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PREFACE

IN preparing the third edition of my text-book of
Pathology and Morbid Anatomy, I have again added
much new matter, with the object of making the work a
more complete guide for the student. All the chapters
have been carefully revised, and a large addition has
been made to the number of woodeuts. These new
woodeunts, as in previous editions, have been drawn by

Mr. Collings from my own microscopical preparations.

T. HExry GREEN

74, WinroLe STREET, CAVENDISIT SQUARE,
July, 1875.
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INTRODUCTION.

Paruorocy treats of the origin, nature, course, and
causes of those changes in the body which constitute
disease ; Morbid Anatomy, or Morbid Histology, of the
actual alterations in the tissues which the disease has
produced. The former 1s therefore comparable with Phy-
giology, the latter with the Histology of the normal
tissues,

By disease 1s understood some deviation from the state |
of health; a deviation consisting for the most part in an
alteration in the functions, properties, or structure of some
tissue or organ, owing to which its office in the economy
18 no longer performed in accordance with the normal
standard.

Diseases are commonly divided into two classes—
organic and functional. The former comprise all those
which are attended by structural change; the latter those
in which no such change is discoverable. Whether it be
possible for the function of an organ or tissue to be ab-
normally performed quite irrespective of any alteration in
1its structure admits of some doubt. At all events, as our
methods of minute investigation improve, and our know-
ledge of morbid histology increases, the class of fune-
tional diseases grows less; and although there still remain
a large number of discases in which we are unable to re-
cognise any alteration of structure, and which must
therefore still be deseribed as functional, it is probable

B



2 INTRODUCTION.

that all disease will ultimately be found to be attended
by more or less material change.

As health is itself merely a relative term and implies
no definite performance of the processes of life, so disease
1s equally indefinite; it cannot be separated from health
by any well-defined boundary, the one passing by in-
sensible gradations into the other.

Disease is thus, in most cases, an abnormal performance
of those processes which constitute life, and a knowledge
of these processes must therefore necessarily precede the
study of pathology. Life comprises the formation and
maintenance of the tissues and the exhibition of their
various functions. Such formation and maintenance,
which may be included under the general term of
Nutrition, consist in the continuous supply of new ma-
terial, the separation of this from the blood and its
appropriation by the tissues, together with the removal
of the products of their waste. Funclion 1s the special
manifestation of the life of the part, as distinct from its
growth and the maintenance of its structure; in the
secreting cell, consisting in the alteration of the sub-
stances abstracted from the blood to fulfil some special
purpose in the economy; in mnerve, in the transmission
of impulses of motion and sensation, &e. The per-
formance of funection is obviously dependent upon the
state of nutrition. When both of these are normal the
condition is one of health, when abnormal one of disease.

As in health the nutrition is prineipally dependent
upon the solid tissues, these abstracting, appropriating,
and altering the material which is supplhed to them by
the blood; so in most forms of disease it is these tissues
which play the more important part, and alterations in
them are amongst the most frequent of the morhd
processes.

The supply and composition of the blood must obviously
at the same time constitute most important factors in
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disease. Owing to the intimate relation which subsists
between the blood and the solid tissues, any alteration in
its composition must exercise more or less influence upon
the nutritive processes. In regarding the blood, however,
as an element in the causation of disease, it must be
borne in mind that this fluid is in a state of constant
dependence upon other parts; its component elements
are derived from external sources and undergo continnal
change, and although possibly under certain ecircum-
stances it may become altered by virtue of changes in the
nutritive activity of its corpuscular elements, alterations
in its constitution must i most cases result either from
some change in the process of its formation, as from the
ingestion of improper or insufficient food, mal-assimila-
tion, or disease of the lymphatic structures; from changes
in the secretory or excretory processes; or from the in-
troduction of foreign substances, derived from extrancouns
sources. Whilst, thercfore, alterations in the composition
of the blood may be important agents in the production
of diseased processes in other tissues, such alterations ave
in most cases secondary to some abnormality in its for-
mation or depuration, or to its contamination by sub-
stances derived from without. Owing to the facility with
which it becomes the recipient of foreign substances, it is
often the first tissue to become altered, as, for example,
in many of those diseases which owe their origin to the
introduction of minute organisms ; and it not infrequently
constitutes the principal seat of the discased process,

The blood may also play an important part in disease,
owing to an abnormal activity of its white corpuscles and
their migration through the walls of the blood-vessels
into the surrounding tissues. This oceurs in the process
of inflammation, and probably also in the development of
many of the new formations.

Lastly, the influence of the nervous system must be
taken into account in considering abnormal conditions of

B 24



4 INTRODUCTION.

nutrition and function. This, by regulating the cireulation
and supply of blood, must to a certain extent control
tissue-change. The results of experimental and clinical
observation render it exceedingly probable that many
nerves also contain fibres which exercise a direct influence
upon nutrition, independently of that which 1s due to
their vaso-motor filaments. In support of this view may
be adduced the well-known observations of Lundwig and
Heidenhain on the influence of the chorda tympani upon
the secretion of the submaxillary gland, which prove that
the increased secretion which results from the stimulation
of this nerve is due to an increased activity of the se-
creting elements of the gland and not to changes in the
blood-vessels. Recent histological researches, also, which
are tending to show that nerve-fibres terminate in the
ultimate elements of nearly all tissues, and the fact that
very rapid atrophy of muscles often follows certain
lesions of the nervous centres and many injuries of the
nerve-trunks, render 1t exceeding probable that nutrition
is more or less under the direct iufluence of the nervous
system.

The first part of this work will be devoted exclusively to
the consideration of morbid processes which are charac-
terised mainly by alterations in nutrition; the second,
to those in which an altered nutrition is associated with
certain changes in the blood-vessels and cireulation (in-
flammation) ; and the third, to changes in the blood and
circulation alone. In considering the several morbid pro-
cesses, the general pathology of each process will first be
deseribed, and subsequently the same process as it occurs
in the different organs and tissues.



CHAPTER I,
THE CELL.

As the most important element in nutrition, both in
health and disease, is the activity of the tissues them-
selves—the supply of nutritive material, althongh an
essential, being merely a passive part of the process—it
becomes necessary to consider, somewhat minutely, those
parts of the tissues in which this activity resides.

Ever since Schwann discovered the cellular nature of
animals, and established the analogy between animal and
vegetable cells, there has been a gradunally inereasing
conviction amongst physiologists, which has now become
an universally accepted physiological and pathological
doctrine, that the cell 1s the seat of nutrition and func-
tion ; and further, that each individvual ecell is itself an
independent organism, endowed with those properties,
and capable of exhibnting those active changes which are
characteristic of life. Every organised part of the body
1s either cellular or is derived from cells, and the cells
themselves originate from pre-existing cells, and under no
circnmstances do they originate de novo.

Whilst. therefore the whole body is made up of cells,
or of substances derived from cells, and the cell is itself
the ultimate morphological element which is capable of
exhibiting manifestations of life, it must be borne in mind
that in a complex organism, the phenomena of life are
the result of the continued activity of innumerable cells,
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many of which possess distinct and peculiar functions,
and that by their combination they become endowed with
new powers, and exhibit new forces, so that although
each individual unit possesses an independent activity,
1t is in a state of constant dependence upon others with
which 1t is more or less intimately associated.

ConsriruTion or Ceris.—When the analogy was esta-
blished between the animal and vegetable cell, the former
was held to be constructed in all cases
upon the same principle as the latter,
and to consist of a cell-wall, enclosing a
cavity, in which were contained a nuclews
and fluid contents. (I"ig. 1.) This was
the idea of the cell held by Schwann and
Remak, and supported especially by Vir-
chow, who maintained that these three
constituents were essential to its vitality
and existence.

During recent years, however, this de-
finition has been modified. The existence

Cells from & can- of a cell-wall was in many cases not evi-
cer. Showing cell-dent. In embryonic cells, in those of many
EU'E%L:L“';:E‘LL:EE rapidly growing new formations, and in
cleoli. The nuclei the cells of blood, pus, and mucus no limit-
divifmg. ing membrane could be demonstrated.
This led to a new definition of the cell by Leydig and
Max Schultze, who held that a little mass of matter
enclosing a nucleus was all that was necessary for its
constitution. The latter of these physiologists not only
rejected the cell-wall as an essential constituent, but
established the identity of the mass of matter (cell-
contents) with animal sarcode—a contractile substance
existing in the lower animals—and showed that, like it,
it was endowed with the power of spontaneous movement.
This substance he called protoplasm. He further pointed
out, thatthe existence of a distinct cell-wall was the resultof

Fig. 1.
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a retrograde process taking place in the outer layers of the
protoplasm, and that the latter was the real seat of the
activity of the eell. These views closely correspond with
those held by Dr. Beale in this country.®

The definition of a cell has been still further modified
by Briicke, Stricker, and others, who consider that the
existence of a nucleus is not essential to its constitution.
This opinion is principally based upon the fact, that in
the eryptogamia, and in some of the lowest animal forms,
cells ocenr in which no nucleus is visible,

It would thus appear probable that a simple mass of
protoplasm may, in some exceptional cases, be all that is
necessary to constitute a cell—i.e., an elementary orga-
nism, capable of exhibiting independently all the pheno-
mena of life; but that the nucleus is an exceedingly
constant and almost invariable constituent. The cell-
wall 1s much less constant, and being the result of a
retrograde change in the outer layers of the protoplasm,
it must be regarded, in point of vitality, as inferior to the
rest of the cell.

Protoplasim itself 1s an unstable albuminoid eompound,
which 1s insoluble in water and coagulates at death. As
usually met with, it 13 a homogeneous structureless
material, of a soft and viseid consistence. In con-
sistence, however, it is subject to variations, being some-
times perfectly flud, at others more or less solid and
gelatinous. In old cells it often becomes transformed,
by the loss of water, into a more solid albuminoid
substance—keratin, Thig occurs in the epidermis and
nail.  Protoplasm may also become gradually con-
verted into other modifications of the protein group—
into mucin, globulin, hmmoglobin, &e. The cell-wall,
when it exists, is of much firmer consistence than the

* Dr. Beale ealls the protoplasm, germinal matter or bioplasm ;
the cell-wall, formed material,
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protoplasm. In some cells the protoplasm constitutes but
a small proportion of the body of the cell, other snbstances,
which are either the result of its metamorphosis, or
have been taken up from without, being associated with
it. Thus fat is met with in the cells of adipose tissue,
and of the liver. (See Fig. 5.) Pigment, calcareous
particles, pepsine, &c., are also met with in cells,

The nwueleus is more constant both in size and form
than the cell. It is usually spherical or oval in shape,
and often contains one or more minute round or angular
hodies, termed nucleoli. 1t offers a greater resistance to
chemical reagents than the other constituents of the cell,
and in disease often remains after these have been
destroyed. It is also stained more deeply by carmine.

The original form of the nucleus is vesicular. In the
earliest cells of embryonic tissue 1t possesses a delicate
membrane enclosing a mnucleolus and fluid contents,
thus resembling in its structure the cell. Subsequently,
however, it loses its vesicular character, and as usunally
met with it is a solid perfectly homogeneous, or faintly
granular body, in which the nucleolus is still visible.
The recognition of the nucleus is not always possible,
owing to its presence being obscured by fat, pigment, or
other substances contained within the cell. (See Fig. 25).
In some cells the nuclei gradually disappear. The coloured
blood-cells and the cells of the superficial layers of the epi-
dermis are examples of cells in which the original nucleuns
has become lost. Lastly, it must be mentioned, that seve-
ral nuclei may be contained within the same cell.

Puysioroey or Cerrs.—The cell, as already stated, is
capable of absorbing and transforming matter, of excretion,
and of growth. It is also endowed with the power of
changing its form, of cohering with other cells, of under-
going more or less active movement, and of reproduction.
The question now arises as to what part is played by its
respective constituents—whether the cell-wall, the body
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of the cell (protoplasm), and the nucleus have different
offices.

The cell-wall being the result of a retrogressive change
in the protoplasm, it cannot be regarded as taking any
part in the life of the cell, the activity of which is much
diminished by its existence, as is also its power of repro-
ducing itself by simple division. It is in old cells that a
cell-wall is most frequently met with, in those newly
formed 1t is entirely wanting.

The nucleus has usunally been looked upon as the seat
of the nutrition, as distinct from the specific functions of
cells, and has been supposed to play an important part
in their multiplication and reproduction. The fact that
when a cell divides, the division usually commences 1
the nucleus, and only subsequently takes place in the
rest of the cell, would appear to favour this view; as
would also the great uniformity of the nucleus both in
size and form, whatever be the functional nature of the
cell. It must be borne in mind, however, that non-
nucleated cells may multiply, and that nucleated cells
have been observed to divide, the nucleus itself taking no
part in the process.

Whatever be the part played by the nucleus, there can
be no doubt that the protoplasm is the most important
factor of the cell, and it may itself be the only constituents
The spontaneous movements, alterations in form, and
migratory powers characteristic of young cells, are due to
the protoplasm. Such movements are observed in the
cells of the embryo, in lymphoid and young epithelial
cells, in some of the cells of connective tissue, and in
white blood and pus cells.

The protoplasm, as already stated, may be the sole seat
of the nutritive and formative power of the cell. Tt would
appear, however, probable that it is more especially eon-
cerned in the performance of function, and that the specifie
functional peculiarities of cells are dependent rather upon
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1t than upon their other constituents. The volume and
consistence of the protoplasm varies in different cells, and
in the same cell, at different times and under different
circumstances. It is apparently capable of imbibing and
giving up fluids, at the same time undergoing corre-
sponding alterations in volume. These cousiderations
render 1t probable that it is the seat of the selective
power of the cell, and of those other properties which
represent its specific functions.

Gexesis or Cenns.—The proposition of Virchow, that
every cell originates directly from a pre-existing cell, forms
the basis of the pathology of the present day. To Remak,
however, must be ascribed the merit of having first esta-
blished the eellular origin of the tissues.

The multiplication of cells may take place in three ways
—by stmple division, by gemimnation, and by endogenous
growth. In the first two methods the cell breaks up into
fragments; in the last, new cells originate within the
parent cell. The process is obviously associated with
growth and increase of the protoplasm.

The multiplication by simple division is the most fre-
quent method. The cell divides and forms two cells, and
each of these again divides and forms two more, and so
on. In nucleated cells the nucleus as a rule divides first.
The nucleus, however, may divide and multiply within
the cell without any division of the cell taking place.
If the nuclei multiply within the cell and the protoplasm
continuously increase without subsequent division of the
cell taking place, large, many-nucleated, irregular-shaped
masses of protoplasm are produced. These are the giant
or myeloid ecells, which are met with in the medulla of
young bone, and in some new formations. (See * Myeloid
Sarcoma,” Fig. 33.) The existence of a dense cell-wall
interferes with the process of multiplication by simple
division,

By endogenous multiplication is understood the de-
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velopment of cells within pre-existing cells. The multi-
plication of the cells of cartilage, such as occurs in the
growth of bone and in the process of inflammation, has
been adduced as an example of this mode of cell formation.
Here, however, we have simply the division of the carti-
lage cell within its capsule (See Fig. 71, d), and the process
is precisely similar to multiplication by simple division.
The mode of cell formation which must be regarded as
strictly endogenous, is what is now commonly known as
Vacuolation. This was described some time ago by
Virchow in his * Cellular Pathology;” and owing to the
more recent researches of Klein and others, it now occu-
pies an important place in the history of cell development.
The process consists in the formation of a vacuole in the
body of the cell. This vacuole may gradually increase in
size until it occupies nearly the whole of the cell, being
merely surrounded by a thin layer of protoplasm, in
which may often be seen the displaced nucleus (Fig. 2, b).
Within this vacuole one or more new elements are formed.
These either originate from the nucleus of the cell, or they
are produced from the protoplasm which forms the wall of
the vacuole. In the latter case, according to Dr. Klein,
buds grow out from the protoplasmic wall towards the
interior of the vacuole, and these becoming detached form
new cells.* A vacuolated cell with an endogenous brood
is shown in the accompanying drawing (Fig. 2), for which
I am indebted to the observer just quoted. It must,
however, be remembered, in forming any conclusion as to
the origin of small cells within a larger cell, that there
exists the possibility that these may have entered from
without.

The endogenous mode of cell formation is not that by

* “The Anatomy of the Lymphatic System,” vol. i. pp. 55—060 ;
and Klein on “ Endothelial vesicles of growiug blood-vessels in the
embryo ehick.” * Sitzungberichte der Wiener k, Academie d. Wis-
senschalten,” Part for March, 1871,
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which tissues regenerate themselves. This is usunally

effected by simple division. Elements which have an |
endogenous origin have commonly a destiny different from |
that of the parent cell. ;

T1a. 2.

A Pacuolated Cell.  a. Protoplasm of cell consti-
tuting wall of the vacuole. 4. Displaced nuclei.
e The vacuole. d. Drop of fat. e Endogenous
brood, (Klein,)

In multiplitation by gemmation, a small portion of the
protoplasm projects from the cell and becomes detached
by constriction at its base, thus forming a new cell. This
is much less frequent than the two former processes.*

* The author wishes it to be distinctly understood, that in the
subsequent pages the term *“eell” is employed to designate the
most elementary factor of the tissues which is capable of exhibiting
the phenomena characteristic of an independent organism, quite
irrespectively of the existence of a cell-wall, or even of a nucleus.



CHAPTER II.

NUTRITION ARRESTED.

Tuk absolute and permanent arrest of nutrition consti-
tutes local or systemic death. Under this head are in-
cluded the three following processes :—

1. General or Systemic Death.—In this, the arrest 1s
general ; the nutritive processes cease throughout the
whole body.

2. Gaugrene or Neerosis.—The arrest s loeal, and con-
fined to a particular part, which, when dead, retains to
a greater or less extent 1ts external form and anatomical
characters.

3. Molecular Deatl or Necrobiosis.—The arrest 1s also
local, but usually results from a previous gradual impair-
ment of the nutritive processes, which ultimately entirely
cease in some of the histological elements. The dead
part is a granular débris in which all trace of the original
structure is lost. This will be considered under * Atrophy
and Degeneration.”

GANGRENE OR NECROSIS.

Gangrene or Necrosis 18 the complete and permanent
arrest of nutrition in a part—oceurring for the most part
more or less suddenly—which, when dead, retains to a
agreater or less extent its external form and anatomical
structure. The series of processes by which this is
brought about is called Mortification, the dead tissue—a
Sphacelus or Slowgh. In bone the process is called
Neerosis, the result—a Sequestrum.



14 NUTRITION ARRESTED.

The arrest of nutrition is followed by the complete
cessation of all the evidences of life both functional and
physical; and the part thus removed from the influence of
the ““ vital forces” undergoes those chemical and physical
changes which are common to inanimate organic matter.
In a limb, for example, there is paralysis of motion and
sensation, coldness, dryness of the surfuce; the natural
firmness and elasticity are lost, and it becomes soft and
doughy; the colouring matter escapes from the blood-
corpuscles, and dissolved in the liquor sanguinis per-
meates and stains the tissues. Evaporation from the
surface is to a great extent bindered by the epidermis,
consequently, it the limb econtains much blood, the
transuded sernm and the watery constituents of the tissues
often form large bulla on the surface. As decomposition
proceeds, gases are generated in the part—principally
sulphuretted hydrogen, ammonia, nitrogen, and carbonie
acid. These give rise to the emphysematous crackling
which is so often associated with the gangrenous process.
The tissues at the same time undergo a process of soften-
ing or liquefaction, the limb becomes exceedingly offen-
sive, and changes from a reddish colour to a brownish or
greenish-black. Thisis owing to changes in the transuded
haemoglobin. Tf the limb does not contain alarge amount
of blood, and evaporation is allowed to go on freely from
the surface by the destruction of the epidermis and rup-
ture of the bulle, it may dry up—the process of decom-
position gradually ceasing—and become converted into a
black shrunken mass, which undergoes but little further
change :—this constitutes Diry Gangrene or Muwmmifica-
tion. 1f, on the other hand, as is more commonly the
case, the gangrene is associated with venous obstruction,
and thus the return of blood and absorption of fluids are
prevented, the evaporation from the surface 18 rarely suf-
ficient to dry the limb, and consequently, the process of
decomposition proceeds until it is completely disorga-
nised :—this is Moist Gangrene.
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The characters of the dead part vary with its structure,
its vascularity, the cause of the gangrene, the acuteness
of the process, and the possibility of the access of atmo-
spheric air.  The more vascular the tissue, the softer its
structure, and the more it is exposed to the atmosphere,
the more rapidly and completely does 1t undergo decom-
position. Bone, cartilage, and tendons, which are firm
hard tissues, containing comparatively but few vessels,
undergo very little alteration in structure and form;
whereas softer parts are much more rapidly and com-
pletely destroyed.

The occurrence of decomposition manifests itself in the
first place in the blood contained in the part: this fluid
undergoes the earliest and most rapid change. The
hamoglobin escapes from the red corpuscles, partly by
exudation, and partly by the destruction of the cor-
puscles themselves, and dissolved in the liquor sanguinis
permeates the surrounding tissues. The corpuscles are
ultimately completely annihilated, nothing remaining but
a few minute granules.

The staining of the tissues with hawemoglobin is com-
monly known as post mortem staining, and the appear-
ances it presents are very characteristic.  All the tissues |
may be move or less affected, but the lining membrane of
the heart and large blood-vessels, being in immediate
contact with the blood after death, are naturally more so
than other parts. The staining is of an uniform pinkish-
red colour, thus differing from the punctiform and strati-
form redness of hyperamia, from which it must be
carefully distinguished.  The amount of staining is in
proportion to the rapidity with which decomposition has
taken place, and to the amount of blood contained in the
part at the time of death.

Ricor Monrtis.—In muscle the arrest of nutrition is
accompanicd by a state of rigidity, known as the Rigor
Mortis. 'T'his is a peculiar condition of the muscles ob-
served in almost all bodies atter death, in which they be-

.
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come firm and somewhat shortened, as though in a state
of chronic contraction. It comes on as soon as the muscles
have lost their irritability, 4.e. their capability of respond-
ing to artificial stimulation ; in other words, as soon as the
nutritive processes have completely ceased. The time of
its appearance will therefore depend upon the state of
nutrition of the museles at the time of death; the more
healthy and vigorous this is, the longer it is before the
nutritive processes completely cease, and consequently the
longer it 1s before the rigor mortis supervenes. The
length of its duration and its intensity are in direct pro-
portion to the lateness of its appearance. In people, for
example, who are in perfect health, and die suddenly, as
from accident, the rigor mortis does not usually come on
until from ten to twenty-four hours after death; it is very
marked, and often lasts two or three days. In those, on
the other hand, who die from some exhausting disease, as
from chronic phthisis or the adynamic fevers, in which the
nutrition of the muscles becomes much impaired, the rigor
mortis appears very soon, sometimes as early as ten
minutes after death; it 1s very slight and may pass off in
less than an hour. It has been said that in cases of death
from poisoning by carbonic acid and sulphuretted hydro-
gen, from lightning, and from some of the severer forms of
the adynamic fevers, the rigor mortis is entirely absent.
It is doubtful, however, if this is the case, as the rigor
mortis has probably escaped observation, owing to its
early supervention snd rapid disappearance. As soon as
the rigor mortis has passed off, decomposition of the
muscular tissue commences.

The rigor mortis occurs not only as the result of syste-
mic and local death, but it may also be induced artaficially
by temporarily arresting the nutrition of the muscle. If
the supply of blood to a muscle be cut off by the applica-
tion of a ligature to the artery supplying it, it quickly
passes into a condition which is indistinguishable from
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the rigor mortis. If the licature be removed sufficiently
early, this disappears, and the vitality of the muscle is
restored.

With regard to the nature of the change—it was for-
merly supposed to be a spontaneous contraction, the last
act of vitality on the part of the muscle. More recently.
however, Kiithne and others have shown that it 1s really
owing to the coagulation of an albuminous substance
termed myosin. This substance, which 1s contained n
the fluid of the muscle, coagulates in its substance when
nutrition has ceased, thus causing the firmness, hardness,
and opacity, which disappear as soon as disintegration
and decomposition ecommenece. The transverse striation
of the fibres then becomes indistinet and gives place to
irrecular rows of granules and fat molecules, the muscle
softens, its sarcolemma 15 destroyed, and ultimately no-
thing remains but a soft structureless débris,

A similar coagulation takes place in the cells of plain
imvoluntary musele, and here also a rigor mortis oceurs.
In the cells of all other tissues a coagulation ol the proto-
plasm occurs on the cessation of the nutritive processes ;
tke cells become cloudy and granular, and then break up
into molecules of various sizes.

Respecting the disintegration of other tissues :—The
cells of adipose tissue rapidly diminish in size, owing to
the escape of the thuid fat which diffuses itself thronghout
the surrounding structures. The fibres of connective
tissue swell up, become opacque, and ultimately liguety.
In nerve-fibres, the white substance of Schwann coagU-
lates and collects into small drops (inyeline) within the
neuriiemma.  Cartilage and bone resist the necrotising
process longer than any of the tissues and arve the least
altered by it.

The termination of the gangrenons process varies. [
may, after involving a greater or less extent of tissue,
become arrested, and a *line of demarcation” form be-

L
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tween the dead and living parts (Circumseribed Gangrene);
or the process may continue to extend without any such
attempt at recovery (Diffuse Gangrene). When the pro-
cess becomes arrested, the dead tissue—the sphacelus or
slough—acts as a foreign body, and as such sets up
inflammatory changes in the adjacent living structures,
and by this means 1t 1s ultimately removed or becomes
encapsuled. The tissues 1mmediately surrounding the
necrosed part are thus in a state of inflammation, as is
evidenced in external structures by their swelled condi-
tion, red colour, and high temperature. As the gangre-
nous process ceases, the meecrosed fragment becomes
limited by this ]ine of inflamed tissue, which constitutes
the * line of demarcation” bhetween the dead and living
parts. Along this line a process of ulceration and sup-
puration takes place, and by means of this the dead mass
is gradually separated from the surrounding structures.
The ultimate termination of the process depends princi-
pally npon the sitnation of the affected part :—if this be
superficial, the slough is thrown off, as in external parts,
the intestines, the pharynx, &e., an ulcerated surface
being left. If the dead mass 1s deeply seated, its removal
becomes possible only by the extension of the necrotising
process to the surface, as is exemplified by the sponta-
neous removal of necrosed bone through fistulons open-
ings in the soft parts, and by the opening of an abscess.
In other cases the inflammatory process which takes
place in the tissues surrounding the dead part is less
intense, and the formation of pus is less abundant and is
soon followed by that of conmective tissue, a layer of
which is ultimately formed around the necrosed mass by
which it becomes encapsuled. This oceurs especially in
internal parts. Examples of it are furnished by foreign
bodies, heemorrhagie infarcts, accnmulated epithelial pro-
ducts, portions of necrosed bone, and a foetus in the
abdominal cavity, all of which may thus become sur-
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rounded by a layer of connective tissne. The part when
thus encapsuled is usually rendered inert and no longer
acts as an irritant to the tissues in which 1t les; it
undergoes a gradual process of absorption and drying up,
and often becomes calcified.

Cavses,—The causes of gangrene may be divided into
those which interfere with the supply of nutritive mate-
rial, and those which directly destroy the vitality of the
histological elements so that they are no longer able to
perform their functions.

A. The supply of nutritive material may be interfered |
with by :—

1. Obstruction in the Arteries.—This 13 a common cause |
of gangrene. The obstruction may be caused by a liga-
ture, by compression of the vessel, by solution of its
continuity, by thrombosis or embolism, and by disease of
the arterial coats. If the obstruction be complete and a
collateral circulation cannot be established, death of the
part quickly ensues. Obstruction to the arteries alone,
the return of blood by the veins not being interfered
with, usually produces the dry form of gangrene.

2. Obstruction in the Capillaries.—Obstruction here is |
usually the result of pressure upon or stretching of the
vessels. This may take place from the accumulation of
inflammatory products, hiemorrhage, or from the pressure
exercised by new growths. The resulting obstruction to
the capillary eirculation causes the death of the imme-
diately adjacent tissues. As examples of gangrene from
this canse may be mentioned the necrosis of the super-
ficial layers of the bone which so frequently results from
periostitis, owing to the compression of the capillaries
between the bone and the periostenm ; also the sloughing
of the mucous membranes in diphtheria,

3. Obstruction in the Veins,—Obstruction to the return
of blood by the veins must be so complete in order to
arrest nutrition that it is in itsclf rarely a cause of

c 2
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gangrene. It i1s when associated with obstruction in the
arteries that it constitutes an important agent in pro-
ducing this result. This combination of venous and
arterial obstruction is seen in a strangulated hernia, in
the invagination of a portion of the intestine, in the con-
striction of a part by a tight bandage, and in contusions
and lacerations of the soft parts in which both arteries
and veins are mjured or become strangulated by the
tension of the tissues which subsequently ensues. 1In all
cases in which gangrene is associated with venous ob-
struction 1t 18 of the moist variety.

4. Dimanished Cordiae Power.—This, like venous ob-|
struction, 1s seldom 1ndependently a cause of gangrene. In
cases, however, of excessive general debility or disease of
the cardiac substance, the consequent diminution in the
contractile power of the heart materially aids the fore-
going canses in producing a fatal blood-stasis. The arrest
of the cireulation in “ senile gangrene,” and that which
80 often occurs in the tissues of the back 1n adynamic fevers
and in chronic exhaunsting diseases, is in part the result of
diminished cardiac power. This arrest, in the last-named
conditions, is usually determined by some injurious stimu-
lation of the tissue—in other words, 1t 1s a part of an in-
Hammatory process.

5. Inflammation.—The effect of the inflammatory pro-
cess is to impede or arrest the circulation, and to impair the
vitality of the affected part, and the intensity of the process
may be so greatastopermanently arrest the circulation and
canse gangrene. Gangrene from inflammation has been
called inflammatory, acute, or hot gangrene. It is always of
the moist variety,and is characterised by the heat, swelling,
tension, and redness of the affected part, which quickly
becomes flaceid, cold, of a greenish-black colour, and ex-
hales an offensive odour. Certain imflammations have
a special tendency to terminate in gangrene, as diphtheria,
erysipelas, carbuncle, and “hospital gangrene.” In all

—
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cases, the more impaired the nutrition of the part which
becomes the seat of an inflammatory process, the more
likely 1s this to cause its death.

B. Destruction of the vitality of the histological ele-
ments may be caused by :—

1. Mechanical Ageneies—Under this head ure ineluded
external violence, heat, cold, and corrosive substances, all
of which, by directly and completely destroying vitality,
may be cauces of gangrene. In most cases, however, this
result is preceded by more or less inflammation.

2. Poisons introdueced into the Civenlation.— Phosphorus |
and ergot of rye are the most important of these. The
necrosis of the jaw which results from phosphorus appears,
however, to be owing to the direct contact of the phos-
phorus with the bone, and the gangrene of the extremities
which sometimes follows the long continued ingestion
of ergot, is probably due to that contraction of the small
arteries which this substance produces.

Seyine Gaxerexe,—This is a form of mortification
which affects especially the lower extremities of old
people, and is the result of several of those conditions
which have already been enumerated as causes of
gangrene,

The most important element in the production of senile
gangrene consists in the oceurrence of atheromatous or
calcareouns changes in the arteries of the limb, in conse-
quence of which the eirenlation in it beeomes impeded and
its vitality impaired. This is evidenced by the coldness
of the teet, the eramps, and the other abnormal sensations
which are so often experienced by the patient some time
before the gangrene sets in,  This tendency to local stag-
nation of the circulation is usually materially inercased
by the simultaneous atrophy or degeneration of the mus-
cular substance of the heart itselt. The combined effect
of the diminished vis & fergo and of the arterial degenera-
tion may, in some cases, be alone suflicient to cause arrest
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of the circulation and the formation of thrombi in the
vessels of the limb, and thus to cause gangrene. The
supervention of the gangrene, however, is usually deter-
mined by some injurious stimulation of the tissue, as a
slight abrasion of the foot, a bruise, injury to a corn, or
excess of heat or cold, which sets up inflammation in the
already weakened part, and thus by still further obstruct-
ing the circulation in it, and impairing its vitality, causes
its death. Senile gangrene 1s usually of the dry variety.



CHAPTER III.

NUTRITION IMPAIRED.

It has been seen in the preceding chapter that the abso-
lute arrest of nutrition is followed by the complete cessa-
tion of all manifestations of vitality and function, consti-
tuting local or systemic death. Those conditions must
now be considered in which the interference with nutrition,
for the most part, falls short of absolute arrest, and in
which, although vitality is impaired, death is only an occa-
sional sequence. Such conditions are comprised under
* Atrophy,” and * Degeneration.”

ATROPHY.

Atrophy is a diminution in the amount of a tissue, owing!
either to diminution in the size, or diminution in the!
nuwmber, of the histological elements of which it i1s com-
posed. It is attended by loss of weight, and impairment
of function.

When the elements are diminished in size only, it 1s
called Simple Atrophy ; when the nwmber 1s diminished,
it 1s called Numerical Atroplhy. These two varieties are
often associated, being different stages of the same pro-
cess: simple atrophy may, however, exist withont nume-
rical atrophy, but numerical never exists withont simple,

I. Sree Arrovny.—Simple diminution in the size of
the elements of a tissue 1s by far the most common con-
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dition met with in atrophy. Tt is well exemplified by what
takes place in ordinary emaciation, in which the fat gra-
dually disappears from the subeutaneous adipose tissue.
Adipose tissue is merely common connective tissue, many
cells of which are distended with fat. When a person
emaciates, the fat is gradually removed from the cells, so
that they diminish in size, and the fat which completely
filled the cell may be reduced to a few isolated drops: the
cell-wall and nuclens at the same time often become dis-
tinetly visible (IMig. 3). Here there 18 no destruction of
the cells, no diminution in their number, but simply the
removal of some of their contents. As the fat 1s removed
from the cells 1t 1s often partially replaced by a serous
fluid.

Adipose tissue. A. Normal. B. Atrophie, from a case of
phthisis. a. a single fat-cell with cell-wall, nucleus, and
drop of fat. x 300. (Virchow.)

This diminution in the size of the elements may take
place in any tissue. The cells of all glandular organs
may thus become atrophied, and so produce a diminution
in the size of the whole organ; this is constantly met
with in the liver, kidneys, mammary gland, spleen,
testicles, lymphatic glands, and other parts. Muscular
tissue in the same way atrophies by the diminution in the
size of its primitive fasciculi: this is seen in the heart and
in the voluntary muscles. In all these cases the elements
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remain almost unchanged; and hence all that is neces-
sary for the restitution of the tissue is an inercase in
their nutritive activity, and the assimilation of more
material.

IT. NunErican Atrorny.—This is an advanced stage
of the former process: the elements are not only dim-
nished in size, but some of them have actually perished
and ceased to exist as vital agents,

This destruction of histological elements which occurs
both in atrophy and in some forms of degeneration—and
is called by Virchow, Neeroliosis—must be distinguished
from the death ot circumseribed portions of tissue which
constitutes gangrene and necrosis. The two processes
resemble one another in so far as death is common to
both of them. In Neeroliosis, however, the change is a
molecular one; there is a gradual exhaustion of vital
power, a molecular disintegration and destruetion of
elements, so that at the termination of the process all
that remains is a granular débris, in which but little or
no trace of the former structure of the part can be dis-
covered. The death and desquamation of the superficial
layers of the epidermis is a well-known example of this
molecular change.  Gangrene, on the other hand, affects
circumseribed tracts of tissue, and is the result of some
sudden arrest of nutrition, as distinenished from the
gradual exhaustion of vital power. Death is more sud-
denly induced, and a necrosed mass remains at the ter-
mination of the process in such a condition that the
structure of the part can usually be recognised. Nume-
rical atrophy is thus of much graver import than that in
which the elements continue to exist as such. 1In it,
restitution is only possible by the production of new
elements, whereas in simple atrophy, repair can be
effected without new formation.

Atrophy may be general—affecting to a greater or
less extent all the organs and tissues of the body, or it
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may be partial and limited to particular parts. General
atrophy is usually simple, and is rarely accompanied by |
destruction of elements. It affects in the first place the

subcutaneons adipose tissue, then the adipose tissue in

other situations, as that surrounding the viscera and in

the omentum, then the museles and glandular organs, and

lastly the nervous and osseous structures.

Although atrophy in its strict signification consists
simply in a diminution in the size or in the number of
the component elements of a tissue, it is rarely a perfectly
simple process, but is usually associated with more or less
Jatty degeneration. This is owing to the fact that when-
ever the nutrition of a part is so much interfered with as
to cause 1t to atrophy, it is very prone to undergo fatty
changes; and it will be seen when speaking of * fatty
degeneration,” that this process owes its origin to causes
similar to those which produce atrophy itself.

Causes.—In speaking of the causes of atrophy, it will
be necessary to distingunish between those which act upon
the tissues generally, and those which have merely a local
influence.

(reneral Aftrophy may be caused by :—

1. Deficient supply of Nutritive Material—Whatever )
interferes with the supply of nutritive material to the
tissues will be followed by their atrophy. Deficient
supply of food; obstruction to the passage of the food
into the stomach or intestines, as in stricture of the
asophagus or pylorus ; the mal-assimilation which results
from the various conditions giving rise to dyspepsia;
interference with the absorption of the chyle, from ob-
struction of the thoracic duct, or disease of the mesenteric
glands constituting the so-called *tabes mesenterica;”
may all in this manner be causes of general atrophy.

9. Baeessive Waste—All those conditions which are!
attended by the loss of large quantities of nutritive
material, may be causes of general atrophy. Such con-
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ditions are furnished by continuous hzemorrhages, profuse
and long-continued suppuration such as often occurs in
caries and empyema, diarrhcea, and the excretion of large
quantities of albumen or sugar as in Bright’s disease or
diabetes. The waste resulting from the inereased tissue-
change which accompanies acute febrile diseases, must
also be mecluded under this head.

3. Impaired Nutritive Activity.—This constitutes an|
important element in the production of the atrophy of
old age,—senile atroply. As life advances, the vitality of
the elements gradually diminishes, their ability to separate
nutritive material from the blood and to assimilate it for
their own maintenance becomes less and less, and hence
they gradunally atrophy, and ultimately all manifestations
of their vitality cease.

Although general atrophy may thus be referred to one
of the foregoing causes, it is rarvely a simple process, but
usually depends upon the combined influence of two or
more of them. The atrophy associated with pulmonary
phthisis, for example, results partly from the loss of
nutritive material in the profuse expectoration and
diarrheea, partly from the deficient supply consequent
upon the mmpertect oxidation of the blood and upon the
interference with assimilation which i1s so often caused
by structural changes in the stomach and intestines,
and partly from the increased tissue-change. In senile
atrophy, again, in addition to the general diminution of
nutritive activity, there is frequently some condition of
the digestive organs interfering with assimilation which
materially aids in producing the ultimate result. The
atrophy which accompanies the acute febrile diseases is
by no means a simple process, increased tissue-change,
loss of appetite, and interference with assimilation being
all component parts of it.

Partial Atrophy may be ecansed by :—

1. Imperfect supply of Blood.—The effect of intert‘uringd
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with the supply of blood to a part will depend upon the
extent of the interference. If it be entirely cut off the
part will die (See * Gangrene”), if merely diminished it
will atrophy.

Diminished supply of arterial blood is a common cause
of atrophy, and may be brought about in various ways.
The nutrient vessels may be obstructed by pressure exer-
cised upon them within or without the organ to which
they are distributed. In ecirrhosis of the liver, the pres-
sure exercised by the new growth of inter-lobular tissue
causes atrophy of the secreting structures. In other
cases the supply of blood is, diminished by interference
with the circulation at some mstance from the part, as by
the pressure of a tumour up{}n the artery leading to it.
The atrophy of the proximal ¢énd of the shaft of a bone
after fracture above the point of entrance of its nutrient
artery, is due to the same cause.

The atrophy which results from pressure exercised
directly upon the part itself, is probably also partly owing
to the consequent interference with its nutritive supply.
Atrophy of the sternum from the pressure of an aneurism,
atrophy of the kidney from the pressure of retained secre-
tion—as in stricture of the urethra, enlarged prostate,
&e., and atrophy of the skull in chronie hydrocephalus,
are well-known examples of these atrophies from pressure.

Mechanical congestion in the same way 1s not an un-
common cause of atrophy. The circulation is impeded,
the blood is not returned normally by the veins, hence
there is deficient arterial supply, and atrophy results.

2. Diminished Functional Activity.—This is the most
common cause of atrophy, many examples of which are
furnished both by physiological and pathological pro-
cesses. After birth those parts which are no longer re-
quired to serve any purpose in the economy gradually
atrophy and waste. The ductus arteriosus, the nmbilical
arteries and vein, the Wollian bodies, and later—the
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thymus gland, all in this manner disappear. The invo-
lution of the uterus after delivery, the wasting of the
spleen and lymphatic glands in advanced life, and of the
lower jaw after the loss of the teeth, are other physio-
logical examples of atrophy from this cause.

Muscles which from any cause have long remained
inactive atrophy. This is seen in the various forms of
paralysis, especially in the so-called * essential paralysis”
of children; also 1n limbs which have become incapacitated,
either on account of anchylosis, or of chronic diseases of
the bones or joints.

After the establishment of an artificial anus, the lower
part of the intestine atrophies, and becomes converted into
a fibro-cellular cord,

Bones i the same manner atrophy from want of use.
After the amputation of a limb, the cut end of the bone
atrophies; and atrophy of the orbit follows extirpation of
the eyeball.

Interference with the function of nerves is also followed
by their atrophy. This is seen in the atrophy of the optic
nerve which often follows destruction of the eye, and also
in the atrophy of the nerves of a limb which has long
been incapable of action.

3. Increased Iunctional Activity.—~This may in quite
exceptional cases be a canse of atrophy; much more com-
monly, however, it 1s a cause of hypertrophy. Certain
glands sometimes atrophy from excessive use, especially
the testicle.

4, The Action of Special Substances—Certain sub f
stances administered internally appear to be capable n;l
producing atrophy. Todine, bromine, mercury, lead, and
the alkalies, may be enumerated amongst the most im-
portant of these. Todine and mercury exercise a special
influence upon the lymphatic system, and bromine upon
the organs of generation.

5. Nervouws Influence.—Respecting the influence of the
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nervous system as a direct cause of atrophy, little is cer-
tainly known. That atrophy is a frequent sequence of
changes in the nerve-trunks and nervous centres, there
can be no doubt; but it is probably in most cases to be
attributed to an indireef influence. The atrophy of
muscles, for example, which have become paralysed from
lesions in the brain or spinal cord, is usually rather the
result of the cousequent interference with their function,
than of any direct influence upon their nutrition. The
very rapid atrophy of muscles, however, which follows
certain alterations in the nervous centres and injuries of
the nerve-trunks, render it exceedingly probable that some
nerves contain fibres which exercise a direct influence
upon nutrition, and that nervous influence may also be
a direct cause of atrophy. (See “ Introduction.”) In some
cases also, changes in the nervous system may cause
atrophy by affecting the size of the blood-vessels, and so
interfering with the supply of blood.

6. Inflwmmation.—~This 1s sometimes described as a.]
common cause of atrophy. The atrophy, however, which
is such a frequent sequence of an inflammatory process,
is in most cases due to that new growth of fibroid tissue
which is developed in chronic inflammations. The new
tissue, by the pressure which it exercises, causes atrophy
of the proper structures of the organ. This 1s seen, for
example, in cirrhosis of the liver. It is probable also,
that the impairment of vitality which results from an
inflammatory process may lead to atrophy of the histo-
logical elements, independently of the existence of new
fibroid growth.

Prvsican Cmaractress.—The estimation of atrophy is
often a matter of considerable difficulty. The great crite-
rion is, diminution in absolute weight. The weight of an
organ, however, varies considerably in health; 1t varies
with the weight of the body as a whole, and it may be
less than natural from incomplete development. The
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same 1s true also of the muscular and osseous systems.
An accumulation of blood and serosity in an organ may
again increase its weight, and thus constitute a source of
fallacy. This is often the case in organs which have been
for some time mechanically congested, in which, although
their size and weight may be increased, their tissue is
considerably diminished in amount.

Organs which are atrophied are usually diminished not
only in weight, but also in size. In most cases they con-
tain less blood, they are drier, tirmer, and more fibrous in
consistence than in health. Their functional powers are
mvariably diminished.

The whole of the textures of which an organ is com- :
posed may suffer; some, however, do so more than others.
The fibrous constituents are the last to atrophy, hence the
firmness, toughness, and loss of clasticity so commonly
met with in the atrophied parts. In glandular organs,
the seereting cells are usually the first to show signs of
atrophy ; they become smaller, and are often finely gra-
nular, from the presence of molecular tut; the vessels and
nerves also share in the wasting proeess. In the sub-
cutaneous cellular tissne, the fat is gradually removed
from the cells, which thus diminish in size. In muscles
the primitive fasciculi become smaller, and their trans-
verse strie gradually disappear; ultimately the whole of
the contents of the sarcolemma may be entirvely removed,
and nothing remain but the connective tissue. This process
15 usually accompanied by more or less fatty degeneration
of the muscular fibres, and in some cases by the develop-
ment of fat between the fasciculi. (See *“ Fatty Infiltration
of Muscle,”)

ATROPHY OF BONE.

Atrophy of bone is always attended by a diminution in
weight, but not always by a diminution in size. It is
met with in two forms. In one, the compact and can-
cellous tissue gradually become absorbed, the medullary
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canal diminmishes in size, and the whole bone thus be-
comes smaller. This is known as concentric atrophy. It
1s met with especially in the long bones, in cases of long-
standing anchylosis, dislocations, or paralysis.

In the other variety of atrophy there is no diminution
in the size of the bone, but merely a gradual conversion
of compact into cancellous tissue. The whole bone thus
becomes rarefied, and it is exceedingly light and brittle,
so that it fractures with great facility. This, in contra-
distinetion to the former variety, 1s known as eccentrie
atrophy. It is usually met with as a semle change, and
is in most cases accompanied by more or less fatty degene-

ration.
PULMONARY VESICULAR EMPIIYSEMA.

This appears to be the proper place to deseribe the
changes met with in the lungs in emphysema, inasmuch
as these changes are characterised mainly by atrophy of
the walls of the air-vesicles.

[Emphysema consists essentially in a permanent enlarge-
ment of the infundibula and air-vesicles in larger or smaller
areas of the lungs. The dilatation appears usually to
commence in the infundibulum, and to extend from this to
the air-vesicles which open into it, so that ultimately the
whole may be thrown into one large cavity. As the
process proceeds, commu nications are established between
adjacent groups of air-vesicles, and thus cavities of still
larger area are produced.

Atrophous Emphysema.—The more minute histological
changes which accompany this vesicular dilatation vary
somewhat 1n different varieties of the disease. In that
form of emphysema which occurs in old people, and which
is essentially a senile change, the alterations in the walls
of the air-vesieles consist simply of atrophy of the several
structures of which they are composed :—hence the term
atrophous or small-lunged emphysema, which 1s applied
by Sir W. Jenner to this variety of the disease. The air-
vesicles may not be much nereased in size, but several of



ATEOPHY. 33

them are thrown into one, their walls are considerably
thinner than natural, the connective tissue, elastic tissue.
and blood-vessels all having apparently shared m the
wasting process. There 1s usually also an abnormal
amount of pigmentation. Such lungs are smaller than

atural, and quickly collapse when the thorax is opened.

Hypertrophows Emphyseina.—~In the other important
variety of emphysema the lungs are increased in size,
they bulge forwards when the thorax is opened, and
contradistinction to the formervariety, certain constituents
of the lung-tissue appear to be increcased in amount,
inasmuch as the langs are less crepitant, and feel some-
what denser and tougher than natural. This is described
by Sir W. Jenner as Lhypertveplous or large-lunged em-
physema.

When such lungs are examined microscopically, 1t will
be found that the dilatation of the air-vesicles is more
marked than in atrophous emphysema, although less
general in its distribution. The atrophic changes also do
not affect equally the various tissues which malke up the
alveolar walls. The elastic Lbres appear to be more
especially wasted, whilst, according to some observers.
the connective tissue 13 increased. I have heen unable to
discover any marked increase of the connective tissue in
the alveolar walls, althongh an inerease of this tissue is
often to be seen around the smaller interlobular blood-
vessels and bronechi. The eapillary blood-vessels which
are distributed on the walls of the air-vesicles are atro-
phied and diminished in calibre, owing to the stretching
and pressure which result from the vesicular dilatation,
whilst the larger imterlobular wvessels are often found
thickened and distended with blood. In some cases
there 13 more or less fatty degeneration of the epithelium,
and usually an abnormal pizmentation of the lung,

Etiology.—1It would be beyond the scope of the present
work to discuss the various theories which have been pro-

b
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pounded to account for the development of emphysema.

It 18, however, obvious that all conditions which increase

the pressure on the inside of the air-vesicles, or damage
the resisting powers of their walls, may be causes of per-

manent vesicular dilatation,

Increased pressure on the inside of the air-vesicles may ;-
result from—

1st. Violent expiratory efforts with closed glottis,
such as occur during the act of conghing, blowing wind
imstruments, violent muscular exertion, &e. Those parts
of the lungs which are least supported will be over-
distended. This is the expiratory theory of Jenner.

2nd. Certain portions of the lungs being mcapable of
expansion, owing to collapse, consolidation, asthmatic
spasm, &e. There will be excessive tension in those parts
into which the air can enter,

Impairment of the resisting power of the air-vesicles
may result from—

Ist. The loss of elasticity and atrophy which 1s a con-
comitant of old age. This is the most important element
in the causation of atrophous emphysema.

2nd, The atrophy of the air-vesicles resulting from that
stretching of their walls and obliteration of their blood-
vessels which is caused by their over-distension from
increased pressure exercised upon their inner surface.

Srd. Damage to the walls of the air-vesicles which
probably in certain cases results from previous attacks of
pulmonary inflammation, or from some interference with
their nutrition due to mode of life or to other causes.




DEGENEERATION. 58]

DEGENERATION.

The * Degenerations” include a class of morbid pro-
cesses which are characterised by an alteration in the
quality of the tissues, and which, like atrophy, are at-
tended by impairment of funetion, and often by annihila-
tion of histological elements.

The alteration in the ¢uality of the tissue results eithey
from 1ts direct metamorphosis into a new material, o
from its infiltration with some substance which has beer
conveyed to it from without.

Atrophy and degeneration thus so far resemble one an-
other, that in both processes nutrition is 1mpaired and
function interfered with. In atrophy, however, as pointed
out by Virchow, nutrition is simply altered m guantity, |
the waste of the tissue 1s in excess of the assimilation of
new material, and censequently, there 1s a diminution
the amount of the tissue and an impairment of its fune-
tional powers. In degeneration, on the other hand,
nutrition is altered in quality, a new substance exists in |
the tissues, which either originates in the tissue itsell, or
infiltrates 1t from without; this is attended by impair-
ment of the vitality and functions of the elements of
which the tissne i1s composed, resulting either from the
presence of the new materal, or dependent upon the
same conditions as those which eive rise to its formation.

Cavsks.—OfF the causes of the Degenerations as a class,
but little can be said, the various forms depending for the
most part upon different conditions. These will be de-
seribed nnder their respective heads.

The Degenerations may be divided into two classes —
the ].rri'fn‘mui"pf-'.nmfs and the fr.rﬁr’i".r'u.r";-mh'.

. Tue Merasorenoses.—These are characterised by
the direct metamorphosis of the albuminoid constituents
of the tissnes into a new material. This is usually fol-
lowed by the destruction of the histological elements and

D 2
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the softening of the intercellular substance, so that ulti-
mately all trace of structure may be lost, and function be
completely arrested. The Metamorphoses include Fatty,
Muecoid, and Colloid Degeneration.

2. Tue Invivrrarions.—These differ from the Metamor-
phoses inasmuch as the new material which exists in the
tissues is not derived from their albuminoid constituents,
but is deposited in them from the blood : there is un infil-
tration and deposition of a new substance. This is rarely
followed by destruction of the histological elements, or
by softening of the intercellular substance; hence the
anatomical characters of the tissue are much less altered
than in the Metamorphoses, and funetion i1s usnally much
less interfered with. The infiltrations include Fatty,
Amyloid, Caleareous, and Pigmentary Infiltration.



CHAPTER 1IV.
FATTY DEGENERATION.

By Fatty Degeneration is usually understood the replace-
ment of the normal constitnents of the tissues by mole-
cules, or drops of fat. An accumulation of fat in the
tissues occurs, however, under very different circum-
stances, and under the general term of * fatty degenera-
tion” are included different pathological processes. Before
proceeding to deseribe these processes and the histological
changes which they produce, it will be well to consider,
in the first place, the sources from which the fat met with
in the body is derived; and secondly, the circumstances
under which it may accumulate so as to constitute a
morbid process,

Greneral Pathology of Fatty Degeneration.—The chief
source of the fat met with in the body is the oleaginous
constituents of the food. A portion of these are stored
up in the cells of certain tissnes, to be utilised as pro-
ducers of force and heat when the requirements of the
system may demand it. The cells of adipose tissue, and,
to a less extent, those of the liver, thus serve as physio-
logical reservoirs for fat.

The other sources from which fat may be derived is
from saccharine and albuminous prineiples. The albu-
minous principles in the process of nutrition undergo de-
composition, and the products of their decomposition
contain a certain amount of fat. This is usually com-
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pletely removed by oxidation, but under certain circum-
stances the oxidation 1s incomplete, and the fat accumu-
lates in the cells of the tissue.

In considering the circumstances under which an accu-
mulation of fat in the tissues may constitute a morbid
process, it is to be remarked that it often becomes exceed-
ingly difficult here to draw any sharp line of demarcation
between health and disease. This is especially the case
when the accumulation of fat is excessive in situations
where fat is normally met with. When it occurs in ab-
normal situations, the morbid nature of the process 1s
evident. |

An accumulation of fat in the tissues may occur so as)’
to constitute a morbid process under the four following
conditions :—

I1st. When the food contains an excess of fat, or of
substances capable of becoming converted into fat.
Under such cirecumstances the oxygen taken into the body
is insufficient to oxidise the excess, and 1t consequently
accumulates in the cells.

An accumulation of fat from this cause occurs as a
physiological process in the growth of adipose tissue.
Adipose tissue is a connective tissue containing numerous
cells which are distended with fat. The growth of
this tissue thus consists simply in the fatty infiltration
of more of these cells. (Fig. 4.) If this be excessive
it constitutes obesity. The temporary accumulation of
fat in the liver during the digestion of an aliment
rich in fatty substances is another example of this kind of
deposition. This will be described when speaking of the
““ fatty liver.” If the amount of fat be very great it may
accumulate, not only in normal situations, but also in
tissues where fat is not usually met with, and in both
cagses the accumulation will thus constitute a morbid

process.
2nd. When there is no such excess of fatty substances
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in the food, but the processes of oxidation are so imper-
fectly performed, either locally or generally, that the fat
contained in a natural diet is incompletely oxidised.

Fatty Injiltration of Connective Tissue. Showing
the accumulation of fat within the cells, x 300,
(Rindfleiseh,)

3rd. When the fat which is liberated from the nitro-
genous constituents of the food during the process of
nutrition does not undergo the complete oxidation which
it should, and so remains within the cells.

4th. When the fat which i1s liberated from the proto-
plasm of cells during the process of nutrition is incom-
pletely oxidised, and so accumulates in, and takes the
place of, the protoplasm. Here there 1s a gradual trans-
formation of the protoplasm into fat, so that the cell is
ultimately completely destroyed.

Fatty degeneration in which there is this destruetion of
histological elements is one of the most common forms of
the disease, and 1t will hereafter be more fully deseribed
as fatty metamorphosis, 1ts nature was first pointed out
by Dr. Quain in his well-known researches on fatty dege-
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neration of the heart.* Dr. Quain then stated that the
tat met with in the muscular fibres in this condition was
the result of a metamorphosis of the fibves themselves,
and was not derived from without. The truth of Dr.
(Quain’s teaching has since been confirmed by the ex-
perimental investigations of Drs. Voit and Bauer.

Voit and Bamer’s investigations were made with the
object of determining the source of the fat in that acute
form of fatty degeneration whichis produced by poisoning
with phosphorus, in which the degeneration is due to the
destruction of the red blood cells, and the consequent
diminution in the oxidising power of the bloodt They
gave phosphorus to dogs which had for some days pre-
viously been starved, so that any fat which might be
present in the tissues after death could not have been de-
rived either from the food or from the adipose tissue of
the animals. The phosphoruns produced very extemsive
and general fatty degeneration, and the fat must obvi-
ously have arisen from the protoplasm of the cells. Voit
concludes from these investigations—I1st. That the trans-
formation of albumin which takes place in cells is inde-
pendent of the supply of oxygen, but that if the oxygen
be deficient, the fat and other products of the transfor-
mation, being meompletely oxidised, accumulate in the
cell. 2nd. That the presence of fat in the cells may thus
be due to mereased transformation of the albumin, or to
diminished oxidation of the products of its decomposition.
Jrd. That the fatty degeneration in poisoning by phos-
phorus is due both to an increased transformation of the
albumin of the cells, and to dimimished oxidation of the
fat and other products of the transformation.

1t will thus be seen that of the four conditions enume-

* ¢ Medico-Chirurgical Trans. Lond.,” Vol. xxxiii.
t Voit and Bauer, “ Zeitsehrift f. Biologie,” vil. pp. (3-85; and
Voit, * Neues Repertorium fur Pharmacie,” xx. pp. 540-349.
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rated as caunses of fatty degeneration, in all, with the
exception of the first, the accumulation of the fat is
principally due to deficiency of oxygen and consequent
incomplete oxidation ; whilst in the first there is no defi-
elency of oxygen, but the oxidisable materials are in excess.

A deficiency of oxygen, and a consequent incomplete
oxidation and tendency to the production of fat, oceurs
under various eireumstances. The red blood cells being
the carriers of oxygen, all those conditions in which the
supply of blood is interfered with, the red blood cells
diminished in number or defective in quality, or the oxy-
genation of the blood imperfectly performed, may lead to
fatty degeneration. The interference with the supply of
blood to the brain, for example, by thrombosis or embolism,
causes fatty degeneration of the brain-tissue. (See “ Cere-
bral Softening.”) The destruction of the red blood cells by
phosphorus and other poisons; that general condition of
an@emia which sometimes exists in young people, and is
produced by many chronic and acute diseases; and that
diminution in the activity of the circulation which results
from old age; are also followed by a similar resnlt. If an
organ or tissue be long disused, the quantity of blood cir-
culating through it becomes diminished, and it conse-|
(quently undergoes fatty degeneration. (See * Fatty In-
filtration of Muscle.”) Lastly, the imperfect oxygenation |
of the blood which results from certain chronic diseases of |
the lungs constitutes one element in the cansation of the
fatty degeneration which so frequently exists in these
diseases.

In proceeding to consider the histological changes which
are produced in the tissues by an acenmulation of fat, it
must be stated, in the first place, that these vary véry
considerably according to the canse of the degeneration.
In those cases in which the fat is derived from the meta-
morphosis of the nitrogenous constituents of the tissues,
the tissues ave destroyed in the process; whilst in other
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cases no such destruction usually takes place. Although
these two couditions may occasionally be associated, yet
owing to the marked difference in the results which they
respectively produce, it will be well to speak of them
separately ; that in which the fat is derived from the
metamorphosis of the tissues being termed Fatty Meta-
morphosis, that in which it is derived from the oleaginous,
saccharine, or nitrogenous principles of the food—Fatty
Le‘_,f”f.r‘uﬁuﬂ..

FATTY INFILTRATION.

Ln Fatty Infiltration, the fat which i1s deposited within
the cells usually occurs as distinet drops of oil. Tn the
carliest stages of the process these are very small, but as
the deposition proceeds they gradually accumulate and
run together, displacing and obscuring the nucleus and
protoplasm, until the cell is completely filled and dis-
tended with oil. (Fig. 5.) The vitality and functions of
the cells are but little impaired by
the accumulation, and the proto-
plasm—although rendered almost
invisible when this is excessive—
remains unaltered. The eells within
which the fat accumulates not be-
ing destroyed, the removal of the
fat 1s all that is necessary to re-
store them to their original condi-
tion. As alrveady stated, fatty in-

Liver Cells in various filtration occurs as a physiological
stages of Fafly Infilira- nroeegs in the growth of adipose
R FARRISIEA tissue, and also in the liver during
the digestion of an aliment rich in futty substances.

FATTY INFILTRATION OF MUSCLE.

In musele, fatty infiltration is frequently met with as a
morbid process. The cells in the connective tissue which



FATTY DEGENERATION. 4.3

surrounds the fasciculi of the muscle become filled with
fat; and this development of fat between the primitive
muscular fasciculi has often been confounded with degene-
ration of the fibres themselves. In this latter process,
however, which will subsequently be described as falty
metamorphosis of muscle, there is a direct metamorphosis
of the muscular fibres into fat; whereas in the condition
now under consideration, there is a deposition of fat
Letween the fascienli, which remain—duaring the early
stages at all events—unaffected. The interstitial fat
raries in amount. In some cases single rows of fat
cells alternate with rows of muscular fasecicali, at other
times the acenmulation 1s less regular, more existing be-
tween some fibres than between others; in all cases, how-
ever, the muscular elements may be discovered lying
amongst the fat. (IFig. 6.) 1f the latter be very con-
siderable in amount, the muscle may appear to the naked
eye to be entirely converted into fat; but the mieroscope
will always reveal the muscular structure in which 1t 1s
embedded.

This condition 1s frequently met with in animals which
have been fattened, the fat inereasing not only in the
usnal situations, but also accumulating between the
fasciculi of the mnscles.  In museles also which from any
canse have for some time been incapacitated, and in which
consequently the oxidation processes are reduced to a
minimum, this interstitial growth is extremely liable to
occur; ex. gr. in the extensors of the wrist-joint in cases
of lead-poisoning, and in long-standing paralyses from
lesions of the brain or cord, also in muscles which have
been rendered usecless by anchylosis of a joint. In pro-
gressive muscular atrophy, as Virchow has shown, the
affected muscles exhibit this change, together with true
Fatly metamorphosis.

Fatty Infiltration of the Heart—In the heart fatty
infiltration is not unfrequently met with; and here it is
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especially important to distinguish it from the much more
grave condition in which the fibves themselves are pri-

Fatty Infiltration of Heart. A section from the more external
portion of the left ventricle of the heart, showing the growth of
fat between the muscular fibres. The fibres are in some places
atrophied and commencing to undergo fatty metamorphosis. x 200.

marily affected. In health, there is a varying amount of
fat covering the surface of the heart beneath the visceral
layer of the pericardium, which is always most abundant
in the grooves between the auricles and ventricles, where
1t surrounds the blood-vessels. This may increase so as
to completely envelop the organ, and at the same time
gradually insinuate itself between the muscular fibres,
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so that to the naked eye all appearance of muscular
gtructure may be lost, the walls looking like a mass of
fat. In hearts less affected, strie of fat will be seen lying
amongst the muscle. (See Fig. 6.) The fat is always
most abundant near the surface, the muscular structure
becoming more evident towards the endocardium.,

The immediate effect of the interstitial growth is to
displace and compress the muscular fibres between which
it insinuates itself, and in doing so it diminishes the con-
tractile power of the musecle: this is especially important
when occurring in the heart. The pressure, however,
which it exercises upon the fibres and the accompanying
blood-vessels, ultimately causes atrophic and degenerative
changes. Thus the fasciculi graduoally atrophy, the trans-
verse striation becomes indistinet and is replaced by mo-
lecular fat; in fine, true metamorphosis of the muscle is
established. These two processes, indeed, not uncommonly
o hand in hand together, the interstitial infiltration pre-
ceding the intrastitial metamorphosis.

FATTY INFILTRATION OF THE LIVER.

It 1s in the liver that fatty infiltration assumes its
most important aspect, and in this organ it is exceedingly
frequent, constituting what is commonly known as the
“fatty liver.,” 'The hepatic cells always contain a small
quantity of fat, which is temporarily increased after the
ingestion of fatty substances. It will be well to deseribe
this physiological infiltration before proceeding to the
~ morbid process,

The ingestion of an aliment rich in fatty substances 1s
followed by a temporary excess of fat in the portal blood,
and by the deposition and temporary accumulation of a
portion of this within the hepatic cells. This fat is first
deposited i the cells which are in immediate contact with
the capillaries of the portal vein, and thus is produced
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an excess of fat in the cells at the circumference of the
hepatic lobules. This gradually passes from the cells at
the circumference to those in the interior, whence it is
ultimately conveyed again into the circulation. This
process goes on until the excess of fat is removed from
the blood, when the hepatic cells again acquire their
former character. There is thus a transitory accumula-
tion of fat within the hepatic cells which is gradunally
removed, the vitality of the cells not being thereby
impaired.

The morbidly fatty liver is one which contains an ab-
normal quantity of fat, and here also, as the fat is nsually
deposited from the blood in the portal capillaries, the
increase is first observable in the external zone of the
hepatic lobules. (Fig. 7.) 1t accumulates here within
the cells as minute globules, which as they increase
coalesce and form large drops of fat. These ultimately
completely fill and distend the ceils, which at the same
time become larger and more globular in shape. (See
Fig. 5.) As the process proceeds, the accumulation
advances from the periphery towards the centre of the
lobule, until its whole mass may be involved, and the
cells universally become distended with fat. The vitality
of the cells 1s not materially impaired by the infiltration ;
they eontinue to perform their functions, as is shown by
the presence of bile in the stools and in the gall-bladder.
In many exceptional cases the accumulation of fat 1s most
marked around the hepatic vein. This, according to
Virchow, is probably to be explained by supposing that
the fat is becoming excreted, and that only the last cells
retain a little of it.

The fatty liver is somewhat increased in size, in ad-
vanced stages often comsiderably so. The surface is
smooth, the edges are thickened and rounded, the specific
gravity is diminished, althongh the absolute weight may
be increased. If the infiltration be slight, involving merely
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the portal zone of the lobules, the cut sarface will present
a mottled appearauce, the external fatty zone being of an
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Fatty Liver. Showing the accnmulation of fat in those cells
more especially which are situated in the external zone of the
lobule. There 18 also an inerease in the interlobular connective
tissue (Cirrhosis). y. Hepatic vein. 1. Intevlobular connective
tissue. = 5,

opaque yellowish-white colour, whilst the central portion
remains unaltered, or 18 perhaps somewhat hyperemic.
"The more extensive the infiltration the larger 1s the pale
zone, and ultimately, when the whole lobule is involved,
there may be left in the centre merely a reddish-brown
point, which corresponds with the commencement of the
hepatic vein; and in many cases even this point is lost.
The organ is then of an almost uniform opaque yellowish-
white colour, and the boundary between the individual
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lobules may be completely obscured. In very exceptional
cases the accumulation of fat is much more abundant in
some portions of the liver than in others, so that on
section, yellowish points and streaks are seen scattered
over 1ts surface. The consistence of the organ 18 much
diminished, it feels doughy, and pits on pressure with
the finger, and the knife used to cut it becomes coated
with oil. The pressure exercised by the infiltrated fat
produces considerable anmmia of the organ, but the
interference with the ecirculation is never suflicient to
cause ascites, haemorrhage, or other evidences of portal
congestion,

The liver is especially hiable to become the seat of fatty
accumulation. This, according to the late Dr. Bence
Jones, is owing—firstly, to the excess of non-nitrogenous
oxidisable matter which is always present init ; secondly,
to the deoxidised condition of the portal blood; and
thirdly, to the low pressure and slowness of circulation in
the portal vessels—conditions the least favourable to
oxidation.®

An accumulation of fat in the liver occurs under two
opposite conditions—one in which there is general obesity,
and the fat accumulates in the liver in common with other
parts; and another, in which there is general emacia-
tion, and a consequent impairment of the oxygenating
power of the blood. The fatty infiltration of the liver
which is so constantly associated with certain chronie
diseases of the lungs, is probably also partly due to im-
perfect oxygenation of the blood from destruction of lung-
tissue. Ilatty liver caused by phosphorus and other
poisons has been already alluded to.

The other variety of fatty degeneration—fatty meta-
morphosis, will be described in the following chapter.

* T, ectures on Pathology and Therapeutics.” Dr, Bence Jones,
p. 179,



CHAPTER V.
FATTY DEGENERATION (conftinued).
FATTY METAMORPIOSIS.

Tuis differs from fatty infiltration, inasmuch as the fat is
derived from the albuminous constituents of the tissues
themselves, and not from the fatty, saccharine, or nitro-
genous principles of the food.

The process consists in the transformation of the albu-
minous constituents of the tissues into fat, in the manner
described in the preceding chapter, the cells being the
parts which are most frequently affected. 'This fat makes
its appearance as minute granules and molecules within
the cells, usually first in the protoplasm, and subsequently
in the nuclens. The granules—which are characterised
by their dark colour, sharp contour, strong refractive
power, and solubility in ether—gradually inerease 1n
number, until the whole of the protoplasm has undergone
the transformation. As they inerease some of them may
coalesce, and so form distinet drops of fat. As the pro-
cess proceeds the cells undergo an increase in size and
become more globular in shape. Ultimately the nucleus
becomes involved, the cell-wall, when this exists, is de-
stroyed, and the cell 1s thus transformed into a mass of
granular fat (I"ig. 8).

These granules of fat may remain in a coherent form for
some time after the cell-wall and nucleus are destroyed ;

E
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they then constitute what were formerly known as the
“inflammatory” or “exudation corpuscles,” or “cor-

Fic. 8.
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Futty Metamorphosis of Cells. a, From a
cancer. &, 'rom the brain in ehronic soften-
ing. The latter show the large *granular
l-m'pusclv:-:,“ and also the manner in which
these become disintegrated.  x 200,

puscles of Gluge,” which are so common in chronic cere-
bral softening, and in other forms of fatty degeneration
(Fig. 8,b.) Ultimately the corpuscles break up, the albu-
minous matter between the granules of fat liquefies, and
the fat becomes distributed in the tissue (I'ig. 8, b).
Types of this pathological process are furnished by
many well-known physiological ones, one of the most
characteristic of which is perhaps the secretion of milk.
The mammary gland is a large racemose gland, consisting
of innumerable groups of lobules lined with epithelial cells,
The secretion of milk takes place in the following manner :
—The cells lining the lobules of the gland multiply
abundantly, and the new cells as they are produced
gradually become converted into fat; the cell breaks up,
and the fatty matters in a more or less coherent form
constitute the milk-corpuscles. In the earliest stages of
the process the granules of fat cohere and form the
colostrum-corpuscles, which are precisely analogous to
the large granular corpuscles met with in chronic cerebral
softening, &ec. (Fig. 8, I); but as the secretion becomes



FATTY DEGENERATION. 51

fully established, and the multiplication and disintegra-
tion of the cells takes place more rapidly, the fatty mole-
cules become at once distributed m the hguid m which
they are suspended, giving to the secretion its charac-
teristic white colour. The milk-corpuscles thus formed
are replaced by the continuous formation of new cells
from below, which in their turn undergo fatty metamor-
phosis, and in this manner a continuous formation and
destruction of cells takes place.

Other examples of fatty metamorphosis are afforded by
the formation of the sebaceous matter of the skin, the
cerumen of the ears, and the corpus luteum in the ovary;
all of which take place in the same way by the fatty
wetamorphosis and destruction of newly formed cells.

The immediate effect of fatty metamorphosis is to pro- |
duce more or less softening of the affected part, the cellu-
lar elements are completely destroyed, the intercellular
substance also undergoes fatty changes, and thus all trace
of the original structure may be ultimately lost. This
destruction of the cells 1s the essential feature of the
change, and distingwishes 1t from fatty dnfiltration, in
which the cells within which the fat accumulates usually
remain ntact.

It large tracts of tissue are affected, the change is
readily recognisable by the naked eye, by the diminution
in consistence and elasticity which are produced, and in
many cases also by the opaque yellowish-white colour. 1f,
however, the change is limited to minute and isolated
portions of the tissue, its existence can only be discovered
with the aid of the microscope.

The fatty particles into which the ecells have been
trausformed, nnder favourable cirenmstances are readily
absorbed. This i1s seen in the fatty degeneration and
absorption of inflammatory produets, such as oceurs in
croupous pneumonia. In order for such absorption to
take place, it is necessary that the tissue should be freelv

2
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supplied with blood-vessels, If this is not the case, the
degenerated products are liable to undergo certain changes
whereby they become converted into a pultaceous crumb-
ling material somewhat resembling cheese :—this i1s known
as caseation.

Casearion.—This 1s a modification of the degenerative
process in which the fatty products gradually dry up into
a yellowish friable material, which has been compared to
soft cheese. This change appears to be owing to a
natural dryness of the degenerated tissue, resulting from
deficient vascular supply. It i1s most frequent in parts
which contain but few vessels, or in those in which these
become obliterated by some new growth. Growths com-
posed of closely-crowded cells—as epithehal accumulations
within the pulmonary alveoli, growths in the lymphatic
alands, in the brain, and in the osseous structures, are the
most liable to become caseous.

The process consists in a gradoal drying up of the
degenerated elements; the fluids are absorbed, the cells
—which are many of them incompletely degenerated—
shrivel and atrophy, the fat undergoes partial saponifica-
tion, cholesterine forms, and the tissue thus becomes con-
verted into a soft, yellowish-white, cheesy substance, com-
posed of atrophied cells, fatty débris, and cholesterine
erystals. This material may gradually dry up more and
more, and ultimately become encapsuled by a layer of
fibrous tissue.

These cheesy matters are constantly met with, especially
in the lungs, and considerable confusion has arisen as to
their nature and origin in this situation. This has pro-
ceeded from its having been formerly the custom to look
upon all cheesy masses as essentially tubercular. Tu-
bercle, it is true, often undergoes, to a greater or less
extent, fatty degeneration; and it may thus, like all
other structures which have undergone this process, be-
come converted into a yellow cheesy substance; but it
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1s by no means true that all cheesy masses are tuber-
cular. Thus the pathological significance of these cheesy
masses 1s much less imited than was formerly supposed,
and 1s indeed almost coextensive with that ot fatty dege-
neration itself. In whatever situation they are met with,
they indicate merely that the histological elements have
undergone this fatty metamorphosis, and under no cir-
cumstances are they in themselves evidence of any one
particular form of morbid growth.

The caseous mass may subsequently become caleified,
or undergo a process of sottening and liguefaction,

Carcreication,—This is an advanced stage of the pre-
ceding process. It most frequently occurs in those cases
in which the caseous mass is completely enclosed and
isolated from the external air, as when in the lymphatic
glands, in bone, or when encapsuled in the lungs. The
mass becomes infiltrated with caleareouns particles, and is
thus converted into a calecareous coneretion (*see Calea-
reous Degeneration™).

SorrexiNG.—This process consists in a liquefaction of
the caseous substance, which is probably owing to some
chemical change in its constituents. 1t most commonly
occurs in parts which come into contact with the external
air, especially in those situated in the intestine, in the
bronchial mucous membrane, and i the lungs. The
caseous mass liquefies, and is converted into a thin puri-
form liquid, containing curd-like cheesy matter, which to
the naked eye looks much like pus, but under the miero-
scope 1s seen to consist simply of granular débris, fat,
and cholesterine erystals. This, if not discharged, may,
like the caseous masses, ultimately dry up and become
caleified.

FATTY DEGENERATION OF ARTERIES.

Fatty degeneration of arteries may be a primary or
secondary affection. As a secondary process it is met
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with in Atheroma, m which the fatty change is pre-
ceded by an imflammatory cellular infiltration of the sub-
endothelial connective tissue (see *“ Atheroma’).

Primary fatty degeneration is a passive process, not
beimg preceded by any increased nutritive activity of the
parts affected by it. It may affect both the internal,
middle, and external coats of the artery, but it 1s most
common in the first-named situation. The change usually
commences 1n the endothelium and the connective tissue |
cells in the most internal layers of the inner coat, small
groups of cells becoming affected in varions parts of the
vessel; and it may gradually extend from within out-
wards, the intercellular substance softening, until in ex-
ceptional cases, the whole thickness of the intima 1s
destroyed. (IMg. 9.)

In the earlier stages of the process, the condition is
recognised by the existence of small, irregular-shaped

Fatty Degeneration of the Internal Coat of the
Aorta. Minute yellowish-white patches scat-
tered over the lining membrane of the vessel.
A very thin layer peeled off and x 200, showing
the groups of fat molecules, and the distribution
of fat in the intima.

patches of an opaque yellowish-white colour, projecting
very slightly above the surface of the intima. These,
which are so constantly met with on the lining membrane
of the aorta, may at first be mistaken for atheroma.
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They are in most cases, however, readily distinguishable
by their superficiality, and by the facility with whieh
they can be stripped off from the subjacent layers, which
present a natural appearance. In atheroma, on the other
hand—which atfects the deeper structures,—f the super-
ficial layer be removed, the opacity and thickening are
seen to exist beneath it. In many cases the change 1s
limited entirely to the inuermost layers of the vessel ; the
more the subjacent tissues are involved, the greater 1= the
irregularity in the shape of the patches, and the less readily
can they be separated with the forceps. The opaque
patches ultimately break down, the eells are destroyed, the
mtercellular substance softens, and the grannlar Jdébris
15 carried away by the cirenlation, leaving small, irregular,
superficial erosions wpon the lining membrane of the
vessel.  These erosions are not uleers in the true sense of
that term. not being the result of an active process. They
resemble the superficial erosions so common upon the
mucous membrane of the stomach, as deseribed by Dr.
Wilson Fox.

Simple fatty degeneration may oceur in any of the
arteries, but it is in the smaller ones that its injurious
influence is most marked, and in these it is more especially
hable to affect the external coat. Here, by diminishing
the elasticity and contractility of the vessels, it causes
degenerative changes in the parts which they supply, and
often leads to rupture. This is exemplified by many cases
of chronic cerebral softening, and cerebral himorrhage.
In the larger arteries, as the aorta—where it 1s exceed-
ingly common—it i3 of less importanece, the inflammatory
process, atheroma, having herve a far more deleterious
effect.,

The capillaries may also be the scat of this fatty
change; the endothelial cells heing destroyed in the pro-
cess, and the walls so much damaged, that rupture is
often the ultimate resnlt. This is very common in the
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smallest cerebral blood-vessels, where it is a frequent
cause of cerebral hamorrhage.

Passive fatty degeneration of arteries is in most cases a
senile change; it is an expression of that general impair-
ment of wvitality which exists in advanced life, and is
usually associated with similar changes in other parts.
When, however, it is limited to the largest arteries, it is
often met with in early life and in persons who are other-
wise perfectly healthy.

FATTY DEGENERATION OF THE BRAIN.—CEREBRAL SOFTENING.

Fatty degeneration of the brain is met with in those
morbid conditions comprised under the common term of
“ Cerebral Softenings.” Whatever interferes with the
supply of blood to the cerebral substance will tend to
produce fatty degeneration, and hence softening. The
portions of the brain which are the seat of this change
may be merely rather softer than the surrounding healthy
tissue—breaking down more readily under a stream of
water which is allowed to fall upon them—or they may
be completely diffluent. They are never distinctly cir-
enmseribed, but pass by insensible gradations into the
neighbouring tissue.

Under the microscope the change is seen to consist in
a disintegration of the nerve-tissue. The white sub-
stance of the fibres first coagulates, then breaks up into
large masses, and these subsequently undergo fatty me-
tamorphosis. The cells of the neurogha, the small blood-
vessels, and when the grey matter is implicated, the large
nerve-cells, are also involved in the fatty change. The
tissue is thus converted into broken-down fibres, a large
amount of molecular fat, and numerous large granular
corpuscles, the so-called ““ exudation corpuscles™ or “ com-
pound inflammatory globules of Gluge.” (Fig. 10.) These
corpuscles were formerly looked upon in all cases as the
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result of inflammation, henece their name; they are, how-
ever, simply conglomerations of fat granules formed by the
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Chronic White Softening of the Brain. Show-
ing the granular corpuseles, broken-down nerve-
fibre s, and fat granules, of which the softened
substance is composed. One or two nucleated
cells (probably nerve-cells) are also visible.
x 230,

degeneration of the cellular elements. (See Fig. 8.) The
cells from swhich they originate are, according to Virchow
and Robin, the cells of the mneuroglia—the connective
tissue of the brain :—these cells share 1 the fatty change,
and in doing so, appear to undergo considerable enlarge-
ment before they are destroyed and the fatty matter
breaks up. They vary in size from ;15 to 3755 inch in
diameter, the average being +'55. When the softening
affects the grey matter the nerve-cells also contain mole-
cular fat. The small arteries and capllaries running
throngh the softened part are many of them filled with
fat granules and granular cells. These latter probably
originate in the white blood-corpuscles which have accu-
mulated in the part and undergone fatty changes. Mole-
cular fat and the large granular corpuscles will also be
seen adhering to the external surface of the vessels; and
here care is required to distinguish these from fatty dege-
neration of the vessels themselves, to which the cerebral
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softening is so frequently due. As the process proceeds
the cerebral substance is completely destroyed and all
traces of nerve-structure is ultimately lost.

The colour of the softened portion varies considerably.
It may resemble that of the surrounding healthy tissue;
in other cases it is altered to a yellowish or deep red tint.
According to these variations in colour, cerebral soften-
mgs have been classified into white, yellow, and red. The
colour depends in great measure upon the amount of
blood eontained in the part, and on this account is im-
portant, as indicating the manner in which the softening
has been brought about.

White Softening.—This is, in the great majority of cases,
a chroniec condition. It occurs especially in old people,
and 1s usually due to that disease of the smaller cerebral
blood-vessels and consequent interference with the eiren-
lation which 18 common as a result of age. The impair-
ment of the contractile power of the heart must also con-
stitute an auxiliary in the caunsation of the imperfect
vascular supply. It is the gradual manner in which the
supply of blood is diminished which accounts for the
absence of hypersemia or heemorrhage, so that the colour
of the softened portion either resembles that of healthy
brain-tissue, or is an opaque dirty white. White soften-
ing 1s sometimes acute, in which case 1t 18 usually due to
the sudden obstruction of the circulation by the impaction
of an embolus in one of the larger arteries (see * Embo-
lism in the Brain”).

Yellow Softening.—This 1s, in most cases, simply a
variety of the former process, in which, from the fine
state of division and close agevegation of the fatty
particles, a dead yellowish-white colour is imparted to the
softened tissne. This colour is probably often partly
owing to the presence of altered blood pigments, the
result of some previous slicht extravasation. The pig-
ment may sometimes be seen as fine dark granules, scat-
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tered through the cells of the neuroglia and the nerve-cells
of the grey matter, where at first sight they look like
fatty particles; they are distinguished, however, by their
dark black colour. A softening of the brain more
rapidly induced, as by embolism or thrombosis, may also
occasionally be of a yellow colour. This, however, is only
the case when the softened portion has attained a certain
age, and much of the extravasated blood has been re-
moved by absorption. Lastly, a condition of gelatinous
adema of a yellow colour, which has been deseribed by
Rokitansky as often being present in the immediate
vicinity of cerebral tumonrs, has been regarded as u.\
variety of yvellow softening.

Led Softening.—This 18 commonly an acute affection,
most frequently dependent upon vascular obstruction,
either from embolism or thrombosis. There is intense
collateral hyperaemia, rupture of capillaries, and extrava-
sation of blood ; the softened tissue is consequently of a
deep red colour :—this will be deseribed in the chapter on
“ Embolism.” Red softening 1s also sometimes associated
with the chronie white variety, some of the discased
vessels giving way, and thus extravasation of blood taking
place into the already softened tissue. Lastly, red sof-
tening may be inflammatory (see “ Inflammation of the
Brain™).

FATTY DEGENERATION OF MUSCLE.

Both striated and non-striated musecle may be the seat
of fatty degeneration. In the latter, the musenlar fibre-
cells are the seat of the change; they become filled with
fat granules and are ultimately destroyed. This condi-
tion 1s frequently met with in the middle coat of arteries
which are undergoing fatty degeneration.

In striated muscle—both in the voluntary and in the
imvoluntary of the heart—the fibres themselves are the
seat of the morbid process, which consists in the conver-
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sion of the albuminous matter of which the fibre is com-
posed into fat. The earliest stage of the affection is
characterised by an indistinctness in the transverse mark-
ings of the fibres, which in many parts become studded
with minute particles of fat. (I"ig.11.) These gradually

increase in number and size, and are
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::l"f ‘:"”'f--b & ]ﬁI:l'lifil‘ tremely friable, and are readily broken
vaneod. x 400, up into short fragments. As the
process proceeds the transverse mark-
ings entirely disappear, and nothing but molecular fat
and oil globules are seen within the sarcolemma. The
sarcolemma itself may ultimately be destroyed, and no-
thing remain of the original fibre but the fatty débris
into which its albuminous constituents have been con-
verted. This is true fatty degeneration of musele; in it
the muscular elements are destroyed, and it thus differs
essentially from fatty infiltration, in which there 1s
simply a development of fat between the fasciculi, the
fasciculi themselves not being primarily affected (see
“ Fatty Infiltration of Muscle™).

FATTY DEGENERATION OF THE HEART.

It is in the heart that fatty degeneration of muscle
is most frequently met with, and here 1t assumes a most
important aspect from the deleterious influence which it
exercises upon the motor power of the organ. The mus-
cular substance may be affected throughout, or, as is
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more frequently the case, the degeneration may be con-
fined to certain portions of it. It is more common in
some situations than in others. The order of frequency
with which it occurs in different parts is, according to
Dr. Quain, firstly, the left ventricle; secondly, the right
ventricle ; thirdly, the right auricle; and fourthly, the
left auricle,

The wider the extent of tissue that is affected, the less |
advanced, as a rule, is the degree of the degeneration. Tt
is in those cases in which small tracts of tissue only are
involved, that the process is met with in its most advanced
stage.

The consistence of the degenerated part is always
diminished, and its colour altered. When the change is
slight, and more or less general, the muscle 1s somewhat
softer and more flabby than natural; it is more friable,
and often breaks with a soft granular fracture. The
colour is uniformly rather paler, and more opaque than
that of healthy cardiac tissne. Under the microscope the
muscular fibres are seen to have lost their striated ap-
pearance, and to contain granules of fat.

This diffuse form of degeneration may occur in the
course of those diseases in which the oxidation processes
are reduced to a minimum ; in all those diseases, in short,
which are attended by marked anmmia, whether this
anemia be gradually or rapidly induced. In the case from
which the accompanying drawing was taken the degene-
ration was acute (I'ig. 12). This was the case of a weakly
young girl who was under my care, suffering from slight
valvular disease. She quickly succumbed with acute
fatty degeneration ot the heart and other musecles, which
was induced by a profuse loss of blood during a menstrual
period, and by inability to retain food.* In its slightest

——

" T}In_i_s. case 18 ]‘r?pul‘tcd in *‘I'rans. Clinical Huciut}’, Lond.”
Yol. viii, 1875.
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degrees a diffuse fatty degeneration of the heart some-
times oceurs in the course of acute febrile diseases. This
will be again referred to in the chapter treating of the
histological changes produced by pyrexia.

F1a. 12.

Acute Fatty Degeneration of Heart and of other Muscles., .
Heart. &, Rectus abdominis. The whole of the heart-tissue
was affected and also the muscles in other parts of the body.
x 400,

More frequent than this diffuse and comparatively
slight degree of degeneration, affecting the whole or the
greater part of the organ, is a condition in which, although
perhaps the change may be more or less general, it is
much more advanced in some parts than in others. In
such cases the heart presents a mottled appearance;
numerous opacque, pale yellowish or brownish patches are
seen irregularly distributed throughout its substance.
These patches vary considerably in size and form; they

’ -
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are met with especially in the papillary muscles, the
columnge carnege, and in the layers of fibres immediately
beneath the endocardium. They may also oceur beneath
the pericardium, and in the deeper portions of the organ.
They correspond with the most degenerated portions of
the tissue, They are soft and flabby, and have a rotten
consistence, tearing readily under the finger. Under the
microscope, the fibres are often seen to be m an advanced
stage of fatty degeneration; their sarcolemma contains
large molecules of fat and oil globules, which in many
parts have escaped and lie free amongst the surrounding
less degenerated tissue. (Fig.11,0.) These more localised
degenerations are most common in old people, and usnally
result from imperfect supply of blood due to disease of
the coronary blood-vessels, and not from conditions of
general anemia. The peripheral layers of muscular tissue
also frequently undergo extensive fatty
degeneration as the result of peri-
carditis.  The connection between
these localised degenerations and rup-
ture and aneurism of the heart is well-
known,

Fic. 13.

BROWN ATROPHY OF THE HEART.

Closely allied to, and frequently as-
sociated with fatty degeneration of the  Brown Atrophy of

heart, is the condition known as brown ‘;‘;’1'; :f',::]'::h??}?‘;"‘“?
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atrophy. This consists in a gradual ment and the atro-

atrophy of the muscular fibres, together IE}}'; i:{,r'l';l“}.mjf,:]r"i?'
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with the formation of granules of some parts under-
brownish-yellow or blackish pigment. Sne slight fatty me.
5 GEPAS = tamorphosis.  x 400,
I'hese granules of pigment arve either
grouped in eclusters around the nuclei, or more generally
distributed within the fibre. The fibres arc frequently,
at the same time, the scat of more or less fatty degene-
ration. (Fig. 13.)
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Brown atrophy of the heart usunally occurs as a senile
change, or as a part of general marasmus from other
causes. It 1s also met with in some cases of cardiac
hypertrophy. It is more chronic in its course than simple
fatty degeneration, and its recognition is in most cases
impossible without the aid of the mieroscope.

FATTY DEGENERATION OF THE KIDNEYS.

Fatty degeneration of the kidneys frequently occurs as
a result of inflammation of the organs. This secondary
degeneration will be alluded to when treating of renal in-
flammations. Primary fatty degeneration is much less
frequent. It must be borne in mind that the renal
epithelium very commonly contains more or less fat; but
it 1s only when this is excessive that it can be regarded as
a diseased condition. This excessive formation of fat in
the kidney is, I think, less common than 18 generally sup-
posed. It 1s, however, occasionally met with in chronie
diseases, especially in pulmonary phthisis. It i1s also a
result of poisoning by phosphorus.

In simple fatty degeneration the change is usually con-
fined to the epithelium of the cortex. The cortex presents
on section a somewhat yellowish-white surface, often
slightly mottled, and this, in most cases, 1s most marked
near the bases of the pyramids. There is no adhesion of
the capsule or granulation of the surface. This change
appears to interfere but little, it any, with the functions
of the organs, and in this respect it resembles the analo-
gous change in the liver. It is mot accompanied by
albuminuria.




CHAPTER VI
MUCOID AND COLLOID DEGENERATION.

Uxper this head is included a class of morbid changes
which are characterised by a peculiar softening of the
tissues. Colloid and mucoid degeneration have frequently
been deseribed under the common term of * eolloid soften-
ings,” but, although they are very closely allied and fre-
quntl} associated, they appear to constitute two distinet
processes ; the former affecting more especially the cells.
the latter the mmtercellular substance.

Mucoinp DeceNEraTION.—This consists in the transfor-)
mation of the albuminoid constituents of the tissues into
maciin, owing to which they become converted into a
material of a soft, mucilaginous, jelly-like consistence.
This i3 the condition of nearly all tissues in their imma-
ture or fuetal state : the connective tissues in the faetus
consist almost entirely of this soft mucin-yielding sub-
stance. Some tissues retain these characters after birth.
The umbilical cord, and the vitreons humour of the eye,
are both composed of this substance.

The change aftfects especially the intercellular substance,
less frequently the cellular elements. "The intercellular
substance of the connective tissues in their fully developed
state consists of gelatin and chondrin, and the muocoid
change is thus a reversion of this substance to its footal
condition. When the cells are affected, as their proto-
plasm becomes transformed into mucin they are gradually

¥
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cdestroyed. This occurs normally in the epithelium of
mucous membranes.

Mucin 1s closely allied to albumen, more so than to
either gelatin or chondrin : it differs from 1t in not con-
taining sulphur. Like albumen, it is only met with in
alkaline fluids—being held in solution by the free alkali—
from which it is precipitated by dilute acetic acid. It
differs from albumen in being insoluble in an excess of the
acid, and also in not being precipitated by boiling, by
tannin, or by bichloride of mercury: its behaviour with
these two reagents will also distinguish it from gelatin
and chondrin, which are both precipitated by them.

The mucoid change is by no means a common one. It
is most frequently met with in cartilage, especially in the
inter-vertebral and costal cartilages of old people. It also
occurs in serous membranes, in bone, and in many of the
new formations, especially in those of the connective-
tissue class. Wherever it occurs it produces softening of
the affected parts; which are transformed into a homo-
eeneous, colourless material, of a soft mucilaginous jelly-
like consistence. If the change is limited to isolated
portions of the tissue, the softened parts surrounded hy
those which are unaltered, often present the appearance
of cysts. These cyst-like formations containing mucoid
substance are not uncommonly met with in the costal
cartilages and in new growths.

As to the cause of the muceid change, nothing is known.

Corromd DEGENERATION.—This differs from the former,
inasmuch as it is the cells which are especially involved inl
the process.

The change consists in the metamorphosis of the albu-
minoid consgtituents of the cells into a substance known as
eolloid material. Colloid closely resembles muein, but it!
differs from it chemically, in containing sulphur, and iu'\
not being precipitated by acetic acid. It is a colourless,
transparent, glistening material of the consistence of jelly
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or half-set glue. It makes its appearance within the cells,
as small lumps, which gradually inerease in size, pushing
the nuclens to one side, until they completely fill the cell.
(Fig. 14) The cells are thus destroyed, and converted
into colloid masses. The small eolloid

masses subsequently swell up, coalesce, Fio. 14.

and so form larger masses of firm, P
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transparent, yellowish, jelly-like ma- g5 NS
terial, which are readily to be recog- , :
& s et L, _-‘_--‘.-1-‘\
nised by thenakedeye. As the colloid YD
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matter increases, and the cells are -
destroyed, the intercellular substance |
atrophies or softens, and in this way /- 5o
cyst-like cavities arve formed within {2
which is contained the gelatinous sub-  /
stance. Here it may subsequently

undergo a process of liquefaction. (See  Colloid Cells, from
a  colloid cancer.

Fig. 49.) (Rindfleisch.)

The colloid change is most common
in enlargements of the thyroid gland, in the lymphatic
glands, in the choroid plexus, and especially in many of
the new formations. (See “ Colloid Cancer.”) Its eanses
and nature are as obscure as those of the allied mucoid
softening.

It 15 when ocemrring in new formations that these twe
forms of degeneration assume their most important
aspects. Certain varieties of tumours may originate as
mucoid or eolloid growths, or may subsequently undergo

L1 -

these morbid transformations. The mucous tumours
(myxomata), which resemble in structure the nmbilical
cord, consist entirely of a gelatinous mucin-yielding sub-
stance. The sarcomata, lipomata, enchondromata, and
the cancers may also become the seats of these forms of
softening.

Such growths have sometimes heen deseribed as gela-
tiniform or colloid cancers, this term Having been applied

F 2
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to them without any regard to their structure or real
nature. Cancers, it is true, may undergo a colloid change
(see “ Colloid Cancer”); but it is by no means true that
all tumours possessing these soft gelatiniform cha-
racters are cancers. The terms “mucoid” or “colloid”
applied to a new growth, merely imply certain physical
and chemical characters, and convey but little information
as to its real nature.



CHAPTER VIL
AMYLOID DEGENERATION.

Auyroip degeneration, which is one of the most im-
portant of the degenerative processes, consists in the
infiltration of the tissues with a peculiar homogeneous
translucent substance closely resembling albumen, by
which their vitality becomes diminished and their func-
tions impaired.

It 1s often known as the lardaccous, or wary change,
the organs affected by it having somewhat the appear-
ance of lard or wax. The term ““wmnyloid”—which was
apphed to it by Virchow, from the supposed resemblance
of the new material to ecellulose or starch—as beinge
that by which 1t is perhaps most generally known, 1s
here adopted.

This form of degeneration is very rarely a primary
affection, but almost invariably occurs as the sequel of
some other disease. It appears to be associated with
certain cachectic conditions, brought on by many ex-
haustine diseases. It is in those disecases which are
attended by profuse and long-continued suppuration,
such as chronic diseases of bone, empyema, chronie dis-
integrative diseases of the lungs, chronic pyelitis, and
chronie intestinal wvleeration, that the amyloid change
most frequently ocenrs. It also frequently oceurs in the
advanced stages of constitntional syphilis, but usually
only in those cases in which there 1s chronic bone diseasc
or chronie uleeration.
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Every organ and tissue may be the seat of the change;
those, however, in which it is especially prone to occur,
are the kidneys, the liver, the spleen, the lymphatic
olands, and the intestines. It is met with less frequently
i the stomach, in the supra-renal capsules, in the
pharynx and wsophagus, in the bladder, prostate, and
senerative organs, in serous membranes, in the mem-
branes of the brain and cord, and in muscle. 1t is rarely
limited to one organ, but several organs are almost
ivariably simultaneously affected by 1t.

Respeeting the nature of the new material which infil-
trates the tissues, the analyses of Kekulé and Schmidt
show that it is a nitrogenous substance closely allied to
albumen. The conclusions arrived at by these observers
are, however, not satisfactory, as they were unable com-
pletely to separate the subslance from the tissues in
which it was deposited. More recently, Kiihne succeeded
in more completely isolating it. He submitted the
affected organs to a process of artificial digestion, and
inasmuch as the amyloid substance is not dissolved by
digestion with pepsin, it was thus obtained free from the
tissues in which it was contained. The result of Kiihne’s
analyses are very similar to those of Kekulé and Schmidt.
Dr. Dickinson regards the new substance as fibrin deprived
of its alkaline salts. The investigations of Dr. Marcet*
show that the infiltrated organs are considerably deficient
in potash and phosphoric acid, whilst they contain an
excess of soda and chlorine. In conclusion it may be
stated that, although the precise composition of the
amyloid substance has not yet been determined, the
results of the several analyses appear to justify thef
opinion that it is some modification of fibrin.

The most characteristic feature of the amyloid sub-

== —

* See “ Report of Committee on Lardaceous Disease,” Trans.
Path. Soc. Lond., 1871.
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stance is the peculiar reaction which it gives with iodine,
and with iodine and sulphuric acid. If an aqueous
solution of iodine—made with the help of potassium
iodide—he applied to an amyloid organ, the affected por-
tions change to a deep reddish-brown colour. This 1s
not permanent, but gradually passes off, and the part re-
gains its former appearance. If the application of the
iodine be followed by the cautious addition of sulphuric
acid, a blackish-blue or violet tint is produced. This
latter reaction, however, is not easily obtained, con-
siderable nicety being required in the application of the
reagents. The following 1s the method for obtaining it,
recommended by Professor Virchow :—A dilute agueous
solution of iodine must be allowed to soak well into the
tissue, the excess must be poured off, and a single drop of
concentrated sulphurie acid gradually added, when a blue
or violet colour will be produced, either at once or after
some time. In the hands of English pathologists this
latter reaction has certainly met with but Little success;
and if the colour be obtained, it is by no means satis-
factory, and more nearly resembles a black than the blue
which has heen deseribed. Tortunately, however, the
reaction with 1odine alone is perfectly characteristie, and
the attempt to obtain the blue by the subsequent addition
of sulphuric acid, is therefore guite unnecessary. 1If the
chance 1s at all advanced, the reddish-brown colour will
be produced by merely pouring the aqueous solution of
iodine over the cut surface of the organ ; but in slighter
degrees of the affections, thin sections must be made with
a Valentin's knife, and well washed with water to remove
the blood, before the coloration with 1odine can be ob-
tained.

Upon considering the ahove reactions, it will be seen
that they resemble, in some respects, those exhibited by
some well-known organic substances.  Cellulose—the
substance which forms the external membrane of vege-
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table cells—yields a blue when treated with iodine and
sulphuric aeid, and so far resembles the amyloid material ;
but differs in not being coloured by iodine alone. The
same 1s true of cholesterin; this also gives a reddish-
brown with sulphurie acid, but is not altered by iodine.
To starch, the resemblance is not so marked as to the two
preceding substances : with this, iodine produces a blue
colour without the addition of the acid.

The amyloid substance almost invariably makes its)
appearance first in the small arteries and capillaries, and |
subsequently extends from them io the surrounding tis- |
snes. The cells of the intima and of the muscular coat
are the first to become infiltrated, then the remaining
structures of the artery. When the vessels have become
infiltrated, the amyloid matter extends to the immediately
surrounding parts; it invades both the cells and the
intercellular substance, and may gradually extend until
the whole organ 18 completely impregnated.

The changes produced in the tissues by this infiltration
are very characteristic. The cells as they become filled

p‘"‘“ygj o,

Liver Cells infiltrated with the Amyloid Substance.
. Single eells. 4. Cells which have coalesced.
x 300, (Rindfleisch.)

with the new material gradually increase in size; they
lose any irregularities in their contour, and become
rounder and more regular in shape; their nuclei dis-
appear, and the whole cell is converted into a structure-
less homogeneous body, which has a peculiar translucent
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glistening appearance. (Fig. 15, a.) If the cells are in
close contact many of them may coalesce, and thenr dis-
tinctive boundaries thus become obliterated. (Fig. 15, b.)
The intercellular substance in the same way acquires a
homogeneons glistening appearance. The walls of the
small arteries—in which, as already stated, the change
commences—become considerably thickened, the cells of
the musecunlar coat enlarge and ultimately coalesce, the
calibre of the wvessel becomes diminished, and the eir-
culztion through it i1s consequently impeded. (See
Fig. 17.)

Organs in which this change is at all advanced, present
features so characteristic that its nature can be readily
recognised by the naked eye. They are usually consider-
ably increased in size; their absolute weight is increased,
and also their specific gravity ; their surface is smooth,
and the capsule tense and stretched ; their consistence 1s
firm and somewhat elastic. On section they exhibit a
pecular homogeneous, glistening, translucent appearance,
somewhat resembling wax or glue. Owing to the dimi-
nished calibre of their blood-vessels and to the pressure
exercised by the new material, they contain but little
blood, and hence are always pale in colour. The change
may involve the whole organ, or it may be limited to
certain portions. In the spleen, for example, it is fre-
quently limited to the Malpighian corpuscles ; and in the
liver, to the cells in the more immediate vicinity of the
hepatic artery.

Although the above characters are often sufficiently
marked, they should always be confirmed by the applica-
tion of iodine to the cut surface of the organ. 1In slighter
degrees of the affection—when the physical characters
are but little altered—the application of this reagent
becomes necessary in order to discover the presence of the
new substance. In these cases, merely pouring the soln-
tion over the organ will often fail to produce the charac-
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teristic staining; and it will be necessary to make thin
sections with a Valentin’s kunife, and wash them
thoroughly with water to remove the blood, before the
reaction can be obtained. In the earliest stages of the
change the use of the microscope may be necessary for
its recognition.

The effect of amyloid degeneration is to impair or even
to completely destroy the nutrition and function of those
organs which are affected by it. This is owing to two
causes—the obstruction offered to the eirculation, and the
direct influence of the new material upon the parenchyma
of the organ. The obstruction to the cireulation, which
results partly from the diminution in the ealibre of the
small arteries, and partly from the general pressure exer-
cised by the infiltrated substance, causes an insufficiency
in the supply of arterial hlood. As a consequence of this,
secondary atrophie changes are induced 1n various parts;
the cells may atrophy and undergo fatty metamorphosis,
which indeed is frequently associated with the amyloid
change. The vitality of the cellular elements is still
further impaired by their infiltration with the new ma-
terial, and thus all manifestations of theinr functions may
ultimately cease.

As this form of degeneration is almost invariably
secondary to some grave constitutional state, it can rarely
be looked upon as in itself a cause of death, although it
may materially hasten, and even determine the fatal
termination.

Having thus described the nature of the amyloid sub-
stance, and the way in which it makes its appearance in
the several tissues of an organ, it remains to consider the
source from which it is derived. The disease, as already
stated, appears to be an infiltration, and to consist in the
deposition of a new material from the blood in the various
tissues and organs. The existence, however, of any albu-
minoid substance in the blood which resembles amyloid
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1n its reaction with lodine, has never been made out, even
in the most marked cases of the disease. This fact must
therefore negative the supposition that it i1s a simple
infiltration., If the new material be derived from the blocd
at all, it must undergo some chemical change subsequently
to its deposition in the tissues. Dr. Dickinson considers

that it 1s dealkalised fibrin, which 1s deposited in conse-

guence of the loss of the alkali which it normally contains.
This loss of alkali he attributes to the chronie suppuration
which usuully precedes the disease, pus containing large
quantities of potassium and sodium salts. He conse-
quently terms the disease *depwrative infiltration.™*
Whether this be so or no, it is probable that some ab-
normal condition of the blood 1s the cause of the disease,
and that the change itself consists in the retention and
coagulation in the tissues of some albuminoid substance
which 1s derived from the nutritive fluids. The way in
which the several tissues of an organ are affected, the
change almost invariably commencing in the small nu-
trient blood-vessels, and extending from them to the sur-
rounding parts; the general character of the affection,
several organs being simultaneously involved; together
with the fact that it is almost invariably secondary to

chronic suppurative diseases—point to some alteration in’

the composition of the blood as the cause of the degene-
ration.

AMYLOID DEGENEHRATION OF THE LIVER.,

The liver is one of the most frequent seats of the
amyloid change, and here, as in other parts, it probably
commences in the small nutrient blood-vessels, although
the alterations are much the most marked in the hepatic
cells. The minute branches of the hepatic artery are first
affected, and from these the infiltration gradually extends

* * Medico-Chirurgical Transactions,” vol. 1.
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to the hepatic cells immediately adjacent, until ultimately
the whole organ may become involved.

If a liver be examined in the earlier stages of the affec-
tion, and the iodine solution applied to thin washed sec-
tions of the organ, it will be found that the characteristic
staining is limited to certain portions of the lobules—viz.,
to those which are situated between their external and
central parts. This intermediate portion corresponds
with the distribution of the hepatic artery, and the rami-

F1c. 16.

Amyloid Liver. A portion of one lobule, showing the
enlargement and fusion of the hepatic cells, and the greater
implication of the intermediate zone of the lobule. At the
more external portion of the lobule are seen several fat
cells, a certain amount of fatty infiltration being associated
with the amyloid change. v. Hepatic vein. x 100,

fications of this vessel together with the hepatic cells|
sitnated in their vicinity are the first to become affected.
(Fig. 16.) As the change advances the whole lobule may
ultimately become involved. The alterations in the hepatic
cells are very characteristic. They are much enlarged,
irregular in outline, their nuclei arc imperceptible, and
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many of them are fused together into irregular-shaped
masses. (See I'ig. 15.)

The earliest seat of the amyloid change thus differs
from that of the fatty. In fatty infiltration it is the most
external portion of the lobule in which the fat first accu-
mulates—that which corresponds with the distribution of
the portal vein. (See I'ig. 7.) It differs also from that
pigmentation of the hepatic cells resulting from me-
chanical congestion, which takes place in the most central
portion, around the hepatic vein. (See “ Nutmeg Liver.”)
Thus in each hepatic lobule three zones may be distin-
cuished :—an external one, which is the chief seat of
the fatty chanze; a central one, which is the chief seat
of the pigmentary change ; and an intermediate one, which
is the chief seat of the amyloid change. These three zones,
indeed, may frequently be recognised by the naked eye,
the pale opaque external one contrasting strongly with
the mmtermediate one which 1s translucent, and with the
darker central one. In the most advanced stages of the
disease, however, both the external and central portions
of the lobule may become involved, and the cut surface
present an almost uniformly homogeneous appearance.

The amyloid liver is increased in size, often very con-
siderably so; it may be so large as almost completely to

fill the abdominal cavity. The enlargement is uniform,
and hence the natural configuration of the organ is bhut
little altered. Its weight is increased, and also its specific
agravity. Its edge 1s rounded, the surface is smooth, and
the capsule appears tense and stretched. 'The consistence
is firm and elastic. The cut surface 1s dry, bloodless,
smooth, translucent, and waxy-looking, and of a pale
reddish-grey or dirty yellow colour. If the change is very
far advanced, the tissue may be pertectly homogeneous,
all distinction between the individual lobules being lost.
In other cases the lobules are distinctly mapped out;
they are enlarged, and the external zone may be of an
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opaque, yellowish-white colour owing to the presence of
fat. This association of the fatty and amyloid changes is
exceedingly common. Amyloid infiltration does not ob-
struct the portal ecireulation, and hence does not cause
ascites. It impairs the vitality of the hepatic cells, and
thus interferes with the functions of the organ.

AMYLOID DEGENERATION OF THE KIDNEYS.

The kidneys are very hiable to be involved in the amy-
loid change, and here it is the smaller blood-vessels which
are more especially affected. It may coustitute in them
the primary lesion, or it may occur subsequently to
inflammatory conditions implicating the secreting and
interstitial structures. As a primary change it i1s an
important variety of Bright's disease.

The process commences in the tufts of vessels which
form the Malpighian bodies, the walls of which become
thickened by the infiltration of the new material, so that
the tufts are increased in size. It then proceeds to the
small afferent arteries, and ultimately to the vasa effe-
rentia, and to the arteriol@ rectee which run through the
medullary portion of the organ. The changes produced
in the vessels are very characteristic. Their walls are con-
siderably thickened and their calibre is so much dimi-
nished that the smallest omes cannot be artificially
injected. This thickening of the walls of the vessels is
mainly owing to alterations in their museular coat, and
especially to the cells of the circular muscular layer.
These cells are much inereased in size, they are more or
less globular in shape, and many of them have lost their
distinctive outlines. The longitudinal museular fibres and
the most internal coat of the vessel are often seen as one
homogeneous, glistening, structureless layer. (Fig. 17.)
After the vessels have become infiltrated, and before
those in the pyramids are affected, the deposition extends
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to the intertubular tissues of the cortex, into which the
amyloid substance is poured, imbedding the tubuli urini-
fert in its course. In some parts it appears that the
exudation takes place into the tubes themselves as the
casts which they contain are occasionally deeply stained

Fig. 1%,

Amyloid Degeneration of a Malpighion Tuft and small
Arvtery of the Kidney, Showing the thickening of the walls
of the vessel, the enlargement of the cells of the eireular
muscilar coat, and the homogencous layer formed by the
intima and longitudinal museular fibres,  x 200, reduced 4.

by the iodine solution: this, however, is far {from being
freqquently the case. In the earlier stages of the process—
if the ovgan is not the seat of any other morbid change—
the tubes and their lining epithelium present a perfectly
natural appearance. Many of them contain pale hyaline
casts, which also appear in the urine. These, however,
are probably simply exudation products; although from
the reaction they occasionally exhibit, it appears that
they sometimes consist of the same material as that
which permeates the vessels and intertubular structures.
As the change proceeds, and the new material increases
in amount, the tubes become compressed, and in many
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places completely obstructed. If the compression is not
uniform, they may dilate and form small cysts. The
epithelium, which was at first normal, owing to the in-
terference with its nutrition, ultimately atrophies and
undergoes fatty changes. In some cases 1t appears to be
the seat of a catarrhal process, and the tubes are found
blocked with epithelial products. There is also not in-
frequently an increase in the intertubular connective
tissue.

The first effect of this change 1s to obstruct the cireu-
lation 1n the cortex. The blood-vessels, diminished in
calibre, allow little but the liquor sanguinis to pass
through them, the passage of the blood-corpuscles being
to a great extent prevented: hence the pallor of this
portion of the organ. The arterial walls are so altered
that fluids and albumen readily permeate them; and
thus is produced the large quantity of urine, loaded with
albumen, which characterises the earlier stages of this
affection. As the infiltration inereases, and the tubes
become obstructed, the urine diminishes in quantity. The
excretion of urea 1s less interfered with than in other
forms of Bright's disease, and hence symptoms due to its
retention seldom occur. Tube casts are rarely numerous ;
they are for the most part hyaline or finely granular,
though sometimes they are covered with fatty epithelium.

In the earlier stages of the affection, the cortex of the
kidney is merely rather paler than natural, and perhaps
somewhat firmer in consistence; but otherwise it pre-
sents no abnormal appearance. It is only upon the appli-
cation of iodine to the cut surface, or to thin washed
sections of the organ, that its diseased condition becomes
evident. When this test is employed, the Malpighian
bodies at once become apparent as minute red points
scattered through the cortex. As the disease advances,
the size of the organ increases; the emnlargement, how-
ever, is principally confined to the cortex. The surface is
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smooth, and the capsule separates readily., The enlarged
cortex is remarkably pale and ansemie, and has a peculiar
translucent, homogeneous, wax-like appearance. lts con-
sistence is hard and firm. A few scattered vessels may
be seen on the surface, and the bases of the pyramids
sometimes exhibit an increased amount of vascularity.
If 10dine be poured over the cut surtace, the Malpighian
bodies and the arteries of the cortex become mapped out
almost as clearly as in an artificial injection. The enlarged
Malpighian bodies may indeed usnally be seen as glisten-
ing points before the iodine 1s applied. Frequently, the
homogeneous appearance of the cortex is interrupted by
minute, opaque, yellowish-white lines and markings;
these are produced by the fatty changes in the epithelium
of the tubes, which so commonly oceur in the later stages
of the affection. Ultimately, the capsule may become
more or less adherent, and slight irregular depressions may
make their appearance upon the surface of the organ:
the latter are due to atrophic changes in some of the
tubes. If, as 1s not unfrequently the case, the infiltration
is assoclated with an increase in the intertubular con-
nective tissue, the atrophy of the organ will be more
marked. (See “ Interstitial Nephritis.”)

AMYLOID DEGENERATION OF TIHE SPLEEN.

Amyloid degeneration of the spleen is met with in two
forms—one in which the disease is limited to the Mal-
pighian corpuscles (* Sago Spleen”), and the other in
which the pulp appears to be chiefly implicated. The
former 1s much the more common condition. In it the
Malpighian corpuscles become infiltrated with the amyloid
substance and converted into translucent wax-like bodies,
much like boiled sago:—hence its name. The process
commences in the small arteries of the corpuscle, and it is
ouly after these have become infiltrated that it extends to
the corpuscles themselves. The small lymphatic cells of

G
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which the corpuscle is made up are then involved in the
process, they increase in size, become more irregular
in outline, many of them coalesce, and ultimately the

whole is converted into a pale, firm, translucent, glistening
mass. (Fig. 18.)

Amyloid Degeneration of the Spleen—* Sago Spleen.” A
portion of one of the infiltrated Malpighian corpusclesa,
with the adjacent normal splenie tissue b, Showing
the increase in size, and In many parts, the coales-
cence of the cells, of which the corpuscle is composed.

x 200,

The sago spleen is more or less enlarged; its weight
and density are also increased. The cut surface is smooth,
dry, and studded all over with small glistening sago-like
bodies, varying in size from a millet to a hemp-seed,
which are stained a reddish-brown colour by the iodine
solution. These may become so large as to occupy a
large portion of the organ,although in earlier stages of
the affection they are so minute that they can only be
seen in thin sections of the tissue.

In the other variety of amyloid spleen, the pulpy paren-
chyma between the corpuscles is infiltrated with the new
material. This is probably merely an advanced stage of
the former condition, in which the disease extends from
the corpuscles to the surrounding pulp; the whole organ
being ultimately involved. Under these circumstances
the organ often attains a considerable size, much larger

\

\
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than is met with in the sago spleen. It is remarkably
hard and firm, and the capsule is tense and transparent.
On section it presents a dry, homogeneons, translucent,
bloodless surface, of a uniform dark reddish-brown colour.
Thin sections can be readily made with a knife, the organ
cutting like soft wax. The corpuscles are not visible as
i the former variety, being probably obscured by the
surrounding pulp, which has become so densely infiltrated
with the amyloid substance.

AMYLOID DEGENERATION OF LYMPHATIC GLANDS.

In the lymphatic glands the process much resembles
that in the spleen. The small arteries in connection with
the follicles of the gland are the earliest seats of the
change ; and from these it extends to the lymphoid cells.
The follicle thus becomes ultimately converted into a
small homogeneous mass.

The glands are enlarged, and on section the minute
wax-like bodies can often be seen scattered through
the cortex. The cut surface is smooth, pale, and trans-
Incent.

As these glands are largely concerned in the formation
of the blood-corpuseles, their implication in the amyloid
change must to a large extent aid in producing the
emaciation and ancemia which characterise this affection.
The same 1s true of the spleen, which is usually
simultaneously involved.

AMYLOID DEGENERATION OF TIIE ALIMENTARY CANAL.

The whole of the alimentary tract may be the seat of
the amyloid change, and here it assumes an important
aspect from the deleterious influence which it exercises
upon the absorbent and seereting processes, and from the
consequent tmpairment of the general nutrition which
results. The disease, however, in this situation is very apt

G <
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to escape observation, as it produces but little alteration
in the appearance of the parts. The mucous membrane
may look somewhat pale, translucent, and mdematous,
but otherwise to the naked eye mothing is discoverable.
It 15 only upon the application of iodine to the washed
mucous surfaces that the nature of the change becomes
apparent. In the small intestine—which 18 perhaps the
part most commonly affected—the effect of the applica-
tion of iodine is very characteristic. A number of small
reddish-brown points appear over the whole surface of
the membrane ; these correspond to the intestinal villi,
the arteries and capillaries of which are infiltrated with
the amyloid substance. In the stomach and wsophagus
the vessels are mapped out in a similar manner by the
iodine solution. The change in the intestine gives rise
to serous diarrheea, this being probably due to an in-
creased permeability of the infiltrated walls of the vessels.

THE CORPORA AMYLACEA.

The corpora amylacea or *amyloid bodies,” so fre-
gquently met with in the nervous system, in the prostate,
and in other parts, have usually been looked upon as more
or less allied to the amyloid substance; there appears,
however, with the exception of a certain similarity in their
behaviour with iodine and sulphuric acid, to be no con-
nection between them.

They are round or oval bodies, formed of a succession
of concentric layers, and are often changed to a deep blue
colour by iodine, thus bearing both in their structure and
chemical properties the strongest resemblance to granules
of vegetable starch. (Fig. 19.) Sometimes, however,
the blue is only exhibited after the subsequent addition
of sulphurie acid, and thus a resemblance is shown to the
amyloid substance. They vary in size from microscopic
granules, to bodies which are distinctly visible to the
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naked eye; sometimes being as much as one or two lines
in diameter. The larger ones are usually formed by the
conglomeration of the smaller
ogranules, which are often en-
closed by a common envelope.

They occur especially in
conditions of atrophy or soft-
ening of the nervous system;
the ependyma of the ventn-
cles, the white substance of  Corpora Amylacee rrom the

: : Prostate.  (Virchow.)

the brain, the choroid plexus,

the optic nerve and retina, and the spinal cord, being their
tavourite seats. The larger forms are met with most
frequently in the prostate. The prostate of nearly every
adunlt contains some of these bodies ; and they may acecu-
mulate here to such an extent as to form large concretions.
They are also occasionally met with in the lungs, and i
mucous and serous membranes,

As has been said, they usually exhibit a bright blue
colour upon the application of iodine alone, although in
some cases not until the subsequent addition of sulphuric
acil. Many of them, however, are coloured greenm, or
even brown by these reagents. The green ig due to their
admixture with nitrogenous matters, which give a yellow
colour with iodine, and hence the combination yields a
coreen. The greater the amount of mitrogenous matter
the more brown does the colour become,

From the laminated structure of these bodies they
would appear to be formed by the gradual precipitation
of some material, layer by layer, upon the surface of
pre-existing particles. The nature of the material, how-
ever, does not appear to resemble that of the substance
which infiltrates the organs in amyloid degeneration.
The two processes are so essentially different, both in the
circumstances under which they oceur and in the cha-
racters and seat of the morbid products, that they cannot
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be looked upon as in any way analogous. Amyloid
degeneration is a general change, in which numerous
organs become infiltrated with an albuminoid substance,
whereas the formation of the corpora amylacea is evi-
dently of a local nature. The latter i1s often preceded
by those local atrophic changes associated with advanced
life, and appears to consist in the deposition of some
starch-like material, probably lLiberated in the tissues
themselves, upon any free body which may exist in its
vieimnity.

The corpora amylacea, especially those occurring in
the choroid plexus and in the lateral ventricles, are very
liable to become caleified, and they then constitute one
form of * brain sand,” which is so often met with in these
situations,



CHAPTER VIII.
CALCAREOUS DEGENERATION.,

Cavcareous Degeneration—or, as it is more commonly
called, Caleification—consists in the infiltration of the
tissues with calcareous particles. Physiologically, an in-
filtration of calcareous particles takes place in the forma-
tion of bone, in which lime and magnesian salts are depo-
sited in the fibrous or cartilaginous matrix. This physio-
logical 1s precisely similar to the pathological process. 1t
is important, however, to distingnish simple calcification
from ossification. In the latter there is not only a depo-
sition of lime salts, but an aetive change in the tissue
itself—a proliferation of the cellular elements, an intimate
union of the calcareous matters with the tissue, and the
formation of a true osseous structure in which the cal-
arcous particles are not visible. Caleification, on the
other hand, is a purely passive process, there is no in-
creased nutritive activity of the part, no multiplication
of elements, no alteration of the structure, but mevely an
infiltration with calcarcous particles.

An infiltration and deposition of calcareous substances
occurs under two opposite conditions; one—in which
there is an absolute increase in the amonnt of these con-
stituents in the blood, and a portion of the excess becomes
deposited in the tissues; the other—in which there is no
such increase, but the deposition takes place owing to
some alteration in the tissue itself,
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An absolute increase of the saline constituents in the
blood, and the deposition of the excess in the tissues, is
much the less frequent form of caleification. Tt occurs in
some forms of softening of bone, especially in extensive
caries and osteomalacia. In these diseases the lime salts
are removed from the bone, returned into the blood, and
some of them deposited in other tissues. In such cases
the calcification is usually more or less general—many
organs being simultaneounsly involved. In osteomalacia,
it is not uncommon to find the kidneys, the lungs, the
stomach, the intestines, and even the dura mater and
liver, infiltrated to a greater or less extent with lime salts.
The deposition commences in the tissue immediately
surrounding the blood-vessels from which the calcareous
matters are derived ;—thus, in the lungs, the seat of the
change is the interlobular tissue; in the stomach, the
stroma hetween the glands; and in the kidney, the tubuli
uriniferi and the intertubular tissue. Precisely analogous
to this form of calcification is the deposition of the
excess of urate of soda which takes place in gout.

In the great majority of cases, however, calcification is
a local change, depending not upon any alteration in the
composition of the blood, but upon changes in the tissues
themselves, owing to which some of the saline matters
which are normally held in solution in the blood are de-
posited in them. The alteration in the tissues consists
in some impairment of their nutrition, associated with a
diminution in their amount of blood, and a retardation of
its circulation. All those conditions which tend to pro-
duce atrophic and retrogressive changes in a part, and at
the same time to interfere with the cireulation in it, are
liable to be followed by its calcification. Inflammation,
rapidity of growth, diminished nutritive supply, and
general impairment of vitality, may all of them give
rise to this process. This is seen in the calcification of
atheromatous arteries, of caseous masses in the lungs
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and lymphatic glands, of many new formations, and of
the blood-vessels and cartilages in old people. In its
morbid antecedents calcification thus somewhat resembles
fatty degeneration, and 1its pathological signification is in
many cases equally difficult to determine. Fatty dege-
neration indeed very frequently precedes the calcification,
which 1s merely a later stage of the retrograde process.
Respecting the cause of the deposition of the calcareous
substances in the atrophied structures—it i1s probably

partly owing, as stated by Rindfleisch, to the stagnation

of the nutritive fluids in the part, owing to which the free
carbonic acid which appears to hold the salts in solution,
escapes, and they are consequently precipitated; and
partly to the non-assimilation of these fluids by the dege-
nerated elements of the tissue,

The calcarcons particles make their appearance both
within the cells and in the intercellular substance ; they
are much more frequent, however, in the latter situation,
They are seen at first as fine molecules scattered irregu-

Fic. 20.

A Caleified  Sarcomatons Twmowr,  Showing the
minute caleareous particles scattered through the in-
tercellular substance, To the left of the figure they
are so abundant as to almost completely obscure the
cells. = 200,

larly through the intercellular substance. (Fig, 20.)
They are characterised, when viewed by transmitted

\
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light, by their opacity, dark black colour, and irregular
outline, and also by their solubility in dilute mineral
acids. They gradually inecrease in number until ulti-
mately large tracts of tissue may be converted into an
opaque calcareous mass, in which the cells are enclosed
and can no longer be recognised. These larger masses
have a sharp black irregular outline, and when the calei-
fication 1s complete, acquire a homogeneous, glistening,
semi-transparent appearance. The cells themselves are
much less frequently infiltrated, being usually merely
enclosed and obscured by the calcified intercellular sub-
stance. Calcareous particles may, however, make their
appearance in the cell-contents, and gradually increasing
convert the cell into a homogeneous calcareous body.
The calcareous matters consist for the most part of

lime and magnesian salts, especially the phosphates and |
carbonates. If the latter are present, the addition of a |

little dilute hydrochloric acid is followed by the appear-
ance of numerous minute air bubbles in the tissue, owing
to the liberation of carbonic acid. In those cases in which
caleification is associated with retained gland secretions,
the calcareous matters will consist of the specific gland
salts.

A part which has become calcified undergoes no further
change, its vitality is completely destroyed, and it remains
as an inert mass. In this respect calcareous differs from
fatty degeneration. In the latter, subsequent changes in-
variably take place; the part either softening, caseating,
or becoming the seat of calcification itself. It differs also
in its effect upon the tissue. The structure of the affected
part is not destroyed, and there is no annihilation of his-
tological elements, such as occurs in fatty degeneration.
The tissue is simply impregnated with calcareous matters,
which have no other effect upon it than to render it inert;
its vitality is destroyed, but its structure—in so far as the
calcification is concerned—remains unaltered. If the

-
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saline matters are dissolved out with a httle dilute mi-
neral acid, the structure of the part may be again recog-
nised, unless, indeed—as 18 often the case—it has been
destroyed Ly any antecedent change.

Caleification must thus be looked upon in many cases
as a salutary lesion, the impregnation with caleareous
matters preventing subsequent changes m the part. Ths
1s especially the case when it is secondary to other forms
of degeneration. It is the most favourable termination
of the large class of fatty changes, as is exemplified by
the calcification of many inflammatory produets, and of
many new formations. It may, on the other hand,
under certain circumstances, be attended with most dele-
terious consequences, as is the case when it affects the
arterial system.

CALCIFICATION OF ARTERIES,

Calcification of arteries, like fatty degeneration, may
be a primary or secondary affection, As a secondary
change it constitutes one of the terminations of the athe-
romatous process, and as such is constantly met with in
the aorta and its branches, and in many other situations.
(See ** Atheroma.")

Primary caleification is much less frequent than that
which oceurs in atheromatous vessels. It is essentially a
senile change, and is the result of that general impair-
ment of vitality which exists in advanced life. 1t is asso-
ciated with atrophy of the arterial tissues,and in some cases
with fatty degeneration. As it is greatly dependent upon
general malnutrition, the change is a more or less general
one, and when occurring in one part is met with in others.
It usually occurs in vessels of medinm size, the arteries
of the upper and lower extremities and of the brain being
those most commonly affected. Tts most common seat is
the middle coat, where it commences in the muscular-
fibre cells. The calcarcous particles make their appear-
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ance at first around and within the nuclens, and gradually
increase until they fill the cell, which becomes converted
mmto a small calcareous flake. The process may go on
until the muscular coat is completely ealeified, or it may
be limited to isolated portions of the coat, giving rise to
numerous calcareous rings and plates which are irre-
gularly distributed throughout it. From the muscular,
it may extend to the external and internal coats until
ultimately the vessel becomes calcified throughout.

The vessel thus caleified, loses its elasticity and con-
tractility ; its lumen is diminished, and it is transformed
imto a hard, rigid, brittle tube. This condition 1s exceed-
ingly common in the external iliac and in the vessels of
the lower extremity, where it is a frequent cause of senile
gangrene. (See “ Senile Gangrene.”)

W
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CHAPTER IX.
PIGMENTARY DEGENERATION.

Preyextary Degeneration, or Pigmentation, consists in
an abnormal formation of pigment in the tissues, All
true pigments ave derived from the colouring matter of
the blood. Physiologically, many of them are eliminated
by the kidneys and liver; others are deposited in the
tissues, aud there remain permanent. The choroid coat
of the eye and the skin of the negro, are well-known
examples of tissues in which there is this permanent ac-
cumulation of pigment. The cells in these situations
appear to be endued with a special power to abstract the
colouring matters from the blood, and to store them up
i their interior, where they undergo certain chemical
changes and become converted into pigment.,

In the pathological process also, the pigment is derived
from the same source, although its presence 1 the tissues
15 rarely dependent upon any abnormal secreting powers
in their cellular elements, but is usually the result of
certain changes in the circulation or in the blood-vessels,
owing to which the colouring matter of the blood escapes
and infiltrates the surrounding parts. This escape of
haemoglobin may be owing to rupture of the vessels
themselves, or to conditions of congestion or stasis in
which the blood-corpuscles and liguor sanguinis pass
through their walls. In either case the hemoglobin will
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permeate the tissues and ultimately be converted into
pigment. Rupture of the vessels and the direct extrava-
sation of blood, 1s, however, the most common antecedent
of the pigmentary change. Soon after the extravasation
has taken place, the haemoglobin escapes from the red
blood-corpuscles, either by exudation or by destruction
of the corpuscle, and mixed with the liquor sanguinis,
infiltrates the swrrounding tissues. In other cases it
escapes without any solution of continuity in the walls of
the vessel. This frequently occurs in conditions of in-
flammatory stasis and mechanical congestion, in which
serous exudation takes place into the tissues, and the
haemoglobin is liberated from the blood-corpusecles within
the wvessels, from which it transudes, dissolved in the
liguor sanguinis, Lastly, the red corpuscles themselves
may pass through the walls of the capillaries without
rupture having taken place. In whichever of these ways
the solution of hmemoglobin is derived, it infiltrates the
tissues, staining both the cells and the intercellular sub-
stance a yellowish or brownish-red colour. It is taken
up, however, more readily by the cells than by the inter-
cellular substance or by membranous or fibrous struc-
tures ; and it stains only the protoplasm, the nucleus and
cell-wall remaining unaltered,

After the colouring matter has remained for some length
of time in this diffuse form, it undergoes certain changes:—
it becomes darker and more or less granular, minute red-
dish-brown or black granules and crystals malke their
appearance both in the cells and in the intercellular sub-
stance, and these may gradually mmerease and form larger
masses. This change in the extravasated haemoglobin 1s a
chemical one, and the substance into which 1t 1s converted
is heematoidin, Hematoidin appears to be closely allied
to the colouring matter of the bile, cholepysrlin, which is
also a derivative of hsemoglobin. It exhibits similar reac-
tions when treated with concentrated mineral acids, dis-
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playing the same variations of green, blue, rose, and
yellow colours. It is insoluble in water, alcohol, ether,
and in dilute mineral acids and alkalies: 1t 1s soluble in
the caustic alkalies giving a red colour. It contains more
carbon than hwemoglobin; and it also contains iron.

The granules of hwmatoidin vary in size from the
smallest particles to masses as large as a red blood-cor-
puscle. The larger ones are round, or more commonly
irregular i shape, and have a sharp defined border.
Their colour varies from yellow, red, and brown, to black.
These variations appear to depend upon the age of the
granules and the tissue in which they are formed; the
older they are the blacker they become. The smaller
granules are usually dull and opaque; the larger omnes,
however, often present a more or less glistening appear-
ance. (Fig.21.) The ecrystals of haematoidin are oblique
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Cells  confaming  pigment, Heewntoidin crystals,
Froma melanotic sarcoma of (Virchow.)
the liver. x 350.

rhombie prisms, usnally of a beauntiful yellowish-red or
ruby-red colour, sometimes approaching to brown or
black. They may also oceur as little plates and fine
needles, but these are less common forms. (Fig. 22.) They
are in most cases so small that considerable care is re-
quired Lo recognise their erystalline nature under the
microscope, and they may easily be overlooked as merely
rregular granular masses.  In some cases, however, they
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attain a larger size. They are more or less transparent,
and present a shining strongly refracting surface.

Whether the hsemoglobin is converted into granular or
erystalline heematoidin appears partly to depend upon
the tissue in which it is sitnated, the crystals being ex-
ceedingly common in some sitnations, as in the brain and
ovaries, whereas in others, as the lungs, only the granules
are met with. Both the granules and crystals are cha-
racterised by their durability and by their great powers of
resistance; when once formed they undergo no further
change.

Those forms of pigment—Dboth granular and erystal-
line—which are of an intensely black colour, have been
supposed to consist of a substance which differs in che-
mical composition from haematoidin, and which has been
called melawin. There appears, however, to be no foun-
dation for such a distinction. Melanin is probably merely
hiematoidin, which has become more or less altered by
age. It is endued with greater powers of resistance, being
less readily soluble m reagents than the more recently
formed hematoidin.,

Pigmentation, althongh one of the most common and
universal forms of degeneration, is of comparatively little
importance as a morbid process. The mere existence of
pigment within and between the histological elements of
the tissues, has in itself but little influence upon their
vitality and functions. The atrophy and impairment of
function which so frequently accompany it, must rather
be looked upon as the result of those conditions upon
which the formation of the pigment depends, than as in
any way owing to the presence of the pigment itself.

As evidence of other antecedent conditions, pigmentation
assumes a more important aspect. The pigment being
derived from extravasated heemoglobin, in whatever situa-
tions it occurs, it is usually to be looked upon as the result
of some alteration in the circulation or in the blood-vessels.
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owing to which the escape of the colouring matter is per-
mitted. Exceptions to this exist, however, in the case of
certain pigmented new formations, in which the presence
of the piement appears to be mainly owing to the selective
power of the cells ; these, like those of the choroid, sepa-
ratine the colouring matter from the blood. It is those
growths which originate in tissues normally containing
pigment, as the choroid and rete mucosum, which are
most frequently melanotic. (See “ Melanotic Sarcoma.”)
In Melanemia, again, the large quantities of pigment
which exist in the blood, are the result of a local formation
—for the most part by the spleen, Lastly, in Addison’s
disease, the pathology of the pigmentation of the skin is
at present involved in obscurity.

Pigment 1s often the only evidence of a former ex-
travasation. This i1s frequently the case in cerebral
h@emorrhage, where the crystals of hiematoidin may be
all that remains to indicate that rupture of the capillaries
has taken place. In the ovaries, also, the shght hiwemor-
rhage which follows the escape of the ovum at each men-
strnal period, 1s marked by the formation of pigment
which constitutes the “corpus luteum.” In mechanieal
congestion and mlammation, again, the consequent pig-
mentation may be the principal evidence of the former
existence of these conditions: this is especially seen in
pigmentation of the mucous membrane of the stomach
and intestines. The formation of pigment is thus, with
the few exceptions above named, the result of some ante-
cedent change in the blood-vessels or circulation ; and its
presence 1n the tissues appears to be little wore than a
testimony to the existence of those processes npon which
its formation depends.

Farse Picsestation.—There are certain forms of dis-
coloration of the tissues which are not due to the presence
of hwmatoidin: these must be distincuished from trne
pigmentation. The most important of them, and that

I



98 NUTRITION IMPAIRED.

which is most closely allied to the process already de-
scribed, is the staining of the tissues with the colouring
matter of the bile, which is itself a derivative of haemo-
globin, and is, as before stated, very analogous to haema-
toidin. This yellow staining may affect nearly all the
tissues, constituting “ jaundice;” or it may occur in the
liver alone, from local obstructions to the small bile-ducts,
as 18 often seen in cirrhosis of that organ. In these cases,
however, there is merely the staining of the tissues with
the colouring matter of the bile, and no subsequent con-
version of this into pigment.

The discoloration caused by the long-continued use of
the salts of silver must also be distinguished from true
pigmentation : the colour here is due to the deposition of
the silver in the tissues. The black colour of gangrenous
parts, and that sometimes produced by the effusion of
large quantities of blood into the tissues, must again not
be confounded with pigmentation. The discoloration in
these cases is the result of the action of the sulphuretted
hydrogen upon the colouring matter of the blood. The
greenish-black discoloration so often seen on the surface
of the liver, kidneys, and other abdominal organs after
death, 1s in the same manner due to the intestinal gases.
Lastly, the minute particles of inhaled carbon which are
always met with in the lungs, must be distinguished from
true pigment.

PIGMENTATION OF THE LUNGS.

In no organs is pigment met with so frequently and in
such large quantities as in the lungs, and here much dis-
cussion has arisen as to its nature and origin. The lungs
normally contain more or less black pigment, the amount
of which gradually increases with advancing age——the
lungs of infants and young children being almost free
from it, whereas those of adults invariably contain it in
considerable quantities.
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This normal pigmentation of the lungs is prineipally
due to the presence of carbon, and not to that of true
haematoidin-pigment. The carbon—which is derived from
the incomplete combustion of wood, coal, and other sub-
stances, and 1s always present in varying guantities in
the atmosphere—is inhaled, and the minute particles pass
into the finest bronchial tubes. Having entered the
bronchi, many of them are taken up by the mucus-
corpuscles, where they may be seen as small black gra-
nules within the cells. These may readily be observed
in the cells of the greyish-black sputum which is so fre-
quently expectorated in the early morning. Much of the
carbon thus inhaled is eliminated by expectoration; many
of the particles, however, pass into the air-vesicles, and
here their removal by this means being less readily
effected, they gradually penetrate the pulmonary sub-
stance, and make their way into the alveolar walls and
interlobular tissue. It i1s in these situations that most
of the pulmonary pigment is found, and there it may be
seen either within the connective tissue-cells, or lying
free amongst the fibres. (IMig. 23.)

The means by which the particles of carbon penetrate
the walls of the air-vesicles, and make their way into the
inter-alveolar tissue has quite recently been explained by
the researches of Dr. Klein on the histology of the lungs.*
Dr. Klein finds that the branched connective-tissne cells
of the alveolar walls send a process, or a greater or less
portion of their body, between the epithelial cells of the
alveolus into the alveolar cavity. As these connective-
tissue cells lie in the serous canals which constitute the
commencement of the perivascular lymphatics, it 1s easy
to nnderstand how these openings in the alveolar walls
(psendostomata) may become sufficiently distended to allow

* “On the Anatomy of the T.ymphatic System of the Tungs,” by
Dr. k. Klein. * Proceedings Royal Society,” No. 149, 1871,
H 2
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cells and other substances to pass through them from the
alveolar cavity into the inter-alveolar tissue.

16, 23.
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Pigneentation of the Lung. TFrom a woman, mt. sixty-five, with
slight emphysema. Showing the situation of the }n-"lmnl in the
alveolar walls, and around the blood-vessel ».  x 7i.

When once the carbon has made its way into the inter-
lobular tissue, some of it is taken up by the fixed cells in
this situation, whilst that which i1s not thus detained,
passes on to the lymphatics, and 1s deposited in the
bronchial lymphatic glands, where the black particles are
also visible.

Closely allied to this physielogical pigmentation of the
lung from the inhalation of carbon, are those morbid con-
ditions which result from the imhalation of particles of
coal, stone, iron, and other substances,—of which the
lungs of miners, stonemasons, and grinders afford fre-
quent examples. Here also minute particles enter the
bronchi, penetrate the walls of the alveoli, and are de-
posited principally in the interstitial tissue. In the
case of miners—in which this 18 most common—the par-
ticles of coal enter the lungs in such large quantities as
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to give to them a uniform dark black colour. In stone-
masons, grinders, &e., the lungs also become deeply
pigmented, although to a less extent than those of
niners.

The black colour of the lungs 1n these cases, however, 1s
not entirely due to the presence of the inhaled substances,
but partly to that of true hsematoidin-pigment. The in-
halation of the irritating particles sets up inflammatory
changes in the bronchi and pulmonary tissue, causing
chronic bronchitis, chronie lobular pneumonia, and a large
increase in the fibrous tissue of the lungs, which thus ulti-

ately become consolidated, excavated, tough, and fibrous.
(* Colliers™ and * Knife-grinders’ Phthisis,” &c.) Owing to
these structural changes there is a considerable escape of
colouring matter, either from rupture of the capillaries or
transudation of serum, and hence a large formation of true
pigment: and to this true pigment much of the dark
colour of these lungs must undoubtedly be aseribed. The
lungs of stonemasons and grinders ave, like those of
miners, deeply pigmented, althongh to a less degree, but
the black colour in the former cases cannot be entirely
accounted for on the supposition that it is due to the pre-
sence of inhaled particles.

Pigmentation of the lungs from the presence of haama-
toidin occurs as the result of many other morbid condi-
tions, many diseases of these organs being attended by
the formation of pigment. In chronic phthisis, pigmen-
tation occurs, partly as the result of the inflammatory
process, and partly from the obstruction of the vessels
caused by the new growth :—lines of pigment are con-
stantly seen surrounding the nodules of consolidation,
In acute eroupous pneumonia, the blood which is extra-
vasated into the air-vesicles, and which in the early stages
gives to the expectoration a rusty or prune-juice colour,
subsequently becomes converted into pigment, and the
sputum becomes of a greyish-black ; the pigment granules
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being visible in the newly-formed cells. The cells met
with in the sputum of bronchitis also contain granules of
pigment (Fig. 24); and pigmentation plays an important

¥
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Cells from the sputum of acute Dronchitiz. Showing
the minute granules of pigment within the cells.
Some of the cells also contain a few fatty mole-
cules,  x 400,

part in the condition of the lungs known as brown indura-
tion. (See “ Brown Induration of the Lungs.”)

Pigment in the lung usunally occurs as black irregular
granules; it is rarely met with in a crystalline form. In
all cases in which it 1s found in any quantity in the lung
it is also found in the bronchial glands. Tt is taken up
by the lymphaties and, like the inhaled carbon, it becomes
arrested 1n its passage through these glands, where it
remains permanently,



CHAPTER X,
TISSUE-CHANGES IN PYREXIA.

[t is proposed in the present chapter to allude very
briefly to those alterations in the tissues which are met
with in certain pyrexial diseases, to which have been
applied the terms “ parenchymatous” or “ granular dege-
neration,” “ acute” or * cloundy swelling.”

It 1s well known that in most diseases which are accom-
panied by a considerable elevation of the bodily fempe-
rature, and especially in those in which the blood has
undergone marked changes, the organs and tissues ure
found much altered after death, The diseases in which
such alterations are most frequently met with are pymemia,
erysipelas, typhus, typhoid, and other acute specific fevers,
and acute rhenmatism. They also oceur in other diseases
which are attended by considerable pyrexia; and the
amount of tissue-alteration usually bears—ecwteris paribus
—a direct relation to the amount of the pyrexia. The
organs in which the alterations are more especially marked
are the liver, the kidneys, the heart and muscles, and the
lungs.

The physical characters of the altered organs vary. It
may, however, be stated generally that the organs are
more or less swollen and opacque, somewhat diminished in

consistence, and abnormally friable. Their vasenlarity is |

in some cases diminished, in others slightly increased.
When examined microscopically, the cellular elements are

i
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found to be increased in size, and their protoplasm
markedly granular, so that, in some cases, the nucleus is
so much obscured as to be indistinguishable. (Fig. 25.)

Liver from a case of Acute Rhewmatism with
high Temperature, Showing the swollen and
granular condition of the liver-cells. In many
of the cells the nucleus is so much obseured
as to be almost indistinguishable, x 200,

The granular condition of the protoplasm appears in
most cases to be due to albuminous particles, inasmuch
as it disappears upon the addition of dilute acetic acid.
In other cases, however, in which the change is apparently
more advanced, the granules are larger, insoluble in acetie
acid, and obviously fatty.

The Liver—Here the change is usually met with in its
most marked degree. The organ is slightly enlarged,
abnormally soft and friable, and the cut-surface has a
dull opaque look, being paler than natural. The liver
cells are swollen and granular, and in many cases contain
fatty particles. (See Fig. 25.)

The Kidneys.—In the kidneys the change affects espe-
cially the cortex. This is swollen, opaque, and friable.
The Malpighian bodies and the pyramids are usually
abnormally vascular, and thus contrast with the pale
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cortex. The epithelinm in the tubes of the cortex pre-
sents the appearances above described. These are pre-
cisely similar to those met with in the earlier stages of
tubal nephritis. (See Fig. 87.)

The Heart.—The alteration produced in the heart con-
sists in slicht opacity, pallor, and diminution in the con-
sistence of the muscular tissue. Under the microscope
the muscular fibres are seen to have lost their distinet
striation and to be finely granular. Such a condition
must materially interfere with the contractile power of
the organ. A similar change is met with less frequently
in other muscles.

T'he Lings—The change in the lungs has been described
by Buhl as cousisting in swelling of the alveolar epi-
thelinm. The epithelial elements are markedly granular
from the presence of albuminous and fatty particles, and
they become loosened from the alveolar walls. The
change affects, more or less, the whole of both lungs.
The organs are enlarged, cedematous, and abnormally
friable.*®

Respecting the nature of the change—nothing 1s cer-
tainly known. Histologically, it is precisely similar to
that swollen and granular condition of protoplasm seen
in the earlier stage of inflammation, as for example, in
the renal epithelium, to which Virchow has given the
name of “ cloudy swelling.” The change is thus considered
by some to be of an inflammatory nature. Other observers,
on the contrary, regard it as a passive retrograde meta-
morphosis.  Dr. Wickham Legg produced the change
artificially in animals by submitting them to a high tem-
perature, and he, in common with some other pathologists,
18 inclined to look npon it simply as a result of high tem-
perature. An exact knowledge of its pathology, however,
must probably await further accurate experimental inves-

* Buhl, “ Lungenentziindung, 'Cuberkulose, und Schwindsucht.”
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tigation. In the mean time, when it is borne in mind
that it 1s especially liable to occur in those pyrexias
which are associated with marked alterations in the
blood, and that in its extreme degrees the cells undergo
fatty metamorphosis, it may be regarded as probable that
its occurrence will be found to be due partly to inter-
ference with the normal processes of tissue-oxidation,
and partly to increased transformation of the protoplasm
of the cells. (See * General Pathology of Fatty Dege-
neration.”)

Whatever be the nature of the change, there can be no
doubt that it must very materially interfere with function,
and that its supervention in the course of acnte disease—
especially when affecting the heart—must constitute a
most important source of danger.



CHAPTER XL
NUTRITION INCREASED.

THE morbid changes thus far deseribed, have heen at-
tended either by arrest or by impaivment of nutrition ;
those remain to be considered in which the nutritive ac-
tivity is {nereased., They include Hypertrophy and the
New Formations.

HyrerTrROPNy.

Hypertrophy is an increase in the amount of a tissue,
owing to an increase in the size, or to an increase in the
number, of its histological elements. 'This increase,
however, in order to constitute hypertrophy must affect
those elements more especially upon which the peculiar
functions of the part depend; in muscle, for example,
the muscular fibres, in the kidney—the urine-tubes and
blood-vessels,

When this increase in the amount of the tissue 1s
owing simply to an increase in the size of the clements of
which it is composed, it is termed simple hypertrophy ;;
when to an inerease in their number, and to the forma-|
tion of a new tissue, nuwmerical hypertrophy, or lyper-
plasie. The two forms of hypertrophy are thus com-
parable with the two forms of atrophy:—in simple
hypertrophy as in simple atrophy, there is merely an
alteration in the size; in numerical—an alteration in the
nwmber of the elements,
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Hypertrophy is in most cases the result of an increase
mm the functional activity of the tissue, this inereased
activity being induced by a necessity for some increased
manifestation of function; in musecle, for example, in
order to overcome some obstruction, in a secreting
organ—to secrete more flnid. Such hypertrophies are
consequently conservative in their nature, and they are
usually spoken of as functional hypertrophies.

It is in muscular tissue that functional hypertrophy is
most frequently met with. Examples of it are furnished
by the hypertrophy of the muscles of the calf in ballet
dancers ; also by the hypertrophy of a hollow viseus from
obstruction to the exit of its contents—as of the heart
from obstruction at the valvular orifices or in the course
of the circulation, of the muscular coat of the stomach
in stricture of the pylorus, of the intestine above a per-
manent stricture, and of the bladder in stricture of the
urethra. The kidney also may become hypertrophied, owing
to the loss or incapacity of its fellow. In bone, hyper-
trophy of the fibula has been observed in cases of disease,
or ununited fracture of the tibia. In all these cases
the necessity for increased aetivity leads to increased
development.

In exceptional cases hypertrophy is not dependent
upon an increase in the functional activity of the tissue.
It may sometimes result from an inecreased supply of
blood to a part, and there are some forms of hypertrophy
which are congenital.

The term * hypertrophy” is also frequently applied to
those enlargements of organs which result from long-
continued irritation; as to enlargements of the lym-
phatic glands, of the tonsils, and of the prostate gland.
Such growths, however, are some of them inflammatory
in their nature, others come more properly within the
category of “tumours.”



CHAPTER XII.
THE NEW FORMATIONS.

INcrEASED nutritive activity of a tissue—as has been seen
in the preceding chapter—leads not only to the enlarge-
ment of its component elements, but also to the production
of new ones. It 1s this production of new elements, and
the various structures to which they give rise, that con-
stitutes the New Formations.

The New Formations comprise both iuflasmatory and |
non-inflammatory growths. Of these, the latter—which °
include the various kinds of tumours, together with some
growths to which the term “tumour ™ is not strictly ap-
plicable—will be considered in the present part of this
work, whereas the inflammatory growths will be treated
of in the chapters on * Inflammation.”

Twinowrs—which constitute the greater portion of the
non-inflammatory formations—are growths which, having
attained a certain size, either remain permanent, or, more
frequently. fend continuously to increase. In their deve-
lopment and growth they are characterised by their inde-
pendence of the rest of the body; they increase in size by
virtue of their own inherent activity, which differs from,
and is, to a great extent, independent of that of the
surrounding tissues,

There are, however, some non-inflammatory growths
which cannot be regarded as “tumours " in the ordinary
acceptation of that term. Amongst these, for example,
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are the numerical hypertrophies deseribed in the pre-
ceding chapter, and the new growth of adipose tissue.
The characteristics of syphilitic growths again, and of
cancerous infiltrations of organs, differ in some respects
from what have been above described as those of
tumours.

The inflammatory new formations differ from the non-
mflammatory in being caused by some wrritation, upon
the removal of which the process of growth usually ceases.
They are characterised by their instability ; they either
rapidly undergo retrogressive changes, or, at the most,
form a tissue which in its structure and life is similar to
that from which they originated. Their tendency is gra-
dually to approximate to a healthy condition, and, not
like that of the tumours, continuounsly to increase and
deviate from the normal type.

Whatever be the nature of the new formation it is always
the direct product of the elements of a pre-existing tissue,
these elements being in some cases migrated white blood-
corpuscles. In order therefore to understand the patho-
logy of the new formations, 1t is necessary to be intimately
acquainted with the histology and mode of development
of the normal tissues.

Eriorocy or T New FormatioNs.®—As the new for-
mations are the result of the increased nutritive activity
of the elements from which they originate, it will be readily
understood that their causes must for the most part be
obscure, and that in many cases all that can be said is,
that the new growth is the result of the spontaneous acti-
vity of the elements from which 1t springs. Sometimes,
however, the causes are either wholly or partially ascer-
tainable. They may be divided into constitutional predis-
posing, and direct exciting, causes.

* This, together with the remainder of the present chapter, ap-
plies ouly to the non-inflammatory growths.
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Constitutional Predisposing Cawses. — That many
growths owe their origin to some constitutional taint, has
long been an universally accepted pathological doctrine.
The constitutional canse has frequently been regarded as
a general one, as consisting either in some alteration in
the constitution of the blood, or in fome abnormal condi-
tion of the physiological processes thronghout the entire
organism. It was formerly supposed that many new for-
mations were the result of an exudation from the blood-
vessels, and that the elements of the growth were produced
spontaneonsly in the exnded structureless blastema. Such
growths were looked upon as the local expression of a
vitiated constitution of the blood,—a dyscrasia, Although
this hypothesis is now universally abandoned, and all new

formations are known to originate from pre-existing cellu-
lar elements, an alteration in the constitution of the blood
or in the performance of the physiological processes
throughout the body, is still regarded by many as playing
an important part in their causation.

It is the malignant new formations which are thus
supposed to owe their origin to the existence of a general
constitutional taint. These growths are said to be of a
constitutional origin, in contradistinetion to the non-
malignant growths which are looked upon as purely local.
This hypothesis is principally based upon the clinical
characteristies of the malignant growths—their tendency
to recur after removal, their multiplicity, and the difficulty
or impossibility of completely eradicating them.

[t 15 said that the development of malignant growths
18 frequently preceded by an unhealthy state of the con-
stitution—a cachexia. In the majority of cases of malig-
nant formation, however, there is no evidence of any such
cachexin preceding the local growth. The individual is
usually in good health at the time of the occurrence of the
primary tumour. ‘The general impairment of nutrition
and emaciation, which constitute the cachexia, are
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secondary to the local growths, and are in direct
proportion to their extent and situation:—the more
extended the local lesions, the greater the amount of
discharge, the more the lymphatics and the digestive
organs are involved, the more marked 1s the attendant
cachexia.

The multiplicity of malignant growths is also adduced
as an argument in favour of the existence of a general
constitutional taint. The fact that malignant growths
are frequently multiple, constitutes in 'itself no ground
for such a conclusion. The multiplicity is for the most
part a secondary phenomenon, the secondary tumours
resulting from infection by the primary one. Simple
primary multiplicity 1s not so characteristic of malignant
as of many other tumours—the lipomata, fibromata, se-
baceous tumours, and warts, are all more often primarily
multiple than cancer. Multiplicity in many cases 1s evi-
dence rather of a local than of a general taint. In secro-
fula, for example, the lymphatic glands generally are
prone to become the seats of nmew growth, and tumours
are often multiple in bone without occurring in other
tissues. In such cases there would appear to be a local
rather than a general cause.

The recurrence of the malignant growth after removal
at the seat of the operation, may again be owing to the
removal having been incomplete, some of the proliferating
elements of the growth having been left behind. The
cellular elements of malignant tumours often extend into
the adjacent tissues for some distance beyond the appa-
rent confines of the tumour, and as the physical characters
of the infiltrated tissues differ in no way from those of the
healthy, there are no means of certainly determining how
far wide of the tumour the incision must be carried in
order to include the whole of the affected structures. (See
“ Malignancy.”) A tendency to local recurrence is a
property possessed by muany growths, and it can be ex-
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plained on local grounds without the necessity of admitting
the existence of a general taint.

Lastly, the fact that malignant growths are usually
followed by the development of similar growths in the
lymphatic glands and in internal organs, may in most
cases be more readily explained—as will be seen when
speaking of “malignancy”—by regarding these as the
result of infection by the primary tumonr, than by as-
scribing them to the existence of a common constitutional
cause.

The reasons already adduced in a preceding chapter (see
“ Introduction”), for considering all changes in the con-
stitution of the blood as secondary to local causes, would
appear of themselves to be sufficient to render untenable
the hypothesis of a primary blood dyscrasis. Any ab-
normal condition of the blood which may be associated
with the development of malignant tumours must pro-
bably be regarded as resulting either from the absorption
of deleterious substances, from the entrance into 1t of the
elements of the growth, from the drain of an attendant
discharge, or from interference with the processes of di-
gestion, assimilation, or secretion, or with the formation
of the blood 1itself. At the same time it must be borne in
mind, when discussing the possibility of the development
of malignant growths being the result of a *blood-
disease,” that the emigration of white blood-corpuscles
may play some part in the process. How far this is the
case, as will be seen hereafter, we are at present unable to
determine. We know that this emigration constitutes a
prominent feature in the process of inflammation, and if
future researches should show that it also oceurs in the |
development of malignant new formations whilst in those
which are non-malignant it is entirely wanting, it would
go far towards rendering the existence of a malignant |
dyscrasia beyond dispute. In the present position of our
knowledge, however, in which it is ouly probable that an

I
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emigration of lencocytes may play some part in the de-
velopment of all new growths, both innocent and malig-
nant, any argument in favour of the existence of a blood-
dyscrasia as the cause of the development of the latter
based upon such considerations would be unjustifiable.
If an emigration of leucocytes does take place, it is more
in accordance with facts and with the general history of
malignant growths to suppose the existence of some peecu-
harity in the tissues into which the elements escape
which determines their special development.

Although there would thus appear to be no necessity
to admit the existence of a general constitutional cause in
order to explain the clinical characters which constitute
malignancy, there can be no doubt that many growths,
both innocent and malignant, have a constitutional
origin., The possibility of the existence of such a consti-
tutional cause must therefore be borne in mind in ac-
counting for the development of secondary malignant
growths, as although these may result from infection,
they may also owe their origin to the same causes as
those which induced the primary ore. Whether the
constitutional cause 1s a gencral one—consisting 1n some
specific peculiarity of the entire organism, or whether it
15 local in 1ts nature, and consists in some constitutional
peculiarity of the tissues from which the new growths
originate, some peculiarity which renders them more
prone than other tissues to undergo abnormal develop-
ment, 18 unkown ; although the latter supposition seems
to be the more probable one.

The influence of hereditary predisposition upon the oc-
currence of many growths, appears to point to the existence
at a local, rather than to that of a general constitutional
taint. In scrofula, for example, which i1s a markedly
hereditary disease, the tendency of the lymphatic glands
to undergo excessive development from very shght
degrees of irritation, is probably to be regarded as owing

‘-.-""M.
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to a predisposition of the glands themselves, and not to
any general constitutional state. The same 1s probably
true of many other constitutional tendencies. Nuevi,
tumours of the skin, uterus, mammsm, stomach, and of
other parts, are again all unquestionably sometimes
hereditary; and here also the tendency would appear to
consist in a predisposition of the tissues themselves to
become the seats of new formations.

The tendency sometimes observed in parficular tissues
to generate new formations, points again to a local cause.
The osseous system, for example, may be the seat of new
growths—tumours occurring in nearly all the bones, and
not being met with in other parts. Tumours may in the
same way be multiple in other tissues.

Direct Exciting Canses.—The existence of a direct ex-
citing cause 13 more capable of demonstration than a con-
stitutional one. = It consists either in some direct irmtation
of a tissue, which 1s by this means stimulated to increased
development; or in the migration or transmission of ele-
ments from some primary growth, which by proliferating
themselves, or ecausing proliferation, in the tissues in
which they lodge constitute the centres of secondary
formations. -

The divect 1rritation of a tissue may be owing to me-
chanical or chemical irritants. Simple mechanical or
chemical irritation can, however, under no circumstances
be the only cause of the development of the growth. The
effect of such irvitations alone, is to cause an inflammatory
formation ; in order for them to produce a non-inflamma-
tory one—a tumour, there must be some special predis-
position of the tissue itself :—the irvitation can merely
defermine 1ts development. The influence of simwle
irritation in the production of new formations is exem-
plified by the frequent occurrence of epithelioma on the
lips of smokers, from the irritation of the pipe; and on
the penis and scrotum of chimney-sweepers, from the

0
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irritation of the soot (“chimney-sweeps’ cancer”). The
numerous recorded instances of the development of a
tumour following some external violence or injury, leave
little doubt that these also sometimes stand to ome
another in the relation of cause and effect. Lastly, as
pointed out by Virchow, it is those organs which are the
most exposed to irritation from external causes, as the
stomach, the uterus, the mammary-gland, and the rectum,
which are especially liable to become the seats of new
growths.

The influence of elements, which have either migrated
or been conveyed from their original habitat, in causing
the development of new formations is exemplified by the
history of malignant tumours. It is by this means that
the secondary tumours most frequently originate. The
elements, which either migrate spontaneously from the
primary growth, or are carried by the blood or lymph
streams, may proliferate in the tissue in which they
lodge, and so developgnto secondary formations.

In other cases it 1s also exceedingly probable, as pointed
out by Dr. Creighton,* that the elements (either cells or
minute particles) which are transmitted from the pri-
mary tumonur cause the production of secondary tumours
by wvirtue of an influence on the cells of the tissue
where they lodge, which may be termed a spermatic
anfluence, and which 1s strictly comparable with that of
the sperm-cell in the ovum. In such cases the relation of
the primary to the secondary tumour is that of parent to
offspring. This subject will be again alluded to when
speaking of “ Malignaney.”

DevELoPMENT.—In studying the development of the
new formations, it is important, in the first place, to bear
in mind what has been already stated—viz., that they are
in all cases the direct product of pre-existing cellular

* Discussion ou Cancer, * Trans. Path. Soc. Lond.,” 1874, p. 368.
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elements. In their development they also resemble the
normal tissues:—every pathological growth has its phy-
siological prototype.

The elements from which new growths most frequently
originate are those belonging to the common conncetive
tissue, and to the blood-vessels and lymphatic system
with which it is so intimately associated. By common
connective tissue is meant that tissue which in all parts
surrounds the blood-vessels, and 1s so umiversally dis-
tributed throughout the entire orgamism. This must be
carefully distinguished from the formed connective sub-
stances—tendon, cartilage, bone, &e. In this common
connective tissue we distinguish two kinds of cells—the
stable cells (connective tissue corpuscles), and the mobile
cells, which are probably wandering white blood-corpuscles.
These cells are in intimate relation with the endothelium
of the lymphatics, the latter vessels commencing as serous
canals which are universally distributed m the tissue.
Further—both the endothelium of the lymphatics and
that of the blood-vessels closely resemble in their phy-
siological functions the fixed cells of the connective
tissue,

In the process of development of new growths from
this common connective tissne, the part which is played
by the different cellular elements cannot in our present

state of knowledge be certainly stated. It is, however, |
probable that it is the mobile cells which are prineipally |

concerned. These cells are the most active, and conse-
quently the most capable of multiplying by division. Tt
18 equally probable that the number of these mobile cells
is materially inereased by an abundant emigration of
white blood-corpuscles from the vessels. Respecting the
fixed connective tissue cells and the endothelinm of the
blood-vessels and lymphatics—it must be admitted that
these, although perhaps inferior in their formative powers,
also undergo active changes, and thus increase the number

-

r—
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of the newly-formed elements. 1In the case of these fixed
cells, the process of cell-formation is probably very fre-
quently effected by means of vacuolation and endogenons
development (see Fig. 2); and, as was stated when de-
scribing the “ genesis of cells,” elements which thus
originate endogenously have, for the most part, a destiny
different from that of the parent cell.

Whatever be the part played by the respective elements
in the process of development of the new growth, the first
result of their combined activity is to produce a new
tissue, composed of innumerable small roundish-shaped
cells, from 5 to o755 of an inch in diameter, often en-
closing a large, round, ill-defined nucleus, which usually
only becomes visible after the addition of water or of
acetic acid. These cells, which are usually known as
indifferent cells, possess no limiting membrane, but con-
sist of little masses of protoplasm which are almost in
close contact with one another. (Fig. 26.) They are in-
distinguishable from the cells of a granulation, and from

many of those met with in the

T1o. 26, rapidly-growing connective tissue

@ of the embryo. Insome cases the

" & ;’ & o protoplasm continues to 1nerease
. = ff.:i'r @ and the nucleil to divide without

o ® @@'@g@@%@ any subsequent division of the
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numerous nuclel. These are the
Embryonic (¢ Indige- ~ giant or myeloid cells which are
rent”) Tissue from the  met with in the medulla of young
';{:::sza ’E:”é‘fﬁ'}i"“”“" hone and in many sarcomatous
tumours (see “ Myeloid Sarcoma,”

Fig. 33). Thus the first stage in the process of develop-
ment consists in the formation of an embryonic tissue,)
and this embryonic tissue subsequently develops into the’
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tissue of which the new growth is composed. It is often
impossible to determine in this early stage of the growth
what it will ultimately become—whether a fibroma, a sar-
coma, or an enchondroma, &e.

The second stage of the process consists in the develop-
ment of this embryonic (*indifferent”) tissue nto the
tissue of the permanent growth, and this subsequent
development closely resembles that of the immature con-
nective tissue of the embryo. As from the immature
connective tissue of the embryo are developed wvarious
connective tissue substances—fibrous tissue, mucous
tissue, cartilage, bone, &e.—so may this embryonic con-
nective tissue which constitutes the earliest stage of so
many of the pathological mew formations, become de-
veloped into various tissues, all of which usually more or
less resemble the several varieties of the physiological
connective tissues. The whole of the primary cells may
form the same kind of tissue, in which case the growth
will possess the same characters throughout; or it may
be complex, some cells forming one kind of tissue and
some another. A combination of two or more kinds of
structure may thus be met with in the same tumour—as
a combination of sarcoma and lipoma, of enchondroma
and myxoma, and so on. What determines the ultimate
development of the young cells, why they produce such
rarions forms of growths, 1s as far from our knowledge as
what determines the ultimate destination of the cells in
the embryo.

Next to common connective tissue, the epithelia, surface |
and glandular, are the elements from which new forma- |
tions most frequently originate ; and as from connective
tissue are usually produced growths of the connective
tissue type, so do the growths originating from the epi-
thelia usually resemble epithelium. As to whether all
new growths originating in connexion with epithelium are
solely the offspring of pre-existing epithelial elements, we
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are unable to speak with certainty. The answer to this

question must await a more certain knowledge of the way

in which the epithelial structures normally grow and repair

themselves. It appears, however, probable that the normal

production of epithelinm is not entirely the result of the

multiplication of epithelial cells, but that the mobile cells |
of the connective tissue by contact with epithelial elements

may become developed into epithelium. It must, conse-

quently, be admitted, at all events as equally probable,

that pathological new formations which originate in con-

nexion with epithelinm may be in part the product of
mobile elements belonging to the connective tissne. The

process of development from epithelium may take place

either by simple division, or by vacuolation and endo-

genous growth.

Here allusion must be made to the recent investigations
of Dr. Creighton on the development of secondary
tumours in the liver.* Dr. Creighton finds that in various
kinds of secondary tumour occurring in the liver, the
growth originates from the liver-cells by a process of
vacuolation and endogenous formation ; and he conclades
that in this way liver-cells may originate epithelial cells,
connective tissue-cells, spindle-cells, &e., the variations
depending upon the nature of the primary tumour.

From the remaining tissues, wmuscle and nerve, the
development of new growths is comparatively rare, and
in nerve-tissue it is even doubtful if formative processes
ever occur.

According to the similarity or difference which subsists
between the new growth and the tissue from which it
grows, new formations are divisible into two classes—
homologous and heterologous. When the growth resembles
in its structure and development the tissue from which it

* Discussion on Cancer, * Trans, Path. Sec. Lond,,” 1874, p. 368.
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originates, it is said to be homologous ; when 1t differs, it
is said to be leterologous. A cartilaginous tumour, for
example, growing from cartilage, 18 homologous, but
growing from any other tissue, as from the parotid gland,
it is heterologous. The same variety of tumour may
thus be in one case homologous, in another, heterologous.
A purely homologons growth is therefore simply a lyper-
plasia—an excessive growth of a tissue in some particular
part; any deviation from the type of the parent tissue
constitutes heterology.

Heterology, however, 1s not limited to the production
of a tissne which is dissimilar from that from which it
originates ; a growth is also said to be heterologous when
1t differs from the tissue in which 1t 1s sifwated, and this
may occur without its being the direct produet of the
latter. It is heterology in this sense that is so charac-
teristic of certain cancers. Those cancers which obviously
originate from epithelinm, become heterologous owing to
the growth and extension of the epithelium beyond its
normal limits (see *“ Epithelioma”).. The same form of
heterology obtains in the case of growths originating
from elements which have migrated or been carried
from their original habitat, and have developed into a
tissue which differs from that in which they are situated.

Heterology is often an evidence of malignancy. Many
heterologous growths, however, are not malignant ; slight
deviations from the normal type are no evidence of
malignancy. A growth primarily homologous may sub-
seqquently become heterologous ; this is often seen when
a long-standing innocent tumonr suddenly exhibits
malignant characters. A knowledge of the homology or
heterology of a growth is therefore an important element
in the determination of its innocent or malignant nature.

Revatioy oF Tne Growrit 10 THE SURROUNDING
Tissues.—The relation of the tumour to the Hu}rmmdiu_u;
structures will depend upon its mode of growth. Growth
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may take place simply by the continnous proliferation of
the cells of which the tumour is composed. In this case
it will merely displace the surrounding parts, and having
attained a certain degree of development, a fibrous cap-
sule 1s often formed around it, by which it becomes com-
pletely isolated. The lipomata, fibromata, and enchon-
dromata are usually thus encapsuled. In other cases,
growth takes place also at the cireumference, by the con-
tinuous proliferation of the parent tissue. There is then
no lme of demarcation between the tumour and the
matrix from which it grows, so that although to the
naked eye it may appear separate, the microscope will
discover in the adjacent tissues eclements of the new
growth. This is very common in the sarcomata and in
the cancers, and is a common cause of local recurrence
after removal. Lastly, the tumour may increase not
only by the proliferation of its matrix, but also by in-
vading other structures :—this occurs in those growths
which are the most malignant (see “ Malignancy ).

Rerrocressive Cnaxces.—The development of the
growth being complete, it becomes sooner or later the
geat of retrogressive chances. The time at which these
commence, varies :—as a rule the permanence and dura-
bility of a tumour bear an inverse relation to the rapidity
of its growth, and to the inferiority of its organization.
The more rapid the growth, and the more lowly organized
the tissue formed, the less its durability and the sooner
do retrogressive changes occur, The cancers and sarco-
mata, for example, which develop rapidly and consist for
the most part of cells, quickly degenerate; their elements
are unstable and soon perish. Osseous tumours, on the
other hand, which develop more slowly, and consist of a
more highly organized tissue, have a much greater
stability, and are but little liable to retrogressive meta-
morphosis,

The retrogressive changes are similar to those met with
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in the physiological tissunes. Deficient supply of blood
is followed by fatty degeneration and its various termina-
tions—softening, caseation, and caleification. IPigmen-
tary, colloid, and mucoid degeneration may also oceur.
New formations may also become the seats of an inflam-
matory process.

Manicyaxcy.—By “malignancy” is understood the
property possessed by many tumours of reproducing
themselves either locally after removal, or in distant
tissues. It is important not to confound the terms
“malignancy” and “cancerous.” “ Malignancy™ 1s a
purely clinical term, and although in a high degree the
property of the cancers, is by no means confined to them ;
the sarcomata, for example, being in many cases equally,
or even more malignant. The term * eancer,” on the
other hand, is used to imply a definite structure, and as
such is applied to a certain class of new formations.

The malignant properties of a tumour may manifest
themselves either in the tissnes 1mmediately adjacent to
it or in its neighbourhood, in the nearest chain of lym-
phatic glands, or in more distant parts. Some growths
possess these properties in a higher degree than others,
so that there are different degrees of malignancy. In
many cases the malignaney of a tumour 1s so far limited
that 1t gives rise merely to a local reproduction after
removal, Such tumours have been separately classified
by many surgeons as “recurrent” tumours. In other
growths this tendency to local reproduction is asso-
clated with the development of similar growths in the
nearest lymphatic glands; whilst in a third class of cases,
to one or both of these conditions is added the reprodue-
tion of the growth in more distant tissues, especially in
the lungs and liver. Tt will be advisable to treat of these
three degrees of malignancy separately.

1. Reproduction of the Growth in the Adjacent Strue-
tures.—This is usually the earliest evidence of malignancy
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in a growth, and gives rise to its persistent recurrence
i loco after removal by the surgeon. This tendency
to the local reproduction of the tumour is principally
owing to its mode of growth. The cellular elements of
the tumour extend for some distance into the surround-
ing tissues, so that unless in the operation for its removal
the incision be carried for some distance beyond the
apparent confines of the growth, some of the elements
may be left behind and thus constitute the centres of
secondary formations. Such tumours therefore are not
usually encapsuled, but extend by peripheral growth.
In some cases, however, tumours which possess a dis-
tinet capsule may in the same way infiltrate the sur-
rounding structures. The infiltration of the adjacent
tissues by the elements of the tumounr sometimes gives
rise, not only to the continuous enlargement of the pri-
mary growth, but also to the development of separate
secondary growths in the immediate vicinity of the
primary one. Whilst it must be admitted that the re-
production of a malignant tumour in the adjacent tissues
15 thus in most cases to be aseribed to the infiltration of
the latter with its cellular elements, 1t is possible that
the nutrient fluids of the tumour may by their influnence
upon the surrounding tissues be in part the cause of the
abnormal development.

2. Reproduction of the Growth in the nearest Ly~
phatic Glands.—This is owing to the transmission by the
lymph-stream of substances (probably cellular elements)
derived from the malignant growth, which become arrested
in the nearest lymphatic. glands, and there cause the
development of secondary formations. These are in all
cases of the same nature as the primary tumour. When
the lymphatic glands have themselves developed into
secondary growths, they in their turn constitute new
centres of infection, and may thus infect more distant
glands or the immediately adjacent tissues. The ten-
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dency to reproduction in the lymphatic glands varies
very much in the different varieties of malignant
growths, being, for example, very marked in the cancers,
whereas in the sarcomata it is comparatively rare. The
reasons for these differences will be seen in the subse-
quent chapters.

3. Reproduction of the Growth in Distant Tissues.—
This is usually the terminal process in the history of
malignant growths. The reproduction of the malignant
growth in distant tissues is in the great majority of cases
owing to the entry of some of its elements into the blood-
stream. The secondary growths, as i the lymphatic
glands, are in all cases of the same nature as the primary
tumour. 'They occur as a rule in those organs through
which the blood from the primary tumour first passes—
that is, in those organs which present the first set of
capillaries for the arrest of the transmitted materials.
In malignant diseases of those organs, for example,
which return their blood through the portal vein, as the
stomach and mesenteric glands, it is the liver in which
the secondary growths usually first occur, and when this
has become involved, it may constitute a secondary centre
of infection and in the same way cause tertiary growths
in the lungs. Although this sequence is the rule, there
are numerous exceptions. In some cases the organs
which are nearest in the course of the eirculation to the
primary growth escape, whilst those more distant be-
come affected. This may be owing to one organ being
more predisposed to the influence of the infecting ma-
terials than another; or to the capillaries of the proximal
organ allowing particles to pass through them, whereas
those of the more distant one are small enough to arrest
them. Lastly, it must be borne in mind, that the |
secondary growths may be entirely independent of the |
primary one, their origin being due to the same cause,

Although the general dissemination of a malignant
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growth is thus in most cases owing to the transmission
of its elements by the blood-stream, this is not the only
way in which it may be brought about. Exceptional
cases have been described in which the elements of a
tumour have been distributed and caused secondary
growths in other ways—as by passing down the trachea,
between the layers of the peritoneum, from the kidneys
down the ureters to the bladder, &e.

The secondary growths, as already stated, are probably
either the direct products of the transmitted elements
which proliferate in the tissues in which they lodge, or
they owe their origin to the spermatic influence of those
elements upon cells with which they come into contact.

It is thus obvious that the evidences of malignancy in
a growth will consist—in its invasion of the surrounding
structures, the implication of the mneighbouring lym-
phatics, and the oceurrence of similar growths in internal
organs. As a general rule it may be stated that the
more juice a growth contains, and the richer 1t i1s in
blood-vessels and lymphatics, the more quickly will it
infect the lymphatic glands, and internal organs; on the
other hand, the poorer it is in blood-vessels and lym-
phatics, the more are its infecting properties confined to
the neichbouring tissues.

The determination of the mmnocent or malignant nature
of any growth will principally depend upon its miecro-
scopical characters, and, as will be seen when considering
the various kinds of tumours, the differences which exist
in their clinical characters are in great measure to he
explained by differences in their position, minute struc-
ture, and mode of growth. Many varieties of new for-
mations are invariably malignant, as the cancers and
sarcomata ; hence any growth which from its minute
structure must be included under these heads, must be
regarded as being of a malignant nature.

CrassiricatioN.—New formations may be classified

e ——
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upon a histological, a physiological, or a clinical basis.
Although a physiological and chnical classification are
much to be desired, in the present state of our knowledge
they must be very incomplete. A classification of the
new formations according to their histological characters
1s consequently here adopted. Such a classification may
be most advantageously made in accordance with the
classification of the physiological tissues :—

CLASSIFICATION OF THE NEW IFORMATIONS. X

Type of the Connective Tissues.

Type of embryonic connee-)
g : i Darcoma,
Iive tissue, i

o fibrous tissue . . I'ibroma.

mucous tissue , ., Myxoma,

adipose tissue . Lipoma.

5 cartilage . . . . Enchondroma.
" bone . . . . . Osteoma.
Hodgkin's
,, lymphatic tissne . The Lymplhomataq Disease.
Leukeemia.

Type of the Epithelial Tissues.

Papilloma,

Adenoma,

Seirrhus,
Iincephaloid.
Colloid.
Lipithelioma,

The Carcinomata

Type of the Higher Tissues.

Typeofmusele . . . . . . . . Myoma.
" nerve , e« « o« « o Neuroma.

. blood-vessels . . Angioma,



CHAPTER XIII.

THE: SARCOMATA.

THE sarcomata are tumours consisting of embryonic con-
nective tissue. Of these there are several varieties,
depending upon the size and configuration of the cells,
and the nature of the intercellular substance. They in-
clude what have generally been known in this country as
fibro-plastie, fibro-nucleated, recurvent-fibroid, and myeloid
tumours,

Connective tissue in its embryonic condition 18 an im-
mature tissue in a state of rapid development. In its
most immature state it differs from the fully developed
tissue in consisting almost entirely of small round cells,
whilst its intercellular substance, instead of being fibrous,
18 soft and amorphous. This is the common condition of
connective tissue in the primary stages of all rapid for-
mative processes, as already described when speaking of
it as the tissue from which many tumours of the con-
nective-tissue class originate (see “ Development of New
Formations”).

In the process of development of this embryonic into
mature connective tissue, the cells diminish in number,
many of them assume a spindle shape, and the inter-
cellular substance fibrillates. Similar changes are seen
in inflammatory conditions of connective tissue. Here
also many of the small round cells which constitute the
““ granulation-tissue” become spindle cells, and the granu-

W ke
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lation tissue ultimately develops into the fibrous tissue of
the cicatrix. In the sarcomata, however, the connective
tissue retains the embryonic state throughout its growth,
there is a progressive formation of embryonic tissue; and
although the process of development may occasionally
proceed in certain parts of the tumour to the formation
of a more highly developed structure, as fibrous tissue,
cartilage, or bone, so that a mixed form of tumour 1s
produced, 1t usually ceases at the embryonic stage.

STRUCTURE,—The sarcomata may thus be defined as
tumours consisting of connective tissue which throughout
its growth retains the embryonic type. The cells, which
constitute nearly the whole of the growth, consist for the
most part of masses of nucleated protoplasm, and rarely
possess a limiting membrane. They present many varia-
tions in size and form ; as a rule, however, they preserve
the same general characters in the same tumour. There
are three principal varieties—the- round, the fusiforin,
and the myeloid cells.

The rownd cells are many of them indistinguishable
from lymph-cells or white blood-corpuscles. Others are
somewhat larger and contain an
indistinet nucleus with one or e, &7,
more bright mnucleoh: these
more closely resemble the cells
of a granulation.

The fusiform, or spindle-shaped
cells, are the so-called * fibro-
plastic cells” (Fig. 27). They are
long narrow cells, terminating at
each end in a fine prolongation.
Some of them may be broader,
approaching the epithelial type ;
others more or less stellate. They
are sometimes slightly granular,
and they enclose a long oval nu-

K

P

Cells from a Spindle-celled
Sarcome. % 200,
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cleus, with or without nucleoli. In size they vary con-
siderably. These cells represent a higher state of develop-
ment than the round cells, resembling those met with in
embryonic tissue which is in the process of forming
mature convective tissue. (See Fig. 72 B.)

The wmyeloid, or mother cells, are much larger than
either of the preceding, and are analogous to the cells
met with in the medulla of feetal bone. (See Fig. 33.)
They are large 1rregular-shaped masses of nucleated pro-
toplasm, for the most part more or less spherical, and
often possessing numerous offshoots. They are finely
granular, and contain several round or roundly-oval
nuclel, each with one or more bright nucleoli. The nuclei
may be exceedingly mumerous, one cell containing as
many as thirty. Both the cells and nuclei vary consider-
ably in size.

An intercellular substance exists in all the sarcomata,
although it is usually very small in quantity, the cells
lying in nearly close apposition. It may be perfectly
fluid and homogeneous, or firmer and granular, or more
or less fibrillated. Chemically it yields albumen, gelatin,
or mucin,

The blood-vessels are usually very numerous, and are
either in direct contact with the cells, or separated from
them by a little fibrillated tissue. Their distribution is
very irregular, and their walls often consist of embryonic
tissue similar to that of the growth which they supply;
hence the frequency with which rupture and extravasation
of blood take place.

Deverormint.—The sarcomata always originate from
connective tissne—either from the subentancous, the sub-
mucous, or the subserous tissues, the fascim, the con-
nective tissue of organs, the periosteum, or the medullary
tissue of bones. Their growth may take place in two
ways, by the multiplication of their own elements—central
growth, and by the continuous invasion of their matrix—

]
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peripheral growth., A peripheral growth is the great
characteristic of the sarcomata ; they usually increase by
the continuous invasion of their connective-tissue matrix,
so that no line of demarcation exists between the two.
They frequently also invade other tissues, the elements
of the crowth extending for some distance into the sur-
rounding structures. This infiltrating tendency of the
sarcomata varies considerably in the different varieties,
being much more marked in the round-celled than in the
spindle-celled and myeloid growths, A purely central
growth is less common. A sarcomatous tumonr, however,
often becomes encapsuled and growth takes place within
the capsule; but even in this case the eapsule is some-
times merely that of the part within which the growth
originates, as the periosteum, or the capsule of a lym-
phatic gland.

SEecoxpary Crnaxees.—The most important of these 1
fatty degeneration. This always occurs to a greater or
less extent in the older portions of the growth, eausing
softening, caseation, or the production of cyst-like cavi-
ties. It is frequently associated with destruction of the
blood-vessels and hamorrhage : the latter may give ris
to pigmentation, and the formation of sanguineons cysts.
Caleification, ossification, and mucoid degeneration are
less common, The occurrence of caleification, ossification,
and pigmentation is influenced by the predisposition of
the matrix from which the growth is produced :—thus
caleification and ossification are more prone to oceur in
tumoars originating in connexion with bone, pigmenta-
tion in those originating from the cutis or eyeball.

VarieTies.—Althongh all the sarcomata possess the
same general characters, they present many histological
and clinical differences which may serve as bases for
their classification. The occurrence of various secondary
changes—pigmentation, mucoid degeneration, and the
formation of cysts, impart their respective characters to

'K 2
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the growth ; hence melanotic-sarcoma and eystie-sarcoma,
have been described as distinet varieties. This is to a
certain extent justifiable, inasmuch as sarcomata which
have undergone these transformations, in many cases
possess the property of reproducing the same characters
when they occur secondarily in other parts. Then, again,
as already stated, sarcomatous tumours are sometimes
complex in their structure, and are associated with other
tissues belonging to the connective-tissue group. A
combination of sarcoma with fatty, cartilaginous, and
osseous tissue, 1s thus not uncommonly met with (chondro-
sarcoma osteo-sarcoma, &e.). This is owing to the em-
bryonic tissue exhibiting a tendency to develop into the
different varieties of connective tissue. (See *“The New
Formations.”) The following histological classification,
based upon the three different forms of cells already
described, 18 perhaps the most convenient. It must, how-
ever, be borne in mind, that all the varicties of cells may
be found in the same tumour, althongh the majority are
usually of the same type; hence, the majority will deter-
mine the class to which the growth belongs.

SPINDLE-CELLED SARCODMA.

This, which includes the growths long known in this
country as “ fibro-plastic,” “ recurrent fibroid,” &c., is the
most common of all the sarcomata. It i1s more closely
allied to the fibromata than are the other varieties of
sarcoma, inasmuch as 1t consists of a tissue which must
be regarded as occupying an intermediate place between
embryonic and fully-developed connective tissue. It con-
sists mainly of spindle-shaped and fusiform cells, varying
considerably in size, and nearly in close contact, there |
being very little intercellular substance. (Fig.28.) The
cells, which contain well marked oval nuclei, are parallel
to one another, and are arranged in bundles which pass
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in all directions throngh the growth, so that in those por-
tions of the section in which the bundles of spindle-
elements have been cut transversely they present the
appearance of round cells. In some parts there may be
partial fibrillation. The spindle-celled sarcomata grow
from the periosteum, the fascime, and from connective
tissue in other parts. They are usually tolerably firm

A

Spindle-celled  Sarcoma. "To the left—the
cells have been separated by teasing, so that
their individual forms are apparent; to the
right—they are in their natural state of appo-
gition, such as would be seen in a thin see-
tion of the tumour, x 350, (Virchow.)

in consistence, and for the most part present, on section, a
translucent somewhat fibrillated appearance. They are
often encapsuled, much more frequently so than the
round-celled growths, but they are very liable to extend
by peripheral growth, and often-infiltrate the surrounding
structures,

Meravoric Sarcoyma.—This is a variety of sarcoma in
which many of the cells contain granules of dark-coloured
pigment. By far the greater number of melanotic tumours
are sarcomata, and most of the growths which were for-
merly deseribed as “ melanotic cancers,” belong in reality
to this class of new formations. Not only are these
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melanotic tumours most frequently sarcomata, but the
majority of them consist mainly of spindle-shaped cells—
hence they are described in the present section.

The melanotic sarcomata originate prinecipally in two
situations—in the choroid .coat of the eye, and in the
superficial integuments. In both of these sitnations
pigment is a normal constituent of the tissues, and this

Fi16. 29.

A Melanotic Sarcoma of the Penis.

A.—A thin section, showing the general arrangement of
the elements, x 200,

B.—A section from the peripheral part of the growth,
showing the *indifferent cells,” amongst which
are small isolated pigmented elements. At a, a
blood-vessel is seen, % 200,

(.—Some of the elements separated by teasing, In these
the pigment-granules are well seen.  x 400,

tendency of structures normally containing pigment to
originate melanotic growths, is exceedingly characteristic.

(See * Pigmentary Degeneration.”) These tumours
usually consist of spindle-shaped cells, although in some
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cases the prevailing type of their elements is round or
oval. (Fig. 29.) The pigment, which gives to them themr
distinetive characters, consists of granules of a brownish
or dark sepia colour, which are distributed within the
cells. (Fig. 29 c.) IFrequently, only a very small pro-
portion of the cells are pigmented, whilst in other
tumours the pigmentation is much more universal; in
all cases, however, a large number of the elements will
be found to be quite {ree from pigment.

These melanotic tumours are amongst the most malig-
nant of the sarcomatous growths, They reproduce them-
selves often very rapidly in distant tissues, and in n_lningl
so, although they almost invariably maintain their mela-
notic characters, the degree of the pigmentation of the
secondary tumours varies considerably; whilst many of
them may be perfectly black in colour, others may be
much paler, and perhaps only partially streaked with
pigment. The secondary growths may occur in almost
every organ of the body—the liver, the spleen, the
kidneys, the lungs, the heart, and also the lymphatic
glands and subcutaneous tissue, may all be simul-
taneously involved. I have observed, that when oceur-
ring in internal organs, the pigmentation is not always
limited to the secondary nodules, but that many of the
cells proper to the organ itself are filled with granules of
similar pigment, which 1s most abundant in those cells
which are immediately adjacent to the new growth. This
pigmentation of the cells of the organ often extends for
some distance beyond the confines of the tumour.

Osteoip SarcoMa.—This, which i1s often known as
“osteoid cancer,” is a variety ol sarcoma (usually of
spindle-celled sarcoma) in which the growth is cither
more or less caleified, or has partially become converted
mto true bone. Asa primary growth it is met with almost
exclusively in connection with hone—growing either from
the periosteum or the medulla—althouch the osteoid cha-
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racters are usually reproduced in the secondary tumours
occurring in the lungs and in other parts.

Simple caleification 18 much more common than true
ossification. Here the growth merely becomes infiltrated
with calecareous salts, which may be dissolved out with
a little dilute hydrochloric acid, when the characteristic
sarcomatous structure becomes revealed. In other cases
this calcification is associated with the conversion of por-
tions of the tumour into true, although usually imperfect
bone. When this has occurred, there will be seen amongst
the spindle-shaped, round, or myeloid elements, tracts of
tissue consisting of broad bands of granular intercellular
material, infiltrated with calcareous salts, enclosing spaces
which contain spindle, oval, or round cells. (Fig. 30.)
This structure often much resembles cartilage. In other

FF1c. 30,

Osteoid Sarcoma.—Showing the ealeification of a spindle-
celled growth, and the formation of broad bands of calcified
intercellular material enclosing spaces which contain
round and oval cells, % 20u,

parts of the growth, where the change is more advanced,
may be seen lacuna and even canaliculi such as are
found in true bone.

In these osteoid growths it is most important to recog-
nise the existence of the sarcomatous element, inasmuch
as it is the presence or absence of this which determines
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the innocent or malignant nature of the growth. Osteoid
sarcoma must be carefully distinguished from the simple
osseous tumour.

ROUND-CELLED SARCOMA.

This is of softer consistence Tic. 31.
than the spindle-celled growths.
and from its frequent resemblance
in physical characters to ence-
phaloid, it is sometimes known as
“ medullary,” “ encephaloid,” or
“goft” sarcoma. Histologically,
it 1s elementary embryonic tissue,  poundecelled  Surcoma.
consisting mainly of the round A thin section of a small

_ e : round-celled sarcoma of
cells already described, embedded {0 jiver. x 200.
in a scanty, and usunally soft,
homogeneous, or finely granular intercellular substance.
(Fig. 31.) The cells usually resemble those met with in the
most elementary embryonie tissue; less frequently, they are
larger, and contain large round or oval nuclei, with bright
nucleoli. There is an almost complete absence of fusi-
torm cells, and of the partial fibrillation which 1s so fre-
quent in the more highly-developed spindle-celled variety.

The round-celled sarcomata are of a uniform soft brain-
like consistence,somewhat translucent or opaque, and of a
greyish or reddish-white colour.  On scraping the cut sur-
tace,they yield a juice whichisrichin cells. They are ex-
ceedingly vascular, the vessels often being dilated and |
varicose, and from their liability to rupture, they fre-
quently give rise to ecchymoses and to the formation of
sanguineous cysts. They grow from the cutig, the sub-
cutaneous cellular tissue, the periosteum, the fascie, and
from the connective tissue of organs. They extend
rapidly by peripheral growth, infiltrate the surrounding
structures, and reproduce themselves in internal organs.
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From their clinical and physical characters, these
tumours are very liable to be confounded with encepha-
loid cancer :—they are distinguished by the absence of
an alveolar stroma, and by the uniformity in the cha-
racter of their cells.

Guioma.—This is a variety of round-celled sarcoma
growing from the neuroglia or connective tissue of nerve.
It consists of very small round cells, embedded in an
exceedingly scanty, homogeneous, granular, or slightly
fibrillated intercellular substance. (IMig. 32 a.) Some of

I'16, 82,

Sarcomatous Tumounrs from the Drain.—a. A glioma of
cerebellum,  This represents the appearance ordinarily
presented by these growths., 5. A comparatively rare
form of sarcoma, which consists of large nucleated cells
enclosed within the meshes of a vascular network. The
development of this tumour took place in the brain sub-
sequently to that of spindle-celled growths— primarily in
the thigh, and secondarily in the lung, x 200,

the cells may possess fine prolongations which, by com-
municating with one another, form a somewhat reticulated
structure. These tumours occur in the grey and white
substance of the brain, in the cranial nerves, and in the
retina. Inthe retina they usunally commence as a minute
nodule, which may gradually increase until it projects as
a large fungating tumour from the orbit. They are not
encapsuled, and althongh they may occasionally infiltrate
the tissues in which they lie and cause secondary growths
in their immediate vieinity, they very rarely reproduce

il
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themselves in the lymphatic glands or in internal organs.
They are liable to small haemorrhages into their strue-
ture, and sometimes become more or less caseous.

MYELOID SARCOMA.

This, which is the well-known myeloid tumour, 1s some-
what allied to the spindle-celled growths. 1t possesses,
however, certain histological peculiarities which probably
depend upon the characters of the tissue from which it
grows. Myeloid tumours nearly always oceur in con-
nection with bone, and frequently originate in the medul-
lary cavity. They consist of the large, many-nucleated
cells already deseribed as * myeloid ecells,”—which
resemble the cells of the medulla in a state of excessive
nutritive activity—together with numerous fusiform cells
like those met with in the spindle-celled varieties. There
are also some smaller round and oval elements. The
large myeloid cells, which give to these tumours their dis-
tinctive character, are usually much more numerous in
those growths which originate in the medullary cavity
than in those which spring from the periosteum. These
various forms of cells are nearly in close contact, there
being very little intercellular substance. (Iig. 83.)

Myeloid tumours almost always grow in connection
with bone, the heads of the long bones being their
favourite seat. They are also very frequently met with
springing from the periosteum of the upper and lower
jaws, where they are usually known as epulis. When
originating within the medullary cavity, the compact
tissue of the bone becomes expanded over them, and they
thus often communicate on palpation the peculiar sensa-
tion known to surgeons as  egg-shell crackling.” These
tumonrs are of firmer consistence than the other varieties
of sarcoma; many of them are firm and fleshy, others
are softer, more resembling size-gelatin. They are not
pulpy and grumous like the soft sarcomata, neither do
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they present the fasciculated appearance of the spindle-
celled varieties. Their cut surface has an uniform sue-
culent appearance, often mottled with patches of red.

e, 33.

Myeloid Sarcoma. (Virchow.)

They are often encapsuled by the periosteal covering of
the bone from which they grow. They are rare after
middle life, and are the least malignant of all the sarco-

mata.
PSAMMOMA.,

Allusion must here be made to a form of growth occa-
sionally met with in the brain and its membranes which
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1s known as psammoma. This growth, although having
but little resemblance to the sarcomata, 1s usually classi-
fied with this group of new formations. Its characteristic
feature is that it consists largely of calcareous particles.
The calcareous particles are contained in the concentric
bodies already described as the corpora amylacea, where
they give rise to the so-called ““ brain-sand ” :—hence the
name of the growth. The calcified corpora amylacea
associated with a varying quantity of a cellular and fibril-
lated tissue, and blood-vessels, make up the growth.
Psammoma 1s usually met with growing from the
membranes of the brain, or from the choroid plexus. In
the latter situation it often contains numerous cysts. It
1s of mno pathological importance except when of sufli-
ciently large size to produce symptoms from pressure.

CLINICAL CHARACTERS OF THE SARCOMATA.

The sarcomata occur most frequently in early and
middle life, and, next to the cancers, they are the most
malignant of the new formations. They are especially
characterised by their great tendency to extend locally
and to infiltrate the surrounding structures, so that they
are exceedingly prone to recur in loco after removal,
They comparatively rarely infect the lymphatic glands,
and i this respect present a marked contrast to the
cancers. They are also very liable to become generally
disseminated, although this is not usual in the earlier
stages of the disease. The secondary growths occur most
frequently in the lungs. The dissemination is effected by
means of the blood, and this is owing to the thinness of
the walls of their blood-vessels and to the immediate con-
tact of these with the cells of the growth—conditions
most favourable to the entrance of the cellular elements
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into the circulation. The dissemination of the sarcomata
is, on this account, sometimes more rapid than that of
the cancers. In the latter, extension in the early stage
takes place principally by the lymphaties, and dissemina-
tion by the blood only occurs in the later stages of the
disease. The secondary sarcomata usnally resemble the
primary one, but in exceptional cases the several varieties
may replace one another.

These malignant properties are possessed by the dif-
ferent varieties of sarcoma in very different degrees. As
a rule, the softer and more vascular the tumonr, and the
less its tendency to form a fully-developed tissue, the
greater is its malignancy. The soft, round-celled varieties
are thus usually much more malignant than the firmer
spindle-celled growths. Their infiltrating powers are
much greater, they sometimes infect the lymphatic glands
(which is exceedingly rare in the spindle-celled growths),
and they tend to reproduce themselves very rapidly in
internal organs. This is probably partly owing to the
small round cells being endowed with greater powers of
spontaneous movement than the spindle-shaped and
larger cells; hence they more readily make their way
amongst the tissnes and into the blood-vessels. Amongst
the spindle-celled tumours the degree of malignancy
varies considerably. Many of them after removal never
recur, whilst others recur locally several times aftter
operation, and ultimately reproduce themselves in dis-
tant parts. As a rule, largeness of the spindle elements
and the existence in many of them of more than one
nucleus, is an evidence of special malignancy. Then,
again, the presence of a distinct capsule limiting the
growth must be taken into account in judging of the
degree of its malignancy. The myeloid growths are the
least malignant; they may however also, in exceptional
cases, give rise to secondary growths in internal organs.



CHAPTER XIV.
THE FIBROMATA.

Tue fibromata, fibrous, or connective-tissue tumours, are
tumours eonsisting of fibrous tissue.

StrucTuRE.—In structure the fibromata present the
same variations as those met with m fibrous tissue.
Some of them are composed of firm, dense, fibrous tissue,
such as constitutes tendons; others are laxer and less
fibrous in consistence, more resembling the connective
tissne of the ecutis, The fibres, which constitute the
chief part of the growth, are closely interlaced, and
are distributed without any definite arrangement, or
grouped in bundles of various sizes: they are frequently
arranged concentrically around the blood-vessels. The

1. 34.

Seetion of a Fibrous Tumonr from the Skin.—In the neighbourhood
of the cut blood-vessel v, are seen some cells ; also fibres cut trans-
versely, % 200 and reduced 4.
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cells, or as they are usually called, the connective-tissue
corpuscles, are very few in number. They are usually
most abundant around the blood-vessels ; in other parts
of the growth they are smaller and often only become
visible after the addition of dilute acetic acid (Fig. 34).
They are minute, spindle-shaped, fusiform, or stellate
bodies, the latter having processes of varying length
which communicate with similar processes from neigh-
bouring cells. They contain in some cases an oval
nucleus. The size and number of these cells varies with
the rapidity of growth—the slower the growth the mnre"l
fibrous the tissue, and the smaller and less numerous are |
the cells.

The fibromata usually contain but very few blood- ||
vessels. In some cases, however, these are more nume- |
rous, and form a cavernous network, the walls of which
are firmly umited to the tissue of the tumour, so that.
when divided or ruptured they are unable to retract.
In such cases, injury to the tumour is often followed by
profuse ha&emorrhage.

DeverorMENT.—The fibromata always originate from
connective tissue, either from the cutis or subcutaneous
connective tissue, from the submucous or subserous tissue,
from fascim, the periosteum, the neurilemma, or from the
connective tissue of organs. In the earliest stages of
their growth they consist of embryonic tissue, the cells
being very numerous, and the intercellular substance soft
and amorphous (see “ Development of New Formations”).
The latter, however, subsequently fibrillates, the cells
diminish in number, many of them become spindle-shaped
and the embryonic becomes fully developed econnective
tissne. The slower the process of development, the less
marked are these embryonic characters. The fibromata
are almost always limited by a fibrous capsule, which
separates them from the surrounding structures. Their '
growth is slow and central, taking place within the
capsule.
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SecoNDARY Cnaxces,—Of these, partial mucoid soften-
ing and calcification are the most common. Uleeration
also sometimes occurs in those growths which are situated
in the submucous tissue. |

Varieries.—Fibrous tumours present some variations
in their characters, which depend for the most part upon
the tissues from which they grow. Those growing from
the cutis are softer and less dense in consistence than
those met with in many other situations; they usually
also have papillee on their surface. These growths from
the cutis are by no means uncommon, and may form
enormous tumours. They are frequently multiple, and in
their growth often become pedunculated. They commonly
occur in middle or advanced life.

Another variety of fibrous tumour grows in connection
with nerves, and 1s often deseribed as mewroma. True

“neuromata, however—i.c., new formations of nerve-tissue

—are amongst the rarest forms of new formations. These
fibrous growths most frequently occur in connection with
the superficial nerves. They grow from the neurilemma,
and as they increase in size the nerve-fibres become ex-
panded over them, so that they often cause considerable
pain—hence the term ‘ painful subcutaneous tubercle”
which is sometimes applied to them.

The fibroid tamours of the uterus, which are often
described as fibrous tumours, appear in most cases to be
overgrowths of the involuntary muscular tissue of the
organ. They will therefore be considered with the mus-
cular tumours. (See “ Myoma.”)

Prysicar Cuaractrers, &c. — Fibrous tumours are
usually more or less spherical or oval in shape, and are
frequently lobulated on the surface. 'Their consistence
varies:—they may be exceedingly firm, dense, and fibrous,
or softer and more succulent. On section, they usually
present a greyish-white basis substance, intersected with
opaque white glistening fibres. They are generally single,

L
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except when growing from the neurilemma or cutis, in
which situations they are frequently multiple.

Crizican Cuaracters,— Clinically the fibromata are
perfectly innocent, and have little or no tendency to recur

locally after removal.




CHAPTER XV,

THE MYXOMATA.

Tue myxomata are tumours consisting of mucous tissne.
Mucous tissue 1s a translucent and sucenlent conunective
tissue, the intercellular substance of which yields mucin.
Physiologically, this tissue is met with in two lorms, and
one—in the vitreous body of the eye,
in which the cells are roundish and isolated; the other—
in the umbilical cord, in which the cells are fusiform or
stellate and give off fine trabecule which anastomose
with one another. In both, the itercellular substance 1s
homogeneous and yields mucin. The connective tissues
in their embryonic condition, as already stated when
describing “ mucoid degeneration,” possess an inter-
cellular substance, containing large guantities of muein.
This 15 especially the case with the tissue which subse-

1 two situations :-

quently becomes adipose. New formations may undergzo
a mucoid change, and thus closely resemble in their phy-
sical and chemical characters the myxomata, A myxoma,
however, is a growth which consists of mucous tissue.
The myxomata are thus very closely allied to the sarco-
mata, and by many are included in the same class of new
formations,

STRUCTURE.~—The cells present the two varieties met
with in the physiological tissues. The majority are
angular and stellate, with long anastomosing prolonga-
tions and trabeculie. (IMg. 35.) Others are isolated, and
fusiform, oval, or spherical in shape. They usnally possess

L <}
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one, in some cases two distinct nuclei. Their contour is
very indistinct, owing to the refracting nature of the

Fia, 35,

Myzoma. A minute piece of a myxoma
of the arm, showing the characteristic
branched anastomosing cells, There are
also a few leucocytes, and one or two
spindle-shaped elements., x 200,

intercellular substance. The latter is very abundant,
perfectly homogeneous, of a soft gelatiniform viseid con-
sistence, and yields large quantities of mucin: amongst
it are a varying number of amaeboid cells. The blood-
vessels, which are not numerous, are readily visible and
easily isolated. A few elastic fibres are sometimes seen
between the cells.

DeveropmeExT.—The myxomata always originate from |
one of the connective tissues. Adipose tissue is their
most favourite seat—either the subcutaneous, the sub- !
mucous, or the inter-muscular adipose tissue. They also
agrow from the medullary tissue of bone, the connective
tissue of organs, from the connective tissue of the brain
and spinal cord, and from the sheaths of nerves. They
are usnally separated from the surrounding structures by

a very thin fibrous capsule, fine prolongations from which
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divide the growth into lobules of various sizes. In ex-
ceptional cases they may increase by the continuous
invasion of their matrix. Their growth is usually slow,
but they may attain an enormous size.

Secoypary Cuanges.—Of these the most common is
rupture of the capillaries, heemorrhage, and the formation
of sanguineous cysts; this, however, is less frequent than
in the sarcomata. The cells themselves may undergo
mucold or fatty degeneration, and thus be destroyed;
this 1s usually accompanied by liquefaction of the inter-
cellular substance.

Varieries.—The varieties of myxoma depend prinei-
pally upon its combination with other growths. The
most common 1s a combination with lipoma—adipose
tissue being the tissue from which it most frequently
originates. Combinations with sarcoma and enchondroma
are also frequently met with,

PrysicaL CHARACTERS, &c.—The myxomata are of a
peculiar soft gelatiniform consistence, and of a pale
areyish or reddish-white colour. Their cut surface yields
a tenacious mucilaginous liquid, in which may be seen
the cellular elements of the growth. They are most fre-
quently met with in the later periods of life. Their most
common seats are those of adipose and nervous tissue.
Growing from the sheaths of nerves, they constitute one
variety of so-called neuroma. They may also grow from
the placenta, constituting the “ uterine hydatids.” When
situated in superficial parts they may become peduncu-
lated. In the submucous tissue of the nose, they consti-
tute one form of nasal polypus.

Crivican Cmaracrers.—Clinically the myxomata are
for the most part benign growths. If completely removed
they rarely recur. Sometimes, however, they exhibit
malignant characters, and recur locally after removal.
They probably never reproduce themselves in internal
organs,



CHAPTER XVI.
THE LIPOMATA.

A ceNERAL new formation of adipose tissue constituting
obesity, has already been deseribed under “ fatty infiltra-
tion.” A localized and circumseribed formation, consti-
tutes a lipoma or fatty tumour.

StructuRE.—The lipomata resemble in their structure
adipose tissue. (IMig. 36.) They consist of cells containing
fat, and a variable gquan-
tity of common connective
tissue. The cells, like
those of adipose tissue,
though usually somewhat
larger, are more or less
round or polygonal in
shape, and are distended
with fluid fat. The nu-
cleus and protoplasm are
so compressed against the
cell-wall by the fluid con-
tents, that although their
existence may often be demonstrated by treatment with
reagents, they are usunally only readily visible when the cell
is atrophied and contains less fat. (See Iig. 3 a.) The
connective tissue, which varies in amount, usually unites
the cells in masses or lobules of various sizes, and also in
most cases forms a thin capsule around the tumour.
Blood-vessels are distributed in the fibrous septa.

Deverormest,—The lipomata grow from connective

Fic. 86.

Lipoma, Some of the cells contain
erystallized fatty acids. x 200,

e~y
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tissue. Adipose tissue, it must be remembered, is merely
connective tissue containing numerous cells which are
infiltrated with fat; and its growth consists, either in the
infiltration of more of these cells, or in a proliferation
of the cells, and an accumulation of fat in those newly
developed. A lipoma in the same way originates by a
localised proliferation of cells, which as they are produced
become nfiltrated with tat. The growth of these tumours
is always very slow, and they are usually encapsuled by a
layer of fibrous tissue.

SEcoNparY Chavees.—Secondary changes in the lipo-
mata are not common ; their fibrous septa may, how-
ever, become calcified, or even ossified, and the fatty
tissue undergo a process of hquefaction. Softening may
also occur from a mucoid change. Sometimes they
become the seat of an inflammatory process; then, when
situated in the subentaneous tissue, the skin over them
becomes adherent and ulcerates, and a fungating mass 1s
the result.

Puysicar. Cuaracters, &e.—The situation of the lipo-
mata i1s almost co-extensive with that of adipose and
connective tissue. They occur most frequently, however,
in those parts in which fat is normally met with, as in
the subeutancons tissue and the inter-muscular septa.
They are also occasionally developed in the subsynovial
and subserous tissues, in the submucous tissue of the
stomach and intestines, and even in internal organs.
They sometimes attain an enormous size. They are
lobulated, and are usually surrounded by a fibrous cap-
sule which separates them from the adjacent structures.
On section they present the ordinary appearance of adi-
pose tissue. Their consistence varies with the amount of
fibrous tissue which they contain. They are usually
single, though not unfrequently multiple. In their
growth they sometimes become pedunculated.

Crivicar Cuaracrers.—Clinically the lipomata are
perfectly innocent,



CHAPTER XVII,

THE ENCHONDROMATA.

Tre Enchondromata are tumours histologically resem-
bling cartilage,

Strucrure.—Like cartilage they consist of cells and
an intercellular substance, which present all the varia-
tions observed in the normal tissue. The intercellular
substance may be hyaline, faintly
or distinctly fibrous, or mucoid.
When fibrous, the fibres may be
arranged like those of fibro-carti-
lage, or more or less concentri-
cally around the cells as i the

— reticular cartilages of the ear and

Fibrous f?éil"‘lf"‘”’“’m- larynx. (Fig. 37.) The cells may

' be very numerous, or few i pro-
portion to the matrix. They are round, oval, spindle-
shaped, or stellate. In the hyaline forms they are
usually large and round or oval; in the fibrous forms
they are often smaller and even somewhat spindle-shaped,
more resembling those of connective tissue; and in the
rarer mucoid forms, they are more commonly stellate and
branched, like those of the umbilical cord. They are
either single or arranged in groups, and are usually sur-
rounded by a capsule, though this is often very indistinct.
They enclose one or more nuclei and slightly granular
contents ; sometimes a cell-wall cannot be distinguished.
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In addition to the intercellular substance, the growth is
usually divided into several lobes, by bands of fibrous
tissue in which are contained the blood-vessels. These
lobes are often very distinet, so that the growth appears
to be made up of several separate tumours. The fibrous
tissue in most cases also encapsules the growth and sepa-
rates it from the surrounding structures.

DevevormexT.—The enchondromata most frequently ori-
cinate from boneand common connective tissue,very rarely
from cartilage. Cartilage itself, and especially fibrous-
cartilage, 1s very closely allied to common connective
tissue. It grows from the deeper layers of the perichon-
drium, which proliferate and form an embryonic tissue ;
the young cells become cartilage-cells, and these pro-
bably form the matrix, which 1s either homogenecous or
fibrillated, constituting in the one case hyaline, and in
the other fibrous cartilage. The development of enchon-
droma from connective tissue 1s precisely similar to the
physiological progress.

In the development of echondroma from osseous tissue,
the medulla is the source of the new growth. This pro-
liferates, the osseous trabecula are absorbed, the neigh-
bouring medullary spaces open one into the other, and in
this manner a large medullary cavity is produced. In the
centre of this, the young cells first formed enlarge and
become separated by a homogeneous, or less frequently,
slightly fibrillated intercellular substance, and thus is
produced a mass of cartilage in the centre of the medul-
lary tissne. This gradually increases till ultimately a
layer of fibrous tissue is formed around it, and its further
growth takes place from the tissue of its capsule.

Lastly, cartilaginous growths may originate from carti-
lage itself. These are sometimes seen on the surface of the
articular cartilages, in the larynx and trachea, and on the
costal and intervertebral cartilages. They are simply
local outgrowths from pre-existing cartilage. They rarely
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attain a large size, and in structure and physical charac-
ters more closely resemble normal cartilage than the other
forms of enchondroma. They are usually described as
enchondroses, and must be distinguished from the other
forms of cartilaginous tumour.,

SecoNpary Cuoaxces,—Of these, calecification is much
the most common. It affects different parts of the
growth, commencing in the capsules, and then involving
the intercellular substance. Ossification also occasionally
occurs ; 1t commences at separate centres, and spicule
of bone are formed which traverse the tumour in various
directions. Fatty degeneration and mucoid softening are
common changes, and may lead to the formation of large
softened masses which present the appearance of cysts.
In rare cases the skin covering the tumour ulcerates, and
a fungating mass protrudes.

Vamigries.—The wvarieties of enchondroma depend
mainly upon the nature of the intercellular substance.
There are thus hyaline, fibrous, and mucoid enchondro-
mata ; these, however, are usually combined in various
degrees in the same tumour, As a rule, those originating
from the medulla of bone are of the hyaline and mucoid
class, whilst those originating from connective tissue in
other sitnations are more frequently fibrous. The rapidly
growing fibrous forms approach very closely the confines
of the sarcomata, the mucoid forms the confines of the
myxomata; and these two kinds of growth are often
associated in the same tumour.

A variety of enchondroma has been described under
the name of osteo-chondroma, which in structure more
closely resembles bone than cartilage. It consists of a
tissue similar to that met with between the periosteum
and bone in rickets, which from its resemblance to osseous
has been called osteoid tissue. This tissue only requires
calcifying to become true bone. Like bone 1t is made up
of trabeculee and medullary spaces, but the trabecule,
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instead of bone-corpuscles and lamellie, consist of small
angular cells without a capsule, situated in an obscurely
fibrillated matrix, which in part is calcified. The medul-
lary spaces contain a fibrons stroma and many blood-ves-
sels. The osteo-chondromata. although consisting mainly
of this osteoid tissue, contain also a small proportion of
cartilage. They originate beneath the periostenn, their
common seat being the ends of the long bones. Their
growth 1s very rapid, and they often attain an enormous
size. They are much more freely supplied with blood-
vessels than the ordinary enchondromata, and hence they
are much less frequently the seats of retrogressive
changes. They are especially prone to become ossified
and converted into true bone.

Puysicar Cuaracrens, &e.-—The enchondromata oceur
most frequently in early life. About three-lourths of
them are met with in the osseous system, where they
grow either from the medulla or from the periosteum :
their favourite seat is the extremities of the fingers and
toes. The remaining fourth occur most frequently in the
parotid gland and in the testicle. They occasionally
grow in the subcutancous cellular tissue of the mamma,
and 1 the lungs. They are usually single except when
oceurring on the fingers and toes, in which situations
they are more frequently multiple. They consist of a
single tumour, or of several smaller tumonrs held toge-
ther by fibrous tissue. Their consistence is solter than
that ol cartilace, sometimes it approaches that of a solt
jelly.  Their growth is usnally slow, thongh in the softer
forms and in those growinge in the medulla of bone, it is
often very rapid. They may attain an enormous size.

Crixiean Coaracrers.—The enchondromata must for
the most part be regarded as inmocent growths, Those
homologonus forms which origimate from cartilage, and
have been called “ enchondroses,” differ in all I"-L‘HIH_EL'tH
from the heterologous, and never exhibit malignant cha-
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racters. The more heterologous forms originating from
connective tissue and bone, are usually encapsuled, and
in most cases produce merely local effects, although
these, from the parts involved and the rapidity of growth,
are often very injurious. The softer forms, however, and
especially those which occur in the medulla of bone,
occasionally exhibit malignant characters. These grow
the most rapidly, and are sometimes not limited by a
fibrous capsule; they may therefore recur locally after
removal. In very rare cases they have also infected the
lymphatic glands, and recurred in the lungs.

In speaking of the malignancy of the enchondromata,
it must be borne in mind that these cartilaginous growths
are sometimes associated with sarcoma; so that whilst 1t
must be admitted that pure enchondromata are in excep-
tional cases malignant, the malignant properties ascribed
to these growths are probably often due to the combina-
tion with sarcomatous elements.

e ——



CHAPTER XYVIIL

THE OSTEOMATA,

Tur Osteomata or osseous tumours, are tumours consist-
ing of osseous tissue. A new formation of bone occurs
under various circumstances. Irritative conditions of the
bone and periosteum are often attended by a large forma-
tion of new bone. This 1s seen after fractures, in which
there is not only a formation of bone from the bone
itself, but also from the periosteum and adjacent fibrous
structures (*“ permanent” and * provisional callus™).
Chronic inflammation of the periosteum 1is also fre-
quently followed by thickening of the bone beneath it.
These, however, are inflammatory formations, and have
not an independent growth like the osseous tumours.

STRUCTURE.—Osseous tumours resemble in structure
normal bone. There are three histological varieties :—

1. The Eburnated Osteomata.—These congist of dense,
compact, osseous tissue. The lamelle are arranged con-
centrically and parallel to the surface of the tumour.
There 18 a complete absence both of blood-vessels and of
cancellous tissue.

2. The Compact Osteomata.—These are formed of a
tissue similar to that of the compact tissue of the long
bones ; differing only in the arrangement of the Haversian

canals and canaliculi, which is less regular than in normal
bone,
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9. The Cancellous Osteomata.—These consist of cancel-
lous osseous tissue, which is usually surrounded by a thin
layer of denser bone. The medullary spaces may contain
embryonic tissue, a fibrillated tissue, or fat.

DevevopmeNT.—Osseous tumonrs originate from bone
or its periosteum, from cartilage, and from connective
tissue apart from bone.

Varieries.—The osteomata are divisible into two
classes, according to their seat—the homologous osteo-
mata or ewostoses, and the heterologous osteomata or
osteophytes,

The homologous osteomala or ewostoses, are outgrowths
from pre-existing bone, growing either from the peri-
osteum, from the articular cartilage, or from the medulla.
Those growing from the periosteum occur most frequently
on the external and internal surfaces of the skull: the
orbit is an especially favourite seat, and here they are
often dense and eburnated. They are also common on
the upper and lower jaws, and in this situation they may
grow from the dental periosteum. There is usually a line
of demarcation between them and the subjacent bone, the
new tissue of the tumour being distinet from the compact
tissue of the bone. The periosteum from which they
grow covers them, and 1s continuous with that of the old
bone,

The exostoses growing from the articular cartilages
occur at the ends of the long bones. In structure they
are much more cancellous than the periosteal growths,
and their outline is less regular. The medullary exostoses
—or more properly, enostoses—are the least frequent:
they originate in the medullary tissue.

The heterologous osteomata or osteophytes, originate
apart from bone, growing from the connective tissue or
from cartilage. They are especially liable to occur in
tissues in the neighbourhood of bone which are the seat of
a chronic inflammatory process, and they must in most

NS S
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cases be regarded rather as inflammatory formations
than as tumours. Such formations of bone are some-
times met with in the neighbourhood of diseased joints
and of diseased bone in other situations, in tendons, in
the cartilages of the larynx in chronic laryngitis, in the
costal cartilages, in the bronchi, in muscle, ig the arach-
noid and pia mater, and even very occasionally in the
lungs and brain. They must be distinguished from cal-
careous deposits, in which there is no new formation.
(See ** Calcareous Degeneration.”)

Crivican CoaracTErs.—The osteomata are perfectly
innocent tumours. Their growth is very slow. They
rarely attain a large size. They are often hereditary and
multiple, in which case they usunally occur in early life.
Those osseous growths which sometimes exhibit malig-
nant characters, are sarcomata or cancers which have
undergone partial ossification. From these, true osteo-
mata must be carefully distinguished. (See * Osteoid
Sarcoma” and * Osteoid Cancer.”)



CHAPTER XIX.

THE LYMPHOMATA.

Tar Lymphomata are new formations consisting of lym-
phatic, or, as it is sometimes called, adenoid tissue (the
“ adenoid tissue of His”). Lymphatic tissue is the tissue
composing the follicles of the lymphatic glands and the
Malpighian corpuscles of the spleen, and existing in many
other parts belonging to the lymphatic system. This
tissue is now known to have a much more general dis-
tribution than was formerly supposed; it not only con-
stitutes the follicles of the lymphatic glands and the
Malpighian corpuscles of the spleen, but also Peyer’s
glands and the solitary glands of the intestine, the fol-
licles of the pharynx and tonsils, the Thymus gland, and
the trachoma glands of the conjunctiva. Recently it has
also been found to exist in many other situations, as
around the blood-vessels of the pia mater and of other
parts, in the neighbourhood of the smallest bronchi, in the
pleura immediately beneath its endothelium, in the peri-
toneum, in the mucous membrane of the alimentary canal,
and in the medulla of bone.

STrRUCTURE.— Liymphatic tissue, wherever it exists, pos-
sesses the same general structure, and the follicle of a
lymphatic gland may be taken as the type, not only of
the physiological tissue, but also of the pathological
growths.

This tissue consists essentially of a reticulum of

- =



THE LYMPHOMATA. 161

branched cells, within the meshes of which are contained
lymphatic elements—the so-called lymph-corpuscles. The
reticulum i1s made up of very fine fibrils which form a
close network, the meshes of which are only sufficiently
large to enclose a few, or even a single corpuscle, in each.
The fibrils usually present a more or less homogeneons
appearance, and nuclei are to be distinguished at the
angles of the network (Fig., 38). The lymphatic

I'ia, 38,

Lymphoma.—A, a thin section of a lymphoma-
fous tumour of the mediastinum, B, a similar
section, from which most of the cells have been
removed by pencilling, o as to show the reticu-
lated network, and the nuelei in its angles,  This
network is much more marked than that often met
with, x 200,

cells, or lymph-corpuscles, which constitute the greater
part of the tissue, can in most cases be readily removed
from the meshes of the reticulum by the agitation of
thin sections in water. They are identical in their
characters with the white cells of the blood, and like these
are contractile, and possess the power of spontaneous
movement.  As usually seen after death, they are sphe-
roidal, pale, semi-transparent bodies, varving cnrmdemb]}r
in size, and also presenting slicht thﬂc,rmn:-c.a m themr
structure. Some are granular and appear to possess no
nuclens ; in others, a distinet, simple, or compound nucleus
is visible, which is usually also granular; others agair,
are much larger and coutain two or even three nuclei

AL



162 " NUTRITION INCREASED.

The histological characters of the lymphomata, however,
vary considerably according to the age of the growth
and the rapidity of its development. In the earlier
stages of development, and when growth is taking
place very rapidly, the proportion of lymph-corpuscles
is great, and many of these are much larger than
those normally met with in lymphatic glands, contain-
ing two, or even several, nuclei (myeloid or giant cells).
(I1g. 39.) In a more advanced stage, and also in all

Fia. 30.

Cells from a Lymphatic Growth in the Liver.
Those to the left are the ordinary lymph-
corpuscles which constituted the greater part
of the growth. ‘To the right are some of the
larger multi-nuecleated elements,  x 350,

tumours in which the process of development has been
slow,the proportion of lymph-corpuscles 1s smaller,and the
reticulum constitutes amore prominent part of the growth.
The larger cell-forms also are almost entirely wanting ;
and the reticulum, instead of being exceedingly delicate,
is much coarser, and forms a network of broad homo-
geneous or slightly fibrillated bands. As the reticulum
increases the lymph-corpuscles gradually diminish in
number and become arranged in smaller groups within its
meshes. (See Fig. 79.) These variations in the propor-
tion of corpuscles and stroma are precisely analogous to
those met with in lymphatic glands as the result of acute
and chronic inflammation. (See * Inflammation of Lym-
phatic Structures.”)

DeveropmeNT.—The lymphomata originate for the most
part from lymphatic tissue, being simply overgrowths of
pre-existing lymphatic structures. At the same time it
is probable that the new elements are in some cases partly
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derived from migrated blood-corpuscles, which multiply
subsequently to their escape from the vessels. (See
“ Leuksemia.”) These erowths are therefore usunally
homologous. They may, however, be heterologous, either
owing to the new tissue extending considerably beyond
the confines of the old, or to its growth in situations
where it 1s normally almost entirely wanting. This latter
condition obtains in Hodgkin's disease, and in certain
forms of lymphoma which are malignant.

Secoxpary Cuaxces.—The lymphomata do not un-
dergo marked retrograde changes. There 18 no fatty de-
ceneration, caseation, or softening, such as occurs in
serofulous glands.

Puysicar Cuaracters, &e.—The physical characters of
the lymphomata vary according to the rapidity of their
growth. The rapidly growing forms, in which the cellu-
lar elements are so numerous, are of a greyish-white
colour and soft brain-like consistence, much resembling
encephaloid cancer. These often attain an enormous size,
and infiltrate the neighbouring structures. They have
been called by Virchow lympho-sarcoma. Those which
are more slowly developed, and in which the reticulum
constitutes the greater portion of the growth, are much
harder in consistence, sometimes being almost carti-
laginous. These harder growths rarely attain a large
s17e.

Cuixiear Cuaracrers.—Clinically, the lymphomata
are, for the most part, perfectly innocent tumounrs. They
originate most frequently in the lymphatic glands, the
gland undergoing a continuous increase in size. Some-
times the enlargement of the glands appears in the first
place to be of an inflammatory nature, and to result from
some 1rritation, but upon this being removed the glands,
instead of subsiding, continue to increase. In most cases,
however, no such source of irritation is discoverable.
The glands which are especially prone to this discase, ave

M 2
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the cervical, the submaxillary, the axillary, the inguinal,
the bronchial and mediastinal, and the abdominal glands.
Usually only a single gland or a single group of glands is
affected ; sometimes, however, the growth is more general.
As the glands enlarge, they gradually unite, so that
ultimately they may form very large lobulated tumours.
The lymphatic structures in the intestine may in the
same way become enlarged, and project so as to form
polypi. The enlargement of the spleen in ague, 1s also
probably of the same nature. The lymphomata oceca-
sionally, however, exhibit malignant properties. This is
especially the case 1n those richly eellular, soft, rapidly
growing forms which are sometimes met with. Such
growths may infiltrate the surrounding structures even
more rapidly than the most infective eancer, although
they rarely infeet distant parts. They are sometimes met
with 1n the cervical glands, but more frequently in the
mediastinum, where they invade one or both lungs, and
constitute the most common form of mediastinal tumour
(** Thoracic Cancer).”

In the condition known as “ Hodgkin's Disease,” and
in Leukamia, these lymphomatous growths are met with
in various parts of the body.

HODGEKIN'S DISEASE.

This disease is characterised by the enlargement of the
lymphatic glands in varions parts of the body, together
with the development of lymphatic growths in internal
organs, especially in the spleen and liver. The new
crowths are often known as lymphadenoma. They are
precisely similar histologically to lymphoma.

The disease was formerly deseribed by Hodglin, Bright,
Wilks, and Troussean, and was called, after the first-named
of these observers, “ Hodgkin’s Disease.” Trousseau desig-
nated it ©“ Adénie.” It is also known as ** Angemia Lym-
phatica.” Recently its characteristics have been more
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fully determined by MM. Cornil and Ranvier, and by
Drs. Murchison®* and Sanderson, to whose deseriptions
the reader is referred for more complete information re-
specting it.

Histologically, the new growths are precisely similar to
those of leukaemia. The disease differs essentially, how-
ever, from leukaemia in this respect, that the new forma-
tion of lymphatic tissue is not associated with any notable
increase in the number of the white corpuscles in the
blood.

The lymphatic glands are usually the earliest seats of
the new growth, and here it differs in no respect his-
tologically from the lymphomata. At first it may be
limited to a single group of glands; subsequently, how-
ever, the process becomes more general, and the glands
throughout the whole body may be more or less involved.
The glands as they increase in size gradually become
confluent so as to form large lobulated tumours, and the
new growth, which takes place in the earlier stages within
their capsules, often ultimately extends so as to infiltrate
the surrounding structures.

This new growth of lymphatic tissue, which commences
in and often extends beyond the confines of the lymphatic
glands, 1s ultimately followed by the formation of lym-
phatic growths in various internal organs, but more es-
pecially in the spleen and liver, In the spleen, the Mal-
pighian corpuscles become enlarged and form greyish-
white nodules and masses. The kidneys, lungs, stomach,
muscle, bones, and subeutaneouns tissue may all become
involved, the new growths ocenrring either as nodules of
various sizes scattered through the organs, or in a more
infiltrated form, like many of those met with in leu-
kemia,

In their physical characters the new growths vary,

—

* & Trans, Path. Soe. Lond.,” vols, xx. and xxi,
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They are sometimes of a greyish-white colour and of a
soft brain-like consistence, yielding a milky-juice which is -
rich 1n cellular elements precisely resembling leucocytes.
In other cases they are much firmer in consistence, and
they may be as hard as an indurated lymphatic gland.
These differences depend upon the relative proportions of
the cells and stroma. They have but little tendency to
undergo retrogressive changes.

LEUKJ/EMIA.

This disease, like Hodgkin's disease, is characterised
by the development of lymphomatous tissue in various
organs, but especially in the spleen. The growth of this
new tissune, however, is associated with a large increase in
the number of the white corpuscles in the blood. It 1s
this alteration in the blood which gives leukemia its dis-
tinctive characters—hence its name. The disease will be
considered subsequently, when treating of “ Diseases of
the Blood.”




CHAPTER XX.

THE PAPILLOMATA,

Tue Papillomata are new formations resembling in strue-
ture ordinary papille, and like these they grow from
cutaneous, mucons, or serons surfaces,
StrucTURE.~They consist of a basis of, often richly
cellular, connective tissue, supporting blood-vesselg, which

Fia. 40.

terminate in a eapillary network or in a single capillary
loop, the whole being enveloped in a covering of epithe-
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lium (Fig. 40). The epithelial covering varies in charac-
ter in different growths. In those of the skin, it is often

very abundant, and the superficial layers are hard and -

stratified, forming a dense firm covering. In those
originating from mucous surfaces, the epithelium forms a
thinner investment, and is of a much softer consistence ;
whilst in those growing from serous membranes it often
constitutes only a single layer.

The growth may be simple—consisting merely of en-
larged papillie, as in a common wart ; or it may be more
complex, the papillee being very numerous, and giving off
secondary and tertiary offsets. If the investing epithe-
lium be very abundant, 1t may so enclose the whole mass
as to give to it a more or less regular outline. More
commonly, however, this 1s not the case, and the epithe-
linm not being sufficient to fill up the spaces between the
papillae, the growth presents a branched, villous, or cauli-
flower appearance. The blood-vessels are often very
numerous, and are sometimes dilated and tortuous.

DeverormeNT.—The papillomata always originate from
the skin, from mucous, or from serous membranes. They
most frequently grow from pre-existing papille; some-
times, however, they occur where no papillae exist, spring-
ing directly from the sub-epithelial connective tissue :—
this 1s the case in the stomach and larynx. Their growth
is usually slow. The individual tumours rarely attain a
very large size, the larger forms being for the most part
constituted of several smaller growths.

SecoxparY Cuaneus.—Of these, ulceration and haemor-
rhage are the most frequent. They occur especially in
those growths which originate from mucous surfaces.
The hsemorrhage is often very abundant, and may even
endanger life. This is not unfrequently the case in the
papillary growths of the bladder and intestine.

Varieries.—The varieties of papillary tumours depend
principally upon their seat. Those growing from the
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skin include warts and horny growths. Warts are firm,
have a dense epithelial covering, and are less prone to
ulceration and hamorrhage than those growing upon
other parts. Horny growths appear usually to originate
in the sebaceous follicles by a continnous proliferation of
their epithelium. The epithelium, together with the
sebaceous secretion, forms a projecting horn, which in-
creases by growth at its base. Such formations hardly
come within the definition of papilloma. Larger and
more vascular papillary tumours may, however, occur on
cutaneous surfaces—such are the condylomata and vene-
real warts met with around the anus and upon the
external male and female genital organs as the result of
irritating secretions,

The papillomata of mucous membranes are softer and
more vascular than the preceding, they have a less dense
epithelial covering, and are more prone to ulceration and
h@morrhage. Many of them come within the category
of mucous polypi. They are met with on the tongue, in
the larynx and nose, on the gastro-intestinal mucous
membrane, on the cervix uteri, and in the bladder. In
the bladder and intestine they are often exceedingly
vascular, and give rise to profuse hmmorrhage. Here
they are not unfrequently confounded with villous epi-
thelioma.

Papillomata of serous membranes never form distinct
tumours. They are met with most frequently as small
outgrowths from the synovial membrane in chronic
diseases of joints,

Crixteal Cuaracrers.—Clinically, the papillomata are
mnocent growths. They may, however, prove fatal from
continuous ulceration and haemorrhage : this is especially
the case, as already mentioned, in papilloma of the
bladder and intestine. TInthese situations they are easily
mistaken for epithelioma ; the symptoms of both are very
similar, and it is often only after death that they can be
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distinguished. In the papillomata the epithelium is homo-
logous,being situated only wpon the surfuce of the papillae,
and in no case growing witlhin their connective tissue
basis. 1In the epitheliomata, on the other hand, it is
heterologous, and 1s met with at the base of the tumour
in the subjacent connective tissue. (See Fig. 52.) A
growth which is primarily a simple papilloma may subse-
quently become an epithelioma. (See * Epithelioma.”)
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CHAPTER XXI.

THE ADENOMATA.

Tie Adenomata—or as they are more commonly called,
glandular tumowrs—are new formations of gland-tissue.
STRUCTURE.— In structure the adenomata resemble the
racemose or tubular glands. They consist of numerous
small saccules or tubes lined with squamous or cylin-
drical epithelial cells. These are grouped together, being
merely separated by a small, though varying, amount of
connective tissue, in which are contained the blood-

Adlevomea of the Mamma. = B0, {[{illdﬂ{.‘iﬁch.}

vessels.  (Fig. 41.) Many new growths, however, contain
a large amount of this gland-tissue which are not strictly
adenomata. All growths originating in glandular organs
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may be associated with more or less glandular structure.
In the mamma, for example, sarcoma, myxoma, and other
forms of tumour, are often so intermingled with the
gland-tissue of the organ that it becomes difficult to say
which is the predominant structure. In many cases it 1s
evident that the development of such tumours is accom-
panied by an increase of the gland-tissue amongst which
they grow. Thus are produced mixed forms—adeno-sar-
comata, adeno-myzoma, &e.

Devevorment.—The adenomata always originate from
pre-existing gland-structures, of which they are simply
local hyperplasias. Their growth, which 1s usually slow,
takes place by the development of diverticula from the
saccules or tubules of the gland, and by a proliferation of
the enclosed epithelium. The new growth may remain
in intimate relation with the adjacent gland, or it may
ultimately become separated from it by a fibrous capsule.

Secoxpary Cuances.—The most frequent of these is
fatty degeneration of the epithelium, which may give rise
to the formation of small caseous masses in the growth.
Dilatation of the saccules and tubules so as to form cysts,
and mucoid softening, are also common,

Varieries.—dAdenomn of Mamma.—In the mammary
gland two varieties of adenoma must be distingmished,—
one, in which there is a general hyperplasia of the
whole gland; the other, in which the process is limited
to smaller or larger groups of lobules. The former con-
stitutes hypertrophy of the mamma, the latter 1s the
chronie mammary or adenoid tumour. Pure adenoma of
the mamma is not common. Many tumours in this
situation deseribed as adenomata are sarcomatous, fibrous,
or myxomatous growths in which is contained a varying
amount of gland-tissue. The distinction between such
growths and pure adenoma is often difficult. The adeno-
mata are either superficially or deeply seated i the
gland, from which they are usually separated by a loose
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fibrous capsnle. They are commonly round or oval in
shape, lobular, and of a hard elastic consistence. On
section they often present a lobulated appearance, their
racemose structure being sometimes visible to the naked
eye.

Adeno-Sarcoma and Adeno-Fibroma of Mamma.—These
are more common than pure adenoma. In them the con-
nective tissue between the acini of the gland undergoes
active changes, and forms a fibro-cellular, spindle-celled,
or round-celled structure, amongst which the acini are

Fic, 42,

Adeno-Fibroma of Mamma.—Showing new growth of
gland-structure and of connective tissue. % 100 ; reduced 3.

embedded. (Fig. 42)) In many cases it is difficult to
determine whether the glundular structure is really in-
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ereased 1n amount, whilst in others it is so abundant
that such is evidently the case. These tumours form
lobulated masses of a firm consistence. They grow
slowly, and rarely ulcerate. In most cases they contain
cysts. Many of these are lined with cylindrical epithe-
linm and are formed by the dilatation of the ducts of
the gland; others appear to originate from localised
softenings of the tissue. These cysts are usually very
numerous, and they often attain a large size. They are
frequently seen much flattened so as to present the
appearance of fissures running amongst the growth.
In other cases they are more or less completely filled by
masses of the tumour which have grown into their in-
terior. This formation of cysts in these tumours has
aiven rise to the terms eystic-sarcoma, cystic-adenoma, &e.

Adenoma, of Mucous Membranes.— The glandular
structures of mucons membrane are also common seats
of adenoid growths. In the nose, the pharynx, the
stomach, the intestines, the vagina and uterus, these
growths are sometimes met with. In course of time
they usually gradunally project above the surlace of the
membrane so as to form a polypus, and thus constitute
one of the forms of mucous polypi. In consistence they
are soft and somewhat gelatinous, and often present a
semi-translucent appearance. Their surface resembles
in colour the surrounding mucous membrane. The for-
mation in them of cysts, by the dilatation of their
tubules, is exceedingly frequent: the cysts usually con-
tain a soft mucoid substance.

Crivican Cuaracrers.—Clinically, the adenomata are
perfectly innocent; they are, however, very liable to be
confounded with growths possessing malignant proper-
ties. A tumour, also, which is primarily a simple
adenoma, may subsequently become cancerous. The
anatomical distinction between cancer of a gland in its
earlier stages and a simple glandular tumour is often
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exceedingly difficult, especially in the mamma. In cancer
the growth appears to commence by a proliferation of the
epithelinm within the duects of the gland, and as the
epithelium only subsequently becomes heteroplastie, the
determination of the nature of the tumour in this stage
18 necessarily attended with considerable difficulty. This
will be again alluded to when speaking of cancer. (See
“ Structure of Carcinoma.”) In sarcomatous tumours,
again, originating in the connective tissue of a gland,
the ducts of the gland filled with epithelium, are often
seen embedded in the new growth, and thus the appear-
ance of adenoma may be closely simulated.



CHAPTER XXII.

THE CAROINOMATA.

Tue Careinomata, or Cancers, are new formations con-
sisting of cells of an epithelial type, without any inter-
cellular substance, grouped together irregularly within
the alveoli of a more or less dense fibroid stroma.

The term * cancer” has been so commonly applied inde-
finitely to any growth possessing malignant properties,
that * cancerous” and “ malignant” have come to be re-
garded by many as synonymous terms. It is important,
however, clearly to distinguish between them. A cancer

a growth possessing the above-named definite struc-
ture; a malignant growth, on the other hand, is one
which, independently of its structure, tends to reproduce
itself in adjacent or distant tissues. (See “ Malignancy.”)
““ Cancerous,” is an anatomical term; * malignant,” is a
clinical one.

The Cancers include the four following varieties:—
Scirrhus, Encephaloid, Colloid, and Epithelioma. Of
these, the first three possess the same general characters,
although they present certain structural and clinical
differences which serve to distinguish them. Epithelioma
constitutes a more distinet variety. It will be well in
the first place to describe the characters common to the
larger and more important group, and then those which
are peculiar to its individual members. Epithelioma
will be considered subsequently.

StructurE.—In structure, scirrhus, ence;&hulmd and
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colloid cancer so far resemble one another, that they all
consist of cells of an epithelial type, without any inter-
cellular substance, grouped together irregularly within
the alveoli of a fibroid stroma. (See Fig. 46.) Althongh
there is no distinet intercellular substance, a certain
amount of hquid exists between the cells. It 1s this
liquid which exudes from the freshly-cut surface of the
-ancer, and the number of cells which it contains give to
it a milky appearance.

The cells are characterised by their large size, by the
diversity of their forms, and by the magnitude and pro-
minence of their nuclet and nucleoli. (I'ig. 43.) In size

FiG. 43.

Cells from a Scirrhus of the Mamma., x 250,

they vary from 45 to 545 of an inch in diameter; the
majority being about five times as large as a ved blood-
corpuscle. They are round, oval, fusiform, candate, poly-
gonal—exhibiting, in short, every diversity of outline.
These variations in form are principally owing to the
mutual pressure to which in their growth they are sub.
jected. The nuclei, which are large and prominent, are
round or oval in shape, and contain one or more bright
nucleoli. The nuelei are, perhaps, most Frequently single
two, however, are freqnently met with, and in the softer
and more rapidly growing cancers they may be much
more numerons.  The eelly rapidly undergo retrogressive
changes, hence they usually contain molecular fat, They
=
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are many of them exceedingly destructible, so that some-
times more free nuclei than cells arevisible. Cells precisely
similar to these are met with in other morbid growths,
and also in the normal tissues. There is thus no specific
* cancer-cell.” It is the general character of the cells,
together with their mode of distribution in the meshes of
a fibroid stroma, that determines the nature of the growth
to which they belong. 'The appearance presented by
these cells grouped within the alveoli of the cancer some-
times closely simulates, in the earlier stages of grnwth,|
that of simple adenoma. (See Fig. 41.) In adenoma,
however, the cells resemble the epithelium of the gland ;
they are smaller, and less irregular in size and shape,
and less closely packed than those of ecarcinoma. In
many cases, indeed, they form merely a single layer
hning the walls of the acini.

The stroma varies considerably in amount, being much
more abundant in some varieties of cancer than in others.
It consists of a more or less distinctly fibrillated tissue,

Fic, 44.

The Alveolar Stroma from a Scivrhus of the
Mamma. The cells have been removed by )
pencilling, x 200.

arranged so as to form alveoli of various forms and sizes,
within which the cells are grouped. (Iig. 44.) These




THE CARCINOMATA. 179

alveoli communicate with one another so as to form a
continuons cavernous system. The characters of the
stroma vary with the rapidity of its growth :—if this is
rapid, it will contain some round and spindle-shaped
cells (see Fig, 48); if, on the other hand, it is slow or has
altogethier ceased, the tissue will contain but few cells,
and will be denser and more fibrous in character. The
latter is the condition in which it is most commonly met
with,

Within the stroma are contained the blood-vessels,
These are often very numerous, and form a close net-
work. They are limited to the stroma, and only in very
exceptional cases do they encroach upon the alveoli®
This distribution of the blood-vessels 1s important as dis-
tinguishing the cancers from the sarcomata. In the
latter, the vessels are not supported by a stroma but
ramify amongst the cells of the growth; hence the tacility
with which these tumours become generally disseminated,

In addition to the blood-vessels the cancers also possess
lymphaties.  These accompany the blood-vessels, and, as
has been shown by MM. Cornil and Ranvier, commu-
nicate with the alveoli. This explains the great tendency
of cancer to infect the lymphatie glands.

DeverorMENT.—The question of the genesis of cancer
involves that of the genesis of epithelium generally. It
1s maintained by many Histologists that epithelium can
only originate from epithelium, and that the strata of
cells set aside in the embryo for the production of the
epithelial tissues is the source from which all epithelinm
1s subsequently derived. Others admit that epithelium
may also originate from connective tissue. (See * Develop-

* In soft rapidly growing cancers the blood-vessels have ocea-

sionally been observed to project as tufts into the alveoli, See case
reported by Mr, Marcus Deck and Mr, Arnott, “Trans, Path, Soc.
Lond,,” 1874, p. 224,
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ment of the New TFormations.”) A like difference of
opinion exists as to the source of the epithelioid cells of
cancer. By many—as Waldeyer, Thiersch, and Billroth
—they are regarded as originating only from pre-existing
epithelium, Others—amongst whom are Virchow, Liicke,
Rindfleisch, and Klebs—maintain that they may also be
derived from cells belonging to the connective tissue.

The difficulty of determining the genesis of cancer, is
partly owing to the fact that it so frequently originates
in structures where epithelium is normally abundant, as
in the mamma, skin, and alimentary canal; and that thas
normal epithelinm 1s always, from the earliest stage of
the growth, the seat of active proliferation. In cancer of
the mamma, for example; the first change often observable
is an accumulation of epithelinm within the docts of
the gland, a condition very similar to that already de-
seribed as occurring 1n the development of an ordinary
glandular tumour. (See “ Adenoma.”) Soon, however, the
epithelinm alters its characters. The cells become larger
and more irregular in shape, and their nuclei are more
prominent. The epithelium is then found outside the
duets, amongst the inter- and peri-glandular connective
tissue, which 1s also in a state of active proliferation, and
is infiltrated with small round cells. The outline of the
ducts ultimately becomes completely annihilated, and the
epithelioid cells are seen in alveoli formed of a fibroid
tissne. The question arises as to whether the epithelioid
cells, which constitute the ultimate cancerous growth,
originated from the epithelium normally existing within
the ducts of the gland, which in the process of develop-
ment has extended beyond the duets into the surrounding
tissue ; or whether they originated in the connective
tissue—the proliferation of the glandular epithelium
being merely a secondary process, and resulting from the
irritation of the inter-glandular growth.

In those rare cases in which cancer oceurs primarily in

5 TP
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situations where no epithelium normally exists, as in the
medulla of bone and in lymphatic glands, 1t 1s difficalt to
maintain an epithelial origin. It must be admitted, how-
ever, that the tendency which is exhibited by the cells of
cancerous growths to maintain the type of the epithelial
structures in the vicinity of which they grow, is greatly
in favour of the view that they are derived from the epi-
thelium. In cancers situated near the cutaneous surfaces,
for example, the cells are usually of the squamous type,
whereas in those growing in connection with the glands of
mucous membranes, they more commonly resemble the
epithelium of the gland. It must be borne in mind, also,
that the characters of young epithelium are by no means
well defined. It is impossible to draw a line of demarca-
tion between young epithelial cells, and the small round
cells which are so numerous in the growing stroma of the
cancer. It would appear to be quite in accordance with
our present state of knowledge to admit the probability
of two different modes of origin of the epithelioid cells
in cancer—one from epithelium, and the other from
connective tissue; in the former case the cells being more
strictly epithelial, such as are met with in epithelioma;
m the latter, the epithelial characters being less marked,
as in many forms of encephaloid and scirrhus,

Epithelinm and ecells belonging to connective tissue are
not the only elements, however, from which the cells of
cancer may originate. Allusion has already been made
to the researches of Dr. Creichton which show that in
secondary cancers of the liver, the elements of the cancer
originate directly from the liver-cells by a process of va-
cnolation and endogenous growth. (See * Development of
New Formations.”) It is probable that, in the same way,
the cells of other tissues will be found capable of ori-
ginating cancer,

The stroma of cancer is partly a new growth, and partly
the pre-existing connective tissue of the part in which
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the cancer originates. It is probably in the main a new
formation, and the pathology of its development will vary
with that of the origin of the epithelial elements of the
cancer. If the latter originate from epithelium, the
stroma may be regarded as the result of the writation of
the connective tissue by the infiltrating epithelial cells,
If, on the other hand, the epithelial elements originate
from connective tissue, the stroma must be regarded as
a portion of the product of the connective tissue hyper-
plasia.

The cancers in their growth very rarely become encap-
guled, but gradually infiltrate the surrounding structures.
This process of infiltration is very characteristic, and is
more marked in cancer than in any of the malignant
growths, The epithelioid elements are seen infiltrating
the tissues for some distance around the confines of the
tumour, so that there is no line of demarcation hetween
1t and the normal structures. |

SecoNpARY Cuances.—The most important of these is |

fatty degeneration. This always occurs to a greater or
less extent in all the varieties of cancer. 'The more rapid
the growth, the earlier does this retrogressive change take
place, and the greater is its extent; hence it is usually
most marked in encephaloid. It produces softening of
the growth, which is often reduced to a pulpy eream-like
consistence. Caseation, pigmentation, mucoid and col-
loid degeneration may also occur. Calcification 1s very
rarely met with.

Varieries.—The term “ cancer” was so vaguely applied
by the older pathologists—nearly all malignant forma-
tions being included under this head—that considerable
confusion has resulted in the classification of cancerous
growths. Peculiarities in situation, structure, and ap-
pearance have given rise to special names, hence the
terms—* osteoid,” * chondroid,” * eystic,” * wvillous,” and
“ haematoid” cancer. A cancer containing large quantities

LRSS T S —
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of pigment was described asg a distinct variety, under the
name of melanotie cancer. Melanotic cancer, however,
1s comparatively rare. The majority of tumours which
are thus designated are in reality sarcomata. (See * Me-
lanotic Sarcoma.’)

The most convenient classification, and that which 1s
now generally adopted, divides the cancers into four
groups :—scirrhons, fibrous, or clronic cancer; encepha-
loid, medullary, or acufe cancer; colloid or gelatiniform
cancer ; and epithelioma or cancroid. This division is
based prineipally upon the relative proportion of the
gtroma, and upon the type of the epithelial elements.

SCIRRNOUS CANCER.

Seirrhous, fibrous, or ¢chronie cancer is characterised by
the large amount of its stroma and by the chromicity of
its growth. The slowness in the development of scirrhus
probably accounts in great measure for the peculiarities
in its structure and physical characters.

The epithelial growth, although at first 1t may be
luxuriant, quickly subsides. The elements soon atrophy
and undergo retrogressive changes. They are most

T'16. 45.

Scirrhus of the Mamma.—A thin section
from the most external portions of the tu-
mour, showing the small-celled infiltration
(*“indifferent ™ tissue) of the muscular fibres
and adipose tissue in the wneighbourhood of
the gland. x 200,
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abundant in the external portions of the twmour, where
growth is taking place; in the central portions they may

I'1c. 46.

Seirrhus of the Mamma.—A portion of the
tumour somewhat internal to that represented
in I'ig, 45, showing the characteristic alveo-
lar structure of the cancer, = 200,

be almost entirely wanting. The accompanying figures
(Figs. 45 and 46) show the appearances presented by
scirrhus of the mamma in the earlier stages of its de-
velopment.

The degeneration of the epithelioid elements is pro-
bably owing to the excessive growth of the stroma, and
to the subsequent induration and contraction which it
undergoes. It guickly assumes the characters of cica-
tricial tissune, and becomes hard and indurated. This
causes obstruction and obliteration of the blood-vessels
which it contains, and it is probably to this interference
with the vascular supply that the arrest in the develop-
ment of the cancer is owing. The whole of the central
portions of the growth may thus ultimately consist
simply of dense fibroid tissne amongst which are
contained atrophied epithelioid-cells and fatty débris
(Fig. 47), the periphery being the only part where the
epithelial structure is visible. The amount of atrophy
and contraction varies considerably in different cases.

The physical characters of scirrhus are in the same
way due to the abundance of its stroma. The growth is
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firm and hard, and it is often depressed in the centre,
owing to the contraction of the fibroid tissue ; this 1s very
characteristic of seirrhus of the breast, where it causes

Scirrhus of the Mamma.— A section from the
more central portions of the tumour, showing
the atrophy of the epithelioid cells, the dimi-
nution in the size of the alveoli, the fibroid
tissue, and the fatty débris.  a, earlier stage ;
b, more advanced, x 200,

puckering of the superjacent structures. On section the
tumour presents a greyish-wlite ghistening surface, some-
times intersected with fibrous bands. The more external
are less firm than the central portions of the growth, and
yield on seraping, a juice which is rich in nucleated cells,
free nuclei, and granules.

Secirrhus is most commonly met with in the female
breast, and in the alimentary canal—especially in the
pylorus, cesophagns, and rectum. It also oceurs in the
skin. Itis usually a primary tumour, whilst the secon-
dary growths to which it gives rise are commonly ence-
phaloid.

ENCEPHALOID CANCER.

Eneephaloid, wmednllary, or acute cancer, s very closely
allied to the preceding, from which it dilfers merely in
the greater rapidity of its growth, and the consequent
small amount of its stroma, and the softness of its con-
sistence. lincephaloid and seirrhus cannot be regarded
as in any way constituting distinet varieties of cancer.
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There are all intermediate stages between them, and the
differences in the rapidity of their growth, and conse-
quently in their structure and physical characters, con-
stitute their only distinctive features.

The epithelial growth in encephaloid is rapid and
abundant, and the cells quickly undergo fatty degenera-
tion, so that often more free nuclei than cells are visible.
The proportion of stroma is very small, and owing to the
rapidity of its growth, it is much less fibrous than
that of scirrhus, and does not undergo a similar cicatri-
cial contraction. (Fig. 48.) The blood-vessels are very

Fic, 48,

Encephaloid Cancer. From a secondary cancer
of the liver. Showing the large size of the alveoli
and the thinoess of their walls, In the latter
emall cells are visible., The large epithelioid cells
are commencing to undergo fatty metamorphosis.
x 200,

abundant, and the tissue supporting them being soft and
non-resistant, heemorrhage readily takes place.
Encephaloid cancer is of a soft brain-like consistence,
the central portions, where fatty degeneration is most
advanced, often being completely diffluent. The tumour
is often more or less lobulated. On section, 1t presents a
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white pulpy mass, much resembling brain-substance,
which is often irregularly stained with extravasated blood.

Encephaloid is most frequently met with in internal
organs, as a secondary growth. It also sometimes occurs
primarily, in the articular ends of bones, in the eye, in
the testis, and in other parts. Many growths formerly
described as encephaloid cancer, are soft sarcomata. (See
“ Round-celled Sarcoma.™)

COLLOID CANCER.

The growths described under the mame of eolloid,
alveolar, or gelatiniform cancer, although sometimes re-
garded as constituting a distinet variety of cancer, are
simply one of the preceding forms which have undergone
a mucold or colloid change. The frequency with which
non-cancerous growths which have undergone these
forms of degeneration have been confounded with colload
cancer has already been alluded to. (See * Colloid De-
generation.”)

The alveolar structure in colloid cancers is very marked.
The alveol have very thin walls ; they are large, distinet,
and more or less spherical in shape. This large size and
distinctness of the alveoli is owing to their distension
with the softened substance. Within them is contained
the gelatinous colloid material, which is a glistening,
translucent, colourless, or yellowish substance, of the con-
sistence of thin mucilage or size-gelatin. In the main it is
perfectly structureless ; within it, however, are embedded
a varying number of epithelioid cells, which also contain
the same gelatinous substance. (IMig. 49.) These cells
present a peculiar appearance :(—they are large and
spherical 1 shape, and are distended with drops of the
same gelatinous material as that in which they are
embedded.  (See Fig. 49.) Many of them display a
lamellar surface, their boundary being marked by con-
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centric lines. Tt would appear that the colloid change
commences in the cells, which become gradually de-

Colloid Cancer. Showing the large alveoli, within which is con-
tained the gelatinous colloid material, x 300. (Rindfleisch.)

stroyed in the process. In other cases the cells, with
the exception of slight fatty metamorphosis, are but
little affected, and the substance distending the alveoli
is more viscid and mucoid in character. This is due to
a mucoid degeneration of the intercellular substance,
rather than to a colloid change commencing in the cells.
(See *“ Mucoid Degeneration.”)

Colloid cancer is most frequently met®with in the
stomach, in the intestine, in the omentum, and in the
peritonenm.

EPITHELIOMA.

Epithelioma, cameroid, or epithelial eancer, must be re-
garded as constituting a much more distinct variety of
cancer than either of the preceding. It differs from these
in always growing in connection with a cutaneous or
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mucous surface, and in its epithelial elements closely re-
sembling the squamous variety of epithelium.

The cells of epithelioma are in the main indistinguish-
able from those met with on the cutaneous surfaces, and
on the mucous nu,mhmuﬂ of the mouth. They vary in
size from 315 to 155 of an inch in diameter, the average
being 45, They contain usually a single nucleus; fre-
quently, however, the nuclei are multiple. (Fig. 50.)

F1c. 50,

Cells from an Epithelioma of the Lip, x 250,

They are often considerably flattened and distorted ir
shape owing to the pressure to which in their growth
they are subjected, but they never present those nume-
rous varieties in outline which are met with in the other
varieties of cancer, neither do they exhibit the same
marked tendency to undergo fatty degeneration. The
arrangement of these cells is peculiar:—some of them
are sitnated in irregular tllhlll;},]‘-bh.l]_}ﬂi_]. lobules ; others
are less regularly grouped in masses of various s1zes
amongst the meshes of a stroma. As the cells inerease
in number they tend to become arranged concentrically

in groups 80 as to form p;luhuhu masses.  These masses
are the “ concentric globes,” or * epithelial nests,” which
are so commonly met with whcruvur squamous epithelium
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1s undergoing rapid growth, and are so especially charae-
teristic of epithelioma. As the epithelium multiplies,
the peripheral layers of cells become flattened by pressure
against the surrounding structures, whilst those in the
centre remain more or less spherical in shape like those
of the deeper layers of the epidermis. ( Fig, 51.) The
cells may be so closely packed as ultimately to become

MG, a1.

Epithelioma of the Lip. Showing the concentric globes
of epithelial cells. = 100,

hard and dry like those of the nails and hair, and the
globes are then of a brownish-yellow colour and of a firm
consistence. These globes are often large enough to be
readily visible to the naked eye, and owing to the arrange-
ment of the epidermic scales, they usually present a
fibrous appearance.
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The stroma presents every variation between rapidly
growing embryonie, and an incompletely fibrillated tissue.
It may be tolerably abundant, or almost entirely wanting,
[t rarely forms such a marked alveolar structure as that
which characterises the other varieties of cancer, but
usually consists simply of a small-celled infiltration sur-
rounding the epithelial elements, which may ultimately
become developed into a more or less completely fibril-
lated tissue. (Fig. 52.)

With regard to the development of epithelioma—there
can be no doubt that its epithelial elements are derived
from the epithelinm of the skin or mucous membranes,
or from that of the glands which are situated in these
tissues. The growth commences by a proliferation of this
epithelium, which as it increases becomes helerologous,
extending beyond the normal limits into the subjacent
connective tissue, and even into muscle, bone, and other
structures (I'1g. 52); and it 1s in this heterologous develop-
ment of epithelium which 1s the essential characteristic
of epithelioma. This extension of the epithelium into
the subjacent connective tissue produces in the latter an
irritative growth, and thus the groups of epithelial ele-
ments are always surrounded by a small-celled (** indif-
ferent”) tissue, the small-celled growth preceding the
epithelial invasion. (I'ig. 52.)

Epithelioma nsually presents itself in the first place
either as a small foul ulcer with indurated edges, or as a
subcutaneous induration or nodule which subsequently
ulcerates. The surface of the ulcer is frequently papil-
lated and wvillous, owing to the irregular growth of the
cortum, The tumour itself is firm in consistence, often
more or less friable, and on section presents a greyish-
white granular surface, sometimes intersected with lines
of fibrous tissue. The cut-surface yields on pressure a
small quantity of turbid liquid, and in many cases also
a peculiar, thick, crumbling, curdy material can be ex-
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pressed, which often comes out in a worm-like shape like
the sebaceons matter from the glands of the skin. This
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Epithelioma of the Tongue. A thin vertical section, show-
ing the excessive epithelial growth upon the surface of the
papille, and the extension of the epithelial elements into
the subjacent connective tissue. The sub-epithelial tissue
is infiltrated with small (*indifferent™) cells, amongst
which are seen the epithelial elements both single and form-
ing concentrie globes. > 100,




|
I\

THE CARCINOMATA. 193

latter is very characteristic. It is composed of epithelial
scales, and on being mixed with water it does not diffuse
itself like the juice of other cancers, but separates into
minute visible particles. If it i1s very abundant, the
cancer 13 soft and friable, and the material can be seen
in the cut-surface as small scattered opaque dots.

Epithelioma has its primary seat in the immediate
vicinity of the cutaneous or mucous surfaces; and it
appears in many cases to owe its origin to some external
source of irritation. It is most frequently met with in
the lower lip at the junction of the skin and mucous
membrane, on the tongue, prepuce, scrotum (*chimney-
sweep's cancer’), labia, eyelids, cheeks, and in the uterus
and bladder. As it extends it may involve any tissue—
lymphatic glands, muscle, bone, and tendon may be alike
implicated. It very rarely occurs in internal organs.

Cylindrical Epithelioma,—This term has been apphed
to those forms of epithelioma which grow from mucous
membranes with colummnar (cylindrical) epithelinm, as from
those of the stomach and intestines. In these tumours the
epithelial elements are similar to those of the mucous
membrane from which they grow. They are cylindrical
in shape, and are often arranged on the walls of the
alveoll in a manner precisely analogous to that of the
columnar epithelinm on the mucous surface. There is
rarely a formation of concentric globes, and the growths
are of a soft, and often gelatinous consistence. The dis-
tinction between these and simple adenomata is often
exceedingly difficult.

Cuvicat. Cuoaracters or THE CancErs.—In speak-
ing of the clinical characters of the cancers, it is im-
portant in the first place to make a distinction between
epithelioma and the other varieties. Epithelioma, as
far as its malignancy is concerned, occupies a very

0
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inferior position to scirrhus, encephaloid, and colloid.
These latter varieties of cancer possess in the highest de-
gree malignant properties. They extend locally, invading
indiscriminately the tissues amongst which they grow,
and reproduce themselves in the lymphatic glands and in
internal organs. In the process of dissemination, however,
they present some peculiarities which distinguish them
from growths which are sometimes equally malignant—
viz., the sarcomata. The cancers are characterised by
their great tendency to reproduce themselves in the
neighbouring lymphatic glands. This implication of the
lymphatics 18 much more marked than in the sarcomata,
in which it but comparatively rarely occurs, and this is
probably owing to the communication of the lymphatic
vessels with the alveolar spaces of the cancerous growth.
The general dissemination in internal organs, on the other
hand, is often effected much less readily in cancer than in
sarcoma, and the course of the former 1s therefore some-
times more protracted than that of the latter. This
difference 18 explained by the ditference in the distribution
of their blood-vessels :—in cancer, these are contained in
the stroma and very rarely come into contact with the
cells of the growth; whereas, in the sarcomata, they
ramify amongst the cells, and their walls being composed
of thin embryonic tissue like that of the growth which
they supply, dissemination through the medium of the
blood is rapidly and readily effected. In cancer, the lymph
being so important a medium of infection, the reproduction
of the growths in internal organs may be considerably
delayed ; the progress of the disease becomes arrested by
the lymphatic glands, and its further dissemination is
often only effected after these have become very generally
and extensively involved.

With recard to the difference in the clinical charac-
ters of these three varieties of cancer—the dissemination
of encephaloid takes place much more rapidly than that
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of scirrhus owing fo the greater rapidity of its growth,
its greater vascularity, and the greater activity of its
epithelial elements. Colloid 1s somewhat inferior in the
degree of its malignancy to both secirrhus and encepha-
loid.

Epithelioma is of all the cancers much the least malig-
nant. It extends locally, and may affect the neighbour-
ing lymphatics, but it comparatively rarely reproduces
itself in internal organs. This is probably owing to the
size and character of 1ts epithelial elements, which render
them much less liable to be transmitted by the blood and
lymph-streams than are the cells of the other varieties of
cancer.

In all the varieties of cancer there is a tendency for the

- secondary growths to repeat the characters of the primary

one. This is most marked in epithelioma, This, in repro-
ducing itself, invariably maintains its primary characters.
In seirrhus, the secondary growths in internal organs are
usually more rapidly developed than the primary tu-
mour ; they are consequently softer and more vascular,
and in accordance with the distinction which has been
made between scirrhus and encephaloid, they must be
regarded as belonging to the latter variety of cancer.



CHAPTER XXIII.

THE MYOMATA, NEUROMATA, AND ANGIOMATA.

THE MYOMATA.

Tie myomata are tumours consisting of muscular tissue.
A new formation of muscle has been already described
as being frequently associated with the ordinary process
of hypertrophy, both of striated and of non-striated
muscle—a simple hyperplasia of the elements of the
muscle accompanying the increase in their size. (See
“ Hypertrophy.”)

Srrucrure.—The myomata consist either of striated or
of non-striated muscle. The former are exceedingly rare,
only two or three examples having been recorded, and
these were congenital.

The myomata of won-striated muscle consist, like the
physiological tissue, of elongated spindle cells with rod-
shaped nuclei, more or less isolated or grouped into fas-
ciculi of various sizes, with a varying quantity of con-
nective tissue. The connective tissue is often exceedingly
abundant, especially in old tumours, so much so, that
these growths in the uterns—where they most frequently
occur—have commonly been known as “ fibroid™ tumonrs,
The muscular elements either present a more or less
regular arrangement, or pass in all directions through
the tumour. The blood-vessels, which are usually not
numerous, are distributed in the connective tissue.

Deverormest.—The myomata probably always origi-
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nate from muscle, they are therefore homologous growths.
They may form distinetly cireumseribed tumours sur-
rounded by a fibrous capsule, or constitute ill-defined
irregular masses in the midst of the muscular tissue in
which they grow. They not infrequently become pedun-
culated and form polypi, especially in the uterus.

Secoxpary Cnaxees.—Of these, the most frequent is
calcification. Hiemorrhage, mucoid softening, and the
formation of cysts, are also occasionally met with.

Myomata are most frequently met with in the uterus.
They may also occur in the prostate, in the wsophagus,
and in the stomach and intestines.

Myoma of Uterus—"The uterus is by far the most fre-
quent seat of myomata, and here they constitute the so-
called *uterine fibroid.” In many of these musecular
tumours of the uterus there is a large proportion of
connective tissue—hence the term “fibroid.” This 1s
especlally the case in older growths. Those newly deve-
loped, however, consist almost entirely of true muscular
tissne. They either form firm hard masses, imbedded in
the uterine walls, or project into the uterine or abdominal
cavities. When projecting into the uterus they consti-
tute a common form of uterine polypus. These tumounrs
are often multiple. Their growth is slow. The older
ones are liable to become calcified. They also sometimes
undergo mucoid softening which gives rise to the forma-
tion of cysts in the tumonr.

Ciisiean Cnaracters.—Clinically, the myomata are
perfectly innocent.

TIHHE NEUROMATA.

The neuromata are tumours consisting almost entirely
of nerve-tissue. The term * neuroma ™ has been applied
to many growths found in connection with nerves:
fibrous and gummy tumours growing within the nerve-
sheath, and many myomata, have been included under
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this head. True neuroma, however, is rarely met with,
and is amongst the least frequent of all the new forma-
tions.

STRUCTURE.—The neuromata most commonly consist
of ordinary medullated nerve-fibres; they therefore re-
semble in structure the cerebro-spinal nerves, from which
they most frequently grow. Virchow has also deseribed,
as exceedingly rare formations, tumours composed of
non-medullated fibres, and of ganglionic nerve-tissue.

DeverormeExT,—The neuromata always originate from
pre-existing nerve-tissue,—either from the cranial or from
the spinal nerves. Their growth is slow, they rarely
attain a large size, but usually exist as small single
nodules.

The most frequent seat of these growths 1s the extremai-
ties of divided nerves, where they are sometimes found
after amputations. They exist, in this situation, as sphe-
rical or elongated enlargements of the divided extremity
of the nerve; and they are usually intimately connected
with the cicatricial tissue of the stump, from which they
can only with difficulty be isolated. They may also occur
in the course of the nerves in any situation, either as
single or multiple nodules.

Crinicar Cuaracrers.—Clinically, the neuromata are
perfectly innoecent tumours. They always cause con-

siderable pain.

THE ANGIOMATA.

The angiomata, or vascular tumours, are tumonrs con-
sisting of blood-vessels held together by a small amount
of connective tissue. They include the various forms of
neevi, the erectile tumours, and aneurism by anastomosis.
They may be divided into two classes—the simple angio-
mata, in which the new vessels resemble normal arteries,
veins, or capillaries; and the cavernous angiomata, in
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which the blood circulates in a ecavernous structure similar
to that of the corpus cavernosum penis,

SorLe Axgromata.—These include the various forms
of naevi, and telangiectasis. They consist of tortuous and
dilated blood-vessels, held together by a small quantity
of connective and adipose tissue. The vessels are most
of them of new formation; some, however, may be the
original vessels of the part which have become conside-
rably enlarged. They most commonly partake of the
nature of capillaries, but in other cases the arterial or
venous characters predominate. These growths are’
usually small, superficial, slichtly elevated masses;
although they sometimes form larger tumours. Their
colour is red, violet, or purple, according to the character
of the blood which they contain. The first named is
much the most frequent.

Cavervous ANGIoMATA.—These include the venous
vascular tumours, erectile tumours, and aneurism by
anastomosis. They consist of an erectile cavernous
tissue, closely resembling that of the corpus cavernosum
penis. The growth 1is made up of irregular fibrous
alveoli, which communicate freely with one another, and
are lined with an endothelium similar to that of the veins.
These spaces are distended with blood, usually venous,
which 18 supplied to them by numerous tortuous vessels,
and circulates 1 them with varying degrees of rapidity.
These growths are commonly of a bluish colour. They
may be diffuse, or form distinetly circumseribed tumours.
They often exhibit distinet pulsation. Their favourite
seat is the skin and subcutaneous tissue. They may
also occur in the orbit, in muscle, and in the liver, spleen,
and kidneys.



CHAPTER XXIV.
CYSTS.

Ix addition to the new growths already deseribed, there
15 a large class of formations, many of which cannot be
regarded as “tumours” in the strict application of this
term. These are the cysts or eystic tuwmonrs.

A ecyst is a cavity containing liquid or pultaceous
material, which is separated from the surrounding struc-
tures by a more or Jess distinet capsule. It may be a
new formation, or a pre-existing structure which has
become distended by its own secretion, or by extrava-
sation into it. The former, only, comes within the
category of new growths, although, for the sake of con-
venience, it will be advisable to consider them both under
one head.

There are thus two principal modes by which cysts
originate—one, the most frequent, by the gradual accu-
mulation of substances within the cavities of pre-existing
structures, which are, for the most part, products of their
own formation, being in some cases a secretion, and in
others a cell-growth; the other, by the independent for-
mation of a cyst in the tissues.

The accwmulation of seeretions and of other products
within pre-existing cavities, may be effected in the three
following ways :—

1st. By the retention of the normal secretion owing to
the closure of the exeretory ducts—as so often occurs in
sehaceous glands.
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2nd. By excessive secrction, the cavity being unpro-
vided with an exeretory duct—as in the formation of a
bursee,

drd. By the extravasation of blood into the cavity—as
1n heematocele.

The independent formation of a cyst may take place—

1st. By the softening and liguefaction of the tissues in
some particular part, owing to mucoid or fatty changes.
The tissues around the softened matters become con-
densed, and nltimately form a kind of cyst-wall.

2nd. By the enlargement and fusion of the spaces in
connective tissue, and the accumulation of fluids within
them. The surrounding tissne becomes condensed, and
forms a cyst-wall; and this may, in some cases, become
lined with secreting cells.

Srd. By the formation of a eyst-wall around foreign
bodies, parasites, or extravasated blood.

StrucTuRE.—The wall of the cyst will vary in its
nature according as it is a pre-existing or a newly-formed
tissue. In the former case, it will possess an epithelial
lining which will present the same characters as that of
the gland, serous membrane, or other structure, from
which the eyst originated. If the cyst is a new growth,
it rarely possesses an epithelial hining, but consists simply
of a fibrous capsule. The cyst-wall is sometimes firmly
connected with the adjacent parts, so that it can only
with difficulty be separated; in other cases, the union 1s
much less intimate. Instead of being a distinct structure,
1t may be simply the surrounding tissue which has become
dense and fibrous in character.

The contents of cysts are very various, and may serve
as a basis for their classification. In the retention-cysts,
they will vary with the nature of the normal secretion—
serum, sebaceous matter, saliva, milk, seminal fluid, and
other substances are thus found in these cysts, more or
less altered in character from being retained in a closed
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cavity. In the exudation-cysts, serum is the most fre-
quent constituent; and in extravasation-cysts, blood. In
those cysts which originate from the softening and break-
ing down of tissue, the contents are the products of retro-
gressive tissue-metamorphosis, and usually consist largely
of muein, fatty matters, and serum.

SecoNpanry Cianees.—These may take place in the wall
of the cyst, or in its contents. The cyst-wall itself may
become the seat of new growths, and produce secondary
cysts, villous, glandular, and other structures :—this
occurs In many compound ovarian cysts. It may also
be the seat of an inflammatory process, which terminates
in suppuration and granulation, and by this means the
cyst frequently becomes oblhterated, its contents being
either absorbed or discharged externally, and the cavity
closing by granulation. Calcification and ossification of
the wall may also occur. The contents of cysts undergo
various changes, owing to their retention in a closed
cavity, The secretions become altered in character,
thickened and viscid. Epithelial elements undergo fatty
changes, and so give rise to cholesterin crystals. Cal-
cification of the contents i1s also common.

Cysts may be simple or compound. A simple cyst
consists of a single loculus. A componnd or multilocular
cyst 1s one consisting of numerous loculi, which either
communicate with one another, or remain 1solated. Ano-
ther variety of compound cyst, consists of a cyst with
endogenous growths, the larger cyst having others grow-
ing from its walls. A compound cyst may become a
simple one by the destruction of its walls.

Cysts are frequently associated with other growths,
hence the terms—* eystic-sarcoma,’ * cystic-cancer,” &e.
It is especially in those growths which originate in glan-
dular structures, as in the mamma, testicle, and ovary,
that this combination is met with. The cystic develop-
ment may almost entirely obliterate the structure of the

———
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tumour in which it takes place, so that ultimately the
latter becomes converted into a combination of cysts. In
other cases large portions of the tumour grow into the
cystic cavities. Considerable difficulty 1s thus not unfre-
| quently caused in determining the nature of the original
growth.

CrassiFication.—Cysts may be most conveniently clas-
sified according to their mode of origin, thus:—

CLASSIFICATION OF CYSTSs.

L. Cysts formed by the acewmulation of substances
within the cavities of pre-existing structures.

A. Rerextion Cysrs.—Cysts resulting from the re-
tention of normal secretions. These include-—

a. Sebaceous Cysts.—These are formed by the re-
tention of secretions in the sebaceous glands,
Such are comedones and atheromatous tu-
mours.

B. Mucous Cysts.—These are formed by the reten-
tion of secretions in the glands of mucous
membranes,

v. Cysts from the vetention of secretions in other
parts, meluding—Ranula, from occlusion of
the salivary duets; Encysted Hydrocele, from
occlusion of the tubuli testis; cysts in the
mammary gland, from obstruction of the
lacteal ducts; simple and some compound
cysts of the ovary, from dilatation of the
Graafian follicles; and simple cysts of the
liver and kidneys,

B. ExuparioNn Cysts.—Cysts resulting from exces-
sive secretion in cavities unprovided with an
excretory duct. These include Burswe, Ganglia,
Hydrocele, and many cysts in the broad liga-
ment.
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C. Extravasation Cysts.—Cysts resulting from
extravasation into closed cavities. These in-
clude Haematocele, and some other forms of
sanguineous cysts.

II. COysts of independent origin.

A. Cysts rroMm SorteNing oF Tissurs.—These are
especially common in new formations, as in
enchondroma, lipoma, sarcoma, &e.

B. Cysrs rroam ExpansioNn axp FusioNn oF Sraces
1y Coxxective Tissue.—These include—

a. DBuwrse, originating from irritation and exuda-
tion into the tissues.

B. Serous eysts in the neck (often congenital).

v. Many compound ovarian cysts.®

C. Cysts ForMED AroUND Foreiey Bobpies, EXTRA-
VASATED Broop, AND PARASITES.

D. Coxceniran Cysrs.—These include many Der-
moid cysts. These appear often to be the
remains of blichted ova. They contain fatty
matters, hair, teeth, bones, &ec.

* S8ee Dr. Wilson Fox, on Cystic Tumaours of the Ovary, * Med.
Chir Soe. Trans.,” vol, xlvii,




CHAPTER XXYV.

INFLAMMATION.

Tue morbid processes which have thus far been deseribed
have been mainly characterised by some alteration in the
normal nutrition of the histological elements; either by a
diminution in their nutritive activity—as in atrophy
and the degenerations, or by an imcrease—as in hyper-
trophy and the new formations. In the process of
inflammation an alteration in nutrition also plays a
prominent part, but changes in the blood-vessels and 1n
the circulation are its essential and most important con-
stituents.*

Inflammation 1s the succession of changes which takes
place in a tissue as the result of some kind of injury,
provided that this injury be insufficient immediately to
destroy its vitality. With regard to the nature of the
injury—it may cousist in some direct irritation of the
tissue, either by mechanical or chemical agents, or by
substances conveyed to it by means of the blood-vessels
or lymphatics; or in an <ndireef irritation, as in some
cases of inflammation of internal organs arising from ex-
posure to cold. In all cases, however, some injurious
stimulation of the tissne precedes the occurrence of the
local changes which constitute the inflammatory process.

* With regard to the general pathology of Inflammation, the
reader is especially referred to the works of Virchow, Cohnheim,
Stricker, and Burdon-Sanderson. I'he most able artiele by Professor
Sanderson, in the fifth volume of * lHolmes's System of Surgery,”
contains an admirable exposition of what is known on the subjecl;.
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The exact nature of these changes has, for the most
part, been ascertained during the past eight years, mainly
owing to the experimental researches of Professors
Cohnheim, Stricker, and Burdon-Sanderson. The method
of investigation has consisted in the artificial production
of inflammation in the lower animals, and the obser-
- vation of the process as thus induced. The process
comprises—

1st. Changes in the blood-vessels and cireulation,

2nd, Hreudation of liguor sangwinis and migration of
blood-corpuscles ; and

srd. Alterations in the nutrition of the inflamed tissue.

It will be well, in the first place, to consider each of
these separately, in the order in which they oceur, and
-subsequently to endeavour to point out how far a causal
relation exists between them,

I. Cuavees 1¥ TuE Broop-vessers AND CIRCULATION.—
Changes in the blood-vessels and circulation, resulting in
inereased vascularity, have ever been regarded as playing
a most important part in inflammation, as upon them
principally depend those signs of the process which are
most obvious during life. The redness, heat, and swell-
ing, which are so constantly met with in inflamed tissues,
are in great measure due to the attendant hyperaemia.
The swelling, however, 1s in most cases dependent rather
upon the effusion and cell-growth than upon the over-
fulness of the blood-vessels.

These changes in the blood-vessels and circulation are
essential constituents of inflammation, both in vascular
and in non-vascular tissues. In the latter, which com-
prise the cornea and cartilage, they take place in the
adjacent vessels from which these tissues derive their
nutritive supply. The nature of these vascular changes
has been studied by the artificial production of inflamma-
tion in transparent tissues, in which the circulation can be
readily observed : the web, mesentery, and tongue of the
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frog, and the wing of the bat, being most convenient for
this purpose. The phenomena, as observed m the mesen-
tery of the frog, which has been previously curarised, may
be thus briefly described :—

The first effect of irritation of the mesentery—mere ex-
posure to the air being sufficient for the purpose—is to
cause dilatation of the arteries, and after some interval,
a similar dilatation of the veins and capillaries. The
dilatation of the arteries commences at once, and 1s not
preceded by any contraction. It gradually increases for
about twelve hours, and is accompanied also by an 1n-
crease in the length of the vessels, so that they become more
or less tortuous. This enlargement of the blood-vessels
18 associated at the commencement of the process with an
aceeleration in the flow of blood; this, however, is soon
followed by a considerable refardation 1in the circulation,
the vessels still remaining dilated. These alterations in
the rapidity of the bLlood-flow cannot be owing to the
mecrease mn the calibre of the vessels, which remain through-
out dilated.

In his more recent researches on inflammation, Cohn-
heim has shown that the dilatation of the vessels and the
increased velocity of the blood-current which ensue im-
mediately after the infliction of the injury are only tem-
porary and accidental, and that they are not necessarily
followed by the retardation of the circulation. They may
even, in some cases, be followed by contraction before the
permanent dilatation commences. 'I'he dilatation and di-
minished velocity, on the other hand, come on slowly and
are permanent, and these must be regarded as the proper
vascular phenomena of inflammation. These proper phe-
nomena may be induced without the previous oceurrence
of the accidental ones,*

The retardation of the circulation in the dilated ves-

e — —

* * Neune Untersuchungen iiber die Entziindung.” Cohnheim, 1873,
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sels sometimes commences somewhat suddenly, and it is
usnally first observable in the veins. It gradually in-
creases, until ultimately in some of the capillaries the
blood-stream completely stagnates. This constitutes the
condition known as inflammatory stasis.

As the cireulation becomes slower, the white blood-
corpuscles (leucocytes) accumulate in the veins. Their
natural tendency to adhere to the sides of the vessel is
inereased, so that they may nearly fill the tube. At the
same time they exhibit active movements, by means of
which they penetrate the walls of the vessels and pass
into the surrounding tissues. Having escaped, they con-
tinue to exhibit active movements, and they may multiply
by division. The red corpuscles also accumulate, more
especially in the capillaries, and they likewise escape
through the walls of these vessels, although in smaller
numbers than the white. The mesentery thus becomes
o filled with escaped corpuscles that but little else is to
be distinguished. These phenomena will be described
under the head of ““ Exudation of Ligquor Sanguinis and
Migration of Blood-Corpuscles.”

Stasis—The phenomena of stasis can be better studied
in a more loealised inflammatory process, such as may be
produced by the application of some irritating agent—a
small piece of nitrate of silver, for example—to the
tongue of the frog. The stagnation of the blood which
ensues is described by Cohnheim in his more recent re-
searches, already alluded to, as being most marked in
those capillaries which are situated in the more central
portions of the inflamed area—here there is absolute
stasis and no emigration of corpuscles takes place. Out-
side this there is an area in which the blood 1s circulating
very slowly, and here both red and white corpuscles pass
out of the capillaries; whilst more externally still, the
white corpuscles only escape from the veins. The central
area, which usually dies, is thus surrounded by an enor-
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mous number of red and white corpusecles; and the red
corpuscles which have accumulated in this area are so
closely packed that their outlines can scarcely be distin-
guished.

II. ExuparioN oF LiQuorR SANGUINIS AND MIGRATION
oF Broon-CorpuscLes.— Another constituent of the in-
flammatory process consists in the exudation of the liquor
sanguinis and the migration of the blood-corpuscles.

a. Migration of Blood-Corpuseles.—The migration of
the white blood-corpuscles (leucocytes) through the walls
of the blood-vessels was first described, although very in-
completely, by Dr. W. Addison in 1842.% This observer
stated as the result of his researches, that in inflamma-
tion these corpuscles adhered to the walls of the vessels
and passed through them into the surrounding tissues.
In 1846 Dr. Augustus Waller described more fully the
same phenomenon, and from his deseription there can be
little doubt that he actually observed the emigration of the
corpuscles.t Both these observers concluded that the
escaped blood-corpuscles became pus-corpuscles. Their
observations, however, were but little thought of and were
soon forgotten, and it was not until 1867, when similar
investigations were instituted quite independently by
Professor Cohnheim, of Berlin—to whose minute re-
searches we must ascribg most of our present knowledge
on this subject—that the emigration of blood-corpuscles
came to occupy an important place in the pathology of
inflammation.}

The emigration may be observed in the mesentery of
a frog which has previously been paralysed by the sub-
cutaneous injection of curare. The changes in the

* “Experimental and Practical Researches on Inflammation,”
Trans. Prov. Med. Association, 1842,

t Phil. Magazine, vol. xxix. 1846,

'J[‘ “I{{Lrer Lntmmdung und Eiterung,” Virchow's *“ Archiv,”
Vo

P
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blood-vessels and in the circulation, and the accumula-
tion of blood-corpuscles in the part, have been already
described ; it remains only to consider the phenomena of
emigration.

The white blood-corpuscles (leucocytes) which have
accumulated in large mumbers, especially in the wveins,
remain almost stationary against the walls of the vessel,
the blood-current passing by them, although with much
diminished velocity. Those immediately adjacent to the
wall, gradually sink into it, and pass through it into the
surrounding tissue. In doing so they may be observed
i the various stages of their passage. At first small
button-shaped elevations are seen springing from the
outer wall of the vessel. These gradually increase until
they assume the form of pear-shaped bodies, which still
adhere by their small ends to the vascular wall. Ulti-
mately the small pedicle of protoplasm by which they are
attached gives way and the passage 1s complete, the cor-
pusecle remaining free outside the vessel.

The red corpuscles at the same time pass out of the
vessels, but in less considerable numbers, and their transit
i1s mainly through the walls of the capillaries, in which
they have more especially accumulated. As has already
been stated, in those portions of the inflamed tissue where
absolute stasis has occurred, no emigration takes place.

B. Exzudation of Liquor Sangwinis.—Associated with

the passage of the blood-corpuscles through the walls of

the vessels, 1s an exudation of the liquor sanguinis. The
exuded liquor sanguinis—which constitutes the well-
known inflammatory effusion—differs from the liquid
which transudes as the result of simple mechanical
congestion, inasmuch as it usually contains a larger
proportion of albumen and fibrinogenous substance, a
proportion which increases with the intensity of the
inflammation. It also contains an excess of phosphates

and carbonates.

ey
aalll w--l.ii.—!-:- _ .
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The most characteristic feature of inflammatory effu-
sion 18 the large number of cell-structures which it con-
tains. These are the direct product of the inflamed
tissue, and are in no case generated spontaneously in the
effused liquid. Most of them are migrated blood-cor-
puscles, others are derived from the proliferating elements
of the tissue. The quantity and nature of the effusion
will thus vary with the tissue inflamed, and with the
severity of the inflammatory process. In non-vascular
tissues, as cartilage and the cornea, exudation can only
ocecur to a small extent from the neighbouring vessels,
and hence the effusion is small in quantity. In dense
organs, as the liver and kidney, owing to the compact-
ness of the structure, a large amount of effusion is im-
possible, and what there is, is so intermingled with the
structural elements of the organ that it does not appear
as an independent material. In the kidney it escapes
into the urinary tubes, and so appears in the urine. The
effusion is most abundant, and constitutes an important
visible constituent of the inflammatory process, in inflam-
mation of those organs which possess a lax structure and
in which the vessels are but little supported—as the lungs,
and 1n tissues which present a free surface—as mucous
and serons membranes.

[II. Avreratioss 18 THE NUTRITION OF THE INFLAMED
Tissve.—The remaining constituent of the inflammatory
process consists in an alteration in the nutrition of the
elements of the inflamed tissne. The nutritive changes,
although they may differ acecording to the structure of the
part, are all characterised by an inerease in the nutritive
activity of the cellular elements.

The nature of these nutritive chances has for the most
part been ascertained by the investigation of tissues in
the lower animals, in which inflammation has been arti-
ficially induced. In man, the study of the primary lesions
is difficult, owing to the fact that the process can rarely

5
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be observed in its earlier stages. These changes will be
more fully described when considering inflammations of
particular organs and tissues; it will be sufficient in the
present place merely to indicate their general characters.
The alteration in nutrition, as already stated, is cha-
racterised by an exaltation of the nutritive funections of
the cellular elements of the tissues involved in the inflam-
matory process, Thisis evidenced by an increase in the
activity of those elements which normally exhibit active
movements, as the amoeboid cells of connective tissne and
of the cornea. Cells, which under normal cirumstances
undergo no alterations in form, and exhibit no active
movements, become active—sending out processes, and
undergoing various alterations in shape. (Fig. 53.) This

=

Amaboid Leucocytes. (v. Recklinghausen.)

increase in the activity, and variation in the form of the
cells, is usually accompanied by the growth of their pro-
toplasm, and frequently by its division, and thus by the
formation of new cells. In many cases the protoplasm
as it increases in bulk, becomes clondy and granular, so
much so as frequently to completely obscure any nuclei
which it may contain. This occurs especially in epithelial
elements, and it constitutes the condition known as
“ cloudy swelling.” 1t 1s well seen in the glandular epi~
thelinm of the kidney in acute tubal nephritis. (See
Figs. 87 and 88.) .
This increased activity of the cellular elements varies
considerably in different tissues, and even in the elements
of the same tissue. Some cells exhibit active movements
and form new cells much moOre readily than others.
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Those tissues, for example, which naturally maintain
themselves by the multiplication of their elements, as the
epithelial tissues, become active very readily in inflamma-
tion, very slight degrees of irritation being sufficient to
cause in them rapid cell-proliferation. This is seen in
inflammation of mucous membranes, and of the epider-
mis. In tissues, on the other hand, whose elements nor-
mally exhibit no tendency to multiplication, as cartilage,
active changes are much less readily induced, the cells
are much more stable and multiply with far less faeility,
and if the inflammation 1s slight, they may not multiply
at all but simply become enlarged and undergo some altera-
tion in form. Lastly, in the higher tissues, the stability
of the elements reaches its maximum, and in nerve-cells
no increase of activity can be imnduced.

Different cells in the same tissue exhibit also different
degrees of stability. In common connective tissue and
the cornea, for example, the amoboid cells are the least
stable, and are the first to multiply. Possibly the age of
the cells may influence their tendency to become active,
the newer being less stable than the older elements.

The earliest nutritive change 1s thus one of cell-growth,
and cell-proliferation ; the subsequent ones are charac-
terised either by impairment of nutrition and the degene-
ration and death of the newly-formed elements, or by the
development of these into a permanent tissue. As a
rule it may be said, that the new cells are less developed
than those from which they originated, much more prone
to undergo retrogressive changes, and if they form a new
tissue, this 1s inferior in its organisation to that of the
original strueture. If the inflammatory process be of
considerable severity and stasis be induced in a wide area
of the tissue, the nutrition may become completely
arrested and gangrene be the ultimate result. (See
“Causes of Gangrene.”) The tendency of the new ele-
ments to undergo progressive development will vary with
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the tissue involved, and with the intensity of the inflam-
mation. The more intense the inflammation, the more
abortive are the young cells, and the less is their ten-
dency to form a permanent tissue. (See “ Acute and
Chronic Inflammations.”)

In connective tissues, these changes in the cells are
necessarily accompanied by changes in the intercellular
substance. The latter are for the most part characterised
by softening. In common conneective tissue, the fibresin
the first place become succulent and less distinet, and
ultimately they are completely destroyed; in cartilage
the matrix softens and liquefies; in bone, the lime-salts
are removed, the lamelle disappear, and the osseous
structure becomes converted into medullary tissue. Hence
the destructive effects of the inflammatory process.

Having thus briefly deseribed the succession of changes
which oceurs in the process of inflammation, 1t remains
to consider in what way these result from the injurious
stimulation of the tissue, and how far a causal relation
subsists between them ¥

The first apparent change which follows the irritation
of the tissue, consists m the dilatation of the blood-vessels
and in an acceleration of the flow of blood. Respecting
the canse of this primary vascular phenomenon—the
physiological investigations of Ludwig and Lovén show
that 2 similar dilatation of the vessels and increase in the
activity of the circulation 1s produced by the excitation
of a sensory nerve in those partsin which the nerve origi-
nates. It was stated in the previous edition of this
work that the primary vascular phenomena in inflamma-
tion were probably in the same way owing to an injurious
impression received by the sensory nerves being reflected

* The following conclusions are in the main those arrived at by
Professors Stricker and Burdon-Sanderson.—Holmes's System of
Surgery, vol. v.
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by the vaso-motor centre to the vessels. The more recent
investigations of Cohnheim, however, which have been
already quoted, render it necessary that this statement
should be modified. Cohnheim produced precisely the
same phenomena in the tongue of the frog after every-
thing had been cut through with the exception of the lin-
aual artery and vein ; and also.in another case, after com-
plete destruction of the brain, medulla, and spinal cord,
as those which occur in the intactanimal ; and he con-
siders that the vasenlar dilatation and accelerated blood-
flow are due to the direct influence of the irritating agent
upon the walls of the blood-vessels. These experiments
therefore appear to prove conclusively that the initial
injury of the blood-vessels is not wecessarily reflex,
although they do notexclude the probability that it may be
$0 under certain circumstances, as, for example,in the case
of internal inflammations arising from exposure to cold.
With recard to the cause of the refardation of the
blood-stream which so quickly succeeds its aceceleration,
and which may ultimately terminate in complete stasis—
all recent observations tend to show that it likewise is due
to some alteration in the properties of the walls of the
blood-vessels throngh which the blood passes, and not to
changes in the blood itself. Professor Lister considers
that the accumulation of the red corpusclesin the inflamed
part and their adhesion to one another and to the walls of
the vessels is owing to their natural tendency to cohere
together when in abnormal eircumstances, such as often
occurs after their removal from the body; and he says
that this tendeney is not greater in the blood of inflamed
tissues than in normal blood.* Te also finds that the
agegregation 1s as marked in blood which has been defibyi-
nated. These observations seem to point to some altera-

“* “On the Early Stages of Inflammation.”—Philosoph. Trans.
15855,
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tion in the walls of the vessels as the cause of the stasis,
and not to any abnormal condition of the corpuscles
themselves. The more recent investigations of Ryneck
and Cohnheim tend to confirm the same view. Ryneck
has shown that stasis may be produced in the web of a
frog, in which milk or defibrinated blood has been injected
in place of the normal blood ; and also that in vessels, the
vitality of which has been destroyed or altered by the in-
jection of poisonous metallic substances, no stasis san be
produced.®* Cohnheim ligatured the ear of a rabbit at its
base with the exception of the median artery and vein,
and emptied the vessels of their blood by the injection of
a weak saline solution. He then injected into the emptied
vessels various irritating solutions, and om again allowing
the blood to flow through the thus injured vessels all the
phenomena of inflammation ensued.t These results ap-
pear to be conclusive, and show that the retardation and
ultimate stagnation of the blood-stream in inflammation,
are owing to some alteration in the vital properties of the
walls of the blood-vessels with which the circulating blood
comes into contact.

In explanation of the phenomena of emigration, which
takes place coincidently with the retardation of the blood-
stream—the passage of the white corpuscles was formerly
supposed to be due to their inherent activity, by virtue of
which they penetrated the vaseular walls, passing through
stomata which were believed to exist between the endo-
thelium. The red corpuscles were supposed to be forced
through these openings by the increased blood-pressure.
That neither of these explanations is sufficient to account
for the phenomena is shown by Cohnheim’s recent inves-
tigations. These appear to prove conclusively that the

* Ryneck, *' Zur Kenntnigs der Stase des Blutes in den Gefassen
Entziindeter Theile.”—Rollet's Untersuch. aus dem Institule fir
Phys. u. Histol. in Graz.

81"3“1%11{3 Untersuchungen iiber die Entziindung.” Cohnheim,
1 ‘- .
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emigration of the blood corpuseles and the exudation of
the liquor sanguinis ure like the other phenomena of in-
flammation, due to some alteration in the walls of the blood-
vessels.

The remaining constituent of the inflammatory process
—the alteration in the nutrition of the mnflamed tissne—
succeeds the changes in the eirculation and the exudation.
Respecting the cause of the inecreased nutritive activity
of the cellular elements which characterises this tissune-
change—it is probable that it is for the most part the
result of the stimulation of the cells by the liquor san-
guinis exuded from the blood-vessels. This conclusion is
mainly based upon the well-known experiment of Pro-
fessor Stricker, which consists in the excision of the cornea
of a frog, and its insertion beneath the membrana nictitans
of the opposite eye, in which inflammation has been pre-
viously induced. The transplanted cornea, when removed
in the course of twenty-four hours, exhibits all the histo-
logical inflammatory changes observed in the unexcised
cornea of the opposite eye. Hence Stricker concludes
that the structural changes in inflammation of the cornea
of the frog are owing to the stimulation of its elements
by the liquid exuded from the blood-vessels, and are quite
mdependent of nervous influence. That the increased
nutritive activity of the elements of the inflamed tissue
is, however, in every inflammatory process the result of
their stimulation by the exuded liquor sanguinis, cannot
be regarded as by any means certain. It is possible that
the cellular elements may be stimulated to increased
activity by means of impressions conveyed to them
through the nervous system.

SUPPURATION.—Suppuration, and the formation of ab-
scesses, 18 a very frequent result of the inflammatory
process ; 1t ocecurs much more frequently, however, in
some inflammations than in others, As a rule it may be
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stated that the more intense the inflammation the more
abundant is the formation of pus.

The essential constituents of pus are cells and a liquid
in which they are suspended. The liquid has an alkaline
reaction and closely resembles the liquor sanguinis. Tt
contains various kinds of albumen, fatty matters, and in-
organic substances. The cells, or pus-corpuscles (leu-
cocytes) are indistinguishable from the white corpuscles
of the blood. As seeu after death, they are spherical, sphe-

F1c. 54.
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Pus-corpuscles as seen after death, a. Defore, b, alter,
the addition of dilute acetic acid, x 400,

b

roidal, or irregular shaped semi-transparent bodies, from
500 10 5550 of an inch in diameter, containing a varying
number of granules, and usually one or more distinct
nuclei. (Iig. 54.) The addition of dilute acetic acid
causes the cells to swell up; they become more spherical
and transparent, and the nuclei are rendered more appa-
rent. The size of the corpuscles and nmuelei, and the
number of the granules, present manifold variations.
Pus-corpuscles, like white blood-corpuscles, lymph-
corpnscles, and many other young cell-forms—all of
which are included under the common term of lewcocytes
—are masses of contractile protoplasm. They possess
the power of spontaneous movement, and when living
undergo continuous alterations in form, and migrate in
the tissues. (See Iig. 53.) They may also multiply by
division.

The mode of origin of pus has been the subject of
much controversy. The liquid ingredient proceeds di-
rectly or indirectly from the blood, it is the exuded liquor
sanguinis : about this there is no dispute. The difference
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of opinion which exists is respecting the origin of the
formed elements. Without discussing the theories which
have been advanced by different pathologists, 1t must now
be admitted that there are at least firo sources from which
the cells of pus may be derived—one from the blood, and
the other from the tuflamed tissues.

It has been seen that in the process of inflammation
innumerable white blood-corpuscles pass out of the vessels
into the surrounding tissues, and as these are indistin-
guishable from pus-corpuscles, it must be conceded that
one mode of origin of pus is from the blood. Further,
the white blood-corpusecles may multiply by division, and
1t 1s probable that by this means the production of pus
1s greatly inereased.,

The other source from which the cells of pus are de-
rived is from the cellular elements of the mflamed tissue.
These, as has been deseribed, are the seat of active
changes in inflammation; they may maultiply and form
new cells, and the more intense the inflammation, the
more lowly organised are the newly-formed elements, and
the less 1s their tendency to form a permanent tissue.
Some of these newly-formed cells constitute pus-cor-
puscles. These, in this case, must be regarded as young
elements resulting from the proliferation of the tissue,
which are of low vitality, and soon perish. Pus-corpuscles
may probably originate in this way from the proliferation
of any tissue with the exception of nerve, either by simple
division or by endogenous multiplication.

Although the formed elements of pus may thus be de-
rived both from the blood and from the inflamed tissue,
there can be no doubt that the former is their prineipal
source, and that they are in the main migrated blood-
corpuscles. In the earlier stages of the inflammatory
process, they are mostly, if not all, emigrants; but in the
later stages it must be admitted that they may also be
derived from the cells of the inflamed tissue.
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Such being the modes of origin of pus, it is evident
that the more abundant the escape of blood-corpuscles,
and the more active the proliferation of the elements of
the inflamed tissue, the greater will be the formation of
pus, and hence the greater its tendency to collect so as to
form an abscess. It is comsequently in those inflamma-
tions which are the most concentrated and the most in-
tense—provided that the injury be not sufficiently severe to
cause complete stasis—that the formation of pus is most
abundant. The greater the injury sustained by the walls
of the blood-vessels, the more readily will the blood-
corpuscles penetrate them, and hence the more abundant
will be the formation of pus. In inflammations of less
intensity the escape of blood-corpuscles is less abundant,
and the proliferation of the tissue less active, so that pus
1s not produced in sufficient quantities to cause its collec-
tion in the form of an abscess.

Pus exercises a most injurious influence upon the sur-
rounding tissues. The pus-corpuscles a-ppem*' to be en-
dowed with the power of absorbing the tissues with
which they come in contact, or, at all events, of causing
their liquefaction. Hence the softening and disintegra-
tion of the tissues which constitute such a destructive
element 1n intense inflammations.

Pus which has remained for any length of time in the
tissues undergoes certain changes. Its elements may
undergo fatty metamorphosis, and thus be rendered ca-
pable of absorption. If pus is long confined in a closed
cavity, its liquid portions may become absorbed, and its
cells atrophy, so that it gradually dries up into a caseous
mass, which may subsequently become caleified.

Varieries oF InrnammarioN.— Inflammation exhibits
certain variations in its characters according to the
severity of the irritation which produces it. The more
severe the irritation upon which the inflammatory process
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depends, the greater ceeferis paribus will be the damage
sustained by the blood-vessels, and consequently—if in-
stantaneous stasis be not produced—the greater will be
the tendency to the exudation of liquor sanguinis and to
the emigration of lencocytes. Hence it is in inflammation
of considerable severity that the vascular phenomena
are often so pronounced, the formation of pus so abun-
dant, and the softening and disintegration of the tissues
so considerable. Such inflammations, inasmuch as the
action of the irritant which produces them is for the most
part of short duration, are sometimes designated acute
inflammations.

In inflammations of less intensity, in which the damage
sustained by the blood-vessels 1s less severe, the textural
changes occupy a more prominent place, whereas the
vascular phenomena are usually much less marked, and
the formation of pus 1s less abundant. The precise
nature of these textural changes must obviously partly
depend upon the characters of the tissue which is the
seat of the inflammation, but variations are also produced
according to the severity of the irritating agent. It
appears to me to be probably true—that the less severe
the irritant which produces the inflammation, the more
do the resulting textural changes tend to be limited to
the connective tissue which is immediately adjacent to the
blood-vessels and lymphatics ; whereas in inflammations
of somewhat greater intensity more distant elements be-
come involved, This is seen, for example, in inflamma-
tory processes in the kidneys and in mucous membranes.
In the former, the least severe forms of inflammation are
characterised anatomically by an increase in the con-
nective tissue around the blood-vessels (see * Interstitial
Nephritis™) ; whilst in inflammations of somewhat greater
intensity, the prominent textural change consists in
swelling or proliferation of the epithelium within the
tubules (see * Tubal Nephritis”). In mucous membranes
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also, the more severe inflammations are attended by
epithelial proliferation, the less intense and more chronie
by changes in the submucous connective tissue. With
regard to the cellular elements in which these active
changes take place—they are probably those which are
the most intimately connected with the lymphatic
system—viz., the cells of the conmective tissue, and the
endothelinm of the lymphatics and of the blood-vessels.
The tendency of the textural changes resulting from the
least severe forms of inHammation to be limited to the
connective tissue immediately adjacent to the blood-
vessels and lymphatics, gives to these inflammations
certain peculiarities. The new tissue originating around
the vessels—consisting in the carlier stages mainly of
small round cells, but ultimately becoming developed into
a more or less completely fibrilluted structure (an adenoid
or fibroid tissue)—Ileads to an wndwration of the crgan in
which it is situated, and very constantly, to the subse-
quent atrophy and retrogressive metamorphosis of its
other histological elements. These changes will be more
fully considered when treating of inflammation of the in-
dividual organs and tissues. (See * Inflammation of
Common Connective Tissues,” * Cirrhosis of the Liver,”
&c.) These least severe forms of inflammation, inasmuch
as the irritant which produces them is mnot ouly of
slicht severity but is usually also prolonged in the dura-
tion of its action, are often known as chronie inflamma-
tions.

Inflammations have received different names according
to the natwre of the injury upon which they depend.
Those inflammations which result from external injuries,
mechanical or chemical violence, are called trawmatic. In
those cases in which the injurious stimulation of the
tissue is owing to the transmission of infective materials
by means of the blood-vessels or lymphatics from some
local infecting centre, as in pymmia and acute miliary

R R e
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tuberculosis, the resulting inflammations are called in-
fective. Inflammations in which the nature of the injury
is not obvious, are usually called idiopathic. Lastly, the
nature of the injury may give to the inflammatory process
certain peculiarities. The contagium of small-pox, for
example, gives rise to inflammation of the skin, constitut-
ing the “rash™; that of syphilis, to certain inflammations
of the skin, mucous membranes, and other tissues; and
that of typhoid fever, to inflammation of the intestinal
lymphatic structures. In all these and numerous similar
cases, the nature of the irritant impresses upon the
inflammation certain peculiarities, and in so far as the
former is specific, the latter may be called specific inflam-
mations.

Of these different varieties of inflammation, the infec-
tive inflammations, including pysemia and acute tubercu-
losis, and the specific inflammations resulting from the
poison of syphilis, will be separately considered in the
next following chapters. The pathology of inflammation
will then be still further elucidated by the study of the
process as 1t occurs in the various tissues and organs.



CHAPTER XXVI.
ACUTE TUBERCULOSIS.

By acute tuberculosis is understood a general infective
disease, which is characterised anutomically by the occur-
rence of numerous minute nodular lesions more or less
generally disseminated in the various organs and tissues.
The generally disseminated nodular lesions, which are
characteristic of the disease, appear to be inflammatory
growths, resulting from the distribution of infective mate-
rials (probably minute particles), by means of the blood-
vessels or lymphatics from some primary inflammatory
product. They arve, therefore, the anatomical results of
an infective inflammatory process, and they constitute
what have long been known as miliary tubercles.

General Pathology of Adcute Tuberewlosis—Our know-
ledge of acute tuberculosis and of its anatomical result—
tubercle, has until gquite recently been involved in obscu-
rity ; but at the present time—owing in great measure to
scientific experimental research—it may be regarded as
‘being much more complete. According to the older doc-
trines, which were based upon the teaching of Laennec,
tubercle was looked upon as a specific non-inflammatory
arowth which originated spontaneously in the tissues.
Further, this new growth was characterised by the regular
succession of changes which it invariably underwent; —
it was first grey and translucent, then became opaque, and
ultimately caseous. Hence in its earlier stages it was
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known as grey, in its latter as yellow tubercle. Caseous
metamorphosis was held to be such a distingnishing pecu-
liarity of the growth, that all caseous masses were regarded
as tubercular, and the term “ tuberele’ came to be applied
indiscriminately to all pathological produects which had
undergone this form of degeneration, and which in their
colour and consistence somewhat resembled soft cheese.
Caseation, however, as already stated, 1s a common result
of the retrograde metamerphosis of many growths which
are destitute of or contain but few blood-vessels, and
which consist of closely-crowded cellular elements; and
althongh 1t may occur to a greater or less extent in
tubercle, it is by no means specially characteristic of this
morbid growth. (See “ Caseation.”) Ifor this much wider
extension of the pathological significance of caseous de-
generation we are mainly indebted to Professor Virchow.*

The infective nature of acute tuberculosis was first pro-
mulgated about eighteen years ago by Buhl, who stated
that in the majonty of cases of this disease, indurated
masses which had become caseous existed in some part of
the body, and that to the absorption of substances from
these infective centres the general development of the
tubercle was owing. He further stated that in those cases
1n which the tubercles were confined even to limited por-
tions of a single organ, they were also secondary to caseous
lesions. Buhl's theory, therefore, implied that the origin
of the infective substances was necessarily associated with
caseous metamorphosis of the primary inflammatory indu-
ration. A modification of this view of the nature of the
infecting lesion has since been rendered necessary, both
by the results of post-mortem observations, and also by
those which have been obtained from the artificial pro-
duction of tuberculosis in the lower animals.

« For further information on the history of * tubercle,” the reader

is referred to the commencement of the chapter on * Pulmonary
I'hithisis.”

Q
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The experimental investigation of acute tuberculosis
was commenced by Villemin in 1865, and subsequently
followed out by Bnrdon-Sanderson, Wilson Fox, Cohn-
heim, Klebs, and others. The methods of investigation
consisted either in the inoculation of various inflamma-
tory products—for the most part products of chronic
inflammations (caseous or not caseous), or in the produc-
tion of alocal inflammatory induration by the introduction
of setons and of other foreign bodies beneath the skin.
Of inflammatory products Dr. Sanderson found that none
proved so active as that obtained from the indurated
lymphatic glands of an animal already suffering from the
disease. In both cases, after a certain lapse of time, dis-
seminated inflammatory lesions were produced in various
organs and tissues—lesions which presented a special
tendency to become caseous at their centres. It was also

found that the distribution of these lesions varied accord- -

ing as the infective materials were introduced into the
blood-vessels or lymphatics, clearly proving that they
resulted from the dissemination of infective substances by
means of the blood and lymph streams. The results of

these experiments therefore show, in the first place, that

caseation of an inflammatory product is not necessary
in order for it to comstitute an infective focus; and,
secondly, that the development of the general tuberculosis
1s not due to anything specific in the substances ihocu-
lated, but that the products of various inflammatory pro-
cesses (for the most part of inflammations of slight
intensity), may constitute the infective agents.

The lesions produced, however, in artificial tuberculosis
differ somewhat from those met with in the natural
disease as it occurs in man. They differ both in their
anatomical distribution, and, to a less extent, in their
pathological tendencies. The differences in anatomical
distribution are principally confined to the brain and
lungs. The brain, which is so frequently affected in the
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natural digease in man, is rarely so in artificial tubereu-
losis. In the lungs, the first structural changes which
take place in artificial tubevculosis are stated by Dr.
Klein to consist in the development of adenoid tissue
around the perivascular lymphatics, the implication of
the alvecli being only a secondary part of the process.*
In the natural disease in man, on the other hand, the
changes commence 1n the alveoli themselves. Respecting
differences in their pathological tendencies—it 1s to be
remarked that caseation occurs much more extensively in
the lesions artificially induced than in man. In the
tormer, also, diffused tracts of consolidation are more
frequently associated with the miliary lesions, and they
may even constitute the predominant structural changes.
These differences, however, are probably to be regarded
as resulting from differences in the intensity of the
infective agent, and from peculiarities in the morbid
tendencies of the tissues involved, and not as any
evidence of a want of analogy in the pathology of the two
diseases.

Passing on to counsider acute tuberculosis as it oceurs
in man, it must be stated that one or more masses of
mflammatory induration which have become caseous are,
in the great majority of cases, to be found in some part
of the body after death; sometimes in the lungs, some-
times in the bronchial glands, sometimes in the glands
of the mesentery, &e. Much less frequently there exists
some InHlammatory lesion which is not cascous, as a
simple induration, or an uleerated mucous membrane :
whilst in exceedingly rare cases it is stated that no such
products of a previous inflammatory process have been
discoverable.

The results of post-mortem observations of the natural

« () .“'" L}.,‘lul:}lru.in System of the Lungs,"” by Dr, E, Inlein,
“ Proceedings of the Hoyal Society,” No, 149, 1874,

Q 2
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disease thus appear to justify the same conclusions
respecting the nature of the infective substances as those
derived from the experimental investigation of the disease
in the lower animals, and in man also it must therefore
be regarded as in the highest degree probable that any
inflammatory product may, under certain circumstances,
constitute a tocus of infection, and give rise to a tuber-
culous process, Why such inflammatory products should
In some cases be infective, whilst in others they remain
inert, we are unable certainly to explain. In attempting
to answer this question, it must be remembered that
such products may accidentally become placed in direct
communication with the vascular or lymphatic systems;
and also that infective substances are much more lLable
to produce results in some constitutions and in some
conditions than in others. Tt 1s also possible that the
infective properties of an inflammatory product may be
determined by atmospheric influence, or by the presence
of minute organisms.

Whilst acute tuberculosis is thus an infective disease,
it is an infective disease of a special kind. In the first
place, the infective substances derived from the infective
focus—which are probably minute particles—not only
exercise their irritating influence over areas of tissue
which are for the most part exceedingly small (hence the
miliary character of the lesions), but the irritation they
produce is of comparatively shight severity. The prin-
cipal result of their irritation is consequently a textural
change—a new growth of tissue at the seat of the injury.
(See “ Chronic Inflammations.”) In this respect this
disease presents a marked contrast to one with which it is
closely allied—pyzemia, in which the severity of the injury
produced by the infective particles is much greater and
gives rise to the formation of abscesses. (See “ Pymxmia.”)
In pyamia the intensity of the disseminated inflammatory
processes is considerable, and the course of the disease 1s
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usually acute, whilst in acute tuberculosis the intlamma-
tory processes are much less severe, and the disease tends
to run a more chronic course.

Histology of Adeute Tuberculosis.—The miliary lesions in
acute tuberculosis, although presenting certain differences
according to their age, and to the nature of the tissne n
which they originate, are tolerably unitform in their histo-
logical characters. Their most marked feature is the
prominent place which a kind of adenoid structure occu-
pies in their constitution. This structure 1s met with in
its most characteristic form in an indurated lymphatic
gland, and it is also, as has been already stated, a
common histological product of other chronic mflamma-
tory processes, as of those in the liver, lungs, and other
organs (see ** Chronic Inflammations”), Its develop-
ment appears to be owing to an impairment of the nu-
tritive activity of the new cellular elements, so that
they are unable to form a more completely fibroid
tissne. It consists, in the main, of small spheroidal
elements resembling lymph-cells, which are either sepa-
rated from one another by fine lines of homogeneous
transparent-looking material, or more commonly, by a
more or less distinctly fibrillated, and sometimes nu-
cleated reticulum, within the meshes of which the
elements are grouped (Fig. 55, see also Fig, 66). In

Fra. 5.

A portion of a Grey Milivey Tuberele,
Showing the adenoid strueture met with
in large portions of these nodules.
x 200,

tnberculous nodules this reticulum is sometimes dense
and well marked, whilst in other cases it is almost
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completely absent. In addition to the small lymphoid
cells there are often seen some rather larger cells contain-
ing one, and in some cases, two nuclei.

Although an adenoid structure similar to that which has
been described nsually enters largely into the formation of
tuberculous lesions, it will be found on careful examina-
tion that they present some additional characteristics.
In the first place, large multinucleated masses of proto-
plasm, somewhat resembling “myeloid cells,” are usunally
to be found associated with the lymphoid elements. These
large multinucleated cells have been alluded to by Vir-
chow, Wagner, and others, but it is only recently, mainly
owing to the researches of Dr. Oscar Schiippel, that
they have received a prominent place in the histology of
tubercle. As the views of this pathologist concerning their
mode of origin and on the pathology of tubercle generally
differ somewhat from those commonly entertained, I pro-
pose merely in the present place to state very briefly the
result of my own observations made subsequently to the
perusal of Dr. Schiippel's valnable publications, For
more complete information the reader is referred to Dr.
Schiippel’s writings on the subject.®

The most characteristic features of these multinucleated
cells are their large size, the number of their nueclei, and
the irregularity of their outline. Some of the larger ones
measure as much as %5 inch in diameter. They possess
no limiting membrane, but are simple masses of proto-
plasm, containing numerous round or roundly-oval nuclei,
each enclosing a bright nucleolus. (Ifigs. 56 and 57.) As
many as forty nuclei may sometimes be counted in a single
cell. Some of them are much smaller and contain only
three or four nuclei. Four or five, or even more, of these

* Untersuchungen iiber Lymphdriisen-Tuberkulose; Dr. Osear
Schiippel : Tiibingen, 1871; and Ueber die Entstehung der Riesen-
zellen im Tuberkel.— Wagner's Archiv der Heilkunde, vol. xiii, 1872.
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F1c. a6.

A Multinucleated Cell from the Lung in a case of
Chronic Phthisis. Showing the long-branched pro-
cesses, which are continuous with the reticulum
of the surrounding indurated growth. Some of the
processes are in connection with smaller nucleated

elements., x 200,

A Multinucleated Cell from the Lung in a case of
Chronic Phthisis. Showing the large number of
nuclei with bright nucleoli. x 400.
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multinucleated masses are sometimes found in a single
tuberculous nodule.

Many of these large cells possess long branched pro-
cesses, in connection with which, and evidently originat-
ing from them, are smaller protoplasmic masses, also
nucleated and branched. (See Figs. 56 and 58.) 'The

Fi16. 58.

Multinucleated and branched Cells from a firm Grey
Mitiary Tubercle of the Lung in a case of Aeute Tuber-
culosis. Wide meshes are seen in the immediate
vicinity of the cells enclosing a few lymphoid ele-
ments. The branched processes are directly con-
tinuous with the adenoid reticulum of the tuberele,
x 200,

meshes between the branched cells are, according to
Schiippel, filled with epithelial-like elements. These ele-
ments I have failed to observe, and the meshes I have
either found empty, or containing a few lymphoid cells.
(Fig. 58.) It would thus appear that the original proto-
plasmic mass gives origin to a network of large branched
cells, associated with, and usually surrounding which, is
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more or less adenoid tissue. It is this structure which
must be regarded as the most characteristic of tuberculous
lesions. It 1s well shown in Fig. 58,

Although the above characters are to be observed in
successful preparations and in certain stages of the tuber-
culous growth, many of them will usually be found want-
ing. The nuclei and processes of the large cells will not
always be seen, and the cells often appear simply as yellow-
ish somewhat oranular masses in which neither nueclei nor
processes are visible. In this imperfect state they are to
be found in tuberculous nodules from all organs in which
tubercle 1s met with.

Respecting the pathological significance of these large
multinucleated cells—they appear to be simply the result
of chronic inflammatory processes in which the new ele-
ments are of such low vitality as to be incapable of form-
mge an adenoid or fibroid structure; and the branched
network of cells to which they often give rise must be
regarded as representing a lower stage of development
than adenoid tissue. Although these large cells are most
frequently mat with in tuberculous lesions, they are not
especlally characteristic of any one particular kind of
morbid change. They have been found as the result of
inflammatory processes in various organs and tissues.
With regard to the histological elements from which they
originate—this varies, In the lung, Dr, Klein states, that
they are derived from the alveolar epithelium. They may
also originate from the cells of connective tissue, and
probably from the endothelium of the blood-vessels and
lymphatics. Their formation takes place either by the
fusion of two or more cells, or by the excessive develop-
ment of one cell. In the latter case, the cell increases in
size and 1ts nuclei multiply, but here the process of develop-
ment ceases—there is mo subsequent division of the
cell.

It remains to speak of the blood-vessels of tuberculous
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nodules. The vessels of the tissue in which the nodule
originates gradually become obliterated in the process of
its growlh, and there is no new formati®h of vessels, such
as takes place in more highly developed inflammatory
tissue. (See * Inflammation of Common Connective
Tissue.”) The nodules are therefore, except in the earlier
stages of their development, non-vascular.

Although the structure which has been described is that
most commonly met with, it must be borne in mind that
all tuberculons lesions are not thus constituted. When
treating of the changes in the several organs, it will be
seen that the precise histological constitution of the no-
dules varies somewhat, according to the characters of the
tissue in which they originate. In the lung, for example,
many of them consist largely of accumulations of
epithelial cells within the pulmonary alveoli.

Tuberculous lesions almost invariably undergo more or
less retrograde metamorphosis, although the extent of
this varies considerably, and in some cases the nodules

F16. 59. may become developed into
a firm fibroid structure.
The occurrence of retrograde
metamorphosis 18 mainly
owing to the obliteration of
the Dblood-vessels which ac-
companies the growth of the
lesions. The change com-

One of the Grey Nodules from mences in the centre of the
the Eokg W O ocee ‘};" ;‘f}::;f; nodule, this being the part
gjﬂ;;;“f;ﬁ:? ;:;ﬁ;{'{::,:sf;,,f{éerazn'a.. first developed, and conse-
(Diagrammatic.) quent]y that which is the
furthest removed from vascular supply. Thenodule breaks
down intoa granular fatty débris, so that itscentral portions
soon become opaque and yellowish. (Fig.59.) In some cases
the process of diaiﬂtegl"d.tiﬂﬂ 18 I‘Epid, whilst 1n others 1t

is more gradual. It is usually most marked m the larger
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and more diffused lesions, and hence it is these lesions
which are most commonly of a yellow colour and soft
consistence (“ yellow tubercle”)., In other cases the retro-
grade change is less marked, the reticulum of the nodule
becomes denser and more fibroid, and although the fibroid
tissue usually ultimately undergoes in its central parts,
more or less tatty metamorphosis, the nodule may remain
as a firm fibroid mass.®* 'This occurs more especially in
the smaller lesions. The extent and rapidity of the retro-
grade change depends, I believe, mainly upon theseverity of
the mfective process. The more intense the irritation, the
greater 1s the tendency to the degeneration and softening
of thenodules ; theless intense and more chronicthe process,
the more liable are the miliary lesions to become fibroid.
Before concluding the consideration of the general
pathology of tuberculosis, allusion must be made to those
cases 1n which the tuberculous processes are confined to a
single organ.  This limited tuberculosis differs from the
more general one only in the extent of the distribution
of the infective materials. The miliary lesions originate
from some retrograde inflammatory product situated
usually m the same organ as that in which they occur,
and their limitation is probably owing to the infective
substances being disseminated by the lymphatics and
serous canals and not by the blood-vessels. This will be
again referred to in the chapter on “ Pulmonary Phthisis,”
and also in the following description of the tuberculous
process as it occurs in the several organs and tissues.

TUBERCULOSIS OF TIHE PIA MATER.

In the pia water the tuberculous process is associated
with inflammation of the meninges, constituting the con-

—_—

* Dr. Klein states (foe. eit) that the large multinucleated cells
'llhlfif.'l‘j.fu i Ilhl'nr.ri lt‘itlleﬂ]'TtlﬂLinlb, and become converted into a dense
feltwork of fibrillar tissue, which tissue gradually dies away and be-
comes caseous,
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dition known as tubercular meningitis. This is almost
invariably a part of a general tuberculosis.

The process is almost exclusively confined to the pia
mater at the base of the brain, and the tuberculous

I'16. 60,

Miliary Tubercle in the Pia Mater. The dotted line indicates
the original size of the tubercular nodule, A, The lymphatic
sheath. V. The bloodvessel. . Troliferation of elements
within the sheath, x 100. (Cornil and Ranvier.)

nodules—which may easily escape observation—are seen
in connection with the small arteries in the Sylvian
fissures, and deeply seated between the convolutions. A
few scattered granulations are, however, frequently visible
on the upper surface of the hemispheres. The inflamma-
tory growth originates in the perivascular lymphatic
sheaths which enclose the small arteries of the pia mater.
(Fig. 60.) The cells of the sheath multiply, and the pro-
cess of proliferation commencing at separate centres,
numerous small grey nodules are produced around the
vessel. These, which are distinetly wisible to the naked
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eye, cause an external bulging of the sheath, and a dimi-
nution in the calibre, or even complete obliteration, of the
enclosed vessel.

The localised obstructions to the circulation which re-
sult from the pressure of the perivascular nodules cause
intense hypersemia of the collateral vessels, and thus the
pila mater at the base of the brain becomes exceedingly
vascular, there being in some cases rupture of the vessels
and extravasation. This is followed by a more general
inflammatory process—a true basic meningitis. A trans-
udation of the liquor sanguinis takes place from the
hypersemic and injured vessels, blood-corpuscles escape,
and thus the meshes of the pia mater become infiltrated
with a sero-fibrinous liquid, which in many parts has a
puriform character.

The changes in the pia mater at the base of the brain
are attended by softening of the immediately subjacent
cerebral substance, which becomes infiltrated with young
cells. The lateral ventricles at the same time become
distended with serosity (acute hydrocephalus), so that the
convolutions on the surface of the hemispheres are seen
to be much flattened. The ependyma and choroid plexus
also become exceedingly vascular, and the walls of the
ventricles, together with the fornix and soft commissure,
become much softened. All of these changes are owing,
partly to an inflammatory process, and partly to the me-
chanical obstruction to the circulation caused by the
tuberculous growth. Inaddition, the arachnoid membrane
is dry and sticky.

Tubereulons Masses in the Brain.—In addition to the
miliary lesions oceurring in the pia mater in tubercular
meningitis, large tuberculous masses are occasionally met
with in the brain unassociated with a general tubereulous
process. These masses, which vary in size from a hazel
nut to a hen’s egg, commonly occur in the cerebral sub-
stance, especially at the base of the brain, They are of
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a pale yellow colour and firm consistence, and usually
form quite round globular tumours. Their surface is often
seen to be covered with minute grey nodules, which extend
into the surrounding tissue; and on section, similar nodules
are sometimes visible, scattered through the substance of
the tumour. In most cases only one or two such masses
are found, but occasionally they are more numerous. They
oceur especially in childhood, and usually in children in
whom there is a general tendency to caseation of inflam-
matory products (“ serofulous” children). When examined
microscopically they are found to be made up of an adenoid
structure and large branched ecells, such as has been
already described as so characteristic of tuberculous
lesions.  This structure—which is best seen in the peri-
pheral portions of the tumour—is often concentrically
arranged around blood-vessels, and is found under-
going in different parts fibrous and caseous metamor-
phosis, ,

Respecting the nature of these masses and the way in
which they originate, it is difficult to speak with cer-
tainty. I'rom the fact that miliary nodules are so often to
be seen on their surface and extending into the surround-
ing tissue, it is supposed that they originate by the aggre-
gation of such nodules—that the primary nodule con-
stitutes an infective focus, and so causes a succession
of growths in its immediate vicimty. 'This hypothesis
is probably correct. Occasionally the tuberculous mass
causes a more general infection, and so gives rise to tuber-
cular meningitis or to a general tuberculosis.

TUBERCULOSIS OF LYMPHATIC GLANDS,

In the lymphatic glands, tuberculous processes give
rise in the first place to changes in the peripheral por-
tions of the gland, inasmuch as it 1s with these that the
infective materials which are conveyed by the lymphatic
vessels first come into contact. The active changes in the

P
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cellular elements of the gland are accompanied by the
formation of the largce multinucleated branched cells
already described, which are here usunally very abundant.
In the earlier stage of the process small grey nodules
are visible scattered through the cortex. These gradually
mecrease in size and become caseous. The gland then
becomes enlarged, the distinction between its medullary
and cortical portions becomes lost, and it becomes changed
to a greyish homogeneous mass, in which are varying
sized tracts of caseous material. The new growth very
frequently undergoes a marked fibroid development, so
that the caseous masses are surrounded by a dense fibroid
structure. The caseous portions of the gland may sub-
sequently soften, dry up, or caleify.

TUBERCULOSIS OF MUCOUS MEMBRANES.

In mucous membranes the development of tubereulons
nodules 1s wusually sccondary to some primary inflam-
matory process which leads to uleeration of the mem-
brane., The intestinal, the urino-genital, and the
respiratory mucous membranes may all be the seats of a
tuberculous growth, but it is in the former that it con-
stitutes the most frequent and most important change.

The Intestine.~In the intestine the occurrence of true
tuberculons processes appears to be almost invariabiy
preceded by primary inflammatory changes in the intes-
tinal lymphatic structures. These changes have their
seat in the solitary and Peyer's glands, and as in typhoid
fever, it is especially these structures in the lower part
of the small intestine and in the cmcum which are
affected.

The first stage of the process consists in an inflamma-
tory hyperplasia of the lymphatic elements. In Peyer's
patehes this hyperplasia usually affects isolated follicles
in the patch. The solitary glands and certain follicles in
the patches thus become swollen, and project with undue
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prominence above the surface of the membrane. The
newly-formed elements then undergo retrogressive changes
—they soften and caseate, the degeneration in the patches
commencing at several separate centres, and often extend-
ing until the whole patch becomes destroyed. As the
result of these primary inflammatory changes an ulcerated
surface is produced, the floor and edges of which are more
or less thickened owing to the extension of the inflamma-
tory process into the submucous connective tissue. 'This
is a simple ulcer, and its production, so far, is quite inde-
pendent of a tuberculous process.

What must be regarded as a tuberculons change oceurs
subsequently to the primary ulceration, and it consists in
the development of small nodules of induration in the
floor of the primary uleer. The development of these
nodules appears to take place principally around the
blood-vessels, and as these are arranged transversely

F16. 01.

A Tubercular Ulcer of the Intestine, (Diagrammatic.)
a, Epithelial lining. 5. Submucous tissue.
e. Muscular coat. d. Peritoneum.

arcund the intestine, the new growth proceeds in the
game direction. These secondary nodules of induration,
like the primary inflammatory product, soften and be-
come caseous, and thus the process of ulceration gradu-
ally extends transversely until the whole circumference
of the gut may be destroyed. The ulcer thus produced
presents a strong contrast to that of typhoid. Its edges
and base are thickened and indurated, and the nodules
of new growth, tending to become caseous, are seen scat-
tered in its floor. (Fig. 61.)

The tubercular ulcer rarely, if ever, heals. Owing to
the thickening of the tissues at its base, perforation is
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quite an exceptional occurrence. In the process of its
extension the uleceration is attended by some contraction
and narrowing of the gut.

TUBERCULOSIS OF THE LUNGS.

Tuberculous processes occur in the lungs as a part of
a general tuberculosis, and also in many cases of pul-
monary phthisis. The nature of the resulting inflam-
matory lesions is similar in both. 1t will be well, how-
ever, in the present place, more particularly to describe
these lesions as they occur in the general infective disease.
The more limited processes which take place in many
cases of phthisis will be again referred to in a subsequent
chapter devoted to the consideration of this affection.
(See * Pulmonary Phthisis.”)

The pulmonary lesions met with in general tuberculosis
consist, for the most part, of disseminated nodular
growths, which are universally known as “ miliary tuber-
cles.”” These growths are of two kinds—the grey and
the yellow. The grey are semi-transparent nodules of a
greyish-white colour, varying in size from a small pin's
head to a hempseed. They are somewhat spherical in
shape, and usually possess a well-defined outline. Some-
times they are firm, and almost cartilaginous in consis-
tence; whilst in other cases they are much softer and
almost gelatinous. These softer forms, instead of being
semi-transparent, are more opaque and white. The yellow
are, for the most part, larger than the preceding, many of
them much so, some being as large as a pea. They are
also softer in consistence, less defined and regular in out-
line, and they pass more insensibly into the surrounding
tissue. Many of them possess a greyish-white translu-
cent margin, which may be pretty firm in consistence,
but mever so hard as are many of the grey nodules,
whilst their central portions are opaque, yellowish, or
caseous. These nodules, both the grey and the yellow,

i
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although generally scattered, are sometimes confluent in
groups.

Both the grey and the yellow nodules are often found
assoclated in the same lung; in other cases the grey
nodules only are met with ; whilst, less frequently, nearly
all the growths are of the yellow variety. The condition of
the pulmonary tissue which is situated between the nodules
varies considerably. Tt may be perfectly normal, more or
less congested and cedematous, or it may present varying
sized tractsof greyish, granular, friable consolidation. A
perfectly normal condition of the intervening pulmonary
tissue 1s found in many of those cases, in which all the
growths are of the firm grey variety ; but when there are
numerous yellow or soft grey nodules, the lungs are
nearly always more or less congested or consolidated.

When these nodules are examined microscopically they
are seen to exhibit two different kinds of structure—viz.,
the adenoid structure with branched multinucleated cells,
which has been already deseribed as that which is the
most characteristic of tuberculous lesions, and aceumula-
tions of epithelial cells within the pulmonary alveoli
(catarrhal pneumonia). There is, however, this marked
difference between the various kinds of nodules—that
whereas the smaller firm grey ones are constituted
entirely of the first-named tissue, the larger soft grey,
and most of the yellow ones, consist largely of the alveo-
lar accumulations.

Firstly, with regard to the soft grey and yellow nodules.
Many of these when examined with a low magnifying
power present the appearance represented in Fig. 62,
the nodules being apparently made up of accumula-
tions within the alveolar cavities. When more highly
magnified their constitution at once becomes evident
(Fig. 63). Their central portions (c¢) comsist, for the
most part, of a structureless granular débris, in which,
perhaps, here and there, traces of formed elements
are visible, More externally, are seen indications of
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alveoli,whichare filled with partially degenerated epithelial
cells (5), whilst in the peripheral portions of the growth
(a) the alveolar cavities are quite distinet, their walls are
slightly infiltrated with an adenoid growth, and their cavi-
ties contain epithelial cells and sometimes a small amount
of fibrinous exudation. In other nodules thereis no such

A Yellme Tuberele from the Lung in a case of
Acute Tuberewlosis. Showing the accumulations
within the alveoli at the peripheral portions of
the nodule, and the degeneration in the centre.
x 33.

extensive necrosis, but the adenoid thickening of the
alveolar walls 18 much more marked, and the alveo-
lar cavities contain either distinet epithelial elements, ill-
defined masses which apparently consist of confluent
epithelium, or large multinucleated cells (Iig. 64); these
last-named cells originating, as described by Dr. Klein,
from the alveolar epithelium.*

* These large multinucleated cells are stated by Dr. Klein (loc. ¢it.)
to originate either by the fusion of the alveolar epithelium, or by
the excessive development of one epithelial cell.  Since the publi-
cation of Dir. Klein's statement I have frequently observed these
cells situated distinetly in the alveolar ecavities, and I have no
doubt they originate in the way he describes,

R 2
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F1c. 63.
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A small portion of the most external part of @ Yellow Tu-
herele from the Lung tn a case of Acwte Tuberewlosis, Most
externally at a are seen the alveoli filled with epithelial
cells, and the alveolar walls are slightly thickened by an
adenoid growth. More internally at & both the alveolar
walls and the epithelial contents are seen in thz process of
degeneration ; whilst in the central portions, ¢, the dege-
neration is 8o far advanced that all trace of structure is
lost. = 140,

A portion of the more external part of a soft grey Tubercle
Srom the Lung in @ case of Acute Tuberculosis. Showing the
extensive adenoid thickening of the alveolar walls, and
a large multinucleated cell within the alveolar cavity.

% 100,
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The histological characters of the smaller firm grey
nodules differ from the preceding. These, when examined
with a low magnifying power, appear as little somewhat
spheroidal masses, the cellular elements of which are
often to be seen grouped around separate centres (IFig. 65).
When more highly magnified these centres are seen to
consist of the large multinucleated branched cells already

F'16. 65,

A firm Grey Tuberele from the Lung in a case of Aente
Tuberenlosis,  Showing the apparent situation of the
nodule between the alveoli; and the grouping of the
elements around separate centres. x 33,

described (see IMig. 58), and the small-celled structure
grouped around them is adenoid tissue; the large cells
having originated within the alveoli, the adenoid tissue in
the alveolar walls. This adenoid structure at the
peripheral portions of the nodules extends into and pro-
duces a thickening of the walls of the alveoli with which
the nodule is incorporated (Ifig. 66). In many of the
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nodules the central portions have undergone retrograde
changes and are caseous,

Respecting the caunse of these differences in the histolo-
gical characters of the miliary lesions in the lungs—I
believe them to depend upon differences in the age of the
nodules, and in the intensity of the tuberculous process. If
theintensity of the process be very considerable, the nodules
will consist almost exclusively of accumulations of epithe-
lium and fibrinous exudation within the pulmonary alveoli,

I'1G. 66,

A small portion of the most external part of a firm Grey
Tubercle from the Lung in a case of Acule Tuberculosis.
Showing the incorporation of the nodule with the alveolar
walla. x 270,

and the nodule will rapidly undergo disintegration. (See
Figs. 62 and 63.) If the process be less intense, and the
nodules attain a more advanced age, the necrosis will be
less rapid and complete, the development of adenoid
tissne in the alveolar walls will be greater, and the
epithelial elements may form large mliinucleated cells.
(See TFig. 64.) Lastly, in the least ?ﬁvere and most
chronic processes, the development of multinucleated
elements and the formation of the network of branched
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cells reaches its maximum (see Figs. 58 and 65), necrosis
takes place slowly in the central portions of the nodule,
and there is often considerable fibroid induration of the
new tissne. There is thus a close analogy between the
tissue-changes resulting from tuberculosis of the lungs
and those which result from other inflammatory processes.
(See ** Chronic Inflammations.™) The necrosis of the
lesions is mainly owing to the interference with their vas-
cular supply caused by the pressure exercised upon the
blood-vessels by the intra-alveolar accumulations, and the
obliteration of the vessels by the adenoid growth in the
alveolar walls. In the most acute forms of the disease it

probably also partly depends upon inflammatory blood-
stasis,



CHAPTER XXVII.

Tue diseases known as Pyemia and Septiceemia result
from the absorption and dissemination of certain infective
substances derived from some focus of acute inflamma-
tion. Inthese diseases, therefore, as in acute tuberculosis,
we have a focus of inflammation from which the infective
substances are derived, the general dissemination of these
substances, and the secondary processes to which they
give rise.

When a person receives an external injury sufficient to
cause an inflammatory process of considerable extent and
intensity in the part injured, this process is usually fol-
lowed by a general disorder of the vital functions, the
most prominent symptom of which i1s pyrexia. This
pyrexia, which so commonly occurs after surgical opera-
tions and other extensive local injuries, 1s what is usually
known as trawmatic or inflamanatory fever. Respecting
the cause of this pyrexia—it is probably mainly due to the
absorption of some of the products of the local inflamma-
tory process, and of substances resulting from the decom-
position of dead organiec matter in the neighbourhood of
the injury. In other words, the pyrexia and other pheno-

mena result from the dissemination of certain infective '_

materials from a focus of acute inflammation.
Closely allied to this traumatic or inflammatory fever is
the condition krown as septiceemia. Here, also, there is
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an absorption of certain infective substances from some
inflammatory lesion, but the general disturbance of the
vital functions to which they give rise is much more con-
siderable. They cause not only pyrexia, but frequently
also vomiting and diarrhcea, and ultimately a condition
of coma and collapse which tends to terminate in death.
Septiceemia appears therefore to differ from simple trau-
matic fever mainly in this—that in it the general infec-
tive process 1s one of much greater intensity. In both
there 1s usnally an absence of any characteristic local
lesions,  After death decomposition takes place very
rapidly. The blood is found to be somewhat darker and
less firmly coagulated than natural ; the spleen and liver are
enlarged, friable, and abnormally vascular; and, if there
has been diarrheea, the intestinal mucous membrane may
present the appearance of acute catarrhal inflammation,
with some swelling of the lymphatic structures. In some
cases also there is pleurisy or pericarditis.

The general infective process known as pywemia differs
from both tranmatic fever and septiceemia in this respect
—that in it the dissemination of the infective substances
derived from the inflammatory focus gives rise not only
to that general disturbance of the vital functions which
characterises these two conditions, but also to the forma-
tion of metastatic nodules of induration which soon
assume the character of abscesses, and to more diffused
inflammatory lesions. These metastatic nodules of indu-
ration which so quickly become purulent, and are so
characteristic of the disease, present certain peculiarities.
In their earlier stages they usually consist of somewhat
reddish, friable, granular-looking masses of consolidation,
which are surrounded by a thin zone of red hyperzmic
tissue. These masses are frequently wedge-shaped, the
apex of the cone heing towards the centre of the organ.
They vary considerably in size, some not being larger
than a small pea, whilst others exceed the size of a chest-
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nut. The consolidated mass soon assumes the characters
of an abscess. Its more central portions become softened
and purulent, and ultimately it tends to become converted
into a collection of pus and broken-down tissue, this being
still surrounded by a thin red zone of induration.

These metastatic abscesses are met with most frequently
m the lungs; but they also occur in the liver, spleen, kid-
neys, and in other internal organs. They are more com-
monly found near the surface than in the more internal
portions of the organ, often being situated immediately
beneath the fibrous capsule.

The more diffused inflammatory processes which also
occur in pywemia, consist chiefly in suppurative arthritis
and inflammation of the serous membranes, especially of
the pleurm and pericardium.

Although the occurrence of metastatic abscesses in the
later stages of many of these acute infective processes has
served as a basis for their classification—those in which
they occur being termed pymmic, those in which they are!
absent, septiccemic—1 agree with those who believe that
it does not justify the conclusion that there exists between
them any essential pathological difference. Both pymmia
and septicaemia probably result from the absorption of
the same infective substance, althongh the intensity of its
infective properties may vary very considerably. The|
effect of this substance may be simply to produce a general
disturbance of the vital functions—a septiceemia; or,
more remotely, to cause various disseminated suppurative
inflammations—a py@mia; and as in other acute infective
diseases—e.g., scarlet fever, death may result from the
general disturbance of function quite independently of
any local lesions, so in the diseases now under considera-
tion a septiceemia may be the cause of dissolution without
the occurrence of any of those metastatic products which
are regarded as characteristic of pyamia. Such being
the case, it is evident that whereas a septiceemia may
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exist without the subsequent development of metastatic
lesions—a pywemia, pyemia must always be associated
with more or less septiceemia. In other words, pymemia,
is a septiceemia in which there are metastatic suppurative
inflammations.

Having thus pointed out the close pathological relation
which subsists between these two infective processes, it
remains to consider the nature of the infective substance
and the circumstances under which it is produced, its
absorption and dissemination, and subsequently to ex-
plain the occurrence of the metastatic lesions,

The infective substance, as already stated, originates in
connection with the products of an inflammatory process.
With regard to its nature—we are at present unable to |
speak certainly. Its production, however, appears to be
invariably associated with the putrid decomposition of the
inflammatory liquids.

It is well known that the ordinary putrid decomposition
of albuminous liquids is always associated with the pre-
sence in them of minute organisms termed bacteria, the
most common form of which are little rod-shaped hodies,
such as are represented in the accompanying drawing
(Fig. 67). In a series of observations made in the labo-
ratory of the “ Brown Institution™ with the object of
determining the nature of the pysemic poison, Dr. Burdon-
Sanderson found that these, or similar organisms,abounded
in all the inflammatory liquids, and sometimes existed in
the blood, of animals in which pymmic processes had been
artificially induced.* These organisms he divides into two
groups—rod-shaped bodies endowed with the power of
spontaneous movement, similar to the smallest forms repre-
sented 1n Fig. 67 (bacterinm vibrio), and dumb-bell forms
which have no proper movement (baeterivm varicosum).
When liquids derived from pymmic inflammations are
injected into the circulation, or into one of the serous

- —

* “Trans. Path. Soc. Lond.,” Vol. xxiii. 1872,
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cavities of un animal, they producethe symptomsof pymemia,
and Dr. Sanderson finds that the intensity of these symp-
toms appears to bear some direct relation to the number
and forms of bacteria which the infective liquids contain.
Those animals which were inoculated with liquids con-
taining numerous minute rod-shaped bacteria, died rapidly
with symptoms of septicamia ; whereas in those in which
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Feetid Pus from an Empyema. Showing bacteria
amongst the pus-corpuscles. The bacteria were
very active, x GO0,

the inoculated liguids contained fewer bacteria of a dumb- |
bell form, the process was more protracted and was |
attended by the development of metastatic abscesses—a |
py@mia. The results of these investigations therefore
show that, in the lower animals, bacteria are invariably
present in liquids which are capable of inducing pymmic
processes, and they thus tend to confirm the statement
which has already been made, that the development of
py@mic processes in man appears to be invariably asso-
ciated with the putrid decomposition of an inflammatory
product—a decomposition which is always attended by
the presence of bacteria.

Whilst it must thus be admitted that bacteria are inva-
riably present in liquids which are capable of inducing
py@mic processes, it 18 probable, according to Dr. San-
derson, that the development of the pyzmic poison, al-
though associated with, is something guite distinet from,
the process of simple putrefactive decomposition; for, as
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he has shown, the virulence of pysmic liquids is dimi- |
nished by their being kept. In conclusion, all that we
are at present able to state with any degree of certainty
respecting the nature of the pymmic poison 1s, that its
development appears to be invariably associated with the
putrid decomposition of inflammatory products, and that
the liquids in which it is generated contain those low orga-
nisms which always accompany the ordinary process of
putrefaction, and possibly also other organisms which are
specific.™

Anotherimportant point in connection with the develop-
ment of the pymmic poison is the fact that the inflamma-
tory focus in which 1t originates is, in the majority of
cases, the result of some external Imjury—an injury pm-i
ducing a lesion which communicates with the external air.
That this should be so, will be readily understood when it
is remembered that the decomposition of animal fluids is
materially hastened by free exposure to atmospheric in-
iuences.

Allusion must here be made to the great proneness of
py@mic processes to oceur where persons with open wounds
are concentrated together, as in hospital wards. In ex-
planation of this, it must be remembered, as pointed out
by Mr. Savory, that the decomposition of an animal fluid
1s hastened by the itroduction into it of any other animal
matter which is also undergoing active putrefactive
change.t

Although py@emia thus usnally results from external
inflammations, it sometimes oceurs under circumstances
in which no external point of inflammation is discover-
able, and the inflammatory focus is situated -E-uhr-rn&!l-y.(

—

¢ (lohn states that there are bacteria found in infective diseases
which are quite distinet from those forms which accompany ordi-
nary putrefactive decomposition, 8ce * Quarterly Journ, Mier,
Science,” 1873, p. 150,

t ¢ Discussion on I'yiemia at Clinieal Society,” Mr, Savory,—
*‘I'rans. Clin. Soc. Lond.,” Vol. vii. p. lxxvi,
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As an example of this may be mentioned cases of pyemia
resulting from acute necrosis of bone. In explanation of
these cases the results of Dr. Sanderson’s experiments,
already alluded to, are of much value. Dr. Sanderson
finds that pyemia may be induced in the lower animals
by the introduction into one of their serous cavities of
liquids produced by am mflammatory process which has
been set up by chemical agents under circumstances which
preclude the possibility of the introduction of any infect-
ing substances from without—liquids, however, which, like
those derived from an external inflammatory lesion, abound
in bacteria. .

Having discussed the nature of the pymmie poison, and
the circumstances under which it originates, it remains to
consider how it becomes absorbed and is disseminated.
Decomposing fluids in contact with inflamed tissues—
fluids capable of producing the most intense pysemie
processes if artificially inoculated—do not always become
absorbed. The causes which in some cases favour their
absorption, and in others prevent it, must be looked for,
according to Mr. Savory (loe. ¢il.), in the condition of the
intlamed tissues with which they are in contact. Bill-
roth and others have shown, experimentally, that when
granulations are healthy they offer a decided obstacle to)
the absorption of fluids from their surface, but when they
become partially destroyed, or are in an unhealthy condi-
tion, fluids readily permeate them. It must, then, be con-
sidered as exceedingly probable that the absorption of the
py®mic poison is intimately connected with some abnor-
mal condition, due to injury or disease, of the inflamed
tissues with which it is in contact. The poison, when
absorbed, is disseminated by means of the veins and lym-
phatics.

The remaining point for consideration is the pathology
of the disseminated secondary inflammations—the diffuse
lesions and the metastatic abscesses. The most common
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diffuse inflammatory lesions which result from the pymemic
process are suppurative arthritis, inflammation of the
serous membranes, and of the subcutaneous ecellular
tissue. The mode of origin of these diffused inflamma-
tory processes we are unable certainly to explain. They
probably occupy the same pathological position as the
diffuse inflammations which occur in other infective
diseases—e.g., in scarlet fever and acute tuberculosis.

Our knowledge of the pathology of the metastatic
abscesses 1s much more complete. These appear usually |
to be of embolic origin, the emboli originating in the |
venous thrombi which form at the foci of the primary
or secondary inflammations. The cireumstances under
which thrombi formed in the vessels of a part become
softened or broken-up, so as to furnish embolic plugs,
and the way in which these plugs may set up aeute in-
flammatory processes at the scat of their arrest, will be
fully deseribed in the chapters on “*Thrombosis’ and “ Em-
bolism.”* Tt will be sufficient in the present place to
state that in the course of a pymmic process the coagula
which form in the vessels at the seat of the pymmic in-
flammations become infected with the pysemic pn::-isnn,’l
and if they soften or become broken-up so as to furnish
embolic plugs, these plugs cause secondary suppurative
processes in the parts in which they become arrested ; and
it 1s to the dissemination of these infective emboli that
the formation of the majority of the metastatic abscesses
in py@mia is owing,

* The student will do well to read the chapters on “ Throm-
bosis™ and “ Embolism” as a sequel to the present chapter.
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SYPHILIS.

Tre lesions occurring in the course of constitutional
syphilis are for the most part inflammatory in their
nature, but in their seat, distribution, and histological
characters, some of them present certain peculiarities
which make them quite characteristic of this disease. The
primary syphilitic lesion (usually the indurated chancre),
the secondary lymphatic gland enlargement, and the sub-
sequent series of changes in the skin, mucous membranes,
and later—in the nervous system, bones, and internal
organs, are all of them the results of chronic inflamma-
tory processes induced by the syphilitic poison.

The lesions, however, which must be regarded as
especially characteristic of constitutional syphilis are of
two kinds—certain fibroid indurations, and a form of
nodular growth which is known as a gumma or syphilitic
tumour., These two forms of lesion are very frequently
associated, and in many cases it becomes difficult to draw
a line of demarcation between them. A fibroid lesion is
sometimes simply the remains of what was previously a
gummy tumour.

Fibroid growths unassociated with gummata, usually
occur somewhat earlier in the course of constitutional
syphilis than the gummy tumours. They consist in the
first place of an embryonic small-celled tissue, which sub-
sequently becomes developed into a fibroid or adenoid
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structure (see “ Inflammation of Common Connective
Tissue”). The fibroid thickenings which result are cha-
racterised by their localisation and by the irregularity in
their distribution. They occupy, for the most part, small
areas, the surrounding tissues being wnaffected. 1t is these
peculiarities in their distribution and localisation, and not
their histological characters, which render them so charac-
teristic of syphilis.

These fibroid changes are met with in various situations
—in the periosteum, in the sheaths of nerve-trunks, in the
capsule and nterstitial tissue of organs, and I muscle.
When oceurring in the capsules of organs they present very
characteristic appearances. In the liver and spleen, where
they are the most frequent, they give rise to an irregu-
larly distributed thickening and puckering of the capsule
which 1s exceedingly typical of advanced syphilis. The
thickened portions are usually connected with dense
fibroid septa which pass into the interior of the organ;
and therve are frequently also numerous strong peritoneal
adhesions. The gummy masses about to be deseribed are
very often to be found in the midst of the fibroid growth.

The other variety of lesion, which is perhaps more
characteristic of syphilis than the preceding, and very
frequently associated with it, is the gumma or syphilitic
tumour. The gummata were formerly regarded as non-
inflammatory neoplasms, and were classified by Virchow
amongst what he termed the * granulation™ tumours. As
usually met with, they are moderately firm yellowish-
white nodules, having often, on section, somewhat the
appearance of a horse-chestnut. They vary in size from
a hemp-seed to a walnut, and are surrounded by a zone of
translucent fibrous-looking tissue, which sometimes has
the appearance of a capsule, and which is so intimately
assoclated with the surrounding structures that the com-
plete enucleation of the mass is impossible. In the
carlier stages of their development, when they less com-

8
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monly come under observation, they are much softer in
consistence, more vascular, and of a reddish-white colour ;
whilst in their most advanced stages, owing to extensive
retrogressive changes, they may be distinetly caseous.
When the gummata are examined microscopically they
are found to consist in the main of atrophied, degene-
rated, and broken-down cell-
products, embedded in an n-
completely fibrillated tissue.
There are, however, some
marked structural differences
between the central and ex-
ternal portions of the growth.
The central portions are
composed almost entirely of
closely-packed granular dé-
bris, fat granules, and cho-
. Glumangy [Fi:‘ri.-t‘m*.l"rum Liver. a. lesterin, amongst which may
S et Sy o e v exsdiogly sonnt
ripheral granulation tiHS'I.'IL A fibrillated tissue. (FIE
blt}uri-m'l:ﬁiaﬁl. x 100, (erm] a.) Sun’r{mndmg this ﬂ-ll(l
and Ranvier.) ; : G o il
directly continuous with it is
a more completely fibrillated structure ; whilst the periphe-
ral portions of the growth, which are continuous with the
surrounding tissue, consist entirely of small round cells—
the granulation or “ indifferent” cells. (Iig. 68, b, and
Fig. 69.) The blood-vessels, which only exist in the ex-
ternal portions of the growth, are very few in number.,
The three zones above described, which are to be dis-
tinguished more or less clearly in most of the gummy
nodules, correspond with three different stages in their
growth. The most external zome, consisting of the gra-
nulation-tissue, represents the early stage of develop-
ment, and by the continuous formation of this tissue the
growth may continuously increase. The intermediate
tibrous zone represents the second stage in the process—
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the development of the granulation tissue into a more or
less completely fibrillated structure. The characters of
this fibrillated tissue vary in different growths. In some
the fibrillation is very distinct; in others, the tissue is
dense and cicatricial in character ; whilst less frequently, it
consists of a reticulated structure within the meshes of

Fia. 6Y.

The Pervipheral Portiva of a Gummy Growth in the
Kidney, Showing the small-celled growth in the
intertubular tissue. x 200,

which are grouped round small cells. ( Adenoid tissue;”
compare with Fig. 74, o.) (Fig. 70.) The central zone, con-
sisting of the amorphous granular material, represents the
oldest portion of the growth—that which has undergone re-
trogressive changes. The blood-vessels, whichonly exist in
the zone of proliferation, appear to become obliterated in
the process of development ; and this probably accounts
for the rapid degeneration of the central portions of
the growth. When the tumour is large, i1t may some-
times be geen to be made up of several distinet smaller
growths, each presenting at its circumference the more
perfect cells, whilst its central parts are granular and
amorphous.

It would thus appear that the first stage in the process:
of formation of these gummy growths consists in the pro- |
duction of a small-celled granulation tissue. This is fol-
lowed by the incomplete development of the new tissue

s 2
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into a fibrillated or adenoid structure, together with the
atrophy and degeneration of the young elements. The
degenerated elements become closely packed in the centre
of the growth, whilst proliferation and incomplete fibrilla-
tion continue at the circumference. The central portions
of the growth may ultimately become calcified, but more
commonly they gradually become absorbed, and a mere
puckered fibrous cicatrix occupies the seat of the original
tumour. This is one of the ways in which the fibroid
lesions originate,

From a Guwwomy Growth in the Kidney., Showing
the adenoid structure occasionally met with in the
intermediate zone of these formations, x 200.

The gnmmata are the new formations most characte-
ristic of syphilis, and their distribution is almost co-exten-
give with that of syphilitic lesions. They are met with
in the skin and subeutaneous cellular tissue, in the sub-
mucous tissue, in muscle, fascie, bone, and in the connec-
tive tissue of organs—especially of the liver, brain,
testicle, and kidney. They also occur, but much less fre-
quently, in the lungs; as do also simple localised fibroid
indurations. When situated in the submucons tissue the
mucous membrane usually becomes destroyed, and a deep
uleer forms. This is seen in the pharynx, soft palate,
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tongue, larynx, and in other parts. These true gummy
ulcerations must be distingwished from the superficial
ulcerations resulting from inflammatory processes in the
lymphatic structures, which also oceunr in syphihs,

SYPHILITIC DISEASE OF THE LIVER.

The liver is one of the most frequent seats of syphilitie
lesions. The most common change is the development of
fibroid and gummy growths in the substance of the organ.
These growths are strictly localised, the surrounding liver-
tissne being healthy. The growths—which are usually
connected with fibroid thickenings of the capsule—
sometimes consist simply of a dense fibroid structure.
More commonly, however, gnmmy masses are found im-
bedded in the fibroid growth. In the former case it is
possible that the cummy mass may have become absorbed,
leaving merely its fibroid cicatrix.

The development of these growths produces very
marked alterations in the form of the liver. Scar-like
depressions are seen on its surface, and the organ is
irregularly, and often very deeply puckered.

A more general fibroid change, not associated with the
formation of gummy masses, but closely resembling ordi-
nary cirrhosis, 18 occasionally met with in the liver in
infantile syphilis.

Lastly, it must be mentioned that the lwﬂr m syphilis
18 frequently amyloid.

It is unnecessary to describe particularly syphilitic
lesions in other organs, as they all present the same
general characters—viz., strictly localised fibroid, or
fibroid and gummy growths.



CHAPTER XXIX,
INFLAMMATION OF NON-VASCULAR TISSUES.

INFLAMMATION OF CARTILAGE.

T'ie phenomena of acute inflammation in cartilage,
although comparatively rare in man, have been studied
by the artificial irritation of the articular cartilages in the
lower animals. They consist in changes in the cartilage
itself, and in the vessels of the adjacent synovial mem-
brane and bone, from which the cartilage receives its
nutritive supply. Respecting the vascular changes, these
are such as have been already described as characteristic
of inflammation.

In the cartilage itself, the cells enlarge within their
capsules, their nuclei become more prominent and their
protoplasm more granular. The cells then multiply by
simple division, so that each cavity contains numerous
young cells which ultimately closely resemble pus-cor-
puscles. At the same time the capsules are destroyed,
and the intercellular substance softens and breaks down
into a finely granular material. (Ifig. 71.) As the in-
tercellular substance becomes destroyed, the newly-formed
cells and granular débris escape from the surface of the
cartilage, which thus becomes irregular, presenting nume-
rous elevations and depressions: this is acute ulceration
of cartilage. Whilst these changes are taking place in
the cartilage itself, numerous new blood-vessels are

B
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formed from those in the adjacent bone or synovial
membrane; the little loops of new vessels dipping into
the softened cartilace. 'This process of softening and

Section of Inflamed Cartilage.  «a. The normal eartilage-
cells. &, The same enlarged, o Multiplication of cells
withio their capsules. e Great inerease in the nmnber of
the voung cells, and destruetion of the intercellular sub-
stance, x 250. (Cornil and Ranvier,)

ulceration may go on until the cartilage is completely
destroyed, or it may become arrested. In the latter case
the young cells form a granulation-tissune, this tissue
fibrillates, and the lost cartilage thus becomes replaced
by a fibroid structure.

When the inflammation is less severe and runs a more
chronic course, the cell-proliferation is not so active, and
the intercellular substance is less destroyed. The newly-
formed cells are more highly organised, and whilst many
of them undergo retrogressive changes, others form a
fibrillated tissue. Irregular cavities may thus be pro-
duced 1n the midst of a fibrillated cartilage.

Lrosion of Cartilage.—Allusion must be made here to a
morbid condition of cartilage which is exceedingly common
in people past middle life. It consists in the occurrence
upon the surface of the articular cartilages of small,
yellowish, flocculent spots, which gradually inerease in
size, and ultimately break down and become destroyed,
leaving a superficial erosion. The change occurs most
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frequently in the cartilages of the patella and of the knee-
joint, and in other situations in which the cartilages
are especlally subjected to pressure,

When the diseased portions are examined microsco-
pically, the most marked alteration is seen to consist in
a fibrillation of the intercellular substance of the carti-
lage. Some of the cartilage-cells are also increased in
size and show signs of proliferation ; whilst others are in
various stages of fatty metamorphosis. The change
appears to result from long-continued irritation due to
pressure, and it may be regarded as an irritative process,
in which, owing to the natural poverty of the vascular
supply, retrogressive changes occupy a very prominent
place.

INFLAMMATION OF THE CORNEA,

The process of inflammation as it occurs in the cornea
has been chiefly studied in the frog. After irritation of
the frog’'s cornea, the earliest changes observed consist in
the conjunctival epithelium becoming visible, and in the
appearance amongst the epithehal cells of a few leuco-
eytes, which have probably escaped from the hyperemic
vessels of the conjunctiva. The cornea-corpuscles and
their prolongations then become visible (they are invisible
in the healthy cornea, which appears perfectly structure-
less), and the prolongations are the seat of slight amoehoid
movements. At a somewhat more advanced stage the
cornea-corpuscles become altered in form, their prolonga-
tions become much shorter, they lose their stellate outline,
and gradunally assume more the appearance of cartilage-
cells. The next change observed in the enlarged and
rounded corpuscles consists in their proliferation, and in
the place of each corpuscle is seen a clump of young,
round, ameeboid ecells, many of which are indistin-
guishable from the living corpuscles of pus.

Whilst these changes are taking place 1n the corpuscles
of the inflamed cornea, the intercellular substance gra-
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dually becomes increasing opaque, owing to its infiltra-
tion with young cellular elements (lencocytes). These are
so numerous and increase so rapidly, that they must
undoubtedly be regarded as, in the main, emigrant white
blood-corpuseles ; although from the changes observed to
take place in the earher stages of the process in the fixed
elements of the cornea, it must be admitted that they
are partly derived from the proliferation of the cornea-
corpuscles, As the number of these young elements in-
creases the consistence of the cornea becomes diminished,
until ultimately the tissue breaks down and is destroyed.

The inflammatory process may continue until the whole
of the substance of the cornea 1s softened and destroyed ;
or it may become arrested. In the latter case more or less
thickening and opacity of the cornea will result, owing to
the increase in the number of cells and the changes in the
intercellular substance.



CHAPTER XXX.
INFLAMMATION OF COMMON CONNECTIVE TISSUE.

Coxyox connective tissue is one of the most frequent
seats of the inflammatory process, not only the subeuta-
neous connective tissue, but also the conmnective tissue
of organs and of other parts.

If connective tissue be examined a few hours after the
infliction of an injury, it will be found that in place
of the fibrillated substance and fixed connective-tissue
corpuseles of which it is normally composed, the tissue is
infiltrated with amaboid cells (leucoeytes), and that the
fibrillated intercellular material has become homogeneous
and gelatinous in consistence. The number of these cells
gradually increases, and the intercellular substance gra-
dually becomes more completely destroyed—being pro-
bably consumed by the newly-formed elements—so that
ultimately the tissue consists almost entirely of small
round cells held together by a very small quantity of soft
gelatinous intercellular material.

Respecting the source from which these young elements
are derived —i.e., how far they are emigrants, and how
far they are the offspring of cells belonging to the con-
nective tissne—there appears to he little doubt that they
are almost entirely emigrants. Although it was formerly
supposed that the connective-tissue corpuscles multiphed
very rapidly in inflammation, and that the newly-formed
cells were entirely the result of their proliferation, the
recent investigatious of Professors Cohnheim and Stricker
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show that this view is erroneous ; and according to Cohn-
heim, these corpuscles take no part whatever in the in-
flammatory process. Professor Stricker, however, has
observed them undergoing active movements in the in-
flamed tongue of the frog, and although he has never
seen them divide, he concludes that, like the elements of
most other tissues, they probably do soin the latter stages
of the inflammatory process. The present state of our
knowledge respecting inflammation of connective tissue
would therefore appear to justify the conclusion that m
the early stuges of the process all the young cells are
emigrants, but that most probably in the latter stages
many of them are derived from the proliferation of the
connective-tissue corpuscles.

Such being the nature of the changes which more
immediately follow injuriouns stimulation of the connec-
tive tissue—the inflammatory process may terminate in
resolution, in organisation, or in suppuration.

ResoLution.—If the injury sustained by the tissue 1s
not severe, the inflammation may gradually subside, the
process terminating in sesolulion. In this case the
hyperseemia diminishes, the emigration ceases, some of the
young cells undergo fatty metamorphosis and thus be-
come absorbed, others pass into and are removed by the
lymphatics, and the tissue gradually returus to its
normal condition.

Ongaxisation.—If the inflammatory process does not
terminate in resolution, many of the young cells may
become more fully developed and ultimately form a
fibrillated tissne. This organisation of the inflammatory
formation is seen in the healing of wounds by the * first
intention,” and also in many of the chronic mflamma-
tions of the kidney, liver, and other organs. In order
for it to occur it is necessary that there should be a con-
siderable diminution in the intensity of the inflammation.
(See “ Chronic Inflammations.”)
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The process of organisation takes place by the produec-
tion of mew capillaries and by the development of the
young cells into a granulation-tissue. This granulation-
tissue consists almost entirely of young cells, which must
be regarded as exhibiting a somewhat hicher stage of
development than the primary amamboid cells (leucocytes)
of the inlammatory formation. 'They are spherical masses
of protoplasm from ;35 10 504 of an inch in diameter,
usually containing an indistinet round or roundly-oval
nucleus, which often only becomes visible after the addi-
tion of acetic acid; and although they exhibit slicht
ammbold movements, they are much less active than the
emigrant blood-corpuscles. The further organisation of
the growth takes place by the development of this granu-
lation-tissue into a fibrillated or adenoid structure. The

I'G. 72.

Varieties of new Growth resulting from chronic Inflam-
maiion of Connective Tisswe.—A an adenoid, B a fibroid
structure., = 200,

granulation-cells diminish in number, many of them fre-
quently become spindle-shaped, the newly-formed capil-
laries gradually disappear, and the richly cellular tissue
thus becomes converted into a more or less dense strue-
ture, which is characterised by the gradual process of
contraction which it undergoes. This is usually known
as cicatricial tissue,

The characters of this new tissue present certain varia-
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tions. Sometimes it consists of closely-packed wavy
fibres, amongst which are a few elongated spindle-shaped
elements, such as are represented in Fig. 72, 8. It 1s
equally common for the tissue to assume the appearance
shown in Fig. 72, A—a dense homogeneous or obscurely
fibrillated material, forming meshes of various sizes,
within which are grouped a few lymphoid cells. (* Adenod
Tissue.”) «(See also Figs. 55 and 85.) These two varieties
are very frequently associated in the same specimen, the
former probably representing a higher degree of develop-
ment than the latter.

SurpurATION.—When the injury sustained by the tissue
is so severe or so prolonged in its action as to prevent the
occurrence of resolution or of immediate organisation, the
young cells infiltrate the tissue in such numbers that
they may accumulate so as to constitute pus. The pus
may either become collected together within the tissue so
as to form an abscess, or it may be continuously dis-
charged from the surface, as in a granulating wound.
The deleterious influence which the pus exercises upon
the tissues with which it comes in contact, causing their
destruction and absorption, has already been alluded to.
(See ““ Suppuration.”)

Organisation after Suppuration.—This constitutes what
18 generally known as healing by granulation, or by the
second tntention. 1t takes place in wounds in which,
from the non-apposition of the wounded surfaces, union
by the first intention has not been effected; and in other
lesions in which the injured tissue presents a free surface
communicating with the external air, asin an ulcer. The
process of repair after the separation of a dead part
(demarcation and separation) is in the same way effected
by granulation, as is also the closing of the cavity left
after the discharge of the contents of an abscess. In all
these and similar cases the inflammation and suppuration
of the tissue are followed by the formation of granula-
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tions, and by the subsequent development of these into a
fibrillated structure.

The process of organisation in these cases 18 effected in
the first place by the development of the young cells in

A Granwlating Surfuce. a. Layer of pus. &b Granu-
lation-tissue with lﬂll_JI.l-H of blood-vessels,
development of the granulation-tissue
structure. x 200, (Rindfleisch.)

¢. Commencing
mto a fibrillated

the superficial layers of the inflamed tissue into a agranu-
lation-tissue, in the same manner as when there is no
suppuration.  This granulation-tissue, however, being
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situated superficially, and coming into contact with the
external air, becomes arranged in the form of small papil-
liform nodules, which are known as granulations. This
arrangement of the granulation-tissue i the form of
granulations, appears to be determined by that of the
new capillary blood-vessels which are developed =o
rapidly in it. These vessels form little vascular loops,
and the young cells are arranged round them, so that
each loop corresponds with a single grannlation. The
deeper layers of the granulation-tissue gradually become
developed into a fibrillated tissue, whilst the cells on the
surface of the granulations, together with the liquids
exuded from the subjacent vessels, are discharged in the
form of pus. (Fig. 73.)



CHAPTER XXXI.

INFLAMMATION OF BONE.

INFLAMMATORY processes in bone give rise, for the most
part, to an increase of medullary tissue and to softening
of the compact osseous structure.

The process takes place in the medullary tissue and in
the Haversian canals, the primary vascular phenomena
being followed by the emigration of blood-corpuscles.
The cells in the medullary spaces and Haversian canals
enlarge and multiply; in those which contain fat—the
adipose cells—the fat is first removed, and thus a tissue
18 formed, consisting of numerous small round cells, larger
cells containing several nucler closely resembling the
“myeloid cells,” and a scanty soft intercellular substance.
This is an inflammatory granulation-tissue, the large
multinucleated elements being similar to those normally
met with in the medulla of growing bone. Whilst these
changes are taking place in the medullary tissue, the
surrounding osseous lamellee are gradually absorbed, the
lime salts are removed, and in this way the medullary
spaces and Haversian canals increase in size and ultimately
become confluent. There is thus a new formation of medul-
lary granulation-tissue at the expense of the compact
osseous structure, and the bone becomes exceedingly
spongy, soft, and vascular.

If the process be not severe it may occasionally, in its
eurliest stages, terminate in resolution. More commonly,
however, it continues until more or less of the bone

" ) "
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becomes replaced by the inflammatory tissue. If the in-
flammation be of considerable intensity, it leads to the
formation of pus. The cellular infiltration increases, the
compact osseous tissue becomes more and more absorbed,
and the puswhich is produced may accumulate beneath the
periosteum or in the centre of the bone, so as to form an
abscess, This constitutes the condition known as osteo-
myelitis or acute ostitis, These intense forms of mmflam-
mation often lead to necrosis of the bone.

When the inflammation is of muech less intensity, the
new inflammatory tissue may undergo progressive de-
velopment, and form new bone. In this case a new for-
mation of osseous tissue takes place in the enlarged
Haversian canals and cancellous spaces, so that the bone
becomes converted into a heavy dense structure consisting
of hard compact osseous, with very little cancellous
tissue. This is selerosis of bone.

PrriostiTis.—Inflammation of the periostenm may be
localised or diffuse, acute or chronie. Aecute inflamma-
tions of the periosteum lead to the formation of pus,
which accumnulates between the bone and the periosteal
membrane. This, by interfering with the vascular supply,
frequently causes necrosis of the superficial layers of the
bone; and if a large portion of the periosteum be in-
volved, and the inflammatory process extend to the deeper
parts of the bone, the whole bone may die. Another
not infrequent result of periostitis is a chronic superficial
inflammation and caries of the bone.

When the inflammation of the periosteum is less intense
and more chronic, the new inflammatory growth produced
in the deeper layers of the membrane may become de-
veloped into osseous tissue (periosteal ossification).® The

—

* According to Billroth, this new osseous tissue is partly derived
from the bone itself, which, he states, is the seat of a superficial
ostitis. (See “ Billroth’s Surgical Pathology and Therapeutics,”
translated by Hackley, 4th Edit., p, 419.)

T
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process thus canses enlargement of the bone, or if this be
necrosed, 1t helps to reproduce the lost structure. (See
““ Necrosis.”)

Strictly localised inflammations of the periosteum oecur
in the formation of nodes, and here also there is fre-
quently a new growth of bone.

Necrosis.—All conditions interfering with the supply of
blood to a bone may be causes of its death. Necrosis
may thus result from accident, portions of bone being
violently separated from their vascular connections, or,
more commonly, the periosteum being stripped off and in-
jured. Much more frequently, however, it is the result of
the intense inflammatory processes in the bone or perios-
teum which have been deseribed.

The bone, when dead, undergoes a gradual process of
separation from the adjacent living tissue. This is
effected in the same way as the separation of soft struc-
tures. (See “ Gangrene.”) The adjacent living bone
becomes the seat of an inflammatory process, a granula-
tion tissue and pus are produced, and by this means the
dead portion i3 completely separated. When separated
it is termed a sequestrum.

The removal of the sequestrum from the granulation
tissue with which it is in contact is often only effected
with considerable difficulty, especially if it be deeply
seated. This difficulty is occasionally due to a more or less
thick layer of the old bone surrcunding the necrosed por-
tion. Much more frequently, however, it is owing to the
participation of the periosteum in the inflammatory pro-
cess, The inflamed periosteum produces new bone, a
capsule of which is thus formed, enclosing the sequestrum.
Openings exist in this capsule (cloacee) leading to the dead
bone, and through these openings the inflammatory pro-
ducts are discharged. When the sequestrum is quite
superficial, its removal is, of course, more readily effected.

Canrizs,—By caries is understood that inflammatory dis-
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integration of bone aund removal of the dead products
which corresponds with ulceration of soft parts. Caries
is therefore one of the results of inflammation of osseous
tissue.

Inflammatory processes in bone which are of compara-
tively slicht intensity have been seen to be characterised
histologically by a gradually increasing production of an
inflammatory granulation-tissue from the medullary
tissue of the bone, and by the absorption of the compact
osseous structure. Whether the bone cells also proliferate
is still sub judice. This absorption of the bone appears
to be effected entirely by the new inflammatory growth.
When these chronic inflammatory processes occur in the
superficial layers of the bone beneath the periosteum, the
bone 1z gradually destroyed, and presents a ragged irregu-
lar excavated surface. Thisis superficial caries, or ulcera-
tion of bone. Thefloor of the ulcer consists of a cancel-
lous structure containing the débris of the disintegrating
process. In many cases there is a marked condensation
(sclerosis) of the deeper portions of the bone.

Chronic inflammatory processes in the interior of bone
cause in the same way absorption and disintegration of the
osseous structure. Here, however, the inflammatory pro-
ducts being less readily removed, sometimes undergo,
especially in scrofulous children, a kind of caseous trans-
formation, and the carious cavity contains molecular
débris, sanious pus, and minute portions of dead bone.
The inflammatory granulation-tissue often projects as
fungating masses into the cavity.

Caries is frequently associated with more or less ne-
erosis, especially when the process affects the interior of
the bone. Small portions of bone are cut off from their
vascular supply, become detached, and are found in
the carious cavity.

There are two other morbid conditions of hone, which,
although probably not coming within the category of in-

T 2
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flammation, may be conveniently described in the present
chapter—viz., Mollities Ossiwm and Rickets.

MOLLITIES OSSIUM.

Mollities Ossium or Osteomalacia is a rare disease,
occurring only in adults. It is characterised by a pro-
gressive softening of the bones, owing to an increase in
their medullary tissue and the destruction of the com-
pact osseous structure. The bones become so much
softened that they can be easily cut with a knife; they
are exceedingly light, and bend readily in all directions.
On section, the cortical layer is found to be almost de-
stroyed, the bone consisting of a wide cancellous structure
containing a reddish, gelatinous, fatty material.

The mature of the disease is obscure. According to
Rindfleisch, the change consists in a decalcification of the
osseous tissue spreading gradually from the medulla and
cancelli of the bone. The decalcified tissue does not become
so completely absorbed as in inflammation of bone, but
undergoes more or less of a mucoid change. The medul-
lary tissue 1s exceedingly vascular, but unlike ordinary
granulation-tissue it usually contains much fat. Lactic
acid has been found in the bone and in the urine. The
urine usually also contains lime salts, which have been
removed from the bone and eliminated by the kidneys.

RICKETS.

The common disease of children so well known as
Rickets or Rachitis is mainly characterised by certain
alterations in the bones. The bones generally are
softened. The ends of the long bones are enlarged, and
the flat bones are thickened. As a result of these altera-
tions the bones become deformed, and their growth is
frequently arrested.

Respecting the nature of this disease, we are at present
unable to speak certainly. It appears, however, to be

.,I
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closely associated with mal-nutrition, and all those con-
ditions which materially interfere with the nutrition of
the child may be caunses of the disease.

The alteration in the bones may be briefly deseribed—as
stated by Sir W. Jenner—as consisting in an inecreased
preparation for ossification, but an incomplete perform-
ance of the process, In a growing bone the zone of soft
tissue in which the process of conversion of cartilage into
bone is taking place is exceedingly narrow, the prolifera-
tion of the cartilage involving only one or two rows of
the cartilage cells. In rickets this transition zone is
very considerably widened, the proliferation of the cartilage
cells extending for some depth into the cartilage, and the
adjacent layer of cancellous tissue being much broader
than natural. The junction between the bone and the
cartilage is also exceedingly irregular, so that in some
parts the cancellous bone extends into the cartilage much
further than in others. Usually the proliferation of the
cartilage in the transition zone is accompanied by the
calcification of the new tissue and its conversion into
bone. In rickets, however, this calcification takes place
very incompletely, and thus a wide layer of imperfectly
caleified soft tissue 18 formed at the growing end of the
bone.

A similar abnormality exists in the process of ossifica-
tion from the periosteum. Here also the zone of vascular
granulation-tissue from which the bone is developed is
exceedingly broad, the calcification of the tissue is exceed-
ingly incomplete, and the bone thus becomes thickened by
a soft, vascular, and very imperfectly calcified structure,
As the bone grows the medullary cavity naturally widens,
and the compact tissue becomes absorbed. This imperfect
formation of osseous tissue from the periosteum produces
therefore considerable softening and weakening of the
bone.

The changes in the bones in rickets thus closely re-
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semble those which oceur in the normal process of ossifica-
tion. There is the same proliferation of the cartilage-
cells and of the deeper periosteal layers, but this prolifera-
tion occupies abnormally large areas. The development
of the young cells and the transformation of the new tissue
appears also to be more or less incomplete. In many
parts the young elements do not form perfect bone-cells,
but simply angular cells without canaliculi, whilst in
others the development may be much more complete.
Various transitions are thus met with between tolerably
well developed and very imperfect bone-structure, but
owing to the deficiency of lime salts this structure is
very imperfectly and very irregularly calcified.




CHAPTER XXXII.

INFLAMMATION OF BLOOD-VESSELS.

INFLAMMATION OF ARTERIES.

Ix studying the process of inflaimmation in arteries, 1t
must be borne in mind that the inner coat of these
vessels 18 non-vascular, the blood-vessels being distributed
in the external layers.

Acute and chronic inflammations of arteries are a very
frequent result of coagulation of the blood within the
vessel (thrombosis). Such inflammations will be con-
sidered in the chapter on Thrombosis. Independently of
thrombi, the most acute inflammatory processes in arteries
are for the most part the results of injuries from violence,
or of inflammation in adjacent tissues. Here, the histolo-
gical changes are principally confined to the external coat
of the vessel. This becomes exceedingly hypersemic and
infiltrated with small cells, the cellular infiltration in-
volving also the middle coat. As a consequence of these
changes in the outer coats the vitality of the intima is de-
stroyed, and when this has occurred the blood contained
within the vessel coagulates.

AtneroMA.—The more chronie forms of arterial inflam-
mation give rise to changes which are most marked in the
deeper layers of the inner coat, where they produce those
various alterations in the walls of the vessel which con-
stitute what is known as atheroma. In the earliest stage
of the inflammatory process the fibrous and elastic lamella
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of the inner coat of the vessel become infiltrated with
young cells, which are probably partly emigrants, and
partly derived from the proliferation of the cells of these
structures. As these young cells inerease in number they
give rise to a swelling heneath the innermost layers of

I'ra. 74.

Atheroma of the Aorta. Showing the new growth in the
deeper layers of the inner coat, and the consequent in-
ternal bulging of the vessel. The mnew tissue has under-
gone more or less fatty degeneration. There is also some
cellular infiltration of the middle coat. 4. internal, m.
middle, e. external coat of vessel. x 50 reduced &,

this coat of the artery (I'ig. 74). This swelling of the
intima is very characteristic. It is, in the earlier stage of
the process, of a soft flabby consistence, and the lining
membrane which is continuous over it can be stripped off
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leaving the diseased tissne beneath. It thus contrasts
strongly with the superficial patches of fatty degenera-
tion which result from the fatty metamorphosis of the
endotheliul and connective tissue cells of the vessel. (See
“ Fatty Degeneration of Arteries.”)

The results of the inflammatory process will depend
upon its severity. 1f the process be very acute, the young
elements accumulate rapidly and infiltrate the middle
and external coats, so that the walls of the vessel become
so much softened, that dilatation, aneurism, or rupture
may ensue. Such acute changes are a common cause of
aneurism. The inflammation, however, 18 usually of less
intensity and runs a more chronic course, and it 1s only
to these more chronie arterial changes that the term
“atheroma,” 1s commonly applied.

When the proecess is less intense and more chronic in
its course, it leads to various alterations in the wall of the
vessel. The soft eellular infiltration of the deeper layers
of the intima usually undergoes retrogressive changes,
owing to deficient nutritive supply. These changes
commence in the deeper portions of the new tissue. The
young cells undergo fatty degeneration, the intercellular
substance softens, and thus a soft, yellowish, pultaceous
material is produced beneath the lining membrane of the
vessel. This has been termed an atheromatous abscess.
The lining membrane may ultimately give way and the
softened matters be carried away by the circulation, and
thus is produced the atheromatous wleer. In other
cases the more liquid constituents of the degenerated
tissue gradually become absorbed, cholesterin forms, and
thus a mass, consisting of broken-down fibres and cells,
fatty débris, and cholesterin crystals, with a varying
quantity of the original fibrillated tissue, remains in
the deeper layers of the inner coat. (Fig. 74.) This
may subsequently caleify, and so form a caleareous
plate.
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In the most chronic forms of the atheromatous process
there is more or less fibrillation of the new tissue, and
thus is produced a filroid thickening of the inner coat of
the artery. The organisation, however, is rarely complete,
more or less fatty débris being usually enclosed in the
fibroid stroma.

Respecting the canses of these chronic arterial inflam-
mations included under the common term of atheroma—
they are probably mainly due to over-strain of the vessel,
the strain exercising a chronic injurious influence. This
view has been especially insisted upon by Dr. Moxon.*
It is supported by the fact that those vessels which are
the most exposed to strain, are the most liable to this
disease, e.g. the arch of the aorta; also by the exceeding
frequency of atheroma in all those conditions in which
there is an increase of the blood-pressure. The effect of
increased blood-pressure as a cause of atheroma is seen
in the hability of athletes to the disease ; and also in the
frequency with which it occursin chronie Bright’s disease,
and in the pulmonary vessels in cases of mitral obstruc-
tion, &e.

INFLAMMATION OF VEINS,

Inflammatory processes in veins are more frequent than
in arteries, but here they are in the very great majority of
cases secondary to coagulation of the blood within the vein
(thrombosis), the coagulum acting as an irritant to the
coats of the vessel. These inflammations resulting from
thrombosis will be treated of in a subsequent chapter
(see “ Results of Thrombosis™).

The inner coat of the veins is, like that of the arteries,
non-vascular, and hence acute inflammatory changes are,
for the most part, confined to the external and middle
coats. Independently of inflammations resulting from

* ¢ Leetures on Pathological Anatomy.” Wilks and Moxon,
2nd Edit., p. 150,
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thrombosis, the limng membrane of veins appears to un-
dergo no active changes.

Acute and chronic inflammatory processes in veins are,
as already stated, most frequently due to thrombosis. They
may also result from violent injury, or from the exten-
sion of inflammation from adjacent tissues. The pro-
cess, when acute, closely resembles that in the arteries.
The external and middle coats become infiltrated with cells,
the intima ultimately loses its vitality, and when this has
occurred the blood within the vein coagulates.



CHAPTER XXXIII.
INFLAMMATION OF THE HEART.

INFLAMMATORY processes in the heart may affect the sub-
stance of the organ, or the endocardinm. They are much
most frequent in the last-named situation.

ENDOCARDITIS.

Endocarditis is for the most part limited to the valves of
the heart, although it is occasionally met with involving
more or less of the cardiac cavities. The process is
almost exclusively confined to the left side of the organ,
and 1n the great majority of cases it commences in, and
comparatively rarely extends beyond, the confines of the
aortic and mitral valves and the corresponding orifices.
Further—it i1s those portions of the valves which come
into contact in the act of closure, and are thus most ex-
posed to friction, which are especially involved, and in
which the changes usually commence. Thus, in the aortic
valves, it is the convex surfaces of the segments which
are most hable to be affected, and not the free edge of the
segment, but the little band of tissue which passes from
its attached border to the corpus Arantii in the centre;
and in the mitral valve, the auricular surface of the seg-
ments at a little distance from the attachment of the
chordse tendines. When portions of the endocardium
apart from the valves are affected, this is frequently due,
as pointed out by Dr. Moxon, to the irritation caused by
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the friction of vegetations or fibrinous clots sitnated on
the valves themselves. .

The histological changes accompanying endocardi-
tis closely resemble those already described as oceurring
in those more chronic forms of arterial inHammation
known as atheromatous. The endocardium and inner
coat of an artery are very analogous in their structure,
both being non-vascular, and consisting of a layer of con-
nective tissue with an internal endothelial covering. The
mflammatory process may be acute or chronic.

Acute Expocamrpiris.—If the process be acute, the
deeper layers of the endocardium become rapidly infil-

F1a, 75.

Aeute Endocarditis. A granulation from the mitral
valve, showing a fibrinous coagulum upon the surface
of the granulation, x 10 (Rindfleisch,)

trated with young cells, and as these inerease in number
the intercellular substance becomes softened and de-
stroyed, and thus is produced a soft tissue composed
almost entirely of cells such as always results from
inflammatory processes in connective tissne. The new
tissue as it increases tilts up the superjacent endothelium
and projects in the form of minute granulations and
vegetations upon the surface of the softened valve. The
endothelial elements may also participate in the active
process.

The above changes take place in an almost non-vaseunlar
tissue, and although there is more or less increase of
vascularity in the more external endocardial layers, where
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the capillaries are more numerous, there is rarely any
redness or injection of the endocardium seen after death.
Neither is there usually any liquid exuded upon the
surface of the granulations. 'What was formerly regarded
as an exuded material, is in the main coagulum which has
been deposited from the blood upon the roughened sur-
tace of the valve, This deposition of coagulum frequently
oceurs in endocarditis, the roughened and abnormal endo-
cardium acts as a foreign body and so causes a deposition
upon its surface. This must not be confounded with the
vegetations themselves. (Fig. 75.)

The results of this cellular infiltration vary, If the
process be very acute the new tissue may hreak down,
and thus a loss of substance result—an endocardial
ulcer. This takes place without any accumulation of cells
sufficient to form an abscess, the new tissue simply be-
coming rapidly softened and disintegrating. In rare
cases, however, small quantities of pus are found in the
deeper endocardial layers. The ulcer is irregularly defined,
and its edges are usually swelled and thickened. This
wleerative endocarditis 1s,however, not frequent, the process
usnally being less acute. The ulceration may lead to per-
foration of the valve, or to a considerable destruction of
its substance. Laceration or aneurism of the valve may
also ensue from the pressure exercised by the blood against
the damaged tissue. Sometimes the ulcerative process
extends so as to involve the cardiac substance. Ulcerative
endocarditis is a grave affection, often giving rise to em-
holism, and sometimes to a pysemic process.

When the inflammatory process is less severe, as 1is
much more commonly the case, the new tissue becomes
incompletely organised into a fibrillated structure, whilst
it undergoes, in part, fatty and calcareous degeneration.
These changes may result in the adhesion of the valves,
either to one another or to the walls of the heart. They
always produce permanent thickening, rigidity,and shrink-
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ing of their structure. The new tissue may continue to
grow after the severity of the process has subsided, and
thus are produced the vegetations and papillary exeres-
cences on the valves which are so commonly met with.
These consist of a lowly-organised tissue, which teuds to
undergo fatty and calcareous changes,

Curoxic Expocarprtis—This may be the sequel of
acute inflammation, or the process may from its com-
mencement be chronic in its nature. In chronic endo-
carditis the formation of new cells is much less rapid and
abundant than in the acute form; the intercellular sub-
stance consequently becomes much less softened and
destroyed, and the new tissne has a much greater ten-
dency to become developed into a fibrillated structure.
The resnlt of these chronie processes is therefore to pro-
duce a fibroid thickening of the endocardium, and so to
cause considerable induration and contraction of the
valves or valvular orifices. The new tissue sometimes
forms papillary growths on the valves, which undergo
partial fatty and calcareous changes.

MYOCARDITIS.

Myocarditis, or inflammation of the cardiac substance,
18 much less frequent than the preceding. Intense and
concentrated inflammations leading to the formation of
abscess probably occur only as the result of a pywmic
process. Less intense and more diffuse forms of cardiac
inflammation are also not unfrequently met with in asso-
ciation with pericarditis, and, less commonly, with endo-
carditis. Here the inflammatory process appears, by
extension, to involve the immediately adjacent muscular
layers of the organ, which are found infiltrated with
small cells, the fibres themselves being softened and
granular.

In addition to the above, a form of myocarditis must
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be recognised in which the substance of the heart becomes
more generally involved. In certain cases of acute rheu-
matism the muscular tissne of the heart is found after
death swollen, softened, opaque, and occasionally faintly
mottled with slightly yellowish patches. When examined
microscopically, the fibres are seen to have lost their
striation and to be finely granular, their nuclei are large
and prominent, and small cells are found in varying
numbers infiltrating the intermuscular tissue (Fig. 76).

1. 76.

Acute Myocarditis. TFrom a ease of acute rheumatism. a.
A thin section of the left ventricle made in the direction of
the muscular fibres, showing the granular and swollen
condition of the fibres, and the prominence of their nuclei.
b, A transverse section, showing the cellular infiltration of
the intermuscular tissue. x 200.

I have met with these appearances in two or three cases
of acute rheumatism, and they must, I think, be regarded
as evidence of the existence of an acute imflammatory
process. The change is most marked in the left ventricle,
and it is usually associated with endo- or pericarditis.
It is a grave complication of acute rheumatism, and pos-
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sibly of some other diseases, and is probably more frequent
than is generally supposed.

Fisroip Inpurarion oF tie Heart.—This is probably,

Fig. 77.

Filwoid Induration of the Heart, A thin section from
the wall of the left ventricle, showing the small-celled
growth in the intermuscular septa around the blood-
vessels, a. a, vessels. x 200,

in most cases, a result of myoecarditis. The change is
characterised by the development of a fibrillated tissue

Fic. 78.

Fibroid nduration of the Heart, A section from the left
ventricle of the same heart as Fig. 77, showing a more
advanced stage, The fibroid tissue surrounds the in-

dividual muscular fibres, which are undergoing fatty
degeneration, % 200,

v



290 INFLAMMATION OF THE HEART.

between the muscular elements, The process commences
in the intermuscular septa around the blood-vessels.
This becomes infiltrated with small cells, which tend to
become developed into a fibrillated structure. (Fig. 77.)
The growth of new tissue gradually extends between the
bundles of musecular fibres, so that ultimately each fbre
may be surrounded by a tract of dense fibroid tissue.
(Fig. 78.) The muscular fibres themselves, owing to the
resulting interference with their nutritive supply, atrophy,
undergo fatty metamorphosis, and are gradually replaced
by the fibroid growth. (Fig. 78.) Very frequently the
cellular nature of the growth, which I believe to charac-
terise the earlier stages of its development, is not seen,
the new tissue being simply fibroid.*

Fibroid induration of the heart appears in most cases
to be mnduced by inflammatory processes commencing in
the peri- or endo-cardium. When secondary to peri-
carditis, the change is usually most advanced in the more
external portions of the cardiac walls, and it commonly
affects both the right and left ventricles. When, on the
other hand, an endocarditis is the precursor of the indu-
rative process, the change 18 more marked in the internal
muscular layers, and inasmuch as inflammatory processes
in the endocardium occur almost exclusively in the left
cardiac cavities, the left ventricle is principally involved.
In other cases the fibroid growth appears to be the result
of syphilis. (See “ Syphilis.”)

Although the growth of mnew tissue is thus usnally
more advanced in certain portions of the muscular walls
than in others, it is by no means uniformly distributed.
In some parts it may be very dense, the muscular fibres

# Dr. Hilton Fagge, in a series of eleven cases of fibroid disease
of the heart, found that cellular elements in the new growth were
almost invariably absent. (See “T'rans. Path. Soc, Lond.,” vol.
xxv. p. 64.)
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being entirely obliterated, whilst in others it is entirely
wanting, and the muscular elements present a normal
appearance.

Fibroid induration of the heart—excluding that result-
ing from syphilis—appears to occupy the same patholo-
gical position as similar fibroid changes in other organs—
e.q., in the liver and kidneys. It must therefore be
regarded as the result of a chromic inflammatory process,
which might be termed chronic myocarditis. Its effect
must evidently be to interfere very materially with the
motor power of the organ, and it consequently constitutes
one of the most grave of all cardiac diseases,

The cardiac walls become much thickened by the new
growth, and the induration of texture is often very
considerable. In the specimen from which the accom-
panying drawings were made, the disease was apparently
secondary to an endocarditis, and the walls of the left
ventricle were so hard that they cut almost like a piece
of tendon,



CHAPTER XXXIV.

INFLAMMATION OF LYMPHATIC STRUCTURES.

INFLAMMATORY processes in lymphatic structures usually
result from their irritation by substances conveyed to
them by the lymphatic vessels. They include—acute
and chronic inflammations, and the specific inflammation
associated with Typhoid Fever. Each of these must be
considered separately.

ACUTE INFLAMMATION OF LYMPHATIC STRUCTURES.

Examples of acute inflammation of lymphatic structures
are furnished by the inflammation of the glands in the
axilla from a wound on the hand, of the glands in the
groin from gonorrheea, and of Peyer’s and the solitary
olands in the intestine from inflammation of the intestinal
mucous membrane,

The process consists in a hypersemia of the gland to-
gether with a rapid increase in the number of the lymph-
corpuscles. This increase is probably due, partly to a
hyperplasia of the original cells of the gland, and partly
to the migration of blood-corpuscles. The corpuscles not
only increase in number, but many of them become much
larger in size, and their nuclei multiply. The cells of the
trabecule also participate in the active process. The
increase in the size of the elements and the multiph-
cation of their nuclei usually leads to the production
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of some larger cells containing three or four nuclei.
These resemble the “myeloid cells.” They have been
already alluded to as being frequently met with in lym-
phatic structures which are undergoing active processes.
(See Fig. 39.) Owing to these changes the gland becomes
considerably increased in size, soft and pulpy in consist-
ence, and its cortical and medullary parts are no longer
distinguishable.

Upon the removal of the source of irritation the process
may gradually subside, the new elements undergo dis-
integration and absorption, and the gland returns to its
normal condition (Resolution). In other cases the process
goes on to suppuration, the trabeculee are destroyed,
many of the cells become disintegrated, and the loculi of
the gland become filled with pus. This is usually asso-
clated with inflammation and suppuration of the sur-
rounding connective tissue. In the glands of a mucous
membrane the process gives rise to what 18 known as a
follicular abscess.

CIHRONIC INFLAMMATION OF LYMPHATIC STRUCTURES.

Chronic inflammations of lymphatic structures result
from irritations which are less severe and more prolonged
in their action than those which give rise to the acute form.
The resulting hyperplasia of the elements of the gland
is consequently a more continuous one, and the gland
becomes more or less permanently increased in size. This
hyperplasia takes place not only in the lymph-corpuscles,
but also m the reticulum. These chronic inflammatory
processes differ from the acute, inasmuch as they lead toa
gradually inereasing development of the reticular structure
of the gland. The reticulated network becomes thicker
and more fibrous, its meshes become smaller and smaller,
the lymph-corpuscles diminish in number, and thus the
gland becomes hard and fibrous in consistence. (Fig. 79.)
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Serofulous Glands.—In those chronic inflammations of
the lymphatic glands which occur especially in scrofulous

Fia. 79.

Chronic Inflammation of a Lymphatic Gland.

Showing the incerease in the stroma, and the

diminution in the number of the lymphoid

cells,  x 200,
subjects, and in which the glands tend to become caseous,
the process more closely resembles in its histological
details what has been described as oceurring in the acute
torm. Here the proliferation is principally confined to
the lymph-corpuscles. These increase in number, and
many of them become considerably enlarged and form
multinucleated elements. The gland thus becomes en-
larged, soft, and elastic in consistence, and of an uniform
greyish-white colour. Owing to the obstruction to the
circulation caused by the pressure of the new growth, the
latter undergoes retrogressive changes and becomes
caseous. The caseous material may subsequently liguefy,
or become infiltrated with calcareous particles.

INFLAMMATION OF LYMPHATIC STRUCTURES IN
TYPHOID FEVER.

The inflammatory processes which occur in the lym-
phatic structures in Typhoid Fever, have their seat in the
spleen, in the lymphatic structures of the mtestme and

in the mesenteric glands.
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TYPHOID FEVER. 20%

The Spleen.—In the spleen the change resembles that
which occurs in many of the other acute febrile diseases,
although 1t reaches its maximum 1in typhod. The
splenic tissue becomes exceedingly vascular and the lym-
phatic elements increase rvapidly in number, so that the
organ often attains two or three times its natural size.
Many of the new elements enter the blood, thus causing
a slight temporary increase in the number of white blood-
corpuscles. As the fever subsides, the hypermmia di-
minishes, the hyperplastic process ceases, many of the
new elements undergo disintegration and absorption, the
remainder enter the blood, and thus the organ again
attains its normal characters and dimensions.

The Intestinal Lymphatic Struetures.—It 1s in the
solitary and Peyer's glands that the most characteristic
changes take place in typhoid fever. These structures
may be involved throughout the whole of the small and
large intestine, but in most cases the process is limited to
those in the ileum and coecum; and those glands are
always the most affected which are situated the nearest
to the ileo-ciecal valve,

The primary change here consists in an increase in the
vascularity of the glands, and in a general proliferation
of their lymphatic elements. Many of the elements also
increase considerably in size, so as to form the multi-
nucleated cells already alluded to. Both Peyer's patches
and the solitary glands thus become considerably en-
larged and prominent, standing up above the surface of
the intestine. They are of a greyish-white or pale reddish
colour, and of a soft, brain-like consistence. The sur-
rounding mucous membrane is also exceedingly vascular,
and 18 the seat of an acute catarrhal process. This
catarrh is more or less general, and usually precedes the
swelling of the glands. The new growth, in many parts,
rapidly extends beyond the confines of the glands into
the immediately surrounding and subjacent tissues, and
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even in some cases into the muscular coat. It may thus
be said to become heteroplastic.

The process now passes into the second stage—that of
the death and disintegration of the newly-formed tissue.
This may terminate in various ways. The enlarged
glands, many of them, subside, the new elements become
disintegrated and are absorbed, and the gland thus un-
dergoes a gradual process of resolution. In others, the
individual follicles of the gland rupture, discharging their
contents externally, and the patches then acquire a pecu-
liar reticulated appearance. The most characteristic
termination, however, of the typhoid process, is the
separation of the dead tissue as a slough, and the forma-
tion of the typhoid ulcer.

The process of slonghing and uleeration may, like that
of proliferation, take place uniformly throughout the
whole gland, in which case the whole mass is thrown off,
leaving an ulcerated surface corresponding in size with
that of the gland. More commonly, however, in the
patches, the slonghing commences in different portions of
the patch, and small irregular losses of substance result
which may gradually extend until they form one large
ulcer.

Although, as already stated, the new growth may
extend beyond the confines of the glands, this is rarely
the case with the ulceration. The heteroplastic growth
undergoes resolution, and hence the uleers have the same
configuration as the original glands; those originating
from the patches being oval, with their long diameter in
the direction of the gut; and those originating in the
solitary glands being spherical in shape. In rare cases,
when there is much infiltration of the surrounding mucous
membrane, the ulceration may extend slightly beyond
the confines of the glands.

With the sloughing and disintegration of the new
tissue the process of proliferation ceases, and hence there
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18 no induration or thickening of the base or edges of the
ulcer. The base is smooth, and 1s usually formed of the

A typhoid Ulcer of the Intestine (diagrammatic). Show-
ing the undermined edges of the uleer, and the slough still
adherent, «a. Epithelial lining. &, Submucous tissue,
¢. Muscular coat. o, Peritoneum,

submucous or muscular coat of the intestine. The edges
are thin and undermined, and consist of a well-defined
fringe of congested mucous membrane. (Fig. 80.) Ths
18 best seen when the cut 1s floated im water. In some
cases, however, the sloughing extends deeper through the
muscular layer to the sub-peritoneal tissue, and it may
thus cause perforation and peritonitis.

The third stage of the process 1s that of cicatrization.
This takes place by the resolution of the peripheral hete-
roplastic growth, the approximation and union of the
undermined edges with the floor of the ulecer, and the
eradual formation from the margin of an epithelial cover-
ing. The gland-structure 18 not regenerated. The
resulting cicatrix is slightly depressed, and less vascular
than the surrounding mucous membrane. There is no
puckering or diminution in the calibre of the gut. In
some cases, however, cicatrization does not take place so
readily, and the floor of the ulcer becomes the seat of a
secondary ulceration. This usually takes place after the
general disease has run its course, or during a relapse.
Profuse hmmorrhage and perforation more commonly
result from the secondary ulceration than from the pri-
mary sloughing of the glands.

The Mesenterie Glands.—The change in the mesenterie
glands is probably secondary to that in the intestine.
These glands become the seat of an acute hyperplasia,
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and are enlarged, soft, and vascular. They usually, like
many of the glands in the intestine and the spleen, un-
dergo a gradual process of resolution. In rare cases,
however, the capsule of the gland is destroyed, and the
softened matters may escape into the peritoneal cavity
and so cause peritonitis. The enlarged glands may also
become caseous, and subsequently calcify.



CHAPTER XXXV.
INFLAMMATION OF MUCOUS MEMBRANES.

IN mucous membranes inflammatory processes are di-
vided into eafarrhal, and erowpous or fibrinous inflam-
mations.

Catarriman  IsrramayatroNy,—Catarrhal inflammation,
or as 1t 18 more commonly called catairl, is much the
more frequent. In its milder forms this is characterised
mainly by an increased secretion of mucus. The initial
hyperamia of the membrane is followed by an abnormal
production of epithelial and mucous elements, The liquid
which transudes from the blood-vessels 1s more abundant,
the small, spherical, newly-formed cells which constitute
the mucus-corpuscles are produced with inereased rapidity,
and the result is an increased secretion of mucus rich
in cellular elements. These young cells are many of
them emigrant blood-corpuscles, others are produced
within the epithelial cells by endogenous multiplication.
As the proliferation continunes, many of the epithelial
elements become loosened and are discharged with the
mucus, and within these groups of bodies may occasionally
be seen, which are evidently young mucus-corpuscles.
(Fig. 81.) The secretion of the mucous glands is also
increased. Owing to these changes, the mucous mem-
brane becomes swelled and abnormally vascular. The
increased vascularity is evidenced by redness during life,
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but after death the blood usually passes out of the vessels,
and the membrane may look paler than natural.

I'16. 81.
—
2
O
'y -1-".'-.'.?};:':: 1__;‘:';‘..' b .--
‘1‘;}%%}";-' ' s ” 2
$F é& ,u" J- @_ s &8 \a
q_ b -l g' s '\%‘:&‘- O .::F ? " % ..u
3 @ E} i AR o
{ @{ ‘%3"‘% % aj T b’hﬁ-”ﬁ-‘f -
lr‘ 1”‘};\1 .r_"‘| % li'-l:t J':'-T —EI"JAL r 'U:- rf"u"-_'- Er . hl‘y
{F_lfl 12’;} -.,_ "[ -'.: i":“ § ‘I\_ .; E{-"'}—" 20 (% {t "J -""'-.'}P-"' {EIFF £ .ﬁ"::;
=i e T:,F"-\— ;:'.‘ '-, . if-\_ -‘“Lf‘_\" ll_éftfd{-l:_‘{“'-__ J
O = -— e
e i = 1 ) — e

Catarrhal fnflammation of the Conjunctiva. a. Epithelium,
b. Sub-epithelial connective tissue, Showing the prolifera-
tion of the epithelium, and the origin of the young elements
within the epithelial cells, (Riudfleisch.)

If the irritation be more severe, the vascular pheno-
mena are more marked, the production of young elements
is more rapid, they are smaller and not so well developed,
the epithelium loosens and falls off more readily, and the
secretion becomes puriform from the great number of
cellular elements which it contains. Many of these ele-
ments are indistingunishable from pus-corpuscles, others
are somewhat larger and resemble the corpuseles of normal
mucus. Between the corpuscles of mucus and pus there
is no line of demarcation, the one passing by insensible
gradations into the other. The former are somewhat
larger and more regular in shape than the latter, and
usually contain only a single nucleus. As the process
continues the sub-epithelial tissue is gradually involved,
and becomes infiltrated with young cells. Owing to the
loss of epithelium, the surface of the membrane may at
the same time become more or less irregular, and present
numerous irregular abrasions or ulecers,
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These changes in the mucous membrane itself are
accompanied by a hyperplasia of the lymphatic structures
which it contains. The lymph-follicles become enlarged
from the multiplication of their elements. Their contents
may soften and form a minute psendo-abscess, and this
bursting gives rise to a small ulcer. These are the folli-
cular ulcers so often seen in catarrhal conditions of the
intestines and pharynx. The uleeration 1 some cases
extends beyond the confines of the follicle. The proper
glandular structures may also become involved. Their
epithelinm multiplies, the glands become choked with the
epithelial elements, and they may subsequently atrophy.
This is seen in catarrh of the stomach.

The acute process may quickly subside, or 1t may be-
come chronic. In the latter case the vascularity dimi-
nishes, but the multiplication of elemeunts continues both
in the epithelial and sub-epithelial tissue, as does also the
increased secretion of muecus (suppuration). The latter
thus becomes thicker and more puriform in character.

C'hrowie catarrhal inflammations of mucous mem-
branes differ from the acute, inasmuch as the sub-
epithelial connective tissue 1s much more extensively
involved. This tissue becomes infiltrated with young
elements, which may ultimately form a more or less com-
pletely fibrillated structure. The membrane thus becomes
indurated and thickened, and the pressure exercised by
the new tissne may induce atrophic changes in the glan-
dular strnctures which it contains; by preventing the
exit of their secretion 1t may also caunse them to dilate so
as to form cysts. This atrophy of the proper glandular
structures 1s seen in chronic catarrh of the stomach.
These changes in the sub-epithelial connective tissue are
usually accompanied by enlargement of the lymphatic
- structures, an enlargement which sometimes gives to the
membrane a nodular or granular appearance : this is well
seen in the pharynx (follicular pharyngitis). The enlarged
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lymphatic structures may also constitute the starting-
points of an ulcerative process. (See * Tuberculosis of
Mucous Membranes.”) In some situations, as the
stomach and intestine, the membrane often at the same
time becomes deeply pigmented.

Crovrous ok FisriNovs InrramMmaTioN.—This is a more
intense form of mflammation than the preceding, and is
characterised by the exuded inflammatory liguids con-
taining a larger proportion of coagulable material.
Fibrinous inflammation may be induced artificially by
severe 1rritants, and 1t oceurs in croup, diphthena, a,nd in
many cases of dysentery.

CROUP.

In croup, the inflammatory process at its commence-
ment 1s simply a severe catarrhal one, consisting in an
increase in the vascularity of the membrane, together
with an exudation of liguor sanguinis and blood-corpuscles,
and proliferation of the epithelial elements. This is
quickly followed by the production of a fibrinous layer
upon the surface of the tissue, usually known as the
false membrane. This membrane varies considerably in
consistence, being in some cases firm and tough, in others
much softer. It can readily be removed from the sub-
Jﬂ,cent tigsue, and after its removal, the mucous membrane
is left partially deprived of its epithelinm. If the inflam-
matory process subsides, the epithelium is reproduced
and the part returns to its normal condition; but if it
continues, a fresh false membrane is formed. As the
inflammation extends downwards into the trachea and
bronchi, a gradual! transition may usually be observed
from eroupous to catarrhal inflammation. In the upper
part of the air passages, where the process is most intense.
the false membrane exists, but in passing downwards,
where it becomes less severe, the mucous membrane is
simply coated with mucus.
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Respecting the nature of the false membrane—opinions
differ. When examined mieroscopically, it is seen to con-
sist of a finely fibrillated and delicate network of homo-
geneous material, enclosing in its meshes numerous
leucocytes and epithelial cells. This fibrillated network
has been commonly supposed to be produced by the co-
agulation and fibrillation of the inflammatory exudation
hquids. According to Buhl, Wagner, and others, how-
ever, its formation is mainly due to a peculiar metamor-
phosis of the epithelial cells, which become converted
into a kind of fibrinous material. The smaller cells
which are enclosed in its meshes are doubtless principally
escaped blood-corpuscles; the larger epithelial elements,
which are much less numerous, are those belonging to the
mucous membrane,

DIPHTHERIA.

It 1s difficult in many cases to draw any line of demar-
cation between the histological changes occurring in
diphtheria and those of croup. In diphtheria, however,
the submucous tissue unsually becomes more extensively
involved, so that the false membrane 1s much less readily
removed. The circulation also often becomes so much
interfered with, that portions of the tissue lose their
vitality, and large ash-coloured sloughs are formed, which
after removal leave a considerable loss of substance.

DYSENTERY.

The inflammatory processes occurring in the intestine
in dysentery are for the most part limited to the large
intestine, althongh the ileum is also occasionally involved.
The inflammation is always most marked in the rectum
and descending colon, and it may be stated generally,
that 1t 1s characterised by the ulceration and sloughing
of the membrane to which it gives rise.
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The 1ntestinal changes vary considerably according to
the intensity of the inflammatory process. In the milder
forms of the disease the changes are most marked on the
summits of the folds of the mucous membrane. These
are found covered with a greyish-white layer of fibrinous
material, which, when scraped off, leaves a superficial
loss of substance. The mucous membrane generally is
hypersemic and softened. The submucous tissue is also
infiltrated with inflammatory products, and the solitary
glands are enlarged and prominent.

When the process 1s more severe, the submucous tissue
becomes more extensively involved, and the superficial
layer of fibrinons material extends over wider areas and
implicates more deeply the mucous membrane. The
thickening of the intestinal wall, however, is much greater
in some parts than in others, so that projections are pro-
duced upon the inner surrace of the intestine, corre-
sponding with those parts which are the most affected.
The enlarged solitary glands usnally slough, and so give
rise to circular nlcers which rapidly increase. When the
process has reached this stage, the muscular and serous
coats are implicated, the latter being covered with layers
of fibrin which form adhesions with adjacent parts. The
intestine is much dilated, and contains blood and disin-
tegrating inflammatory products,

In the most intense forms of the disease, the necrosis is
more extensive. According to Rokitansky, large portions
of the mucous membrane are converted mto black rotten
sloughs. The submucous tissue is infiltrated with dark
blood and serum, but subsequently it becomes the seat of
a reactive suppurative inflammation, by means of which
the necrosed portions of tissue are removed.

If death does not occur and the inflammatory process
subsides, the ulcers may gradually heal. When the loss
of substance has not been considerable, the edges of the
ulcers may, by the contraction of the submucous tissue,
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become completely approximated.  More commonly,
however, the loss of substance is so great that portions
of the membrane are left consisting simply of connective
tissue.

When the inflammatory process becomes chronie, the
changes in the submucous connective tissue become more
marked, and the new fibroid growth gives rise to con-
siderable thickening and induration of the intestinal wall
and to more or less contraction and narrowing of the
cavity. Sometimes it forms fibrous bands which project
into the gut. The formation of abscesses and fistulous
passages occasionally occurs in the thickened intestinal
wall.



CHAPTER XXXVI.

INFLAMMATION OF SEROUS MEMBRANES,

INFLAMMATORY processes in serous membranes vary in
their intensity, and in the amount and character of the
effusion.

The process commences, as in mucous membranes,
with hypereemia, exudation of liquor sanguninis and emi-
gration of blood-corpuscles, together with increased
activity of the endothelial elements. The endothelial

Inflamed Epiploon of @ Rabbit, Showing the
endogenous proliferation of the endothelium,
x 250. (Cornil and Ranvier.)

cells enlarge and become more granular, their nuclei mul-
tiply, and thus several new elements are formed within a
single cell (endogenous multiplication) from which they
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subsequently escape. (Fig. 82.) The number of new
elements which are thus produced, together with some of
the older cells, and a large number of emigrant blood-
corpuscles, escape with the exuded liquor sanguinis into
the serous cavity, where they may continue to exhibit
their formative activity.

Owing to these changes the membrane loses its natural
smooth and glistening appearance, and becomes opaque,
roughened, and exceedingly vascular. Its surface at the
same time becomes covered with a fibrinous layer, and
more or less liquid transudes into its cavity. The
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Inflammeation of the Diaphy m;.rnmtw Pleura, Show-
ing the adherent fibrinous layer. a. Muscular coat of
rll:i.phmum b. Sub-serous “S‘-:I.HL ¢. Serous mem-
brane, e. Fibrinous layer, x 400, (Rindfleisch.)

coagulable material which exudes from the vessels, forms
a soft, elastic, membranous, or reticulated investment,
inclosing in its meshes numerons small cells. This
either glues the two surfaces of the membrane together,
or, if they are separated by liquid effusion, forms a
slightly adherent layer. (Fig. 83.) The exuded liguid
varies considerably in amount and is always turbid,
thus differing from non-inflammatory effusions. It con-
X 2
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tains flakes and masses of coagulated fibrin and innu-
merable cell-structures, the latter being in the earliest
stages of the process almost entirely emigrants.

The nature of the subsequent changes will depend upon
the intensity of the inflammation, and upon the amount
of liquid exuded into the serous cavity. If the inflam-
matory process subsides, and the liquid exuded is not
sufficient to prevent the two surfaces of the membrane
from coming into contact, they grow together and form
an adhesion. This constitutes the so-called adhesive
inflamnmation. The union is effected by the formation of
connective tissne. The small round cells embedded in the
fibrinous layer become elongated and spindle-shaped, the -
fibrinous material fibrillates, and numerous new vessels
are tormed. Many of the latter atrophy and disappear
as the organisation becomes complete. The process is
thus precisely similar to that which takes place in the union
of an incised wound. It is probable also that in some
cases union may take place without the intervention of
any fibrinous layer, by the formation and growing to-
gether of irregular papillary outgrowths from the sub-
endothelial tissue.

If, however, the mflammatory process 1s severe, or the
surfaces of the membrane are separated by a large quan-
tity of liquid effusion, organisation and adhesion cannot
be thus readily effected. If a large quantity of liquid
exists in the serous cavity, the removal of this becomes
necessary before union can take place. If the inflamma-
tory process continues, or its severity is great, union is
prevented by the formation of pus. These two condi-
tions must be considered separately.

The existence of a large amount of effusion interferes
with the adhesion of the serous surfaces, and before this
can be effected the absorption of the liquid becomes
necessary. In some cases this occurs very rapidly, and
it is probably greatly facilitated by the new blood-vessels
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which are produced in the fibrinous layer. Frequently,
however, the process i1s more prolonged, and the sub-
endothelial connective tissue becomes involved before ab-
sorption takes place. When this is the case the connee-
tive tissue of the serous membrane becomes infiltrated
with young cells, which form a granulation-tissue beneath
the layer of proliferating endothelium. The endothelium
itself gradunally becomes less abundant, and the fibrinous
exudation undergoes fatty changes and liquefies. The
new granulation-tissue becomes exceedingly vaseular from
the formation of numerous blood-vessels, and if the in-
flammation subsides, it gradually develops into connec-
tive tissue, and thus a false membrane is formed rich in
vessels which takes the place of the endothelial layer.
As the hiqud 1s absorbed, the two surfaces of the mem-
brane come into contact and grow together, the new
vessels becoming gradually obliterated.

It the inflammatory process does not subside, or from
its commencement is of considerable severity, it is at-
tended by the formation of large quantities of pus. In
this case the emigration of blood-corpuscles is so con-
siderable that the young elements exist in large enough
numbers to give to the exuded liquids a puriform character.
The effusion is then termed purulent (empyema). As the
connective tissue becomes involved and a granulation-
tissue is formed, this may continue to generate pus like
an ordimary granulating wound. If the pus be removed,
the suppuration may gradually cease, the granulation-
tissue develop into a fibrous structure, and the union
of the serous surfaces thus be effected. The serous
membrane becomes greatly thickened, and the new tissue
undergoes considerable contraction in the process of its
organisation.



CHAPTER XXXVII.

INFLAMMATION OF THE LIVER.

INFLAMMATORY processes in the liver arve either acute or
chronic. Aeufe inflammations, leading to suppuration,
are usually infective in their nature, resulting from the
transmission of infective materials from inflammatory
lesions in the abdominal organs or in other parts. The
processes are consequently most frequently disseminated
and confined to small portions of the hepatic substance.
The pus-corpuscles—which usually accumulate so as to
form an abscess—are almost entirely emigrants, although
recent investigations render it highly probable that they
may also originate by the endogenous proliferation of the
liver-cells.

These suppurative inflammations are in the majority of
cases pyamic, and when pymmic they are usually mul-
tiple. Hepatic abscess is also not unfrequently, in tropi-
cal climates, associated with dysentery. Here the abscess
is commonly single, and it probably results from the ab-
sorption of infective substances from the diseased intes-
tine. As other causes of hepatic abscess must be men-
tioned inflammation of the bile-duets, such as sometimes
results from gall-stones, &c. ; and external violence.

Chronic inflammatory processes in the liver, being of
much less intensity, lead to a gradual increase in the
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connective tissue of the organ, and consequently to indu-
ration and to the subsequent atrophy of its proper struc-
ture. They constitute what 1s known as inferstitial hepa-
titis, or more commonly as cirrhosis.

CIRRHOSIS OF THE LIVER.

Cirrhosis of the liver, or interstitial hepatitis, 1s charac-
terised by a gradual increase in the connective tissue of
the organ and by subsequent atrophy of the liver-cells, so
that when examined with a low magnifying power, the
acinl are seen to be separated by broad tracts of new in-
terstitial growth. (Fig. 84.)

Fi1G. 84,
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Cirrhosis of the Liver. Showing the grc-wl;h of con-
n.w tive tissue between the hepatic lobules, Lobules.
. New growth of interlobular connective tlssue. x 16,

The process usually commences in the connective tissue
gsurrounding the smaller branches of the portal vein, and
gradually extends to that surrounding the larger ones, until
ultimately the connective tissue throughout the whole
organ may become involved. This tissue becomes infil-
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trated with small round cells, from which are produced a
more or less completely fibrillated structure, containing
in the earlier stages of its development numerous new
blood-vessels which are supplied by branches of the hepa-
tic artery. The change 1s sometimes uniform, but more
commonly 1t is much more advanced in some parts than
i others. In many places the new tissue consists almost
entirely of cells, whilst in others the fibrillation is much
more marked ; and if the process lasts long enough, the
vascular and richly cellular growth gradually assumes the
characters of cicatricial tissue, the vessels at the same
time becoming obliterated. (See Fig. 72.)
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Cirrhosis of the Liver. A thin section from the ex-
ternal portion of one of the hepatic lobules. Showing
the new growth of connective tissue, and the way in
which it involves the intercellular network and causes
atrophy of the liver-cells, x 200.

The effect of the new growth i1s ultimately to cause
atrophy of the hepatic cells, and to obstruct the cireula-
tion through the portal capillaries and the passage of bile
through the bile-ducts. This effect is materially inereased
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by the process of contraction which the new tissue under-
coes. The hepatic cells in the outer zone of the lobules
are the first to atrophy; the new tissue insinnating 1tself
between them, so as to gradually involve the intercellular
network. (Fig. 85.) The cells then become smaller and
undergo fatty metamorphosis; and ultimately they are
completely destroyed. Those in the central parts of the
lobule are in the earlier stages but little altered, although
they ave often stained with bile. As the growth extends,
however, these also become annihilated, and the whole
lobule may be replaced by connective tissue. The cells 1n
the outer part of the lobules are sometimes infiltrated with
fat prior to their destruction, the cirrhosis being asso-
ciated with fatty infiltration. (See Fig. 7.)

The obliteration of the portal capillaries by the new
tissue gives rise to ascites, heematemesis, diarrheea, en-
largement of the spleen, and to the other results of portal
congestion. Obstruction of the bile-ducts, although it
may cause staining of the hepatic substance, 1s rarely
such as to interfere with the passage of the bile into the
intestine, and hence there is usually but little general
jaundice.

Physical characters.—The physical characters of the
cirrhosed liver vary. In the earlier stages of the disease
the organ is probably always, more or less increased in
size ; the enlargement being almost uniform, and the edge
rounded and thickened. In some cases this enlargement
is considerable, and there is but little subsequent atrophy
and contraction, the organ being found large and compara-
tively smooth after death. More commonly, however,
atrophy and contraction constitute marked features in the
disease, and the liver is small, presenting an irregular
nodular surface.

Respecting the caunses of these differences in the altera-
tions which the liver undergoes as a consequence of the
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interlobular growth—we are at present unable to speak
certainly. They probably, however, depend in great mea-
sure upon differences in the age of the growth, and in its
distribution. Inthelarge livers the growth isusually richly
cellular and very generally distributed; whilst in the
smaller nodular forms of cirrhosis it is commonly more
fibrous and less cellular in character, and its distribution
1 more partial. It is probable that in the larger livers
the growth isin an earlier stage of development, and that
if the patient had lived, the organ would have diminished
in size. When the growth is irregularly distributed it
necessarily causes more irregularity in the configuration
of the liver than when the distribution is more uniform.,

The cirrhosed liver is always increased in consistence.
1t breaks down less readily under the finger, and 1s often
exceedingly firm and tough. On section, the new tissue
is visible to the naked eye surrounding the lobules and
in many parts completely replacing them. This gives
to the cut-surface a mottled granular appearance, the
lobules themselves contrasting with the new interlobular
tissue ; and this appearance is sometimes increased by
fatty iufiltration of the cells in the peripheral zone. The
capsule also may be thickened, and the organ is frequently
stained with bile.

ACUTE YELLOW ATROPIY.

This exceedingly rare disease of the liver is characterised
by a rapid diminution in its size, and by destruction of
the hepatic cells. The organ may, in the course of a few
days, be reduced to less tham half its natural bulk,
being especially diminished in thickness. It 1s soft and
flabby in consistence, bloodless, and of a dull yellow or
yellowish-red colour. The lobules are indistinguishable.
When examined microscopically, the liver-cells are found
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to be ecompletely destroyed, being replaced by granular
débris, fat granules, and pigment. Tyrosin and leucin
have been found in the disintegrated liver-tissue.

The pathology of this disease is exceedingly obscure.
By some it has been regarded as an acute inflammatory
process, by others as a passive degeneration.



CHAPTER XXXVIII.
INFLAMMATION OF THE KIDNEY.

INFLAMMATORY processes in the kidney present certain
variations according to their intensity. They comprise
suppwrative, tubal, and interstitial nephritis. Of these,
suppurative nephritis, as the name implies, is an intense
inflammation leading to the formation of abscess. It
usually results from the transmission of infective ma-
terials from some primary lesion, and consequently
belongs to the class of infective inflammations. Tubal
nephritis is also an inflammation of considerable intensity,
but much less so than the suppurative variety. In it the
structural changes have their principal seat in the tubular
epithelium.  Interstitial nephritis is an inflammatory
process which runs a more chronie course, and is of less
intensity than either of the preceding. Consequently in
it the principal structural changes take place in the con-
nective tissne around the blood-vessels—in the inter-
tubular counective tissue. (See “ Chronic Inflamma-
tions.”) It must, however, be distinetly horne in mind
that these two varieties of histological changes—those in
the tubular epithelinm and those in the intertubular
connective tissue—are very frequently associated. Tubal
and interstitial nephritis cannot therefore be separated
from one another by any distinct line of demarcation.
They might, perhaps, be more correctly designated acute
and chrowie nephritis.
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SUPPURATIVE NEFPHRITIS.

Acute inflammatory processes in the kidney attended
by the formation of pus, give rise to renal abscesses. Such
processes, as already stated, are usuvally infective in their
nature, resulting from the transmission of imfective ma-
terials from some primary inflammatory lesion. They
occur as a result of pysemia, and also 1n connection with
inflammatory conditions of the urinary passages. In
the latter they give rise to what is commonly known as
the * Surgical Kidney.”

The abscesses met with in the kidney as the result of
py@emia resemble pymmic abscesses in other organs.
They are usually multiple, and are often surrounded by
a thin zone of red hypermmic tissue. Their characters
will be more fully deseribed in the chapter on embolisin.
(See “ Results of Embolism.”)

Surgical Kidney.—This 1s the name commonly given
to those inflammatory conditions of the kidney which
result from inflammation of the urinary passages. These
renal inflammations frequently occur in association with
inflammation of the pelvis of the kidney, such as is pro-
duced by a renal caleulus; or with those inflammatory
changes in the mucous membrane of the urinary tract
which result from wvesical calculus, urethral stricture, or
enlargement of the prostate. In addition to the in-
Hammation of the urinary passage there almost invariably
exists some impediment to the escape of the urine.

The changes which occur in the kidney vary. When
the inlammatory condition of the urinary passages has
lasted for a lengthened period it is exceedingly liable to
give rise to chronic renal changes, which are charac-
terised mainly by more or less cellular infiltration of the
intertubular connective-tissue. This cellular infiltration
occurs both in the pyramids and cortex. The tubules
are in some parts found blocked with epithelium, whilst
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in others they are wasted or obliterated. The walls of
the small arteries are not thickened. Owing to these
changes, the kidneys—although at first they may be
enlarged — gradually become diminished in size, the
atrophy being probably, in most cases, partly due to the
pressure exercised by the retained urinary secretion.
The capsule becomes adherent and thickened, and when
removed, the surface of the organ is found puckered and
irregular.

In other cases the process is much more acute, the

-

Surgical Kidney, At the lower part of the figure is seen the
cellular infiltration of the intertubular tissue, and the blocking
of the tubes with epitheliim and leucocytes. At the upper
part, there is the commencing formation of an abscess. x 100,

cellular infiltration of the intertubular tissue i1s much
more abundant, and the young cells (emigrants) accu-
mulate in certain situations in such numbers as to give
rise to dbscesses. (Fig. 86.) The blocking of the tubes
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with epithelinm is then more marked, and many of
them are found filled with the emigrant leucocytes.
The kidneys are usunally enlarged, and yellowish-white
patches of various sizes are seen on their cut-surface,
Many of these patches have purulent centres. They
are not commonly surrounded by a marked zone of
red hypereemic tissue. Yellowish lines and strie are
also seen extending from the papille to the bases of the
pyramids. This acute suppurative process may occur
independently of the more chronic lesions. Much more
commonly, however, it supervenes in kidneys which have
already undergone a chronic change, and its supervention
appears not untrequently to be determined by the per-
formance of some surgical operation in connection with
the bladder or urethra.

Respecting the pathology of these changes in the
kidney—they undoubtedly result from the inflammatory
condition of the urinary passages, and impediment to
the escape of the urine with which they are associated.
As to the manner in which the primary inflammation
produces the secondary in the kidneys we are unable to
speak certainly. The pelvis and calices of the kidney
are almost invariably found inflamed, and possibly the
implication of the kidney may be owing to extension by
contigmity. Dr. Dickinson believes it to be due to the
absorption of infective substances contained in the urine.*

TUBAL NEFPIRITIS.

Tubal nephritis, or as it 1s also called acute desquama-
tive nephritis, 1s one of those morbid processes which con-
stitute Bright’s disease, of which it is the most common
acute variety. The process, which has its seat mainly in
the cortex, comprises an inerease in the vascularity of

* Dickinson, on * Disseminated Suppuration of the Kidney."
Med.-Chir, Trans., vol, lvi,
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the organ, exudation into the urine tubes, and swelling
with probably proliferation of the tubular epithelium.
The 1nitial vascular phenomena vary considerably in
different cases. When the intensity of the inflammatory
process is considerable, there is abundant exudation into
the urine-tubes, many of the capillaries at the same time
frequently rupture, and thus there is an escape of blood-
corpuscles and of liguor sanguinis into the tubes of the
cortex ; hence the bLlood and * blood-casts’ in the urine
which are so characteristic of the early stages of the
most acute forms of the disease. In this stage the in-
Hammatory process may quickly subside, and, with the

F1G. 87.

Tubal Nephritis The earlier stage of the process. Show-
ing the swelling of the tubular epithelium. In some of the
tubes the epithelinm has fallen out during the preparation
of the section. x 200,

exception of some swelling and desquamation of the tubular
epithelium, no further alterations take place n the kidney.

i
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In other cases the process is less intense, the vas-
cular phenomena are much less marked, and the prin-
cipal changes take place in the tubular epithelinm.
The epithelial elements become swollen and granular.
(Fig. 87.) The granules, which are often so numerous as
to ocelude the nueleus of the cell, are soluble in acetic
acid, and thus differ from molecular fat. This is the
condition known as “ cloudy swelling.” Smaller cells are
also often seen within the tubes, and these have been
supposed to be the products of epithelial proliferation.
It is probable that some of them are thus produced,
although the majority must be regarded as having
escaped from the vessels. Owing to these changes the
tubes become distended with cellular elements. (IMig. 88,

F1G. 88,

Tubal Nephritis—a Single Urine Tube. Showing the aceu-
mulation within the tube. In the few epithelial cells
which have escaped is seen the granular coudition of the
protoplasm. x 200,

In addition to the cell-forms, many of the tubes also
contain hyaline cylinders, which are commonly regarded
as consisting of coagulated substances which have es-
caped from the vessels. By many pathologists, however,
this hyaline materal is supposed to be the product of «
mucoid metamorphosis of the epithelium. The cell-forms
contained within the tubes adhere to this hyaline sub-

Y
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stance, and some of them are washed away and appear in
the urine as “epithelial casts.”

The alterations which these changes produce in the
physical characters of the kidneys vary according to the
preponderance of the hypersmia or of the epithelial
growth. The organs are always considerably increased
in size, and more or less abnormally vascular. The
capsule separates readily, exposing a perfectly smooth
but vaseular surface. The consistence is diminished,
the tissue breaking with a soft friable fracture. On
section, the increase in the size of the organ is seen to
be principally due to the increased thickness of the cortex.,
This is either of a reddish-brown, or of an opaque-white
or pale buff colour; these differences depending upon the
relative proportion of blood and of accumulated epithelial
elements. Although in the earliest stage of the most
acute forms of the disease the colour is redder than natu-
ral, it usunally soon becomes pale and opaque. This is
owing to the swelling of the epithelial elements and to
their accumulation in the cortical tubes. The blood be-
comes expressed from the intertubular vessels, and hence
the increased vascularity is most evident in the Mal-
pighian corpuscles, beneath the capsule, and in the pyra-
midal portion of the organ. The Malpighian corpuscles
stand out as prominent red points, and the pyramidal
cones are of a deep red colour, thus contrasting strongly
with the pale opaque cortex.

The termination of the process varies. The increased
vascularity and epithelial growth may, as already
stated, subside, and the newly formed elements passing
away in the urine, the organ gradually return to its
normal condition. This is a common termination when
the inflammation is the result of scarlet fever. In other
cases the disease continues ; and although the vascularity
diminishes, the vitality of the epithelial elements becomes
so much impaired that they undergo retrogressive
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changes. The cells then continue to come away with the
urine, adherent to the casts, but instead of presenting the
swelled granular appearance as in the earlier stage of the
disease, they contain molecular fat. This fat gradually
increases in amount as the degeneration proceeds, until
ultimately the cells are destroyed and it appears as free
molecules and granules on the tube-casts.

This fatty degeneration of the epithelium is attended
by corresponding changes in the appearance of the organ.
The redness diminishes, and the Malpighian corpuscles
are less prominent. The enlarged cortex presents a
uniform yellowish tinge, studded with minute yellowish-
white streaks. This i1s owing to the presence of fat in
the tubes of the cortex. This fatty stage, if only slightly
advanced, may undoubtedly pass off. The degenerated
cells are carried away by the urine, from those which
remain in the tubes the fat is probably partially absorbed,
the retrograde process gradually ceases, and the organ
returns to nearly its normal size and condition. In other
cases the degeneration continues, and owing to the loss of
epithelinm the kidney becomes somewhat diminished in
size. This atrophy, however, I believe rarely occurs
without changes in the intertubular connective tissue.

When the inflammatory process is of longer duration, or
when the kidneys are the seats of repeated attacks of in-
flammation, the mtertubular connective tissue usually
becomes involved. This tissue becomes infiltrated with
small cells which ultimately tend to form a fibrillated
structure. The new intertnbular growth may gradually
increase, and so lead to more or less irregular atrophy of
the organ, such as will be deseribed as occurring in inter-
stitial nephritis. In other cases death ensues before any
marked atrophy has taken place, and thus the organ may
remain smooth and laree to the termination of the disease.
The intertubular growth is sometimes found thickly
studded with fatty granules,

Yy 9
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INTERSTITIAL NEPHRITIS.

Interstitial nephritis, or as it is sometimes called
granular degeneration of the kidney, occurs most fre-
quently in the condition known as chronic Bright's
disease. The process is usnally chronie in its course, and
1s characterised, like the corresponding one in the liver,
by a gradual increase of the connective tissue of the
organ, and by atrophy of the tubal structures. Some-
times, as has been seen, this 18 merely an advanced stage
of tubal nephritis. More commonly, however, the process
appears to be chronic from its commencement, and not
to be preceded by any marked vascular phenomena or by
any active changes in the tubular epithelinm.

The first change in the kidney appears to consist in
a cellular infiltration of the intertubular connective
tissue. In the earliest stages of the process this tissue
becomes infiltrated with young cells. (Fig. 89.) If the
crowth is very rapid, these may be exceedingly numerous,
and the intercellular substance soft and amorphous. More
commonly, however, the process is much less acute and
the cells less nmumerous, and the new tissue is more or
less developed into a fibrillated structure. This is the
condition in which it is nusually met with. These changes
are almost entirely limited to the cortical portion of the
kidney, and although here they are more or less general,
the new growth is more abundant in some parts than in
others, being usually most so around the Malpighian
bodies and in the neighbourhood of the capsule, with
which it is closely united. 1In this stage the tubes and
their epithelinm are unaffected.

In this early stage, if the process be acute, the kidney
is somewhat increased in size, the capsule usually sepa-
rates less readily than in health, and the surface of the
organ is slightly granular. On section, the cortical sul-
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stance 1s in some cases paler, in others redder than
natural. The cut surface also looks obscurely granular.

Frc. 89.

Interstitinl Nephritis.  The earlier stage of the process.
Showing the cellular infiltration of the intertubular con-
nective tissue, The epithelinm has fallen out of some of
the tubes during the preparation of the seetion. x 200,

The Malpighian bodies stand out as red points, and the
bases of the pyramids and surface of the organ are fre-
gquently hyperwemiec. The consistence of the organ is
usnally slightly denser and tougher than natural. This,
however, will vary with the character of the new tissue,
as will also the increase in size and the irregularity of the
surface. If the new tissue is slowly developed, the size
will be but Iittle inereased, whereas the increase in con-
sistence and the granular condition will be more marked,
If, on the other hand, the process be more acute, and the
cellular infiltration more abundant, there will be a greater
increase in the size, the granular character will be slight,
and the consistence may be even softer than natural.
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The second stage in the process is characterised by the
atrophy of the tubular structures. This is mainly owing
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Interstitial Nephritis. An advanced stage of the process. Showing
the intertubular tissue with the granular and fatty débris which
result from the degeneration. x 100,

to the pressure exercised by the intertubular growth, and
to the cicatricial contraction which it often undergoes.
The atrophy consequently is not uniform, but is more
marked in some parts than in others. The tubes are now
found in many parts diminished in size, or completely
obliterated; whilst in others they are irregularly dilated,
and filled with degenerated epithelial products. Their
walls are usually thickened. As the atrophy proceeds the
intertubular tissue thus becomes mingled with the gra-
nular and fatty débris which results from the retrograde
process. (Fig, 90.) The Malpighian bodies become ap-
proximated, and the secreting structure throughout large
tracts of the kidney is destroyed. (Fig. 91.) The irregular
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pressure exercised by the new growth also gives rise to the
formation of cysts. These originate partly in the Mal-

¥1G. 91.

e

Interstitial Nephritis, A very advanced stage of the pro-
cess.  Showing the large amount of tissue between the
tubes of the cortex, and the extensive atrophy of the tubes,
The degenerated ¢ pithelium which was contained in soma
of the tubes has fallen out in the preparation of the seection,
% B0,

Fig. 92,

Arteries from Kidney in advanced Chronie Bright's Discase,
. Longitudinal section, showing the great thickening of
the internal longitudinal and external circular museulay
coat, also of the outer fibrous ecoat. b. Transverse section
of another vessel less diseased, Here i seen the thickening
of the eircular muscular and external fibrous coat, x 200,
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pighian capsules, and partly in the urine tubes—the latter
becoming irregularly dilated.

The small arteries of the kidney also undergo im-
portant alterations. These were first deseribed by Dr.
Johnson. Dr. Johnson states that the walls of these
vessels are thickened, owing to hypertrophy of their
longitudinal and circular muscular fibres. This change is
well represented in the accompanying drawing. (Iig. 92.)
Both the internal longitudinal and the external circular
muscular fibres are considerably increased. The external
tfibrous coat of the vessel 1s also thickened, and it appears
to be continuous with the new intertubular tissue. This
thickening of the external coat has been especially
insisted upon by Sir W. Gull and Dr. Sutton. I have
usually found it associated with the muscular hypertrophy,
although the latter is undoubtedly the most prominent
strnetural change.

In this more advanced stage of the disease the kidney
is diminished in size. Its surface is more granular, the
capsule more thickened and adherent, and 1t cannot be
removed withont tearing the kidney substance. The
superficial vessels are seen unduly marked in the depres-
sions between the granulations. The cortex is tough and
fibrous, of a yellowish-grey or buff colour, mottled with
yellow streaks and patches; and usually numerous small
cysts are distributed throughout it. Calcareous deposits
are also often seen as white streaks between the tubes of
the pyramids.



CHAPTER XXXIX.

INFLAMMATION OF THE BRAIN AND
SPINAL CORD.

[NFLAMMATORY processes in the mervous centres are pro-
bably much less frequent than was formerly supposed.
Many of those morbid changes in the brain and spinal
cord which are attended by softening, and which were at
one time regarded as the result of inflammation, are now
known to owe their origin to simple interference with the
vascular supply, such as results from thrombosis, embo-
lism, or degenerative changes in the walls of the blood-
vessels. (See “ Fatty Degeneration of the Brain.”)

The irritation which determines the occurrence of acute
inflammations in the brain or cord is most frequently
some external violence—a blow, simple concussion, or
fracture of the osseous framework. In other cases it 1s
dizeased bone, as in the inflammation of the brain which
g0 often results from disease of the petrous portion of the
temporal bone. Lastly, in a comparatively few number
of cases these inflammations are pywmiec.

The inflammatory process 1s almost invariably limited
to small portions of the cerebral or spinal substance, The
earliest change consists in a more or less intense and
localised hyperawmia, which is frequently attended by
rupture and minute extravasations of blood. The nervous
tissue then becomes infiltrated with young cells and con-
siderably softened, and it presents a uniform red or
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mottled colour. This red softened tissue gradually ac-
quires a brownish or brownish-yellow colour owing to
changes in the hsmoglobin. The nerve-fibres become
disintegrated, and the nerve-cells and cells of the neu-
rogha undergo fatty degeneration, thus forming the so-
called “ inflammatory,” or “exudation corpuscles.” (See
Fig. 10.)

In many cases the accumulation of young cells is
sufficient to give rise to the formation of an abscess, and
a yellowish or reddish puriform liquid gradually takes the
place of the original softened mass. The tissue sur-
rounding the abscess is also hypermmie, softened, and
infiltrated with cells. The cellular infiltration may
eradunally extend, and thus the abscess increase in size
until 1t opens either externally or into the ventricles. In
other cases the abscess becomes limited and encapsuled
by the formation of connective tissue from the neurogha,
and this tissue often forms a delicate network traversing
the cavity. When the products of these acute inflamma-
tions have thus become encapsuled they may gradually
dry up into caseous or calcareons masses, or the absorp-
tion may be more complete so as to leave little more than
a cicatrix. Respecting the source from which the young
cells are derived—they are probably almost entirely emi-
grants, although they are possibly also partly the
offspring of the cells of the neuroglia. The nerve-cells
themselves appear to undergo no active changes in in-
flammation.

Suppurative inflammations are much more common in
the brain than in the spinal cord. In the latter the
inflammatory process is rarely of sufficient intensity to
produce abscess ; it causes merely softening of the nervous
tissue (myelitis).

INFLAMMATORY SOFTENING OF THE BRAIN AND CoRrRD.—
Conditions of softening of the cerebral or spinal substance
resulting from inflammation, other than those which
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have been above deserbed, probably rarely, if ever, occur
as primary lesions, Most varieties of softening which
were formerly described as inflammatory—either from
the red colour of the softened tissue or from the acute-
ness of the process—result, as already stated, from
thrombosis or embolism (see ‘* Embolism in the Bram”),
or are simply passive degenerative changes in which more
or less extravasation of blood has taken place into the
softened tissue. (See * Fatty Degeneration of the Brain.”)
Inflammation and consequent softening of the nervous
tissue, however, by no means unfrequently occurs as a
secondary process. It takes place especially around clots
of blood or other morbid products within the brain or
spinal cord, and results from the injurious influence
which these substances exercise upon the immediately
adjacent structures. Such a result is not unfrequent in
cases of cerebral heemorrhage. The nerve-tissue 1mme-
diately surrounding the clot becomes the seat of an in-
flammatory process, and it is found after death softened,
hyperamie, and infiltrated with young cells. Inflammation
of the superficial portions of the cerebral and spinal sub-
stance also occurs as the result of meningitis.

SCLEROSIS OF THE BRAIN AND SPINAL CORD,

The term “sclerosis” is applied to certain changes in
the nervous centres which are characterised by an increase
of the connective tissue (neuroglia), and by atrophy and
disintegration of the proper nervous elements. The
affected portions are, for the most part, increased in con-
sistence ; sometimes, however, they are softer than
natural. They are usually of a greyish colour; hence
the change has been called ** grey degeneration.”

Respecting the nature of the change—it is probably in
many cases the result of a chronic inflammatory process,
the new growth of connective tissue leading to the de-
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struction of the nerve-clements. In other cases, however,
the atrophy of the nerve-tissue appears to precede the
interstitial increase, so that the process would rather be
regarded as a passive degeneration.

When the diseased portions of the brain and cord are
examined microscopically, the cut ends of the nerve
fibres are seen in transverse sections to be separated by a
granular, finely nucleated, and often partially fibrillated
tissue, which evidently originates from the neuroglia
(Fig.93). The nerve-fibres themselves are atrophied, and

Sclerosis of Spinal Cord. I'rom a case of

Progressive Muscular Atrophy. A trans-

verse section. Showing the new tissue be-

tween the cut ends of the nerve-fibres, x 200.
more or less fatty débrig is found in the altered tissue.
In many cases the nucleated character of the interstitial
growth is wanting. The walls of the blood-vessels are also

stated to be thickened, and their nuclei to be increased.

Sclerosis is much more common in the spinal cord than
in the brain. In the latter it occurs most frequently as
small patches of induration limited to certain portions of
the brain., These must be distingnished from the cica-
trices left after the absorption of blood or of inflammatory
products. Sclerosis of the cord may in the same way be
localised and more or less disseminated ; more commonly,
however, it implicates only particular nervous tracts. It
occurs thus especially in the posterior columns of the

cord in locomotor ataxy.



CHAPTER XL.

INFLAMMATION OF THE LUNGS.

In the lungs, inflammatory processes comprise the three
following varieties :—Ciroupous, catarrhal, and interstitial
pneumonia. Of these, the former occurs as an indepen-
dent affection, whereas the two latter are usually the
result of some antecedent bronchial or pulmonary in-
flammation.

CROUYOUS PNEUMONIA.

Croupous, evudative, or lobar pneumonia, is charac-
terised by intense inflammatory hyperseemia and by the
exudation of a large amount of coagulable materal into
the pulmonary tissue. It is termed * croupous™ because,
like the croupous inflammation of mucous membranes,
the exuded liquids contain a large quantity of fibrino-
genous substance. This form of pneumonia almost in-
variably affects an extensive portion of the lung, hence
the term “lobar” which ig applied to it. The process is
commonly deseribed as consisting of three stages—1st,
that of engorgement ; 2nd, that of red hepatization ; and
ord, that of grey hepatization,

In the first stage, that of engorgement, the lung becomes
exceedingly vascular, the changes in the blood-vessels and
circulation being such as have been already described as
characteristic of inflammation. The orgau is of a dark
red colour, its specific gravity and absolute weight are
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increased, its elasticity is diminished, it is less crepitant
than natural, and pits upon pressure. Its cut-surface

yields a reddish, frothy, tenacious Lhquid.

In the second stage, that of red hepatization, there is an

Fic. 94.

Croupous Pnewmonia— Red Hepatization, Ehﬂwiug_' the
fibvinous coagulum in opne of the pulmonary alveoli, en-
closing within its meshes numerous leucocytes, which are
already commencing to undergo fatty metamorpliosis. A
few leucocytes are also seen on the alveolar walls, and the
wlveolar epithelium is swollen and granular, x 200,
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exudation of liquor sanguinis and migration of blood-
corpuscles into the pulmonary tissue. Some of the vessels
may also rupture, and thus small extravasations ocecur.
The exuded liquids coagulate within the air-vesicles and
in the interstices of the interlobular tissue, the coagulum
enclosing numerous white and some red blood-corpuseles.
(Fig. 94.) The lung is now much heavier than in the
preceding stage. It contains but little or no air, usually
sinks in water, and cannot be artificially inflated. It
does not crepitate under the fingers, but is remarkably
friable, breaking down readily with a soft granular frac-
ture. The eut surface is of a dark reddish-brown colour,
and it presents a granular appearance, the granules
being the plugs of fibrinous coagulum contained in the
air-vesicles. These granules also sometimes give to the
reddish-brown organ a peculiar grey mottling. Through-
out this stage there appears to be but little alteration
either in the alveolar walls or in the alveolar epithelium.
On the former are often seen a few leucocytes, and the
latter may be somewhat swollen and granular. (Fig, 94.)

The third stage, that of grey hepatization, is charac-
terised by a continuance in the emigration of leucocytes,
and by cell-proliferation. The white blood-corpuscles
continue to escape from the vessels, and thus their num-
ber within the alveoli gradually increases. The epithelial
cells lining the alveolar walls, which were only swollen
and granular in the earlier stage of the process, now
undergo more active changes. Their nuclei enlarge and
multiply, and ultimately numerous new cells are produced.
The pulmonary alveoli thus become completely filled with
young cell-forms, so that the fibrinous exudation is no
longer visible as an independent material, as it is in the
stage of red hepatization. (See Fig. 94.) These cells
rapidly undergo retrogressive fatty changes, so that, ag
usually secn, the alveoli are filled with granular elements,
which in many parts have lost their distinetive outlines,
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(Fig. 95.) The weight, density, and friability of the lung
now })ecume even greater than in the stage of red hepa-
tization, although the granular aspect of the cut surface

Croupous Pneumonia—Grey Hepatization. Showing the
large accumulation of eellular elements within one of the
pulmonary alveoli, which in some parts have undergone
such extensive fatty degeneration that their distinctive

outlines are no longer visible. x 200.

is much less marked. The tissue is now quite soft and
pulpy, and a puriform liquid exudes from its cut surface.
The most prominent feature, however, is the alteration
which takes place in the colour of the organ. This
gradually changes from a dark reddish-brown to a grey
or yellowish-white. This i3 owing partly to the pressure
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exercised upon the blood-vessels by the exuded substances
and newly-formed cells, and partly to the fatty degenera-
tion which the latter have undergone.

Such are the characteristic changes which occur in
croupous pneumonia. In those very numerous cases,
however, in which the pneumonia is secondary to some
other disease, or occurs in debilitated subjects, the changes
in the lung may present some deviations from those
which have been above described. In these secondary
pneumonias the exunded substances are often less abun-
dant and less coagulable, and consequently the weight of
the lung is much less increased. The organ is also less
dense and friable than when the process occurs in a healthy
person. The existence of much congestion and cedema
of the pulmonary tissue, such as 1s so common as a
result of gravitation in conditions of asthenia, also
modifies the physical conditions produced by the pnen-
monic process (hypostatic pneumonia). Not only are these
secondary pneumonias often characterised by the exuded
liquids being less coagulable than are those resulting
from primary inflammations, but the emigration of leu-
cocytes is usually less abundant, and the proliferation of
the alveolar epithelium constitutes a more prominent
part of the process, so that a greater proportion of large
nucleated cell-forms are found within the pulmonary
alveoli.

The pneumonic process may terminate in the four fol-
lowing ways :—

1st. In Resolution.—The gradual return of the lung to
its normal condition is much the most frequent termina-
tion of eroupous pneumonia. The coagulated materials
liquefy, the young cells entangled in them undergo com-
plete fatty degeneration and disintegration, and thus the
inflammatory products become so altered that they can be
removed by absorption. Granular pigment is also mixed
with the softened matters and appears in the expecto-

Z
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ration. This is probably partly derived from the extra-
vasated blood, and is partly that which normally existsin
the interlobular connective tissue. Where this process of
liquetaction and disintegration is taking place in the
lung the granular appearance of its cut surface is com-
pletely lost. It is of a yellowish-grey colour, and a
tenacious puriform liguid can be expressed from its sub-
stance. As the softened matters become absorbed, the
circulation is gradually restored, and the organ ultimately
attains its normal characters.

2nd. In Abscess.—The formation of an abscess is a very
rare result of simple pnenmonia. It may, however, take
place if the emigration of blood-corpuscles is very abun-
dant. The pusi1s always mixed with broken-down pul-
monary tissue. It is when pneumonic processes are in-
duced by septic matters and are thus disseminated, as in
pyamia, that the formation of abscess usually occurs.
The pywmic abscess in the lungs, like that in other
organs, 18 characterised by the zone of hyperamic tissue
which surrounds it. (See “ Pysmia.”)

Jrd. In Gangrene—Almost as rare as the preceding
is the occurrence of gangrene. Two conditions appear to
be principally concerned in bringing about this result:—
one 1s the interference with the supply of blood by the
extensive formation of coagula in the pulmonary and
bronchial vessels, together with considerable hiemorrhage
into the pulmonary tissue; the other is the contact of
putrid substances with the pneumonic lung,—as the
putrid secretion in a dilated bronchus.

4th. In Chronic Pnevmonia.—I1f the mflammatory pro-
cess does not subside and the exuded substances are not
absorbed, the alveolar walls gradually become involved.
These become thickened by a new growth of fibro-nu-
cleated tissue, and thus is produced more or less fibroid
induration of the organ. (See* Interstitial Pneumonia.”)
This termination of croupous pneumonia is comparatively
rare.
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Croupous pneumonia plays a prominent part in many
cases of pulmonary phthisis. (See * Pulmonary Phthisis.”)

CATARRHAL PNEUMONIA.

Catarrhal, lobular, or broncho-pnenmonia rarely occurs
as an independent affection, but is very constantly pre-
ceded by catarrhal changes in the mucous membrane of
the smaller bronchi. It is an inflammatory process of
less intensity than the preceding, and differs from it in
there being but little or no exudation of coagulable ma-
terial, the process being characterised for the most part
by proliferation of the alveolar epithelium. It thus some-
what resembles catarrhal inflammation of mucous mem-
branes—hence the term * catarrhal™ which 1s apphed to
it. This form of pneumonia is almost invariably at its
commencement limited to the lobules or groups of lobules
in connection with certain bronchial tubes, and it does
not like the croupous variety involve simultaneously large
tracts of pulmonary substance. It is consequently also
known as lobular or broncho-pneumonia.

The conditions, however, to which the terms catarrhal
or broncho-pneumonia are applied vary. In those forms
of the disease which occur so frequently in children as a
sequel of capillary bronchitis, especially when this is a
complication of measles or hooping-cough, I must state,
in partial agreement with Professor Buhl, that the
nodules of pulmonary consolidation frequently consist in
the main of inhaled bronchial secretion, and to many of
these cases the term “ pneumonia” is not strictly apph-
cable.

When the lungs in these cases are examined after death,
small yellowish or reddish-grey ill-defined patches of con-
solidation are seen scattered through their substance,
more especially in their inferior and posterior portions.
These patches are smooth, very faintly granular, dry.

7 9
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and project slightly above the cut-surface of the organ.
The lung-tissue around them is variously altered by con-
gestion, cedema, collapse, and emphysema ; so that patches
of dark reddish collapse, and of pale emphysematous tissue
are intermingled with the consolidated portions. 1In
some parts the “pneumonic” patches have evidentlw
coalesced and so formed large tracts of greyish. _.ow
consolidation.

When the lungs are examined microscopically, most of
the consolidated portions are seen to present the appear-
ance well shown in the accompanying figure (Fig. 96). The

Fi1c. 9G.
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Broncho-Preumonia. From a child, aged four, with capillary
bronchitis. A section of one of the patches of consolidation.
Showing the stuffing of the alveoli with inhaled bronchial
secretion. x 200,

alveoli in small areas of the lung are stuffed with gmall
cells and amorphous or faintly granular material. Some
of the cells resemble leucocytes. Others are somewhat
larger, and there are also a few large elements which
resemble the alveolar epithelium. The alveolar walls are
unaltered, and the alveolar epithelium can often be seen
somewhat swollen and granular, either adherent or
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loosened from its attachment. The character of the
material which fills the air-vesicles in most of the patches
18 precisely similar to that contained in the smaller
bronchi, and it is evidently the richly cellular bronchial
gecretion which has been inhaled. In other portions of
the lung, however, large nucleated cell-forms may con-
stitute a much more prominent feature in the constitu-
tion of the patches, and it is evident that there has been
more or less epithelial proliferation. (See Fig. 97.) It
18 this epithelial proliferation which must be regarded as
the only strictly pneumonic part of the process, and it
would appear to be determined either by the rritation of
the retained secretion, or by the direct extension of the
inflammation from the bronchi to the air-vesicles. Its
occurrence is probably also greatly favoured by collapse
of the lung-tissue.

This disease frequently terminates in death, but the
patient may recover and the contents of the alveoli be
removed by expectoration and absorption. If the re-
moval 18 incomplete the retained substances produce more
or less inflammatory thickening of the bronchial and
alveolar walls, and a caseous nodule may be produced
which is encapsuled by fibrous tissue. In other cases the
inflammatory process continues, the consolidated tissue
becomes caseons and disintegrates, and phthisis results.
This, however, in the absence of a marked predisposition
to phthisis 1s not very common., (See * Pulmonary
Phthisis.”)

In addition to the disease above described, in which
inhaled bronchial secretion constitutes such an important
element in the production of the pulmonary consolidation,
we meet with a more strictly catarrhal pneumonice process.
This often occurs in lungs which have become collapsed.
Pulmonary collapse, whether it be due to bronchial ob-
gtruction or to diminished respiratory power, 1s followed
by congestion and cedema of the collapsed alveoli, and the
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local congestion appears to be especially favourable to the
catarrhal process. Such collapse is common in rickety
children who are the subjects of bronchitis or hooping-
cough. The alveolar epithelium in the bluish-red, con-
gested, cedematous and collapsed portions of the lung
proliferates, giving rise to a dark reddish-grey friable
consolidation. This consolidation may be limited to small
portions of the collapsed tissue, or involve the greater
part of the lung.

An uncomplicated catarrhal process often oceurs in
pulmonary phthisis. The alveoli are found containing
numerous large spheroidal elements, which usnally possess
one, sometimes two or three bright nuclei. (IMig. 97.)

Fig, 97.

Catarrhal Pnewnonia. From a case of acute
phthisis. Showing the large epithelial cells
which fill the alveoli. x 200,

These cells are evidently the offspring of the alveolar
epithelinm. Associated with them may be a few leu-
cocytes. This process will be more fully described
when treating of pulmonary phthisis. (See * Pulmonary
Phthisis.”)
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Lastly, as already stated, epithelial proliferation often
plays a prominent part in ordinary lobar pneumonia,
especially in the asthenic and secondary forms.

INTERSTITIAL PNEUMONIA.

Interstitial or chronic pneumonia is a chronic inflam-
matory process of the lungs which leads to a fibroid
induration of the pulmonary texture—an induration
which is due to a thickening of the alveolar walls and of
the interlobular tissue by a fibro-nucleated growth, and to
the gradual obliteration by this growth of the alveolar
cavities. It may be stated generally, that all chronie in-
flammatory processes in the lungs arve attended by more
or less fibroid induration of the organs, and in this respect.
therefore, these processes resemble similar ones in other
parts—e.g., in the liver, kidney, and mucous membranes.
In chronic phthisis, for example, as will be seen hereafter,
a fibroid change plays a very prominent part, and in the
most chronie cases the pulmonary tissue may be almost
completely replaced by a dense fibroid growth. Croupous
pneumonia, as has been already stated, may pass into a
chronic condition, in which case 1t leads to a fibroid
thickening of the alveolar walls, and consequently to
more or less induration of the pulmonary texture. Catar-
rhal pnenmonia, again, which has a greater tendency to
become chronic than the exudative process, may lead to
considerable pulmonary induration:—this will also be
alluded to when treating of pulmonary phthisis. Lastly,
the thickening of the peri-bronchial tissue which some-
times oceurs in chroniec bronchitig, may gradually extend
and involve the alveolar walls so as ultimately teproduce
extensive obliteration of the pulmonary alveoh.* (Fig. 98.)

* See case by the Author—Interstitial Pneumonia, ¥ Trans. Path.
Soc. Lond.,” 1872,
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In all these cases the fibroid change is an evidence of
the chronicity of the inflammatory process.

Although fibroid changes in the lungs may thus owe
their origin to these various chronic inflammatory pro-
cesses, it 18 only in those cases in which inflammation
leads to those pulmonary lesions included under the
common term of * phthisis,” that they constitute a fre-
quent form of pulmonary affection. Indeed, indepen-
dently of phthisis, extensive fibroid change is amongst
the rarer forms of pulmonary disease; and it 1s to these

Fi1c. 98.

Chronic Bronchitis. Showing the new growth of adenoid
tissue around the bronchus &, and the way in which this tissue
is invading the walls of the adjacent alveoli, w», A divided
blood-vessel, % 100, reduced 1.

exceptional cases that the application of the term *inter-
stitial” or “ chronic pneumonia” is commonly restricted.
Interstitial pneumonia, in this restricted sense, is the
disease which received from Sir D. Corrigan the name of
“cirrhosis.” It is commonly unilateral, affecting the
whole or a portion of the lung ; and 1s characterised by a
very extensive fibroid induration and consequent contrac-
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tion of the organ, by obliteration of the alveolar cavities,
more or less pigmentation, and by dilatation of the
bronchi. The appearance presented by the lung in ad-
vanced stages of the disease is very characteristic. It is
diminished in size: the tissue is smooth, dense, firm,—in
parts almost cartilaginous in consistence ; and it is irre-
gularly mottled with black pigment. The alveolar strue-
ture of the lung i1s in most parts completely destroyed,
and on section the dilated bronchi are seen as numerous
large openings scattered over its surface. The dilated
bronchi frequently become the seats of secondary mflam-
matory processes, which may lead to ulceration and ulti-
mately to extensive excavation of the indurated tissue;
but there is a complete absence of any of those caseous
changes which are g0 characteristic of ordinary phthisis.
This secondary inflammation of the dilated bronchi is
probably induced by the irritating purulent secretion
which they contain, and which 1s often only with great
difficulty completely removed by expectoration. The
pleura is almost invariably considerably thickened and
adherent,

When the lung is examined mieroscopically, it will be
found that the alveolar structure has heen in most parts
completely replaced by a fibro-nucleated or by a more
densely fibroid growth, presenting the characters already
described as those met with in cicatricial tissue. (See
Fig. 72.) The new growth may commence either in the
alveolar walls or in the interlobular tissue. The former
appears to be usually the case when it is secondary to an
exudative or catarrhal pneumonic process. Where the
change 1s not far advanced and the alveoli are still dis-
tinct, their walls will be seen to be thickened by a fibro-
nucleated growth (I'ig. 99), and their cavities sometimes
to be filled with large epithelial cells, or less frequently,
with leucocytes. The characters of the new growth in
the alveolar walls and in the interlobular tissue present
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certain variations. In the earlier stages of the inflamma-
tory process it consists principally of small spheroidal

1. 99.

faterstitial Pnewmonia. From a case of so-called * cir-
rhosis” of the lung, in which the disease was unilateral,
The bronchi were much dilated, and there was a complete
absence of any caseous change. 'I'he drawing shows the
new fibro-nucleated growth, both in the alveolar walls and
in the interlobular tissue, also the pigmentation. Ataa
divided bronchus is seen. x 100.*

elements which“are grouped within the meshes of deli-
cately fibrillated reticulum (adenoid tissue); but when
more advanced the fibrillation is usually more marked,
and associated with the small spheroidal elements there
are frequently some elongated fusiform and branched
cells such as are so often found in embryonic tissue which
18 1n the process of forming a fibrous structure.
Although this fibroid growth in chronic pneumonia
appears most frequently to originate in the alveolar walls
and interlobular tissue, I have met with three cases in

* When this specimen is examined with a higher magnifying
power, a delicate reticulum can be seen between the cellular ele-
ments, similar to that represented in Fig. 55, but less marked.
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which intra-alveolar exundation products were undergoing
fibrowd development,® There was nothing peculiar in the
macroscopical characters of the lungs, but the alveoh
were found filled with a fibrinous meshwork and leuco-
cytes somewhat similar to that met with i red hepatiza-
tion. (See Fig. 94.) They differed, however, in this
respect—that many of the cells were long and spindle-

I'16. 100,

Chronie Puewmonia. Vascularisation and fibroid development
of intra-alveolar exudation-products. Blood-vessels are seen
distributed in the exudation-products, which blood-vessels
communicate with those in the alveolar walls. The alveolar
walls are also thickened by a fibro-nucleated growth, = 100
and reduced 3.

shaped, and blood-vessels were distributed amongst them,
which blood-vessels communicated with those in the
alveolar walls. (Figs. 100 and 101.) The alveolar walls
were also thickened by a fibro-nucleated growth. Tt was
therefore perfectly obvious that in these lungs the pro-
ducts of a previous acute croupous pneumonia were be-
coming vascularised and undergoing development into a

* For one of these specimens 1 am indebted to Dr, Goodhart, who
records the case in the * Trans, Path, Soc, Lond.,"” vol. xxv. p. 33.
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fibroid structure, and that this intra-alveolar change was
the principal cause of the fibroid induration of the organ.

With regard to the etiology of interstitial pneumonia—
1t probably, as already stated, almost invariably owes its
origin to some antecedent more acute pnewmonic process
of either the exudative or catarrhal type, or to bronchitis.
It 1s maintained, however, by many pathologists that a
fibroid change may oceur in the lungs as a primary and

16, 101,

Chronic Pnewmonia. A portion of the intra-
alveolar exudation-products (I'ig. 100) more
highly magnified. Showing the elongated
spindle cells, the fibrillation, and the blood-
vessel containing blood-corpuscles. x 200,

independent affection, and that consequently interstitial
pneumonia oceupies the same pathological position as in-
durative processes in the liver and kidneys. That such a
view is correct appears to me to be extremely doubtful.

An interstitial pneumonia, also, sometimes occurs in
lungs which have heen compressed by pleural effusion.
It would appear that this is more especially liable to
result if the effusion has remained long unabsorbed or not
evacuated.



CHAPTER XLI.

PULMONARY PHTHISIS,

By pulmonary phthisis is understood a disease of the
lungs which is characterised by progressive consolidation
of the pulmonary texture, and by the subsequent soften-
ing and disintegration of the consclidated tissue. Re-
specting the nature of the morbid processes which lead
to this consolidation and disintegration of the lungs—
various opinions have from time to time been held by
pathologists, and this diversity of opinion exists to some
extent even at the present day. According to the older
views, which were based upon the teaching of Laennec,
phthisis was regarded in all cases as a tuberculous disease.
Tubercle was looked npon as a specific non-inflammatory
growth which was characterised by the caseous degene-
ration which it invariably underwent (see ““ Acute Tuber-
culosis”™), and this caseous metamorphosis was held to be
such a distingmishing peculiarity of the growth that all
caseous masses came to be regarded as tuberculous, and
phthisis, in which caseation plays such a prominent part,
was consequently regarded as a tuberculous disease. The
various consolidations of the pulmonary tissue were de-
seribed as “infiltrated tubercle,” and tubercle mm some
form or other was regarded as so essential a constituent
of the disease, that * phthisis” and “ pulmonary tuber-
eulosis” came to be quite synonymous terms.

These older views respecting the nature of phthisis
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have undergone various mndlﬁcatmns during recent years.
When the application of the term “tubercle™ became
limited by Virchow and his followers to the grey granu-
lation it was evident that such views were no longer
tenable, and at the present time mwany, in accordance with
the advocacy of the late Professor Niemeyer, regard tu-
bercle as only an occasional element in the causation of
the disease. In considering how far tubercle plays a part
in the production of phthisis, it must be borne in mind
that this growth is now known to be an inflammatory
one. \\The miliary lesions which are commonly known as
tubercular, are the anatomical results of chronie inflam-
‘matory processes limited to small circumseribed areas ;
and although they consist in the main of a small-celled
lymphoid tissue, they present certain differences in their
histological characters according to the structure of the
organ in which they originate. (See “ Acute Tuberculosis.”)
In the lungs 1t has been seen that they consist not only
of that lymphoid tissue and branched cells, which is so
characteristic of tubercular lesions, but also of accumu-
lations of epithelium within the pulmonary alveoli. (See
“Tuberculosis of the Lungs.”)

Historocy or Prruisis.—The histological changes in
the lungs which occur in pulmonary phthisis are precisely
analogous to those which are met with in acute tuber-
culosis. They differ mainly in this respect—that whilst
in the latter disease these changes are usually limited to
minute areas (hence the miliary character of the lesions),
in the former they commonly involve much wider tracts
of tissue.

In studying pulmonary phthisis, it will be advisable in
the first place to deseribe the various structural changes
which are met with in the lungs, together with the more
important alterations which they produce in the physical
characters of the organs; and subsequently to examine
into the nature of the morbid processes upon which these
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changes depend, and to draw some general conclusions
respecting the pathology of the disease.

The structural changes met with in the lungs in phthisis
are mainly of four kinds:—l1st. Adn accumulation of epi-
thelial cells within the pulmonary alveoli; 2nd. The pre-
sence within the alveoli of a fibrinous exudation and lew-
coeytes ; Brd. A thickening .of the alveolar walls by a
small-celled tisswe, together with, in most cases, the growth
of & similar tisswe around the minute bronchioles; and
4th. An increase in the interlobular connective tissue.
These four kinds of morbid change are usually associated
with one another, although in very different degrees. 'The
preponderance of one or other of them produces those .
variations in the physical characters of the lungs which
are met with in the different stages, and in the different
varieties of the disease. These various structural changes
must now be considered separately.

1st. An accumulation of epithelial cells within the
pulmonary alveoli is one of the most frequent changes
met with in phthisis, and this change i1s precisely similar
to that already described as occurring in true catarrhal
puenmonia. The alveoli are found filled with large nu-
cleated elements which are the offspring of the epithelal
cells normally lining the alveolar walls, (See Fig.97.) In
some cases this alveolar accumulation may constitute
almost the only morbid change, and although the alveolar
walls may be found slightly thickened here and there by
a small-celled lymphoid tissue, the great bulk of the pul-
monary consolidation is due to the stuffing of the alveolar
cavities with catarrhal produets. (Fig. 102.) In some
parts—those in which the change is the most recent—the
large cells which fill the alveoli and the alveolar walls
will be found but little altered, but in the greater portion
of the consolidated tissue the cells will be seen in various
stages of retrogressive metamorphosis, and the alveolar
walls destroyed ; whilst in those tracts of tissue in which
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the process is most advanced all trace of structure is lost,
and nothing is seen but a granular débris. These

Fia, 102,

Section of Lung from a case of Acute Phihisis.

Showing the aceumulations of epithelial cells

within the alveoli. The alveolar walls are almost

completely free from any small-celled growth. In

some partsa free space is geen between the alveolar

walls and their contents: this is simply due to

the shrinking of the latter caused by the harden-

ing of the specimen, x 50. (Compare with Fig,

63.) _
changes are precisely analogous to those met with in
many of the larger nodular lesions of acute tuberculosis.
(See Figs 62 and 63.)

The appearances presented by the lungs in those cases
in which the structural changes above deseribed consti-
tute almost the only cause of the consolidation, are very
characteristic. The consolidated tissue is quite soft and
friable, breaking down very readily under the finger, and
there 1s a complete absence of any induration. The con-

solidation, although frequently almost uniform, some-
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times presents a somewhat lobulated outhne, indicating
the implication of different groups of the pulmonary
lobules. The colour varies from a reddish to a yellowish-
grey, and scattered through the consolidated mass are
often small portions of a more decidedly yellow tint.
These latter correspond with those parts in which the
retrogressive changes are the most advanced, and they
are even softer in consistence than the surrounding
tissue. In many parts the consolidated tissue will be
found broken down, so as to form cavities of various
sizes. These always possess irregular walls, which are quite
gott and friable like the solid tissue which surrounds them.

2nd. The presence within the alveoli of a fibrinous
exudation and lewcocytes, is less frequent than the pre-
ceding. The exudation products are similar to those
which fill the alveoli in ordinary eroupous pneumonia.
(See Fig. 94.) The coagulum, however, is usually not so
abundant, neither 1s the fibrillation quite so distinet. In
the most acute forms of phthisis this may constitute
almost the only cause of the pulmonary consolidation,
but more commonly it 1s associated with more or less
epithelial proliferation. The macroscopical characters of
the lungs are precisely similar to those of red and grey
hepatisation (see “Croupous Pneumonia’), from which
the consolidation differs merely in the fact that it under-
goes disintegration, and so gives rise to the formation of
cavities.

srd. A thickening of the alveolar walls by a swmall-
celled ftissue, together with, in most cases, the growth of
similar tissue crvownd the terminal bronclhioles, 1s very
constantly associated with the former intra-alveolar
changes. The characters of this new tissue present
every variation from an adenoid growth composed almost
entirely of small lymphoid elements, such as is repre-
gented in I'ig. 66 «, to one in which the reticulum of this
growth is much denser—as seen in I'igs. 55 and 66 b—

A A
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and many of the cells are more or less distinctly branched
or spindle-shaped. These variations correspond with
differences in the age of the new growth and in the
rapidity of its development. In many parts the alveolar
cavities may be found completely obliterated and replaced
by this new tissue, whilst in others, where the change is
less advanced, their walls will be seen to be more or less
thickened by it, and their cavities to be filled with partially

Fia. 103.

Section of Lung from a case of gomewhal Chronie
Phikisis. Showing the thickening of the alveolar
walls by a small-celled adenoid tissue which is
becoming fibroid, together with an acecumulation
of epithelial cells within the alveolar eavity which
are undergoing retrogressive changes. x 200,

or completely degenerated epithehal elements (Fig. 103),
or with giant and branched cells. (See Figs. 64 and 56.)
Although the new growth appears in many places to be
undergoing a process of progressive development, in
others it is equally evident that it is undergoing retro-
gressive changes, and the granular débris into which 1t
has become converted is often seen associated with the
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degenerated epithelial elements, the two together pro-
ducing tracts of softened, yellowish, caseous material.

The development of this new growth in the alveolar walls
leads to the partial, or even complete, obliteration of the
pulmonary capillaries, which, as will be seen subsequently,
constitutes an important element in the causation of the
retrograde changes. This vascular obstruction 1s also
partly due to proliferation of the nuclei in the walls of
the capillaries (Wilson Fox).

Respecting the alteration which the growth of this
small-celled tissue produces in the physical characters of
the lungs—it may be stated generally, that it usually
leads to more or less induration of the pulmonary texture.
The extent of this induration, however, will vary with
that of the fibrillation of the new tissue. If the tissue be
almost entirely cellular, such as is the case when it 1s very
rapidly developed, it will produce but little if any indu-
ration of the pulmonary consolidation,’ which, consisting
mainly of the alveolar catarrhal products, will be soft and
friable in consistence, much resembling that which has
been already deseribed. When, on the other hand, as is
more frequently the case, there is any marked fibrillation
of the new growth, or its reticulum is dense and abun-
dant, there will be a corresponding induration of the
consolidated tissue. In many cases these changes pro-
duce uniform tracts of indurated consolidation of a greyish
colour mottled with black pigment, in which there may be
scattered here and there yellowish patches corresponding
to those portions which have undergone retrogressive
fatty changes.

4th. The remaining structural change which is met with,
to a greater or less extent, in most cases of pulmonary
phthisis, consists in an increase in the interlobular econ-
nective tissue. This tissue, which surrounds the bronchi
and blood-vessels and contributes to the formation of the
alveoli, 18 found not only increased in amount, but also

A A D
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altered in character. It is usually richly cellular, and in
the various stages of its growth it presents all the varia-
tions met with in connective tissue which is the seat of a
chronic inflammatory process. (See Fig. 72.) It often
-exhiluts, in some parts, a distinctly reticulated structure
precisely similar to thut of the adenoid growth in the
alveolar walls (see Fig. 103), but it has a much greater
tendency to form a dense fibroid tissue than has the
alveolar growth, and it is much less frequently the seat of
retrograde change. This is owing to its more perfect
vascular supply. In the most chronic cases of phthisis
this interlobular growth may constitute the predominant
structural change, and large tracts of the pulmonary
texture may be found completely replaced by it. (See
“ Interstitial Pneumonia.”)

An inerease in the interlobular connective tissue in
phthisis—inasmuch as the vew tissue has so marked a
tendency to become dense and fibroid—Ileads to extensive
mduration of the pulmonary texture; and further, owing
to the contraction which the tissue tends to undergo, its
growth ultimately produces a corresponding contraction
of the diseased lung. In all those cases of phthisis in
which there i1s either a thickening of the alveolar walls
or an increase in the interlobular connective tissue, any
cavities which may exist in the consolidated and indu-
rated tissue are characterised by the tough and fibroid
character of their walls, these presenting a marked con-
trast to the soft friable tissue which surrounds the cavi-
ties in those cases in which the pulmonary consolidation
is mainly due to intra-alveolar growth.

These various changes may involve wide tracts of the
pulmonary tissue, or they may be limited to small cir-
cumscribed areas. The causes of these differences in their
distribution will be seen when considering the nature and
etiology of the morbid processes to the existence of which
they owe their origin.
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Patnovoey or Puruisis.—Having thus briefly deseribed
the various structural changes met with in the lungs in
phthisis, it remains to consider the nature of the morbid
processes upon which they depend. In the first place it
1s evident that these changes are analogous to those which
have been seen to occur in the several forms of pulmonary
mflammation. The fibrinous exudation and lencocytes,
and the accumulation of epithelial cells within the
alveoli in croupous and catarrhal pnenmonia, with, in the
more chronie cases, the ultimate thickening of the alveolar
walls ; and the increase in the interlobular connective
tissue which characterises the interstitial process, closely
resemble the phthisical lesions. These considerations,
together with those derived from the study of the etiology
of the disease, are sufficient to justify the conelusion that
the morbid processes which lead to the consolidation
and subsequent disintegration of the lung come within
the category of inflammation, and that the differences in
the anatomical changes to which they give rise are due
to differences in the intensity, in the duration, and in the
mode of origin of the inlammatory process.

In considering the causes of these differences in the
histological changes in the lungs, it is important to bear
in mind what has been already stated respecting the
variations in the character of the textural alterations in
mflammation which are produced by differences in the
intensity and duration of the inflammatory process. (See
“ Varieties of Inflammation.”) When studying the pro-
cess of inflammation, it was seen that the most intense
forms of the process were characterised by abundant
fibrinous exudation and emigration; whereas in inflam-
mations of less intensity, the textural changes played a
more prominent part. These textural changes also varied
according to the intensity of the inflammation. In the
least severe and most chronie forms, these changes tended
to be limited to the elements immediately adjacent to the
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blood-vessels and lymphatics, whereas in inflammations
of somewhat greater intensity more distinet elements be-
came involved. Further, whereas in the former case these
changes usually resulted in the formation of a small-celled
tissue which tended to become fibroid, in the latter, the
more distant elements—Dbeing in most cases incapable of
further development—tended to undergo retrogressive
changes. In the lungs, the truth of these propositions
was borne out by the differences which were seen to exist
in the histological characters of the lesions in the various
forms of pulmonary inflammation and also in acute
tuberculosis. In the tuberculous process it appeared to
be probable that the more severe the irmtation of the
infective particles the more liable were they to cause a
proliferation of the large epithelial cells contained within
the alveoli, whereas when the irritation was less severe,
its influence tended to be limited to the elements in the
alveolar walls and interlobular tissue. (See *Tuber-
culosis of the Lungs.”)

If the pathology of these inflammatory processes in
the lungs be kept in view, the explanation of the diffe-
rences in the histological characters of the lesions in pul-
monary phthisis becomes tolerably evident. In those
cases 1n which the inflammatory processes are of slight
intensity and of long duration, the most marked struec-
tural change will consist in the development of a small-
celled growth in the alveolar walls and in the interlobular
tissue—a growth which tends, more or less, to become de-
veloped into a fibroid structure; whereas in those cases
in which the inflammation is of greater intensity fibrinous
exudation and emigration, and proliferation of the alveo-
lar epithelium, will constitute more prominent parts of
the process.

The intensity of the inflammatory process not only de-
termines to a great extent the histological characters of
the pulmonary consolidation, but also the subsequent
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changes which take place in it, These changes are of
three kinds—resolution, development into a fibroid tissue,
and retrograde metamorphosis. Much of that consolida-
tion of the lung which is the most rapidly induced, and
which is consequently intra-alveolar, may become alb-
sorbed. The resolution may be complete, or after the
absorption of the intra-alveolar products there may re-
main more or less small-celled growth in the alveolar
walls.

Fibroid development takes place principally in the new
interlobular growth, to a less extent in the growth in the
alveolar walls, and probably sometimes from intra-alveo-
lar exudation. (See Fig. 100.)

In those cases in which the intensity of the inflamma-
tory process is considerable, not only do the epithelinm
and exudation-products which have accumulated within
the alveoli quickly degenerate and break down, but any
small-celled tissue which may have been developed in the
alveolar walls or around the terminal bronchioles also
softens and dies, and thus the vitality of large tracts of
the pulmonary consolidation may become destroyed.,

This death and disintegration of the pulmonary conso-
lidation which constitutes so essential a feature of the
disease, 1s in great measure due to conditions interfering
with the pulmonary circulation. This interference not
only causes the destruction, but also prevents that ab-
sorption of the inflammatory products which usually
oceurs in non-phthisical pulmonary consolidation.

The cireulation is interfered with by the adenoid growth
in the alveolar walls, by the pressure exercised upon the
pulmonary capillaries by the inflammatory products which
have accumulated within the alveoli, and probably also,
in the most acute forms of phthisis, by that stagnation of
the blood-stream which results from every acute inflam-
matory process. In addition to this interference with the
pulmonary circulation, an important element in the
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causation of the retrograde changes of phthisis is pro-
bably that inherent weakness of the lungs (usually in-
herited), which not only renders them especially suscep-
tible to injury, but also, when injured, renders them
abnormally incapable of recovering themselves from the
inflammatory process which has been induced.

In those cases of phthisis, on the other hand, in which
the inflammatory process is less severe, the small-celled
tissue produced in the alveolar walls and around the
terminal bronchioles has a greater tendency to become
developed into a more or less fibrillated structure, and the
more chronic the course of the disease the greater is this
tendency. The new growth in the interlobular tissue,
masmuch as its vascular supply is but little interfered
with, almost invariably becomes indurated and fibroid.
It is these two kinds of change in the newly formed ele-
ments, the one tending towards death and the other
towards progressive development, which produce the
easeation and softening on the one hand,; and the indura-
tion on the other, which associated in such wvarious
degrees, make up the diverse physical characters of the
phthisical lung.

In studying the efiology of the inflammatory processes
which give rise to pulmonary phthisis, 1t becomes evident
that two different agencies are principally concerned.
These are predisposition and irritation.

By predisposition I mean that inherent weakness of
the lungs which exists in such a large proportion of the
cases of phthisig, and which not only renders them ab-
normally susceptible to the various lkinds of injurious
irritation, but also makes them less capable than strong
lungs of recovering themselves from the effects of the
iuﬂ;-unmﬂtm'y process which the irritation has produced.

By drritation is to be understood that injury to the
lungs by means of which the inflammatory processes in
them are induced. Inflammatory processes may be in-
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duced in the lungs by that general chilling of the surface
of the body which constitutes what is termed “ taking
cold.” Which organ suffers as the result of the chill
often appears to depend in great measure upon predispo-
sition (inherited or acquired). If the lungs are the weak
organs, as they so often are in phthisis, they are the most
liable to become inflamed. In other cases the pneumonic
process appears to be due to altered conditions of the
blood, such as are associated with Bright's disease, &e.
A more important agent in the production of phthisig
than the preceding is the irritation of the lungs through
the medium of the bronchi. The bronchial mucous mem-
brane, communicating as it does with the external air, is
especially liable to injury, and the extreme frequency
with which the development of phthisis is preceded by
sucecessive attacks of bronchial catarrh i1s a well-esta-
blished clinical fact, the important bearing of which upon
the successful treatment of the disease it would be diffi-
cult to over-estimate. That catarrhal processes in the
smaller bronchi are often followed or accompanied by
inflammatory changes in the pulmonary alveoli was seen
when studying the pathology of catarrhal pneumonia. In
explaining these changes, however, it must be borne in
mind that although the thickening of the alveolar walls 1s
in part the result of the primary irritation, the presence
of the degenerated catarrhal products within the alveolar
cavities must also produce an injurious effect, and so may
be an additional cause of the alveolar growth. These
catarrhal processes i the bronehi which are such frequent
precursors of the pulmonary consolidation, also give rise
to a gradual thickening of the bronchial mucous mem-
brane, to an increase in the peri-bronchial connective
tissue, and often to more or less ulceration and irregular
contraction and dilatation of the tubes. In other cases
the injury appears to exercise its influence directly upon
the inner surface of the air-vesicles without producing
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bronchial catarrh. The inflammatory processes which are
set up by means of injuries inflicted through the medinm
of the bronchi are characterised by the disseminated
character of their distribution. Groups of air-vesicles
communicating with the terminal hronchioles become im-
plicated, and thus are produced lobular lesions.

The last method by which injuries may be inflicted
upon the lungs is by means of infection. This infection
is precisely similar to that which has been already de-
scribed as causing general tuberculosis. By it is under-
stood the property possessed by eertain inflammatory
products—especially by those which have become caseous
—of indncing secondary inflammatory processes in other
parts. Limited tuberculosis differs from the general
disease only in the extent to which the infective materials
ave distributed. Whereas in the general affection the
dissemination of the infective substances takes place
principally by means of the blood-vessels, in the more
limited processes the dissemination is effected by means
of the lymphatic vessels or serous canals. In the lungs,
limited infective processes are exceedingly common in
phthisis, and they give rise to many of the miliary
nodules of induration which are so frequently met with
m phthisical lungs. The source of infection in these cases .
18 usually some caseous induration already existing in the
lung, so that the infective process usually supervenes
upon pre-existing phthisis.

There remains still one other factor which has a most
important influence upon the causation of phthisis—the
general lealth of the individual. That the development
and progress of phthisis is greatly influenced by the state
of the general health is well known. That this should be
so will be readily understood if the inflammatory nature
of the disease be kept in view, inasmuch as, in all cases,
the susceptibility of a living tissue to injury is, ewteris
paribus, greater, and the power of recovering itself from
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the effect of the inflammation less, the lower the standard
of the general health.

In conclusion, allusion must be made to the different
varieties of pulmonary phthisis. Although the variations
observed in the physical characters of phthisical lungs
and also 1n the clinical history of the disease, have led to
its subdivision into different kinds, 1t appears to me that
there are no pathological grounds for any such subdivi-
sion. The variations observed in the eclinical history of
phthisis and in the physical characters of phthisical lungs
are, I think, mainly to be asecribed to variations in the
duration and intensity of the inflammatory processes
which give rise to the pulmonary consolidation, and also
to the parts which primary pulmonary inflammation,
bronchial inflammation, and infection play respectively in
the causation of the disease.



CHAPTER XLII.
CHANGES IN THE BLOOD AND CIRCULATION.
HYPERZEMIA.

HyPEREMIA or congestion is excess of blood in the more
or less dilated vessels of a part. Whatever increases the
pressure of the blood, or diminishes the resistance of the
vessels, may be a cause of hyperaemia. Hyperamia is
active or arterial, and mechanical or venous. These two
varieties must be considered separately.

ACTIVE HYPEILEMIA.

Active hyper@mia is an excess of blood in the arteries
of a part, with, in most cases, an acceleration of the flow.

Cavses.—The causes of active hypermmia may be
divided into those which inerease blood-pressure, and
those which diminish arterial resistance.

1. Inecreased Blood-pressure.—This occurs most com-
monly from interruption of the main current of blood in
any particular part, owing to which increased pressure is
thrown upon the collateral vessels. These vessels thus
become dilated, the amount of blood in them is increased,
and the flow 1s accelerated. This, which 1s known as
collateral hyperamia, is seen after the obstruction of the
main current from any cause, as from the ligature of the
vessel, or from its occlusion by a thrombus or embolus.
(See “ Embolism.”)
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General obstruction in the capillaries of a part will in
the same way cause a compensatory hypereemia. This is
exemplified by the application of external cold causing
coutraction of the superficial capillaries and congestion
of internal organs; and by obstruction of the capillaries
in one part of an organ causing hypersemia of the parts
adjacent.

2. Diminished Avterial Resistance.—This is much the
most frequent cause of active hypersemia. It may arise
from—

a. Relawation or paralysis of the wall of the vessel.—The
relaxation of the muscular coat of an artery and the con-
sequent dilatation of the vessel, may be owing to, 1st, the
direct paralysis of the vaso-motor nerve supplying it; 2nd,
to its indirect paralysis from rritation of a sensory nerve;
and 3rd, to changes in the walls of the vessel resulting
from injury independently of the nervous centres. The
effects of direct paralysis of the vaso-motor nerves are
seen in the active congestion of the head and neck which
follows pressure upon the sympathetic in the neck, as by
an aneurism; and in the umlateral congestion which
results from experimental sections or disease of one-half
of the spinal cord. Some emotional conditions also are
attended by paralysis of the vascular nerves and conse-
quently by active hypersemia: this is seen in blushing.
Certain substances again taken internally produce vaso-
motor paralysis, as the nitrite of amyl, aleohol, tobacco, &e.

Relaxation and dilatation of the arteries resulting from
irritation of a sensory nerve in those parts in which the
nerve originates, and from the direct injury of the walls
of the vessel independently of the nervous system, has
already been deseribed when speaking of vascular dilata-
tion as the earliest change in the process of inflammation.
In inflammation, the 1rritation 1s so severe as to cause
not only dilatation of the vessel and accelerated blood-
flow, but also a subsequent retardation of the circulation
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and exudation of liquor sangminis and blood-corpuscles.
(See ““ Inlammation.”) If the irritation be less intense
or less prolonged in its action it produces simply dilata-
tion of the vessels and inereased rapidity of flow—i.e.,
active hypermemia. This is seen in the congestion of the
skin which resunlts from friction, heat, and many irritating
substances ; in the priapism that sometimes results from
the passage of a catheter: and in many similar conditions.

B. Sudden removal of external pressure.—The sudden
removal of external pressure from vessels is followed by
their dilatation, and consequently by hypermmia. As
examples of hypereemia from this cause may be mentioned
that which results from dry cupping, and from the
sudden removal of ascitic fluid, and of the fluid from a
hydrocele.

v. Atony of the walls of the vessels from mal-nutrition.—
This 18 a much less important cause of hypersemia. Fatty
degeneration of the muscular and internal coats of the
smaller arteries may, however, in some cases lead to their
dilatation, and thus be a caunse of active hypersaemia.

Resvrrs.—The results of active hypersemia are prinei-
pally such as might be expected to follow from an increase
in the amount of the arterial blood, and in the rapidity of
its flow, in any particular organ or tissue. There is
increased redness and pulsation, a sensation of throbbing
being often experienced by the patient. There is also an
increase in bulk. The temperature at the same time
undergoes a marked elevation. Serous effusions, hemor-
rhage, and thrombosis—so common as results of me-
chanical hypereemia—are rarely met with. If the hyper-
emia be of long duration, the small arteries become
permanently enlarged, and their walls thickened. Function
may, or may not, be interfered with. It is in the nervous
centres that functional changes are most frequently met
with. They include great excitability, parasthesie of
sicht and hearing, convulsions, &c.
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MECHANICAL HYPEREMIA.

In mechanical hypersemia, the excess of blood 1s prinei-
pally in the veins, and the flow, instead of being accele-
rated, 1s retarded.

Cavses.—The causes of mechanical hypersemia are
such as interfere with the return of the blood by the
veins, either by directly impeding its exit from any vein
or system of veins, or by diminishing the normal ecir-
culating forces. They are—

1. A divect Impediment to the Return of Blood by the
Veins.—This is the most fertile caunse of mechanical
hyperaemia. Any obstruction to the return of blood by
the veins 1s followed by distension and impeded flow
behind the obstruction. The congestion of some of the
abdominal viscera which results from the obstruction to
the portal eireulation in eirrhosis of the liver; that of the
lung in mitral constriction and regurgitation ; that of the
systemic cirenlation in insufficiency of the tricuspid valve ;
and that of the lower extremities from the pressure of the
gravid uterus on the iliac veins, are a few of the numerous
familiar examples of mechanical hypersemia from this
cause.

2. Gravifation.—This becomes an important auxiliary
in the production of hyperiemia m discase, especially
when 1t 1= associated with diminmished cardiac power.
The effect of gravitation in determining congestion of the
most dependent parts is exemplilied in chronic exhanstive
and in many of the acute febrile diseases, in which the
nutrition generally becomes impaired, the heart's power
weakened, and in which the patient 18 unable frequently
to change his position. The integuments of the back, and
the posterior portions of the lungs, are the parts which
are thus most frequently affected.

3. Luereased Local Resistance~This results from dis-
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eased conditions of the arterial walls, owing to which they
either lose their elasticity and contractility and thus
their power of equalising and regulating the blood-flow,
or become considerably enlarged. In either case the cir-
culation will be impeded, and accumulation of blood and
retardation of flow take place in the veins beyond. Such
conditions may arise from simple atony of the arterial
walls, or from atheromatous, fatty, or calcareous changes.
They are most common in advanced life. The part they
play in the production of senile gangrene has been already
alluded to. (See “ Senile Gangrene.”)

4. Diminished Cardiae Power.—This is one of the most
important causes of mechanical hyperwemia, especially
when it 1s associated with any of the preceding ones. The
motor power of the heart becomes impaired in many of
the chronic exhaunsting diseases, also in the acute febrile
diseases, as in typhus and typhoid fever, and in all those
conditions of degeneration and softening of its structure
which lead to the dilatation of its cavities. In whichever
of these ways the vis @ tergo is diminished 1t will tend to
produce venons hypermemia.

Resvrrs.—Long continued mechanical hyperaemia leads
to impairment of vitality and function. The tissues
gradually atrophy and undergo retrogressive changes,
although from the amount of serosity and blood which
they contauin their size and absolute weight may be in-
creased. Their temperature becomes lowered. The most
important results, however, of this variety of hypersemia
are fibroid induwration, traonsudation of serwm, hemor-
rhage, thrombosis, and gangrene,

1. Fibroid Indwration.—This, which is due to a gradual
increase in the connective tissue around the blood-vessels,
is one of the most important results of long continued
mechanical hypersemia. The interstitial growth leads to
atrophy of the other structures, and thus to impairment of
the functions of the organ. In the stomach, 1t produces
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atrophy of the glandunlar structures ; in the kidney, com-
pression of the urine-tubes; in the liver, obstruction to the
portal circulation; in the heart, diminution in motor power.
The alterations which this change produces in the physieal
characters of the orcans—viz., a hardness and iduration
associated with abnormal redness or pigmentation due to
the excess of blood, are exceedingly characteristic,

2. Transudation of Serwm.—This gives rise to cedema
and dropsical effusions. Its occurrence is greatly
favoured by the stretching of the walls of the vessels,
and by the damage which their strueture sustaing. The
transuded sernm usually differs from hlood-serum 1
being of lower specific gravity, and in containing more
water and less of the solid constituents. The greater
the pressure, the more nearly does the transnded lignid
resemble the liquor sanguinis, and the greater 1s the
amount of albumen which it contains, It the pressure
be very great it may yield a fibrinous coagulum.

3. Hwemorrhage.~This is another result of mechanical
hypereemia. It usually occurs only when the obstruction
to the venous current is very great. Those vessels which
are the least supported are the first to give way. The
hiemorrhage into the stomach in cirrhosis of the liver,
and into the lang in mitral disease, are familiar examples
of haeemorrhage from this cause.

Not only does blood escape from the vessels by rupture
of their walls in mechanical hypersemia, but the red

blood-corpuscles pass through the walls of the capillaries
into the surrounding tissues without rupture taking
place. This passage of the red corpuseles throngh the
capillary walls, which was discovered by Cohmheim, may
be observed in the web of the frog’s foot after higature of
the femoral vein. The corpuscles in passing throngh the
vessel become constricted in their centre, so as to assume
an hour-glass shape. This emigration only occurs when
the obstruction is considerable.

B
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4. Thrombosis.—This, as a result of mechanical ob-
struction, will be described in the following chapter.

5. Gangrene.—This only occurs from mechanical hy-
pereemia when the obstruction is very general and com-
plete. It has been already described under the head of
* Gangrene.”

MEecnaxicarn Hyrerazmia oF THE LivEr — NUTMEG
LiveEr.—Long-continned mechanical hyperzmia of the

I'1G. 104,

Nutmeg Liver, Showing the destruction of the
liver-cells and the pigmentation in the central
portions of the acinus, together with the new
gvowth of connective tissue at the periphery.
V. Hepatic vein, P. Portal canal. x 50. (When
this specimen is more highly mfaguzﬁeﬂ, the cen-
tral hepatic vein and its tributaries are seen to be
filled with red blood-corpuscles, and their walls
thickened, The intercellular network which im-
mediately surrounds it is also thickened, and the
periplgral connective tissue growth contains nu-
merous nuclei.)
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liver gives rise to the condition known as Nufmeg Liver.
This is the condition which so frequently results from
disease of the heart. The change is characterised by a
large accumulation of blood in the hepitic veins, by dila-
tation and thickening of these veins, by atrophy of the
hepatic cells in the central portions of the acini, and by
an increase in the interlobular connective tissue. The
impediment to the return of blood by the hepatic vein
leads to atrophy of the cells in the central portions of the
acini and also to the formation of granular pigment, so
that when examined microscopically, these portions of
the acini are seen to consist of broken-down cells and
granules of pigment. (Ifig. 104.) The veins here are
found much dilated and filled with red blood-corpuscles.
Their walls are thickened, and there often appears to
be also more or less thickening of the intercellular net-
work which immediately surrounds the central vein.
Owing to this thickening of the central veins and of the
adjacent intercellular network, and to the destruction of
the liver-cells, the most central portions of the acini, in
advanced stages of the disease, may present a very
fibrous appearance. At the peripheral parts of the acini
the new interlobular growth is seen insinuating itself
between the almost unaltered liver cells. This new inter-
lobular growth is usually distinetly nucleated, but for the:
most part, less so than that met with in cirrhosis. Its
cellular character has been especially insisted upon by
Dr. Wickham Legg.

In the earlier stages of this affection the liver 1s often
considerably inereased in size from the large amount of
blood which it contains. On section, it presents a peculiar
mottled appearance, the centre of the lobules being of
a dark red colour, whilst the peripheral portions are of
a yellowish-white. This latter appearance is often in-
creased by the presence of more or less fat in the peri-
pheral liver-cells. Ultimately the organ may undergo a

B B 2
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gradual diminution in size. This is due partly to the
atrophy of the cells in the central portions of the lobule,
and partly to the pressure of the interlobular growth.
The interlobular growth tends to cause obstruction to the
portal circulation, as in eirrhosis.

Mecuavicarn Hyperamis of THE Luses.—In the lungs
long-continued mechanical hypersemia produces that
peculiar induration and pigmentation of the organs

F1c. 105.

Brown Induration of the Lung. Showing the abnormal
number of swollen pigmented epithelial cells covering the
alveolar walls, the increase of conneetive tissue around the
blood-vessel, ¢, and the large quantity of pigment. & The
alveolar cavity. x 200,

which is known as Brown Indwration. This condition
most frequently results from stenosis and insufficiency of
the mitral orifice. The alterations produced in the pul-
monary texture consist in the first place of elongation
and dilatation of the pulmonary capillaries, so that even
in uninjected preparations the alveolar walls appear ab-
normally tortuous. The epithelial cells lining the alveol
also become swollen and ultimately multiply, and they
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are seen in large numbers, filled with dark brown pig-
ment, covering the alveolar walls. (Fig. 105.) They fre-
quently accumulate within, and fill, the alveolar cavities.
These changes arve followed by an increase in the inter-
lobular connective tissue, by the formation of large quan-
tities of brownish-black pigment, and often by a thickening
of the alveolar walls.

Lungs in which these changes are at all advanced pre-
sent a more or less uniform brownish-red tint, mottled
with brown or blackish-coloured specks and streaks.
They are heavier and tougher than natural, less erepi-
tant, and upon squeezing them the pulmonary tissue is
found to be denser and thicker than that of a healthy lung.

Post-MorTeM AprEaraNces of HyrerEMIa.—The post-
mortem appearances presented by hyperemic organs and”
tissues vary considerably. Very frequently parts which
were hypermmic during life show no signs of it after
death. If the blood does not coagulate rapidly it passes
on into the veins, and thus the recognition of arterial
and capillary hypermmia very often becomes impossible.
The effect of gravitation must also be taken into account
in estimating hyperiemia. After death the blood natu-
rally gravitates to the most dependent parts:—this is
seen in the post-mortem congestion of the posterior por-
tions of the lungs, and of the most dependent portions of
the various coils of the intestine. The uniform redness of
post-mortem staining again, must not be confounded with
the redness of hypermmia. In capillary and arterial hy-
persemia, the colour 1s red, and the injection often presents
the appearance of a capilliform network. 1f very intense
it may to the naked eye appear uniform, but a lens will
always discover its capillary nature.  When the veins are
the seat of the hyperamia the injection is called ramiform,
and the colour is dark blue.
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The anatomical peculiarities in the distribution of the
blood-vessels will, however, materially affect the appear-
ance of the hypermemia. In the intestines it is often
punctiform, being situated in the vessels of the villi; so
also in the kidney, when its seat is the Malpighian cor-
puscles. A punctiform appearance may also be produced
by minute extravasations of blood. If the hyperemia is
of long-standing, the tissue becomes pigmented. This is
often well seen in the stomach and intestines, also in the
lungs.



CHAPTER XLIIL

THROMBOSIS,

Turomsposis is a coagulation of the blood within the
vessels during life. This coagulation is owing to changes
in the walls of the vessel itself, or to impeded blood-flow.
The coagulum is called a thrombus. It may form in the
heart, in the arteries, in the capillaries, or in the veins.
It is much the most common in the last-named vessels.
Thrombi must be distinguished from the coagula that
form after death, and also from those formed in the last
moments of life which are so commonly found in the
cardiac cavities. Post-mortem coagula are soft, and are
often divisible into two layers, coloured and uncoloured ;
they do not adhere to the walls of the vessel, and rarely
completely fill its cavity. The clots formed in the heart
just before death constitute a connecting link between
post-mortem coagula and thrombi. They are more or
less decolorised, and are firmer in consistence and more
fibrinous than post-mortem clots. They are not firmly
adherent to the cardiac walls, but are often so entangled
amongst the columnm: carnem, chorde tendinem, and
papillary muscles, that they cannot bhe quite readily
separated. They appear to be the result of the mechani-
cal defibrination of the blood by the cardiac contractions
a little while before death; the contractions not being
sufficiently strong to empty the cavities, some of the
blood remains behind, and becomes “ whipped up” and
defibrinated. These clots are most common in the right
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cardiac cavities, and they often extend some way into the
pulmonary artery and aorta, from which, however, they
can very readily be removed. They are met with most
frequently in those cases in which death has taken place
slowly, and in which there has been a gradual loss of
power 1n the cardiac contractions. The proportion of
tibrinogenous substance in the blood will also materially
intluence the extent of their formation.

A thrombus, or ante-mortem elot, 1s firmer, dryer, and
more fibrinous than either of the preceding, and it is
adherent to the walls of the vessel. Its characters, how-
ever, vary with its age, and with the circumstances under
which it originates. When freshly-formed it is of a dark-
red colonr and soft gelatinous consistence, closely re-
sembling the post-mortem clot. It gradually becomes
paler, dryer, less elastic, and more friable. If it 1s
rapidly produced—as when the circulation is suddenly
arrested in a portion of a vessel by the application of a
hgature—the coagulum at once completely fills the vessel,
and as it becomes firmer it maintains a more or less
uniform strueture. Thrombi, however, which have under-
gone a slow and gradual formation, are rarely thus
uniform in structure, but are made up of numerous con-
centric layers, and so present a stratified appearance.
This is owing to the coagulation taking place gradually
apon the inner surface of the vessel, and to the white
corpuscles adhering to the successive layers of coagulum,
These corpuscles, from the property which characterises
them of adhering to one another and to the sides of the
vessels, and especially to any porous substances with which
they may come in contact, cohere with the fibrinous layers
as they are deposited ; so that ultimately the thrombus is
made up of layers of fibrinous coagulum and white
corpuscles more or less alternately and concentrically
arranged. This gives to it a stratified appearance,

The thrombus may completely or only partially fill the
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cavity of the vessel. In most cases, however, when coagu-
lation has commenced, it proceeds until the wvessel is
obstructed, and when once this has occurred, the forma-
tion of the thrombus continues to extend in the course of
the vessel until it meets with a current of blood strong
enough to arrest its progress. Its ultimate extent will
thus mainly depend upon the vessel in which 1t is formed,
upon the size and situation of the collateral branches,
and upon the force of the circulating current. 'The
direction in which the coagulation principally extends,
whether in the arteries or veins, is consequently back-
wards from vessels of smaller to those of larger calibre ;
the formation of the thrombus continuing until it meets
with a current sufficiently strong to restore the circula-
tion, which in many cases is as far as the entrance of
the next large collateral vessel. The end of the thrombus
next the heart is rounded and comical in shape. (See
Fig. 108, c.)

The thrombus when once formed either becomes
orqanised or softens. The former 1s most frequent in the
arteries, the latter in the veimns and heart.

Organisation.—This consists 1n the gradual transfor-
mation of the thrombus into connective tissue. A
thrombus which is undergoing a process of organisation
gradually diminishes in size, it becomes more and more
decolorised, firmer and more fibrous in consistence, its
union with the wall of the vessel becomes more intimate,
and unltimately it becomes converted into a fibro-cellular
cord. These changes are probably principally owing to
the white blood-corpusecles which it contains.

Soon after the formation of the thrombus the number
of young cells in it becomes greatly increased. In a
gsomewhat more advanced stage the red blood-corpuscles
almost entirely disappear, the clot becomes firm and
homogeneous, and in addition to the small round
elements, numerous anastomosing spindle-shaped cells
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with oval nuclei make their appearance. (Fig. 106.) The
intercellular material then becomes fibrillated, the walls
of the vessel become infiltrated with cells, and numerous
new blood-vessels are formed which intersect the thrombus
in all directions. These vessels communicate with the
cavity of the thrombosed vessel, and with its vasa
vasorum. (Fig.107.) The vascular fibrillated structure

Section of an Arterial Thrombus Thirty-seven Days Old.
a. New blood-vessels, b, Leucocytes and anastomosing
cells. (Rindfleisch.)

into which the thrombus has become organised gradually
undergoes a process of atrophy and contraction, the new
vessels disappear, and ultimately it becomes converted into
a fibro-cellular cord. In some cases it becomes calcified,
and thus forms a phlebolith.

Respecting the source from which the large number of
new cells which make their appearance in the thrombus
are derived—it appears to be most probable that they
originate mainly from the white blood-corpuscles, and
partly from the endothelial and connective-tissue cells
belonging to the walls of the vessel. Whether, however,
they are all of them the offspring of these elements, or
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whether some of them may not be leucocytes which have
penetrated from without, 1s unknown. From these small
cells the elongated connective tissue-cells are produced.
The exact source from which the fibrillated intercellular
material 1s derived—whether the intercellular coagulum
itself fibrillates, or whether it disappears and the fibres are
derived from the protoplasm of the cells—is uncertain.

P16. 107.

Langitudinal Seetion of the Ligatured End of the Criral
Artery of @ baog, fifty Days after the Application of the
Ligature. Showing the newly-formed vessels in the
thrombus and theiy communiecation with the vasa vaso-
ruta.  Th. Thrombus, M Muscular cont.  Z, lixternal
coat and vasa vasorum. x 20. (0. Weber.)

Softening.—I1f the thrombus does not become organised,
it usually undergoes a process of softening and ligue-
faction :—this 18 most ecommon in the veins and heart.
It 18 pmlmh]u also that in some cases the thrembus may
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become absorbed. The softening most frequently com-
mences 1n the centre of the clot, and gradually extends
towards the circumference, The thrombus breaks down
into a soft pulpy material, which sometimes has the ap-
pearance of pounded cooked meat, and in other cases is
distinetly puriform in character. Under the mieroscope
1t is seen to consist of albuminous granules, molecular fat,
and more or less altered red and white blood-corpuscles.
These changes in the clot are frequently owing simply to
its disintegration, but in some cases it is probable that
the thrombus may suppurate, and that owing to the pro-
Iiferation of the white blood-corpuscles which it contains
it becomes converted into true pus. The whole of the
thrombus may thus become softened, or the process may
be limited to the more central portions, whilst the external
layers become organised. Very frequently as the older
portions of the clot are becoming disintegrated and sof-
tened, fresh coagulation takes place at its extremities.

Cavses.—The causes of thrombosis are of two kinds—
those which lead to a retardation of the blood-flow, and
those in which there is some abnormal condition of the
walls of the vessels or of the blood.

1. Thrombosis from Retardation of the Blood-flow may
result from—

a. Interruption or navrowing of the vessel.—This ocecurs
after the application of a ligature. Coagulation com-
mences at the point of contact, and extends as far as the
first large collateral branches, thus permanently closing
the vessel. The pressure exercised by tumours, eicatricial
tissue, extravasations of blood, and the closure of a vessel
by the impaction of an embolus, may in the same way by
impeding or arresting the circulation cause thrombosis.
General obstruction in the capillaries of a part also causes
coagulation in the adjacent veins.

B. Solution of the continuily of the vessel—The forma-
tion of a thrombus after the division or tearing of a vessel
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constitutes the means by which hemorrhage is imme-
diately arrested :—there must be either thrombosis or con-
tinuous heemorrhage.  In the arteries, the severed end of
the vessel contracts and retracts within its sheath, coagu-
lation commences around it and extends upwards as far
as the first large collateral branch. In the veins haemor-
rhage is frequently arrvested by the valves, and the forma-
tion of a thrombus will evidently depend upon the rela-
tive situations of the valves and collateral vessels. The
haemorrhage from the uterus after the separation of the
placenta is arrested either by uterine contraction or by
thrombosis.

y. Dilatation af the vessels, or of the heart.—The most
familiar example of thrombosis from this cause is that
which oceurs in an aneurism. The greater the amount of
dilatation the greater is the retardation of the blood-flow.
The coagulation commences at the sides of the vessel, and
may extend until it completely fills the cavity. Coagula-
tion from the same cause is not uncommon in the dilated
plexuses of the prostate gland. In the heart, thrombosis
is most frequent in the auricles. It usually commences
in the auricular appendix, where there is very little pro-
pulsive power, and it may gradually extend into the auri-
cular cavity. It 1s also met with in the ventricles, com-
monly commencing here between the columna carnew.

8. Diminished eardiae power.—This is a common cause
of thrombosis in the veins. The coagulation commences
just behind the flaps of the valves, from which it gradually
extends into the cavity of the vessel. This appears to be
owing to the force of the current not being sufliciently
strong to completely open the valves, and the blood con-
sequently stagnates and coagulates behind them. The
erural and iliac veins, the venous plexuses of the hack,
and the cerebral sinuses, are the situations in which
thrombosis from this cause 13 most frequently met with,
It oceurs in the course of many chronic exhausting dis-
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eases in which the cardiac power becomes diminished, and
1s especially frequent in phthisis, cancer, &e. The state
of the blood, which often has an abnormal tendency to
coagulate, together with the quiescent condition of the
patient, materially aid in causing the coagulation.

2. Thrombosis from Abnormal Conditions of the Vessels
or of the Blood.

a. Causes in the vessels.—Any abnormal condition of
the walls of a vessel may be a cause of thrombosis. When
the wall becomes abnormal it acts as a foreign body and
the blood coagulates upon 1t, and it may continue to do so
until the cavity of the vessel becomes filled with coagulum.
Thrombi produced i this way are consequently stratified.
The walls of a vessel may become altered as the result of
inflammatory processes, and inflammation was formerly
regarded asthe main, if not the only, cause of thrombosis ;
hence thrombosis in veins is frequently termed * phle-
bitis” even at the present day. Inflammation of veins,
as already stated, is certainly rare as a primary condi-
tion, althongh 1t not unfrequently results from the
formation of a thrombus. When oceurring primarily,
inflammatory processes, both in the arteries and the
veins, have their seat i the external and middle coats
or in the deeper layers of the intima. They never com-
mence in the lining membrane of the vessel: this only
becomes affected secondarily. The vitality of the lining
membrane becomes impaired as the result of the inflam-
matory process, and when this has occurred it acts as a
foreign body, and thus there is a tendency for the blood
to coagulate upon its surface. In other cases the lining
membrane is completely destroyed, and the subjacent
diseased tissues thus come into contact with the circu-
lating blood, and in the same way cause the formation
of a thrombus. Such inflammatory changes occur in
the arteries, constituting the condition known as “athe-
roma,” which, in the smaller vessels, may be a cause of
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thrombosis. In the heart they constitute endocarditis ;
and here also, as has been seen, coagulation may take
place upon the abnormal surface of the inflammatory
vegetations. (See* Endocarditis.”)

The walls of a vessel may also become altered, and thus
thrombosis result, from inflammation or gangrene of the
tissues in which 1t is situated. The vitality of the vessel
becomes destroyed and the blood coagulates within it;
and by this means the occurrence of heemorrhage is fre-
quently prevented. The projection of new formations, as
sarcoma, into the cavity of vessels, may in the same way
cause the formation of a thrombus.

B. Causes in the blood.—The greater the tendency of
the blood to coagulate the more readily will thrombosis
take place. An increased tendency to coagulation ap-
pears often to be due to an excess of the fibrinogenous
substance in the blood, such as exists in acute inflam-
matory diseases, and in the latter months of pregnancy.
This tendency, however, is probably never suflicient in
itself to determine the formation of a thrombus; it can
hence only be regarded as a predisposing cause. It is
especially in those conditions in which the cirenlation is
impeded from diminished cardiac power, that it becomes
an important agent in producing thrombosis.

Resvrrs.—The results of thrombosis comprise certain

changes in the walls of the vessels, more or less obstrue- -

tion to the circulation, and embolism. These must be
considered separately. |

1. Changes in the vessels.—DMore or less alteration in
the wall of the vessel is an invariable consequence of the
formation of a thrombus. When the thrombus under-
goes a process of organisation, it becomes, as already
deseribed, intimately united with the vascular wall. The
latter in the first place becomes infiltrated with cells and
considerably thickened, but ultimately, together with the
thrombus, gradually atrophies. It is when the thrombus
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softens and becomes disintegrated that the most impor-
tant changes take place in the vessel. These changes are
of an acute inflammatory nature, and appear to result
from the irritating influence of the softened thrombus.
They are most frequently observed in the veins, where
softening is most liable to occur.

The walls of a vein within which a thrombus is soften-
ing are considerably thickened, so that the vessel more
resembles an artery. The inner surface has lost its
translucency, and 1s of a dead opaque colour. The vasa
vasorum are hypermmic. Under the microscope, the
cells of the intima and of the middle and external coats
are found to be considerably increased in number, and
numerous leucocytes are seen infiltrating the different
textures. In some cases small collections of pus are seen
in the external coats. Similar changes are observed in
the arteries.

In these acute inflammatory changes which are pro-
duced in veins by thrombi proliferation of the endothe-
linm of the vessel often appears to play a prominent part.
As already stated, in inflammation of vessels not resulting
from thrombosis, the endothelium undergoes no active
changes.

2. Obstruetion to the civeulation.—The consequences of
the obstruction to the ecirculation which results from the
formation of a thrombus will depend upon the rapidity of
its formation, the nature and size of the vessel obstructed,
the situation and number of the collateral branches, and
the force of the circulating current. When a thrombus
forms in a vein of small size and there are numerous
collateral vessels, as in the prostatic or uterine plexuses,
the circulation is but little interfered with and no symp-
toms of obstruction result. If, however, the main trunk
of a large vein becomes obliterated, as that of the femoral
or iliac veins, the obstruction 1s followed by hyperamia,
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the extent and duration of which will depend upon the
facility with which the circulation can be restored by the
collateral vessels. Thrombosis in the above-named veins
frequently occurs, as already stated, in the latter stages
of many chronic diseases, especially in phthisis; also 1n
the puerperal state, where it gives rise to the condition
known as phlegmasia dolens. The formation of a throm-
bus here is followed by cedema and swelling of the limb,
which becomes tense, elastic and painful. In the early
stage there may be some cyanosis, but this is usually
quickly followed by a pallid whiteness of the surface.
There 1s often more or less tenderness in the course of
the vein, which feels enlarged, hard, and knotted, owing
to the secondary inflammatory changes in its walls. At
the same time there is sometimes swelling and tenderness
of the lymphatics, which may be seen as red lines tra-
versing the limb. Diffuse mmflammation of the skin and
subcutaneous cellular tissue occasionally occurs. These
changes are owing partly to the mechanical impediment
to the circulation, and partly to the obstruction of lym-
phatics and to the secondary inflammatory processes in
the vein and tissues which ensue. The circulation is
usually ultimately restored; but if the impediment has
been of long duration, the tissues become thickened, and
the limb 1s left in a hard, indurated, and somewhat
enlarged condition.

The formation of a thrombus in an artery is followed
in the first place by ansmia of the parts supplied by it,
the ultimate result will depend upon the facility with
which the circulation can be restored by the collateral
vessels, If the circulation be quickly re-established, as
is usually the case, the vitality of the tissues may not
become impaired; but if not, the part may undergo a
process of molecular disintegration and softening, the
softened tissue often being surrounded by a zone of
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hyperseemia which results from the attempt to establish a
collateral circulation.

3. Embolisim.—Portions of the thrombus may be carried
away by the circulation, thus constituting embolism. This,
which 1s the most important result of thrombosis, will be
considered in the following chapter.



CHAPTER XLIV.
EMBOLISM.

Eysouisy 1s the arrest of solid substances circulating in
the blood in vessels which are too small to allow them to
pass. The sohid substances are termed emboli. These
are very various in their nature.

By far the most frequent source of emboli are thrembi,
portions of which are carried from the seat of their for-
mation by the circulation, and become arrested in distant
vessels—thus constituting embolism, A thrombus may
give rise to emboli in various ways. It may soften and
break down, and if the lumen of the vessel be thus restored,
its fragments become distributed by the blood-current. In
those cases in which the thrombus does not fill the vessel,
portions of it may readily be carried away by the blood
passing over it. Perhaps, however, the most frequent way
in which a thrombus gives rise to embolism is by its conical
end being broken off by the current of blood from a col-
lateral vessel. The formation of a thrombus, as already
described, usually ceases opposite the entrance of a large
collateral vessel, and it its conical end project a little way
into the cavity of this vessel it may be readily broken off
by the blood-current. (I"ig. 108.) 1t 18 especially venous
thrombi which give rise to embolism : the veins of the leg,
the iliac, hypogastric, and jugular veins being amongst the
most common sources. Emboli from cardiac thrombi are
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also exceedingly common, whilst those from arterial are
the least frequent.

Fic. 108.
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A Thrombus in the Saphenous Vein. Showing the pro-
jection of the conical end of the thrombus into the
femoral vessel. & Saphenous vein. 7. Thrombus,
C'. Conical end projecting into femoral vein. At v v, op-
posite the valves, the thrombus is softened. (Virchow.)

Emboli may, however, originate independently of
thrombi:—vegetations and calcareous or atheromatous
masses separated from the valves of the heart, or from
the inner surface of arteries; portions of new growths, as
carcinoma, which having perforated the vessels, have
been carried away by the current; parasites which have
made their way into the interior of vessels; pigment
granules, and other substances, may all constitute emboli.

The emboli become arrested in the first vessels they
meet with which are too small to allow them to pass:
the size of the vessel will consequently depend upon the
size of the embolus. They are often so minute that they
pass into and become impacted in the smallest capillaries.
The seat of impaction is usually at the bifurcation of the
vessel, or where, from the giving off of branches, the
calibre is diminishing rapidly. (See Fig. 109.) Thus
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emboli originating in the systemic veins or in the right
cardiac cavities, will most commonly become arrested in
the vessels of the lungs; those originating in the arteries,
the left cardiac cavities, or the pulmonary veins—in the
systemic arteries and capillaries, especially in those of the
spleen, kidneys, and brain; and those originating in the
portal venous system—in the hepatic branches of the
portal vein. In some cases, however, the smallest emboli
may pass through the capillaries of the lungs and become
arrested 1 those of the kidneys, spleen, or other organs.
Thus, with the exception of emboli originating in the
portal vessels, the seat of arrest i1s the arteries or
capillaries.

The emboli are usually carried in the direction of the
main current; hence those carried by the aortic stream
more commonly pass into the thoracic aorta than into the
carotid and subclavian vessels, and into the left carotid
and renal artery than into the corresponding arteries of
the opposite side. Gravitation also influences the direc-
tion in which they are carried, especially those of large
size which move somewhat more slowly than the blood-
stream. Owing to this, they are more common in the
lower lobes and posterior parts of the lungs than in the
superior and anterior portions of these organs.

The embolus when arrested, may either completely or
only partially fill the cavity of the vessel. 1If, as 1s fre-
quently the case, the arrest takes place at a point of
bifurcation, the embolus may partially fill both branches,
allowing a small stream of blood to pass. This may
break off portions of it, and so cause secondary emboli,
which become impacted in more distant vessels, The
amount of obstrnction which immediately follows the
arrest, will partly depend upon the nature of the embolus
itself. If the embolus be from a soft, recently-formed
thrombus, it will adapt itself to the cavity of the vessel,
and so completely ocelude it.  If, on the other hand, it is
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irregular in shape and firm in consistence, as when derived
from a calcified cardiac vegetation, it may not fill the
vessel, but allow a small current of blood to pass it.

The arrest of the embolus and the consequent obstrue-
tion to the circulation, is followed by the formation of
thrombi behind and in front of it, which extend as far as
the entrance of the first large collateral vessels. (Fig.109.)

F1a. 109,

Embolus tmpacted al the Bifurcation of a Branch
of the Pulmonary Artery. Showing the formation
of thrombi behind and in front of it, and the ex-
tension of these as far as the entrance of the next
collateral wvessels., . Embolus. ¢ ¢. Thrombi.

(Virchow.)

If the embolus does not completely fill the vessel, coagulum
is deposited in successive layers upon its surface until the
ocelusion of the vessel is complete, and then the secondary
thrombus extends, as in the former case, until it meets
with a current of blood strong enough to arrest its pro-
gress. 1f the embolus is a portion of a soft thrombus, it
will in most cases be impossible to distinguish it from the
secondary thrombus which swrrounds it. If, however, it
is a calcareous mass, or a portion of an old thrombus,
it may usually be distinguished from the more recent
secondary coagulum. The changes in these secondary
thrombi are similar to those already described as occurring
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in the primary,—comprising adhesion to the wall of the
vessel, softening, and organisation.

Resvrrs.—The results of embolism are of two kinds—
those depending upon the meczhanical obstruction to the
circulation, and those produced by the irritating or
infective properties of the emboli themselves. (See
“ Pyamia.”)

The first series of changes are those occurring in the
walls of the vessel within which the embolus becomes
arrested. If the embolus possesses no infective proper-
ties, being derived from a source where no putrefactive
changes are taking place, it, together with the thrombus
which it causes to form around and beyond it, simply
becomes organised or reabsorbed, and the walls of the
vessel become more or less thickened. If, on the other
hand, the embolus is impregnated with unhealthy pus or
with other putrid inflammatory produets, it is very hable
to cause inflammation and sloughing of the walls of the
vessel within which it is impacted.

The most important changes, however, resulting from
embolism are those which take place in the organ or tissue,
the vessels of which have become plugged by the emboli.
The first, effect of the plugging of a vessel by an embolus,
is the arrest of the eirculation through it, and if the vessel
be the main nutrient or functional artery, this is followed
by the sudden cessation of the function and nutrition of
the part. Thus, plugging of one of the larger arteries in
the brain is followed by sudden loss of consciousness and
paralysis (apoplexy); plugging of the pulmonary artery,
by sudden asphyxia; and of the-coronary arteries, by
sudden paralysis of the heart. The subsequent changes
will depend upon the structure of the organ, the arrange-
ment of its vessels, and the facility with which a collateral
cireulation can be established. If the ecirculation be
quickly re-established by the collateral vessels, the part
recovers itself without undergoing any structural change,
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and its nutrition and functions are restored. If, however,
this 1s not the case, and the nutrient supply is materially
interfered with, either by the obstruction of the main
vessel, of the principal branches, or of the capillaries
themselves,—the death of the part must necessarily ensue.
The interference with the circulation is in great measure
dependent upon the thrombosis which oceurs around the
impacted embolus. The organs in which the arrangement
of the blood-vessels 1s such that the circulation cannot be
readily restored by the anastomosing vessels, and conse-
quently those in which necrotic changes most commonly
result from embolism, are the spleen, the kidneys, the
lungs, the brain, and the retina.

The area of tissue from which the supply of blood has
been cut off is usually surrounded by a zone of intense
hypereemia, which results from the stress which 1s thrown
upon the collateral vessels. This zone of hypereemia is
very characteristic, and indicates at once the nature of
the lesion. When the circulation cannot be restored, the
vessels in the embolic area often become so much dis-
tended with blood that heemorrhage takes place, and thus
1s produced a tract of tissue within which the circulation
has become arrested, and which is more or less extensively
infiltrated with blood. This 18 known as a hemorrhagic
wmfarct. = Iln- j:wfﬁ-ﬂ -781“‘5{*““ ~ o #lafh 1 -

These hegemorrhagic infarcts are very frequently met
with, especially in the lungs, spleen, and kidneys. They
are dark, reddish, firm, masses of consolidation, and
owing to the distribution of the blood-vessels, they are
usnally wedge-shaped, the apex of the cone being towards
the centre of the organ. The more complete the obstrue-
tion, the more vascular the tissue, and the less the vessels
are supported, the greater is the amount of infarction, and
the more rapid is the softening and disintegration that
ensues. (Fig. 110.)
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This vascular engorgement in the embolic area, although
partly due to the increased stress which is thrown on the

Fra, 110,
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Diagram of a Hemorrhagic Infarct. a, Artery obli-
terated by an embolus (¢}, ¢. Vein filled with a secondary
thrombus (¢4). 1. Centre of infavet which is becoming dis-
integrated. 2. Area of extravasation. 3. Area of colla-
teral hypermemia. (0. Weber.)

collateral wvessels, is, according to Cohnheim, mainly
owing to the regurgitation of Dblood from the veins.
When the force of the blood-stream in the artery is
annihilated by the impaction of the embolus there is a
backward pressure and regurgitation from the veins into
the capillaries, so that there is produced considerable
venous engorgement of the last-named vessels. The
ocecurrence of the hiemorrhage, Cohnheim regards as the
result of necrotic changes in the capillary walls, these
changes being due to the substitution in these vessels of
venous for arterial blood.

The subsequent changes which take place in the infarct
depend upon its size, upon the extent to which the circu-
lation in 1t 18 interfered with, and npon the nature of the
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embolus which caused the infarction. If the infaret is
small and the embolus possesses no infective properties,
the coagulated blood gradually hecomes decolorised, and
the mass undergoes a gradual process of absorption.
The infarct then changes from a dark red to a hrown or
yellow tint, its more external portions become organised
into connective tissue, and the whole gradually contracts,
until ultimately a cicatrix may be all that remains to
indicate the change. If, however, the infarction is con-
siderable, the molecular disintegration and softening may
be so extensive as to convert the mass into a pulpy
granular material. This may subsequently dry up and
become encapsuled. In all these secondary changes
which take place in the infarct, its most external portions
are surrounded by a red zone of hyperazmic tissue. This
18 exceedingly characteristie.

If an embolus possesses irritating or infective proper-
ties, as when it is derived from a part where putrefactive
inflammatory changes are going on, it sets up inflamma-
tory processes both in the vessel within which 1t becomes
mmpacted, and also in the surrounding tissues. These
mflammatory changes frequently lead to the formation of
abscesses which are known as embolic abscesses. (See
“Pywmia.”’) The formation of such abscesses may be
associated with more or less infarction of the embolic
area.

EMBOLISM IN THE BRAIN.

The impaction of emboli within the vessels of the brain
is one of the causes of cerelral softening. The softening
resulting from embolism is, for the most part, entirely
dependent upon the obstruction to the cireulation caused
by the embolus and by the resulting thrombosis. It 1s
rapidly induced and is often attended by the extravasa-
tion of blood, when it constitutes one form of acufe red
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softening. If the interference with the eirenlation be
slight, there may be no extravasation of blood and the
process of disintegration may be more gradual, so that
the softened portions are white in colour, and the condi-
tion then more resembles the chronic white softening
already deseribed as resulting from degeneration of the
cerebral blood-vessels. (See * Fatty Degeneration of the
Bramn.”) The softened tissue will also be white in colour
when one of the large vessels 1s obstructed, so that a
large portion of one hemisphere loses its vitality. The
large vessel most frequently blocked is the niddle cerebral
artery. In almost all cases im which softening of the
cerebral substance resnlts from embolism, the embolus 1s
arrested in one of the vessels beyond the cirele of Willis,
becanse here the circulation cannot be readily restored
by the collateral vessels.

When the interference with the circulation is attended
by vascular engorgement and extravasation of blood, the
softened portion, in the early stage, is either of a uniform
dark red colour, or presents numerous red haxmorrhagic
points. The softening is most marked in the centre,
whilst the hypersemia and redness may extend for some
distance around it. Under the microscope, the softened
portion is seen to consist of broken-down mnerve fibres,
altered blood-corpuscles, granules of fat, and the large
granular corpuscles which result from the fatty degenera-
tion of the nerve-cells and of the cells of the neuroglia.
(See Iig. 10.) The surrounding capillaries are dilated
and filled with coagula, and the granular corpuscles
envelope their walls. In a more advanced stage all trace
of nervous structure is lost, the softened mass becomes
decolorised, and passes from a dark red colour to a choco-
late, brown, yellow, or even white. It may liguefy and
form a cyst; more commonly, however, it gradunally dries
up, and a process of repair takes place by the growth of
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the surrounding neuroglia, which forms a fibrous net-
work in the place of the softened tissue. This contracts,
and ultimately a cicatrix with heematoidin erystals may be
all that remains.

Red softening from embolism 1s often very difficult to
distinguish in the post-mortem room from that which
results from thrombosis.
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CHAPTER XLV,
LEUK./EMIA.

Levk.eM1s, or leucocythmemia, 1s a disease characterised
by a large increase in the number of the white corpuscles
in the blood, which increase is associated with a new for-
mation of lymphatic tissue in the spleen, in the lymphatic
glands, and sometimes in other organs. Respecting the
relation which subsists between the new growth of lym-
phatic tissue and the increase in the number of the white
blood-corpuscles—it 1s probable, as stated by Virchow,
that the former is a cause of the latter, and that the in-
crease is mainly due to a larger number of lymphatic
elements entering the blood than in health. At the same
time it is difficult to admit this as the only cause of the
increase, as new growths of lymphatic tissue may take
place in these organs without the production of any
leukeemia. This has been seen to ceccur in Hodgkin's
disease. It 1s possible that the power of the white blood-
corpuscles and lymph-corpuscles to form red corpuscles is
diminished, or that the white corpuscles may increase by
multiplication in the blood. The pathology of the disease,
however, 1s still exceedingly obscure.

The new formation of lymphatic tissue occurs in the
first place in the spleen or in the lymphatic glands ; sub-
sequently, however, the liver, the kidneys, the intestines,
the lungs, and other organs, may become infiltrated with
lymphatic elements. The growth is a confinuous one,
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the new elements many of them enter the blood, the re-
mainder, not undergoing any retrogressive changes, give
rise to tumours in, or to a general increase in the size of,
the organs in which they are generated.

The new growth may commence in the spleen or in the
lymphatic glands, hence Virchow has distinguished two
forms of leukmmia—the splenic and the lymphatic. In
the former he states that the white blood-cells are some-
what larger and more granular than normal (¥Fig. 111);

Fia, 111.

Leulkemic Blood, From a young man,
aged twenty-four, with enormous en-
largement of the spleen, x 200,

whilst in the latter they are smaller. In most cases of
the disease, however, both the spleen and the lymphatic
glands are affected, the spleen being the organ principally
involved. A purely lymphatic leukamia is exceedingly
rare. The coagulating power of the blood in leukamia 1s
much diminished.

In the spleen—which must thus be regarded as the
most important organ in the production of leukemia—
the first stage in the process is one of intense hyperzmia.
The organ becomes exceedingly vascular, and the cells
both of the pulp and of the Malpighian corpuscles
increase in number. The process, however, soon becomes
principally limited to the Malpighian corpuscles. In
these the cells continue to multiply rapidly, many new
blood-vessels are formed, and the corpuscles thus increase
in size. They sometimes attain the size of a hazel-nut,
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and are seen as firm whitish nodules of an irregular
shape, scattered through the much enlarged and vascular
organ. As the Malpighian corpuscles increase in size,
the surrounding pulp gradunally atrophies, and often be-
comes deeply pigmented. The trabecule at the same
time becomes thicker and more fibrous. The organ thus
becomes firmer in consistence, and the enlarged Mal-
pighian corpuscles make up the chief part of its bulk.
The capsule also becomes thickened, and forms adhesions
with the surrounding viscera.

In the lymphatic glands the process is precisely similar
to that in the spleen, the follicles of the gland being the
chiet seats of the hyperplasia. The glands become
enlarged, soft, and vascular.

In the course of the disease this new growth of lym-
phatic tissue may take place in other parts, both in
lymphatic and non-lymphatic structures. Of the former,
the follicles of the intestine, and the medulla of bone, are
those most commonly involved. In the intestines, the
follicles may become so much enlarged as to form distinet
firm tumounrs. The medulla of bone 1s, according to
Neumann, in exceptional cases the principal seat of the
diseased process.

The growth of lymphatic tissue in non-lymphatic
structures oceurs principally in the liver and kidneys;
less frequently in the lungs and muscle. The new growth
in these organs either forms distinet tumours, or exists as
an infiltration. In its structure it consists of lymphoid
elements embedded in a more or less distinet reticulum.
(See “The Lymphomata.”) How far these lymphoid
growths are the result of a hyperplasia of the cells in the
interstitial tissue of the organ in which they are situated,
and how far an emigration of the lencoeytes, which exist
in such larce numbers in the blood, takes part in their
formation is unknown. 'The latter, however, is probably
the most important factor in the process.
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The organ which is a common seat of these lymphoid
growths 1s the liver. Here the vessels throughout the
organ become enlarged and distended with white blood,
and the growth commencing in the interlobular tissue,
gradually extends into the lobules themselves. In the
earlier stages, the lobules are seen to be clearly mapped
out by a greyish-white interlobular mnfiltration. As this
increases the liver-cells become compressed and atrophy,
until ultimately the lobules may be replaced entirely by
lymphatic tissue. Associated with this infiltration there
is often a formation of small, round, soft, whitish nodules,
somewhat resembling grey tubercles. Owing to these
changes, the liver becomes very considerably increased in
size.

In the kidneys, which are also frequently affected, the
change 1s similar to that in the liver. Here also it con-
sists for the most part in an infiltration, with which may
be associated the formation of roundish mnodules and
masses.




CHAPTER XLVI.

THE PREPARATION AND MOUNTING OF
SPECIMENS.

I~ this, the concluding chapter, it is proposed to describe
very brietly the more common methods of preparing and
mounting specimens for microscopical examination. It
1s not intended to give an account of those various and
complex methods of investigation which are required for
minute histological research, but merely to describe those
more easy ones which suffice in the great majority of cases
for the recognition of the structural alterations met with
in disease. In order to be as brief as possible, those
methods only will be deseribed which I believe to be the
most readily available and at the same time to yield the
most satisfactory results. The subject will be treated
under the following heads:—Ilst. The Fraimination of
Specimens whilst fresh ; 2nd. The Hardening of Speci-
mens ; ord, The Making of Sections; 4th. Staining ;
S5th. Preservation and Mounting.

THE EXAMINATION OF SPECIMENS WHILST FRESH.

Very much may be learnt from the examination of
specimens in their fresh state before they have been
submitted to any hardening process. The examination
may be conducted either by making thin sections of the
tissue with a Valentin’s knife, or by cutting off a minute
portion and tearing it to pieces with fine needles. The
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specimen prepared in either of these ways should be ex-
amined in glycerine. Thin membranous structures may
be examined by simply spreading them out in a drop of
water placed upon the glass shde, and then covering them
with glycerine.

The method of making sections of organs whilst fresh
with a Valentin’s knife is an exceedingly easy and useful
way of at once ascertaining in the post-mortem room the
existence of the more marked structural changes. The
knife should be well wetted with water, and then drawn
rapidly through the substance of the organ. The section
thus obtained is gently washed in water before being ex-
amined in glycerine, A rough examination of the liver,
kidneys, and lungs is in this way readily made.

The muscular fibres of the heart and tumours may he
examined by the process of teasing. This process, how-
ever, 18 usually more readily effected after the specimen
has been kept in Miiller’s fluid or in a solution of bichro-
mate of potash in the manner to be hereafter described.
In the examination of tumours, much may be learnt by
gently scraping the freshly cut surface with a knife and
examining in glycerine the elements which are thus sepa-
rated.

THE HARDENING OF SPECIMENS.

In order to make a complete and satisfactory examina-
tion of diseased structures, it is in almost all cases neces-
sary to submit them to a process of hardening. By this
process they are so altered that fine sections of them can
be made, and the sections are also rendered more fit for
permanent preservation than are those obtained from
tissues in their fresh state. Numerous substances have
been employed as hardening agents. Those, however,
which are the most generally valuable are Miiller’s fluid,
chromic acid, bichiromate of potash, and alcohol.
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Miiller’s Flnid.—Of all hardening agents this is much
the most satisfactory and the one most generally appli-
cable. It is prepared in the following way :(—

Take of—
Potassium Bichromate . . . . . . 2 parts.
Sodium Sulphate. . . . . . . . 1 part.
Water. . . . . . . « + « +« « 100 parts.
Dissolve.

The tissue should be kept in this solution for from one to
two weeks, and then placed in common aleohol for two or
three days, after which it is ready for making sections.

The advantages of Miiller's fluid are that it alters the
macroscopical characters of tissues less than other har-
dening agents, and its penetrating powers are so great
that 1t is not necessary to cut the tissue up into small
pieces, but the whole organ may be placed m 1t. The
tissue may be kept in it longer without injury than in
other aqueouns solutions,

Miiller's fluid is also wvaluable for the maeceration
of tissues which are to be examined by teasing—as tu-
mours, muscle, &e. Its action tends to facihitate the
isolation of the elements. _

Chromic Acid.—This is much less generally applicable
than the preceding. It should be used in aqueous solu-
tion—strength one-sixth per cent. It is important to
employ the solution in large quantities—from six to ten
fluid ounces for each specimen. The tissue must be cut
into small pieces—not much larger than a hazel-nut—
before it is placed in the solution. The hardening is
usually completed in from five to eight days. It is has-
tened by renewing the solution. If kept too long in the
golution the tissue becomes brittle. All tissues which
have been hardened in chromie acid should be placed in
common aleohol for about twenty-four hours before see-
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tions are made. Chromic acid is preferable for hardening
skin and muncous membranes. '

Bichromate of Potash.—This agent is more gradual in
its action than chromic acid, and produces less shrinking
of the tissue. Tt is especially valuable for the hardening
of kidney, blood-vessels, nerve-tissue, ovary, and some
other structures. It is often advisable to commence the
hardening with bichromate of potash and then to com-
plete it in chromic acid or common aleohol. The bichro-
mate 1s also valuable for the maceration of tissues which
are to be examined by teasing. The bichromate should
be used in aqueons solution—strength one to two per cent.
It penetrates more readily than the chromic acid, and
consequently it is not necessary to use quite such small
pieces of the tissue. The tissue must be kept in the
solution from two to four weeks.

Aleohol.—This is most valuable as an agent for the
completion of the hardening of tissues which have been
previously placed in Miiller’s flmid, chromic acid, or in
bichromate of potash. The tissues should be kept in it
one or two days. Some tissues, however, appear to harden
better if they are at once placed in alcohol: amongst
these are the lymphatic glands, spleen, and testis. Com-
mon (methylic) alcohol answers for all these purposes.
Lastly, alcohol must be employed for the hardening of
all tissues which have been injected. Absolute alcohol is
often necessary for the completion of hardening of many
tissues.

The Softening of Tissues—Some tissues, as osseous
structures, tumours which have become calcified, &e.,
require to be softened before sections can be made. This
may be effected by placing them in the one-sixth per cent.
chromic acid solution, to each six ounces of which three
or more drops of concentrated hydrochloric acid have
been added.
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THE MAKING OF SECTIONS.

Although various instruments have been contrived for
making sections, the one which answers best is a common
razor, or a similar blade firmly fixed in a wooden handle.
The usefulness of this instrumentis much increased if the
lower surface of the blade be ground perfectly flat, whilst
the upper is made slightly concave.

Hardened tissues from which sections are to be made
must always have first been placed in common aleohol, in
the manner already described. In making the section the
blade of the instrument must be kept well wetted with
common aleohol, and the section when cut must be placed
at once 1n the same ligud.

Imbedding.—Hardened tissues which are too small or
too delicate to be held in the hand for the purpose of
making sections, must be imbedded. The object of 1m-
bedding is to fix the tissue in some substance which can
not only be readily held, but which can also be easily cut
with the section-knife. Various substances are used for
this purpose. Of these the one which is most generally
applicable is a mixture of wax and olive oil. Equal
quantities of pure white wax and olive oil should be
warmed together and well mixed, and the mass when cold
may be kept to be used as required. When a specimen is
to be imbedded, a small case of paper should be made
somewhat larger than the specimen. The edges of the
paper can be secured with a little mucilage or with a pin.
The mixture of wax and oil is then melted and the paper
case filled with it. The specimen to be imbedded—which
must have been removed from common alecohol—is now to
be slightly dried on blotting-paper and immersed in the
melted compound. The process of immersion requires a
little care. The specimen should be placed upon the
point of a fine needle, and as soon as the wax commences
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to solidify at the sides of the case, it must be dipped
beneath the melted liquid so as to be completely covered
by it. The needle must then be removed by giving it a
gentle twist so as not to disturb the specimen., When
the wax is cool the paper can be removed and the mass
placed in common alcohol. Sections can be made from it
when convenient.
STAINING.

When the section has been made and placed in common
alcohol, in the manner described, it is usually advisable
to stain it. The object of staining is to impart to the
different portions of the tissue different shades of colour,
so that its structure can be more readily recognised. The
substances which are the most generally applicable for
this purpose are logwood and carmine. Of these logwood
18 the preferable, inasmuch as it not only differentiates
most tissues more completely, but it is a much more
agreeable colour to work with.

Staining with Logwood—The following is the method
tor preparing the logwood solution recommended by Dr.
Klem :—

Take of—
Extract. Heematox. . . . . . 6 grammes.
Alumen . . . . . « .+ . 18 grammes.

T'.’In thoroughly in a mortar.

Add graduwally whilst stirring—
Distilled Water. . . . . . . 28 cub. cent.
Filter.
To the fillrate add—
Spirit. Rect. . . . . . . . . 1drachm.

The solution must be kept in a stoppered bottle for a few
days before being used.

For staining, several (5—10) drops are to be added to
half a watch-glass of distilled water. The thus diluted
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solution should be filtered before being used. Sections
which have been removed from common aleohol, are to
be placed in the dilute solution for from ten to twenty
minutes, and then to be washed in distilled water.

Gradual Staining with Weak Carmine.~In staining
with carmine two methods may be employed :—the one
consists in using a strong solution, so as to stain rapidly ;
the other in staining very gradually with a much less
concentrated liquid. Of these, the method of gradual
staining with weak solutions yields the most satisfactory
results, inasmuch as by this means the differentiation of
the tissue is rendered more complete than when the colo-
ration 1s rapidly induced. The process of rapid staining
with strong carmine is, however, the most convenient,
and it _',u,l ds, in most cases, mtﬁmeutl}r satisfactory
results,

The following is the method for gradual staining re-
commended by Dr. Klein :—

Take of—

Powdered Carmine . . . . 2 grammes.
Rub it up with a few drops Di D:&tlllcd Water.

Add—
Liguor Ammoniae fort, . . . . 4 cub. cent.
Distilled Water . . . . . . .48 cub. cent.
Mix together with a glass rod, and filter.

The solution to be kept in a stoppered bottle.

For stalning, take ome drop of the above solution,
and add to it from nine to twelve drops of distilled water.
Seetions, which have been removed from common aleohol,
to be placed in this from sixteen to twenty-four hours.

Rapid Staiwing with Strong Carmine—~—To stain ra-
pidly, the sections may be placed in the above strong
solution of carmine without the addition of water. In
this case the strong solution of carmine shonld have been
kept exposed to the air for a sufficient length of time to
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allow the excess of ammonia to escape. Itis consequently
advisable to have two bottles of strong carmine solution
—one for rapid, and the other for gradual staining,

The time required for rapid staining is from thirty
seconds to five minutes. This, however, will vary very
considerably according to the nature of the tissue to be
stamed. A knowledge of the amount of time which
yields the best results will be readily learnt by a little
practice.

The sections when removed from the carmine staining
solution must be washed for a few seconds in distilled
water containing one-quarter per cent. of acetic acid.

PRESERVATION AND MOUNTING.

When the section has been stained, it is ready to be pre-
pared for mounting permanently. The two substances in
which tissues are most commonly mounted are glycerine
and Dammar varnish. Of these, the latter should be em-
ployed in all cases in which the preservation of the section
1s intended to be permanent. Many tissues, however,
yield more satisfactory results when examined in gly-
cerine ; but they cannot be preserved in this liquid for
any great length of time without undergoing some
alteration.

The methods of mounting in Dammar varnish and
glycerine must be deseribed separately.

Mounting in Dammar Varnish.—When the section is
to be mounted in Dammar—it having been already
stained and washed—it must first be placed in absolute
alcohol for about a quarter of an hour. From the alecohol
it must be transferred to oil of cloves, the superfluous
alcohol having been first removed from the section by
blotting-paper. In the oil of cloves it becomes, 1n a few
seconds, quite transparent. The superfluous oil must
be removed by blotting-paper, and the section is then
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ready for mounting in the Dammar varnish, If more
convenient, it may be kept for one or two days in the oil
of cloves before it is mounted in the Dammar. In order to
make the specimen still more secure, a layer of the
varnish may be placed round the edge of the covering
olass a few days after the section has been mounted.
The following 1s the method for preparing the Dammar
varnish :—
Take of—
Gum Dammar in powder } oz., and dissolve it in
Turpentine 13 oz. Filter.
Gum Mastie } oz., and dissolve it in Chloroform
2 oz. [Flilter.
Mix the two filtered solutions, and again filter.

Mownting in Glycerine~When the section is to be
mounted in glycerine no further preparation is necessary.
It 18 simply washed in distilled water and at once trans-
ferred to a drop of strong glycerine upon the shde. The
edges of the covering glass must then be fastened down
with some cementing liquid. The Dammar varnish an-
swers exceedingly well for this purpose.
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Amscess, 217
i in connective tissue, 269
s of bone, 273
" of brain, 330
= of kidneys, 317
,, of liver, 310
i of lungs, 338
i of lymphatic glands, 293
Acute miliary tuberculosis, 224
Adenomata, 171
s, of mammary gland, 172
g of mucous membranes, 174
Adeno-myxoma, 172
y -sarcoma, 173
Adipose tissue, atrophy of, 24
o growth of, 38
Alimentary canal, amyloid degeneration of, 83
Amyloid degeneration, 69

i 3 of alimentary canal, 83
" W of kidneys, 78

., . of liver, 75

v e of lymphatic glands, 83
" 3 of spleen, 81

3 substance, nature of, 70

i = reactions of, 71
E i source of, 74
Angiomata, 198
Arteries, atheroma of, 279

. caleification of, 91

& fatty degeneration of, 53
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Arteries, inflammation of, 279

sy in chronic Bright's disease, 328
Atheroma, 279
Atrophy, 23

i causes of, 26

. numerical, 25

s physical characters of, 30

g simple, 23 ;
. of adipose tissue, 24

BacTtERIA, 251
Blood, as caunse of disease, 2
,»  alteration of, in malignant growths, 113
,, ante-mortem coagulation of—see “ Thrombosis™
,»  post-mortem coagulation of, 375
Blood-corpuscles, as source of new formations, 117

" as source of pus, 219
i emigration of, in inflammation, 209
. exudation of, in mechanical hypersniia, 369

Blood-vessels, amyloid degeneration of, 72 & 78
i calcification of, 91
iy fatty degeneration of, 53
g inflammation of, 279
Bone, atrophy of, 31
, caries of, 274
., inflammation of, 272
., necrosis of, 274
., sclerosis of, 273
Brain, abscess of, 330
., embolism in, 394
, fatty degencration of, 56
., inflammation of, 329
., inflaiumatory softening of, 330
. softeuing of, from embolism, 394
.. red softening of, 59, 394
., sclerosis of, 331
.. tuberele of, 237
. white softening of, 58
,»  yellow softening of, 58
Brown atrophy of heart, 63
., induration of lungs, 372
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Cacuexia, cancerous, 111
Calcareous degeneration, 87
- " of arteries, 91
Cancer, 176
7 blood-vessels of, 179
= cells of, 177
clinical characters of, 193
colloid, 187 -
development of, 179
encephaloid, 185
epithelial, 188
lymphatics of, 179
melanotie, 183
osteoid, 182
scirrhous, 183
secondary changes in, 182
stroma of, 178
structure of, 176
= varieties of, 182
Caries, 274
Carmine for staining, 407
Cartilage, erosion of, 263
i inflammation of, 262
Caseation, 52
& of tubercle, 234
Caseous masses, pathological significance of, 52
Carcinomata, 176
Catarrh, 299
Cell, as seat of nutrition, 5
definition of, 12
limiting membrane of, 9
nucleus of, 8, 9
y» Pprotoplasm of, 7, 9
Cells, constitution of, 6
genesis of, 10
“indifferent,”” 118
multiplication of, 10
»  physiology of, 8
Cell-wall, nature of, 9
Cerebral softenings, 56
Cicatricial tissue, 268
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Clots, ante-mortem, 374

»  Post-mortem, 375
Cloudy swelling, 212
Colloid cancer, 187

»  degeneration, 65
Cnudjf[muatn, 169
Congestion, see “Hyperamia™
Connective ti ssue, fatty infiltration of, 38

- » inflammation of, 266
G »  Suppuration of, 269

Cornea, inflammation of, 264
Corporea am ylacea, 84
Corpuscles, exudation, 50
Croup, 302
Cystic-sarcoma, 174
Cysts, 200

n  classification of, 203

»w  modes of origin of, 200

n  secondary changes in, 202

»»  Structure of, 201

Dasnear varnish for mounting, 409
Degeneration, 35

,, amyloid, 69
- calcareous, 87
i causes of, 35
55 colloid, 66

" fatty, 37

5 mucoid, G5

i pigmentary, 93
Diphtheria, 303
Disease, definition of, 1
Dysentery, 303

Esporisy, 387
i in brain, 394
i results of, 391
Emigration of white blood-corpuscles in inﬂammatian, 200
Emphysema, 32
Encephaloid cancer, 185
Enchondromata, 152
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Endocarditis, 284
= acute, 285
" chronie, 287
Iy ulcerative, 286
Epithelioma, 188
Exostoses, 158
Exudation corpuscles, 50
Exudation in inflammation, cause of, 216
of liquor sanguinis in inflammation, 210
in mechanical hyperseemia, 369

Far, absorption of, 51
source of, in fatty degeneration, 49
infiltration, 38

]
] 1" n
Fatty degeneration, 37
causes of, 38
of arteries, 53
of brain, 56
of heart, 60
of kidneys, G4
> i of muscle, 59
infiltration, 42
' of connective tissue, 38
of heart, 43
of liver, 45
» i of muscle, 42
Fibroid induration, as result of inflammation, 322
- - ., of mechanical hyperzmia, 368
5 of heart, 289
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Fibromata, 143
Fibroplastic tumour—see “ Sarcomata spindle-celled”

(GANGRENE, 13
causes of, 19

dry, 14
evidences of, 14
moist, 14

. senile, 21
Genesis of cells, 10
Giant cells, 230
Glioma, 138
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Gluge, corpuseles of, 50
Grey degeneration, 331
Gummata, 257

H..EMATUIDIN, 94
Hemorrhagic in farct, 392
Heart, brown atrophy of, 63
»  changes in pyrexia, 105
n  latty degeneration of, 60
. »  infiltration of, 43
»  fibroid induration of, 289
»  inflammation of, 284
Heterology, 120
Hodgkin’s disease, 164
Homology, 120
Horns, 169
Hypersemia, 364

. active, 364

i mechanical, 367
8 of liver, 370

& of lungs, 372

" post-mortem appearances of, 373
Hyperplasia, 107
Hypertrophy, 107

INFARCT, 392
Infiltrations, 36
Infiltration, fatty, 42
Inflammation, 205

" acute, 221

. alterations in nutrition in, 211

. a8 cause of gangrene, 20

b causes of blood-stasis in, 215

L changes in the blood-vessels and cirenlation
in, 206

chronie, 221
emigration of red blood-corpuscles in, 21¢
. s of white blood-corpuseles in, 209
exudation of liquor sanguinis in, 21
formation of pus in, 217
idiopathic, 293
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Inflammation, infective, 223

= specific, 223
. stasis in, 208
: tranmatie, 222 '
E varieties of, 220
of blood-vessels, 279, 383
of bone, 272
" of brain and spinal cord, 329
. of cartilage, 262
. of common connective tissue, 266
2= of coruea, 264
" of heart, 284
_ of kidney, 316
- of liver, 310
- of lungs, 333
. of lymphatic structures, 292
= of mucous membranes, 299
o of serous membranes, 306
& of veins, 282
Inflammatory new formations, nature of, 110
i fever, 248
. stasis, 208
Interstitial hepatitis, 311
" nephritis, 324
. pneumonia, 543
Intestine, tuberculosis of, 239
. typhoid uleeration of, 295
Irritation, as cause of inflammation, 205
. . new formations, 115
i T tuberculons lesions, 224

Kinnxey, abscess of, 317
o amyloid degeneration of, 78
) fatty degeneration of, 64
" inflammation of, 316

G interstitial nephritis, 324
lenksemic growth in, 400

- surgical, 317

T suppurative nephritis, 317

" tubal nephritis, 319
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Larvaceous degeneration— see Amyloid Degeneration”
Leukemia, 397

Leukemic growths in kidney, 400

LN ] if i“ Ii"i"EI']. ‘I"EJ[]
- » W lymphatic glands, 399
5 - in spleen, 348

Lipomata, 150
Liver, abscess of, 310
wo o acute inflammation of. 310
»acute yellow atrophy of, 314
o amyloid degeneration of, 75
n o changes in pyrexia, 104
v cirrhosis of, 311
»  latty infiltration of, 45
w  lenkemic growth in, 400
w  Dutmeg, 370
»  syphilitic growths in, 261
Logwood for staining, 406
Lungs, abscess of, 338
w  broncho-pneumonia, 339
o brown induration of, 372
»  catarrhal pneumonia, 339
y  cirrhosis of—see “* Interstitial Pneumonia’
;+  Ccroupous pnenmonia, 333
.+ emphysema of, 32
gangrene of, 338
. inflammation of, 333
interstitial pnenmonia, 343

y pigmentation of, 98
,»  phthisis, 349
w  tuberculosis of, 241

Lymphadenoma—see “ Hodgkin's disease”
Lymphatic glands, amyloid degeneration of, 83
inflammadtion of, acute, 292

3 ot

.., g : chronic, 293

- » leukiemic growths in, 399

. v non-inflammatory enlargement of — gepe
“Lymphoma

- - tuberculosis of, 238

structures, inflasmmation of, in tvphoid fever. 205
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Lymphomata, 160
Lympho-sarcoma, 163

MaLiaNaNCY, 123

” cachexia as evidence of, 111
s different degrees of, 123
p multiplicity as evidence of, 112
s recurrence after removal as evidence of, 112
i secondary growths as evidence of, 113
Mammary gland, adenoma of, 172
. ., adeno-fibroma of, 173
" ,»  adeno-sarcoma of, 173
o ,»  cystic-sarcoma of, 174
" ., scirrhus of, 183

Melanzemia, 97
Melanin, 96
Melanotic cancer, 183
. sarcoma, 133
Melanosis—see * Melanotic Sarcoma”
Meningitis, tubercular, 235
Metamorphoses, 35
Mollities ossium, 276
Mortification, 13
Mounting of specimens, 401
Mucoid degeneration, 65
Mucous membranes, adenomata of, 174
= 2 catarrhal inflammation of, 299
. 5 croupous inflammadtion of, 302
N i tuberculosis of, 239
Miiller's fluid, 403
Mummification, 14
Muscle, fatty degeneration of, 59
,,  fatty infiltration of, 42
Myeloid tumour, 139
Myelitis, 330
Myocarditis, 287
Myomata, 196
Myoma of uterus, 197
Myxomata, 147

NEcropiosig, 25
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classification of, 126

constitutional, predisposing causes of, 111
development of, 116

direct exciting causes of, 115

etiology of, 110

origin of, from emigrant cells, 117
relation of, to the surrounding tissues, 121
retrogressive changes in, 122

Nervous system, as cause of atrophy, 29

n

Neuromata,

Nucleoli, §
Nucleus, 8

197

i discase, 3

. function of, 9
Nutrition, arrested, 13

" definition of, 2
" impaired, 23
5 increased, 107

OsTeoMaLAciA, 276

Osteomata, 157

Osteo-chondroma, 154
Osteoid sarcoma, 135

Osteophytes, 158

PariLLomaTa, 167
Periostitis, 273
Pia mater, tuberculosis of, 235
Phlegmasia dolens, 385
Phthisis, pulmonary, 349
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1"

anatomieal changes in lungs in, 351
“colliers’,”™ 101

etiology of, 360

libroid, 356

older doctrines respecting, 349
pathology of, 857

tubercle in, 350

'igmentary degencration, 93

Pigmentation, false, 97
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Pigmentation of lungs, 98
5 of sputum, 101
Pigment, source of, 93
Pneumeonia, catarrhal, 339
» croupous, 333
g interstitial, 343
Post-mortem staining, 15
Protoplasm, 7, 9
. coagulation of, after death, 17
Psammoma, 140
PPus, characters of, 218
. origin of, 218
Palmonary phthisis, 349
Pywemia, 248
y»  bacteria in inflammatory products of, 251
o nature of infective substances in, 251
,»  nature of lesions in, 249
,»  pathology of metastatic abscesses in, 254
»  'relation of, to gepticeemia, 250
’yrexia, tissue-changes in, 103

Rickers, 276
Rigor mortis, 15
. ,,  nature of change in wuscle in, 17

“Saco spleen,” 81
Sarcomata, 128
cystic, 174

. melanotic, 133

" myeloid, 139

n osteoid, 135

v round-celled, 137
5 spindle-celled, 132

Seirrhous cancer, 183
Sclerosis of bone, 273
. nerve, 331
Senile gangrene, 21
Septiceemia, 248
N relation to pysemia, 250
Serous effusion, as result of inflammation, 210
of mechanical hypereemia, 369
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Serous membranes, inflammation of, 306
Slough, separation of 18
Specimens, examination of, whilst fresh, 401

1 hardening of, 402
imbedding of, 405
i making sections of, 405
i mounting of, 408
i§ preparation and mounting of, 401
o softening of, 404
. staining of, 406
Spinal cord, inflammation of, 329
" sclerosis of, 331
Spleen, amyloid degeneration of, 81
» lenkaemic growths n, 398

._, in typhoid fever, 295
Staining of sections, 406
Suppuration, 217
Syphilis, 256

. fibroid changes in, 256
gummata in, 257
s nature of lesions in, 256

Trromnosis, 374

o causes of, 380
" results of, 383
Thrombus, 376
< organization of, 377
i softening of, 379

Traumatic fever, 248
Tumours—see “ New Formations”

” definition of, 109
Tubercle, 224
! in pulmonary phthisis, 350

& older doctrines respecting, 224, 350
Tuberculosis, acute, 224

" artificial production of, 226
= giant cells in, 230

i infective nature of, 225

H limited to single organs, 235
o natare of lesions in, 229

source of infection in, 297
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Tuberculosis of lymphatic glands, 238
" of lungs, 241
- of mucous membranes, 239
i of pia mater, 235

Tubercular meningitis, 235

Typhoid fever, 294

Urceramion, tubercular, of intestine, 239
i typhoid of intestine, 295
Uterus, myoma of, 197

Vacvorarion, 11
Veins, inflammation of, 282

Warts, 169

THE END.
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