and acute, lead to considerable increase in the size and
weight of the liver (2400 gram.s in one instance). The surface of

such a liver is smooth and on section the cut surface is uniformly
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even, the lobulation indistinct, and the consistence much increased

so that the liver tissue tears with difficulty. In other cases the

various changes are much less extensive and hence more chronic,

because they do not cause death so quickly.

Even in the latest stages of alcoholic cirrhosis, however, it is

usually possible to find liver cells undergoing the peculiar hj'aline

change which seems to be characteristic of this process. Still it

is not possible to deny that this destructive hyaline change may
cease entirely and leave nothing Ijut the sclerosis as evidence of

what has taken place.

€v
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Fi". 3S6.—Liver. Alcoholic cirrhosis. Liver cells containing hyalin under-

going necrosis and attracting chiefly polymorphonuclear leukocytes.

The increase in the amount of coimective tissue causes trouble

later, when it contracts, by occluding bile ducts aiid blood-vessels

here and there throughout the liver. Obstruction of the bile

ducts results in focal bile stasis so that scattered areas appear

dark green. In these areas the bile capillaries are often greatly

distended and in places ruptured so that masses of inspissated

bile have escaped into the lymph-spaces, between the liver trabec-
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ulae and the walls of the sinusoids. Here the masses are taken up
by endothelial leukocytes and dissolved just as in ordinary gen-

eralized bile stasis due to obstruction of the common duct.

It is not at all uncommon to find all these different processes

(hyaline degeneration, leukocytic infiltration, regeneration, pro-

liferation of coimective tissue, and focal bile stasis) present in one
and the same fiver section.

The obstruction to the general flow of blood through the

vessels resulting in portal stasis and ascites needs no mention
here.

This type of cirrhosis is very commonly complicated by fatty

infiltration which leads to marked increase in the weight of the

liver (3315 and 3580 grams in two instances, and greater weights

are on record). As a rule, the clinician's diagnosis of hyper-

trophic cirrhosis proves to be of this nature. So far as can be
-determined from histologic observation, the presence of the fat

interferes in no way with the degenerative process. Cells filled

Tvith one or more fat vacuoles undergo hyaline change like the

others.

The cause of the increase of the connective tissue in this type

of cirrhosis is not perfectly obvious. The primary injury affects

the liver cells and is followed by more or less regeneration of

them. We have seen clearly in the preceding type of cirrhosis

(that folloAving extensive central necrosis), that injury to the liver

cells alone does not result in prohferation of fibroblasts. On the

other hand we have, in alcoholic cirrhosis, around and invading

each necrotic cell, an acute inflammatory exudate of leukoc3d;es

which must cause more or less stretching of the connective tissue.

The injury which results in proliferation of fibroblasts seems,

therefore, as in pigment cirrhosis, to be mechanical in origin, not

toxic. On the other hand, the hyaline material set free by necrosis

of the liver cell may have an injurious effect on fibroblasts as a

result of which regeneration of them takes place.

If we leave tumors out of the question, the only other cause,

besides direct toxic or mechanical injury to fibroblasts which

-stimulates them to proliferate, is the presence of fibrin and that

plays no part in this form of cirrhosis.

Experimental Production of Alcoholic Cirrhosis.—No one has

ever been able to produce cirrhosis of the fiver in animals by the

administration of alcohol, although the attempt has been made
repeatedly. On this account many investigators have befieved

that the injurious agent in alcohofic beverages must be some con-

taminating substance.

Lead-salts given to rabbits and other animals in amounts just

below the minimum fatal dose will produce in a few days a hyaUne
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lesion in the liver cells similar in all respects to that found in the
alcoholic cirrhosis of man. Some of the cells undergo necrosis

and are removed by the digestive action of leukocjrtes. Re-
generation of liver cells is shown by mitotic figures. This obser-

vation suggests that the so-called alcohohc cirrhosis of man may
possibly be due to lead. The source of the lead is not easy to

determine, but it is known that acetate of lead has been used to

sweeten sour wines. Further experimental work along these

lines is in progress.

Infectious Lesions

Introduction.—Infectious lesions in the hver due to the actual

presence of the injurious agents are not so important as the toxic

lesions, but they occur fairly commonly and are due to a con-

siderable variety of micro-organisms. Some of these micro-

organisms concerned can be grouped and considered together;

others will have to be treated separately.

Infection of the hver may occur by direct continuity or by way
of the hepatic artery, the portal vein, or the common bile duct;

possibly also through the lymphatics. Infection with certain

micro-organisms is common by one route, with other organisms
by other routes. In pylephlebitis secondary to lesions of the

appendix and intestines, the infectious thrombi may extend directly

into the liver.

Abscess.—By whatever route the common pus-producing

micro-organisms gain access to the liver, they usually cause, in

the first place, necrosis of the liver and other cells in the areas

affected. Along with the necrosis or following it there occurs an
acute inflammatory exudation with softening of the destroyed

tissues. The abscess thus formed usually continues to enlarge and
may coalesce with others in the neighborhood. Such abscesses

may break into the veins or into the peritoneal cavity. If the

bacteria are killed off the abscess may be encapsulated by a wall

of granulation tissue which gradually contracts and ends finally

as scar tissue.

Infectious Cirrhosis.—When bile stasis exists from obstruction

of the common bile duct, infection along the duct is not infre-

quent. Of greater importance, however, are cases of primary
infection along the bile ducts. This condition apparently oc-

curs most frequently in children. It is attended with fever,

jaundice, and often rapid enlargement of the liver. In one acute

case the etiologic agent was a Gram-negative bacillus, probably

bacillus coli. The lesion consists of an inflammatory exudation

in the bile ducts and in the periportal connective tissue. Where
the lesion is acute the exudation consists of polymorphonuclear
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leukocytes, serum, and filirin. Wliere the process is less acti^-e

the exudation consists cliiefiy of endothelial k'ukoc>'tes, many of

which are phagocytic and contain fragments of cells. Mitosis in

endothelial leukocytes is found occasionally. L\Tnphocytes are

]5resent in relatively small numbers. Proliferative reaction on the

l^art of the filDroblasts is well marked and evidently follows

injury to the comiective-tissue cells by the toxins from the bacteria.

The bile ducts are much distended by the inflammatory ex-

udation into them, and in places the lining epithelium has been

entirel}' destroyed. The connective tissue surrounchng the l)ile

ducts and portal vessels is greatly distended Ijv the exudation which

fills all the lymph-vesscls and s]3aces so that the ]X)rtal tissues

0.@S^H!^
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Fig. 3S7.—Liver. Infectious cirrhosis, early stage. Bacilli just outside of

bile duct. Exudation of leukocytes within and outside of duct.

show up as broad bands. In many jilaces the lesion is encroaching

on the adjoining hver cells, which show first a marked granular

tlegeneration of the cytoplasm and then necrosis. Invasion and
dissolution by leukocytes follow. In this way the lesion spreads

more or less irregularly towards the hepatic veins.

In those parts where tfie lesion is older and the exudation is

less active the bile-ducts are dilated and a])]3ear much increased

in numl)er, as though a diffuse bile-duct adenoma were present in

the liver. This appearance is probably due to contraction fol-

lomng marked dilatation and stretching of the ducts when the

lesioir was more acute.

In many places the inflammatory exudation in the smaller

bile ducts leads to occlusion of them and to olistruction to the out-
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flow of bile, which appears in the ducts above the point of ob-
struction in the form of yelloTOsh green inspissated masses. The
obstruction is focal only, however, not general, and this accounts

for the moderate degree of jaundice produced.

This type of infection is hkely to recur so that much destruc-

tion of liver cells and production of comiective tissue may occur.

In one case a typical coarsely lobulated hver was produced in a
boy of fourteen in about six months by three attacks. The
situation of the lesion chiefly around the portal vessels seems to

be fairly characteristic. In two infants born jaundiced the

common bile ducts were found obliterated, and the bile ducts

throughout the liver were surrounded by a thick zone of fibrous

tissue. This condition suggests strongly an intra-uterine infection

extending along the bile ducts. This type of lesion resulting in

sclerosis (infectious cirrhosis) corresponds to acute and chronic

pyelonephritis in the kidney, often due to the colon bacillus.

Fig. 388.—Liver. Infectious cirrhosis, early stage. Bile duct distended with
endothelial luekocytes.

Tuberculosis.—Three cUfferent types of lesions, due to the

tubercle bacillus, are recognized in the liver,—miliary tubercu-

losis, solitary tubercle, and bile-duct tuberculosis.

Mihary tuberculosis is the most common type of le.sion. The
tubercles may be easily visible to the naked eye, or so small

that they are found only on microscopic examination. They may
occur as part of a generahzed miliary tuberculosis, or be found
here practically alone. Tubercle bacilli which get into the cir-

culation are more likely to be stopped in the liver than in any other

organ. On the other hand, the miliary tubercles do not tend to

enlarge into conglomerate tubercles and large caseous masses.

In the miliary tubercles giant-cells are sometimes prominent; at

other times they may be entirely al^sent. In these latter cases

they may suggest focal necrosis, but the presence of an old tuber-

culous focus elsewhere in the body suggests their origin. Certainty
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is obtained by demonstrating tubercle bacilli by the usual stain-

ing methods.

Occasionally miliary tubercles continue to spread until large

tuberculous nodules, solitary tubercles, are produced. Such
nodules may be single or multiple and may be difficult to differ-

entiate in gross from early gummas.
In some cases of miliary tuberculosis where the infecting organ-

isms are numerous, many tubercle bacilli may be carried to the
lymph-spaces and vessels in the periportal connective tissue, and
lead to a fairly diffuse tuberculous process around the bile ducts.

Such a process may possibly result in sclerosis of the liver. Occa-
sionally a similar infection may take place without much tubercu-

losis elsewhere in the Uver and cause a well marked chronic

tuberculous process. The bile ducts in the center may be
destroyed or invaded, so that bile escapes into the softened

centers of the tuberculous lesions and stains them. The process

seems to extend chiefly around and along the bile ducts rather

than through them, although the latter mode of extension is not
impossible.

Syphilitic Cirrhosis.—Syphilitic infection of the liver is usually

divided into two tjrpes, the congenital and the acquired. In the

congenital type a diffuse lesion predominates, in the acquired a
focal lesion, but the two types of lesions are often combined in the

congenital form and may coexist to some extent in the acquired.

In congenital syphilis the treponemas cause a slight inflam-

matory exudation and much reparative proliferation of the con-

nective-tissue cells lying between the liver cells and the walls of

the sinusoids. As a result of the active and continued proliferation

of the fibroblasts, due to efforts at regeneration, the connective

tissue increases greatly in amount. This is shown by the fact

that where the treponemas are most numerous the connective

tissue is most abundant. Later, as the collagen fibrils contract

the liver cells are compressed and more or less atrophy of them
accordingly results. This diffuse type of lesion, resulting in pri-

mary increase of connective tissue and secondary atrophy of liver

cells, is perfectly well recognized as characteristic of congenital

syphilis. It is not infrequently complicated with focal lesions

(miliary and larger gummas) due to occlusion of blood-vessels,

necrosis of the liver and other cells in the area affected, and in-

flammatory infiltration with serum and poljmaorphonuclear or

endothelial leukocytes.

In acquired syphilis the primary lesion is rarely or never

distributed uniformly throughout the organ, but affects larger

and smaller foci only and leads usually, perhaps always, to necrosis

and inflammatory inflltration, forming the characteristic gummas
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of this type of infection, which later may heal and contract, re-

sulting in deep scars and more or less lobulation of the Uver.

Actinomyces.—The actinomyces may reach the liver by direct

extension through the diaphragm from the limg, perhaps the more
common route of invasion, or through the circulation. It causes

focal and conglomerate lesions consisting of an acute inflammatory

exudation around the organisms, and of active proliferation of

the adjoining connective tissue.

The actinomyces may occur in typical colonies surrounded

by clubs. As a rule, hovvever, growth is so free and imobstructed

that the organism grows in loose or compact tangles of filaments

without club-formation, or as single elements or threads extending

through the exudation.

The leukocytes in the exudation are chiefly polymorphonuclear,

but endothelial leukocytes are usually present also in varying

proportions. They frequently contain the organism in the form
of bacilli or short filaments; occasionally clubs are found in them.

Little or no fibrin is present in the lesion. Regeneration of the

surrounding connective tissue is usually very active, unless the

inflammatory process is extending too rapidly.

Macroscopically the acute lesions appear as small focal and large

conglomerate, soft, yellow, opaque areas resembling necrosis. On
pressure a yellowish white creamy pus can be squeezed from them.

When the process is chronic in type the proliferated connective

tissue forms a coarse sponge-like meshwork in which the holes are

filled with pus surrounding the actinomyces colonies.

Malaria.—Malarial infection does not cause any marked
changes in the liver beyond pigmentation. This is because the

essential pathologic process takes place in the circulating blood.

The endothelial cells lining the sinusoids incorporate red

blood-corpuscles in which the malarial organisms have lived and
developed melanin. The result is that these endothelial cells very

generally throughout the lobule contain small and large masses of

melanin in their cytoplasm. In addition, an occasional endothe-

lial leukocyte free in the blood contains similar masses of pigment.

Evidently these cells are able gradually to dissolve the melanin be-

cause it does not accumulate to any great extent in the liver.

Only a few endothelial leukocytes migrate with their pigment to

the periportal connective tissue and lodge there. It is possible

that in cases of long standing malarial infection this accumula-

tion of endotheUal leukocytes containing melanin might become a

marked lesion and lead mechanically to one of the types of sclerosis.

Sclerosis (Cirrhosis) of the Liver.—To the clinician the term
cirrhosis usually means a chronic, progressive, destructive lesion

of the liver, combined with reparative activity and contraction
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on the part of the connective tissue. This contraction of the con-

nective tissue may lead to obstruction of bile ducts, causing more
or less jaundice, and to interference with the flow of blood through

the blood-vessels resulting in portal congestion and ascites.

The pathologist uses the term cirrhosis in a broader sense.

He applies it to all sclerosed conditions of the liver, whether pro-

gressive or not, in which destruction of liver cells is associated with

real or apparent increase of connective tissue.

As can be seen from the study of the different kinds of lesions

described as occurring in the liver, a number of them may termi-

nate in sclerosis of the organ. They may be summarized as follows.

Sclerosis of Mechanical Origin.—
1. Pigment cirrhosis occurring in hemochromatosis.

2. Carbon cirrhosis.

Sclerosis of Toxic Origin.—
3. Toxic cirrhosis following central necrosis and acute yellow

atrophy.

4. Alcoholic cirrhosis.

Sclerosis of Infectious Origin.—
5. Infectious cirrhosis due to extension of bacteria along and

around the bile ducts.

6. Syphilitic cirrhosis due to the treponema pallidum.

7. Tuberculous cirrhosis due to the tubercle bacillus.

Sclerosis of Tumor Origin.—
8. Primary scirrhous carcinoma of the liver.

Of two types of sclerosis, due respectively to carbon and to the

tubercle bacillus, but one example of each has been reported so

that they may practically be neglected. Sclerosis due to malig-

nant disease is ordinarily classed under tumors, but deserves to be
considered here because the clinical symptoms and gross anatomic

appearance may be identical with sclerosis of other origin.

Toxic cirrhosis following central necrosis and acute yellow

atrophy is of acute origin; all the other forms are steadily pro-

gressive, therefore chronic by nature.

The terms hypertrophic and atrophic cirrhosis cause the student

and the clinician much trouble. This analysis of these several types

of lesions shows that we may get a large, hypertrophied, smooth
liver in at least three of them,—in infectious, pigment, and alco-

holic cirrhosis. It is due in each instance to an extensive, diffuse,

acute process. If the acute lesion ceases and healing takes place, or

if the process is of moderate intensity and long duration, so that

healing and scar tissue are more prominent than degeneration and
exudation, the liver will diminish in size below the normal. The
cirrhotic liver following central necrosis is necessarily at all stages

below the normal weight.

33
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Atrophic cirrhosis simply means a liver in which a large pro-

portion of the liver cells have been destroyed and have disappeared,

while the existing and new-formed connective tissue has been
rendered unduly prominent.

The terms monolobular and multilobular cirrhosis are also

extremely confusing. They state only a relation between masses
of liver cells which rarely correspond to liver lobules and strands

of connective tissue. They do not in the least explain the nature

of the process. In infectious cirrhosis of bacterial origin the lesion

is confined quite uniformly to the portal vessels; the same is true

to a less degree of pigment cirrhosis. If, after old custom, the hep-

atic vein is taken as the center of the lobule, then the two types of

cirrhosis may be said, perhaps, to deserve the term monolobular.

In syphilitic cirrhosis of the diffuse type the sclerosis spreads

quite evenly throughout every lobule.

In cirrhosis following central necrosis, large groups of lobules

are completely sclerosed, while other large groups may be perfectly

normal or hyperplastic. The lesion is most irregular in distribu-

tion.

In alcoholic cirrhosis the distribution and intensity of the

degenerative process vary greatly in different cases, and the in-

crease of the connective tissue follows in the same lines. It often

cuts into lobules in every direction. At other times it is fairly

regular in its distribution. As a rule, however, the lobular ar-

rangement is quickly distorted. Hepatic veins are hard to find.

Sometimes the more normal areas are small, at other times large,

so that on gross examination either term, mono- or multilobular,

might be appropriate. It must also be borne in mind that re-

generation of liver cells plays an important r61e in alcoholic cir-

rhosis and may lead to comparatively large areas of newly-formed

liver cells, showing no lobular arrangement, containing no bile

ducts, and sometimes regarded as adenomas.

It would seem much wiser to discard these terms which do not
explain and serve only to confuse. They emphasize the wrong
end of a pathologic process and represent only the result of forces

acting against each other, the expanding efforts of regenerating

liver cells, the contracting force of proliferated fibroblasts which
tend to squeeze the surrounding liver cells into the smallest

compass, namely, into spherical masses.

It has long been a much disputed point, chiefly with reference

to the alcoholic type of cirrhosis, whether the number of bile

ducts in certain cases is greatly increased or whether many of

them are not compressed columns of liver cells. The type of

necrosis following central necrosis shows that bile ducts may grow
out to a considerable distance towards the hepatic vein. In
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infectious cirrhosis a similar prolongation of bile ducts may occur.

On the other hand, the dififuse form of syphilitic cirrhosis shows

that liver-cell trabeculse may be greatly compressed so as to

resemble to some extent bile ducts. Therefore, it is theoretically

possible that both true and apparent bile-duct formations may
occur in alcoholic cirrhosis. As a matter of fact both probably

do. If they are carefully studied after proper staining it will often

be found that in some of the epithelial cells composing them hyaline

material similar to that in the degenerating liver cells is present.

Likewise in alcoholic cirrhosis complicated with fatty infiltration

fat vacuoles will occasionally be found in the cells which look like

bile-duct epithelium. The presence of fat vacuoles and of the

hyaline material proves beyond question that the cells containing

them are compressed liver cells and not bile-duct epithelium.

Entameba Histol3rtica.—Infection takes place through the por-

tal circulation secondary to lesions of the intestinal tract. The or-

ganism causes large and small areas of necrosis, and abscesses

which may be of large size. The lesion consists chiefly of necrosis

and tissue solution. Inflammatory exudation is not prominent.

The amebse may be few or many in number. They may occur

alone or combined with various bacteria. There seems to be no
reason to doubt that they are able alone, without the aid of bac-

teria, to cause the lesions associated with them.

It is often possible to find amebse here and there in the sinusoids

without any lesion around them. As soon as several are present,

however, the neighboring liver and other cells undergo necrosis

and dissolution without any marked inflammatory reaction being

caused. The necrotic cells are gradually transformed into finely

granular material. Polymorphonuclear and endothelial leukocytes

may be attracted in small numbers, but likewise quickly undergo ne-

crosis and solution. Fibrin is often present in the wall of the cavity

formed in this way. Leukocytes of the lymphoblastic series are

usually fairly numerous outside of the fibrin and in the periportal

coimective tissue. Occasionally the lymphatics contain amebee

and endothelial leukocytes. The connective tissue shows little

or no evidence of regenerative activity. These lesions in the liver

due to the entameba histolytica are frequently complicated by
extensive central necrosis and by thrombophlebitis.

Macroscopically, the lesions appear as large and small areas of

necrosis and as abscesses which are often very extensive.

Jaundice.—Jaundice is the name apphed to the yellow hue
acquired by the skin, sclera, and internal organs and fluids when
they have been stained by bile pigments due to the presence of

bile in the blood. When the bile is large in amount and persists

for a long time the color may become brown or green. The
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liver usually appears the most deeply stained, generally a dark

green, because in addition to the diffuse bile staining, the lobules

often contain masses of inspissated bile in their centers around
the hepatic veins. The kidney comes next in intensity of color,

because in addition to the general staining its cells contain gran-

ules of bile pigment which is being excreted through them.

Jaundice usually results from general or focal bile stasis in the

liver and the escape of bile, as already explained, into the circula-

tion. General bile stasis is due to the occlusion of the common
or hepatic bile duct by calculus, cancer, gumma, cicatricial con-

traction and other causes. Focal bile stasis results from any
cause which occludes branches of the bile duct, such as cirrhosis,

tumor metastases, abscesses, infection of the bile ducts. In all

these instances the stasis of the bile and the escape of the inspis-

sated masses of it from the distended bile capillaries is readily dem-
onstrated microscopically.

Jaundice may follow central necrosis of liver cells, especially

the severer types of the lesion terminating in acute yellow atrophy.

Two reasons may be assigned for the jaundice; in the milder

lesions, owing to necrosis and dissolution of the liver cells, the

bile capillaries are left open at their outer ends toward the hepatic

vein so that the bile can easily escape; in the severer lesions single

hver cells and small groups of them are left without connection

with the bile ducts; the bile secreted by them necessarily escapes.

Jaundice may occur in midzonal necrosis apparently from the

same cause, a break in the continuity of the bile capillary system.

In this group of lesions no inspissated bile is found.

The cause of the jaundice occurring in septicemias with the

streptococcus pyogenes, pneumococcus, bacillus aerogenes cap-

sulatus, malaria organisms, etc., is not evident in sections morpho-
logically. Jaundice in lobar pneumonia may sometimes be the

result of a septicemia; in other instances a small amount of

inspissated bile may be found in the bile capillaries, but not out-

side of them. Although it is strongly denied by many investi-

gators, the possibility still exists that in some instances of jaun-

dice the bile pigment may originate from the blood pigment
outside the liver and independently of any hepatic action.

Eclampsia.—In the clinical condition known as eclampsia,

which sometimes comphcates pregnancy, at least two different

types of lesions may occur in the liver, hemorrhages and necroses.

The hemorrhages are much the more common and are very charac-

teristic. They occur around the portal vessels and beneath the

capsule and spread out from these points. The individual hem-
orrhages are minute and affect only single cells or small clumps of

them, but they are often grouped so as to form hemorrhagic
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areas of considerable size. The hemorrhages- sometimes extend
as far as the hepatic veins in the centers of the lobules, but
usually not beyond the midzonal region.

The hemorrhages show that the blood escapes under consider-

able pressure; the affected liver cells are usually much flattened

and forced from the side on which the blood entered the trabecular

space. Sometimes the blood seems to have been driven into the

liver cells and to have disrupted them. No such evidence of pres-

sure exerted by the escaping blood is shown in the hemorrhagic
type of central necrosis. The evident pressure, therefore, suggests

that the blood comes from the arterial circulation under much ten-

sion and is probably con-

nected with the high blood

tension and the convul-

sions of eclamptic origin.

A peculiarity of these

hemorrhages is that fibrin

forms almost immediately

around the red blood-
corpuscles and injured

liver cells, and by its

presence greatly obscures

the lesion. The fibrin is

formed in greatest abun-

dance close to the portal

vessels and rapidly dimin-

ishes in amount away from

this region so that the

hemorrhages occurring in

the midzonal region usu-

ally contain little or none. Fibrin may also form secondarily in

the sinusoids within and adjoining the hemorrhagic areas and
may even extend out into the portal blood-vessels.

Following the hemorrhage the injured liver cells undergo

necrosis and are invaded and dissolved by endothelial leukocytes.

The red blood-corpuscles also may be engulfed and dissolved.

The necroses which occur in eclampsia are of two types, focal and
central. In my experience the focal variety is the more common.

The focal necroses may be small or large, and are usually more
or less midzonal in location, but may adjoin the hepatic vein or

the portal vessels. The affected cells undergo first an increase in

the size and perhaps in the number of the albuminous granules;

this is followed by a hyaline change in consequence of which the

cytoplasm of the cells stains intensely with acid dyes. They are

then invaded and dissolved by endothelial leukocytes.

Fig. 389.—Lesion in Kver in eclampsia.
Blood driven by force into liver-cell columns.
Much fibrin formation.
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Necrosis of the central type may affect the larger part of every
lobule. It usually occurs without the characteristic hemorrhages
and unquestionably, in some cases at least, is of bacterial origin

and due to infection following delivery. If chloroform has been
used as an anesthetic another cause for the central necrosis is per-

fectly evident.

No relation between the necroses and the hemorrhages can

be demonstrated, although the two types of lesions sometimes
involve the same areas. Apparently the blood escapes through

the walls of the sinusoids into the trabecular spaces at the points

where the pressure is greatest, and not because of any especial

preceding degeneration of the liver cells. The hemorrhages are,

therefore, to be regarded as mechanical in origin.

The hemorrhages form a characteristic lesion of eclampsia.

Some authorities regard them as diagnostic and believe that

without the presence of these lesions a diagnosis of eclampsia

should not be made. This view, however, does not seem tenable.

No one believes that the hemorrhages or the focal or central necroses

give rise to the symptoms of eclampsia; therefore they are not

the pathologic basis of the disease, which must be sought elsewhere.

They are frequent and characteristic complications, just as

typhoid lesions may perhaps invariably be found in the liver if

one will look for them : these latter form a characteristic lesion of

typhoid fever, but are not essential to its existence.

In favor of this point of view it may be stated that lesions,

identical with those in eclampsia in character and location, were
found in small numbers in the liver of a man fifty-eight years old

who died from pneumococcus septicemia, lobar pneumonia and
acute meningitis.

Focal Necroses.—Focal necrosis is the term applied to nec-

rosis of clumps of liver cells not lying in the center of the lobule

around the hepatic vein. The foci involved may consist of only

a few cells, or equal in size a miliary tubercle, or rarely be much
larger. The lesions may be situated in any part of the liver lobule,

but are most frequent near the portal vessels and in the midzonal

region. The condition of focal necrosis is much less common than
central necrosis.

Necrosis of single liver cells or even of very small groups of

them is often found, especially in acute infectious diseases such as

lobar pneumonia. They are most numerous in the livers of yellow

fever patients, and in that disease tend to occur most frequently in

the midzonal region.

The cause of focal necrosis is probably not always the same.

The lesion seems to be sometimes of toxic, at other times of in-

fectious, origin.



ORGANS OF DIGESTION 519

The focal lesions occurring in the liver in typhoid fever are dis-

cussed elsewhere. They do not arise as a primary necrosis of liver

cells, but like miliary tubercles each is due to an accumulation of

endothelial leukocytes around an organism. The liver cells undergo

necrosis secondarily owing to local obstruction of the circulation.

The cause of the focal necroses in eclampsia is not evident.

The lesions suggest a toxic origin.

The focal necroses which occur rarely in scarlet fever, diph-

theria, and some other infectious diseases seem to be of infectious

origin. They are often spherical in shape and of about the size of

miliary tubercles, but sometimes are larger or smaller and irregular

in form. They show a distribution similar to that of tubercles in

the liver.

Attention has already been called to the fact that the lesions of

central necrosis may sometimes closely simulate those of focal

necrosis.

In the livers of apparently normal guinea pigs focal necroses

are often found, sometimes in large numbers. It is important to

bear this fact in mind, otherwise wrong conclusions may be drawn
when this animal is used for experimental purposes. Necrosis of

single liver cells and of small groups of them is often produced in

the guinea pig and rabbit by the injection of various toxic sub-

stances.
GALL-BLADDER

Inflammation of infectious origin is fairly frequent in the

gall-bladder and may be of a mucoid, fibrinous, purulent or gan-

grenous type. The wall may be congested and thickened. Ob-
struction may lead to marked dilatation. The inner surface may
be ulcerated and the mucous membrane more or less completely

destroyed. If the process becomes chronic the gall-bladder

becomes thickened and later contracts into a small, dense, fibrous

mass without a lumen or with its cavity filled with gall-stones.

Tumors of the gall-bladder are rare. The commonest is the

carcinoma which usually invades and spreads in the adjoining

liver tissue.

PANCREAS

Histology.—The pancreas is composed of glands, islets and
ducts held together by a stroma of connective tissue and blood-

vessels, in which occur relatively numerous sympathetic nerve-cell

ganglia.

The glands or acini are lined with comparatively large cells

which, in the non-secreting stage, contain numerous coarse zymo-
gen granules in the cytoplasm on the side adjoining the lumen;
these zymogen granules after suitable fixation stain deeply with
acid dyes. The outer portion of the cytoplasm is strongly baso-
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philic. The nuclei are round and each contains one or two rela-

tively large, distinct nucleoli.

The islets (areas of Langerhans) are small spherical clumps of

cells arranged in trabeculse which are separated by comparatively
large capillaries. The islets have no liunina. The cells composing
them are small and of three types; two, known as the A and B
cells, contain fine granules in their cytoplasm, the third contains

none. The granules of the A cells are preserved by alcohol, of

the B cells by a chrome-sublimate solution. Both sorts of granules

are dissolved by acetic acid.

The islet cells A and B develop independently from undif-

ferentiated duct cells. The islets for the most part continue to be
connected with ducts by a system of tubules and cell-cords com-
posed of small polygonal cells of a low order of differentiation.

Experimental work has shown that both acini and islets may
be formed from the ducts at any stage of existence. In regenera-

tion of the pancreas, buds of cells spring from the ducts and develop,

some into islets, some into acini. Transitions between islets and
acini are never seen.

The islets vary in number in the different portions of the

pancreas, being almost twice as numerous in the tail as in the head
or body.

Postmortem changes, due chiefly to autodigestion, are frequent.

They usually start in foci which enlarge and coalesce until the

whole pancreas may be involved. Microscopically the nuclei in

the affected areas do not stain and the cells shrink or dissolve a
Uttle so that the interglandular connective tissue seems increased

in amount. These lesions of postmortem origin are readily dis-

tinguished from those occurring before death by the lack of any
inflammatory reaction aroimd them.

Retrograde Changes.—In various infectious and other diseases

fat often accumulates in the form of small droplets in the cj^toplasm

of the epithelial cells, both in the acini and in the islets. Some-
times it is more abundant in one location, sometimes in the other.

An ingrowth of fat tissue (lipomatosis) between and often

into the lobules is not infrequent, and in fat people is sometimes

so extreme that the pancreatic tissue appears only in small islands

scattered in fat tissue.

In general atrophy the cells of the pancreas diminish in size,

but no pigment is found within them.

Necrosis is a common lesion in connection with the pancreas,

but usually affects the fat and other tissues adjoining and between

the lobules more than the epithelial structures themselves.

The secretion of the pancreas sometimes accumulates within

the ducts and especially within the acini and causes dilatation. It

usually appears more or less inspissated and often presents a lay-
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ered appearance. Occasionally concretions of considerable size are

formed. The epithelium surroimding them is often much flattened.

Hyaline Islets.—Hyahn is occasionally formed in the islets

of the pancreas and is the most serious lesion affecting them be-

cause it results in the destruction of the islet-cells, and destruction

of the islets is followed by the symptom-complex known clinically

as diabetes.

The hyahn arises apparently in the same manner as amyloid,

namely, as a secretion of the fibroblasts outside the walls of the

capillaries in the islets. The hyaline deposit gradually causes

considerable enlargement of the islets and by pressure on the

epithelial cells causes them to atrophy and disappear. Some-

Fig. 390.—Pancreas. Concretions in dilated glands.

times the hyaline material gives the perfectly characteristic amyloid

staining reaction with methyl-violet, at other times it does not.

It is probably closely related, however, to amyloid even if not

identical with it.

In rare instances calcification of the hyaline islets occurs.

In marked cases of hemochromatosis pigment is often de-

posited in the pancreas, but never to the same extent as in the
liver. The pigment appears in the islet-cells, less often in the

acinar epithehum and also in endothelial leukocytes which ac-

cumulate often in clumps in the stroma.

Circulatory Disturbances.—The circulatory disturbance of

most importance is hemorrhage. It may arise as the result of

rupture of an artery or of an aneurysm in consequence of arterio-
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Fig. 391.—Pancreas. Diabetes. Part of an islet showing hyaline formation
and atrophy of islet-cells.
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Fig. 392.—Pancreas. Diabetes. Part of an islet showing marl-:cd hya-

line formation and almost complete disappearance of islet-cells. HyaUn gave

typical reaction for amyloid. No amyloid in other organs.
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sclerosis or follow injury or infection. It occurs most frequently

in connection with necrosis due to escape of pancreatic secretion.

Lesions of Mechanical Origin.—The duct of the pancreas maj^

be obstructed by pancreatic or by gall-stones, b}' cicatricial tissue,

Ijy new-growths, especially cancer, or very rarely Ijy parasites.

If the obstruction is complete, atrophy of the glands and sclerosis

take place, but if it is only partial, dilatation of the duct or cyst

formation may occur. The cysts may he large or small, single

or multiple. In the tail of the pancreas they sometimes attain a

large size. Obstruction of the duct is always likely to be com-
plicated by infection extending in from the intestine.

Lesions of Toxic Origin.—Necrosis of epithelial cells occurring

Fig. 393.—Pancreas. Diabetes. Extensive amyloid formation in islets. M.

in the glands of the pancreas as the result of toxins in the circula-

tion is rare. Occasionally acinar cells singly or in clumps stain

pink and show no basophilic properties; the nuclei are contracted

and stain deeply. Possibly these cells are undergoing necrosis.

Focal and chffuse accumulations of polymorphonuclear leuk-

ocytes between the glands are not uncommon. Occasionally

the glands are involved and many leukocytes appear within them.

The cause of this form of lesion is not evident. No bacteria are

present so far as can be determined histologically, although the

lesion is likely to accompany a septicemia. In some instances it

may be due to escape of pancreatic secretion which, for some

reason, is not so toxic as usual and does not cause marked necrosis.
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Acute Pancreatitis, Fat Necrosis.—The secretion of the pan-
creas sometimes escapes from the glands or ducts into the.surround-

ing tissue and acts as an injurious agent. What leads to its escape
is not fully understood. Perhaps sudden temporary obstruction

of the ducts plays an important part, just as ligature of the common
bile duct in rabbits causes escape of bile and necrosis of liver cells.

The passage of bile and of intestinal contents into the pancreatic

duct apparently favors the escape of pancreatic secretion and its

injurious action, especially on fat-cells. Experimental work backs
up clinical experience on this point.

The pancreatic secretion may escape in only small amounts
and affect foci of cells, or escape in more or less abundance and

Fig. 394.—Pancreas. Extensive diffuse infiltration with polymorphonuclear
leukocytes; cause not known. M.

involve a large part or the whole of the pancreas, and also some of

the surrounding tissue. In rare instances the retroperitoneal

tissues and the abdominal wall have also been more or less exten-

sively affected by the necrotic process. When the foci are small

and involve, as they usually do, fat-cells the term fat necroses is-

applied to them. When the pancreas is more or less extensively

involved the term acute pancreatitis is employed. The latter

process is usually complicated by fat necroses.

The pancreatic secretion spreads much more rapidly between

the lobules in the loose connective tissue and around the fat-cells

and blood-vessels than it does in the sohd gland tissue; therefore,

it produces most of its effect there. The fat-cells are rendered

particularly conspicuous because of the changes which take place.
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in the fat contained in them. It is spUt up and from it are formed

certain fatty acids which attract lime-salts from ^the tissue juices.

These foci of necrotic fat tissue, usually called fat necroses for

short, appear to the naked eye dry, opaque and yellowish white

to white in color.

The escaped secretion causes necrosis not only of fat-cells, but

also of all the other cells with which it comes in contact, epithelial,

smooth muscle, etc. The walls of blood-vessels are frequently

destroyed in part or entirely so that thrombi form within them or

so that they rupture and allow the escape of blood. On this

account hemorrhage is a common complication of extensive toxic

i^>:,iK^f=--*^»-.'V'^-;r - til *'„rif **.»«" ?••*'• '}«i»

Fig. 395.—Acute pancreatitis. Extensive necrosis of fat tissue. Section
from abdominal wall showing numerous endothelial leukocytes, filled with fat-

droplets, lying between the muscle-fibers. M.

necrosis of the pancreas as is recognized in the clinical term hem-
orrhagic pancreatitis.

The necrotic epithelial cells of the pancreas undergo fairly rapid

solution owing to the digestive action of the pancreatic secretion.

As a rule the lobules of cells are attacked from the outside.

The reaction following the injury to the fat and other cells

depends on the length of time which elapses after the pancreatic

juice escaped before death occurred, or the tissue received for

examination was removed at operation. At first, while the pan-
creatic secretion is strong, the inflammatory exudation consists

of serum and of poljonorphonuclear leukocytes which, like the
tissue cells, are also often destroyed in large part by the ferments.

Fibrin may be formed more or less abundantly. Later, endothelial
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leukocytes surround the necrotic fat-cells and gradually incorporate

the fat ]Droclucts. The leukocytes are often lined up around the

necrotic fat-cells in such orderly fashion as to resemble cubical epi-

thelial cells, and have often been mistaken for r(>generating fat-

cells. Occasionally they fuse to form foreign Ijody giant-cells.

In time the endothelial leukocytes and also the lymphocytes

and occasional eosinophiles attracted into the inflammatory

process, disappear and the prohferated connective-tissue cells and

their fibrils contract into scar tissue. This is one way in which,

Fig. 39fi.—Puncreiis. Acute pancreatitis with extensive necrosis of fat and
gland-tissue. The blood-vessels are also involved. M.

if the pathologic process lias been at all extensive and diffuse,

sclerosis of the pancreas may arise.

Acute pancreatitis is a serious and often fatal process. Fat

necroses on the other hand are of themselves of little significance.

They usually occur in smaU, sharply defined foci one to throe

millimeters in diameter and maj' resemlile, to some extent, miliary

tubercles or minute metastases of a carcinoma. They n:iajr occur

in and around the pancreas or ]>e scattered here and there through-

out the peritoneal cavity and ha^'e even lieen found within the

thorax. Less often the foci, especially in and near the pancreas,

arc much more extensive.

Toxic necrosis of the pancreas and of fat-cells occurs most

often in fat people and in those afflicted with gall-stones.
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Fig. 397.—Pancreas. Acute pancreatitis in stage of repair,

leukocytes at edge of necrotic tissue. ^I.

Endothelial
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Fig. .398.—Fat necrosis in mesenterj'. Fibrin on surface. M.
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Lesions of Infectious Origin.—Infectious lesions of the pan-
creas are comparatively rare. Bacteria may reach the organ by
direct extension from lesions in the neighborhood, or through the

pancreatic duct, especially if more or less obstruction is present,

or through the blood-vessels as the result of a septicemia. The
injury and inflammatory reaction may appear in the form of a

diffuse process or as an abscess. Infection sometimes complicates

pancreatitis of toxic origin.

Tuberculosis in the acute miliary form is not particularly rare

if looked for, but chronic tuberculosis is fairly unconnnon.
In congenital syphilis the diffuse interstitial type of lesion is the

more common ; in the acquired form gummas occasionally occur.

Fig. 399.- -Fat necrosis. Endothelial leukocytes filled with fat-droplets
around necrotic fat-cells.

Sclerosis.—The three types of lesions just described, mechan-
ical, toxic and infectious, may all terminate in sclerosis of the

pancreas. To determine from the end result the way in which it

arose may be difficult or impossible. Perhaps in time the analysis

of a considerable number of lesions in various stages of develop-

ment may render this feasible. At present it is well to bear the

possibilities in mind.

Tumors.—The islets of the pancreas vary, not only in number
l)ut also in size. They are usually round, but may be oval or

elongated. Occasionally single islets may measure one or two or

even up to fotu- or five millimeters in diameter. The large islets

are probably to be classed as adenomas.



ORGANS OF DIGESTION 529

The most common and important tumor is the carcinoma.

It starts most often in the head, and is usually scirrhous in type;

occasionally it is medullary and may attain a considerable size.

The cells do not show any of the characteristics peculiar to the

cells of the pancreas. In one instance the cancer grew in gland

form and the cells were ciliated.

Physiologic Pathology.—The pancreas manufactures an ex-

ternal and an internal secretion. Each is of much importance

physiologically.

The external secretion is produced by the acinar cells and

.'.' •.,
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Fig. 400.—Pancreas. Acute pancreatitis in stage of repair. Area of necrosis

in center. Considerable increase of fibrous tissue (sclerosis). M.

contains three ferments. It escapes into the duodenum through

the pancreatic duct. Obstruction of the duct by calculus or

other cause prevents the escape and action of the various ferments,

and thereby interferes with their digestive functions.

The internal secretion is produced in the islets and passes

directlj' into the circulation. It is even more important than the

external secretion for the following reason.

It is believed that under normal conditions ingested carbo-

hydrates are burnt up in the muscles by the combined action of

two glycoljiiic bodies, one produced in the muscles and the other

as the internal secretion of the islets in the pancreas. If the

34
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production of the glycolytic body produced by the pancreas is

interfered with, glycosuria results, and glycosuria is the most
characteristic symptom of the constitutional disease known as

diabetes mellitus. If the cells of the islets are injured or destroyed

no ferment is produced.

The exact relation of the pancreas to glycosuria and to diabetes

is not yet fully understood. Careful study of the pancreas from
many cases of diabetes shows that in many of them the islets have
been more or less completely destroyed, but they also show that

in many other instances no demonstrable change is present.

According to F. M. Allen every anatomic hypothesis of diabetes

still requires to be assisted by assuming the existence of a certain

proportion of functional cases without known anatomic basis.

Experimental Work.—Much experimental work has been done
on the pancreas in animals. Some of the results obtained are briefly

summarized here from Allen's recent monograph on the subject.

1. Total extirpation of the pancreas is followed by:

(a) Great increase of nitrogenous loss.

(6) Increased fat metabolism.

(c) Rapid cachexia.

(d) Poor absorption of food.

(e) Lowered power of wound healing and resistance to

infection.

(/) Complete inability to utilize dextrose,

(gf) Diabetes gravis.

2. Extirpation of about nine-tenths of the pancreas leaving

the remnant in communication with the duct is followed by dia-

betes which is relatively mild and apparently functional at first

with no visible changes in the islets. In a few animals the con-

dition is transient. Regeneration of acini and islets occurs and is

followed by complete recovery. In the majority of the animals

there is little or no regeneration although they are curable at first

by the simple expedient of tying off the duct. If this is not done
the diabetes persists and increases with time until there is a com-
plete inability to utilize dextrose. Examination of the pancreas
shows steadily progressive degenerative changes which involve

all the islets and are typical for diabetes, namely;

(a) A loss of cells.

(6) Deficiency of cytoplasm of many of the persisting cells.

(c) Degenerating, occasionally naked nuclei.

(d) Later all islets disappear.

(e) Acini all well preserved.

The visible changes in the islets correspond to the duration

and severity of the diabetes.

These cell changes in the islets are unquestionably to be re-

garded as the result of the diabetes, not the cause of it.
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KIDNEY

Introduction.—In order to understand the lesions of the kidney

it is necessary, as with the liver and other organs, to study thor-

oughly each separate kind of acute lesion and to trace its later

development; then only are we in a position to understand the

various combinations of these lesions and to read backward with

more or less certainty the lesions found in chronic nephritis and
in sclerosed kidneys, and tell how they arose.

Of the different kinds of pathologic processes affecting the

kidney, the toxic and the infectious are the most important,

especially the toxic, but the two are often combined. In fact in

the kidney perhaps more than in any other organ we get various

combinations of lesions, one type complicating another and acute

lesions on top of chronic and healed lesions. As a result of these

combinations the various pathologic processes of the kidney are

not easy to analyze and present in a simple, orderly array to the

satisfaction of the pathologist and of the clinician.

In studying the lesions of the kidney it is important to bear in

mind that it is composed of a large number of small units. Every
unit consists of an afferent vessel, of a glomerulus composed of a

knot of capillaries, and of a tubule. The blind invaginated end

of the tubule is applied to the surface of the glomerulus. Its

actual beginning is known as the capsular space. In addition to

these four main structures of a unit there is an efferent vessel and a

network of capillaries derived from it and surrounding the tubule.

These vessels are of minor importance. A little connective tissue

surrounds the vessels and tubule and extends in small amount into

the glomerulus.

Of these different elements of the unit the glomerulus, where
blood-vessel and epithelium are in close association, seems the most
susceptible to the action of injurious agents.

If any one of the four essential parts of a renal unit is destroyed,

the other three in time atrophy and cease to function. Each
part is useless without the other three.

In order to understand the lesions of the kidney.it is necessary

to separate it into its units and study the effect of injurious agents

on each part of a unit.

531
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It has always been difficult to correlate the lesions found by
the pathologist with clinical observations and urinary analyses.

The difficulty lies in the lack of a common ground for comparison.

The pathologist takes into account all the lesions in a kidney,

both active and healed; the latter may give rise to no clinical

symptoms and to no urinary changes. The clinician and the

chemist, on the other hand, take into account only the lesions

which cause symptoms and urinary changes; in addition, they

recognize functional disturbances which a pathologist is unable to

do. It is evident, however, that reform must come first from the

pathologist. He must furnish, so far as possible, a clear-cut

morphologic basis on which the clinician and chemist may build.

This fundamental morphologic basic work has not yet been satis-

factorily performed.

General disturbances of nutrition, such as anemia, and tox-

emias of all kinds tend to affect all the renal units to about the

same degree. The result is more or less uniformly distributed or

diffuse lesions throughout the kidney, although sometimes certain

units are much more affected than others. When, however,

infectious agents such as the staphylococcus pyogenes aureus are

brought to the kidney and distributed according to the laws of

chance, the result is focal lesions which may become the centers

of extensive pathologic processes.

Retrograde Changes

Postmortem changes appear comparatively early in the kidney
and on this account it is especially important to recognize them.
They are evident first in the convoluted tubules and are fairly

definite and characteristic.

The first noticeable change is that the nuclei stain uniformly

and deeply; then a little later they do not stain at all and the cells

often begin to desquamate. The cytoplasm of the cells may stain

more deeply than is usual with eosin and the albuminous granules

may appear increased in number. It is difficult to determine this

latter point with certainty.

These postmortem appearances have frequently been mistaken
for antemortem changes and the condition diagnosed as marked
tubular nephritis, although the kidney showed no evidence of any
reaction to such an extreme injury.

Albxuninous Granules.—The cytoplasm of renal epithelium is

normally finely granular, owing to the presence of albuminous
granules. These granules are most numerous in the epithelial

cells lining the convoluted tubules, and fewest in those lining the
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collecting tubules, especially in the pyramids. To prove con-

clusively whether or not an actual increase in the number of these

granules takes place under certain pathologic conditions is not

an easy matter. An increase or diminution is not of much sig-

nificance.

In acute tubular nephritis the granules are sometimes much
coarser than normal and show various stages of change into colloid

droplets. In the amyloid kidney the granules often disappear to

a large extent, while at the same time the cells swell and are filled

with fine to coarse hyaline or colloid droplets.

Hydrops and Edema.—An accumulation of fluid within the

cystoplasm of cells is termed hydrops, between cells and fibrils

and within natural cavities edema.

Fip;. 401.—Kidney, a, Normal convoluted tubule .showing ciliated border

and granules in cytoplasm; h, edema of tubule; circular reticulum probably

due to ;dbuminous envelope of drops of fluid.

Hydrojis of renal cells unquestionably occiu's, but the vacuoles

it forms cannot be recognized for certainty without ruling out the

presence of fat by appropriate staining methods. Its significance

is proljably not great.

The presence of edema is much more definitely shown by

dilation of tubules and capsular spaces, and by the separation of

the fi!)rils and other intertubular .structures.

Colloid.—Colloid frequently makes its appearance in the form

of hyaline droplets in the cytoplasm of the epithehal cells lining

the convoluted tubules and the capsular .spaces in a variety of

acute and chronic processes.

Colloid is not a definite chemical substance with a specific
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Fig. 402.—Kidney. Edema of tuljules. M.
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Fig. 403.—Kidney. Hyalin in epithelial cells lining some of the tubules
This variety stains deeplj- with acid d3'es. M.
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reaction. Sometimes it stains intensely, at otlier times liglitly,

witli all gradations between. At times it is stained by l^asic, more
often 1)y acid dyes. It is recognized by i)hysical rather than by
chemical peculiarities.

Its relation to the albuminous granules is not easy to (.1(4 ermine;
sometimes it seems to arise directly from them Ijy s«-elling and
hyaline transformation; at other times the hyaline droplets seem
to arise between the albuminous granules. One thing is certain;

the cells containing the colloid are greatly enlarged; something
has been added. This something may, however, be only fluid.

.''=.
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Fig. 404.—Kidney. Multiple concretions in a small cyst. M.

The larger colloii.1 droplets are probably due to fusion of smaller

ones, not to individual growth.

Occasionally small cysts occur tilled with cor])ora amylacea
jirobably derived from colloid material

The ajipearance of colloid in renal cells is of much significance,

because it represents a marked retrograde change. It occurs most
(.)ften and al^undantly in connection with acute tubular nephritis

and with amyloid formation; to a less extent in the other forms of

nephritis.

Fat.—Fat is not present in visible form in renal cells under
normal C(.>n(htions. Its appearance there is, therefore, of consider-
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able importance because it signifies a definite retrograde change.

Its presence is tlie best guide we have for revealing interference of

some kind or other mth the normal activity of cells.

Fat appears in the kidney as the result of diminished nutrition

or because of injury done by toxins. Thus in general anemia fat

may be present in the greatest abundance evenly distril^uted in all

the epithelial cells of the convoluted tubules. Under favorable

conchtions it is conceivable that all this fat might slowly disappear

^/^
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Fig. 405.—Amyloid infiltration of the glomerular tufts and of the arteries in
the kidney. M.

and recovery take place. When the nutrition of the kidnej' is

interfered with in various situations as the result of lesions in the

blood-vessels, as in vascular nephritis, fat appears often only in the

foci affected and is usually abundant in the blood-vessel walls as

well as in the epithehal cells. In the various forms of nejDhritis

due to toxins the amount of fat in the renal cells varies within mde
limits and may be very unevenly distributed, although as a

rule the cells of the convoluted tubules are more seriously
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affected than any others. Sometimes much fat is present in the
glomeruli.

Amyloid.—Amyloid is secreted in the kidney usuall}- first in

the walls of the smaller arteries and in the glomeruli. Later it

ajopears in the walls of the veins and may occur more or less ex-

tensively around the tubules. Everywhere it lies in the closest

relation ^vith the cells and fibrils of the connective tissue, often

where they are near the lining endothelium of blood vessels, but
by no means necessarily so.

In the glomerulus amyloid usually appears first in the afferent

vessel and then in the walls of the larger capillaries of the tuft.

^•«l.
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Fig. 406.—Kidney. Amyloid formation, (a) In lobule of glomerular tuft ; h,

around tubules chiefly.

It shov\^s as a hyaline thickening of the connective-tissue backing

of the capillary walls. This thickening spreads and increases until

all the capillaries are involved. Often the afferent vessel and some
of the capillaries are consideral>ly dilated in the early stages of the

])rocess. The amyloid formation leads to noticeal:)le enlargement

of the glomerulus and obscuring of the normal lolnilation. As the

amyloid deposit increases, the lumina of the capillaries are nar-

rowed to slits and finally obliterated, so that the lining endothelium

disappears. Xo necrosis follows this slow closing of the vessels

and no thrombi are formed within them.

At the same time that amyloid is being secreted in the walls
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of the capillaries of the tuft, it is being formed in the blood-vessels

elsewhere in the kidney. The arteries usually show the change

before the veins. In the smaller vessels the whole wall is affected

and is transformed into a thickened hyaline tube, from which the

normal elements have disajipeared as the result of jiressvu-e atrophj'.

In the larger arteries amyloid is sometimes most alnmdant in the

intima, M'hich becomes thickened; at other times in the muscle

coat, where the gradual disappearance of the muscle-cells can be

followed.

In the smaller veins the whole wall is transformed into a hj^a-
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Fig. 407.—Amyloid infiltration of glomerular tuft in the kidney. M.

line tube of amyloid which gradually encroaches on the lumen and
finally occludes it. This change is most marked in tl^ pyramids

of the kidneys, l)ut may affect also many of the vessels in the

cortex.

When amyloitl secretion in the kidney is abimtlant it may grad-

ually form also in the connective tissue around the tubules, and less

commonly around the capsular spaces and lead to much thickening

around these structures.

Tubules.—While amyloid is being formed in the glomeruli and

blood-vessels, certain changes take place in the tubules. The epi-

thelium in many of the convoluted tubules becomes swollen from
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imbibition of fluid so that its cytoplasm appears lace-like, owing

to the se]iaration of the albuminous granules and their arrangement

around vacuoles. This condition seems to precede the formation

of hyalin which aj^pears as faint droplets. The hyaline droplets

l9 y"
b

Fig. 408.—Kidney. Amyloid formation in glomerular tnft.

gradually increase in size and in density so that they tend to stain

a little deeper with acid dyes than at first. As the hyaline drop-

lets increase in mmiber and size the cells filled with them become

much enlarged and project into the tubule which they line.

Fig. 409.—Kidney. Amyloid, u, Amyloid in ves.sel.s of glomerular tuft;

f), in sclerosed tuft; c, around blood-vessels and tuljules. Characteristic

stain with methyl-violet.

In other ]ilaces some of the tubules become dilated and the

lining epithelium correspondingly thinned, owing to pressure.

Many of the tubules contain fluid, circular reticulum and much
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granular material. Occasionally an epithelial cell filled with

hyalin desquamates, or ruptures and allows the escape of the

droplets into the lumen. All these materials gradually fuse into

hyaline casts which are often abundant in the collecting tubules

of the pjTamids.

When amyloid forms in alnmdance around the tubules, the

epithelial cells lose their differentiated character, and gradually

atrophy and disappear just as liver cells do in the j^resence of

amyloid.

The relation of the production of colloid in the epithelium of

S^y^'
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Fig. 410.—Kidney. Hyalin in epithelial cell lining a tubule. This variety
stains faintly. iNI.

the tuljules to the formation of amyloid in the glomeruli is not

evident, but there probablj' is one, because more colloid is formed
in the epithelial cells in the amyloid kidnej^ than in connection ^^dth

any other lesion affecting the organ.

Gross Appearances.—The amyloid kidney in its earlier stages is

usually enlarged and may weigh more than double what it does

normally. This increase in weight is evidently not due entirely

or even largely to the amyloid, but to the fluid and colloid in the

tul:)ules. This is sho^^Ti by the fact that in the late stages of the

process when the kidneys sometimes show an e.xtremc degree of
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amyloid deposit they may weigh but little more than half what
they should.

Amyloid formation frequently comphcates other lesions of the

kidney, especially vascular nephritis (arteriosclerosis) and glom-
erulo-nephritis, and is itself sometimes compUcated by an ascend-

ing infectious nephritis.

Termination.—It is not easy to determine with certainty the

effect which the presence of amyloid in the glomerular tufts and
elsewhere exerts on the kidney. Certainly in the advanced stage

of the process the tubules atrophy and disappear to a large extent

and the kidney shrinks in size and is sclerosed. The amyloid may
act mechanically only as it does in the liver, or interfere with the

ehmination of certain substances from the blood which thereby

become injurious agents.

Toxic Nephritis

Toxins and Poisons.—Toxic nephritis is usually due to toxins

derived from infectious agents, although inorganic and other

poisons sometimes produce serious lesions in the kidney.

The toxins of infectious origin which most commonly affect the

kidney are those derived from the streptococcus pyogenes, the

diplococcus lanceolatus, the gonococcus, the diphtheria bacillus,

the causal agent of scarlet fever, etc. The toxins reach the kidney

through the circulation and, therefore, are ordinarily more or less

uniformly distributed throughout it.

The toxins may arise from a septicemia, but usually originate

in a focal lesion elsewhere in the body, commonly an endocarditis,

less frequently a pneumonia, a pleuritis, or some other infectious

process not so intimately associated with the circulating blood.

The requirements outside of septicemias are two, a focal lesion

where much toxin is produced and a toxin which is soluble and
diffusible so that it may be taken into the circulation. Moreover,

the toxin must be of a nature to affect the kidney; not all diffusible

toxins do.

The inorganic substances which injure the kidney may be in-

gested accidentally (lead), or with suicidal intent (corrosive sub-

limate, cantharadin)

.

The toxins which injure the kidney may be strong and act in-

tensely for a few days only, causing death quickly, or they may be

weak and act mildly for days, weeks, months or years. We may
accordingly have acute, subacute, or chronic lesions. We may also

have recurrent injuries with regeneration and repair in the inter-

vals.

Classification.—The toxic lesions of the kidney are best classi-
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fied on an anatomic basis, i. e., according to the part of the renal

unit most affected. This classification gives four groups which
form the type lesions; they are as follows;

1. Tubular nephritis.

2. Capsular glomerulonephritis.

3. Intracapillary glomerulonephritis.

4. Vascular nephritis (arteriosclerosis).

Each one of these varieties may occur practically in pure form,

but the first three may be, and often are combined in varying pro-

portions. Whether the first three can be recognized clinically as

three distinct types is doubtful. While usually acute, they also

occur in subacute and chronic form; vascular nephritis is always

chronic.

Tubular Nephritis.—The term tubular nephritis is used when
degeneration and necrosis of the renal epithelium occur as the result

of the action of diffusible toxins excreted through the kidneys.

The lesion is limited almost exclusively to the cortex and involves

chiefly the cells lining the convoluted tubules. The lesion may be
extensive and diffuse or occur in small scattered foci. It may exist

by itself or complicate the different forms of glomerulonephritis.

Necrosis of epithelial cells in connection with the infectious lesions

of the kidney will be considered later.

Tubular nephritis may be caused by a variety of toxins and
poisons, so that .the resulting inflammatory reaction is not always

the same. In rare instances the toxin is strong, acts quickly, and
causes extensive necrosis of nearly all the epithelial cells lining the

convoluted tubules. The lumina become filled with the necrotic

desquamated cells which attract polymorphonuclear and endo-

thelial leukocjrtes in varying numbers. Some tubules containserum
and networks of fibrin. In addition there may be some edema and
lymphocytic infiltration of the connective-tissue stroma. Regen-

eration of epithelium from the cells not killed is very active. Mi-
totic figures are often numerous. The first cells formed are

stretched out very thin to cover the walls of the tubules. Later

the cells thicken up and gradually become differentiated like their

predecessors.

When the necrotic cells occlude the tubules they cannot be
washed out, but are incorporated piecemeal by the leukocytes and
often also by the newly formed epithelial cells.

Lesions of this severe tj^e commonly occur only after strong

poisons. In the case pictured they followed abortion, perforation

of the uterus, and streptococcus peritonitis. The kidneys were

but little enlarged and, macroscopically, were not particularly

striking. If the patient had survived the kidneys evidently
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Fig. 411.—Kidney. Tubular nephritis. Necrotic desquamated cpithielial

cells being dissolved by endotlielial leukocytes.

Fig. 412.—Kidney. Acute tubular nephritis. Tubules filled with ne-
crotic desquamated epithelial cells. Regeneration occurring on the tubular
wall outside of them. M.
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could have been restored to the normal condition as shown

by the active regeneration of the tubular eiMthelium. Similar

lesions although rarely so extensive follow poisoning with corro-

sive sublimate.

The more common form of this lesion is less acute and extensive

so far as iiecrosis is concerned, but the inflammatory reaction is

usually much more marked; in fact, it often more or less coin-

ft- •.,-.'*^» I '

Fig. 413.—Kidney. Corrosive sublimate poisoning. Some of the tu-

bules contain necrotic desquamated epithelial cells which are being surrounded
and digested by endothelial leukocytes. M.

pletely masks the primary injury, especially if the process is seen

in the later stages of repair.

This form of tubular nephritis follows such acute diseases as

scarlet fever, cUphtheria, typhoid fever and measles. It does not

occur early in such a cUsease, but only after ten days to several

weeks. It is characterized by hj'dropic and hyaline change and
by necrosis of the epithelial cells lining the convoluted tubules.

The necrosis is rarely extensive in any one place. It is moderate

in degree and more or less scattered. But the process of degen-
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eration and necrosis is continuous for some time. On this

account the inflammatory reaction is usually prominent. It con-
sists of serum, fibrin, and polymorphonuclear and endothelial

leukocytes within the tubules which are often considerably
dilated. Hyaline casts are also frequently present. In addition,

the intertubular tissue is infiltrated with numerous lymphoc}rtes,

including plasma cells and often also with small numbers of endo-
thelial leukocytes and an occasional eosinophile. The infiltration

with lymphocytes is usually the most prominent and character-

istic feature of the lesion. On this account the term acute inter-

stitial non-suppurative nephritis has been applied to it.

Certain additional- points in connec-

tion with this type of tubular nephritis

deserve mention.

The toxin which causes it seems to

pass, in part at least, through the glom-
erulus (usually without affecting it in-

juriously) because the epithelium at the

beginning of the tubule and often within

the capsular space is lifted up by a very
active immigration of polymorphonuclear
leukocytes.

When the fining epithelium of a tubule

is destroyed and the lumen is distended

and filled with endotheUal leukocytes, an
appearance resembling a beginning

tubercle is presented. Sometimes poly-

morphonuclear leukocytes collect instead

in the same location. The hyaline casts

within the tubules often exhibit a marked
attraction for leukocytes, as if some
toxin were contained within them.

The l}Tnphocytic infiltration seems

to be due to diffusion of a certain amount
of toxin in the intertubular tissue and to

absorption of it along the Ijnnphatics.

repair the lymphocj^es are grouped chiefly in and around the

lymphatics which accompany the blood-vessels.

We have in this form of nephritis a type of lesion corresponding

closely to the focal and diffuse necroses sometimes occurring in

the heart after these same diseases, and also corresponding to the

central and focal necroses of toxic origin in the liver; a necrosis of

the important parenchymatous cells with little or no apparent in-

jury to the surrounding endothelial cells and fibroblasts which are,

therefore, left intact. The necrotic cells are invaded and dissolved

35

Fig. 414.— Kidney.
Corrosive sublimate pois-

oning. Tubule contains
desquamated necrotic epi-

thelial cells and poly-
morphonuclear and en-
dothelial leukocytes.

In the later stages of
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by the action of polymorphonuclear and endothelial leukocytes.

The spaces formerly occupied by the parenchjanatous cells are

for a time filled with leukocytes, and the connective tissue in the

heart and kidney is infiltrated with leukocytes, lymphocytes and
sometimes with numerous eosinophiles. In this active stage the

lesion resembles suppuration owing to the great number of leu-

kocytes present, but there is no solution of the connective tissue

and blood-vessels. In the kidney and liver the epithelial cells

may and usually do regenerate ; in the heart the muscle-cells do not.

Fig. 4L5.—Kidney. Acute tubular nephritis occurring in scarlet fever.
The tubules contain fibrin and i:)olymorphonuclear leukocytes. The inter-

tubular tissue is infiltrated with numerous Ijanphucytcs and also with some
polymorphonuclear and endotheUal leukocytes. M.

Tubular nephritis following diphtheria, etc., is sometimes com-
plicated by infectious lesions of the arteries; necrosis of the wall,

fibrin deposit within and outside of the vessel, and infiltration ^x\th

leukocytes and lymphocytes. The two ty]K>s of lesions may over-

lap, but should be carefully differentiated from each other.

When these various processes of exudation and regeneration in

the kidney are at all pronounced they are accompanied by more or

less injection of the lalood-vessels, especially of the smaller veins in
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the midzonal region and in the cortex. From these dilated vessels

small hemorrhages sometimes occur. These veins often contain
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Fig. 41(),—Kidney. Acute tubular nephriti.s. Polyninr])honuclear and
endothelial kulcocytes and fibrin within the tubule. Similar leukocytes and
numerous lymphocytes in the stroma.
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Fig. 417.—Kidney. Acute tubular nephritis. Accumulation of poly-
morphonuclear and endothelial leukocj'tes beneath epithelium of capsular
space at beginning of tubule.

cells of the lymphocyte series in consideral)le numbers, and oc-

casionally the cells may be found fixed in the act of emigrating.



548 PATHOLOGIC HISTOLOGY

On gross examination the sligiit forms of this lesion show noth-

ing. When the process is marked, however, the inflammatory
reaction leads to very noticeable enlargement of the kidnej's ^vhich

are sometimes two, three and even four times the normal size.

When the capsule is incised it may sej^arate spontaneous!}' from
the surface. If the lesions are focal they may appear on section of

the kidney as greyish streaks and areas situated in the cortex and
midzonal region and surrounded by injected blood-vessels. AVlien

the process is extreme and diffuse the cortex is swollen, soft, almost

a^
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Fig. 418.—Kidney. Acute capsular glomerulonephritis complicated by hem-
orrhage. M.

diffluent and presents a mottled combination of grey and red; the

normal marldngs are completely obscured.

This type of lesion is found most commonly in chiklren from
three to five years of age, but may occur at an earlier or later period

of life.

Experime7]tal.—Tubular nejihritis in varying degrees of in-

tensity may be produced experimentally by a number of different

chemical substances, such as uranium nitrate, for instance. It

may be produced in the rabbit by large doses of purgatin.
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Capsular Glomerulonephritis.—This term is applied to an in-

flammatory reaction to toxins taking place within the capsular

space around the glomerulus. The reaction may consist of several

different elements, of an exudation of serum containing alljumin, of

an immigration of polymorphonuclear and endothehal leukocj'tes,

and of a proliferation of the epithelial cells lining the capsular space.

This reaction may be complicated by hemorrhage or l)y the forma-
tion of filjrin. According as one element or another predominates,

the terms exudative or proliferative capsular glomerulonephritis
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Fig. 410.—Kiilnc.y. .\ciite capsular glomcruloncpliritis. Numerous poly-
moriihonuclear Ipukooytcs in the somewhat dilated ca])sular space. M,

are used. AMien hemorrhage occurs it is usual to say acute hem-

orrhagic nephritis i^ithout reference to the real lesion which under-

lies it. The various types of reaction depend on differences in the

character and strength of the toxins brought to the glomerulus and

excreted from it.

Exudative Type.—When the reaction is exudative the fluid

jiortion for the most part flows away \Aith the urine. Only the

filtrin which forms out of it and the cellular elements tend to re-

main. The cajjsular space is usually more or less widely dis-
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tended, and the epithelial cells lining the parietal wall and covering
the tuft occasionally contain hyaline droplets, similar to those
which occur so frequently in the cells of the tubules. Within the
dilated capsular space polymorphonuclear leukocj'tes may be

present in small to large numbers according to the acti\'ity of the

reaction. Many of these leukocytes pass into the tubules whore
some of them may undergo necrosis on their way to the pelvis of

the kidnej'. Endothelial leukocytes are found in the exudation

only in verj' small numliers; occasionally one of them will contain

in its cytojjlasm a polymorphonuclear leukocyte. Fibrin may
occur as a delicate meshwork or in dense hyaline masses.

1 bar » J ' % A ' ^f^ . -* ^'
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Fig. 420.—Kidney. Acute hemorrhagic nephritis. Kefl blood-corpuscles
and fibrin within capsular space and beginning of tubule. Scrum and fibrin

in an adjoining tubule. M.

Both kinds of leukocytes emigrate chiefly from the capillaries

of the tuft, but occasionally come from the vessels outside of the

capsules. To find a leidvocyte migrating into the capsular space

from either source is difficult unless the tissue is fixed very cjuickly

postmortem.

Lymphocytes and eosinophiles apparently are never attracted

into the capsular space.

The exudative type of reaction is usually complicated by more

or less proliferation and desquamation of the capsular epithelium,

both from the parietal wall of the capsule and from the surface of



DKIXAEY ORGANS 551

.^a

I t'^ ©
"«/-^ C3>

'<^

@^

<S
6 «,»*'

"t^

/
1^?,

%

Fis. 421.— Kidney. Acute rapsular glomerulonephritis, a, Kmigratioii
of endotliclial leukocyte into capsular space; b, proUferafion and descjuania-
tion of capsular ei^itheliuni; c, epithelial cells and two phagocytic endothelial
leukocytes in capsular space.
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Fig. 422.—Kidney. Acute glomerular and tubular nepliritis. Proliferation
of capsular epithelium around a small mass of fibrin. j\l.
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the tuft. The cells from the latter situation often present a tailed

appearance, just as the cells do in the deeper layer of the pelvis of

the kidnej'. After desquamation the cells tend to assume a more
or less spherical shape with an excentrically situated nucleus, and
resemble endothelial leukocytes; but they are smaller, are not
phagocj'tic for other cells, and have the pecuharity of a]3plj'ing

themselves to the surface of any fibrin formed in their neighbor-

hood. These cells, like the polymorphonuclear leukocytes, often

pass into the tubules, sometimes in large numbers. When nu-

,^^<* :./i
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Fig. 423.—Kidney. Acute cap.sular glomerulonc])liriti.';. Numerous
epithelial cells in dilated capsular space and in beginning of tubule, where one
mitotic figure can be made out near its beginning. ]\I.

merous and packed in the capsular space these cells become flat-

tened.

Proliferntive Type.—In many cases of ca]3sular glomeruloneph-

ritis the reaction consists chiefly of proliferation and desriuama-

tion of the epithehal cells hning the capsular space. Mitotic fig-

ures are found in sufficient numbers (frequently two in a single

section through a glomerulus) to account for all the cells formed.

Thej' occur in cells lining the parietal wall and covering the tuft.
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and also in all layers of the masses of cells which collect together as

the result of desciuamation. These cells do not proliferate on ac-

count of injury to other epithehal cells adjoining them, as occurs in

tubular nephritis where simple regeneration takes place, but be-

cause they are needed to counteract, probably In' means of the
production of an antitoxin, the toxins which filter through the
wall of the tuft. They play the part- acted elsewhere by the en-

dothelial leukocyte. No analogous reaction, at least to anything

^i^ZS'"'^'^'
:^:^:yk ..." *.,

•^^ftfe^-^ I'' 06 'aX^^-.-.' v"".- ^t , »'s8
' ,' '•A'- *'«

^. ^^'*
*-

Fig. 424.—Kidney. Acute capsular glomeruloncpliritis; capsular space
distended and filled with proliferated^ epithelial cells. One mitotic figure

present along outer border of ujiper left quadrant. JNI.

like the same extent, on the part of epithelial cells seems to occur

in any other part of the body.

These desquamated cells when nimicrous form a cresccntic

mass within the capsular space with the thin edge toward the base

of tlie tuft where the vessels enter and leave, and with the thickest

]5art usually opposite the beginning of the tubule which they more
or less completely occlude. Frequently the mass of cells projects

for some distance into the tubule. The cells when numerous ap-

]iear flattened probably from pressure, although the polymor-
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phonuclear leukocytes among them i^reserve their splierical and
ameboid forms.

Fibrin is often associated with these cells in the form of

delicate fibers and sheets which run everywhere between them,
or as solid masses.

^•"t-
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Fig. 42.1.—Kidney. Capsular glomerulonephritis. Four stages in the
deposition of collagen fibrils between the prohferated epithelial cells in tlie

capsular space.

It is possible to conceive of the leukocytes and proliferated

epithelial cells disa]i]Dearing entirely from the capsular sinice, when
the purpose for which they are collected there is accomplished, and
of the glomerulus regaining its normal function. As a rule, how-

ever, this return to the normal condition is prevented owing to the

formation of fibrin. As soon as filjrin appears in the capsular
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space it stimulates tlie fibrol)lasts in tlie tuft and in the capsule,

wherever it happens to touch them, so that they proliferate and
grow into it and organize it just as occurs elsewhere in the body
when fibrin is formed. Collagen fibrils take the place of the fibrin.

The epithelial cells which lined the surface of the fibrin thus come
to line the connective tissue. In this way the capsular space may
be divided into a number of small epithelial-lined ca\dties resem-

bling glands. The process is analogous on a small scale to what
takes place in the pleural cavity in the organization of a filirinous

i\^\*^
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Fig. 420.—Kidney. Capsular glomerulonephritis. Proliferated capsular

epithelium on one side; two gland-hke cavities formed on the other by in-

growth of fibroblasts. M.

exudate, with the restdting formation of solid and stringy fibrous

adhesions and giand-like cavities. In time the epithehal cells

more or less completely disappear antl the newl}'-formed connec-

tive tissue contracts, squeezing the tuft in a strangle hold which

destroys its power of fimctioning and obliterates the capsular sjjace.

In other capsidar sjiaces the connective tissue very early grows

in between all the cells and no gland-like cavities residt when or-

ganization takes place. In .still other capsular spaces the fibrin has
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boon deposited irregularly in masses so that the resulting fibrous

tissue affects onlj' a small ])art of the capsular space; the rest is

normal.

It is difficult to state the exact duration of the different types of

reaction in the capsular space. When the reaction consists chiefly

of an exudation of polymorphonuclear leukocytes the duration is a

matter of days only. When it consists of proliferation of the cap-

sidar epithelium it is a matter of two to several weeks, possibly

longer in certain instances. The imjDortant fact to bear in mind is

^^n^^ ;.• c^
•^ ^

Fig. 427.—Kidney.. , Capsular glomprulono]5hriti.s; late stage showing
ingrowth of fibroblasts and production of much collagen. The tuft sliows a
late stage of the intracapillary lesion. M.

that if the tcjxiiis recjuiring elimination do not kill the patient in the

early stage, the process of repair is ver.y likely to do so later.

While those changes are taking place in the capsular spaces,

certain others may occur in other parts of the kidney.

The cajiillaries of the tuft often contain largo numbers of leu-

kocytes, but this condition will be considered under intracajiillary

glomerulonephritis.

The ejiithelium lining the convoluted tubules may shoA\- h}--
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dropic and colloid degeneration and contain fat in greater or less

abundance. Occasionally some of the cells undergo necrosis as in

tubular nephritis.

The convoluted tubules are usually more or less distended with

fluid and contain finely granular material (coagulated albumin as

the result of fixation) and delicate circles. In addition, they may
contain poljrmorphonuclear leukocytes, desquamated epithelial

cells from the capsular spaces, fibrin, and hyaline and granular

casts. Where the epithelial cells from the capsular space come in

contact with fibrin they apply themselves to its surface. In other

places the epithelimn of the tubule may grow over the surface of

fibrin and enclose it, apparently using it as a source of nutrition.

The tubules of the pyramids usually contain numerous hyaline

and granular casts.

The connective-tissue stroma of the kidney, as a rule, shows
more or less edema and may contain polymorphonuclear leukocytes

and endothelial leukocytes in small nmnbers, especially around the

glomeruh when exudation is abundant in the capsular spaces.

Occasionally small foci of lymphocytes, including plasma cells

are present.

Intracapillary Glomerulonephritis.—This term is apphed to the

reaction to toxins acting within the capillaries of the tuft. Some-
times the reaction is limited sharply to these vessels; at other times

more or less toxin passes into the capsular space and occasionally

into the tubules and leads to a reaction there also.

The toxins which cause intracapillary glomerulonephritis are

derived chiefly if not entirely from various infectious micro-organ-

isms. Consequently they vary much in strength and character.

Moreover, some act for a short time only, while others exert their

influence over a long period. In consequence of these variations

in the nature, strength and length of time of action of the toxins,

the resulting lesions may differ much from each other.

It is usually not possible to demonstrate any definite injury

caused in the glomerulus by the toxins, except so far as shown by
the presence of fat-droplets in the cells. In certain instances, how-
ever, more or less necrosis is evident in the walls of the capillaries.

It may affect the vessels throughout the tuft or be confined to a
lobule or to part of one. It is usually accompanied by the forma-

tion of fibrin within the capillaries which may in consequence be
occluded.

The reaction within the glomerulus may be evidenced by the

formation of fibrin or by the accumulation of polymorphonuclear

or endothehal leukocytes. Each of these elements may occur

by itself or they may be variously combined. As a rule, fibrin

occurs in the most acute lesions, polymorphonuclear leukocytes in
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the less acute lesions, and endothelial leukocytes when the process

is comparatively slow. The nature of the toxins probably plays

some part, however. Occasionally eosinophiles are present.

Rarely the formation of fibrin within the capillaries of the glom-

erulus is the onl}' striking evidence of a lesion in the kitlney. The
filjrin may occur in threads and networks, or in solid masses and
more or less completely occlude the vessels. It is probabl.y due to a

strong toxin causing direct injury (necrosis) of the capillary wall.

The injury is, however, not always evident. This type of lesion is

Fig, 428.—Kidney. Acute intracapillary glomerulonephritis. The capillaries

contain many polymorphonuclear leukocytes. AI.

relatively common in infections with the plague bacillus, but occurs

occasionally also witli other organisms, for examjile, the sta]Dhj'l-

ococcus pyogenes aureus and the micrococcus lanceolatus. It

can be produced experimentalh^ in animals by the injection of

diphtheria toxin.

A lesion easier to understand consists of the accumulation of

polymorphonuclear leukocytes in large numbers within the capil-

laries, so that many or all of the vessels are distended and plugged

"with them. As a result, the glomeruli are consideral)ly enlarged
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and the number of nuclei appearing in a section tlirougla one of

them may be several times as many as normal.
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Fig. 420.—Kidney. Acute intraoapillary filomerulonpphritis. The capilla-

ries are occluded with leukocytes and much fibrin. M.

Fig. 430.—Kidney. Acute intraeapillary glomerulonephritis. Capillaries of

glomerular tuft occluded by fibrin and polymorphonuclear leukocytes.

This type of lesion is most common in connection Avith septi-

cemia due to the streptococcus pj'ogenes.
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Endothelial leukocytes often occur in various proportions in

connection with the polymorphonuclear leukocytes. When the

reaction A\athin the glomerulus is not very acute and intense, how-

ever, the cell accumulation is hmited almost entirely or even ex-

clusively to the endothelial leukocytes. Some of these leukocj^tes

are unquestionably jjrought by the blood stream. IMost of them,

however, are derived directly by proliferation and desciuamation

from the endothelial cells lining the capillaries. jNIitotic figures

are by no means uncommon in the earlier stages of tlie lesion.
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Fig. 431.—Kidney. Acute intracapillary glomerulonephritis. The capillaries,

are distended with polymorphonuclear leukocytes. M.

The endothelial cells and leukocytes chstend and more or less

completely occlude the capillaries, and many of them exhibit

ameboid forms. Very rarely they show phagocytosis for poly-

morphonuclear leukocytes. Eosinophiles are often associated with

them; one to four and even as many as ten may occur in a section

through a single glomerulus.

As the result of the accumulation of endothelial leukocj^tes in

the capillaries the glomeruli appear more or less enlarged and in

stained sections they are seen to contain many more nuclei than.
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normally. Not infrequently a part of a lobule of the tuft will pro-

ject from the capsular space into the beginning of the tubule.

Usually the capsular space appears obliterated.

When the reaction is distinctly intracapillary in character,

and the lesion is in its early stages, the normal lobulation of the

tuft is usually more or less completely obscured, because the dila-

tation of the capillaries forces the lobules close together. As a

rule, the epithelium lining the capsular space is not prominent,

although the cells sometimes contain numerous hyaline droplets.

Repair.—-When the toxins are strong and the reaction is intense

so that the fibrin and leukocytes occlude the capillaries more or

less completely, death may occur from uremia in a few days or

weeks. When, however,
the toxins are mild and
their action is prolonged,

certain changes of a repar-

ative nature gradually take

place in the tuft. The
fibroblasts forming the sup-

porting walls of the capil-

laries are stimulated to

increased activity, possibly

to regenerative prolifera-

tion, so that the collagen

fibrils are increased in

amount at the base of the

tuft and running through

the center of each lobule.

As the connective tissue

thickens and contracts the

lobules are drawn apart so

that at this stage, some-

times called subacute glomerulonephritis, the glomeruh are very

distinctly and even prominently lobulated. Capillaries can be

made out in them only here and there. As further contraction

takes place the capillaries are completely obhterated and the

lobules shortened and approximated, so that the tuft is finally

reduced to a small spherical non-vascular mass of hyaline con-

nective tissue containing a few fibroblasts. It has become a

sclerosed glomerulus. This slow process of repair terminating in

sclerosis of the glomeruli lasts sometimes for weeks and months.

The changes in the tubules vary according to the severity and
duration of the lesion in the kidney, and especially according to the

amount and character of the toxin which escapes through the

glomeruli.

36

Fig. 432.—Kidney. Acute intracap-
illary glomerulonephritis. Numerous
polymorphonuclear leukocytes within
capillaries in a lobule of a glomerular tuft.
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Fig. 433.—Kidney. Acute intracapiUary Kl'imeml'jnepliritis. The cap-

illaries are distended w-ith endothelial cells and leukocj-tes. One lobule of

the tuft is forced into the beginning of the tubule. M.

Fig. 434.—Kidney. Acute intracapiUary glomerulonephritis. Pro-

liferation of endothelial cells in capillaries of glomerular tuft. Alitotic figure

in a.
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As a rule, the tul)ules are more or less distended with fluid

(edema) while the lining epithelium is flattened. In sections of

fixed tissue the lumina contain granular material and circular

reticulum (possibly the hardened albuminous covering of drops of

fluid). The epithelial cells of the convoluted tubules, instead of

being flattened may he swollen, and the cj'toplasm may contain
large numbers of hyaline droplets of all sizes.

If much toxin has escaped into the tubules, necrosis of epithe-

lium may have occurred here and there. Polymorphonuclear

Fig. 435.—Kidney. Subacute iutraeapillary glomerulonephritis. Lobu-
lation of the tuft is well marked. The capillaries are distended and occluded
with endothelial cells antl leukocytes. AI.

leukocv'tes and red blood-corpuscles are occasionally- numerous.
Fibrin sometimes is present ; rarely it is abundant. Fat occurs,

especially if the process has lasted some time.

Many hyaline casts are sometimes present, particularly in

the tubules of the pyramids.

In the late stages of intracapillary glomerulonephritis the tu-

bules may show consideralile atrophy. The lining epithelium is

narrowed, less difl'erentiated antl less prominent.
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The connective tissue may show httle change beyond edema and
in the late stages a moderate amount of increase. When, however,

the glomerular process is acute and severe and is complicated by a

certain amount of tubular nephritis, the connective tissue may be
infiltrated with numerous polymorphonuclear leukocytes, especi-

ally around the capsules of the glomeruli, and may contain many
small and large foci of IjTnphocytes.

Gross Appearance.—In the early stages of intracapillary glom-

erulonephritis the kidney is usually much increased in size. It

may weigh up to double the normal, but very rarely more. The
increase is due chiefly to edema, as the cellular increase caused by
the leukocjrtic infiltration is comparatively shght. In the late

stages of the process the kidney shrinks to nomial or below, owing
to diminution of the fluid, atrophy of the tubules, and contraction

of the connective tissue.

The shape of the Iddney remains symmetric throughout with

this type of lesion; but the surface becomes finely granular in the

contracted stage.

The color of the kidney is pale owing to obstruction of the capil-

laries in the tuft (large and small white kidney). The blood does

not pass readily through these vessels; in consequence the veins

are not distended. This condition combined with more or less

edema causes pallor. Fat in epithelial cells of the convoluted

tubules causes yellowish white to white specks in a greyish back-

ground.

On section the glomeruli in the early stages, when they are en-

larged, may project above the cut surface as greyish points or dots.

Vasctilar Nephritis (Arteriosclerosis).—The primary lesion in

vascular nephritis is located in the blood-vessels, especially in the

smaller arteries of the cortex and in the capillaries of the glomeru-

lar tufts. The lesion is similar in character to that which occurs

in the aorta and other blood-vessels in general arteriosclerosis and
is a part of the same general process. It is a retrograde process

characterized by the presence of much fat in the injured cells.

The cells most affected are the fibroblasts beneath the lining en-

dothehum. In addition, however, smooth muscle-cells if present

are also often involved, and not infrequently the lining endothelium
itself is ultimately affected. Fat set free by necrosis of any of

these cells is taken up by endothelial leukocytes. Necrotic fibro-

blasts are replaced by regeneration in excess so that the vessel walls

are thickened and the lumina narrowed. The elastic tissue is pro-

duced in increased amount by the fibroblasts. The muscle-cells

may entirely disappear.

When the lining endothelial cells are destroyed, fibrin formation

(thrombus) commonly occurs and produces partial to complete



URINARY ORGANS 565

occlusion of the part of the vessel affected. Later, the fibrin is

invaded and replaced by fibroblasts. In this way irregular thick-

ening and frequently occlusion of the vessels is produced. The
process is chronic, lasting usually over many years; it is also fre-

quently intermittent; but in suitable cases all stages in the de-

velopment of the lesions can be found.

'*^.i2fe*._;
a»'

\ ® V

Fig. 4.36.—Arteries. Kidney. Vascular nephritis, u, Tlrrombus at-

tached to wall; 6, thrombus occluding lumen; c, thrombus attached to wall;

endothehal leukocyte filled with fat-droplets in intima; d, lumen occluded by
organization of thrombus.

As the result of occluded capillaries and arteries many glom-

eruli become in part or entirely sclerosed. Sclerosis of a glomeru-

lus is followed by atrophy and disappearance of its subtending

tubule, and by contraction and hence thickening of the surrouirding

connective tissue.
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The primary vascular lesion is diffusely and irregularly dis-

tributed throughout the kidney and may in time affect many

-•^A:
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Fig. 437.—Kidney. Vascular nephritis. Aceumulation of fat in glomerular

tufts.

^

Fig. 438.—Kidney. Vascular nephritis. Xumerous endothelial leukocytes

filled with fat-droplets are present in the glomerular tuft. M.

glomeruli, thereby causing destruction of a large part of the kicbiey

involved. It is evidently toxic in origin, liut as it often leads, by
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narrowing the lumina of vessels, to interference with the blood

supply in adjoining parts of the kidney, secondary lesions due to

lack of nutrition arise. It is probable that the two types of lesions

cannot always be distinguished from each other.

The lesion in the arteries resembles in all essentials that found
elsewhere in the body in general arteriosclerosis. It consists of

degeneration of the cells as shown by the presence of numerous fat-

droplets in them. In the larger vessels the fibroblasts of the in-

tima are usually the cells most affected, but in the smaller vessels

all the cells in the wall are generally involved. The smooth muscle-

cells disappear. The vessel wall may appear in a Scharlach R.

stain as if composed of fat, and by other stains swollen and hya-

line. If the cells become necrotic the free fat is taken up by en-

dothelial leukocytes which

may elevate the lining

endothelium to such an

extent that the lumen of a

vessel is almost completely

obliterated. Necrosis of

fibroblasts is slowly fol-

lowed by regeneration in

excess of the normal con-

dition, so that the wall of

the vessel is thickened

and the Imnen more or

less narrowed. An abun-

dance of elastic tissue is

usually produced by these

new fibroblasts.

If the fining endothe-

lium is destroyed the
lesion is usually compfi-

cated by the formation of fibrin which may appear in a small or

large mass on one side of the lumen, or form a uniform layer

around the inside of the vessel, or completely occlude it. Fibrin

formation occurs much more commonly in the smaller arteries,

and especially in the afferent vessels of glomerufi. The fibrin is

gradually organized by fibroblasts and thus replaced by connective

tissue.

The lesions in the capillaries of the glomerulus are similar to

those in the arteries. One or several or all of the capillaries of a

glomerulus may be affected. Both the endothelium and the fibro-

blasts may be injured and contain much fat. If the fibroblasts

become necrotic the fat thus set free may be taken up by endothe-

lial leukocytes which sometimes infiltrate the glomerulus in large

Fig. 439.—Kidney. Vascular nephri-
Endothelial leukocytes filled with fat-

droplets in lobule of glomerular tuft.

tis,
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numbers. Except for some increase in the connective tissue due to

regeneration of the fibroblasts, such a glomerulus probably may he

restored to its normal condition and function.

Fig. 440.—Kidney. Vascular nephritis. Fibrin thrombi forming in capilla-

ries of glomerular tufts and enclosing red Ijlood-corpuscles.

Fig. 441.—Kidnev. ^"ascular nephritis (arteriosclerosis). Infarction of the

tuft owing to thrombosis of the afferent artery. M.
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If the endothelium is destroyed, fibrin usually forms, often in-

volving the red blood-corpuscles present in the vessel, occludes the

lumina of one or more capillaries, and leads to organization by
fibroblasts. In this way one or more lobules or the whole glomer-

ulus becomes non-vascular and transformed into a mass of fibro-

blasts; the collagen fibrils produced by them contract, most of the

cells atrophy and disappear, and the glomerulus in part or en-

tirely becomes sclerosed, that is, reduced to a shrunken h3'aline

mass of connective tissue.
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Fig. 442.—Kidney. Vascular nephritis (arteriosclerosis). Tlie afTerent artery

is ulmcst occluded by tlirombus formatitjn. M.

If the occlusion of the afferent vessel of a glomerulus, or of any
of its branches, is produced suddcnh' infarction may take place;

the back pressure of the blood causes marked distension, and hem-
orrhage into the capsular space and subtending tubule may occur.

The infarction may lead also to fibrin formation in the capsular

space and to leukoc^'tic infiltration. Organization of the fibrin

results often in partial to complete obliteration of the capsular

space.

Sclerosed glomeruli often occur in clumps, perhaps because they
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derive their blood supply from a common arteriole, which, if

partially occluded owing to sclerotic changes, would supply them
with less nutrition than they need.

Accompanying and following the changes in a glomerulus which
result in its sclerosis, its tubule undergoes a retrograde change.

The lining epithelial cells lose their differentiated structure; the

cytoplasm shrinks, the cells become low and atrophic instead of

more or less columnar, the tubule becomes smaller and smaller,

and finally seems to disappear entirely.

i_f
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Fig. 44.3,—Kidney. Vascular nephritis (arteriosclerosis). Sclerosis of glom-
erulus following sclerosis of afferent artery. M.

Other tubules may be much dilated and their epithelium greatly'

thimaed, probably as a result of more or less occlusion of the tubule

lower down, owing to compression due to shrinking of the surround-

ing connective tissue or to the presence of casts.

Here and there the epithelium in the tubules contains much fat

,

but in other places it shows no trace of it.

The connective tissue in the arteriosclerotic kidney thickens up
in the glomeruli and arteries as a result of regeneration when fibro-

blasts have undergone necrosis. It is newly-formed as the result
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of the organization of fibrin deposited within the arteries, in the

capillaries of glomeruh, and sometimes within the capsular spaces.

It thickens up between the tubules and vessels owing to contraction

wherever glomeruh have shrunken as the result of sclerosis and
tubules have atrophied and disappeared.

Wherever a glomerulus has become sclerosed, its tubule atro-

phied or gone, and the surrounding connective tissue contracted

and, therefore, apparently increased in amount, more or less infil-

tration of the connective tissue with cells of the lymphoblast

series is usually present.

Fig. 444.—Kidney. Vascular nephritis. Sclerosed glomeruli and blood-
vessels, atrophied tubules, contraction and relative increase of connective
tissue, infiltration with lymphocytes. Dilatation of some of the persisting

tubules. M.

Eosinophiles and mastcells are also occasionally found in small

numbers.

Gross Appearance.—In the arteriosclerotic kidney the primary

lesion located in the blood-vessels is followed by sclerosis of glom-

eruli and atrophy and disappearance of tubules. Hence the kidney

gradually diminishes in size, often to less than half the normal con-

dition. As the process is fairly uniformly distributed, in small and
not in large foci, the shape of the kidney is usually not altered.

The cortex on section is noticeably thinned and may measure only

two or three mm. in thickness instead of five to six mm. The
pyramids are correspondingly shrunken. The capsule usually
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strips less readily than normally-j leaving a finely granular surface

where the depressions correspond to the atrophied areas and the

projecting granules to the more normal parts. Small cysts are

often present.

The veins are often more or less congested, but not necessarily

so. The consistence of the kidney is increased because many
glomeruh are sclerosed, the tubules are diminished in number, and
the connective tissue contracted and hence thickened.

It is not usual to find a simple, uncomplicated arteriosclerotic

kidney. Other renal processes are often combined with it in

various degrees, such as pyelonephritis, amyloid formation and
different types of glomerular lesions.

The arteriosclerotic kidney usually occurs at a more or less

advanced age. At least it is not common before the age of forty.

It arises as the result of toxins acting intermittently or continu-

ously for many years. Occasionally, however, toxins of the ap-

propriate character and strength will bring about the typical le-

sions of advanced arteriosclerosis in the aorta, kidney and other

organs at a very early age, for example, in a boy of sixteen and a

woman of twenty-two.

What the nature of these toxins is has not yet been determined.

Lead poisoning and syphilis are two causes often blamed. In the

different varieties of acute nephritis lesions of the blood-vessels,

and especially of the capillaries of the glomeruli, are not at all un-

common. They probably account for many of the sclerosed tufts

found even in small children. Probably in old people an arterio-

sclerotic kidney is the result of various toxins acting intermittently

and continuously over many years.

Infectious Lesions

Under this heading are included all the lesions due to the im-

mediate presence of infectious organisms in the kidney. These

lesions are frequent and important. When they are undergoing

repair or are healed, the manner of their origin is often overlooked

or not recognized.

In certain infectious processes, such as acute endocarditis or a

septicemia, toxins and bacteria may both be brought to the kidney.

As a result we may get diffuse toxic lesions such as tubular or

glomerular nephritis, comphcated by focal lesions of bacterial

origin.

Classification.—The infectious lesions of the kidney are of

various sorts, the causal agents many. The ideal classification of

the lesions would be on an etiologic basis, but this is not always

feasible because it is often impracticable or impossible to deter-

mine with certainty the exact nature of the infecting organism in
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each instance. Moreover, the lesions produced by a number of

different organisms may closely resemble one another. On this

account an etiologic classification is ordinarily carried out with only

a few organisms, such as the tubercle bacillus and the treponema
pallidum. The lesions produced by many other organisms are

usually grouped together and classified according to the nature of

the pathologic process, that is, on an anatomic basis. These two
types of classification are often combined (streptococcus abscess),

and they may be modified by the manner of invasion of the kidney

(tuberculous pyelonephritis).

The infectious lesions of the kidney will be considered imder the

following -headings

:

1. Abscess.

2. Infectious nephritis.

3. Infectious lesions of blood-vessels.

Mode of Invasion.—Infection of the kidney may take place

rarely by direct continuity from lesions in the adjoining tissue;

frequently through the blood-vessels (hematogenous infection);

or less often through the tubules from the pelvis of the kidney

(ascending pyelonephritis). In whatever way infection takes

place the organisms, if not already there, as a rule soon gain access

to the liunina of the tubules and to the lymph-spaces and vessels

in the connective-tissue stroma and spread more or less rapidly

through these channels. When the lesions are acute it is usually

easy to determine the mode of infection, but when the process has

existed for some time this may be impossible, for infection by con-

tinuity or through the blood-vessels may readily, by extension

directly or through the tubules to the pelvis of the kidney, be con-

verted into an ascending pyelonephritis. On this account the

broader and more general term of infectious nephritis is preferable

to pyelonephritis.

Injurious Agents.—The infectious agents which most commonly
produce infectious lesions in the kidney are the staphylococcus

aureus, the streptococcus pyogenes, the colon bacillus, and the

tubercle bacillus. Other organisms which occur less commonly
are the micrococcus lanceolatus, the bacillus mucosus capsulatus,

the actinomyces, and the treponema paUidum.

Some of these organisms reach the kidney as a rule through the

circulation (staphylococcus aureus, streptococcus pyogenes, tu-

bercle bacillus), others chiefly by infection of the pelvis of the kid-

ney from below (bacillus coli) ; at least one organism may reach the

kidney in any one of the three ways mentioned (bacillus tubercu-

losis).

Some of these infectious agents, such as the staphylococcus

aureus produce marked necrosis and solution of tissue (abscess
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formation), while others, as frequently happens with the colon

bacillus, for example, may produce only a diffuse inflammatory
process. Various combinations of these two types of lesions may
occur.

The organisms producing infectious lesions in the kidney are

sometimes very nmnerous and occur in masses (streptococcus ])yo-

genes and tubercle bacillus in the capillaries of a glomerulus, the

staphylococcus aureus in the centers of begimiing abscesses, the
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different points the lesions must be found and studied in their

earliest stages.

Abscess.—A lesion starting in a glomerulus quickly extends to

the capsular space and the subtending tubule. The tuft may be
invaded by numerous polymorphonuclear leukocytes and the cap-

sular space and tubule distended and filled with them. Necrosis

usually follows quickly and the landmarks are soon destroyed. A
miliary abscess starting in this manner may rapidly extend periph-

erally and involve all the surrounding structures. The infec-

tious process also spreads along the tubule and often by direct

extension to the surrounding tissue it gains access to the lymph-
spaces and vessels. As these vessels and especially the tubules run
ehiefly in straight Unes from the pelvis to the capsule the lesions

naturally spread in the same direction. On this account they

usually present a streaked or linear arrangement running towards
the pelvis and converging as they approach it.

Abscesses of hematogenous origin are usually multiple, and when
they are they may be expected to occur in both kidneys in accord-

ance with the laws of chance regarding the distribution of numerous
infectious organisms through the circulation. Abscesses frequently

occur in the kidney, however, as the result of ascending infection

of the tubules from the pelvis of the kidney. Under this condition

multiple abscesses may occur in one kidney while none is present

in the other. It must not be forgotten, however, that the pelvis

of the affected kidney may have been infected from a single pri-

mary lesion of hematogenous origin.

Infectious Nephritis.—Infectious nephritis is the term applied

to a diffuse inflammatory process in the kidney due to the im-

mediate presence of organisms. It is most often caused by the

colon bacillus and infection, as a rule, takes place from the pelvis

of the kidney, which has been invaded from the urinary bladder

by way of the ureter. The organisms invade the tubules and as-

cend along them to the cortex, but they rarely invade the capsular

space of a glomerulus. They produce an acute inflammatory re-

action which is combined with more or less necrosis of the epithe-

lium hning the tubules. The exudation consists of polymorpho-

nuclear and endothelial leukocytes in varying proportions and of

serum and fibrin. They collect in the tubules and distend them.

Frequently a similar exudation is present in the intertubular con-

nective tissue and has mingled with it numerous lymphocytes and

plasma cells. An inflammatory process such as this may extend

in narrow or broad, gradually widening bands from the pelvis to

the capsule of the kidney, or invade it more or less diffusely and
-extensively. Sometimes this fairly mild process is complicated

by more or less extensive hemorrhage and by abscesses due to
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Fig. 446.—Kidney. Acute infectious nepliritis (pyelonephritis). Col-
lecting tubules in pyramid filled with polj'morphonuclear leukocytes whicli

are also numerous between the lining cpithehal cells and in the intertubular
tissue. M.

ral^^ i

^ %y^^ iki.

9

®

^
is:/

f^ "^

M ^«^<^

'»

a

%

Fig. 447.—Kidney, Infectious nephritis. Numerous endothelial leukocytes
within a tubule and in the adjoining stroma.
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areas of necrosis of tubules and surrounding tissue, followed by
softening. At other times the infectious organism is more viru-

lent, and iiecrosis and softening are more extensive, so that ab-

scesses and suppurating tracts form the most obvious lesions (su])-

purative nephritis, chronic pyelonephritis, surgical kidney).

Infectious nephritis may undergo repair at any stage of the

process provided the infectious organism is killed off. This may
happen in some foci and not in others, or it may occur throughout

the kidney. I.esions in all stages of repair may freciuently be

.**>.?»•

Fig. 4-1:8.—Kidney. Infectious nephritis. Stroma infiltrated with nu-

merous polymorijhonuelear leukocytes and plasma cells. A few leukocytes

within the tubuk's.

found in the same kitlney. The final result depends on the amount

of injiu'v done. Sometimes tlie tubules are completely restored

liy regeneration of the ejiithelium. At other times the tubules

are narrow and the epithelium fnit little differentiated. Occa-

sionally they are completely destroyed. The glomeruli may re-

main normal or be transformed into small masses of dense fibrous

tissue. The intertubular connective ti.ssue is usually more or less

increased in amotmt, probably as the result of regeneration follow-

ing injury, and as a rule contains a varying numljer of lymphoid

cells.
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When ab>scesses have l)ecii present they are grachiall}' fihed in

and obhterated bj' granulatioii tissue. This process of repair is

often complicated by the presence of large numbers of endothelial

leukoc>1:,es filled with fat, which infiltrate the granulation tissue

and fill the cavity of the abscess when it has not been obliterated.

The fat has been derived from degenerating cells and leukocytes

and when set free by necrosis has attracted the endothelial leu-

kocytes. Sometimes these leukocytes fuse to form foreign body
giant-cells around crystals of \'arious scjrts deri\'ed fr(jm the fat.

g. .'-s .', J^iJ^^
*
.».;,%-

,

^^^•^ %« .••• '1-**'. ^.'^i «.*

Fig. 449.—Kidney. Infectious nephritis. Many polymorphonuclear
leukocytes in the tubules ;intl between the lining cpitheUal cells and many
lymphocytes in the intertubular tissue. M.

Infectious nephritis is proliably more common than is generally

supposed. It occurs both in children and in adults, and frequently

terminates in repair. It very often complicates other lesions of

the kidney especially vascular neiihritis and amyloid formation.

Gross Appearance.—The gross appearance of the kidney of

infectious nephritis varies greatly according to the character of

the infectious organism and the duration of the process. In the

acute stage the kidney may he enlarged and beset by numerous
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long, wedge-shaped, grey to yellow, softer areas or strands of

various sizes, with their bases at the capsule and their apices at the

pelvis. The strands may be bordered by injected Ijlood-vessels

and contain more or less hemorrhage. Abscesses may be as-

sociated with this milder inflammatory process. They are filled

with pus and often bordered by a >'ellow, opaque zone where the

granulation tissue is infiltrated with endothelial leukocytes filled

with fat.

->'•''
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Fig. 450.—Kidney. Infcrtious nephritis. Healed .stage sliowing di.s-

appearance of tubules, sclerosis of glomerulus, and marked increase of con-
nective tissue. M.

If rejiair takes place the wedge-shaped areas gradually con-

tract, assume a greyish apj^earance, and appear more or less like

scars accorthng to the amount of destruction of tubules and new
formation of connective tissue.

The final result of repair of infectious nephritis is a kidney con-

taining de]5ressed scars of various sizes. Such scars may occur in

kidneys otherwise normal or comjjlicate other diffuse processes,

especially vascular nephritis.

Infectious Lesions of the Blood-vessels.—Infectious lesions of
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the lilood-vessels of the kidney, although not very common, are

very definite and characteristic. They occur in arteries. The
lesion consists of necrosis of the vessel wall, more or less extensive

fibrin formation, and the accumulation of numerous poljinorpho-

nuclear and endothelial leukocytes, and of a varying number of

lymphocytes. Thrombi may form A\dthin tlie lumen of the affected

vessel, and later lead to invasion and replacement by fifiroblasts

(so-called organization). Lesions of this type occur not infre-

ciuently in connection with acute tubular and glomerular nephritis,

and also in certain mild types of acute endocarditis.
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Fig. 451.—Kidney. Chronic infectious nephritis. Shows endothelial

leukocytes filled with tat-droplets; also giant-cells formed by fusion of en-

dothehal leukocytes, probably in consequence of the presence of products of

fat metabohsm. i\I.

Tuberculosis.—Three different types of gross tulxTCulous le-

sions of the kidnc}' are recogTiized; (1) mihary tuberctdosis ; (2)

tuberctdous infarction; (3) tuberculous nephritis.

1. Milinry tuberculosis is the commonest form of tuberculous

infection of the kidney. It is always of hematogenous origm and

occurs in cases of generalized miliary tuberculosis. The number of

tidDcrcles in the kidney is always relatively less than in th(> spleen,

liver and lungs, probably because the vascular endothelium is less

jihagocytic and the cells do not often catch and retain the bacilli.

The lesions may start in the glomeruli or in the capillaries between
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the tubules. The organisms lead first to an accumulation of en-

dothelial leukocytes in and around the vessels in which the}- are

situated. In the glomerulus the lesion spreads to the capsular

space and the attending tubule, which become filled with endo-

thelial leukocytes and fibrin. Necrosis begins and spreads as the

vessels become occluded. The lesion spreads peripherally and
along the tubules so that the landmarks are soon obliterated.

Rarely tubercle bacilli develop in large numbers in the capillaries

of the tuft, forming solid masses like colonies in a culture tube.

• • • '- ,..•" .<-..iv^'' ' :i>.f,0^-;;i0m^'', '
"-•

' '':v.
'- «

'" "'.' :<;iii': ^:-|^:^ "u®s^,®a^..,; ;-.' ^.. : - .;•-,:;- '%^

'-:l- r'.{.:>T'^--':4ii^i^i^^^^'iQ :; ^i
:.•^ ^; -;:/-^ -,

Fig. 4.32.—Ivifhipy. Hoalrd aroa of pyolnnnphritis. M.

Miliary tuberculosis is usually acute, l^ecause death occurs be-

fore the lesions have time to develop. When, however, they are

very few in numlier they sometimes develop so as to involve a con-

.siderable area, tending to spread chiefly towards the peh'is, be-

cause the tubules run in that chrection.

2. Tuberculous infarction is the term applied to a rare form of

tuberculous lesion which is shaped like an infarct, and is due to a

tulierculous lesion of an artery from which tubercle bacilli are dis-

tributed to all the vessels and capillaries supplied by that artery.

The artery itself may have been originally infected directly from
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the blood stream or from a miliary tubercle starting near it and
extending into it.

Fig. 453.—Kidney. Infrctifius lesion nf artery. Necrosis, fibrin, polymorph-
onuclear and endotliclial levilcocytes, lynipliocytcs. j\I.

SPo.<^

Fig. 454.—Tubercle bacilli, a, Within capsular space of glomerulus of kidney;
h, within capillaries of glomerular tutt of kidney.

3. Tuberculous A'ephritis.—This form of tuberculosis of the

kidney is chronic in type and the most important, because it may
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be the only serious lesion in the body. It is due to tubercle bacilli

gaining entrance to the pelvis of the kidney and causing a pyelitis.

From here they infect the tubules and the intervening lymph-
vessels and tend to spread towards the cortex, causing necrosis

and ulceration which start usually at the apices of the pyramids
and gradually erode them. The lesion is analogous to tuber-

culosis extending along the bronchi of the lung. The process

may result in the formation of numerous abscess cavities, some of

which may reach the capsule of the kidney, or the whole kidney

may be transformed into a sacculated cavity filled with cheesy

or putty-like material.

The pelvis of the kidney may have been originally infected

in one of three ways; (a) by direct extension of a lesion of hema-
togenous origin into the pelvis, or by bacilli being carried along

a tubule from such a lesion in the cortex; (6) by extension of

a tuberculous process 'from lower down in the genito-urinary

tract to the pelvis by way of the ureter; (c) rarely by direct ex-

tension of a tuberculous lesion of an adrenal or other adjoining

structure to the kidney and thence to the pelvis.

It has been claimed that tubercle bacilli sometimes pass

through the glomeruli and lodge in the collecting tubules of the

pyramids where they start an ascending pyelonephritis (excretion

tuberculosis). If this were possible we ought to find evidences

of such lesions just beginning in every extensive case of miliary

tuberculosis, but we do not. The appearance described as ex-

cretion tuberculosis is without much question an early stage of

ascending tuberculous pyelonephritis. The pelvis was probably

infected from a hematogenous lesion present elsewhere in the kid-

ney and overlooked.

Syphilis.—In congenital syphilis the treponema pallidum may
be present in large numbers in the connective-tissue stroma of the

kidney and to some extent within the tubules and between the

epithelial cells lining them. The reaction to it is practically nil.

Infection of the kidney in acquired syphilis is doubtful; at

least no one apparently has yet demonstrated treponemas in any
lesion claimed to be syphilitic.

Sclerosis.—It is evident from this presentation of the various

inflammatory processes of the kidney that sclerosis of the organ

may result both from toxic and from infectious lesions. The
term sclerosis includes both healed acute and recurrent lesions,

and chronic (continuous) conditions.

If the various types of acute lesions have been fully analyzed

and presented from the time of their inception to their termina-

tion either in restoration to the normal condition or in sclerosis,

then we should be in a position to take a sclerosed kidney of
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whatever origin and to read backwards, from the evidence pre-

sented there, the -steps by which it reached its final condition.

For this reason the lesions described are briefly summarized here.

The toxic lesions are much the more common and are of several

varieties. They may affect the epithelium of the tubules or of

the capsular spaces, the endothelium of the glomeruli, or the ar-

teries and afferent vessels and capillaries of the glomeruli.

The toxic lesions are usually acute, but may be recurrent or

chronic. They may terminate in complete recovery if the patient

survives (tubular nephritis usually, perhaps always); or as the

result of the process of repair, in sclerosis of the capsular space

(capsular glomerulonephritis), of the glomerulus (intracap-

illary glomerulonephritis), or of the blood-vessels (vascular

nephritis, arteriosclerosis). Destruction of any one of the es-

sential parts of a renal unit (tubule, capsular space, glomerular

tuft, afferent artery) results in atrophy and sclerosis, or disap-

pearance of the others. Sclerosis of the kidney is the sum
total of sclerosis affecting parts or the whole of many or all of

its units.

Toxic lesions, especially those affecting the tubules and the

glomeruli tend to be quite uniformly distributed; but in vascular

nephritis the distribution is more irregular; groups of normal

glomeruli may exist alongside of others completely sclerosed.

Infections of the kidney may give rise to abscesses and to

diffuse inflammatory processes. Abscesses may terminate in

localized sclerosis or scars. The diffuse inflammatory processes,

especially when the infectious agent is of such a nature as not to

cause extensive necrosis and diffuse suppuration, may closely

simulate nephritis of toxic origin, but the lesions are likely tO'

show an irregular focal distribution.

Abnormalities

Certain abnormalities of the kidney, often microscopic in

size, are important on account of the light which they throw

on the tumors occurring in this organ. They are the following:

1. Small masses of fibrous tisssue, sometimes including renal

tubules, found in the pyramids. Occasionally they are multiple.

2. Bundles of smooth muscle-cells sometimes found in the

capsule or beneath it in the renal tissue.

3. Fat cells in the same location.

4. Solid clumps of cells resembling usually the cells of the

adrenal cortex and containing much fat and glycogen.

5. Small glandular structures composed of simple glands or

having papillary projections in them, and lined with simple

cubical to cylindrical epithelium.
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New-growths.—Tumors of mesenchymal origin are rare in the

kidney. The following have occurred:

1. Fibroma and fibrosarcoma.

2. Lipoma.

3. Leiomyoma, both slowly and rapidly growing types.

The most important new-growth of the kidney is variously

named adrenal carcinoma, hypernephroma, and Grawitz's tumor.

The cells of which it is composed are unquestionably to be regarded

as epithelial in nature; but their origin is in dispute. Accord-
ing to the older and probably the better view they arise from dis-

placed rests of adrenal cells. Such rests can be found within

the adrenal and in its capsule, in the kidney and its capsule,

along the ureter and elsewhere. These tumors are often rapidly

growing and malignant, invading the renal tissues and blood-ves-

sels and giving rise to multiple metastases.

URINARY BLADDER

Introduction.—The most important pathologic processes af-

fecting the urinary bladder are :—the various lesions due to a va-

riety of infectious agents; the epithelial new-growths; and the di-

latation and frequent muscular hypertrophy of the bladder

wall, due to mechanical obstruction to the outflow of the urine.

Disturbances of circulation and lesions of toxic origin are not of

much significance.

Retrograde Changes.—A rare lesion of the bladder is ex-

tensive amyloid formation in its wall. The amyloid is grad-

ually deposited between the muscle-cells and by pressure atro-

phy brings about their complete disappearance. The process

may affect a bladder otherwise normal, or one already the seat of

a chronic cystitis.

Lesions of Mechanical Origin.—Obstruction to the outflow of

urine by stricture, enlarged prostate, or other cause may throw

increased work on the muscle-cells of the bladder wall as a result

of which they undergo hypertrophy. Frequently bundles of the

enlarged cells project like beams or trabeculae into the limien.

Dilatation may occur with or without hypertrophy of the

muscle-cells. Frequently it affects small areas only so that

the lesions appear in the form of diverticula which may be con-

genital and involve the entire thickness of the wall, or acquired

and consist only of projections of the mucosa between bundles of

muscle-cells.

Lesions of Toxic Origin.—Chemical substances eliminated

through the kidneys are sometimes irritating in the bladder,

such as cantharides, formaldehyd derived from hexamethyl-

enamine, and ammonia from decomposition of urine. The am-
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monia formation probably occurs only as a complication of cer-

tain infectious processes.

Lesions of Infectious Origin.—Various infectious agents

may gain access to the bladder and cause different degrees and
types of inflammatory reaction.

The most common path of entry is from below by way of the

urethra, either by direct extension or owing to the passage of

instruments. Infection also takes place from above through the

ureter, and rarely by direct continuity from some lesion outside of

the bladder.

The most common infecting agents are the colon bacillus,

the ordinary pus-cocci, the gonococcus and the tubercle bacillus.

Some organisms decompose the urine, setting free ammonia
which adds to the injury already caused.

The injury ordinarily affects only the lining epithelium, but

occasionally may extend to the underlying tissues. It consists

of necrosis which may be very slight or more or less extensive,

and present the appearance of a membrane.
The inflammatory reaction varies greatly, depending chiefly on

the virulence of the infecting organism. It may consist only

of a small number of polymorphonuclear leukocytes complicated

by desquamation of epithelial cells. If the process is more se-

vere the number of leukocytes may be greatly increased so that

they will settle and form a thick layer in the urine. If the urine

is ammonical the exudation of pus-cells is still more abundant,

owing to the increased irritation, and the cells may swell in the

ammonia and even disappear, rendering the urine slimy. Phos-

phates and carbonates may be deposited from the ammonical

urine and incrust the mucous membrane.

In severe infections the lining epithelium may be more or

less extensively destroyed with fibrin formation on its surface,

or the whole wall may be involved and the process extend to sur-

rounding tissues and organs. Congestion, hemorrhages and
edema are of frequent occurrence.

The mildest type of infection is, perhaps, that due to the

colon bacillus, but the organism is very persistent. The gono-

coccus also may be present in the bladder for years, causing a

mild to moderate chronic cystitis.

Malakoplakia.—Rarely an organism, apparently of the colon

type, gains access to the submucous tissue and causes a mild

inflammatory reaction there, consisting chiefly of an accumula-

tion of endothelial leukocytes which may collect in large numbers

so that soft polypoid masses project into the cavity of the bladder,

and suggest the presence of some form of tumor. The organisms

are sometimes present in large numbers in the leukocytes which
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are occasionally multinucleated and often contain other inclusions

such as lymphocytes and red Ijlood-corpuscles.

Tuberculosis.—Tuberculosis of the urinary bladder is usually

due to infection from above by way of the kidney and ureter.

As a rule, it appears first as miliary tubercles and small, shallow

ulcerations around the ureter through which infection occurred.

From there it spreads until the whole bladder is involved and the

mucous membrane is more or less completely destroyed. Less

Fig. 455.—Urinary bladder. Malakoplakia. The submuoosa i.s in-

filtrated with endothelial leukocytes, some of which contain numerous eolon-

hke organisms. AI.

often the tuberculous lesions appear elsewhere first, especially

on the posterior wall of the bladder.

Tumors.—The epithelial tumors are the most important of

the new-growths originating in the bladder. Several types of

growth occur.

The papilloma may be single or multiple. The papillary

projections are sometimes long and slender. The tumor is often

regarded as benign, but should always lie held in suspicion be-
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cause it almost always terminates as a malignant infiltrating tumor,
that is, as a carcinoma.

Other epithelial tumors show evidence of infiltration from
the begiiming and may project little above the surface. Epider-

moid cancer sometimes occurs.

Mixed tumors containing various tissues of mesodermic ori-

gin sometimes arise in the bladder wall, but are rare.

URETHRA

The urethra may be injured mechanically by direct external

violence, by the passage of small stones from the bladder, or

most often by the introduction of a catheter or a sound. Any
lesion produced heals readily as elsewhere, unless it becomes in-

fected, but there is always danger of a narrowing of the lumen
(stricture) as the final result of repair.

The most important lesion of the urethra is acute inflammation

due to infection with the gonococcus. The process starts near the

orifice, but extends to the whole urethra and is likely to become
localized in the membranous portion, owing to the presence there

of numerous folds in the mucous membrane. The organisms are

found chiefly or entirely within polymorphonuclear leukocytes in

the urethra and in the lumina of the glands emptying into it, but

the toxins eliminated by them affect the cells in the surrounding

tissues, causing injury and inflammatory reaction. Sometimes the

organisms invade the urethral wall and cause ulceration of it or

abscess formation adjoining it.

The acute stage of gonorrhea lasts but a few weeks, but the

infection tends to become chronic and persist for years. As a

result connective-tissue increase is produced in the wall of the

urethra and this later contracts causing stricture.

Stricture of gonorrheal origin is usually located in the mem-
branous, less often in the cavernous part, may be single or multi-

ple, and may extend for a few millimeters or several centimeters.
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PENIS

The important lesions affecting the penis are three in number,
two of infectious origin, the hard and soft chancres, and the third

a new-growth, the carcinoma.

The hard chancre is always due to the treponema pallidum
which is often present in large numbers in the lesion and in

the exudation on the surface. The hard chancre starts as a

minute papule which quickly becomes excoriated. The under-

lying tissue is infiltrated with endothehal leukocytes and lympho-
cytes. Polymorphonuclear leukocytes are less common except

on the surface. The fibroblasts

show considerable proliferative

activity. As the result of the

exudation and regeneration the

lesion becomes thick and indur-

ated. If it remains uncompUcated
by other organisms it usually

heals spontaneously in the course

of a few weeks.

The soft chancre is due to

Ducrey's bacillus which usually

presents a fairly typical arrange-

ment in the lesions which it pro-

duces. It tends to grow in parallel

curving lines. The lesions are

often multiple and appear as

shallow ulcerations which are

usually situated on the frenum or

in the sulcus glandis. The bacilU

are often present in large numbers
in the exudation of leukocytes on the surface. The underlying

tissue shows a marked infiltration with plasma cells.

The carcinoma of the penis is of the epidermoid variety, and
is almost always papillary in form so that it often suggests a

benign papilloma, or the hyperplastic epithelial formation of in-

fiammatory origin known as condyloma accuminatum which is

frequently formed on the penis. The carcinoma often shows

Uttle invasion at the base before the tumor reaches a considerable

size. It starts most often on the prepuce or glans, rarely from
the epithehum lining the urethra.
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Fig. 456.—Chancroid or soft

chancre. Ducrey's bacillus grow-
ing in charaoteristio manner sur-

rounded by polymorphonuclear
leukocytes.
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TESTICLE AND EPIDIDYMIS

Infectious lesions and primary new-growths are the most
important pathologic processes of the testicle and epididymis.

Some involve the one organ more commonly and some the other.

The infectious lesions arise most often by direct extension along

the genital tract, less often through the circulation.

The}' may occasionally be due to the common pus organisms

(streptococcus pyogenes, etc.) but are most often caused Ijy the

gonococcus and the tubercle bacillus.

Fig. 457.—Soft chancre; characteristic cclhilar infiltration of tissue at base of
ulceration.

The gonococcus frecjucntly travels directly through the vas

deferens to the epididymis and causes an acute exudation of

poljTnorphonuclear leukocytes within the lumen and of serum
and plasma cells in the surrounding tissues. Occasionally ne-

crosis and abscess formation follow. The final result of repair

may be complete obstruction of the duct so that spermatozoa

can no longer escape into the vas deferens. Less often the infection

spreads to the testicle and causes more or less diffuse inflammation

or rarely abscess formation.
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Tuberculosis almost always begins in the epiclidj-mis and ex-

tends to the testicle, but primary tuberculosis of the testicle

sometimes occurs by hematogenous infection.

The lesion usually starts in the wall of the epididymis, but

ciuickly extends to the ducts and causes an inflammatory exuda-

tion there. Once within the lumina the bacilli spread rapidly

and involve the whole of the epididymis. The inflammatory

exudation causes thickening of the wall and in time undergoes

caseatif)n.

•':'';Uirc^c"--vw. •^^:^^/'

i^,^j-r r

Fig. 458.—Epididymis. Acute epididymitis with beginning abscess-formation
due to tlie diplococcus gonorrha'tc. M.

The process may spread rapidly through the tubules in the

testicle, or more slowlj^ by way of the Ij-mphatics and result

in more or less extensive areas of caseation.

Syphilis of the testicle is relativelj' frequent. It practically

always begins in the testicle, not in the epichdymis. In this

respect it is the exact ojiposite of tuberculosis. The lesion pro-

duced may be only a diffuse inflammator}' process. More often

necrosis occurs so that the term gumma is applied to it. Repair

results in a more or less diffu.se sclerosis of the testicle or in local-

ized foci of scar formation.
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In mumps the infectious agent, which is still unknown, occa-

sionally involves the testicle and causes an intense acute in-

flammatory exudation with much swelling. Histologically there

is extensive necrosis which calls out an exudation of serum and

polymorphonuclear, leukocytes. Frank suppuration is rare.

In variola it is common to find numerous foci of necrosis in

the testicle with a moderate to well marked inflammatory reaction

around them. They do not go on to suppuration.

Sclerosis of the testicle is fairly common. It may be ex-

tensive or affect only small areas here and there. It is an end

result due to repair, not a chronic orchitis due to the continuous

action of an agent. To say what the acute lesion was which

Fig. 459.—Rhabdomyosarcoma of testicle. M.

caused it is usually impossible. All of the lesions which have
been described may heal, although some are more likely to than
others. A full knowledge of the patient's previous history may
solve the difficulty. Variola leaves its characteristic marks else-

where and syphihs may.

In one instance a sclerosed testicle contained within dense

fibrous tissue numerous cholesterin crystals surrounded by giant-

cells, evidently the last remains of fat which owed its presence

originally to an abscess.

Tumors.—The commonest tumor of the testicle is the embry-
oma. It appears most often as a cellular, rapidly-growing tumor
with little stroma and fairly characteristic cells which show no
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differentiation. This form of the tumor has often been classi-

fied in the past both as a carcinoma and as a sarcoma. When the

tumor grows more slowly so that the cells have opportunity to

differentiate, various recognizable types of cells and tissues may
be formed: cartilage, bone, striated muscle-cells, neurogha tissue,

epithehal structures, etc. Dermoid cysts such as occur in the

ovary are rare.

SEMINAL VESICLES

The seminal vesicles and the vas deferens are both exposed by
their situation and connections to infections involving the genital

tract. Of these the most important are gonorrhea and tubercu-

losis.

PROSTATE

Introduction.—The most important lesions of the prostate

are the infectious processes, including tuberculosis; primary carci-

noma; and, most frequently of all, the condition known as hyper-

trophy of the prostate. Other lesions are of minor consideration.

The prostate develops only partially or not at all in the cas-

trated, and castration in the adult sometimes leads to its atrophy.

Evidently there is some close relationship between the prostate

and the testicle.

In old age the prostate, instead of undergoing atrophy like

other organs, gradually enlarges to a moderate degree; both the

glands and the stroma share in the enlargement.

Two postmortem changes are worth noting; marked des-

quamation of the epithelium lining the glands is very common,
and the smooth muscle-cells are often swollen or limipy and

hyaline in their centers.

The only retrograde change of any significance is the common
formation of corpora amylacea in the adult. These bodies are

regularly layered, are often colored brown or black and usually

give an amyloid-like reaction with iodin. They vary consider-

ably in size and may occur singly or in large clumps.

Blood pigment is sometimes found within endothelial leuko-

cytes, both in the stroma and less often in the glands as the result

of hemorrhage.

Hyaline granules and droplets occasionally occur in the epithe-

lial cells lining the glands and may be very numerous.

The glands of the prostate are often more or less distended

with secretion and with corpora amylacea. Whether the ac-

cmnulation is sometimes natural, or is always due to occlusion

of the ducts is not easy of determination and has not been settled.

The secretion varies much in consistence, sometimes being thin

and watery, at other times thick and dense, suggesting caseous

38
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material. Occasionally it contains feathery or crystalline masses.

In one instance the secretion was greenish in color and resembled

thick pus. The epithelium lining the dilated glands is thin and

flattened.

The secretion and corpora amylacea in the glands some-

times seem to exert a toxic influence, just as colloid does in the

thyroid, attracting numerous endothelial and occasionally poly-

morphonuclear leukocj^tes into the lumina. These cells often

attack and dissolve the bodies and sometimes form foreign body
giant-cells around fragments of them.

Fig. 460.—Prostate. Corpora amylacea within a dilated gland. En-
dothelial leukocytes are applied to the surface of some of them and in places

are fusing to form foreign body giant-cells. M.

Lesions of Infectious Origin.—Infection of the prostate gland is

relatively common. It takes place more often by direct extension

from the urinary tract than metastatically through the circulation.

The lesions of embolic origin are most often due to the staphylo-

coccus aureus and usually take the form of abscesses, which may
enlarge, coalesce if multiple, and rupture into the bladder, urethra

or rectum, cause diffuse suppuration of the pelvic tissues, or re-

sult in the escape of urine and its diffusion into the scrotum and

subcutaneous tissues.

Infection by extension from the urinary tract freciuently

follows gonorrheal infection of the urethra, but is most common
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as the result of the infections and injuries due to catheterization.

The colon bacillus is the most frequent injurious agent under
these conditions, but the staphylococcus aureus, the streptococcus

pyogenes and other micro-organisms may gain entrance in the

same way.

The infecting organisms cause an acute inflammatory exuda-

tion consisting chiefly of serum and polymorphonuclear leuko-

cytes which accumulate in the glands and ducts, dilating them
and thereby enlarging the prostate. The interglandular tissue

is often destroyed and abscesses formed. The infection due to

the colon bacillus and especially to the gonococcus may become
chronic in form. The gonorrheal process is liable to be mild

and the exudation of the so-called catarrhal type. The stroma

often shows marked infiltration with lymphocytes which some-
times collect in masses. Eosinophils are sometimes numerous
both in the stroma and within the dilated lumina of the glands.

Tuberculosis.—Tuberculosis may start in the prostate by
blood infection or by extension from elsewhere in the genito-

urinary tract. The lesion may begin as a miliary tubercle in

the interglandular tissue, or as an exudation in a duct or gland

according to the location of the invading organism. As the bacilli

multiply and spread other tubercles are formed. These develop

and fuse so that large caseous masses result. If the lesion starts

in the stroma the bacilli usually gain access to the glands which

become dilated with an exudation consisting for the most part of

endothelial leukocytes. If the infection starts in the glands or

involves them early it may remain practically confined to them.

In one instance the organisms grew in them in great numbers,

often in sinuous masses, causing but little inflammatory exudation

and only in places involving the surrounding stroma.

Hypertrophy.—The most common, and from a mechanical

point of view the most important, condition affecting the prostate

is hypertrophy. This is a wholly vague clinical term meaning

enlargement due to any cause. It is commonly restricted to

chronic enlargements not due to tuberculosis or new-growth.

Simple accmnulation of the secretion within the glands,

occasionally with inspissation of it, and the formation of corpora

amylacea apparently may cause more or less enlargement of the

prostate. This enlargement is still more likely to occur if, owing

to chemical changes in the secretion, a mild form of inflammatory

reaction is excited and leukocytes are attracted into the glands,

and lymphocytes into the stroma.

Enlargement of the prostate frequently results from chronic

inflammation, evidently of infectious origin. The glands are di-

lated, often markedly so, by the accumulated exudation within
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them and the interglandular tissue is edematous and contains

many lymphocytes.

Enlargement is also caused by the accumulation of secretion

within the glands and dilatation of them following an inflammatory

process which has closed one or more of the many ducts of the

prostate. The dilated glands xmder this condition may contain

a clear watery fluid.

Occasionally the connective tissue is more or less increased

in amount. An increase of the muscle tissue is asserted by some
to occur. It is doubtful if this can be anything more than a
hypertrophy of existing muscle-cells, because a hyperplasia of

them apparently does not take place, and a leiomyoma would
form a discrete nodule just as it does in the uterus or elsewhere.

Another type of enlargement of the prostate is due to a hy-

perplasia of the glands, a condition which is sometimes marked.

It may be complicated by dilatation of some of the glands and by
inflammation. The cause of the hyperplasia is not evident. It

may be more or less focal or diffuse. The stroma between the

hyperplastic glands contains smooth muscle-cells, as in the normal
prostate, in addition to fibroblasts and blood-vessels. This point

is much against the glandular hyperplasia being regarded as an
adenoma, as advocated by some writers.

Glandular hyperplasia combined with more or less dilatation

seems to cause the most marked examples of hypertrophy. In
one instance the two lobes removed at operation weighed, after

hardening in alcohol, 172 grams and measured 8.5 x 5 x 5.5 cm.
and 8x5.5x4 cm. respectively. As a rule the weight of enlarged

prostates does not go above 50 to 100 grams.

The consistence of the enlarged prostate is usually elastic.

On section the cut surface may be smooth, or streaked with

fibrous bands, or the glandular portions may project.

Tumors.—The most frequent and important tumor of the

prostate is the carcinoma. It occurs especially in old men.
Sometimes it causes little or no enlargement of the organ and may
require microscopic examination to determine its presence. In
other instances the prostate is much enlarged and the tumor may
extend to the surrounding tissues and into the bladder.

Histologically the tumor ceUs are usually small, polymorphous
and arranged in sohd masses and cords which may be small or large.

Occasionally the cells are arranged in gland-form. Rarely the cells

are large as the result of considerable cytoplasm around the nuclei.

A marked pecuharity of cancer of the prostate is that early and
numerous metastases in the bones are common and the stroma
which is formed for them there from the osteal fibroblasts often

reveals its nature by forming true bone (osteoplastic carcinoma).
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UTERUS

The most important lesions of the uterus are the infectious

processes and the tumors.

Anatomy.—The surface and the shghtly spiral glands of the

mucous membrane of the body of the uterus are lined with cyl-

indric epitheUal cells which are to some extent ciliated. The
glands often extend normally to some depth into the muscle wall.

Between the glands are spindle-shaped fibroblasts surrounded by
a small number of collagen fibrils.

The cervix and its glands are lined with tall cyhndric mucus-
secreting epithelial cells and the fibroblasts between them are sur-

rounded by fairly numerous collagen fibrils.

Menstruation.—At the time of menstruation certain changes

occur in the uterus. A knowledge of these changes, especially

of the hjrpertrophic condition of the uterine glands, is important,

because if not understood and recognized the glandular hyper-

trophy may be misinterpreted in the examination of uterine

curettings.

Turgescence of the mucous membrane begins eight days be-

fore menstruation and gradually increases. At the time of

menstruation three well-characterized layers can be recognized

in it:

1. The first or compact layer consists of the mouths of the

glands with enlarged, swollen fibroblasts packed between them.

2. The second or spongy layer is composed of dilated glands

with their walls thrown into folds. The glands are lined with

vacuolated, swollen epithelial cells filled with mucus.

3. The third or basal layer consists of the lower ends of the

glands which are not altered.

During menstruation the glands discharge their secretion,

and hemorrhages occur all through the mucous membrane and
also on the surface and into the glands. Parts of the surface or

compact layer are cast off and small defects result in consequence.

After menstruation the mucous membrane gradually returns

to its normal condition. The blood in the tissues is removed
without pigment formation.

Disturbances of Circulation.—Congestion and hemorrhage
occur physiologically during menstruation. Hemorrhage also

597
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occurs under other conditions and clinically may be of much
importance in calling attention to some new-growth within the

uterus, to placenta prsevia, or to some other abnormal condition.

Occasionally in old women an agonal hemorrhage or apoplexia

uteri is found.

Lesions of toxic origin do not occur except from the intro-

duction of chemical substances into the uterine canal, either for

the purpose of producing abortion or for medication or production

of asepsis. More or less extensive necrosis of the surface and
acute inflammatory exudation may result.

Lesions of infectious origin are common in the uterus. They
most frequently follow instrumental production of abortion and
the employment of forceps in labor, but may occur even in connec-

tion with normal labor. Streptococcus infections are the most
dangerous becauae they are liable to extend to the lymphatics,

which become dilated and filled with pus, and to spread into the

broad ligament. The inner surface of the uterus may undergo
more or less extensive necrosis. Placental remains and hem-
orrhages often complicate the condition. The inflammatory

exudation on the surface and in the tissues varies according to

the nature of the infecting organism and the degree of injury done.

Infection with the gonococcus often occurs by extension from
the vagina, and while not particularly virulent, causes an abun-

dant mucopurulent secretion and the inflammatory condition it

produces is likely to persist.

Infection with the tubercle bacillus is comparatively rare.

It may arise by blood infection, but usually results by direct ex-

tension from a chronic tuberculous process in an oviduct.

Hypertrophy of the uterine mucous membrane is a fairly com-
mon condition. The glands become elongated, more or less tortu-

ous and present numerous small projections into the lumina.

Some of the glands may be dilated into small cysts. The cause

of the condition is not fully understood, but is evidently various.

Cysts due to distension of the glands of the cervix (ovula

Nabothi) are of common occurrence and of little or no significance.

More important lesions of the cervix are lacerations, inflamma-

tory erosions and true erosions. A condition simulating erosion

and usually so called seems to be of congenital origin, due to a

part of the vaginal portion of the cervix being lined with cylindric

instead of pavement epithelium.

Tumors.—The important tumors of the uterus are the carci-

noma and the leiomyoma.

Benign polypi occur occasionally. In the body of the uterus

they usually arise from a broad base at the fundus, and grow to-

ward the cervix, conforming to the shape of the cavity which they
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often completely fill and may distend. Externally they are cov-

ered with epithehum like the uterine mucosa. The proportions

of glands and stroma vary considerably in different instances.

Sometimes the glands are dilated into small cysts. Polypi of

the cervical canal may project into the vagina.

The cause of the formation of these polypi is not known.
They are probably best regarded as due to a local hj^pertrophy

of the uterine mucosa, rather than as true tumor formations

like the benign adenomas of many other organs.

The carcinoma occurs in several forms which are named accord-

ing to the type of epithehum from which they arise, or the manner
in which the cells are arranged, namely, malignant adenoma,
adenocarcinoma, alveolar carcinoma, epidermoid carcinoma.

Not infrequently two or three of the types and rarely all four

are found associated in a single tumor. To the clinician the lo-

cation of the tumor, whether at the fundus or in the cervix, is of

more importance than its exact histologic classification.

Cancer of the fundus may be localized in a small area and
yet extend through the entire muscle wall. More often it quickly

infiltrates and destroys the lining mucous membrane and invades

the muscle wall more slowly. It may project into the uterine

cavity and cause more or less distension of it.

Cancer of the cervix may arise from the.mucous glands or from
the covering epidermis. The epidermoid type of growth is occa-

sionally complicated by an extreme infiltration with eosinophiles.

In one instance metastases of one of these tumors into the lungs

showed a similar infiltration with eosinophiles. The cause of

the unusual infiltration is not evident.

The leiomyoma is the commonest tumor of the uterus. It may
be single or multiple, small or large. It always starts in the

muscle layer and may remain there or be forced into a sub-

mucous or subperitoneal position. It is usually sharply circum-

scribed, but may grow diffusely and be poorly defined, being

limited to a part of the uterine wall or involving practically all

of it, and causing a uniform thickening and great enlargement of

the uterus.

Occasionally the leiomyoma grows rapidly, infiltrates the

surrounding tissue and may give rise to metastases. The cells

usually retain a spindle shape, but occasionally become more or

less spherical. Mitotic figures may be numerous and sometimes

multiple so that true tumor giant-cells are formed.

The discrete leiomyoma occasionally, and the diffusely growing

form of it frequently, are complicated by the presence of glands

which resemble closely those in the uterine cavity, are surrounded

by the same kind of fibroblasts, and bear the same relation to the



600 PATHOLOGIC HISTOLOGY

adjoining muscle layer. This form of leiomyoma is often called

an adenomyoma. Cullen has clearly shown that in at least the

great majority of instances these glands are directly connected

with the uterine mucosa. They are probably to be explained,

not as an ingrowth of the mucosa into the muscle wall, but as

mucous membrane forced out of its normal situation by the growth

of the leiomyoma which started near it and more or less completely

surrounded portions of it. By the growth of the leiomyoma the

mucous membrane continues to be stretched and dislocated, al-

though certainly, as a rule, retaining its direct connection with

the uterine mucous membrane.

OVIDUCT

The most important lesions of the oviducts are of infectious

origin. The gonococcus is the commonest etiologic agent. Next
in importance is the tubercle bacillus.

Anatomy.—The mucous membrane of the oviducts is thrown
into folds running lengthwise of the tube and is lined with ciliated

cylindric epithelium. In one instance a small portion of it was
lined with pavement epithelium. The muscle coat directly ad-

joins the mucous membrane. Small gland cavities lined with

ciliated epithelium and surrounded with a layer of smooth muscle-

cells are frequently present beneath the mesothelial covering of

the tubes. They are probably remains of the Wolffian duct and
may be the starting point of some of the tumors usually considered

to arise from the ovary.

Lesions of Infectious Origin.—The oviduct may be infected

by direct invasion of organisms either from below through the

uterus, from above through the fimbriated end and the peritoneal

cavity, or metastatically through the circulation. Infectious

processes rarely start primarily in it; it usually becomes sec-

ondarily involved, but the lesion in it is often more important

than the primary one. Infection may be due to the ordinary pus
organisms, but the most common infecting agent is the gonococcus.

Lesions due to the streptococcus pyogenes and similar bacteria

usually run an acute course, and are generally secondary to

uterine infections following abortion or labor, or to appendicitis

and peritonitis. In one instance it followed pneumococcus in-

fection of a corpus hsemorrhagicum.

Salpingitis is most often due to the gonococcus. The propor-

tion is placed at seventy-five to eighty per cent. The process is

essentially chronic and may persist for months or years. In

the acute stage the lumen of the tube is filled with polymorpho-

nuclear leukocytes many of which contain gonococci. In the

later stages it may be difficult or impossible to demonstrate their
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presence, although cultures often show them present when smears
do not.

The mucous membrane is infiltrated, according to the dura-

tion of the infection, with polymorphonuclear leukocytes, plasma
cells, eosinophiles and occasionally with endothelial leukocytes

filled with fat-droplets.

Sometimes the various leukocytes infiltrate the muscle coat

more or less extensively and the fibroblasts are usually stimulated

to reparative proliferation, so that much thickening of the wall

may be caused. The lining epithelium of the mucous membrane
is occasionally destroyed in places.

Fibrin formation on the peritoneal surface of the tube usually

leads to organization and the formation of fibrous adhesions with

the surrounding structures, especially with the ovaries.

As the result of the infection and the inflammatory reaction

to it the oviduct is often enlarged, its lumen dilated and its wall

thickened. It may be much distorted in consequence of ad-

hesions which tie it down at various points. The fimbriated end
is often occluded. Repair of ulcerations within the lumen and
organization of fibrin may cause adhesions between the folds of

mucous membrane and more or less obliteration of the depressions.

Tuberculosis is an occasional lesion of the oviduct. The tube

may become involved secondarily to a tuberculous peritonitis, but

the infection usually starts from a miliary tubercle of hematoge-

nous origin. The process starts and spreads in the mucous mem-
brane, but the bacilli, as a rule, soon gain entrance to the lumen
and give rise to an exudation. Rarely this may be so abundant
that large, thin-walled tubes result, which suggest huge sausages.

In one instance they weighed two pounds apiece.

Tubal pregnancy is fairly frequent and is the most common,
perhaps the only, cause of hemorrhage in the oviduct and of rup-

ture of its wall.

OVARY

The tumors of the ovary occupy the first place among the

pathologic conditions affecting it.

Infections cause a diffuse inflammatory exudation or more
often abscess formation, which may be surrounded with a thick

wall of granulation tissue. The infections usually arise secondary

to acute processes in the neighborhood, such as a gonorrheal

salpingitis or an acute appendicitis, or by extension of a puerperal

infection through the broad hgament.

Tuberculosis may arise by direct infection from a tubercu-

lous peritonitis, or a salpingitis.

Cysts.—Several varieties of cysts occur in the ovary. Two
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arise in connection with new-growths. Three are due to disten-

sion of preexisting cavities and will be considered before the

others.

1. The first variety of retention cyst is due to dilatation of

gland-like cavities which are probably remains of the Wolffian

duct. Many of the cells are ciliated.

2. The second variety is due to distension of ovarian follicles

and is lined with non-ciUated epithefium.

3. The third results from softening and an accumulation of

fluid in the center of a corpus luteum or fibrosum.

Tumors.—The epithelial tumors of the ovary are the most
frequent and important. They are divided into three varieties

according to their type of growth.

1. The adenocystoma is composed of glands and cysts lined

with cylindric epithelium and filled with a thin to thick fluid

containing pseudomucin. The tumors may attain a very large

size and are usually benign.

2. The papillary adenocystoma is more likely to contain one

cyst than many, does not attain a very large size and is filled

with a thin, serous fluid. Papillary outgrowths may project

from the wall at only one spot, or fine the whole inner wall and fill

the lumen of the one or more cysts present. Papillary outgrowths

may also occur on the outside of the tumor and even mask the

cyst formation. The epithefium lining the cysts and papillary

projections is tall, cyhndric and often ciliated. The stroma may
be shght or abundant. This variety of tumor may give rise to

metastases in the peritoneal cavity and must be regarded with

greater suspicion than the adenocystoma.

3. The carcinoma gives rise to a solid tumor often of a peculiar

yellow color and usually with an abundant dense stroma.

The fibroma is rare and usually small, but may occasionally

attain a large size. In one patient each ovary contained a fi-

broma; one was very large, the other small; both caused symmet-
rical enlargement of the ovaries.

The teratoma is more common. It is usually cystic in form
(dermoid cyst) but sometimes solid and may contain a great

variety of histologic elements.

MAMMARY GLAND

The mammary gland is composed of ducts and glands fined

with two layers of epithelial cells, the inner cubical, the outer

long and cylindric with fibrils in the cuticle, in consequence of

which they are usually regarded as smooth muscle-cells of epithe-

fial origin. The ducts near their outlet, the nipple, are fined

with epidermis.
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The stroma of the mammary gland consists of abundant con-

nective tissue in which occur occasional smooth muscle-cells.

Lesions of Toxic Origin.—Retained secretions in the ducts

and glands sometimes lead to trouble. Fat often attracts endo-

thelial leukocytes. Fat and cholesterin crystals formed from
the fat may cause the endothelial leukoc\'tes to fuse together

into foreign body giant-cells. The lining epithelium is sometimes

destroyed.

The irritation caused by these retained products of secre-

tion seems to have some causal relation to the foci of epithelial

proliferation so often found in cases of chronic mastitis.

Fig. 461.—Aliunmary gland. Chronic mastitis. Giant-cell formation around
masses of fat crystals formed from the glandular secretion. M.

Lesions of Infectious Origin.—The ducts and glands of the

breast are sometimes infected with pus-cocci, most often during

the nursing period. The jjrocess may spread more or less •\\ddely

in the ducts and glands and cause diffuse inflammation, or more

or less extensive abscess formation.

Tuberculosis occurs occasionally.

Tumors.—Several types of epithelial tumors arise in the

mammary glantl.

The most common is the adenoma which may grow in simple

gland form, but more often has papillary or finger-like projections
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of stroma into it, which stretch and distort the glands and often

force their epithelial surfaces closely together.

Papillary growths within the ducts and glands are not infre-

quent and are always to be regarded with suspicion, because their

tendency is finally to invade the surrounding stroma as full-

fledged cancers. Sometimes they distend the ducts and glands

and fill them with proliferated cells before invasion takes place.

This type of tmnor is frequently found in connection with chronic

mastitis of toxic origin due to retained products of secretion.

Carcinoma of the mammary gland is the most common type of

cancer with which women are afflicted. It may form large,

rapidly-growing masses, or small, dense nodules; be sharply

circumscribed or diffusely infiltrating, spreading slowly in the con-

nective tissue and rapidly in the lymph-vessels and within the

ducts. It may invade the overlying epidermis or the pectoral

muscles beneath. Extension to the axillary lymph-nodes is of

common occurrence and often takes place early. In one instance

where a cancer one cm. in diameter was present in the nipple the

axillary lymph-nodes showed extensive infiltration.

Colloid cancer sometimes occurs.

Cancer of the mammary ducts may be epidermoid in tyv^ and
sometimes spreads in the deeper layer of the epidermis aroimd
the nipple, causing ulceration (Paget's disease of the nipple).

An occasional tumor occurring in the breast is the osteochondro-

fibrosarcoma.

PLACENTA

The important lesions of the placenta are the hydatidiform

mole and the chorionepithelioma. Infectious lesions are com-
paratively rare.

Infarcts of the placenta are common, due to fetal cells invad-

ing the veins and arteries in the uterine mucosa and causing ob-

struction or bringing about hemorrhages. As a result of disturb-

ance of the maternal circulation the villi are no longer bathed in

blood. They may necrose and become compacted together,

or be driven apart by hemorrhage. The infarcts usually appear

yellowish white and opaque and of varying size.

Hydatidiform mole is of importance owing to its relation to

chorionepithelioma. It is due to edema of the mucous connec-

tive tissue of the chorionic villi which are sometimes greatly ex-

panded. The epithehal covering often shows a markedly hyper-

plastic condition. The cause of the condition is not known.
The chorionepithelioma arises from the epithelium covering

the vilU and is, therefore, fetal in origin. It may grow on the

surface of the uterus, but tends to invade and grow in blood-
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vessels. Hemorrhage is, therefore, commonly associated with it.

Metastases in the wall of the vagina and in the limgs are of frequent

occurrence.

Retention of placental fragments in the uterus is of common
occurrence. The villi may remain alive apparently for months.

They may become infected and give rise to symptoms, or in rare

instances may furnish the starting point for a chorionepithelioma.



BLOOD-MAKING ORGANS

BONE MARROW
Anatomy.—The function of the bone marrow is to produce

red blood-corpuscles, blood platelets, and certain types of leu-

kocytes required in the circulating blood, and to maintain them
in the proportions needed during health and disease. In child-

hood all the marrow-spaces in the bones are utilized for this

purpose, but later in life the process is gradually restricted to the

flat and short bones and to the ends of the long bones, except

when owing to hemorrhage or disease greater numbers of blood

elements are needed; then all the marrow-space available may
again be reoccupied. The marrow-space in the long bones not

required in the production of red blood-corpuscles and leukocytes

is filled up with fat-cells, except in old age when they are usually

replaced by edematous or mucous coimective tissue (so-called

gelatinous tissue).

In fetal life the formed elements of the circulation are pro-

duced in the liver and spleen, but before birth the process is

transferred to the bone marrow. Under certain conditions the

function of producing the cellular elements of the circulation may
apparently again be taken up, at least to some extent, by these

organs.

Histologically the normal bone marrow contains, aside from
arteries, veins, nerves, and a slight amount of connective tissue

chiefly in the form of a reticulum, only numerous wide capillaries,

and between them the parenchyma which consists of three dif-

ferent series of cells:

1. The myelocjiie series of cells.

(a) Myeloblasts.

(6) Myelocytes (neutrophilic, acidophilic, and basophilic),

(c) Leukocytes (the polymorphonuclear leukocyte, the

eosinophile, and the mastcell).

2. Erythroblasts, nucleated and non-nucleated red blood-

corpuscles.

3. Megakaryocytes, blood platelets.

The origin of the different cells and other elements in the

bone marrow and their relation to each other have been pretty

thoroughly investigated and determined, and are generally ac-

cepted. To recognize the exact nature of each individual kind of

606
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cell in a section of bone marrow, even when it has been well fixed

and stained is, however, not an easy matter.

So far as can be determined lymphocytes do not exist in the

normal bone marrow, but may be attracted into it from the blood

and may be transformed into plasma-cells mider a variety of

pathologic conditions.

Regeneration.—Loss of blood leads to great activity on the

part of the bone marrow owing to its effort to replace the red

blood-corpuscles and leukocytes which have been lost. The same
is true if they have been destroyed in any way as, for example, in

malaria, where the organisms directly injure great numbers of red

blood-corpuscles, and in various suppurative conditions where

many polymorphonuclear leukocytes are killed by toxins.

In pernicious anemia the bone marrow always shows great

proliferative activity, although the exact nature of the pathologic

condition is not yet understood.

The erythroblasts and nucleated red blood-corpuscles are

usually present in small clumps. Occasionally an endothelial

cell containing brownish pigment granules or masses occurs

among the other cells.

Lesions of Toxic Origin.—Many of the toxins which, under
various pathologic conditions, obtain access to the circulation

are counteracted or neutralized by substances already in the

serum or manufactured as required by leukocytes. For the pro-

duction of these substances an increased number of this or that

kind of leukocyte is, therefore, often required. In this way
toxins when not too strong lead to proliferation of cells in the

bone marrow, and often to an increased number of one kind of

leukocyte or of another in the circulating blood.

In many infectious processes the polymorphonuclear leukocytes-

are greatly increased in the blood (leukocytosis) and therefore,

the myeloblasts proliferate in the bone marrow to produce more
of them. In trichiniasis and some other infections the eosino-

philes are greatly increased in the same way (eosinophilia), and
the bone marrow likewise contains many of them in all stages of

formation. To a less extent endothelial leukocytes may be pro-

duced in the capillaries of the bone marrow as well as elsewhere,

and lymphocytes, which normally do not exist in the bone marrow,

may invade it and proliferate there.

In the condition known as status lymphaticus lymphocytes-

may be present in great numbers in the bone marrow and even

form lymph-nodules. Probably some toxic condition is responsible

for the condition.

Lesions of Infectious Origin.—In the ordinary infectious

lesions of the bone marrow the injury done to the marrow-cells is
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of much less importance than that done to the surrounding bone
tissue. The reason is ol^vious. If bone-marrow cells are de-

stroyed over a limited extent they are easily dissolved and removed
and their function taken over by the bone-marrow cells else-

where, which readily proliferate if necessary; but the necrotic

bone-tissue is dissolved and removed with great difficulty and

has to be replaced Ijy new trabecule of bone. The process of

repair, therefore, occupies the whole field of the lesion, which is

filled with granulation tissue and new trabeculiE. After repair

has taken place the bone-marrow cells will again gradually grow
in and occupy as much of the space as is available.

Fig. 403.—Typhoiil fever. I'art of focal lesion in lione marrow. M.

Acute o.steomyclitis may cause the destruction of all the

marrow-cells in a long bone, but this is not nearly so important

as the killing of the bone-cells. The function of the marrow-

cells is easily taken over by the marrow-cells elsewhere, while

the necrotic bone has to be removed and replaced by the activity

of the osteoclasts and the osteoblasts, unless the surgeon sim-

plifies the process for nature by removing the dead shaft.

The commonest infectious lesions involving the bone marrow

are abscesses due to the staphylococcus aureus, less often to

the pneumococcus and certain other organisms.

In typhoid fever focal lesions like those in the liver and com-

39
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posed of phagocytic endothelial leukocytes are quite frequent.

In small-pox larger lesions due to necrosis are common and charac-

teristic. The inflammatory reaction consists chiefly of endo-

thelial leukocytes which collect around the lesions, and where the

latter have involved fat-cells become filled with fat-droplets.

Tuberculous lesions are fairly common and may occur as

acute miliary tubercles or as large caseating masses.

Tumors.—Two different types of tumors originate from bone-

marrow cells. The more frequent and important is the myelo-

blastoma, of which the cells tend to differentiate like those of

the myelocyte series. Metastasis readily takes place into the

circulating blood, where it is known as myelogenous leukemia.

Secondary tumor nodules may form in various organs, beneath

the periosteum of the vertebral column, etc. Sometimes they ex-

hibit more or less of a green color; the condition is then called

chloroma.

The other tumor is the myeloma and is of rarer occurrence.

The type-cell from which it arises is not known. The tumor is

strikingly characterized clinically by causing in some way or other

the presence of albumosein the urine.

The bone marrow is frequently involved by secondary tumors.

The lymphoblastoma when present anywhere in the body is likely

to give rise to metastases in the bone marrow, whether lymphatic

leukemia exists or not. Likewise carcinomas of the prostate and
of the breast commonly produce early metastases in the bone

marrow, and the stroma is often of an osteoid type owing to its

origin from osteal cells.

SPLEEN

Introduction.—The functions of the spleen are not fully un-

derstood. Complete removal of it does not cause death; on
the contrary, it is a procedure recommended for the cure of cer-

tain pathologic processes occurring in the organ.

Enlargement of the spleen is always an important clinical sign.

It may be due to a variety of causes. To be satisfied to call it

hypertrophy of the spleen or splenomegaly is shirking one's duty

and neglecting one's opportunity. Clinician and pathologist alike

should strive to ascertain in each individual instance the cause

of the enlargement, and thus be able to name the process accu-

rately. The enlargement may be of circulatory, toxic, or infec-

tious origin, or due to a retrograde change or to a new-growth.

The hypertrophied organ may weigh many kilos.

Anatomy.—The anatomic structures of the spleen recognizable

to the naked eye are the capsule with its inward prolongations,

thetrabeculse; the blood-vessels; the lymph-nodules (Malpighian
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bodies); and the pulp. The lymph-nodules and the pulp to-

gether form the parenchyma, the important and characteristic

part of the spleen. In addition the spleen contains nerves, but
no lymph-vessels. The lymph-nodules are more prominent in

youth, the trabeculse in old age.

The capsule and trabeculse are composed of fibroblasts to-

gether with a few smooth muscle-cells, and contain numerous
elastic fibers which increase in number with age. The arteries

have well-defined walls. At first they rim in the larger trabecule.

As they get smaller they leave the trabeculse and are surrounded
with masses of lymphoid tissue, the lymph-nodules, into which
they finally ramify in the form of numerous capillaries before

passing outside to the veins of the pulp.

The terminal veins of the spleen begin as dilated structures,

Uned with long narrow endothelial cells which run lengthwise

of the vessels and have prominent oval nuclei. The cells rest on
short, delicate fibrils which stain deeply with phosphotungstic

acid hematoxylin and which sharply define the walls of the veins.

The terminal veins combine into pulp veins which enter the tra-

beculse and unite to form the splenic vein.

The arteries are end arteries; the veins do not anastomose.

The lymph-nodules have the same structure and contain the

same kind of cells as the cortical masses with germinative centers

in the lymph-nodes.

That part of the pulp which lies between the walls of the ter-

minal and pulp veins is small in amount. It contains a few

lymphocytes, and occasionally endothelial cells and fibroblasts.

Under pathologic conditions other cells may be present in varying

numbers, such as plasma-cells, eosinophilic myelocytes, and
rarely neutrophilic myelocytes.

The cells which increase most in the spleen under pathologic

conditions are polymorphonuclear leukocjrtes, endothehal leuko-

cytes which are usually very phagocytic, Ijonphocytes, plasma-

cells, eosinophiles, and myelocytes.

The function of the spleen is partly to produce lymphocytes

for the blood. In addition it seems probable that under patho-

logic conditions the endothelial cells and leukocytes may multiply

and produce antitoxins to counteract toxic substances brought to

them. Under these conditions they may incorporate red blood-

corpuscles, leukocytes and lymphocytes in order to obtain nutritive

substances needed. The most striking example of this function

is seen in typhoid fever. In some infections, such as diphtheria

and scarlet fever, proliferation of endothehal cells in the lymph-

nodules is usually a prominent lesion.

Retrograde Changes.—Fat is often present in the endothe-
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lial cells which prohferate in the lymph-nodules in diphtheria,

scarlet fever, etc. It also occurs in abundance in the hyaline

areas which are often present in the walls of the arteries in acute

infectious processes, and also in chronic arteriosclerosis. In a

case of diabetes mellitus in which lipemia was present the pulp

contained large numbers of endothelial leukocytes filled with fat

so that the spleen in consequence weighed 400 grams.

Amyloid is commonly present in the s]ileen when it is formed

elsewhere in the body. It may be confined practically to the lymph-

nodules and blood-vessels (sago spleen), or, as more often happens.

Fig. 464.—Amyloid infiltration ot a lymph-nodule in tlie spleen. M.

may be more or less generally chffused throughout the pulp. It

causes a gradual thickening of the reticulum so that the mcluded
cells atrophy and disappear, just as in the liver, and the blood

sinuses of the pulp become compressed and narrowed. As a result

of the amjdoid formation the spleen may be considerably enlarged

(400 grams and over). It is dense to the touch and on section

dry and translucent.

Hyaline material is found occasionally in the spleen in two

different situations, in the walls of the arteries in acute infectious
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processes and in chronic arteriosclerosis in the same locations in
which fat occurs, and in the lymph-nodules. It may ap ear in
the latter location as a thickening of the reticulum, due to a fibri-

noid change, or as hyaline connective tissue following endothelial
hyperplasia.

Hyalin is sometimes found in small globules in the cyto-
plasm of plasma-cells which have undergone retrograde change.

Spiculated bodies have been fovmd in the spleen in a few in-

stances inclosed in endothelial leukocytes and giant-cells. They
may be quite numerous and occur in foci or diffusely scattered.

The lesion resembles mihary tuberculosis, but no necrosis is pro-

duced. The bodies seem chemically to be of a fibrinoid character.

They are evidently not the cause of the lesion, which is probably

of infectious origin, but a secondary formation.

Fig. 465.—Repair. Foreign body giant-cell containing spiculated spiierical

bodies, probably of a fibrinoid ciiaracter.

Blood pigment is of frequent occurrence. It is usually found in

endothelial leukocytes which take up red blood-corpuscles and
transform the hemoglobin into hemosiderin. The pigment is

always present following typhoid fever. The leukocytes are at

first in the blood sinuses, but usually emigrate from the vessels

and collect in clumps, especially around the trabeculse and arteries,

where they gradually digest the pigment.

Spherical bunches of bright orange-colored hematoidin crystals are

often formed in infarcts, and as organization occurs may be taken

up by endothelial leukocytes. Small foreign body giant-cells may
be formed occasionally by fusion of two or more leukocytes.

In hemochromatosis endothelial leukocytes filled with pig-

ment are found in the spleen, but usually not in large numbers.

Melanin due to the malarial parasites occurs in red blood-

corpuscles, where it is formed by the organisms, and also more
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abundantly in the endothelial leukocytes free in the veins and

also collected in the intervascular tissue everywhere. In chronic

malaria the connective-tissue stroma of the spleen is increased

in amount and packed with endothelial leukocytes filled with pig-

ment. As a result of the pigment the spleen may be colored a

dark gray or even greenish black. In the acute stage the spleen

may be enlarged to 900 grams or more; later it may contract to

less than the normal weight.

Carbon is occasionally found in small amounts in the spleen.

It is inclosed in endothelial leukocytes which tend to collect in

small clumps, usually around the arteries and trabecule.

Disturbances of Circulation.—Acute congestion of the spleen

occurs in many acute infectious processes, but especially when a

septicemia is present. Under these conditions it is usually com-

bined with an accumulation of leukocytes. The organ is en-

larged and soft (so-called acute splenic tumor), on section of a

dark to grayish-red color, and on scraping yields much pulp.

Chronic passive congestion is more likely to occur uncompli-

cated by infection. It is due to general or local obstruction of

the venous circulation, most often caused by lesions of the heart.

The spleen under these conditions is usually somewhat enlarged,

dense in consistence, and of a dark to bluish-red color (cj^anotic

induration). The connective tissue shows a moderate increase

everywhere in the organ.

Banti's disease seems to be a. symptom-complex resulting from
partial occlusion of the splenic or portal vein and marked ob-

struction to the outflow of blood from the spleen. Swelling of

the spleen and much increase of the connective tissue of the organ

result in consequence.

Infarcts of the spleen due to occlusion of arteries are frequent

and usually of the anemic variety, although hemorrhagic infarcts

sometimes occur. They are in general wedge-shaped and cause

slight bulging of the capsule. Organization of an infarct usually

proceeds rapidly at first. The edge is deeply congested and leuko-

cytes migrate in numbers into the necrotic tissue. Later the proc-

ess of repair slows up and the removal of the necrotic tissue and
replacement by scar tissue take a long time. Hematoidin crystals

in bunches are generally formed in considerable numbers in the

infarct and at its border, and are often taken up by endothelial

leukocytes which sometimes fuse to form giant-cells around

them. Other leukocytes of the same type may be filled with

hemosiderin pigment.

Lesions of Mechanical Origin.—The blood sinuses of the

spleen are susceptible of great distension by the accumulation

of blood-corpuscles and leukocytes within them. If the distension
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persists for any length of time the mechanical injury done the

fibroblasts causes them to proliferate. In this way an increase

of collagenous fibrils and reticulum is produced. If the organ
contracts later the increased amount of coimective tissue persists

as a sclerosis. Such a sclerosis may be moderate in amount as

in chronic passive congestion, abundant as in Banti's disease

owing to mechanical obstruction of the splenic vein, or very

marked as in certain chronic infectious diseases, especially malaria

and kala-azar.

Lesions of Toxic Origin.—Toxins of various sorts are brought

to the spleen by the circulating blood, but there is no abundant

parenchyma as in the liver to be affected by them. Certain tox-

ins, as in diphtheria and scarlet fever, cause marked proliferation

of the endothelial cells lining the reticulum of the lymph-nodules.

The lymphocytes may be largely incorporated and digested by
these cells. The process may be interpreted in two ways : (a) The
endothelial cells proliferate to produce an antitoxin to neutralize

the toxin brought by the circulation; the lymphocytes are utilized

as nutrition; (6) the lymphocytes are injured and destroyed by
the toxin and are then taken up by the endothelial cells which

proliferate in sufficient numbers to perform the work required of

them (process of repair). The first view seems the more likely,

because when the toxin is strong enough to produce a fibrinoid

change of the reticulum or necrosis of the lymphoc\i:.es, the endo-

thelial cells proliferate but slightly or not at all.

Other toxins cause accumulations of polymorphonuclear leu-

kocytes in the blood sinuses, sometimes in great numbers. In

typhoid fever endothelial leukocytes collect abundantly in the

same way in the blood sinuses and are filled with many red blood-

corpuscles. Toxins from other infections do not cause so great

an accumulation of them.

Certain toxins bring about abundant collections of lympho-

cytes, usually ill the form of plasma-cells, in the spleen. They
are generally situated around the trabeculse and blood-vessels.

Rarely they collect in numbers beneath the lining epithelium of

the larger veins and project it in festoons into the lumen.

A variety of toxic conditions may cause eosinophiles to ac-

cumulate in considerable numbers in the spleen.

Lesions of Infectious Origin.—It is not easy or even always

possible to separate the toxic from the infectious lesions of the

spleen. In fact, the two are very often combined. In septicemias

due to the staphylococcus aureus, the streptococcus pyogenes, the

anthrax bacillus, etc., cultures will necessarily show the organisms

present, although they may be confined entirely to the circulating

blood. When focal lesions are present, however, the relation of
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the infectious organism to the process is definitely evident. These
lesions require no especial consideration here, but should be sought

in their proper place under the causal agents.

Abscesses may be caused by a variety of organisms (staphylo-

coccus aureus, streptococcus, typhoid bacillus) the identity of

which has to be determined in each specific instance.

The malarial parasites may produce all degrees of enlarge-

ment of the spleen up to a weight of about one kilo, dependent on
the duration and severity of the infection and the variety of the

organism present. As a result of the enlargement due partly to

distension of the blood sinuses by red blood-corpuscles, but chiefly

to the great accumulation of endothelial leukocytes filled with red

:a<

Fig. 466.—Spleen. Gaucher's type of splenomegaly. M.

blood-corpuscles, parasites and pigment, the connective-tissue cells

proliferate and produce more intercellular substance. Later,

when the organ contracts the amoimt of stroma is relatively

much increased and the organ is dense and firm (sclerosed).

In Gaucher's type of splenomegaly, where the spleen is greatly

enlarged and the blood sinuses distended with proliferated endo-

thelial cells and leukocytes, a parasite of some sort or other is

probably the cause of the lesion.

Infection with the tubercle bacillus shows most often in the

form of miliary tubercles which may be exceedingly numerous.

Occasionally conglomerate tubercles of various sizes are formed
and rarely large caseous masses.
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Syphilitic infection is rare in the spleen, although in congenital

syphilis the spirochetes may be very numerous, especially in the
walls of the arteries.

Fig. 407.—Spleen. Gaucher's type of splenomegaly.

Tumors.—The lymphoblastoma may be primarj^ in the spleen.

Occasionally it is scirrhous in type and has l)een called primary
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Fig. 46S.—Spleen. Gaucher's type of splenomegaly. Mitosi.s of endothelial

coll lining blood sinus.

Fig. 4li9.—Syphilis, congenital. Spleen. Many treponemata pallida in

walls of arteries. 'SI.
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Hodgkin's disease of the spleen. The tumor may cause great

enlargement of the organ. Other primary tumors are rare.

Among them the lymphendothelioma deserves mention because
it is pretty generally agreed that lymph-vessels do not exist nor-

mally in the spleen.

Of the secondary tumors the most important are the lympho-
blastoma and the myeloblastoma. Both may cause great and
usually imiform enlargement of the spleen. Metastatic cancer, as

a rule, occurs in separate nodules.

Fig. 470.—Spleen from a case of polycythemia. Several large cells (me-
gakaryocytes ?) with multiple or large lobulated nuclei; also numerous nu-
cleated red blood-corpuscles.

Hypertrophy of the spleen, or splenomegaly, is a term in common
use, especially clinically. It is useful and justifiable only when
an accurate diagnosis of the actual condition present cannot be

made. Many pathologic processes result in more or less, oc-

casionally extreme, enlargement of the spleen, for instance,

amyloid formation, various infections including malaria and
kala-azar, primary and secondary tumors. The tendency is to

restrict the term splenomegaly to those forms of chronic enlarge-

ment of which the nature is not yet fully understood. The use

of the term should be discouraged, because it means only that the

spleen is enlarged, and the cause therefor not loiown.

One rare form of enlargement of the spleen is associated with

marked increase of the red blood-corpuscles in the circulating
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blood (polycythemia, Vaquez's disease). They may number
up to eight or even up to fifteen millions per cubic millimeter.

The bone marrow is red and hyperplastic.

It is possible that the condition is the result of a tumor arising

from a type-cell, the erythroblast, and should be called an erythro-

blastoma. The condition would be analogous to the two forms
of leukemia due to growth of tumor-cells (lymphoblastoma and
myeloblastoma) in the circulating blood. Histologically the spleen

shows fairly numerous large cells with multiple or with large lobu-

lated nuclei, and nucleated red blood-corpuscles in the blood si-

nuses, while the connective-tissue stroma, which is considerably in-

creased in amount, is infiltrated with large numbers of eosinophiles

and also with fairly numerous endothelial leukocytes and lympho-
cytes.

LYMPH-NODES

Lymph-nodes are composed of the following anatomic struc-

tures :

1. The parenchyma arranged cortically in masses contain-

ing germinative centers, and in the medulla iu narrow branching

prolongations called medullary cords.

2. The lymph sinuses running between the parenchyma, on
the one hand, and the capsule and its inward projections, on the

other.

3. The capsule and its septa, the trabeculae, within the

lymph-node.

4. Blood-vessels.

5. Nerves.

The parenchyma is composed chiefly of cells of the lympho-
cyte series and they are the important and characteristic cells of

the lymph-node. Under normal conditions they consist of two
types of cells, lymphoblasts, occurring in the germinative centers,

and lymphocytes, forming the remainder of the parenchyma.

Under pathologic conditions both types of cells can give

rise to plasma-cells, but most of the latter arise from lympho-
cytes. They are present in large numbers in many inflammatory

processes. All these cells possess the power of migration and
of proliferation.

Next to the cells of the lymphocyte series the most impor-

tant cells in l3Tnph-nodes are the endothelial cells. They line

the blood-vessels, the lymph sinuses and the reticulum of the

parenchyma. Those lining the sinuses and the reticulum play

a much more important part in pathologic conditions than those

lining the blood-vessels. They may increase greatly in number,

desquamate from the walls of the sinuses and from the reticulum
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and form endothelial leukocytes. As a rule, they exhibit marked
phagocytic properties for other cells.

The capsule and trabeculse are composed of fibroblasts, among
which are occasional smooth muscle-cells. Fibroblasts also form
the reticulum in the lymph sinuses and in the parenchyma and
strengthen the walls of the vessels.

The Cells of a Lymph-nodule

Lining cell of lymph-vessel (?)

Lymphocyte

1

Lymphoblast—
i

Lymphocyte—

Altmann-

Schridde

Stain

Lymphoblastic
plasma-cell

Lymphocytic
plasma-cell

Fig. 471.—Lymphocyte series of cells. (Copied from Aschoff's "Patho-
logische Anatomie.' )

It is a function of lymph-nodes to produce lymphocytes for

the blood and to counteract the unfavorable influences of various

toxic substances and pathogenic micro-organisms brought to them.

In doing this all the three important types of cells may, under dif-

ferent conditions, play an important part. Sometimes only the

lymphocytes are affected; at other times chiefly the endothelial
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cells of the sinuses or in the germinative centers. Occasionally the

fibroblasts seem most stimulated.

The lymph-nodules occurring in various tissues lack lymph
sinuses. They correspond in structure to the cortical masses of

parenchyma containing the germinative centers.

Lesions of Mechanical Origin.—Certain substances reach the

lymph-nodes through the lymphatics and seem to act only

mechanically. The commonest of these is carbon, but hemoglobin
and various pigments are among the substances which may act iii

much the same way. If they are not carried there by endothelial

leukocytes they are taken up by these cells which then migrate

into the parenchyma of the node or occasionally into the fibrous

and fat tissue outside of it, and settle down more or less perma-
nently, according to whether or not they can digest what they have
taken up. The accumulation of large numbers of the phagocytic

leukocytes causes the disappearance of the lymphocytes of the

parenchyma and some increase of the connective-tissue stroma.

Lesions of Toxic Origin.—Toxic substances reach lymph-
nodes chiefly through the lymphatics, to a less extent through the

blood-vessels. The distribution of the resulting lesions varies

accordingly. Toxins reaching a lymph-node through the blood

affect chiefly the lymph-nodules; those arriving through the

lymphatics produce their greatest effect in the lymph sinuses.

The toxic lesions in the lymph-nodules may show proliferation

of the endothelial cells lining the reticulum, with phagocytosis of

many or all of the neighboring lymphoblasts, which are gradually

digested. Sometimes the cormective-tissue reticulum is bathed

in serum and transformed into hyaline fibrinoid material.

Toxins arriving through the lymph sinuses may cause only a
hj^erplasia of lymphocytes or of endothelial leukocytes or an
accumulation of polymorphonuclear leukocytes. Various com-
binations of these cellular elements also occur and the endothelial

leukocytes are often phagocytic for the others. If the toxin is

very strong, fibrin may be formed from the serous exudation and
hemorrhage may take place. It is also possible for more or less

extensive necrosis to be produced.

The toxic substances are of the greatest variety—bacterial

toxins of all sorts, degenerative products derived from necrotic

cells, etc. The character and amount of the exudation depend

on the strength and nature of the toxic substances.

Lesions of Infectious Origin.-—Lesions of infectious origin are

exceedingly common in lymph-nodes and may be caused by a great

variety of organisms. They frequently complicate toxic lesions.

Infectious lesions tend toward a more or less focal distribu-

tion, but are often diffuse owing to the numerous large lymph
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sinuses in a lymph-node. They may cause only an accumulation
of serum and polymorphonuclear leukocytes within the sinuses,

with few or many endothelial leukocytes and lymphocytes in ad-
dition, or may produce more or less extensive necrosis and abscess
formation. There may be hemorrhage in addition. Much de-

pends on the nature of the infecting organisms. In buboes due to

the plague bacillus the lymph sinuses are often greatly distended

by the masses of bacilli within them. The inflammatory exudate
may be slight. In anthrax infections hemorrhage is common.
With the staphylococcus aureus abscesses are usually formed;

with the streptococcus they are not so frequent. The typhoid
bacillus causes a great accumulation of endothelial leukocytes.

In inguinal buboes small abscesses surrounded with a wall of

granulation tissue are common. Certain types of lesions often

suggest certain infectious agents; in the same way lesions in certain

lymph-nodes suggest certain agents; thus, inguinal buboes point

to Ducrey's bacillus, or the treponema pallidum, but it does not

pay to place too much reliance on such evidence.

The tuberculous lesions of lymph-nodes are of several types,

but will be found discussed under that infectious agent.

Tumors.—The characteristic primary tumor arising from
lymph-nodes is the lymphoblastoma. Its cells may closely re-

semble the cells of the lymphocyte series or depart more or less

widely from them, especially in being somewhat larger. The tu-

mor may grow very rapidly and give rise to metastases in various

organs and in the circulating blood, or grow slowly in scirrhous

form, with an abundant stroma which is often infiltrated with

numerous eosinophiles.

Secondary tumors in Ijmiph-nodes are of common occurrence,

especially carcinomas. The likelihood of the occurrence of this

form of metastasis is so well understood clinically that it is cus-

tomary to remove the regional lymph-nodes when a cancer is

operated on, whether they appear involved or not.



ORGANS OF THE CENTRAL NERVOUS SYSTEM

Under this heading are included not only the brain and the

spinal cord, but also their coverings—the pia-arachnoid and the

dura, and the dural endothelium lining the space between the two
membranes.

BRAIN AND SPINAL CORD

Introduction.—The lesions of the brain and cord are more diffi-

cult than the lesions of any of the other organs to present from the

biologic point of view. This difficulty is due to our lack of knowl-

edge of the early stages of many of the pathologic processes

affecting them. We study these processes largely in the late

stage of repair, that is, when the end result, sclerosis, is all that is

left to mark the site of the various lesions.

In the study of most organs it is the nature of the lesion which

interests us. In the central nervous system the location of a lesion

and the symptoms depending upon the location have been more
important than the nature of the lesion, and have received the most
attention. This is not true of any other organ. A solitary tu-

bercle in one part of the brain or cord causes entirely different

symptoms from those produced by a similar nodule situated in

some other part. The reason for the variety of symptoms is

that the nerve-cells and fibers in different locations perform dif-

ferent functions. On account of this important effect of the lo-

cation of the lesion and the variety of sjmiptoms which may be

caused by the same lesion, the number of symptom-complexes
arising from the lesions of the central nervous system is probably

much greater than the actual number of pathologic processes

producing them.

The pathologist's point of view in regard to the central ner-

vous system is first to ascertain the number and character of the

injurious agents affecting it, and the nature of the lesions which

they cause, and then to trace the secondary degenerations which

follow in nerve-fibers when nerve-cells have been destroyed, or

nerve-fibers have been cut or injured at any point.

Lesions of the brain and cord are usually complicated by
the presence of many endothelial leukocytes which are attracted

by the myelin set free whenever necrosis of nerve-cells and es-

pecially of neuraxes has taken place. The leukocytes filled with

fat and myelin infiltrate the surrounding tissues, and particularly

624
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the walls of blood-vessels, often in great numbers and remain
there until they have digested the material they have incorpo-

rated. Endothelial leukocytes are also often attracted in the

same way by red blood-corpuscles which have been set free by
hemorrhage.

Anatomy.—For the anatomy and histology of the central

nervous system a good text-book on normal histology should be
consulted. Here only a few points of interest can be briefly

emphasized.

The brain and cord are composed of a great number and large

variety of nerve-cells or units called neurons. Each neuron
consists of a cell-body which possesses an axis-cylinder process or

neuraxis with its terminal arborization, and usually also cyto-

plasmic processes known as dendrites. Some of the neuraxes

are of great length.

A peculiarity of the central nervous system is that it possesses

in its stroma, in addition to the blood-vessels and connective

tissue of other organs, another supporting tissue, of epiblastic

origin, formed by the neuroglia cells and their fibrils. The
neuroglia cells react to injurious agents of various sorts much
as fibroblasts do, but there is one marked difference between

these two types of cells. Fibrin stimulates proliferation of

fibroblasts, but has little or no effect on neuroglia cells. On
this account fibrous tissue is prominent in certain types of lesions

in the brain, for instance in the periphery of solitary tubercles

and in the walls of old abscesses, while neuroglia tissue is rela-

tively orj actually increased wherever nerve-cells or fibers have

disappeared, as in scleroses of all sorts of origin.

The brain is practically a solid organ. All the blood and

lymph-vessels within it are comparatively small. There are no

large communicating spaces outside of the meninges and ventricles

that offer easy routes for the spread of infection. On this ac-

count tuberculous lesions starting in brain tissue grow uniformly

peripherally and form solitary tubercles which may reach a large

size. They do not spread irregularly unless they reach the men-

inges or a ventricle; then they may extend rapidly.

The following observations in regard to changes which take

place when a nerve-cell or its neuraxis is injured seem to be definitely

established

:

If the body of a nerve-cell is destroyed the neuraxis and its

termination degenerate and disappear.

If a nerve-fiber is injured or severed the distal portion and its

termination degenerate. There also occurs an ascending degen-

eration of the neuraxis, at least as far as the first node of Ranvier.

When an axis-cylinder process has been destroyed the nerve-

40
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cell is able in time to reproduce it again. Regeneration always

takes place from the proximal end of the nerve-fiber, that is, from

the undestroyed portion adjoining the nerve-cell, or from the cell-

body itself, if the whole fiber has been destroyed.

If a nerve-fiber is destroyed and regeneration does not take

place, as following an amputation, the cell-body undergoes ('cer-

tain alterations.

These generally accejited facts in regard to the neuron have

been established by the study of the eml^ryologic development

of the central nervous system, by observation of appropriate

clinical cases, and by much experimental work. They are of

Fig. 472.—Nerve of rabbit following section and suture, a, Normal; h and c,

endothelial leukocytes in nerve filled with myelin and fat.

great im])ortance for the clear understanding of the various lesions

of the central nervous system.

Retrograde Changes.—Various changes are found in the

central nervous system in comiection with the lesions occurring

in it. Those affecting the nerve-cells and their processes are the

most important.

Mtich work has been done on the ganglion cells liy means of

the Xissl staining method which renders the chromatophile

granules or tigroid Ijodies in the cytoplasm noticeably prominent.

The changes oljtained by experimental work on animals are more
tmstworthy than those observed in man, because it is always
difficult to determine to what extent the alterations found are
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due to postnKjrteni changes. The tigroid bodies may cUssolve

and disappear (chromatolysis), the cell-body swell, and the nu-
cleus become peripherally located. These are the three prin-

cipal changes aside from necrosis.

The presence of fat in nerve-cells is always a sure guide to

disturlmnces of metabolism. In the cell-body it must be dis-

tinguished from the pigment granules, which are also stained

by osmic acid, but less intensely. In the nerve-fibers fat is of

frequent occurrence in a variety of conditions, but especially

Fig. 473.—Cerebellum. Calcified corpora amylaeea surrounded by neuroglia
fibers.

in acute infectious processes, such as diphtheria and acute epidemic

cerebrospinal meningitis, when it may be wide-spread in the brain,

cord and perijiheral nerves. It also occurs focally in the brain

and cord around fat emboli, trichinae, abscesses, etc. When
the nerves undergo complete tlegeneration the fat and the myelin

are taken up l)y endothelial leukocytes antl slowly digested.

Necrosis of nerve-cells is most common in focal lesions due to

cutting off nutrition by thrombus or embolus, or to infection as
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in anterior poliomyelitis. It probably occurs also to some ex-

tent as the result of strong diiffusible toxins, but is not demon-
strable with the same certainty.

Necrotic nerve-cells sometimes undergo calcification and per-

sist indefinitely in the lesions where they occur. Lime-salts occur

normally in the pineal gland and are also deposited in corpora

amylacea, in the walls of hyaline blood-vessels, and in necrotic

parts of brain.tumors. Occasionally the lime-salts incite adjoin-

ing fibroblasts to organization and as a result bone-cells are

formed.

Hyalin occurs frequently in the central nervous system in

the small, concentrically layered balls known as corpora amylacea,

and normally as the ground substance of the brain sand in the

pineal body. It is also occasionally formed abundantly in the

walls of blood-vessels, especially in the cerebellum, and often

undergoes calcification, so that rarely large concretions may
result, or stiff blood-vessels which project from the cut surface

like ends of wire.

Disturbances of Circulation.—Excess or insufficiency of

blood in the brain may have serious consequences owing to the

importance of the organ. Congestion is of frequent occurrence,

being caused, for instance, by sunstroke, alcohol, and various

acute infectious processes, especially when located in the menin-

ges. It may give rise to more or less edema of the brain tissue.

Chronic passive congestion does not seem to cause any serious

disturbance.

Sudden anemia leads to loss of consciousness, but when the

anemia arises slowly the brain accommodates itself more or less

successfully to the condition.

The more important lesions of circulatory origin are two in

number, hemorrhage and local anemia or infarction.

Hemorrhage may take place into the brain or cord substance,

into a brain cavity, or into the meninges. It may be miliary

in size and produce little or no effect, or so large that death

results immediately. If the hemorrhage is of any size it exerts

pressure on the surrounding tissue and causes more or less anemia.

It is often accompanied or followed by multiple miliary perivas-

cular hemorrhages.

Hemorrhage usually takes place from arteries, rarely from
veins, and certainly, as a rule, from vessels which are weakened
as the result of chronic degenerative changes (arteriosclerosis)

or . acute toxic or infectious lesions. Sometunes it occurs in

tumors, especially gliomas.

If the hemorrhage does not cause death, it is followed by
the processes of repair which begin at the periphery and slowly
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work toward the center. The blood clots, the fluid contents

are squeezed out and absorbed. The hemoglobin to a large ex-

tent escapes from the red blood-corpuscles. Part of it gives

rise to hematoidin crystals while the rest is transformed by
endothelial leukocytes into hemosiderin and gradually digested.

Granulation tissue composed of blood-vessels and connective

tissue slowly invades and organizes the fibrin, but it is rarely

abundant and it never fills up the cavity completely. The
amount of coimective tissue formed is small, unless there was much
fibrin to organize. The surrounding neuroglia tissue prolifer-

ates to some extent, but not abundantly. The final result is a

cyst filled with fiuid, and often traversed by delicate strands

composed of neuroglia and coimective tissue and capillary blood-

vessels. The walls of the cysts in the earlier stages of formation

are infiltrated with endothelial leukocytes containing hemosiderin

and fat.

Local anemia or infarction of the brain is fairly common,
particularly in old age, and is always serious, but especially so

when it involves important nerve-cell centers or fiber tracts.

The lesion is usually due to thrombosis on top of arteriosclerotic

changes in the blood-vessels, but is also often the result of embolus.

If the vessel is but partly occluded only the more highly differ-

entiated nerve-cells may undergo necrosis and disappear, just as

the muscle-fibers do under similar conditions in the heart. The
result is more or less sclerosis although there has been no increased

production of neuroglia fibers.

When the vessel is completely obstructed and all the tissue-

cells are killed they are dissolved and the fluid portions absorbed.

Myelin and other fatty substances are taken up by endothelial

leukocytes which often accumulate in large numbers around the

lesions, and especially in the adventitia and intima of the blood-

vessels in the neighborhood of the focus.

But little reaction on the part of the blood-vessels and con-

nective tissue occurs, because no fibrin is ordinarily formed

and, therefore, they are not stimulated. Regeneration of the

neuroglia tissue takes place only to a limited extent, not enough

to fill up the cavity which remains as a cyst filled with clear serous

fluid. The brain tissue does not ordinarily collapse and neuroglia

tissue does not contract to any extent; therefore, the scars of most

other organs are here replaced by cysts.

Lesions of Mechanical Origin.—The brain and cord may be af-

fected mechanically in a variety of ways, by trauma, by hemor-

rhage or by pressure.

1. Trauma is of common occurrence. It may be caused

directly by a blow, a fall, a bullet, or indirectly by contrecoup.

It frequently leads to hemorrhage.
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2. Hemorrhage may take place within the brain, disrupting

it, owing to rupture of a blood-vessel usually as the result of

arteriosclerotic changes, or in the meninges from laceration as

a result of trauma, or in consequence of so-called hemorrhagic

pachymeningitis. Hemorrhage always causes pressure.

3. Pressure may be exerted on brain and cord tissue from
within or from without.

(a) Internal pressure may be due to tumor, hemorrhage,

abscess, solitary tubercle, gumma, internal hydrocephalus.

(6) External pressure may be exerted by inflammatory exu-

dations (menuigitis due to various organisms), tumors (dural

endothelioma), abnormalities (cholesteatoma), hemorrhage.

Fig. 474.—Brain. Softening due to arteriosclerosis. One large neuroglia
cell with numerous fibrils; several endothelial leukocytes filled with fat-

droplets.

4. Caisson disease is the term applied to mechanical lesions

of the central nervous system, due to sudden expansion of gases

in the tissues in consequence of too rapid lowering of external

air pressure following compression.

Lesions of Toxic Origin.—Toxins of various sorts, but espe-

cially of infectious origin, cause retrograde changes in the neurons

of the central nervous system. They reach the cells through the

circulation or by direct diffusion from lesions in the meninges.

The changes are shown by alterations in the cell-bodies and by
the presence of fat not only there, but also in the nerve-fibers.

If the fat is not too abundant it will in time be used up and disap-

pear so that recovery can take place, as after diphtheria. It seems
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probable that under certain conditions more or less extensive

diffuse necrosis of nerve-cells must take place, just as occurs in

some of the other organs, as, for instance, the liver, heart, and
kidney.

The neuroglia cells may also be affected by toxins, especially

those diffusing from infectious processes in the meninges, as in

acute epidemic cerebrospinal meningitis.

Lesions of infectious origin are of frequent occurrence within

the brain tissue, and may be due to a variety of organisms. The
infectious agent may be brought by the circulation, or reach the

tissue by direct extension from a lesion in adjoining tissues, such

as the meninges or the middle ear or mastoid cells, or be introduced

mechanically on a foreign body, such as a bullet, or it may extend

along the lymphatics from

the nares.

The infectious lesions

of the brain and cord de-

mand persistent study
until they are entirely

cleared up, because on a

thorough knowledge of

them depends the under-

standing of the secondary

degeneration of nerve
tracts which follows them. pjg 475 —Anterior poUomyeUtis. First

The pus-cocci and es- stage in necrosis of ganglion cell,

pecially the staphylococ-

cus aureus produce focal inflammatory lesions which, as a rule,

quickly undergo softening and abscess formation. The lesions

may occur singly and reach a considerable size, or be multiple

and cause death quickly. They are often complicated by hem-

orrhage which may completely mask the underlying process.

Occasionally the infecting organism dies out and repair takes

place, usually with the production of much fibrous tissue in the

wall, probably owing to the stimulation of the fibroblasts by the

new-formed fibrin.

Sometimes infectious processes in the meninges extend along

the blood-vessels into the brain tissue, for instance, in meningitis

due to the anthrax bacillus.

An organism, not yet named, which has been identified with

acute anterior poliomyelitis causes that symptom-complex and,

perhaps, others not yet definitely recognized. The organism is

exceedingly minute and is found not only in the cord and brain,

but also elsewhere in the body. It is possible to infect monkeys

with it and to transfer the infection from one animal to another.
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Fig. 476.—Anterior poliomyelitis, a and b, Necrotic ganglion cells being
invaded by polymorphonuclear leukocytes; c, endothelial leukocytes in space
formerly occupied by ganglion cell; d, last stage in repair; a few endothelial
leukocytes still remaining in neuroglia mesh-work.
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Fig. 477,—Anterior poliomyelitis. Endothelial leukocytes in space formerly
occupied by a ganglion cell.
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In acute anterior poliomyelitis tlie infecting agent, through

the toxin which it eliminates, causes necrosis of the ganglion

cells which are then invaded by polymorphonuclear or endothelial

leukocytes or by both dissolved and removed. As a result of

the toxin and of substances derived from the necrotic nerve-cells

considerable infiltration with lymphocytes takes place. They
often accumulate in fairly large numbers around the blood-ves-

sels, along the paths of absorption.
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Fig. 47S.—Syphili.s, acquired. Brain. Infiltration witli numerous endotlie-

lial leul<o('.ytes.

The extent and severity of the lesion evidently depend on

the numl)er of organisms present and the strength of the toxin

secretetl. Sometimes one side of the cord is injured more than

the other. The lesion may affect only a small portion of the

cord or extend its entire length, or even involve parts of the

brain or possibly occur there only.

Tithejxulosis of the brain and cord substance may occur as

miliary tubercles, as conglomerate tubercles, and as the solitary



634 PATHOLOGIC HISTOLOGY

tubercle. They represent simply different stages in the devel-

opment of the lesion caused by the tubercle bacillus.

Miliary tuberculosis is probably not so rare as is generally

supposed, but the tubercles when very small are not visible to

the naked eye because they do not stand out in contrast with the

surrounding nerve tissue. The conglomerate tubercles on the

other hand are more conspicuous and are occasionally found in

consideraljle numbers (ten to over thirty in three different cases)

located chiefly in the cortex.

Fig. 479.—Syphilis, acquired. Brain. Neuroglia cell extending around
masses of fibrin in neighborhood of gumma.

The solitary tubercles, which are only large conglomerate

tubercles, may reach the size of a hen's egg and are sometimes
multiple.

Tuberculosis often extends along the blood-vessels into the

surface of the brain from lesions in the meninges.

Syphilitic infection of the l^rain and cord may take two distinct

forms. The treponema pallidum may excite focally a fairly active

inflammatory process which may l^e complicated by necrosis

(gumma formation) owing to involvement and occlusion of the

blood-vessels. In the other form the treponemas are spread more
or less diffuselj' in the gray matter of the brain or cord or both, and
slowly cause very slight injury and inflammatory reaction. The



ORGANS OP THE CENTRAL NERVOUS SYSTEM 635

-^'M^^'^mi

iL

process in this respect resembles the milder type of reaction in

the liver and other organs in congenital syphilis. There occurs

as a result of the infection a gradual increase of neuroglia tissue

(sclerosis) and an atrophy and disappearance of ganglion cells,

followed by loss of nerve-fibers in the brain and cord and a rela-

tive increase of neuroglia tissue in their place. This type of lesion

causes at least the two syndromes known clinically as general

paresis and locomotor ataxia, and perhaps some others.

In trichiniasis the trichinella spirahs sometimes emigrates

from the blood-vessels in the brain and causes small focal inflam-

matory lesions there just as in the heart, liver, and pancreas.

The parasites soon die and noth-

ing is left of the lesion finally

but an area of sclerosis.

Sclerosis.—Sclerosis of the
central nervous system corre-

sponds to the same condition in

the liver (cirrhosis) and kidney

(chronic nephritis), but it is evi-

denced by relative or actual in-

crease of neuroglia tissue instead

of connective tissue. It follows

a great variety of lesions of cir-

culatory, mechanical, toxic, and

infectious origin. It is an end

result. How it arose in an in-

dividual instance often cannot

be determined. It follows de-

struction of ganglion cells (acute

anterior poliomyelitis), or of

nerve-fibers (injury of spinal

cord, hemorrhage in white mat-

ter of brain).

Owing to the anatomic
structure of the central nervous system scleroses are not distrib-

uted irregularly as in most other organs, but occur at the site of

original injury and then follow secondarily certain definite nerve-

fiber tracts. These secondary degenerations are very important

clinically and have been carefully studied in the laboratory, chiefly

by means of the myelin sheath and the neuroglia stains. One

method shows absence of nerves, the other relative or absolute

increase of neuroglia tissue where nerve-fibers or cells have dis-

appeared. Both methods are useful.

Simple degeneration and disappearance of nerve-fibers does

not cause actual increase of neuroglia cells and fibrils. They

Fig.

Brain,
gumma.

480.—Syphilis, acquired.

Gliosis in neighborhood of
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Fig. 481.—Treponemata pallida in the corte.x of the cerebrum in general pare-
sis. From a stained preparation received from H. Noguclii.

\«fcf;

y 3.fe-y, V:^

\J
f

-,i: J.

Fig. 4S2.—Cerebrum. Sclero.sis. From a case of general paresis.
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Fig. 483.—Cerebellum. Gliosis in

a boy four years old.

Fig. 484.—Cerebellum. Scler-
osis. Increase of neuroglia tissue;

hyaline formation.

Fig. 485.—Spinal cord. Gliosis in a case of Gower's combined system disease.
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are simply brought into closer apposition and therefore appear

increased in number. On the other hand, when neuroglia cells

have been injured by toxins, active regeneration occurs; mitotic

figures are occasionally numerous and new fibrils are produced.

Such an actual increase sometimes occurs, for instance, as the

result of toxin diffusing into the brain substance in epidemic

cerebrospinal meningitis.

Tumors.—The two important primary tumors of the central

nervous system are the glioma and the dural endothelioma. The
first arises within it, the other on its surface, but owing to the

rigidity of the surrounding walls is pressed into the brain or cord

depending on its location. These two types of new-growths will

be found fully described in the section on tumors.

Other primary tumors are of rare occurrence. Metastases

from new-growths arising elsewhere in the body are more common.
The cholesteatoma is not a new-growth, but a tumor-like mass

of cornified epithelial cells produced by displaced epiblastic cells

which in their normal location would have formed part of the epi-

dermis.

PIA

The lesions involving the pia are more numerous and important

than those affecting the dura and are limited chiefly to infectious

processes.

Edema of the pia is of frequent occurrence, but is of little

significance beyond its frequent indication of atrophy of brain

tissue.

Infection of the meninges, known as meningitis, is of com-
mon occurrence and may be caused by a variety of organisms.

The diplococcus intracellularis meningitidis, the cause of acute

epidemic cerebrospinal meningitis, holds first place, but other

common infectious agents are the diplococcus lanceolatus, the

streptococcus pyogenes, the tubercle bacillus, etc.

The exudation consists of serum and polymorphonuclear

leukocytes. Much fibrin may be formed and red blood-corpus-

cles, due to hemorrhage, sometimes complicate the lesion as in

meningitis caused by the anthrax bacillus. Endothelial leuko-

cytes are sometimes fairly numerous especially in the later stages

of infection and often show marked phagocytosis.

The epidemic type of lesion is apparently the only one which
sometimes undergoes recovery. All the others are probably fatal.

The fibrin in the lesion when not dissolved leads to organiza-

tion, a process which sometimes causes obliteration of the foramen

of Magendie with the consequent production of internal hydro-

cephalus.
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Tuberculosis occurs as miliary tubercles, or as a serofibrinous
or purulent exudation, especially at the base of the brain. Infec-
tion sometimes extends along the blood-vessels into the cortex
of the brain.

Syphilis very rarely appears as a diffuse exudative pro-
cess with the formation of miliary gummas. More commonly
the infection is localized in and around the blood-vessels
in some particular area. The process may heal naturally, or
as the result of treatment, and leave only scars to mark the
sites of the lesions.

Fig. 486.—Spinal cord. Epidemic cerebrospinal meningitis. The dip-
lococcus intracellularis meningitidis is present in large numbers in the cyto-
plasm of polymorphonuclear leukocytes. M.

DURA

There is practically just one pathologic process identified with

the dura, the so-called chronic internal hemorrhagic pachymen-
ingitis. The lesion is due apparently to a variety of causes, not

to a single one. It consists of hemorrhage from the vessels along

the inner surface of the dura, followed by organization of the fibrin

formed. The condition is generally chronic, recurring repeatedly

so that quite a thick membrane may be formed in time consisting

of vascular connective tissue, usually containing numerous endo-

thelial leukocytes filled with blood pigment. The hemorrhages

may be minute and multiple or very extensive.
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DURAL ENDOTHELIUM

The dural endothelium luies the cavity between the dura and

the pia-arachnoid. Under a variety of pathologic conditions

it proliferates and forms small whorls. Adjoining fibroblasts tend

in time to grow in between the endothelial cells so that it looks

as if the endothelium had formed collagen fibrils.

The chief importance of the dural endothelium lies in the fact

that the fairly common tumor, known as dural endothelioma,

arises from it.
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BONES

Introduction.—The bones of the body are liable to a variety

of lesions of mechanical and infectious origin. They are subject

to numerous disturbances of development and metabolism. In
addition several forms of tumors arise from them.

In order to understand bone repair, and especially the le-

sions due to disturbances of development and metabolism, an
exact knowledge of how bone is formed and grows is necessary.

Here only the briefest statement in regard to the origin and
growth of bone is possible.. For further details a good histology

should be consulted.

Bone is different from all other tissues in having an abundant
intercellular substance in which lime-salts are deposited. If the

bone cells are killed this calcified intercellular substance im-

mediately becomes a huge foreign body which demands removal.

At the same time the adjoining periosteal and endosteal cells set

about forming new bone to replace that destroyed, but this new
bone has to be within or outside of the old bone, not in its place,

becaruse its removal requires a long time.

In studying bone lesions it is helpful to bear in mind that bone
cells and cartilage cells are simply somewhat highly differentiated

fibroblasts. The fibroblast produces collagen and fibroglia fibrils.

It is capable of producing also mucin, chondromucin or osseomucin,

that is, of becoming a mucous connective-tissue cell, a cartilage

cell, or a bone cell. It may do so under pathologic conditions

almost anywhere.

Elastic fibrils are often present, sometimes in large numbers
in cartilage and bone and are easily stained and made prominent.

Collagen fibrils are also present, but the homogeneous substance

between them usually renders them invisible, although they may
be demonstrated by special technical methods.

If a fibroblast has turned into a cartilage cell it is rarely or

never converted into a bone cell. Instead, the cartilage cell de-

generates and disappears and an adjoining fibroblast turns into a

bone cell to take its place.

Anatomy.—In the fetus the skeleton is first laid down in carti-

lage, except in the calvarium and in some of the bones of the face

where fibrous tissue takes its place. Bone begins to develop in

41 641
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cartilage by an ingrowth of fibroblasts (periosteal buds) accom-
panied by lilood-vessels from the outside into the cartilage where,

as the endosteal cells, they proceed to form Ijone. The cartilage

undergoes certain retrograde changes as bone begins to develop

within it.

First the embryonic cartilage changes into hyaline cartilage;

the cells enlarge, become vesicular and in the diaphysis of the long

bones arrange themselves in columns. Calcification of the matrix

follows. Capillary vessels invade the cartilage at different points

and lead to the disappearance of the cartilage cells adjoining them.

In this way primary marrow-spaces are formed. Then the end-

Fig. 4S7—Line of ossification where cartilage is replaced by bone. M.

osteal cells accompanying the blood-vessels form a layer of bone
cells on the surface of the columns of calcified cartilage matrix
left Ijehind. The bone trabeculge formed in this way are later

replaced by others consisting entirely of bone.

The ingrowth of periosteal buds and the formation of bone
take place at certain points called centers of ossification. At
the same time the fibrobla.sts on the outside of the cartilage take

on the function of periosteal cells and deposit bone on the outside

of the cartilage. Long l)ones have three centers of ossification;

one in the center of the diaphysis and one in each end. The
epiphyseal line at each end of the diaphysis where, up to adult
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life, bone is being constantlyiormed to replace newly formed carti-

lage, is the important center in most lesions due to disturbances
of development and of metabolism, because the lengthening of

the bones depends on growth at this line.

Membranous bone is formed by the fibroblasts directly with-

out the necessity of getting rid of any cartilage.

The osteal cell sometimes assimaes an intermediate form be-

tween fibroblast and bone cell which has long been known as

osteoblast. The osteoclasts which are constantly at work here

and there dissolving bone are endothelial leukocytes, often fused

together to form . giant-cells. They are of exactly the same
origin and nature as the foreign body giant-cells which occur in

many locations under various pathologic conditions.

Atrophy.—Bone atrophies by disappearance of bone cells and
of the intercellular substance over which they have charge. Three
forms of atrophy are recognized.

In lacunar absorption the bone disappears through the action

of osteoclasts which probably through chemical action hollow out

spaces in the bone. This type of bone absorption is going on all

the time under normal conditions even in the fetus, but is as

steadily counterbalanced by the formation of new bone except in

old age. Under pathologic conditions ' this type of absorption

may be greatly increased.

Bone may also undergo atrophy through the formation of

perforating canals due to ingrowths of blood-vessels.

A third type of atrophy is known- as halisteresis. The lime-

salts are first dissolved out of the periphery of the bone leaving

the osteoid material as a zone around the undecalcified portion.

The osteoid material contains contracted flat bone cells and per-

sists for awhile, but later also disappears. In this form of atrophy

the collagen fibrils in the osteoid material are often rendered

prominent.

Although the form of bone atrophy known as halisteresis is

generally described and recognized, its existence is somewhat
doubtful. The same picture is often presented by bone in the

stage of formation. It is possible that halisteresis is a wrong
interpretation of the actual condition present.

Disturbances of Development and of Metabolism.—There is

a series of bone changes due to disturbances of development and

of metabolism. The more common ones will be considered here

briefly.

Rickets is the name given to a pathologic condition affecting

the growing skeleton and characterized by deficiency of ossifica-

tion, and by increased proliferative activity on the part of the

osteogenetic and chondrogenetic cells. It appears in young chii-
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dreii chiefly between the ages of six months and two years, rarely

later.

The exact cause of the condition is unknown, but the lesions

probably result from a deficiency of one or more substances which
are lacking in the nutrition supplied and which are necessary

for bone formation.

The histology of the bone lesions is quite complicated. It is

best studied in the long bones where the relations of the normal
structures are comparatively simple and definite.

The pathologic changes seem to be dependent on two different

factors, and the second may be due to the first.

1. Diminished activity of the normal process of ossification

as a result of which much osteoid tissue is formed. This is the

most characteristic lesion of rickets and occurs in all the bones,

but is most abundant at the ends of the diaphysis adjoining the

growing layer of epiphyseal cartilage, where ossification of the

columns of cartilage cells is delayed. It is claimed that osteoid

tissue may also be formed in extreme cases of the disease by
absorption of lime-salts already deposited (halisteresis).

2. Increased proliferative activity of the osteogenetic and also

of the perichondral cells.

Increased activity of osteogenetic cells may occur within

the bone or on the outside. Proliferation of the endosteal cells

may result in the replacement of the marrow over considerable

areas by fibrous and osteoid tissue. On the outside of bones
the activity of the periosteal cells forms flat deposits of osteoid

material, which are most common at the ends of the diaphyses,

and also on the calvarium where they cause the prominent angular

squaring of the skull so often noticeable.

Abnormal activity of the perichondral cells results in much
increase of the growing cartilage, so that it often projects markedly
beyond the adjoining bone and forms also a much thicker zone
than usual. The rachitic rosary of the chest and the enlarge-

ment of the bones at the ends of the diaphyses are due to this ex-

cess of cartilage formation and to the delayed calcification. The
hypertrophied cartilage zone contains many more blood-vessels

than normally and they are quite irregularly disposed. The
cartilage instead of being replaced by bone produced by endosteal

cells is claimed to be transformed by the cartilage cells them-
selves into osteoid material. These changes at the epiphyseal

line are most pronounced where growth is most rapid, namely,

at the junction of rib and cartilage, at the lower end of the

femur, the upper end of the humerus, etc.

The bone deformities found in connection with rickets are

due to mechanical influences of body weight and muscle pull acting
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on the soft bones. They result in Ijends, especially of the
bones of the lower extremities, in buckles and sometimes in frac-
tures. The chicken breast is due to the yielding of the ribs.

Fig. 4SS.—Ostitis deformans, o, Absorption of bone by osteoclasts;

5, fibrous tissue filling bone marrow spaces; c and e, fibrillated bone ti.ssue;

d, newlv-formed osteoid bone.

Rickets heals by the osteoid tissue taking up lime-salts, while

the process of ossification of the cartilage gradually assumes its

normal course.
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The pathologic process known as oHtcogcnesis imperfecta is of

congenital origin, l)ut its cause is unknown. That the centers of

gro^vth are unaffected is shown by the normal length of the bones.

The condition is due to some disturbance in the process of

ossification. The osteal fibroblasts do not differentiate properly

and fully into bone cells. As a result but little bone is formed;

it is thin and porous and breaks readily so that even in utero

multiple fractures are protluced in all parts of the skeleton. In

the healing of these fractures, on the other hand, plenty of lime

salts are deposited so that the fractures result in local thickenings

of the bones. The calvarium may remain entirely membranous.

Fig. 489.—Bone. Osteomalacia following pregnancy, a, Removal of

old cortical bone by osteoclasts; 6, new-formed cortex composed of young
trabeculse, with numerous fibroblasts between them.

Fracture of the bones although of secondary origin constitutes

the most characteristic sign of the condition. The fractures often

number dozens; in one instance over a hundred were counted.

Ostitis clejormans (Paget) is thename applied to a process usualh'

affecting the entire skeleton, occurring in adult life (after the

age of forty) and characterized by extensive absorption of bone,

and especially by excessive production of bone substance, which

is mostly free of lime-salts. The lack of lime-salts leads to curves

and bends and the excessive formation of bone substance to thick-

ening. The skull is often greatly thickened, two to three centi-

meters and over, and usually presents a uniform appearance with

no differentiation into cortex and diploe.
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The endosteal cells often proliferate and fill up many of the
marrow-spaces so that solid masses of fibrous tissue result. Fre-
quently the osteoid material shows marked fibrillation.

Osteomalacia is the term applied to a general softening of

the bones all over the body. The process is due to removal of

lime-salts and to the production of more or less osteoid material.

It may occur under a variety of conditions such as rickets in the
young and as a result of retrograde changes in the aged, but the
term osteomalacia is applied specifically to a form of excessive

softening of the bones which occasionally follows pregnancy. A
slight degree of the same process occurs normally in this condition.

Histologically the bones show active removal of the old tra-

beculse by means of numerous osteoclasts and much production of

fibroblasts: some of these differentiate into bone cells so that

numerous young trabeculse are formed, but only a small amount of

lime-salts is deposited in them. Between the new trabeculse are

masses of undifferentiated fibroblasts.

As a result of these changes deformities of the bones occur,

chiefly bends and especially fractures. The changes affect most
markedly the pelvis and the bones adjoining it, namely the lumbar
vertebrae and the femora.

Lesions of Mechanical Origin.—Bones are very commonly the

seat of lesions of mechanicla origin, such as fractures of various

sorts, bullet wounds, etc. If the injuries are not infected repair

depends on the amoimt of bone tissue needed to reunite the

parts or to fill in the loss of substance, and on the amount of ne-

crotic bone and other tissues which have to be removed. New
formation of bone usually plays the more prominent part.

The injured tissue leads to an acute inflammatory exudation

which in time brings about the removal of all necrotic material.

At the same time the periosteal and endosteal cells proliferate

rapidly and fill in the space between the separated bone surfaces,

and also extend for some distance outside of the affected area.

The new-formed tissue is at first vascularized connective tissue,

but trabeculse of young bone are soon formed by some of the fi-

broblasts differentiating into bone cells. This young bone tis-

sue is commonly called a callus. It is always formed in consid-

erable excess of ultimate needs, but later is built over again and
reduced in size after sufficient calcification has taken place to

render the bone rigid. Some of the fibroblasts in a young callus

may differentiate into cartilage cells if excessive mobility of the

fracture is present.

In infected fractures, etc., the necrosis and the inflammatory

exudation are usually very prominent and may greatly interfere

with the process of repair or entirely prevent it.
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Lesions - of toxic origin, except in connection with infec-

tion, do not seem to occur in bone outside of that produced by
phosphorus.- In match factories the vapor of this element some-

times' affects the periosteum of the jaws, especially the lower

one, when exposed by the presence of carious teeth. Under this

condition' the vapor causes injury followed by sclerosis of the

bone and sometimes by the formation of dense osteophytes. The
extensive necrosis 'of the jaw which sometimes occurs is not due
to the action' of the phosphorus itself but to a secondary infec-

tion by bacteria.

Lesions of infectious origin are frequent in bone. They may
start' as a periostitis owing to infection from without, or as

an osteomyelitis due to infection of hematogenous origin within

the- bone. Either type of lesion may be produced secondary

to the other by extension of the process through the cortex of the

bone. '

The most common infecting agent is the staphylococcus aureus,.

but other organisms such as the streptococcus pyogenes, the

pneumococcus, and following typhoid fever the typhoid bacil-

lus, sometimes cause lesions. In addition, the lesions due to

the tubercle bacUlus and the treponema pallidum belong in this

group although requiring separate consideration.

Infectious lesions of bone may extend widely beneath the

periosteum, or through the marrow spaces and cause more or less,

extensive necrosis (sequestrum) of the bone. Destruction of the

marrow in a bone is of little consequence, but necrosis of the
shaft of a long bone is of grave importance, because of the great

difficulty of getting rid of the dead bone by natural means. It

forms a massive foreign body and remains for months and years

after the infection has ceased, and of itself becomes an injuri-

ous agent. Nature attempts to dissolve and remove it and at

the same time to form a new shaft around it. The proper treat-

ment is surgical removal so that the periosteum left behind may
form a new shaft.

Tuberculosis of bones nearly always begins as tuberculosis

of the marrow with secondary involvement of the bone substance,

rarely by direct extension from some tuberculous focus on the
outside. The first lesion is a miliary tubercle which gradually

enlarges so that one or more caseous masses are formed. The
bone tissue involved is killed and may be dissolved and disappear,

or it may persist in the caseous material as a sequestrum. Some-
times softening of the caseous material takes place so that an
abscess results.

Tuberculosis of bones usually starts in spongy bone, in the
marrow of the epiphyses of long bones, in the diaphyses of short
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bones, in the bodies of the vertebrae, etc. It may .extend to
the periosteum and into the surrounding tissues. .

.

Syphilis.—Bone lesions are of frequent occurrence in ac-

quired syphilis, occasionally during the secondary stage, but most
often during the tertiary. They may start in the bone marrow or
in the periosteum and are characterized in general .by, more or

less new formation of bone.

The lesion begins as a focal or diffuse inflammatory prpcess

with more or less exudation and much increase of connective tissue

owing to the prominence of the process of repair. As the connec-

tive tissue arises from osteal cells it is natural that some of them
should differentiate into bone cells. The result is the formation

of much new bone which may show as a sclerosis within the bone
or as thickening (periostitis, osteophytes) on its outer surface.

If blood-vessels become occluded as the result of the inflam-

matory process necrosis occurs. It may be slight or extensive

and involve any tissue within the focus of inflammation, or ex-

tend outside of it according to the distribution of the vessels

affected. These lesions are readily recognized as gummas. The
simple inflammatory lesions are not so easily identifled unless

the presence of spirochsetes is demonstrated, or the clinical

history renders their nature fairly obvious.

When necrosis occurs the bone involved undergoes softening

and absorption. The erosions of bone caused by lesions of the

periosteum are particularly noticeable and more or less charac-

teristic, owing to the new bone regularly formed at their edges,

where necrosis has not occurred, by the reparative tissues as

already described.

The bone lesions due to syphilis do not seem to have any
foci of predilection. They may occur anywhere in any bone and
in the epiphysis or diaphysis. They are usually described as favor-

ing bones covered by skin. They certainly are more easily

recognized here clinically but a;-ray examination often discloses

them in various other unsuspected locations.

Macroscopically the syphilitic lesions appear greyish and gela-

tinous and may show more or less extensive areas of caseation.

In congenital syphilis the most characteristic and constant

lesion occurs along the line of ossification in the bones. The
process of ossification of the cartilage is delayed. As a result

the columns of calcified cartilage matrix extend much farther

than normally and become prominent. Bone marrow forms in

between them. Macroscopically instead of the normal sharp

narrow line of ossification there exists a broad yellowish white

zone which fades out on the side towards the diaphysis.

Frequently there occurs also an increase of blood-vessels and
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connective tissue (granulation tissue) extending into the cartilage

along the upper border of the line of ossification and giving it a

jagged appearance.

In consequence of the lesion at the line of ossification, with

the resulting lack of firm union, the epiphysis is sometimes sep-

arated from the diaphysis in utero or at the time of birth.

The bone lesion peculiar to congenital syphilis is pretty gen-

erally distributed throughout the body, but as in rickets is most

marked where most rapid growth is taking place, namely, at the

lower end of the femur, etc.

A less constant bone lesion found in congenital syphilis is

periostitis ossificans, as a result of which osteophytic deposits

may be formed at the ends of the diaphysis and in time extend

along the shafts of the bones.

Tumors.—Bone is built up from fibroblasts (osteal cells) which

are capable of differentiating into bone or cartilage cells. Tumors
sometimes arise from these fibroblasts and their cells may differ-

entiate in the same way. Other types of tumors may originate

within bone from the cells of the bone marrow : they are discussed

under that heading.

The tumors arising from osteal cells may grow rapidly or

slowly and may differentiate into bone cells or cartilage cells, or

remain as fibroblasts. Frequently all three types of cells and also

mucous connective-tissue cells are formed so that one type of

mixed tumor results. The tumors may arise within the bones

from endosteal cells or on the outside from the periosteal cells.

They may grow slowly and remain small, or prohferate rapidly

and reach a large size. The osteoid substance may remain as

such or become calcified.
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ADRENAL GLANDS

Introduction.—More or less complete destruction of the

adrenal glands is of great importance pathologically because of

the physiologic disturbances which follow. They are included

under the clinical term, Addison's disease. Destruction of the

adrenal glands is due more often to tuberculosis than to any
other cause; on this account tuberculosis occupies the most
prominent position among the lesions affecting them. Perhaps

next in importance are the primary tumors. Other lesions are

of much miuor significance.

Anatomy.—The cortex and the medulla of the adrenal glands

originate separately, the cortical cells from the mesoblast, the

medullary cells from the sympathetic nervous system. The
cortex is composed of epithelial cells which form three layers

known as zona glomerulosa, zona fasciculata and zona reticularis

respectively. Fat (lipoids) is present in these cells normally,

most abundantly in the zona fasciculata. The cells of the zona

reticularis contain brownish pigment granules which increase in

number with age.

The medulla is composed of polymorphous cells with delicate

cytoplasm containing granules which can be fixed by chrome

salts. On this account the cells have been named chromafEne

cells.

The medulla also contains typical ganglion cells of the sym-
pathetic nervous system.

The stroma of the adrenal glands contains numerous blood-

vessels of capillary type and but little connective tissue, especially

in the cortex.

Macroscopically the organs show three layers; a yellow

cortical layer composed of the two outer zones; a brown layer

due to the pigment in the zona reticularis, and a greyish white

center which is the medulla.

Physiology.—The function of the cortical cells of the adrenal

glands is not known, but they seem unquestionably to be necessary

for the maintenance of life. It is thought that they may neu-

tralize certain toxins produced normally in the body.

The chromaflSne cells of the medulla produce the chemical

substance known as adrenalin which possesses certain character-

istic physiologic properties.

651
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Disturbances of Circulation.—Hemorrhages are fairly fre-

quent in the adrenal glands and occasionally may reach the

size of a hen's egg. They take place as a rule in the medulla,

or extend to it, and split the gland apart so that the cortex re-

mains on the outside. The large hemorrhages usually follow

trauma or thrombosis, while the small ones are generally the

result of infection. Infarction is of rare occurrence.

In one instance small foci of endothelial leukocytes filled

with blood pigment and surrounded by lymphocytes were found

in the cortex, evidently as the result of previous hemorrhages.

Fig. 490.—Amyloid infiltration of the cortex of the adrenal gland. M.

Retrograde Changes.—Amyloitl formation is the most impor-

tant retrograde change and occurs, as a rule and often abundantlj',

when amyloid is deposited elsewhere in the body. It appears

in the cortex and spreads toward the capsule causing atrophj'

and disappearance of the epithelial cells.

Calcification is rare; it may take place in old hemorrhages;

in one instance it occurred extensively in the medulla in and be-

tween necrotic cells.

Lesions of Toxic Origin.—The adrenal glands are composed
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chiefly of parenchyma, that is, of the epithehal cells of the cortex
and the chromaffine cells of the medulla. In spite of this fact

Fi^- 491.—Adrenal. Accumulation of endothelial leukocj-le.s following ne-
crosis of cortical cells.

'^^^f^^-M^W

^?^^

Fig. 492.—Adrenal gland Active regeneration following to.xic necrosis.
Three mitotic figures present; also a part of a fourth.

lesions of toxic origin are infreciuent. Possibly they are not al-

ways recognized when present.

Necrosis of the cortical cells sometimes occurs, especially in
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diphtheria, and is usually most marked in the zona fasciculata.

The lesion resembles very closely that seen in central necrosis

of the liver. The necrotic cells are invaded chiefly by endothelial

leukocytes and gradually dissolved. In one instance necrosis

was followed by such marked regeneration that one to three

mitotic figures could often be found in one oil immersion field.

Occasionally following necrosis of the cells small cysts are left

containing serum, fibrin and a few endothelial leukocytes.

Extensive necrosis and calcification of the medulla occurred

in one case of measles in a child.

A more common lesion of toxic origin that is found in the

adrenal gland is focal accumulations of lymphocytes, most often

in and adjoining the medulla.

Lesions of Infectious Origin.—Infectious lesions due to the

common bacteria occur rarely in the adrenal glands, either by
extension from similar processes in the neighborhood or embolic-

ally through the circulation. Abscesses may be formed and heal-

ing may result in scar formation. In one instance acute infec-

tious lesions were found in the walls of some of the smaller arteries.

The most common and important infectious lesion is that

due to the tubercle bacillus. Miliary tubercles are not rare when
present in other organs. In chronic tuberculosis the process may
spread rapidly and form large caseous masses, or very slowly

so that scar tissue becomes the most prominent feature and the

tuberculous lesion back of it may be difficult to demonstrate.

In congenital syphilis spirochetes are often very numerous
in the adrenal glands although there may be little or no inflam-

matory reaction around them. Gummas are rare. In acquired

syphilis the adrenal glands are seldom affected.

Tumors.—Primary tumors of the adrenal glands are more
common and important than those of metastatic origin. They
are of two types, corresponding to the two different sources

of origin of the parenchymatous cells of the cortex and medulla.

From the cortical cells arise adenomas and carcinomas, from
the medulla, neuroblastomas. They will be found discussed at

some length in the chapter on tumors.

Pathologic Physiology.—More or less complete destruction of

the adrenal glands produces the symptom-complex called Addi-

son's disease, namely, anemia, marked loss of strength, nervous

and intestinal disturbances and bronzing of the skin. Death
is likely to be sudden. Some of the symptoms seem to be con-

nected with the action of adrenalin, but others may be dependent

on the function of the cortical cells. The cause of the bronzing

is not understood; possibly the pigment is derived from a sub-

stance which should be converted into adrenalin.
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THYROID GLAND
Introduction.^—The pathology of the thyroid gland is more

interesting and striking from the chemical, physiologic and clinical

points of view than it is anatomically. The organ gives rise to a
very important secretion. Diminution or excess of this secretion
causes serious symptoms of two different types which are recog-
nized clinically as separate diseases. On account of this fourfold

point of view, anatomic, chemical, . physiologic and clinical from
which investigations have been carried on, the pathology of the
thyroid gland is complicated by a variegated nomenclature.

The pathology of the thyroid gland will be presented here

from the anatomic point of view, but brief reference will of

necessity have to be made to the other aspects of the subject,

concerning which much still remains to be cleared up.

Anatomy.—The thyroid gland is ductless. It is composed
of follicles lined with epithelial cells which are usually cubical,

but occasionally cylindric and sometimes, especially in old age,

flattened. The follicles are generally round and separate from
each other, but occasionally may be elongated and branching,

or communicating with each other. The epithelial cells secrete

a hyaline material known as colloid which distends the follicles

to some extent, and is characterized by the presence of iodin in

intimate combination with an albuminate.

The stroma of the thyroid gland contains numerous blood-

vessels and a moderate amount of connective tissue.

Disturbances of circulation play little part in the pathology

of the thyroid gland. Congestion is sometimes a prominent

feature. Occasionally more or less extensive hemorrhages take

place into the follicles. The red blood-corpuscles attract endo-

thelial leukocytes which incorporate them and gradually trans-

form the hemoglobin into hemosiderin. The leukocytes filled

with pigment may remain within the follicles or migrate into

the stroma and collect around the blood-vessels.

Arteriosclerosis of the blood-vessels is sometimes marked and
by diminishing the blood supply may lead to atrophy and disap-

pearance of many of the follicles.

Retrograde Changes.—Various retrograde changes take place

not only in the thyroid gland, but also in the primary epithelial

tumors arising from it.

Fat is normally present to some extent in the folHcular epi-

thelium so that an increase cannot readily be determined unless

excessive. On the other hand, endothelial leukocytes filled with

fat sometimes accumulate within the follicles and less frequently

in the stroma. Cholesterin crystals may be formed from fat set
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free by necrosis of cells and leukoej'tes in which it has accumu-
lated and cause the formation of foreign l^ody giant-cells from the

endothelial leukocytes attracted to the place.

The epithelial cells lining the follicles may be compressed and
flattened when an excess of colloid is present. Occasionally the

cells are small, apparently from atrophy, so that they seem to be

mostly nucleus.

The cytoplasm of the cells is ordinarily homogenous, Isut some-

times it becomes filled with fine, acid-staining granules or even

hyaline droplets which cause the cells to enlarge to two or three

.*,!;';"'<; 7^":' >•
.

,
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Fig. 493.—Thyroid gland. Ciironic inflammation. Foreign bodj' giant-cells
around cholcsterin crystals. M.

times their normal dimensions. This change in the cells may
occur diffusely or in small or large foci.

The colloid material varies considerably in its physical proper-
ties. Usually it is rather thick and homogeneous, but at other
times it is thin and watery. Occasionally it contains denser
globules and masses. Rarely some of the material suggests a
crystalline structure. Frequently it collects m considerable quan-
tities in the follicles, so as to ilistend them into cj'sts of various
sizes.

The chemical composition of the colloid material some-
times seems to undergo a change because it occasionally attracts
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leukocytes and lymphocytes in considerable numbers and may lead

to wiant-cell formation.

^^igC:^ftr^

Fig. 494.—Thyroid. Numerous endothelial leukocytes present in coUoid in

distended foUicle. M.

>/*-

'/

Fio-. 49.5.—Thyroid gland. Removal of colloid by endothelial leukocytes.

0, Early stage of process; h, late stage. M.

The stroma of the thyroid gland may undergo swelling and

hyaline transformation, f)ut the eontlition is rare.

42
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Calcification may take place in the stroma ami in the \^alls

of sclerosed arteries.

Lesions of Toxic Origin.—Toxins in the circulation seem to

produce little effect on the epithelium of the thyroid gland. On
the other hand the colloid material, probably owing to some
chemical change, sometimes attracts endothelial leukocytes into

the lumina of the follicles in considerable numbers. They in-

corporate and digest the colloid. The lining epithelium is often

secondarily destroyed. Giant-cells may be formed by fusion of

the endothelial leukocytes. Lymj)hocytes are also occasionally

Fig. 496.—Thyroid gland. Giant-cells formed around colloid. Disappear-
ance of epithelium. Increase of connective tissue. M.

and polymorphonuclear leukocytes rarely attracted in like manner
into the follicles. As a result of the destruction of the epithelium

more or less extensive areas of sclerosis may lie formed, in which

many lymphocytes and sometimes fairly numerous eosinophiles

are present.

Very rarely the epithelium without any evident cause for

it undergoes a slow form of necrosis, tends to stain deeply with

eosin and finally disappears leaving only dense fibrous tissue in its

place.

Lesions of Infectious Origin.—Bacterial invasion of the thy-

roid gland occurs occasionally, more often by direct extension
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from the neighboring parts than by way of the circulation. The
resulting lesion may be a diffuse suppurative process or abscess

formation. In two instances abscesses were caused by the mi-
crococcus lanceolatus and the bacillus mucosus capsulatus re-

spectively.

Miliary tuberculosis is not infrequent when present in other

organs, but chronic tuberculosis is rare, as is also syphilis.

Sclerosis.—Sclerosis ofthe thyroid gland may be brought about

by toxic or infectious processes. To determine at a late stage

of sclerosis the manner of its origin may be difficult or impos-

sible. We can decide or guess only when the active process is

still in progress or when the study of early lesions in other instances

makes the end result understandable.

Any marked destruction of follicles with its accompanying scle-

rosis results in diminishing the arhount of colloid produced and in

that way brings about the physiologic effects due to diminished

secretion.

Follicular Distension (Struma Colloides).—The follicles of

the thyroid gland under certain conditions become distended

with colloid secretion. They may eveii be dilated into cysts.

The lining .epithelium may at .the same time be flattened as the

result of pressure. This accumulation of colloid is usually diffuse.

The result is more or less marked enlargement of the thyroid

gland. Colloid may collect also in the follicles of the epithelial

tumors arising from the thyroid gland. . ,

Increased accumulation of the colloid secretion within the

follicles does not signify increased supply to the circulation; in

fact the reverse is likely to be the result.

Follicular Hyperplasia (Struma Parenchymatosa).—Under
other conditions the epithelium undergoes a varying degree of

hyperplasia. Sometimes it is marked. New glands are formed

from the old ones and papillary projections appear within them.

In this way also marked enlargement of the thyroid gland may
be produced. Colloid may be present in more or less abundance

or be entirely absent, but its absence does not mean diminished

supply to the circulation. On the contrary it is often associated

with an increase which causes certain physiologic disturbances.

Adenoma (Struma Nodosa).—Adenomas of the thyroid gland

may occur singly or in multiple form. Occasionally they are

quite numerous. They may be small or on occasion attain the

size of a man's head. They are definitely encapsulated and

the adjoining tissue often shows evidence of pressure. The
thyroid gland tissue itself may be normal, distended with col-

loid or hyperplastic.

Thyroid adenomas are rare in children, but develop in number
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and size with increasing age. The adenomas themselves may
resemble normal thyroid tissue, or be composed of follicles dis-

tended with colloid, or of the so-called hyj^erplastic type, contain-

ing little or no secretion. Various combinations of these types

also occur.

Retrograde changes are common in the adenomas, especially

sclerosis and calcification which begin in the center where nutri-

tion is poorest and spread peripherally.

Carcinoma.—The most important tumor of tlie thyroid gland

is the carcinoma. It may resemble normal thyroid tissue so per-

Fig. 4(17.—Thyroid gland. (Uandular hyperplasia from a case of exophthalmic
goiter. JNI.

fectly as to fie distinguished from it with difficulty, and yet give

rise to multiple metastases of similarly normal appearance in

various organs. Or it may grow in solid masses or in papillary

form within cysts with little or no colloid secretion, so that its

tumor character is readily recognized. Considerable variation

in the type of gro^rth is not infreciuent ; the cells may be in gland-

form in some parts of the tumor and in solid masses in other parts;

or the cells may in places be compressed so as to appear spindle-

shaped and suggestive of some form of mesenchymal growth.

Carcinoma frequently complicates the two types of goiter already

described.
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Tumors of mesenchymal origin are rare.

Hypertrophy, Goiter.—It is evident from the preceding dis-

cussion that enlargement of the thyroid gland may arise from at

least four different types of lesions: colloid distension of folKcles,

hyperplasia of follicles, adenoma, carcinoma. To say definitely

before a microscopic examination has been made which lesion

is present is not always possible. On this account .the vague
term hypertrophy is useful provided one clearly recognizes

that it discloses lack of exact knowledge. The tendency in

the clinical use of the term is to restrict it to enlargement due
to two causes, namely, to colloid distension and to hyperplasia

of the follicles.

Diagnosis.—In making a diagnosis of a lesion present in a

thyroid gland it is important to have an accurate knowledge of

the chnical history of the patient and a description of the gross

appearance of the organ, because a small mass of tissue removed
at operation will usually not of itself tell the whole story. It may
look like normal thyroid tissue and yet prove to be an adenoma
or a cancer. The ideal would be to have the whole thyroid gland

for examination. This is possible only with autopsy material.

With surgical material we have to do the best we can with the tis-

sue received and the history and clinical description available.

Physiologic Pathology.—Diminution in the amount of colloid

secretion furnished to the circulation, such as follows from de-

struction of the follicular epithelium with the resulting sclerosis

of the organ (spontaneous athyreosis), causes the symptom-com-
plex known as myxedema. It is produced operatively if the en-

tire thyroid gland is removed for goiter as has frequently occurred

in the past (cachexia strumipriva) . It occurs in animals if the

thyroid gland is removed experimentally (cachexia thyreopriva).

If the animals are young marked general disturbances of the

growth of the hair, persistence of the thymus, and hypertrophy of

the hypophysis result; in adult animals the chief symptoms
are loss of appetite and emaciation terminating in death.

Cretinismus, which is endemic in certain parts of the world,

but also occurs elsewhere sporadically, is regularly combined

with disease of the thyroid gland, usually colloid goiter but some-

times atrophy. The symptoms present are probably the result

of diminished colloid secretion in the circulation in early life,

causing disturbances of metabolism and hence of development.

Increase in the amount of colloid secretion in the circulation

causes a different set of symptoms which can be produced experi-

mentally in animals by the administration of thyroid extract,

and have been produced in the same way accidentally in man.

The symptoms are lowering of the blood pressure often combined
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with increased rapidity of the heart's action, and disturbances

of proteid, fat and lime metabolism.

A symptom-complex known as exophthalmic goiter (Basedow's

disease) and characterized by three prominent symptoms, namely,

goiter, exophthalmos and tachycardia, seems to be due unques-

tionably to increase of colloid material in the circulation. The
enlarged thyroid is usually of the type called parenchymatous
goiter.
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Anemia of brain, 628
of myocardium, 428
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Angiosarcoma, perithelial, 272
Anthrax bacillus, 150

meningitis, 156
Aorta, diseases of, 439. See also

Blood-vessels

necrosis of, 442
repair of, 446, 447
rupture of, 451
sclerosis of, 440
syphilis of, 227, 462
tuberculosis of, 461
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Appendix, epitheUal tumors of, 388
Argyria, 119

of hver, 493
Arteries. See Blood-vessels
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Arteries, tuberculosis of, 460
Arteriosclerosis, 440^444, 462

chronic, 444
of kidney, 564

Artery, rupture of, 451
Ascites, 94
Atelectasis, 467
Atheromatous erosions of aorta, 447,

449
Atherosclerosis, 463
Athyreosis, 661
Atrophic cirrhosis of liver, definition

of, 513
Atrophy, 82

of bone, 643
of fat-cells, 84
of Uver, 489

acute yellow, 501
of myocardium, 427
physiologic, 83
pressure, 83

Autogenous pigments, 112
Autonomy in tumors, 252

Bacillus aerogenes capsulatus, 161
anthracis, 151
bronchiseptious, 183
coli communis, 179
diphtherise, 146
Friedlander's, 156
glanders, 158
lepra, 203
mallei, 158
mucosus capsulatus, 156
of rhinoscleroma, 157
pertussis, 182
tuberculosis, 184
typhosus, 162

Balantidium coli, 239
Banti's disease, 614
Barrel-shaped thorax, 467
Basedow's disease, 662
Bile as foreign body, 54

in circulation, 117
pigments, 117

in liver, 493
stasis, 117, 495

Bile-ducts, carcinoma of, 390
tuberculosis, 200

Bilirubin, 117
Bladder, amyloid in, 585

carcinoma of, 393
dilatation of, 585
diverticula of, 585
hypertrophy of, 585
infections of, 586
lesions of, 585
papilloma of, 392, 587
toxic lesions, 585'

tuberculosis of, 587
tumors of, 587

Blastomyces, 230
Blastomycosis, 230
Blisters, 94
Blood, constituents of, 21

pigment, 113
inhver, 493, 497
in prostate, 593
in spleen, 613
in vessel walls, 445

plasma, 24
platelets, 21

Blood-corpuscles, red, 21
as foreign bodies, 55
diapedesis of, 40

regeneration of, 65
white, 23

Blood-making organs, lesions of, 606
Blood-vessels, anatomy of, 439

blood pigment in, 445
calcification of, 445
diseases of, 438
inflammatory reaction, 445

fat in, 441
glanders of, 460
hyaUn in, 110, 443
infectious lesions of, 453
injury of, 440
leprosy of, 461
lime salts in, 445
mechanical injury of, 451
necrosis of, 441
nutritional disturbance of, 451
of kidney, infections of, 579
organization of fibrin in, 58
repair of, 447
syphilis of, 225, 462
toxic lesions of, 452
tuberculosis of, 460

Boils, 129
Bone, actinomycosis of, 213
anatomy of, 641
as foreign body, removal of, 54
atrophy of, 643
disturbance of metabolism, 643
fracture of, 647
infectious lesions of. 648
injury of, 647
lacunar absorption of, 643
lesions of, 641
necrosis of, 77, 648
regeneration of, 64
repair of, 75
syphilis of, 228, 649
toxic lesions of, 648
tuberculosis of, 648
tumors of, 650

Bon^cell tumor, 295
Bone-marrow, anatomy of, 606

in typhoid fever, 177
infections of, 608
lesions of, 606
regeneration of, 608
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Bone-marrow, toxic lesions of, 608
tumors of, 610

Brain, anatomy of, 625
anemia of, 628
calcifieation in, 628
congestion of, 628
fat in, 627
hemorrhage, 628, 630
hyalin in, 628
infarction of, 629
infections of, 631
lesions of, 624
necrosis in, 627
pressure on, 630
sand, 400
sclerosis of, 635
syphiUs of, 228, 634
toxic lesions of, 630
trauma of, 629
trichiniasis of, 635
tuberculosis of, 633
tumors of, 638

Breast, adenoma of, 377
carcinoma of, 379
epithelial tumors of, 375
mixed tumors of, 407
papilloma of, 379

Bronchiectasis, 477
Bronchopneumonia and the strepto-

coccus, 135
in whooping-cough, 183

Buboes, 146

Cachexia strumipriva, 661
thyreopriva, 661

Caisson disease, 630
Calcification, 120

in tuberculosis, 196
of adrenal glands, 652
of blood-vessels, 445
of central nervous system, 628
of endocardium, 416
of myocardium, 427
of thyroid, 658

Calor, 35
Cancer. See Carcinoma
Capillary hemangioma, 310
Capsular glomerulonephritis, 549
Carbon in body, 118

in liver, 493, 497, 513
in lymph-nodes, 622
in spleen, 614

Carbuncle, 129
anthrax, 153

Carcinoma, 358, 359, 363
adrenal, 585
colloid, 368
epidermoid, 364, 369
of adrenal gland, 397
of bile-ducts, 390
of bladder, 393

Carcinoma of breast, 379
of epiphysis, 400
of esophagus, 387, 481
of gall-bladder, 391, 519
of hair-matrix, 371
of hypophysis, 400
of intestine, 388, 487
of kidney, 392
of liver, 390
of lung, 392, 477
of lymph-nodes, 623
of mammary gland, 604
of nipple, 383
of ovary, 395, 602
of pancreas, 391, 529
of penis, 589
of prostate, 393, 596
of rectum, 388
of stomach, 387, 484
of thyroid, 398, 660
of uterus, 393, 599
of vocal cords, 392
papillary, 360, 364
simplex, 364

Cardiac lesions, physiologic effects of,

438
Cardinal signs of inflammation, 34
Cartilage, repair of, 78
Cartilage-cell tumor, 291
Cartilage-cells, regeneration of, 64
Caseation, 97

in syphilis, 98
in tuberculosis, 97, 195

Catai-rhal inflammation, 48
Caustic potash, experimental use, 29
Cavernoma, 314
Cavernous hemangioma, 314
Cavities in lung, 477
Cells, blood, 21

connective-tissue. 25
endothelial, 26
hydrops of, 94
postmortem changes in, 80
regeneration of, 60
tumor, differentiation of, 271

Centers of ossification, 642
Central necrosis of liver, 498

nervous system, calcification in, 628
fat in, 627
lesions of, 624
necrosis of, 627
sclerosis of, 635
syphilis of, 228, 634
toxic lesions of, 630
trauma of, 629
tumors of, 638

Cerebrospinal meningitis, 138
Cerebrum. See Brain
Cervix uteri, cancer of, 599

lesions of, 598
Chancre, 221, 589
Chloroform necrosis of hver, 504
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Chloroform, use in experimental ne-
crosis, 29

Chloroma, 334, 338, 610
Cholesterin in tissues, 93
Chondroblastoma, 291
Chondroblasts, 64
Chondroma, 291
Chondromucin, 291
Chondrosarcoma, 291
Chordoblastoma, 400
Chordoma, 400
Chorionepithehoma, 405, 604
Chromatin in cell necrosis, 96
Chromatophores, 340
Chronic tuberculosis, 192
Circulation, injurious agents within,

reaction to, 49
normal, 20

Circulatory phenomena in acute in-

flammation, 35
Cirrhosis of liver, 512

aloohohc, 504, 514
atrophic, definition of, 513
hypertrophic, definition of, 513
infectious, 508
monolobar, 514
multilobar, 514
syphiUtic, 511
toxic, 504

Classification of tumors, 274
Cloudy sweUing, 88
Coagulation necrosis, 97
Coil gland, epithelial tumors of, 374
Cohtis, 485, 486
Collagen fibrils, 26
CoUiquation, 98
Colloid, 107

carcinoma, 368
in kidney, 533
in thyroid, 656

Colon bacillus, 179
Concretions in pancreas, 521
Congenital syphihs, 215
Congestion of brain, 628

of gastro-intestinal tract, 480
of heart, 428
of liver, 493
of lungs, 463
of spleen, 614
of thyroid, 655
of uterus, 597

Conglomerate tubercle, 193
Connective-tissue cells, 25

regeneration of, 64
tumors, 276

Constituents of normal tissues, 24

Cord. See Spinal Cord
Cornification, pathologic, 125

Corpora amylacea in prostate, 593

Corrosive sublimate, effect on in-

testine, 485
effect on kidney, 541, 544

Corrosive sublimate, effect on stom-
ach, 482

Cretinism, 661
Croton oil, experimental use of, 29

Croupous inflammation, 43

Cysts, dermoid, 257
folKcular, of enamel organ, 385
of Nabothian glands, 598
of ovary, 601
simple, 257

Degeneration, albuminous, 88
fatty, 90
Zenker's, 111

Dendrons, 625
Dermoid cyst, 257, 602
Diabetes, relation of pancreas to, 530
Diapedesis of red corpuscles, 40
Differentiation of normal cells in

tumor diagnosis, 269
of tumor cells, 271

Digestion, organs of, lesions of, 479
Dilatation of bladder, 585
Diphtheria, 146

bacillus, 146
of stomach, 482

Diphtheritic inflammation, 45
Diphtheroid inflammation, 44
Diplococcus gonorrhoeae, 143

lanceolatus, 136
Displaced fetal cells as cause of

tumors, 255
Diverticula of bladder, 585
Dolor, 35
Dropsy, 94
Dura, lesions of, 639
Dural endotheUoblastoma, 321
endotheUoma, 321
endothelium, lesions of, 640

Dysentery, amebic, 236

Eclampsia, liver in, 516
Edema, 94, 95

of heart muscle, 423
of kidney, 533
of liver, 495
of lungs, 465
of pia, 638

Elastic fibrils, 26
Emboli, organization of, 58
Embryo of testicle, 410
Embryoma of testicle, 592
Emigration of leukocytes, 36
Emphysema, alveolar, 466

interstitial, 466
Emphysematous gangrene, 99
Enamel organ, epithehal tumors of

384
Endocarditis, 415

due to treponema palhdum, 421
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Endocarditis, infectious, 416
streptococcus, 136
syphilitic, 421
toxic, 415

Endocardium, 415
effects of lesions on, 438
repair of, 420

Endothelial cell tumor, 309
cells, 26

of blood-vessels, reaction to in-

jury, 50
regeneration of, 64

leukocytes, 23
fat in, 92
in inflammation, 37
in reaction to mild injurious

agents, 49
Endothelioblastoma, 309
Endothelioma, dural, 321
Endothehum, dural, lesions of, 640
Entamoeba histolytica, 236

in liver, 515
Enteritis, 485
Eosinophiles, 24

in inflammation, 39
in reaction to mild injurious agents,

49
Epidemic cerebrospinal meningitis,

138
Epidermoid carcinoma, 364, 369
Epididymis, gonococcus infection of,

590
tuberculosis of, 591

Epididymitis, 590
gonorrheal, 146

Epiphysis, epithelial tumors of, 400
Epithelial cell tumor, 358

pearls, 365
tumors of adrenal, 396

of bladder, 392
of esophagus, 387
of gall-bladder, 391
of gastro-intestinal tract, 387
of genito-urinary tract, 392
of intestine, 388
of kidney, 392
of hver, 389
of ovary, 394
of pancreas, 391
of prostate, 393
of respiratory tract, 391
of skin, 369
of stomach, 387
of thyroid gland, 397
of uterus, 393

Epithelioblastoma, 358
Epithelium, regeneration of, 62
Erosions in aorta, 448

of cervix, 598
Erysipelas, 133
Erythroblastoma of spleen, 620
Erythroblasts, 65

Erythrocytes, 21
as foreign bodies, 55
diapedesis of, 40
regeneration of, 65

Esophagus, carcinoma of, 387, 481
epithelial tumors of, 387

Exogenous pigments, 118
Exophthalmic goiter, 662
Expansion, tumor-growth by, 259
Exudation, acute inflammatory, va-

rieties of, 41
hemorrhagic, 47
in lobar pneumonia, 471
of lymph in inflammation, 40
pleural, 477

organization of fibrin in, 56
pneumonic, organization of fibrin

in, 57
purulent, 46
serous, 42

Fallopian tube. See Omduct
Fat, 88

as a foreign body, 54
characteristics of, 89
composition of, 89
deposit, increase of, 89
embolism of lung, 465
in blood-vessel walls, 440
in brain, 627
in endothelial leukocytes, 92
in kidney, 535
in liver, 490
in myocardium, 423
in nerve-cells, 627
in pancreas, 520
in spleen, 611
in thyroid gland, 655
in tissues, gross appearance of, 93
labile, 89
necrosis, 98

of pancreas, 524
normal distiibution of, 89
stabile, 89

Fat-cell tumor, 301
Fat-cells, atrophy of, 84

in heart, 411
Fatty degeneration, 90

infiltration of hver, 491
Female genitals, lesions of, 597
Fetal displacements as cause of

tumors, 255
inclusions as cause of tumors, 256

forming mixed tumors, 410
rests as cause of tumors, 255

Fetus in fetu, 409
Fibrin as a foreign body, 56

formation in acute inflammation,
40

in tissues, 108
organization of, 56
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Fibrin, organization of, in blood-ves-
sels, 58

in pleural. exudation, 56
in pneumonic exudation, 57

Fibrinous exudation, 42
Fibroblastoma, 277

giant-cells in, 280
histologic structure, 278
rate of growth, 278
stroma of, 280
type-cell, 277

Fibroblasts, 25
in tumor formation, 276
regeneration of, 64

Fibrogha fibrils, 26
Fibroma, 277, 282

of ovary, 602
Fibrosarcoma, 277, 286
Fluid in tissues, 94
Focal necrosis of hver, 518
Foreign bodies, bile as, 54

bone, 54
fat, 54
fibrin, 56
giant-cells, 52
Eme salts, 59
red blood-corpuscles, 55
removal of, 51

Fractures, 647
compound, repair of, 77
simple, repair of, 76

Friedlander's bacillus, 156
Furuncle, 129

Gall-bladdee, carcinoma of, 391
colon bacillus infection, 181
epitheUal tumors of, 391
in typhoid fever, 178
lesions of, 519

Gangrene, 98
emphysematous, 99
of lung, 476

Gangrenous appendix, 487
Gas bacillus, 161
Gastric ulcer, 483
Gastritis, acute, 482
Gastro-intestinal tract, anthrax of,

155
epithelial tumors of, 387
lesions of, 479
post-mortem changes, 479

Gastromalaoia, 479
Gaucher's type of splenomegaly, 616
Genitals, female, lesions of, 597

male, lesions of, 589
Genito-urinary tract, epithelial tu-

mors of, 392
Giant-cell sarcoma, 273
Gian1>cells, foreign body, 52

in fibroblastoma, 280
in tuberculosis, 187

Glanders, 158
of blood-vessels, 460

Glioblastoma, 348
Glioma, 348
Glomerulonephritis, capsular, 549

intracapillary, 557
Glycogen, 99

in liver, 491
Glycosuria, pancreas and, 530
Goiter, 661

exophthalmic, 662
Gonococcus, 143

infection of epididymis, 590
of oviduct, 600
of prostate, 595
of uterus, 598

special pathology, 146
toxin of, 144

Gonorrhea, 143
urethra in, 588

Gout, uric acid deposit in, 124
Granulation tissue, 72

healing by, 71
Granules, albuminous, 86
Granuloma coccidioides, 234
Grawitz's tumor, 585
Gumma, cerebral, 634

Hair-matrix, epithelial tumors of,

371
Hairy tongue, 125
Hahsteresis, 643
Hard chancre, 221
Healing by first intention, 70
by granulation tissue, 71
of wounds, 70
primary, 70
secondary, 71

Heart, atrophy of, 427
disturbances of circulation in, 428
fatty, 411
hydrops of, 423
muscle. See Myocardium
rhabdomyoma of, 343
sclerosis of, 437
tuberculosis of, 436
tumors of, 437

Hemangio-endothelioblastoma, 310
Hemangio-endothehoma, 310
Hemangioma, 310

capillary, 310
cavernous, 314

Hematoidin, 113
in spleen, 613
in tissues, 55

Hemochromatosis, 115
of hver, 497

Hemoglobin as foreign body, 55
infarct, 113

Hemoglobinemia, 113
Hemoglobinogenous pigments, 113



INDEX 669

Hemoglobinuria, 113
Hemorrhage, cerebral, 628

in adrenal glands, 652
in brain, 630
in infectious lesions of blood-ves-

sels, 456
into brain, 628
of liver, 494
of pancreas, 521
of stomach, 481
uterine, 598

Hemorrhagic exudation, 47
Hemosiderin, 113

in liver, 493, 497
in tissues, 55
in vessel walls, 445

Hodgkin's disease, 333, 619
Hot water, experimental use of, 29
Hyalin, 108

in blood-vessels, 110, 443
in central nervous system, 628
in liver, 108, 491
in muscle-cells. 111
in pancreas, 521
in plasma cells, 109
in prostate, 593
in spleen, 612
in stomach, 480

Hyaline connective tissue, 111
substances, 99

Hydatidiform mole, 604
and chorionepithelioma, 406

Hydrops, 94
of cell, 94
of heart muscle, 423
of kidney, 533
of hver, 490

Hypernephroma, 585
Hypertrophic cirrhosis of liver, defi-

nition of, 513
Hypertrophy of bladder walls, 585

of prostate, 595
of spleen, 619
of thjToid gland, 661
of uterine mucosa, 598

Hypophysis, adenoma of, 400
carcinoma of, 400

Infaection of brain, 629
of Hver, 495
in lung, 465
tuberculous, of kidney, 581

Infarcts, hemoglobin, 113

in myocardium, 429
of placenta, 604
of spleen, 614
uric acid, 124

Infections of adrenal glands, 654
of bladder, 586
of bone, 648
of bone-marrow, 608

Infections of brain, 631
of intestine, 485
of kidney, 572
of hver, 508
of lymph-nodes, 622
of mammary gland, 603
of ovary, 601
of oviduct, 600
of pancreas, 528
of peritoneal cavity, 488
of prostate, 594
of spleen, 615
of testicle, 590
of thyroid gland, 658
of uterus, 598

Infectious agents, reaction to, 33
endocarditis, 416
lesions of blood-vessels, 453

of lung, 467
of stomach, 482

myocarditis, 432
nephritis, 573, 575

Infiltration, tumor growth by, 259
Inflammation, 17

catarrhal, 48
circulatory phenomena in, 35
croupous, 43
definition of, 17
diphtheritic, 45
diphtheroid, 44
experimental production of, 28
exudation of lymph in, 40
fibrin in, 40
four cardinal signs of, 34
injurious agents, 27
of gall-bladder, 519
pseudo-diphtheritic, 44
reaction in, 32

to injurious agents within the
system, 49

to mild injurious agents, 48
the injury produced, 31
tissues used in study of, 30
tuberculous, 191

Inflammatory exudation, varieties of,

41
Injurious agents, 27

mild reaction to, 48
nature of action, 28
used experimentally, 28
within the circulation, reaction

to, 49
Injury, 31

reaction to, 32
Interstitial emphysema, 466
Intestine, adenoma of, 388

actinomycosis of, 213
amebic dysentery, 238
carcinoma of, 388, 487
epithelial tumors of, 388
infections of, 485
lesions of, 485
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Intestine, pigmentation in, 480
toxic lesions of, 485
tumors of, 487
typhoid lesions in, 168

Intracapillary glomerulonephritis, 557
Involucrum, 131
Irritants, 27

Jaundice, 515

Kakyolysis, 96
Karyorrhexis, 96
Keloid, 286

recurrence of, 266
Kidney, abnormalities of, 584

abscess of, 573, 575
adenoma of, 392
albuminous granules, 532
amyloid in, 537
carcinoma of, 392
cells, regeneration of, 63
colloid in, 533
edema of, 533
fat in, 535
hydrops of, 533
inifections of, 572
lesions of, 531
mixed tumors of, 408
nephritis, tubular, 542

vascular, 564
retrograde changes, 532
sclerosis of, 584
syphihs of, 583
tuberculosis of, 580
tuberculous infarction of, 581
tumors of, 585

Lacunar absorption of bone, 643
Larynx, papilloma of, 391
Lead in tissues, 119
Leiomyoblastoma, 305
Leiomyoma, 305

of stomach, 485
of uterus, 599

Leprosy, 203
of blood-vessels, 461

Leukemia, Ijonphatic, 326
myelogenous, 336

Leukocytes, 23
endothelial, in inflammation, 37
migration of, 36
polymorphonuclear, in inflamma-

tion, 37
regeneration of, 65

Lime salts as foreign bodies, 59
in blood-vessels, 445
in tissues, 119
organization of, 59

Lipoblastoma, 301

Lipochrome, 112
Lipoma, 301
Lipomatosis, 89

of pancreas, 520
Liquefaction necrosis, 98
Liver, abscess of, 508

actinomycosis of, 213, 512
acute yellow atrophy of, 501
adenoma of, 389
albuminous granules in, 490
ameba in, 239
atrophy of, 489
bile stasis in, 496
carbon in, 497, 513
carcinoma of, 390
cells, regeneration of, 62
circulatory disturbances, 493
cirrhosis of, 512

alcoholic, 504, 514
infectious, 508
monolobular, 514
syphilitic, 511
toxic, 504

colon bacillus infection, 181
congestion of, 493
edema of, 495
entameba in, 515
epithelial tumors of, 389
fat in, 490
fluid in, 95
glycogen in, 491
hemochromatosis of, 497
hemorrhage of, 494
hemosiderin in, 493
hyalin in, 108, 491
hydrops of, 490
in eclampsia, 516
in typhoid fever, 173
infarction, 495
infectious lesions of, 508
lesions of, 488
malarial infection, 512
miUary tubercle of, 189
necrosis of, 491

central, 498
hemorrhagic, 501

pigmentation of, 492, 497, 513
postmortem changes in, 489
regeneration of, 493
sclerosis of, 512
syphilis of, 227, 511
toxic lesions of, 498
tuberculosis of, 199, 510

Lobar pneumonia, 467, 471
and pneumococcus, 136, 138
bacillus mucosus capsulatus in,

156
Lobular pneumonia, 467

and meningococcus, 143
Lung, abscess of, 476

actinomycosis of, 213
anthrax of, 155
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Lung, carcinoma of, 392, 477
cavities in, 477
circulatory disturbances, 464
congestion of, 464
diphtheria of, 150
edema of, 465
gangrene of, 476
glanders in, 161
in typhoid fever, 177
infarction of, 465
infectious lesions of, 467
mechanical lesions of, 466
mixed tumors of, 408
tuberculosis of, 201

Lutein, 112
Lymph, exudation of, in inflamma-

tion, 40
normal, 27
spaces, 27

Lymphangio-endothelioblastoma, 319
Lymphangio-endothehoma, 319
Lymphangioma, 319
Lymphatic leukemia, 326
Lymphatics in tuberculosis, 191
Lymph-nodes, carbon in, 622

cells of, 620
function of, 621
infections of, 622
lesions of, 620
toxic lesions, 622
tuberculosis of, 201
tumors of, 623

Lymphoblast tumor, 326
Lymphoblastoma, 326

of lymph-nodes, 623
of spleen, 617

Lymphoblasts, 620
Lymphocyte tumor, 326
Lymphocytes, 23, 620

in inflammation, 38
in reactions to mild injurious

agents, 49
in tuberculosis, 190

Lymphocytoma, 326
Lymphoma, 326
Lymphosarcoma, 326
Lymph-vessels, 27

tumor, 319

Malakoplakia, 686
Malaria, effect on liver, 512

spleen in, 616
Male genitals, lesions of, 589
Malignancy of ghoma, 353

of tumors, 268
Malignant adenoma, 360, 364

pustule, 153
Mammary gland, adenoma of, 377,

603
carcinoma of, 379
epithelial tumoi's of, 375

Mammary gland, infectious lesions of,

603
lesions, 602
papilloma of, 379
toxic lesions of, 603
tumors of, 603

Marrow. See Bone-marrow
Mast-cells, 24

in inflammation, 40
Medullary cancer of breast, 383
Melanin, 112

in liver, 493
in spleen, 613

Melanoblast tumor, 340
Melanoblastoma, 340
Melanoblasts, 112
Melanoma, 340
Melanotic sarcoma, 340
Meninges, lesions of, 638, 639

syphilis of, 228
Meningitis, 638

anthrax, 156
cerebrospinal, 138
in typhoid fever, 177

Meningococcus, 138
Menstruation, uterine changes in, 597
Mesenteric lymph-nodes in typhoid

fever, 172
Metastasis of glioma, 355

of lymphoblastoma, 331
of tumors, 266

Micrococcus intracellularis menin-
gitidis, 138

Miliary tubercle, 189, 190
tuberculosis of kidney, 580

of liver, 510
Mitosis of tumor cells, 261
Mixed tumors, 406

of ectodermal origin, 407
of mesenchymal origin, 407
of ovary, 409
of testicle, 409

Monolobular cirrhosis, 514
Mucin, 101
Mucus, 101
Multilobular cirrhosis, 514
Mumps, testicle in, 592
Muscle-cells, hyalin in. 111

regeneration of, 65
tumor, 305

Muscle-fibers, fluid in, 95
regeneration of, 67

Muscle, repair of, 78
striated, tumor of, 343

Myelin as foreign body, 54
Myeloblast tumor, 334
Myeloblastoma, 334, 610
Myelogenous leukemia, 336
Myeloma, 338, 610
Myocarditis, infectious, 432

syphiUtic, 436
toxic, 430
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Myocarditis, tuberculous, 436
Myocardium, albuminous granules in,

422
anemia of, 428
atrophy of, 427
calcification of, 427
congestion of, 428
eifect of lesions on, 438
fat in, 423
infarcts in, 429
inflammation of. See Myocarditis
necrosis of, 424
repair of, 434
sclerosis of, 437
syphilis of, 436
trichiniasis of, 437
tuberculosis of, 436
tumors of, 437

Myotomes, 408
Myxoblastoma, 288
Myxoma, 288
Myxosarcoma, 288

Necrobiosis, 96
Necrosis, 96

caused by staphylococcus pyogenes
aureus, 127

coagulation, 97
demonstration of, 32
fat, 98
focal, of liver, 518
liquefaction, 98
of aorta, 442
of blood-vessels, 441

inflammatory reaction, 446
of bone, 77, 648
of brain, 627
of cord, 627
of hver, 491, 494

central, 498
chloroform, 504
focal, 518
hemorrhagic, 501
toxic, 498

of myocardium, 424
effect of, 438

of pancreas, fat, 524
tuberculosis, 189, 195

Necrotic tissue, removal of, 52
Nephritis, infectious, 573, 575

toxic, 541
tuberculous, 582
tubular, 542

Nephrotomes, 408
Nerve-cell, injury of, 625

regeneration of, 66, 625
tumor, 355

Nerves, normal, 27

Nervous system, central, lesions of,

624
repair of, 78

Nervous system, syphilis of, 228
Neuroblastoma, 355
Neurocytoma, 355
Neurogha cell in repair, 78

regeneration of, 65
tumor, 348

Neuroma, 355
amputation, 67

Neuron, regeneration of, 625
Neurons, 625
Neutrophilic leukocytes, 23
Nevi, pigmented, 341

New growths. See Tumors
Nipple, cancer of, 383

Paget's disease of, 604
Noma, 99
Nomenclature of tumors, 275
Normal circulation, 20
Notochord tissue, 400
Nutrition of blood-vessels, disturb-

ances of, 451

Odontoblastoma, 387
Odontoblasts, 385
Oidiomycosis, 234
Oidium, 230, 234
Ophthalmia, gonorrheal, 146
Organization of fibrin, 56

of lime salts, 59
Osseomucin, 64
Ossification, 119

centers of, 642
Osteoblastoma, 295
Osteoblasts, 64
Osteoclasts, 64
Osteogenesis imperfecta, 646
Osteoma, 295
durum, 300
spongiosum, 300

Osteomalacia, 647
Osteomyelitis, 130, 648
bone-marrow in, 609

Osteophytes, 649
Osteosarcoma, 295
Ostitis deformans, 646
Ovary, adenoma of, 394

carcinoma of, 395
cysts of, 601
infections of, 601
mixed tumors of, 409
teratoma of, 409
tumors of, 602

Oviduct, infections of, 600
lesions of, 600
tuberculosis of, 601

Pachymeningitis, 639
Paget's disease of bone, 646

of nipple, 604
Pancreas, adenoma of, 391
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Pancreas, carcinoma of, 391
colon-bacillus infection of, 182
concretions in, 521
epithelial tumors of, 391
experimental work, 530
extirpation of, effect of, 530
fat in, 520

necrosis of, 524
functions of, 529
hemorrhage of, 521
hyalin in, 521
infections of, 528
lesions of, 519
obstruction of ducts of, 523
pigmentation of, 521
postmortem changes in, 520
retrograde changes, 520
sclerosis of, 528
secretions of, 529
syphilis of, 528
toxic lesions of, 523
tuberculosis of, 528
tumors of, 528

Pancreatitis, acute, 524
Papillary carcinoma, 360, 364
Papilloma, 358, 359

cells of, 362
of bladder, 392, 587
of breast, 379
of larynx, 391
of skin, 369

Parasitism in repair of foreign bodies,

53
Parotid gland, mixed tumors of, 408
Pearls, epithelial, 365
Penis, carcinoma of, 589

chancre of, 589
lesions of, 589

Periarteritis nodosa, blood-vessels in,

460
Pericardial cavity, 411
Pericarditis, 411, 412

physiologic effect of, 438
tuberculous, 415

Pericardium, effect of lesions on, 438
Perichondrium, 64
Periostitis, 648
Perithelial an^osarcoma, 272
Peritoneal cavity, lesions of, 488
Peritonitis, 488
Petrifaction, 118
Phlegmon, 135
Phosphorus necrosis of bone, 648
Physiologic atrophy, 83
Pia, lesions of, 638
Pigmentation, 111

in gastro-intestinal tract, 480
in lymph-nodes, 622
of liver, 492, 497, 613
of pancreas, 521
of spleen, 613
of thyroid, 655

43

Pigmented nevi, 341
Pigments, 111

autogenous, 112
bile, 117
blood, 113
carbon, 118
exogenous, 118
hemoglobinogenous, 113
in prostate, 593
lead, 119
silver, 119
tattooing, 119

Pitting, 40
Placenta, infarcts of, 604
Placental fragments, retention of, 605
Plasma, blood, 24

cells, hyahn in, 109
in inflammation, 39

Platelets, blood, 21
Pleural cavity, lesions of, 477

exudation, organization of fibrin

in, 56
Pleuritis, 477
Pneumococcus, 136

septicemia, 137
Pneumonia, bacillus mucosus cap-

sulatus and, 156
lobar, 471
and pneumococcus, 136, 138

lobular, 143, 467
Pneumonic exudation, organization

of fibrin in, 57
Poisoning, stomach in, 482
Poisons, effect on bladder, 585

on intestine, 485
on kidney, 541
on liver, 498
on stomach, 482
on uterus, 598

PoliomyeUtis, acute anterior, 631
Polymorphonuclear leukocytes, 23

in inflammation, 37
Polypi, uterine, 598
Postmortem changes in cells, SO

in gastro-intestinal tract, 479
in kidney, 532
in liver, 489
in pancreas, 520
in prostate, 593

Pressure atrophy, 83
on brain, 630

Primary heaUng, 70
stage of syphilis, 214
syphihs, lesion of, 221

Prostate, adenoma of, 393
carcinoma of, 393, 596
corpora amylacea, 593
hypertrophy of, 595
infections of, 594
lesions of, 593
pigmentation of, 593
retrograde changes in, 593
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Prostate, tuberculosis of, 595
tumors of, 596

Psammooarcinoma of ovary, 395
Psammoma, 273
Pseudo-diphtheritic inflammation, 44
Pseudoleukemia, 326
Purulent exudation, 46
Pustule, malignant, 153
Pyelonephritis, 575-577
Pyknosis, 96

Reaction to infectious agents, 33
to injurious agents within the circu-

lation, 49
to injury, 32
to mild injurious agents, 48

Rectum, carcinoma of, 388
Recurrence of tumors, 266
Red blood-corpuscles, 21

as foreign bodies, 55
Regeneration of blood-corpuscles, 65

of bone cells, 64
of cells, 60
of connective tissue in tuberculosis,

190
of endothelial cells, 64
of epithelium, 62
of fibroblasts, 64

in tuberculosis, 189
of leukocytes, 65
of liver cells, 162, 493
of muscle cells, 65
of muscle-fibers, 67
of nerve-cells, 66
of neuroglia cells, 65
of parts of cells, 66

Repair, 51
epithehum, 62
foreign body giant-cells, 52
heahng of wounds, 70
Uver cells, 62
neurogfia cells in, 78
of blood-vessels, 447

infectious lesions, 456
of bone, 75
of cartilage, 78
of central nervous system, 78
of endocardium, 420
of fracture, 76
of kidney cells, 63
of muscle, 78
of myocardium, 434
organization of fibrin, 56

lime salts, 59
parasitism in case of foreign bodies,

53
regeneration of, 60

muscle-fibers, 67
nerve-cells, 66
parts of cells, 66

removal of foreign bodies, 51

Repair, removal of necrotic tissue, 53
Respiration, organs of, diseases of, 464
Respiratory tract, epithelial tumors of,

391
Rests, fetal, and tumors, 255
Retrograde metamorphosis oftumors,

264
processes, 79

amyloid, 102
caseation, 97
colloid, 107
cornification, 125
fat, 88
fibrin, 108
fluid, 94
glycogen, 99
hyalin, 108
mucin, 101
necrosis, 96
petrifaction, 119
pigments. 111
postmortem changes, 80

Rhabdomyoblastoma, 343
of cardiac muscle-cell type, 343
of skeletal muscle-cell type, 346

Rhabdomyoma, 343
of heart, 437

Rhinoscleroma, bacillus of, 157
Rickets, 643
Round-cell sarcoma, 272
Rubor, 34
Rupture of aorta, 451

of artery, 451

Sago spleen, 612
Salpingitis, 600

gonorrheal, 146
Sarcoma, giant-cell, 273

melanotic, 340
round-cell, 272
spindle-cell, 272

Scar, 75
tissue, 75

Scirrhous cancer of breast, 383
Sclerosis of brain, 635

of cord, 635
of kidney, 583
of hver, 512
of myocardium, 437
of pancreas, 528
of testicle, 592
of thyroid gland, 659
of valves of heart, 422

Sclerotomes, 408
Sebaceous gland, epitheUal tumors

of, 374
Secondary heahng, 71

stage of syphihs, 214
syphilis, lesion of, 223

Secretions, pancreatic, 529
Seminal vesicles, lesions of, 593
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Septicemia, anthrax bacillus, 155
bacillus aerogenes, 162
glanders bacillus, 160
gonococcus, 146
of bacillus mucosus capsulatus, 157
pneumococcus, 137
staphylococcus, 131
streptococcus, 135

Sequestrum, 131
Serous exudation, 42
Silver in tissues, 119
Skin, epithehal tumors of, 369

glanders in, 161
Solitary tubercle, 193
Spiculated bodies in spleen, 613
Spinal cord, anatomy of, 625

fat in, 627
hemorrhage into, 628
infections of, 631
lesions of, 624
pressure on, 630
sclerosis of, 635
syphihs of, 634
toxic lesions of, 630
trauma of, 629
tuberculosis of, 633
tumors of, 638

Spindle-cell sarcoma, 272
Spirochete. See Treponema
Spleen, abscess of, 616

amyloid in, 612
anatomy of, 610
congestion of, 614
enlargement of, 616
fat in, 611
function of, 610
hyalin in, 612
hypertrophy of, 619
in typhoid fever, 175
infarcts of, 614
infections of, 615
malarial infection of, 616
pigmentation of, 613
retrograde changes in, 611
sago, 612
syphilis of, 617
toxic lesions of, 615
tuberculosis of, 200, 616
tumors of, 617

Splenomegaly, 619
Gaucher's type, 616

Staphylococcus pyogenes aureus, 126
experimental injection of, 30
forms of lesion caused by, 129
injury by, 127
reaction to, 127
toxin, 126

Stasis, bile, 495
Stomach, adenoma of, 387
amyloid in, 480
atrophy of glands of, 479
carcinoma of, 387, 485

Stomach, epithelial tumors of, 387
hemorrhages of, 481
infectious lesions of, 482
inflammation of, 482
lesions of, 481
postmortem softening of, 479
toxic lesions of, 482
tumors of, 484
ulceration of, 483

Streptococcus infection of blood-
vessels, 457

pyogenes, 131
toxin of, 132

Stricture of urethra, 146, 588
Stroma of tumors, 262
Struma colloides, 659

parenchymatosa, 659
Subpericardial eochymoses, 412
Suppuration, 46
Swelling, cloudy, 88
Syphihs, 213

acquired, 214
amyloid formation in, 229
congenital, 215
lesions of, 217
of adrenal glands, 654
of aorta, 227, 462
of blood-vessels, 225, 462
of bone, 228, 649
of brain, 228, 634
of central nervous system, 228
of cord, 634
of endocardium, 421
of kidney, S83
of liver, 227, 511
of meninges, 228
of myocardium, 436
of pancreas, 528
of pia, 639
of spleen, 617
of testicle, 591
pathologic histology, 221
primary, lesion of, 221
reaction in, 218
repair in, 220
secondary, lesion of, 223
tertiary, lesion of, 223
treponema paUidum, 216

Taitooing, 119
Teratoma of ovary, 409, 602

of testicle, 409
Tertiary stage of syphihs, 215

syphilis, lesion of, 223
Testicle, embryoma of, 410

in mumps, 592
in variola, 592
lesions of, 590
mixed tumors of, 409
sclerosis of, 592
syphilis of, 591
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Testicle, teratoma of, 409
tuberculosis of, 591
tumors of, 592

Thrombi, organization of, 58
Thrombus formation in tuberculosis,

194
Thyroid gland, adenoma of, 398, 659

anatomy of, 655
oalcification of, 658
carcinoma of, 398, 660
colloid in, 656
congestion of, 655
fat in, 655
follicular distention, 659
hypertrophy of, 661
retrograde changes in, 655
toxic lesions of, 658

infections of, 658
sclerosis of, 659

Tiger-hly appearance of heart muscle,
424

Tissues, normal, constituents of, 24
Tongue, hairy, 125
Tonsilhtis, 135
Toxic cirrhosis of liver, 504

endocarditis, 415
lesions of blood-vessels, 452

of central nervous system, 630
of liver, 498
of pancreas, 523

myocarditis, 430
nephritis, 541

Toxin, diphtheria, 148
of actinomycosis, 212
of anthrax, 152
of bacillus aerogenes capsulatus,

162
mucosus capsulatus, 156

of blastomyces, 231
of colon bacillus, 180
of diploooocus lanceolatus, 136
of glanders bacillus, 158
of gonococous, 144
of leprosy bacillus, 204
of meningococcus, 139
of oidium, 235
of pneumococcus, 136
of staphylococcus pyogenes aureus,

126
of streptococcus pyogenes, 132

of syphilis, 217
of tubercle bacillus, 186

of typhoid bacillus, 164
of whooping-cough bacillus, 183

Toxins, effect on bone-marrow, 608
lymph-nodes, 622
spleen, 615

Trauma, 31
of brain, 629
of cord, 629

Treponema pallidum, 213
description of, 216

Treponema pallidum, endocarditis

due to, 421
in blood-vessels, 462
in heart muscle, 436
in kidney, 583
lesion produced by, 217
location of, 217
reaction to, 218

Trichina, 243
Trichinella spiralis, 243

in myocardium, 437
Trichiniasis, 243

diagnosis of, 250
of brain, 635
of myocardium, 437

Tubal pregnancy, 601
Tubercle bacillus, 184

experimental injection of, 30
conglomerate, 193
miliary, 189, 190
solitary, 193

Tuberculosis, 184
abscesses in, 197
acute miliary, 199
bacillus of, 185
calcification in, 196
caseation in, 195
chronic, 192, 199
early miliary lesions, 186
giant-cells in, 187
necrosis in, 195
of adrenals, 654
of bladder, 587
of blood-vessels, 460
of bone, 648
of brain, 633
of cord, 633
of epididymis, 591
of heart, 415, 436
of kidney, 580
of liver, 199, 510
of lungs, 201
of lymph-node, 201
of oviduct, 601
of pancreas, 528
of peritoneal cavity, 488
of pia, 639
of prostate, 595
of spleen, 200, 616
of uterus, 598
reaction, 186
regeneration of fibroblasts, 189
thrombus formation in, 194
toxin of, 186
ulceration in, 197

Tuberculous infarction of kidney, 581
inflammation, 191
nephritis, 582
pericarditis, 415

Tubular nephritis, 542
Tumor, a sign of inflammation, 35

cells, 261
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Tumor cells, differentiation of, 271
Tumor-like formations, 256
Tumors, 251

cause of' 253
characteristics of, 252
classification of, 274
color of, 265
combinations of types, 406
connective-tissue, 276
consistence, 266
definition, 251
differentiation of cells, 266
functions of, 253
gross characteristics of, 264
heterogeneous, 269
maUgnanoy of, 268
maimer of growth, 258
metastases, 266
mixed, 406
morphology of, 252
multiphcity of, 269
nomenclature of, 275
of bladder, 587
of bone, 650
of bone-marrow, 610
of brain, 638
of gall-bladder, 519
of heart, 437
of intestine, 487
of kidney, 585
of lung, 477
of lymph-nodes, 623
of mammary gland, 603
of ovary, 602
of pancreas, 528
of peritoneal cavity, 488
of pleural cavity, 478
of prostate, 596
of spleen, 617
of stomach, 484
of testicle, 592
of uterus, 598
origin of, 254
recurrence, 266
retrograde metamorphosis of, 264
shape of, 265
simple, 276
size of, 264
stroma of, 262
structure of, 260
type cells, 270

Turpentine as an injurious agent, 29
Type cells of tumors, 270
Typhoid bacillus, 162

fever, 162
abscesses in, 178
bacillus, 163

Typhoid fever, bone-marrow in, 177
distribution of lesions, 166
gall-bladder in, 178
intestinal lesions, 168
liver in, 173
lung in, 177
meningitis in, 178
mesenteric lymph-nodes in, 172
reaction, 164
spleen in, 175
toxin, 164

Ulcer, gastric, 483
Ulceration of stomach, 483

tuberculous, 197
Urethra, lesions of, 588

stricture of, 146
Uric acid in circulation, 124
Urinary bladder. See Bladder

organs, lesions of, 531
tract, colon infection of, 181

Uterus, adenoma of, 393
adenomyoma of, 600
carcinoma of, 393, 599
congestion of, 597
gonorrhea of, 598
infections of, 598
leiomyoma of, 599
lesions of, 597
placental fragments in, 605
polypi of, 598
toxic lesions of, 598
tuberculosis of, 598
tumors of, 598

Valves of heart, diseases of, 415
sclerosis of, 422

Vaquez's disease, 620
Variola, testicle in, 592
Vas deferens, lesions of, 593
Vascular endothelium, regeneration

of, 64
nephritis, 564

Vegetation of cardiac valves, 416
Veins. See Blood-vessels

tuberculosis of, 460
Vocal cords, carcinoma of, 392

White blood-corpuscles, 23
Whooping-cough, 182
Wounds, healing of, 70

Zenker's degeneration. 111
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