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TRANSLATORS' PREFACE.

In presenting the English-reading portion of the medical

profession with a translation of the valuable work of Prof.

Bindfleisch, the translators scarcely deem an apology necessary.

The merits of the book itself, and the fact that it fills an un-

occupied gap in our most recent literature upon the subject of

Pathological Histology, was judged to be an ample incentive

for undertaking the labor of the translation. The work of

Viechow, translated by Chance, is in many points, antiquated,

and the more recent work of Billeoth, translated by Hack-

ley, occupies the ground but partially, and is professedly a

work of Surgical Pathology.

Throughout, the aim has been to present the author's views

with as little paraphrasis as possible; vigor or conciseness of

expression was never sacrificed for smoothness of diction. A
few notes or words of explanation (as few as possible), where

these were judged necessary for illustrating the author's ideas,

or for giving the reader a better conception of the meaning,

have been added, and are inclosed by square brackets [ ].

Baltimore, Md., Nov., 1871.
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Deae Friend:

I was very sorry to have been absent from home, when

several weeks ago you honored it with your long-wished-for

visit. How gladly would I have conferred with you of the

great attainments of these memorable times, how gladly also of

the small exigencies, to which the author of a text-book of

pathological histology is exposed, if he will maintain his work

"au courant."

It is a delicate matter, to play the role of an architect, with

a structure, for which is given but a certain number of blocks

more or less well hewn, but not the plan. One just builds

haphazard ; that, which yesterday still appeared firmly estab-

lished and sure, must to-day be torn down in cold blood.

Compare the section on pathological new formations in * this

second edition with the same section in the first; there has not

been left one stone upon another; this we owe to our Billroth,

Cohnheim, Thiersch, Waldeyer, Strieker, Koster, and many

others ; and how long will the present edifice last? You know

that I do not complain of this. But I would complain, were

some one, who perhaps after several years will turn over the

leaves of this book, to forget that the views laid down in it,

were the views of the author in October, 1870. It so happened

to me here and there with the first edition. More than once

have I had to experience the painful sensation of being regarded,

by some ambitious spirit, as "older" than I really was. I

grant, that I am myself partly to blame for this inconvenience,

because of late years I have published but little except my text-

book, and have found it more convenient to incorporate the
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results of my own studies, so far as they merited it, in the new
supplies of the text-book itself.

I beg you to bear in mind, this misconduct of your friend,

also in the new edition, which is to belong to you, and leniently

to judge the performance.

(Signed)

BlNDFLEISCH.
Bonn, November 1st, 18 TO.



PREFACE TO THE FIRST EDITION.

Being about to commit a new text-book to the student-youtli

of Germany, I am impelled to preface the same with some

words enunciating the contents and the leading topics.

Pathological anatomy is one of the youngest of medical

sciences. In Morgagni's writings : De sedibus et causis mor-

borum per anatomen indagatis (Venet., 1761) are contained its

beginnings. It was elaborated, as well by its founder, as by

his immediate followers, in Germany by Meckel (Joh. Fr. M.,

Handbook of Pathological Anatomy, Halle, 1804-1805), Otto,

and others, entirely according to the demonstrations of normal

descriptive anatomy, and up to within the thirtieth year of our

century, comprehended an assemblage of the deviations, which

diseased organs could undergo in their general characteristics,

their shape, size, number, situation, connection, consistency,

continuity, color, and contents. Microscopic investigation,

however, which placed normal histology by the side of t]ie

anatomy of Vesalius, was necessarily compelled similarly also

to enrich pathological anatomy. Pokitansky and Virchow, as

the founders of a pathological histology, have earned an im-

perishable meed in our science. It very soon appeared, how-

ever, that pathological histology must assume an entirely

different and more important position to pathological anatomy,

than does normal histology to normal anatomy. Pathological

histology shows, how those coarser changes of the organs, en-

largements, diminutions, indurations, softenings, discolorations,
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&c, are founded upon certain changes of their structural con-

stituents; it explains the former by the latter. Thus it ever

became not only a completing constituent, but the very central

point of collective pathological morphology. This is the stand-

point, from which the submitted elaboration of the subject was

undertaken, the reason why pathological histology has been

considered in the front, the coarser pathological anatomy only

in the second rank.

For the expert, I add, that this book originated more at the

microscope, than at the writing-table. The numerous original

studies which it contains, must therefore indemnify for what it

does not offer, especially, a completely exhaustive and symmet-

rical treatment of each individual subject.
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INTRODUCTION.

§ 1. Everything living is subjected to a continual change of its con-

stituents. We infer this change, because we observe that certain ma-

terials are continually taken up into the organism, and others instead

cast out which prove to be metamorphic products of vitalized substances.

§ 2. The movement of materials mentioned is not perceptible to the

eye, even when assisted by the best optical instruments. It only be-

comes so whenever it experiences any disturbance, whether this be an

obstacle or a special exaggeration. Who indeed is able to view the

nutritive process of the striated muscular fibre in the tail of a living

tadpole, or to observe the quiet coming and going of materials in an

adjacent connective tissue cell ? As long as these objects present a cer-

tain appearance known and defined even to the minutest point and line,

we receive this " fixed appearance " as a proof that the metamorphoses

connected with nutrition have in them an undisturbed progress. Only

when unexpected qualities appear in the cells and other elementary parts

of the body, do we think of a change of their composition which has

occurred and is still occurring, and are then correctly inclined to ascribe

the same to an alteration of nutrition.

§ 3. These kinds of changes already occur in the normal course of

life. The period of life, that gradual growth and decay of the body is

mirrored up to a certain degree in the constitution of the tissues. We
must here distinguish two principal directions in which the changes of

the tissues take place : formation and decomposition. The former

teaches us to derive the origin and growth of the organism from a con-

tinually recurring multiplication of the cell, and an exceedingly mani-

fold transformation of the cell form ; the latter shows us that the in-

firmities, the frailties of the declining body are accompanied by a greater

or lesser striking decomposition of the histological constituents.

§ 4. Those changes of the tissues that are produced in the course of

diseases are much more important to the physician. These are entirely

similar to those produced by age. Hence Virchow has not incorrectly

compared those among them that are retrogressive to a kind of prema-

ture senescence. The existence of the individual cell hinges upon pro-

duction and decay just as well as does the entire individual. Hence,

2
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we will have to represent formation and decomposition as the principal

natural categories of the pathologico-histological processes. But it

would be unjust did we ignore, that a far greater variety of histological

phenomena obtains for the province of pathology, than pertains to nor-

mal production and decay.

§ 5. Almost every disease which is accompanied by anatomical lesions

shows us a variegated sequence and concomitance of progressive and

retrogressive processes. These taken collectively give us the macro-

scopic picture which a diseased lung, liver, &c, present to us. Our task

now is, in the General Part, to unweave this labyrinth, and to contem-

plate on all sides singly each of the retrogressive and progressive pro-

cesses, in order in the Special Part, to see the anatomical pictures of

disease proceeding from quantities known to us.



GENERAL PART.

1. Decomposition and Degeneration of Tissues.*

§ 6. The changes which we will consider in this first principal section,

have this in common, that the tissues affected by them have entirely or

partially lost their significance as living effective constituents of the

body. The extent of this loss is very different in the individual pro-

cesses. Several, as it appears in the extremest cases only, lead to a

certain even though a very important injury to life, as the amyloid de-

generation, calcification ; others, as the fatty metamorphosis, extinguish

the individual existence of the tissue affected, gradually but completely
;

we have to take in view here also necrosis itself, that is to say, the con-

dition in which death precedes the changes. We begin with the latter.

Necrosis.

§ 7. As soon as that peculiar mutual dependence and reciprocation of

parts has ceased in the human body, which emanates from their genetic

unity, and which we call life, it encounters the same conditions of the

outer world as do the inorganic bodies, that is to say, the only force

which tends to maintain it in its form is cohesion. This, however,

owing to the extraordinary abundance of water, is very limited, and

hence immediately after the occurrence of death a decay of the body

begins, which takes place at first slowly, then however, continually more

and more rapidly, and finally leads to its complete dissolution. As long

* Nature begins her works with formation; we proceed conversely in this repre-

sentation, and consider first the decomposition of that which has been completed.

"We do this designedly. As a knowledge of normal tissues, therefore of the material

in which the destruction and solution is consummated, may be presupposed, it would

in itself be a matter of indifference whether we began with the progressive or retro-

gressive series. Meanwhile, among the pathological new formations, we have to

describe the histological course of entire diseases producing tumors, as for example,

of cancer, and for this we need a knowledge of many phenomena belonging to the

retrogressive series, as for example, of fatty degeneration, of cheesy metamorphosis,

and others.
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moreover as the outer form is in any measure retained, we call the body

dead.*

§ 8. At the death of the entire organism medical skill, as is known,

ceases. We might, therefore, spare ourselves the trouble of studying

the changes which the death of the tissues occasions, were there not

also a partial death, a death of individual parts of the organism, which

we call necrosis, mortification, gangrene.

§ 9. The anatomical changes which follow the occurrence of partial

death, are not the same in every case. The very various causes pro-

ducing necrosis, as well as the natural situation and constitution of the

dead parts, condition widely separated varieties, especially as to the

amount of blood and water contained, which gave occasion to the pro-

duction of a dry or moist gangrene. In the following pages we will

consider these varieties also, and it will appear that these lay claim more

to a microscopic and clinical than to a histological interest.

Annotation.—A large part of the collective forms of mortification

may be regarded as dependent upon a total abolition of the nutritive

processes. As is however known, a regular uninterrupted transmission

of blood, stands foremost among the conditions of undisturbed nutrition.

When, therefore, that amount of arterial blood, which in a given time

flows through a certain portion of the body and thus becomes venous,

sinks below the normal measure, nutrition must necessarily suffer; if the

current ceases entirely, nutrition also immediately ceases. The part af-

fected may thereby be uncommonly rich in blood : it may even be so sur-

charged with blood, that it may be recognized even by the naked eye,

by its dark bluish-red or livid color. The microscope then shows an

extraordinarily turgid repletion of the capillaries, which has led in many
places to small extravasations of blood into the parenchyma; within

the walls of the small and likewise congested veins are found blood-

corpuscles, either singly, or in long rows, which in their situation, cor-

respond to the boundaries of the individual layers of the walls.

If we now ask, by what means such a disturbance of the circulation

could be brought about, we will most frequently find the obstacle in the

afferent arteries. We will have to study more intimately, in another

place (Special Part, Chap. II), those diseases of the vessels, in conse-

quence of which, a simple occlusion (thrombosis, embolism) or a gradual

diminution of the lumen of the vessel, or finally, a condition of the vas-

cular walls is developed, in virtue of which the propulsive force of the

heart is already so far consumed in the larger arterial trunks, that it

has sunk to zero at the extremest portions of the body. The failure

also of the force of the heart, in consequence of diseases of the heart-

* We also call inorganic nature, to which the constituents of the body now return,

"dead;" the designation is, however, metaphorical here. In the common use of

language, we mean by the expression "dead," that a body although still exhibiting

organic structure is no longer the seat of organic functions.
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muscle, or in consequence of a general debility, such as typhus especially

leaves behind, is able to bring about a disturbance of the circulation

in the most extreme parts of the body in so high a degree, that gan-

grene is thereby produced. In gangrena senilis, which is generally

observed at the toes and the foot up to the knee, both forces generally

act jointly, namely, changes of the heart-muscle and diseases of the

vessels. Compression of the arteries, as for example by a compressing

tumor, must naturally have the same unfavorable effect upon the circu-

lation of the blood throughout the parts supplied by the arteries affected.

An endurino* convulsive contraction of the muscular coat probably most

rarely effects such a considerable diminution of the lumen of the afferent

artery, that a stagnation of the blood circulation is thereby produced.

Still it is believed that we must in this way explain gangrene of the

remoter parts after the abundant use of secale cornutum.

The interruption of the circulation of the blood may also have its

seat in the capillaries. The occurrence is of especial interest, in refer-

ence to exudation or a new formation in the parenchyma of a part, pro-

ducing a compression of the capillaries coursing therein. As an ex-

ample we here mention diphtheritic inflammation, in which the death

or gangrenous ulceration of the part affected supervenes upon an exu-

dation into the substance of the mucous membrane or the outer integu-

ment. Yet to this place also belongs a great part of the pre-eminently

so-called necroses of the osseous system, where accumulations of pus,

which, in consequence of periostitis, collect between the bones and peri-

osteum, compress the vessels passing from the periosteum to the bones,

and thus soon rob the outer layers of their nutritive supply. Suppura-

tion in the Haversian canals likewise leads to a compression of the

yes,sels and the death of the particles of bone affected (Caries). It is

self-evident in all these cases, that there can be no thought of a hyper-

emia of the necrosed parts ; on the contrary, we may here constantly

expect a decided anemia.

An interruption of the return of the venous blood is seldom a cause

of gangrene. The interruption must be so complete, as it appears, that

this condition is fulfilled in but few cases. At least after pregnancy

we frequently observe a thrombotic occlusion of the collective larger

veins of the thigh without gangrene of the leg having been produced

thereby. Consequently but a single case properly comes into question

here, namely, where a part is pinched in a comparatively narrow and

unyielding outlet ; as, for example, a coil of intestine in the neck of a

hernial sack. The flaccid walls of the veins are then compressed sooner

than the arteries, and thus the return of the blood may already have

ceased long before its afflux is interrupted ; hence a decided hyperemia

of the necrosed portion is also to be expected here.

All the causes of necrosis hitherto discussed agree in 1 this, that the

abolition of the normal exchange of the blood cuts off the exchange of
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material and the life of a part. The interruption of nutrition, however,

may also, independently of the circulation of the blood, affect the inter-

mediary interchange of material of the parenchymatous islands, which

are inclosed by the capillary loops. Almost all the changes of this

kind, however, develop themselves gradually, and the changes of the

tissues caused thereby, which characterize themselves, in opposition to

those of necrosis, by a gradual extinction of life, constitute the contents

of the following chapter. We may only regard, as true necroses of this

kind, the death of such organs, which, like cartilage and the cornea,

whose structure is totally non-vascular, have been everywhere cut off

by suppuration from a connection with surrounding parts. Here the

circulation in those vessels, which formerly conveyed nutritive material

to these organs, by no means stagnates ; the interchange of material,

however, from cell to cell, upon which cartilage and cornea alone de-

pend, certainly ceases.

Furthermore, we have still those cases of necrosis to mention where

the death of a part is produced by external actions of a mechanical or

chemical kind, crushing, concussion, desiccation, corrosion, or poisoning

by a ferment. We are here dealing with a violent disturbance of the

molecular arrangement, which is incompatible with the continuance of

any vital action.

§ 10. If it is a prominent property of living tissues, in the midst of

fluids, which of course must be suitable, to dissolve albuminates and,

their derivatives, and still retain their own form and constitution, so it

is just as certain a sign of the occurrence of death, that they now no

longer withstand solution themselves. We already recognize this uni-

versal token of the changes of mortification in this, that the dead part

loses its elasticity, its turgor vitalis, and becomes withered, soft,

doughy. In case now a too copious evaporation of water is prevented

at the surface of the dead part, which is however already fulfilled by
the presence of the epidermis, then the 81 per cent, of water, which the

normal organism contains, with the addition of the water which forms

in the decomposition, appears to be sufficient to effect the solution of

the collective solid constituents of the body, with the exception of the

bones. In the meanwhile, as was evident in the annotation, an unusual

plethora of blood of the affected part is a persistent phenomenon in the

majority of cases of gangrene. The blood is by far the richest tissue,

in water, of the body. The mortifying part will hence contain a

greater abundance of water, at the expense of the healthy part, than

it normally does, and therefore in better condition to be dissolved in

the water contained in it.

This plethora is also a measure for the other macroscopic appear-

ances
; namely, the coloring matter of the blood, a short time after the

occurrence of death, leaves the blood-corpuscles, and colors first the

serum, afterwards, however, all the tissues, wnich naturally have either
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no color at all or but a very slight one. The vascular walls and the

loose cellular tissue around the vessels become colored thereby through

imbibition, so that the course of the veins may be recognized by bluish-

red stripes and spots, which, if the gangrene is of an external part,

gives the skin a blue, marbled appearance. Finally, all the parts be-

come uniformly saturated with blood ; even the fat of the adipose tissue

forms no exception. The red-colored serum penetrates to the surface

of the cutis in external parts. The disintegration of the rete Malpighi

produced in the meanwhile favors a loosening of the impervious epider-

mis, so that the accumulation of serum sometimes leads to the formation

of bullae, generally, however, to the continuous detachment of the epi-

dermis in larger patches. In the latter event there ensues, if the

evaporation of water is not prevented by other means, a rapid desicca-

tion of the superficial parts exposed to the air. Impregnated as they

are with the coloring matter of the blood, in this desiccation they as-

sume a very dark, almost black coloring (Gangnena sicca ; Mummifi-

cation). As far as the desiccation extends, the process of decay is for

the time being arrested. Desiccation is a means of killing living parts,

as may be seen in the formation of every scab; it is, however, also a

means of preserving parts from further decay. All, therefore, that we

have to state concerning gangrenous changes of the tissues only occurs

by the presence of a sufficient quantity of water for solution ; this refers

first to gangrene of inner parts, then of outer, but not of parts exposed

to desiccation.

§ 11. The blood undergoes decomposition more rapidly than all the

tissues. The morphological changes then occurring may be stated in

few7 words. It has already been mentioned that the coloring matter

leaves the blood-corpuscles, in order to be gradually imbibed by all the

tissues of the dead part. Our attention will be again occupied, further

on, with the dissolution of these bodies. The colorless protoplasm dis-

solves under moderate intumescence and disappears from view. There

is soon no longer a single intact blood-corpuscle to be found.* The

case is to be pointed out as an exception where variously sized aggre-

gations of very intensely brownish colored blood- corpuscles are yet dis-

covered in an already far advanced stage of mortification. The edges

* Alexander Schmidt has proved experimentally that in a layer of blood of the

thickness of scarcely a line, in contact with the air and protected from evaporation,

the blood-corpuscles disappear in a very short time : in the blood of dogs, after fifteen

to eighteen hours ; in horse-blood, after three days ; in beeves' blood, to be sure, only

after eight to ten days. In the beginning, the blood only becomes lake-colored, and

we then see, especially in dogs' blood, the corpuscles first become decolored, changed

in form, and according to the number somewhat separated. At a later period, the

discs having become colorless, are completely dissolved. This decoloration of the

corpuscles, the passage of the coloring matter into the serum, and the solution of the

colorless stroma, are the joint results of the oxidizing action of oxygen. (A. Schmidt,

Kleine Physiol. -Chem., Untersuchungen. Virchow's Archiv, xxix.)
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of such aggregations (Fig. 1, a) appear almost regularly notched ; the

outermost corpuscles show a disintegration into minutest colored gran-

ules, and this disintegration may indeed be

regarded as the final destiny of all.

§ 12. The changes of nucleated cells

form the second group of necrotic phenom-

ena. We may here state the proposition

at the commencement, that the nucleated

clump of protoplasm, as soon as life is

really extinct in it, comparatively soon un-

dergoes solution. The disintegration is in-

troduced and in a certain degree prepared

by a phenomenon, which in striated muscu-

The gangrenous disintegration of lar fibre has for a long time been desig-
tissues. a. Aggregation of blood-cor- • , . .

i i
• 1

puseies. 6. Smooth muscular fibres, nated as the rigor mortis, and which essen-
c. Striated muscular fibres, d. Break- , • n i i , i i , r> , 1 ^

ingup of same into Bowman's discs, ti'dllj depends upon the coagulation ot that

viscid albuminate, in which all the formed

constituents of the cell, including the nucleus and the protoplasm gran-

ules are imbedded. The protoplasm becomes immovable by coagulat-

ing, and, indeed, in a position corresponding to that of the cell in repose;

the granules also, which previously showed perhaps some molecular

motions, now stand still ; the entire appearance becomes cloudy,* as

though dusty, and finally breaks up into relatively large granules,

which then become smaller and disappear from view. The nucleus,

which at first stood out prominently, likewise takes part in this disin-

tegration.

§ 13. The course of these changes is naturally modified, accordingly

as the cells have already undergone this or that physiological meta-

morphosis. Without saying more, our description only applies to the

cells of connective tissue, of the rete Malpighi and those of the deeper

layers of epithelium corresponding to the rete ; also to glandular cells

and lymph-corpuscles. The cell membrane, which we recognize in the

older epithelial cells, opposes an energetic resistance to solution. These

cells therefore maintain their outer form for some time, after nucleus

and protoplasm (here the cell contents) have already broken up into

granules, so that anucleated epithelial cells regularly belong to what is

found in dead parts. The cells of the epidermis distinguish themselves

in this relation, which bid defiance to the necrotic process in the same

degree as they have advanced in the process of becoming horny.

f

* Kvihne missed these appearances in the cells of areolar connective tissue, but

found them in the cornea cells of the frog. (W. Kiihne, Untersuch. iiber das Proto-

plasma und die Contractilitat. Leipzig. Engelmann, pp. 121, 130.)

j- Herewith we must of course not forget that the change into horny matter itself

denotes a gradual transition from life to death. In the process, by the way, we can

also establish a diminution and final disappearance of the nucleus.
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§ 14. The smooth muscular fibres also, although a cell-membrane

cannot be conceded them, still preserve their peculiar form tolerably

long, so that the nucleus has already broken up to an elongated dotted

mass, when the outlines may yet be followed with all exactness. The

phenomena of the rigor mortis have yet been but little investigated for

the contractile substance of smooth muscular fibre. The only perti-

nent communications are derived from Heidenhain,* who describes cer-

tain phenomena of coagulation, which occur in smooth muscular fibre

sixteen to eighteen hours after death : the cells receive at first a dusty

or sandy appearance, derived from innumerable very minute, dark,

dot-like granules, which are diffusely scattered throughout their con-

tents. At a further stage these immeasurable molecules move together

into regular grayish-shaded figures, which continuously unite into

coarser, strongly refractive, elongated, straight or crooked particles,

which are imbedded in an unconsumed clearer substance. These par-

ticles are at one time scattered without rule in the cell, then they are

tolerably regularly transversely stationed, and at tolerably equal, greater

or lesser distances from each other in the interior of the cell, so that the

cell receives a transversely striated appearance. (Fig. 1, b.) I can

confirm this statement from my own experience. We regularly find

this disintegration in the so-called softening of the stomach, a swelling

and breaking up of the gastric walls, which was formerly regarded as a

disease, but at present passes for a post-mortem phenomenon. (Elsasser.)

(Fig. 1, b.) The further decay of the muscular fibres so changed is

their dissolution into a slimy substance drawing out into threads, in

which, however, these dot-like bodies remain yet visible for a long time.

§ 15. The striated muscular fibre presents in its necrotization some-

what more complicated relations than the cells hitherto considered.

This is then the place to enter somewhat more minutely into the phe-

nomena of rigor mortis. In from twelve to fourteen hours after the

occurrence of death all corpses, with the exception of those suffocated

by charcoal vapor or sulphuretted hydrogen, those killed by lightning,

or dying from putrid fevers and long-continued debilitating diseases,

fall into a peculiar stiffness, which lasts, perhaps, twenty-four hours,

and, observed more accurately, amounts to a pretty considerable shorten-

ing, thickening, and induration of the voluntary muscles. Even in such

limbs as are suddenly robbed of their supply of blood, we observe the

same behavior of the muscles ; we can produce the same experimentally

not only by interrupting the supply of blood, but also by heat and cold,

over- exertion, mechanical injuries and chemical agents, but most rapidly

by distilled water.

Numerous investigations, of which we owe the latest and most ex-

* Heidenhain, Gerinnung des Inhalts der contractilen Faserzellen nach dem Tode.

(Studien des Physiol. Instituts zu Breslau, i, 199.)
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haustive to W. Kiihne,* have left no doubt concerning this, that this

stiffening of the muscular fibre depends upon the separation of a solid

albuminate from the muscular juice. This coagulum (myosine, Kiihne)

forms a white, but slightly transparent mass, and thence causes a striking

opalescence of the stiffened muscular fibres, which is conjoined with a

discoloration verging upon brown.

Rigor mortis is indeed the first step towards death, but a step which

can be again recalled. We can very readily produce rigor mortis of the

thigh of a frog, by tying the afferent arteries, and see the normal con-

dition return by removing the ligature. If, however, the question is of

a persistent death of the muscular fibre, its continued disintegration

will also follow its stiffening. That which may be seen by the naked

eye, is primarily the loss of the bright red color of the muscle, which,

if an imbibition of the dissolved hsematine does not occur, gives place to

a dirty red or grayish-yellow ; furthermore the cohesion of the muscles

changes, so that finally, they either run into a gelatinous, smeary mass,

in which no trace of the former fibre-structure is visible, or also into a

fragile, dirty gray, tinder-like substance, in which indications of longi-

tudinal striae still occur. The microscopic appearances are much more

monotonous. The transverse striae and the nuclei disappear under a

dense cloud of very minute, dark points ; fat-globules and reddish pig-

mentary granules show themselves partly in and partly beside the con-

tractile substance ; the latter tears across at short distances ; the frag-

ments melt, so to speak, away from the edges; the sarcolemma holds

out yet for a time, and when it also finally falls into decay, it only con-

tains small formless lumps of the former contents, which are mingled

with the remaining detritus. (Fig- 1, <?.)f

We may expect a somewhat different mode of dissolution, only in

cases where the gelatinous condition of the disintegrating muscular fibre

mentioned above, is very decidedly marked. I observed this condition,

and corresponding to it a disintegration of muscular fibres into Bowman's

discs, for the first time in an almost demarcated gangrene of half the

foot, and have since once again had the opportunity of confirming this

observation. (Fig. 1, d.)

§ 16. Nothing has as yet been learnt concerning the necrosis of nerve-

cells, and but little concerning that of the peripheric nerve-fibres. We
know, that the thicker nerve-trunks are wont to maintain themselves

for a comparatively long time, as peculiar' structures within depots of

mortification, whilst their finer ramifications generally soon dissolve.

The coagulation of the white substance of Schwann of the nerve may

* W. Kiihne, loc. cit.

| According to Falk (Centralblatt, 1866, p. 434), the striated muscular fibres move
closer together before their disappearance under the granular cloudiness, and before

their final dissolution a longitudinal division of the contractile substance not infre-

quently occurs.
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precede all other changes, similar to rigor mortis of muscular fibre. In
consequence of which, that fluid, in a normal condition entirely homo-

geneous, which closely surrounds the axis cylinder and is externally

limited by the neurolemma, collects into larger and smaller drops, which

are separated by a clear fluid. The dark, frequently involuted contours

of these drops give the entire fibre an irregular appearance (Fig. 8, a),

which has not inappropriately been compared to the curling of smoke-

clouds. The chemical changes occurring here, whether the drops of

myeline (Virchow) are to be regarded as a separation from the nerve-

medulla, or only as a regrouping,* we do not yet know, although the

phenomenon has been known since Leeuwenhoek's time. The continued

advances of decay are marked by a strong intumescence of the whole

nerve-trunk, whereby then the individual fibres appear extraordinarily

opaque, the neurolemma indistinct, and the axis cylinder entirely dis-

appears. The complete dissolution advances more rapidly at some
places than at others, so that a similar varicosity is observed here as

we observed in the muscular fibre shortly before its definite disinte-

gration.

§ 17. Adipose tissue plays a far more important part in the process

of mortification. The fluid fat leaves the cells with the greatest facility,

and the liberated globules, which then collect to larger drops, not only

give the ichor (see § 22) a peculiar emulsion-like appearance, but

also diffuse themselves extensively throughout all the mortifying tissues,

so that we cannot easily obtain a preparation of the mortifying parts

where fat-globules are not present in large amount in all clefts and in-

terstices. If we bring the adipose tissue itself under the microscope, as

a rule we do not observe a single fat-cell which yet contains the normal
amount of this material, but we must also add, none which has entirely

given up its contents. The drops are mostly reduced to one-half and
less, and not infrequently also broken up into smaller globules. It is

just this fat remaining in the cells which is so easily impregnated with

the coloring matter of the blood, so that not only does the cell-mem-

brane and the loose connective tissue between the fat-spaces appear red

or reddish-yellow, but also the entire adipose tissue. Crystalline de-

posits may indeed also occur within the cells ; they are, however, in-

comparably more frequently to be observed in the escaped fat, where-

fore they constitute an unfailing constituent of the ichor of mortifica-

tion. (See § 23.)

§ 18. The first change which the fibres of loose connective tissue

experience, consists in that they swell up. They by no means become
more transparent by this swelling out, as perhaps when treated by acetic

* G. Walter (Virchow's Archiv, xx, 426) conjectures, that the pre-existing albu-

minates of the tubular sheath coagulate, and thereby a separation and flowing to-

gether of fats soluble in ether takes place into larger portions.
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acid, but on the contrary they assume an opaque, strongly refractive

quality. To this is almost regularly added the saturation with the

coloring matter of the blood, already several times mentioned, which

causes a coloring, whose intensity stands in inverse proportion to the

amount of water contained, for it is scarcely necessary to say, that

the degree of tumefaction depends entirely upon the quantity of water

present. Evaporation and resorption of the parenchymatous fluid im-

mediately become apparent by a corresponding desiccation of the con-

nective tissue fibrillge. The black, coal-like substance, however, into

which the cutis is converted in gangrsena sicca, is transparent and of

a ruby-red color in very thin sections. When, on the contrary, the tume-

faction of the fibres continually increases, they receive a granular ap-

pearance, become indistinct in their outlines, until they finally liquefy

into a cloudy, slimy mass.

§ 19. The formed parts arising from the basis-substance of connec-

tive tissue are incomparably more capable of resistance than the latter.

As such we do not so much regard the clear, homogeneous membranes

(capillaries, tunicse proprige, basement membranes), concerning whose

destruction in mortification there are no certain statements, as especially

elastic fibres and fibrous network. The well-known durability of these

in all possible chemical reagents preserves them also against the less

energetic agents of the process of mortification. The physician, there-

fore, with confidence expects that gangrene of the lungs will, among

others, infallibly betray itself by the appearance of elastic fibres of the

lungs in the patient's expectoration. If at length the elastic fibres are

also attacked by the destructive process, they lose their normal elas-

ticity, appear less curled ; not infrequently they swell up, and may at

last liquefy into a gelatinous mass.

Those firmer, more dense, connective tissue fibrils, which form the

tendons, and which also occur otherwise in fibrous membranes (dura

mater, sheaths of tendons, of muscles and vessels, periosteum), behave

similarly to elastic fibres. The first sign that the structures mentioned

(we have the tendon especially in view) are undergoing moist gangrene,

consists in a loosening of the individual parallel bundles of fibres, which

is however to be placed more to the account of the intermediate con-

nective tissue supporting the vessels, is that this softens and disinte-

grates. Later, however, the so-called secondary and tertiary fibrillse

also separate from each other, the tendon becomes a mass of delicate

filaments, which compare with the normal structure as combed out hemp

does to a well twisted cord. Even in this condition, as a unit it is torn

asunder with difficulty; only at a late period do the fibres begin to

break up into single granular strige, like strings of pearls, and then into

the smallest molecules, and thus vanish from sight.

§ 20. Cartilage is one of the firmest tissues of the body. The chemi-

cal combinations of the matrix (intercellular substance) are with diffi-
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culty soluble, and it may principally proceed from this cause, that large

pieces of cartilage, for example, loosened articular cartilages, set ne-

crotic destruction at defiance for so long a time. Should the latter

nevertheless occur, it exhibits itself, regarded as an entity, as a slowly

progressing peripheric melting away ; the cartilage thereby becomes

transparent and assumes a reddish color. That this discoloration pro-

ceeds from a saturation with the dissolved coloring matter of the blood,

cannot at all be established as probable in all cases ; especially does the

constant occurrence of the discoloration alluded to in the cartilage of

the larynx and trachea, isolated by suppurative perichondritis, oppose

the acceptance of this view. Under the microscope, a granular cloudi-

ness of the intercellular substance shows itself, which at the edges dis-

solves into a gelatinous mass. The cartilage-cavities are mostly filled

with fat-globules, which, produced by fatty degeneration of the cells,

become free by the solution of the tissues.

§ 21. Osseous texture remains unchanged in necrosis. The sur-

geon, who in the midst of the most striking inflammatory and ulcera-

tive changes of a bone, by the smooth surface and well-preserved form

of a piece of it, recognizes just this piece as the dead part, the seques-

trum, has every reason to stand firmly by the correctness of this propo-

sition. In the meantime it may still not be superfluous to obtain a

clear idea as to how far we have to understand literally this unchange-

ableness of osseous tissue. Occasionally, at all events, we will have to

expect upon the necrosed pieces those changes which all the bones of

the skeleton undergo in the decay of the entire body. All that goes

by the name of cell, bloodvessel, and medullary tissue, falls away. It

however appears that a large part also of the organic matrix of osseous

cartilage is lost in putrefaction, and indeed so much the more, the

longer the bone is exposed to its influences. Otherwise the striking

phenomenon, that sequestra regularly have a much lighter specific grav-

ity than the bones of the skeleton, could not be explained. Moreover,

cases are also known, where the sequestrum not only has lost its

original smoothness by the gradual corrosion of the surface, but has

also decreased in volume. And it is really not at all comprehensible

why, under suitable conditions, a complete disintegration of the dead

osseous texture should not occur. The presence of small quantities of

acid in the circumfluent fluids would be already sufficient for this ; if

the salts of lime are once dissolved, the remaining osseous cartilage

has no greater capacity of resistance against putrefactive decomposi-

tion than has articular cartilage and other allied structures. In the

meanwhile we may stop at the fact. In another place we will have to

take up the consideration as to the mode of osseous disintegration,

which is very much the same in dead bones as in the living. (See

Softening of Bones, Rarefactive Ostitis, Caries, &c.)

§ 22. So much concerning the disintegration of individual tissues.
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Let us now cast a glance upon the fluid which is hereafter to be re-

garded as the rendezvous of all those things which we consider as the

dissolved organism, of course not in that sense in which Moleschott has

designated the blood. The constitution of the ichor of mortification is

modified, as a matter of course, according to the locality of the process

;

gangrene of the lung must necessarily yield a somewhat different ichor

from the gangrene of external parts. We can only say of the sanies

gangrenosa generally, that it has a disagreeable odor, and an ugly,

grayish-yellow color, which latter, by the addition of nitric acid, re-

ceives a rosy tint, first observed by Virchow. The reaction is at least

not always alkaline. This, like all the other differences of the gan-

grenous ichor, depends upon the various chemical composition, which

we must therefore look to in the first commencement of our observation.

§ 23. Whilst, as we have seen, the process of decomposition presents

itself in a physical bearing as a solution of the constituents of the body
in water, in a chemical aspect it is to be regarded as a varied combina-

tion of the elements among each other, and with the oxygen of the

atmosphere. Every plastic chemical body is embraced in a chemical

tension, that is to say, its atoms have a tendency to group themselves

otherwise than they are at the time grouped. Life consists and shows

itself in this, that they do not accomplish the combinations striven for
;

death shows itself in that they do. We now have decompositions and

combinations, which are different for the different chemical substances

of the body, as albumen, fats, &c, but they all finally end with the

formation of carbonic acid, ammonia, and water. As a considerable

amount of oxygen is consumed in these processes, the whole might be

regarded as a slow process of combustion ; in the meantime the certainly

very manifold metamorphic bodies are by no means all known. Several

of them are volatile, and when largely developed occasion the so-called

emphysematous or crepitant gangrene; at the same time these are they

which offer the well-known offence to our sense of smell (sulphuretted

hydrogen, ammonia, sulphuret of ammonia, valerianic and butyric acids)

;

others, without being volatile, are soluble in water ; others yet finally

separate during their formation in a more solid form, so that here,

therefore, after the complete disappearance of the histological forms,

a number of microscopic objects are produced anew, of which the fol-

lowing are the most interesting

:

a. Leucine—in gangrenous processes of the lung, liver, spleen, and

pancreas—separates in the form of a white, opalescent substance, which

partly forms homogeneous drops or globules, partly bodies of concentric

layers, and finally partly stellate spheres of minute crystalline needles*

* Virchow says in regard to the interior aggregation of these various forms (Archiv,

viii, 337): "If we permit leucine to crystallize from a solution, we constantly see

at first very minute granules of a rounded form arising in the minutest drop of a

viscid mass, which arc distinguished from fat-globules by being less refractive, and



NECROSIS. 31

Fig. 2.

(Fig. 2, a), b. Tyrosine—generally to be found along with leucine

—

forms satiny, white needles, which either remain isolated, and may

then attain an appreciable length and thickness, or may unite into

beautiful sheafs or rosettes (Fig. 2, b). e. Margarine—a mixture and

crystalline separation of the solid fats, stearine and palmitine—occurs

with extraordinary frequency in gangrenous tissues. We meet with

individual minute needles, or groups of such, which then radiate from

a common centre (Fig. 2, c). d. Ammoniaco-magnesian phosphate

(P0
5 {nh

s
4o}+12 Aq.) is only found in alkaline or neutral ichor. The

crystalline forms occurring most frequently are combinations of the

rhombic, vertical prisms, having a great

similarity to the lid of a coffin (Fig. 2, d).

e. Pigment bodies—with the exception of

sulphuret of iron, collectively produced by

the co-operation of the coloring matter of

the blood. We meet these among the float-

ing particles of all such discharges from

gangrenous parts containing blood, and in

the tissues of such parts themselves. The

variety of their forms is great. A certain

rust-colored pigment may occur most fre-

quently, yellow to dark brownish-red

colored granules, and heaps of granules,

which yet stand tolerably close in a chemi-

cal relation to hsematine, and are also

found with haematoidine in non-gangre-

nous, so called pigmentary metamorphosis

of the tissues. As being characteristic of

necrosis, we regard only the so-called gan-

grene particles, very minute, only to be

recognized by strong magnifying powers, black particles of entirely

irregular outline, which remain unchanged in most of the reagents.

It is not at all proven that these gangrene particles are to be regarded

as something occurring exclusively in putrefactive decomposition ; on

the contrary, many circumstances indicate that they are identical with

melanine, to be considered hereafter (Fig. 2, e).

Products of gangrenous disintegra-
tion, a, Leucine ; 6, Tyrosine ; c, Fat-
crystals ; d, Aninioniaco-niagnesian
phosphate ; e, Gangreneparticles(black
pigment)

; /, Vibriones. 1-300.

by their paler circumference. These often combine by twos or many, and form large

' drusy ' figures, or figures radiating in long needles from a point. They remain more
isolated in very slow crystallization, each grows by itself, and in that they often

exhibit concentric layers, they stand out continually more distinct as globules of a

light yellow color. Very frequently we recognize nothing therein of a fine compo-
sition of needles

; at other times, on the contrary, masses form, which consist of

closely arranged needles, which distinctly project beyond the edges as isolated

points." The larger spheres also may grow together. They thereby mutually flatten

themselves, so that we not unfrequently meet one-sided flattened spheres, which are

isolated in preparing them (Fig. 2, a).
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§ 24. The occurrence of living organisms in gangrenous parts de-

serves special mention. They are, in the first place, the ordinary

superficial layers of mould (aspergillus, o'idium), such as we find in all

mouldering bodies sufficiently moist ; but, besides these, the so-called

vibriones, which are met with in the ichor and in the interior of decay-

ing organs, in immense numbers. It was not for some time known

whether the minute, linear bodies, in lively, rotating, whirling, and

swinging motion (Fig. 2, /), should be reckoned among plants or among

animals. The studies of later years have in so far given us some light,

as the vibrios thereby appear to be placed, without doubt, in a close

relation to fungi. A series of observations by Madame Joh. Liiders*

are the most worthy of note, which prove that the protoplasmatic con-

tents jut out in minute portions from the spores of various fungi in

putrefactive fluids, and that these portions, which are soon provided

with a lash or tail, and undergo lively movements, are to be regarded

as vibriones (Fig. 3, 1,2). If it should be confirmed that these vibriones

Fig. 3.

1. Spores and germ-threads of Bothrytis aeinorum cultivated in the washings of flesh, a, A recently
produced spore ; 6, the same after four hours ; d, after forty-eight hours, both covered with vibriones,
1-500. 2. Wandering vibriones corning from the mucor germ-threads into the washings of flesh, 1-800.

3. Yeast formation from vibrional germs, a, Germs ; 6, c, d, the same as vesicles which become ever
larger, and finally form the cell-colonies of yeast. After Liiders.

in fermentable media grow into yeast-cells (Fig. 3, 3), without which

fermentation could not proceed, a field of the most influential activity

would be thereby assured to the lowest organisms. Pasteur,f namely,

who has published beautiful studies concerning vibriones, accepts, that

true decay everywhere is only produced by vibriones, and regards these

as the visible ferments of decay; he, however, unaccountably just ex-

cludes gangrene from his observation, since he will not concede this to

be a true process of decay.

2. Conditions op Involution.

a. Fatty Degeneration.

§ 25. I have designated in the heading, as conditions of involution,

the changes of the tissues which will occupy us in the following para-

* J. Liiders, Schultze's Archiv fur mikroscopische Anatomie, Bd. iii, page 318.

f L. Pasteur, Eechcrches sur la putrefaction. Comptes Kendus, lvi, 1189-1194.
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graphs, and by this term wished so far to determine for them the gen-

eral character, that a gradual transformation and final destruction of

the normal form goes hand in hand in them with a parallel decrease

and final extinction of the normal function of the parts.

§ 26. Foremost under this definition occurs a metamorphosis of the

cells, which is marked by the occurrence of fat-globules in the interior

of the cell, and is hence called fatty degeneration. For a time no una-

nimity was attained as to whether the globules of fluid fat soluble in

ether, of a dark contour, white in reflected light, first appeared in the

cell contents, or in the nucleus, or even in the nucleolus. The possibility

of a fatty degeneration of the nucleus, and eventually of its nucleoli, is

indeed denied by no one at present, nay, we must accept, that in every

complete fatty metamorphosis of a cell the nucleus and nucleoli are also

destroyed ; the protoplasm, however, forms in all cases the starting-

point of the destruction, in cells with membranes the cell contents.

This substance, in the normal condition exceedingly finely granular, con-

tains at first the fat-globules in very small number. Small groups of

two to ten especially are ordinarily found in the immediate neighbor-

hood of the nucleus. These globules never flow together into large

drops, as we very characteristically find in

such particles of fat which have penetrated

from without into the cell (see below, fatty in-

filtration), but they remain separated from

each other by thin layers of the protoplasm.

The more they increase, the smaller will the

outer portion of the cell not yet infiltrated
i •> The fatty metamorphosis. Epi-

become ; finally this entirely disappears, and theiium of the pericardium in
•> J L L dropsy of pericardium, a. Cells

the fatty globules reach the contour of the cell, which stm show the normal form
J & ... .

and arrangement. First appear-

The nucleus nOW also becomes invisible, which, ance of fat-globules._ 6. Granular
globules, the one with a nucleus

up to this time, could be recognized as a clear stm visible, c. Granular globules
1

. ntii pc disintegrating to fatty detritus.

spot in the midst of the dark mass of fat-

globules, and could be rendered distinct by tinting with carmine.

(Compare adjacent Fig. 4 with this and the following §§.)

§ 27. During the process just described, the cell, on the one hand,

has very considerably increased ; it frequently attains three to four

times its former diameter ; on the other hand it has assumed a com-

pletely spherical form, indifferently, whether it were previously round,

or had a cylindrical, a flat, or a spindle form. They are now called

" granular corpuscles,"* and by this term we understand a globular ag-

* The expression granular corpuscles is decidedly to be preferred to the older

"inflammatory corpuscle." Gluge, who found these bodies in the commencement

of pneumonic infiltration of the lung, regarded them as characteristic marks of

inflammation. It was proved later, that these are the fatty degenerated epithelium

of the lungs, which were displaced from their seat by the cedema preceding the

inflammation, and then disintegrate.

3
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gregation of fat-globules, which are held together by an albuminous

intermediate substance.

A large amount of granular corpuscles gives a fluid, which suspends

them, or a tissue, in whose interstices they are deposited, a whitish-

yellow, or a butter-yellow appearance. Thus colostrum, that is to say,

the milk which is poured out by the mammary gland in the first days

after parturition, appears not as a white, but as a yellowish, viscid fluid,

which, by quietly standing, soon separates into a transparent, serous

part, and a cream-like mass collecting at the surface. The latter almost

entirely consists of granular corpuscles, which are here produced by a

fatty degeneration of the glandular epithelium, and are called colostrum

corpuscles. In a similar manner, in order to continue the physiologi-

cal example, do the corpora lutea of the ovary owe their name to a

fatty degeneration of the cells of the membrana granulosa, which is

found in all evacuated and disintegrating Graafian follicles.

§ 28. We may conveniently term the last act of fatty degeneration

as a lactification (" vermilchung"). The granular corpuscles disinte-

grate, in that the albuminous substance, which hitherto cemented and

held them together, dissolves in the surrounding, constantly alkaline

fluid. A lively to-and-fro oscillation of the fat-globules (Brown's mo-
lecular motion) gives notice of the impending disintegration ; then the

outermost globules leave the periphery of the cell—as we observe this

and the whole course of the phenomena, especially well, in the cells of

cancer-juice—and scatter themselves uniformly throughout the fluid,

whilst the conglomeration becomes continually smaller, to finally dis-

appear without any remains whatever. The emulsive fluid in which

the fat-globules are now suspended, the fatty detritus, has its physio-

logical type in the secretion of the mammary glands ; the more uniform

dispersion of the refractive bodies produces a whitish or even entirely

white color, as we also see in artificially prepared emulsions.

§ 29. If milk is injected into the abdominal cavity of a rabbit, it

disappears after a short time ; the resorption takes place still more

rapidly in the subcutaneous cellular tissue. Milk and with it all fatty

detritus are absorbable substances, and are also regularly absorbed,

when no particular conditions prevent absorption. With reference to

the latter, the case deserves particular mention, where the products of

fatty degeneration are inclosed in a cavity, whose walls are in a state

of inflammatory irritation, and therefore more disposed to production

than to resorption. They, then, undergo a further series of metamor-

phoses. The fats are partly saponified, they partly separate in solid

form, which we have already learned to know in necrosis. Finally

there ensues an abundant deposition of crystals of cholesterine, whereby

the dirty white mass, pulpy or crumbly according to the contents of

the fluid, obtains a peculiar, glistening appearance. (Atheromatous

pulp, Bran-like pulp.)
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Cholesterin, which we here meet for the first but not for the last

time, is yet an exceedingly questionable body, in spite of manifold

investigations. As it is found in the brain and spinal marrow under

entirely normal circumstances in enormous

quantities (40 per thousand), it may not

without further proof be regarded as an

excrementitious substance. That it con-

stitutes a never failing constituent of the

bile, is explained by this, that bile is just

one of the few fluids which can contain it

in solution. Chemistry tells us, that beside

bile only solutions of soap and fatty oils

take up a part of it. This difficult solu-

b'T._ • • i • • Pii i. Crystals of cholesterin, after
nity m animal juices is one ot the most J

vircbow.

prominent peculiarities of cholesterin, and

is the cause why we meet it so often in the solid form.

The regular crystalline form of cholesterin is a rhombic tablet,

whose angles are constantly =79° 30' and 100° 30'. These tablets

commonly lie together in heaps, with their long sides parallel, without

covering each other. The interesting varieties of their forms have

undergone a most exhaustive analysis by Yirchow ; but in this regard

we must refer partly to the annexed representation, and partly to the

original treatise. (Virchow, Archiv, xii, 101.) It is judicious to make
use of micro-chemical reagents, for the sure discrimination of choles-

terin from similarly crystallizing substances. These are very charac-

teristic of cholesterin. A drop of .concentrated sulphuric acid, allowed

to flow slowly to the preparation, causes the cholesterin tablets "to

melt away from the edges and to assume a fatty appearance. After

some time the tablet becomes movable, membranous, at times it turns

over, at other times it draws together and gradually, in that the mass

continually decreases in periphery, we have arising before us a dark

brown-reddish colored drop." (Virchow, Wiirzburger Verhancllungen,

1850, bd. i, s. 314.) The simultaneous action of sulphuric acid and

iodine causes, in the condition of the commencing decomposition of

cholesterin, a fine blue color.

Now as to what specially concerns the occurrence of cholesterin in

the atheromatous pulp, the assumption that it is first taken up by the

oily and saponaceous constituents of the detritus, and again precipitated

in their decomposition, without doubt corresponds most to the otherwise

known properties of this body ; meanwhile future investigations must
decide this point.

§ 30. We have hitherto followed the fatty metamorphosis in the more
isolated cells. It is now incumbent upon us to show how, in the various

modifications which the form of the cell protoplasm experiences, a dif-

ference of the process is also brought about. These are naturally dif-
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Fig. 6.

Fatty degenerated connective tissue-
cells of trie inner vascular membrane.
1-300.

ferences entirely relating to form, of an external kind. We therefore

may not expect in cells, which have the form of a long-rayed star, and

have thereby departed very far from the primitive spherical form, that

the aggregation of fatty granules should be completely spherical. The

degenerated connective tissue corpuscles of the innermost coat of ves-

sels (Fig. 6) may serve as an example how the aggregations of fatty

granules may also exhibit polygonal

forms. In a similar manner the smooth

muscular fibres also, as aggregations of

fatty granules, retain their original spin-

dle form.

The protoplasm of striated muscular

fibre has an exceedingly complicated

form, which also prevails in its fatty

degeneration. The doubly refractive

muscular particles (sarcous elements,

Bowman), which we regard as" deposi-

tions of the protoplasm, form in their

longitudinal arrangement the varicose fibrils of authors, and these lie

so together, in the primitive bundles, that the nodules on the one

hand are placed upon a level with the constricted points on the other.

If we now imagine to ourselves a space, which remains vacant in this

arrangement of the muscular particles, filled by the viscid protoplasm,

there results, as the form of the latter, a system of varicose threads

with incurved edges, which come into apposition with their thicker

portions at those planes where the fibrils are thinnest. In larger

groupings this happens only in the immediate neigh-

borhood of the nuclei, which there, where they are im-

bedded, force the fibrils apart, and thereby form a

spindle-shaped interspace, whose permeation remains

to be accomplished by the protoplasm. These small

conoidal projections at the nucleus, are they in which

the first fat-globules appear. We then see them ar-

ranged behind one another, in very minute and elegant

rows, like strings of pearls, in the longitudinal axis

of the primitive bundles-, and originating or exactly

corresponding to the nodulated threads of the inter-

fibrillar protoplasm. The transverse striation, which

also only depends upon the regular arrangement of

strongly refractive bodies, must naturally become in-

distinct in the same measure, as the much stronger
Fatty degeneration „ . „ . . . , , , . .

of striated muscular retractive tat-granules take the upper hand, and iniure
fibres. 1-300. . „ °

. . ... 1 l
. TA-Tii

the enect produced by light upon the Disdiaklasten

groups.* In far-advanced cases of disease we see nothing but the fatty

* Disdiaklasten groups (Briicke) = sarcous elements = muscular particles.
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detritus, which is here contained as a fluid in the same sarcolemma

tube. (Fig. 7.)

§ 31. The chemico-physical process, which lies at the basis of the

fatty degeneration of the cells, is not indeed known with sufficient

perspicuity. In the meantime we may set aside the opinion, as though

the fat-globules attained the interior of the cells by intussusception
;

the fact that muscle, in which we recognize a medium degree of fatty

degeneration, nevertheless does not exhibit a greater percentage of fat

than does the normal, controverts this. The possibility only remains,

that the fat-globules originate in the interior of the cell. But are they

to be regarded as the production of a disturbed exchange of material

of the cell, or as the products of decomposition of the cell-substance?

The view seems mostly to recommend itself, that we are investigating

phenomena the opposite of those which accompany the cell-formation.

As we know from the composition of the yolk, the formative material

of the cells consists of albuminates, which are abundantly mixed with

fat. We further know from the chemical analysis of muscular fibres,

that they contain a not inconsiderable amount of invisible fat, so that

we have reason to accept an amalgam-like combination of fat and

albuminates in the cells. Fatty degeneration is a "re-separation"

(" Wiederscheidung") of this amalgam, in which the fat again appears

free and in large globules in the protoplasm. That an appreciable

enlargement of the cell occurs herewith, is explained by this, that the

same amounts of fat and albumen, in order to exist together separately,

take up a greater space than in their former interpenetration.

§ 32. The microscopic processes, which take place at the peripheric

portion of a divided nerve, might be regarded as an excellent confirma-

tion of views just stated concerning fatty de-

generation, if it should be proved that the co-

agulation of the white substance of Schwann,

described in § 16, is to be received as the com-

mencing separation of an amalgam of albumin-

ous and fatty bodies. For, according to the

uniform description of all authors who have oc-

cupied themselves with this subject, the further

changes are but a continuation, so to say, a

further fulfilment of those still obscure phenom-

ena. The large myeline drops of dark contour

disintegrate, in the time of two to four weeks,

into smaller and smaller drops, which can no

longer be distinguished from fat-globules by
,, • . t . I'll- Fattv defeneration of the
their microscopic and microcnemic behavior. doubly contoured nerve-fibres,

t, . -, , ni • ni as this presents itself in the
.Beside these, very small, pale protein molecules peripheral portion of a divided
.... „ . . , . cerebro-spinal nerve, a, after

still arise; a tatty granulated detritus is pro- the lapse of half a week ; 6, of

n n
. . . .

'

lp .
.'. two weeks; e, of four weeks;

duced, which is preserved tor some time in the d, of two months. 1-300.

Fig. 8.
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neurolemma tubules, then however disappears by way of resorption. The

axis- cylinder remains intact in the disintegrated medullary sheath per-

haps six weeks. If within this time the connection of the peripheric,

degenerated piece with the central stump is restored, the tubular sheath

again fills up with the white substance, and the axis-cylinder performs

its former offices; where this does not take place, it also, and* that too

before the resorption of the fatty detritus is entirely completed, is de-

stroyed by granular cleavage. The empty neurolemma now falls into

longitudinal folds, and only shows at intervals an elongated aggregation

of fat-granules, within which we can make a nucleus distinct by color-

ing with carmine.

§ 33. We may conveniently adduce the fatty granulated metamor-

phosis or the cheesy degeneration of cells as a variety of fatty degene-

ration. The term cheesy degeneration, chosen by Virchow, denotes a

close resemblance of the yellowish-white, compact, homogeneous, friable

or smeary mass, which is the final product of this metamorphosis, with

certain kinds of cheese.

It w7as formerly believed that only tuberculosis could give occasion for

the formation of the substance mentioned : this was looked upon as a

direct separation of the morbid material from the diseased blood, and it

was thence called "imperfect or crude tubercle." The expression

tuberculization was about equivalent with what is now called cheesy,

degeneration. Reinhard, who first shook the belief in the specific na-

ture of this deposit, was also partially misled, as he declared this to be

entirely inspissated pus ; it was reserved for Virchow first to place the

matter in the true light, in that he described the " cheesy necroses" as

a tolerably prevalent mode of decomposition of tissues rich in cells.

§ 34. As we will remember, from the representation of fatty meta-

morphosis, a certain quantity of fluid is required for the accomplish-

ment of the true disintegration of cells, in order to dissolve that albu-

minous substance which holds together the fat-globules of the granular

corpuscle. If this fluid is wanting, which is especially the case when
large masses of newly-formed cells are to but a slight extent or not at

all penetrated by afferent bloodvessels, the process of fatty metamorpho-

sis experiences a modification, which is analogous to that we have

already learned to know in the relation of gangrsena sicca to gangrena

humida. . The cells desiccate, they shrivel into relatively small, de-

formed, mostly angular shapes, in which we distinguish, besides the

fat-globules already present, a large number of granules, the so-called

protein molecules. The greater the loss of water the more does the

whole condense into a compact, yellowish-white mass, in which,

after the lapse of years, the remains of cells may yet be demon-

strated. We can of course but partially succeed, by the addition of

water, in restoring the pristine form to these desiccated cells ; we gener-

ally observe that the molecular heaps soon disintegrate in the water
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added and form a certain emulsion-like detritus. This is also their be-

havior, when, in the organism itself, a redundant saturation and a re-

current softening of the cheesy substance occurs. We will learn to

know this process as an exceedingly destructive phenomenon in the

history of tuberculosis, and thereby to make the observation that the

softening occurs by preference in such caseous material which lies at

an inner surface of the body, be it of the respiratory or digestive tract,

and has therefore yet other sources of water beside the surrounding

nutritive fluids. In such parts as have no free surface communicating

with the outer world, as in the lymphatic and mesenteric glands, the

bones, the brain, and spinal marrow, the cheesy deposits soften more

rarely. On the contrary, not infrequently an increase of consistence

occurs in the cheesy lymphatic glands, a true calcification, in that the

salts of lime are deposited in their interior.

§ 35. Let us in conclusion take a view of the occurrence and exten-

sion of the fatty metamorphosis. We have already frequently had

occasion, in the course of description, to touch upon this point ; it now
only remains to obtain a summary thereof.

First of all, we may regard fatty metamorphosis as the regular mode
of decomposition for many tissues liable to a rapid change. The epi-

thelial formation especially here stands in the foreground. If we scrape

the surface of a serous membrane with a scalpel, after having somewhat

moistened it, we will seldom fail in obtaining in the fluid scraped off,

even in entirely normal cases, a certain number of fatty-degenerated

epithelial cells. Before others, the epithelium of the mammary and

sebaceous glands principally fall into the physiological fatty metamor-

phosis, then however also those of the lungs, and in cats and dogs those

of the kidney. Whether it is correct that the effete colorless blood-

corpuscles find their final destruction by fatty degeneration, must pro-

visionally remain a question ; certain it is, that we always meet with

several granular corpuscles in the blood of amphibia, which however

might also of course be derived from the epithelium of the vascular

walls.

To the cases hitherto mentioned fatty metamorphosis as a component

part of senescence immediately connects itself. The decrease in the

energy of the nutritive processes which old age brings with it, makes

itself particularly felt where the conveyance of nutritive material is

already in and for itself complicated and—if this expression will occa-

sion no misunderstanding—is more difficult. We here again mean
those great continuities of non-vascular tissues which we encounter in

cartilaginous organs and in the transparent media of the eye. Hence

we find, in old men, the cells of the laryngeal and tracheal cartilage so

frequently degenerated and the cartilage spaces filled with one or more

fat-globules. Here belongs the arcus senilis, a fatty degeneration of

corneal corpuscles, along the insertion into the sclerotic, and the " ge-
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rontoxon lentis," a long time stationary, then however an advancing

opacity in the region of the posterior zone of division of the nucleus

and the cortical substance of the crystalline lens, up to the formation

of a nuclear sclerosis.

But not only the non-vascular, but almost all the tissues of the body,

nay, even the vessels themselves, may become the points of attack of

fatty degeneration in old age, and in analogous conditions of debility

induced by wasting diseases. The muscular structure of the heart here

occupies the foreground. As, however, we do not intend an exhaustive,

but only a compendious description, we will hasten to the last and most

important, exclusively pathological category of fatty metamorphosis.

This always occurs where a disproportion exists between the means of

nutrition and the parenchyma to be nourished. Such a disproportion

can occur as well by a decrease of the means of nutrition as by an in-

crease of the parenchyma to be nourished. If a small vessel of the

brain is occluded by embolism the circulation throughout the extent of

its course does not indeed entirely cease, because of the numerous an-

astomoses with neighboring vessels, but there occurs in them such a

retardation, leading even to temporary stagnation and hemorrhage,

that a disturbance of nutrition and fatty metamorphosis are the conse-

quences. (Yellow softening.)

The disturbance of the circulation occurring in the course of inflam-

mation, has a no less injurious influence upon the nutrition of parts.

The means of nutrition are here also insufficient. In the meanwhile

inflammation commonly just presents a combination of this and the

second cause of nutritive disturbance mentioned, namely, the increase

of the part to be nourished. The oedematous saturation of the latter is

already a disturbance in this sense ; it is however pre-eminently the

massy new formation of cells which occasions the regressive metamor-

phoses, as well here as in a certain number of tumors (as, for example,

cancerous and tuberculous new formations).

b. Cloudy Swelling.

§ 36. By the term "cloudy swelling" we understand an acutely oc-

curring swelling and a granular cloudiness of the protoplasm, which

probably depends upon a separation of certain albuminates dissolved in

the juices of the protoplasm. The change occurs in very varying de-

grees of intensity, from a slight and very minutely-granular opacity,

without any increase of the volume or deformity of the cell, up to an

obscuring granulation, entirely hiding the nuclear forms, which is fur-

thermore combined with a pretty considerable enlargement and tumid

rounding of the elements. Acetic acid dissolves these bodies, where-

fore a mistake for the fatty metamorphosis is, at least in the early

stages of the affection, impossible. At a later period the mistake may
occur so much the more easily, because the cloudy swelling, in all cases
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where it does not immediately recede and the cells return to their nor-

mal constitution by the solution of the granules, proceeds without inter-

ruption to fatty metamorphosis, and thus produces the destruction of

the cells.

§ 37. The pathological significance of cloudy swelling was looked

upon by Virchow, who first described it in 1850, as being a nutritive

irritation, that is to say, an incitation of cells to take up an abnormal

amount of nutritive material. Even to-day, we yet see in it the con-

sequence of an irritation of the cell, and know, that particularly the

direct action of various mineral, vegetable, and animal poisons is able

to produce a cloudy swelling of the glandular epithelium. (See Pa-

renchymatous Inflammation of the Liver and Kidneys.) The question,

however, whether it is an active or a passive process, appears to be

answered constantly more in the latter sense, so that I should not be

disinclined to suppose a kind of corrosion, in consequence of which the

dissolved albuminates of the protoplasm coagulate, and, as in rigor mor-

tis, become visible in small granules.

c. Mucoid Softening.

§ 38. A further group of conditions of involution of tissues may be

comprised under the term of mucoid softening. We understand thereby

a gradual liquefaction of tissues, which is rendered possible, in that the

solid albuminates, which form cells and intercellular substance, pass into

the soluble modification. Among the chemical bodies which are formed

by this transformation, mucus occupies a prominent position, because

on account of its considerable capacity of swelling out, it relatively

demands much space, and therefore becomes already striking to the

naked eye.

§ 39. The chemistry of mucoid softening must only temporarily oc-

cupy our attention at this place. Taken altogether, this is based upon
those proteus-like metamorphoses, which the nitrogenous histogenetic

bodies experience in the interior of our organisms, and which exhibit

them to us as so many variations of a certain substance lying at the

foundation, but hitherto sought for in vain.

From the very soluble peptones and alkali albuminates of the contents

of the stomach and intestines arises at first in the blood the serum-

albumen. This with the nutritive fluid penetrates throughout all paren-

chymas, and becoming solid, contributes towards the structure of tissues.

It appears the least changed in the protoplasm of the cell, while collagen

and chondrigen of intercellular substances, in their behavior towards

reagents, deviate not inconsiderably from the albuminates, and may
therefore be called albuminoids. The conversion into mucin, which

collagen and chondrigen experience in mucoid softening, again brings

these bodies nearer to albumen, only the sulphur is wanting to the mu-
cin. Otherwise an unequivocal analogy with albuminates is expressed
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as well in their elementary composition as in their behavior towards

alkalies. All naturally produced solutions of mucus react alkaline, and

mucus is generally only soluble by the combination with a free alkali.

For if we treat a mucus solution with acetic acid, it becomes so much
the more viscid the more the alkali combines with acetic acid, until

finally the mucin separates in thick flocculi. It is, particularly, this

latter peculiarity which approximates mucus to the albuminates. These

also only properly occur in the organism in alkaline fluids, and we

know that at least a portion of them are retained in solution by free

alkali. This portion, which presents itself almost as an organic salt, in

which the albuminate represents the acid (acid-albumen, Panum), is on

that account designated as alkali- or soda-albuminates.

A true soda-albuminate then also forms the nearest and last product

of metamorphosis of the mucoid softening, and this impresses the seal

of a high probability upon the close relationship, brought into notice by

us, of mucin with the albuminates.

Soda albuminate distinguishes itself from ordinary albumen by its

greater solubility in water, but also by the greater facility with which

water may be withdrawn from it. If we place crystals of common salt

in a fluid which contains soda-albuminate, this will separate according

as the solution of the salt advances, as a white, finely granular sub-

stance in the upper part of the fluid (Virchow). Hence, also the ap-

pearance, that the so-called casein pellicles so easily form upon alkaline

solutions of albumen during evaporation. According to the latest

investigations casein is completely identical with alkali-alburninate.

With the formation therefore, of this body, a circle of metamorphoses

completes itself, which lead back from -the casein of milk to the albu-

men of the blood, the formative material of cells and the intercellular

substances, collagen and chondrigen, from here to mucus, and finally to

casein. Physiological chemistry demonstrates more of such sequences.

Excluding the glue-yielding substance, the albuminates may directly

transform themselves into mucus, which the formation of mucus in the

epithelial cells of the mucous membrane proves. The stage of mucus

formation may also be omitted ; we saw this in fatty degeneration, where

the protoplasm of the cells without further change, became a cement

for the fat-globules, soluble in alkaline fluid. On the other side, instead

of mucin, other albuminoid bodies may occur in the chemistry of soften-

ing ; hence, Ave have pyin ; which beside mucin is formed in purulent

melting down of connective tissue ; to this place belongs that enigmati-

cal albuminoid of colloid degeneration to which we will devote a special

consideration.

§ 40. If we now pass to the morpliology of mucoid softening, we will

find principally two questions to answer: how does the solution of the

old forms of tissues present itself? and what new forms are perhaps

produced by the metamorphosis ? Touching the first of these two
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questions, the history of the preparation of mucus upon mucous mem-
branes, like that of cartilage and bone softening, gives us a certain,

although but scanty information.

That the mucus which covers the surface of our mucous membranes,

is produced upon the spot and place, and indeed by the epithelial cells,

is certain. If to peeled off epithelial cells we add water in sufficient

quantity, there arise, under the eye of the microscopist, in the interior

of the cells, large transparent mucus-globules, which press aside the

remaining parenchyma of the cell together with the nucleus and cause

them to appear as an appendage ; finally, however, they pass out and leave

behind the cell-body in a very mutilated condition. The presence of

mucus in the epithelium is proven by this simple experiment. We feel

tempted to place upon an equality the formation of mucus in the cell-

protoplasm with the induration of the cells of the epidermis, for which

the chemical similarity of mucin and keratin yet particularly in-

vites us. Then, of course, the mucus formation would have to be con-

ceived as at the same time a mucus transformation, and we would have

to accept with Frerichs, Donders, 0. Weber, that a certain amount of

effused mucus represented a certain number of cast-off epithelial cells,

consequently the epithelial cells were cast off in the preparation of the

mucus. I cannot, without further consideration, declare my agreement

with this consequence. I am far more convinced, that in general mucus

is only cast out by the cells, and that a complete destruction of the cells

only takes place exceptionally into mucus (for example, in mucous ca-

tarrhs).

§ 41. There is a situation, where we can study likewise upon a physio-

logical model, what concerns the visible processes in the mucoid soften-

ing of the matrix of cartilage, I mean the cartilage of symphyses and

the intervertebral cartilages. Luschka has correctly characterized the

changes produced by age in the last-mentioned organs, as an incom-

plete formation of an articular cavity. A slowly progressing softening

of the cartilaginous coverings of the opposing surfaces of neighboring

vertebral bodies, becomes the means for the formation of a cavity. The
anatomical picture, however, which we find in this and in every soften-

ing of cartilage, is exceedingly characteristic (Fig. 9). The homoge-

neous matrix shows shaded striae placed vertically to the free surface,

which hereafter present the first indication of a fibrous cleavage. The
actual splitting up into fibres then ensues nearest to the surface, in that

the individual fibrils separate and float in the articular fluid; their free

ends rapidly taper and end with an indistinct point. This is the place

where the intercellular substance is dissolved and melted down in the

manner of a mucoid metamorphosis. The accompanying process in the

cartilage-cells has not the character of a retrogressive, but of a pro-

gressive change, in that the advancing cellular formation by division

has the consequence, that in place of a single superficial cartilage-cell,
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groups of from two to twenty are found. These nests of cells, sur-

rounded by a capsule and a residue of the intercellular substance, reach

the fluid of softening, where they fall into the colloid degeneration.*

Fig. 9.

Softening of cartilage. Vertical section of an articular cartilage in malum senile articulorum. 1-300.

A peculiar complication is introduced in the softening of osseous tis-

sue, in that its basement-substance is impregnated with the salts of

lime, which must previously be dissolved and removed before the lique-

faction of the basis-substance can take place. It is now, however, shown

that in very many cases of osseous resorption, both of these forces, namely,

removal of the lime and the liquefaction of the basis-substance, take

:place so simul.taneously, that the osseous tissue at the edge of the re-

sorptive process is defined with a very sharp, and also peculiarly ser-

rated line,f towards the adjacent tissues, and nothing is to be seen of

the peculiar manner of the solution of the basis-substance. Only in

one case, namely, in the atrophy of bone, designated from of old as the

softening of bone (osteomalacia), is the solution of the salts of lime

separated by a long interval of time from the liquefaction of the osseous

cartilage. We can therefore observe, upon every trabecula of the

* I cannot assent to the ingenious view of Kolliker, that the numerous white

clumps which may be observed with the naked eye in the intervertebral jelly, are

proliferated cells of the chorda dorsalis, but regard them, based upon the analogy

with the pathological softening of cartilage, as nests of cartilage-cells liberated by
softening of the cartilage, then, however, having undergone colloid degeneration.

f The so-called lacunae of Howship (Fig. 10) are produced, in that the removal of

the salts of lime from the osseous tissue progresses more rapidly in certain directions

than in others. It appears that the direction in which the rays of the bone-corpus-

cles stand to the surface, from which the resolution takes place, exerts here a definite

influence. (Compare diseases of bone.)
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spongy substance, or the compact substance rendered spongy, of an

osteomalacian bone, that a broad seam of osseous cartilage without

lime exists, which encompasses on all sides the yet unaltered osseous

tissue (Fig. 10). The osseous cartilage, now the immediate object of

softening, shows a striation corresponding to the lamellae ; and we may

Softening of bone. Fragment of bone from the spongy substance of an osteomalacious rib. a, Nor-
mal osseous tissue ; b, decalcified osseous tissue ; c, Haversian canals ; d, medullary spaces ; d*, a medul-
lary space filled with red medulla. The lamina? of the capillaries are open. 1-300.

regard these striae as the analogues' of those parallel shaded striae in

the softening matrix of cartilage. That this, here also contains the

indication of the formation of fibrils, is evidently shown in those cases

where bony tissue becomes atrophied and disappears, from the pressure

of an adjacent and enlarging tumor. If we examine the bone in the

Connective tissue metamorphosis of bone. A fragment of the sternum atrophying by the pressure of
an advancing aneurism of the aorta, a, Normal osseous tissue; 6, decalcified osseous tissue undergoing
fibrillar disintegration. 1-300.

neighborhood of such a margin of resorption, by removing the perios-

teum, and then taking away small particles of the compact substance
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with the forceps, and placing it under the microscope, we can unequivo-

cally convince ourselves that the osseous tissue from which the lime

has been removed is converted into fibrillar connective tissue (Fig. 11).

I have convinced myself, by an exquisite preparation in the pathologico-

anatomical collection at Giessen, that the same metamorphosis is the

means by which actual connective tissue membranes form themselves

around osteomalacias depots in the interior of bones, within which the

medullary tissue degenerated to a red pulp, gradually converts itself

into a thin, serous, colorless fluid (cystoid degeneration of the osseous

system).

§ 42. What, in the preceding remarks, we have extracted from the

anatomical morbid representations of the atrophy of cartilage and bone,

contains the little that is generally known of the visible processes of

the softening of the intercellular substance. In most cases, the. ques-

tion will be concerning a simple tumefaction with an obliteration of the

old forms. Our knowledge of the new forms, which are especially oc-

casioned by the production of mucus in the organs and tissues, is incom-

parably richer.

Mucus is a substance extraordinarily capable of swelling by imbibi-

tion ; the smallest quantities of it are able to saturate comparatively

large amounts of water. Such saturations show, in regard to consis-

tency, all gradations, from a tough jelly to a sticky synovia, capable of

being drawn out into threads. Whether we are correct in designating

these as solutions, has not yet been decided ; the solubility namely, of

mucus in a physical sense, is particularly denied by several authors.

This much is certain, that it belongs to Graham's colloid substances,*

and that it stands foremost among these. Mucus has almost no capacity

for diffusion, and this peculiarity is of the greatest importance, for its

occurrence in the organism in general, and in softening in particular.

Mucus can never—we assert this by looking to its colloid nature—as such,

pass out from the bloodvessels into the tissues, or from the tissues into

the blood. The homogeneous membrane of the capillaries would allow

it to pass neither in the one or other direction. Inasmuch, however,

as we can never discover even a trace of this substance in the blood,

we are justified in the further conclusion, that mucus, upon the one side,

must everywhere be regarded as a local production of the tissues, and

upon the other side, that it will remain in the situations where it was

formed, until it is either mechanically removed, or is converted into a

body capable of being resorbed. This incapacity for resorption has no

striking results, where the formation of mucus occurs at the outer sur-

* Annalen dor Chemie und Pharmacie, bd. 121, s. 1. Graham calls attention to

the fact, that we must distinguish with respect to the capacity of diffusion between
colloid and crystalloid substances. Crystalloid substances diffuse rapidly and easily,

colloid substances but little or not at all. Gum, starch, dextrin, mucus, albumen,
and gluten belong here.
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face of the body. The physiological secretion of mucous membranes,

in which the epithelial cells function as the mucus-preparing organs,

not only belongs here, but also several processes belonging to the cate-

gory of softening, as for example, the mucoid metamorphoses of fibrinous

pseudo-membranes and other fibrinous excretions in inflammations of the

respiratory tract, &c. The incapacity for resorption of mucus, how-

ever, leads to striking and characteristic morphological effects, where it

occurs within the interior of the body, be it within a closed cavity, or

be it as the substitute for destroyed tissues, as in softening, now under

consideration. The mucus is here qualified for an anatomical function,

which is performed in a superior manner only by the colloid substance

(see following section) namely, that it participates, although itself

amorphous, yet as a not quite liquid interposed material, in the compo-

sition even of permanent structures and textures.

The formation of mucous tissue stands foremost in this respect. A
connective tissue, whose basis-substance has undergone mucoid soften-

ing, and whose cellular elements have been somewhat separated by the

tumefaction consequent upon the softening, whose form, however, has

not necessarily been altered, we call, according to Virchow's example,

mucous tissue. Mucous tissue has a far greater diffusion in the foetus

than in the completely built up organism. The entire subcutaneous

cellular tissue is originally a subcutaneous mucous tissue. At the period

of birth, excepting the jelly of .Wharton of the navel-string, there is only

yet found a small, but not on that account any the less very important

remains of mucous tissue in the vitreous humor of the eye, which remain-

ing with a wonderful stability of composition, continues until the end

of life. The occurrence of mucous tissue in pathological spheres is much
more various. We know tumors, which consist entirely of mucous

tissue (myxoma), tumors, w7hich secondarily metamorphose themselves

into mucous tissue, as enchondroma, lipoma, and sarcoma ; in syphilitic

nodes the mucous tissue is constant ; in fungous granulations and other

inflammatory new formations, it is a structural element occurring here

and there. We reserve the detailed account of all these occurrences

for the description of inflammation and tumors.

Touching the remaining structural performances of mucus, condi-

tioned by its incapacity for resorption, particularly its cystic and cystoid

depositions are here to be considered, the former conditional upon an

occlusion of an excretory glandular outlet, the latter upon circum-

scribed softening of connective substance. The latter group, which

alone interests us here, distinguishes itself in its origin from the for-

mation of mucous tissue, in that the cells show a less indifferent, more

active or more passive behavior, whereby they become more movable,

and appear as floating portions of the fluid of softening, or it may be

they are entirely destroyed.

§ 43. The conditions for the production of mucoid softening are nearly
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unknown to us. Were it not for the circumstance that it converts

things having a distinctly marked anatomical form, into amorphous,

homogeneous substances, finally, incapable of being resorbed, our war-

rant for representing mucoid softening among the regressive metamor-

phoses might appear doubtful. It always remains characteristic, that

mucoid softening of the basis-substance of connective tissue upon the

one side, arises without any essential change in the form and arrange-

ment of the cells (mucous tissue) on the other side, may be combined

with the most various progressive and retrogressive impairments of the

cells.

d. Colloid Degeneration.

§ 44. Let us pass to the last member of the series of conditions of

involution. Colloid degeneration stands in a sisterly relation to mucoid

softening. The macroscopic and even the microscopic appearances are

so similar in certain parts, that it required a long time before we learned

to distinguish a connective tissue with a mucoid softened basis-substance

(mucous tissue) from such a one with colloid degenerated cells. This

external similarity has nowhere caused as great a confusion as in the

nomenclature of tumors, where the names, colloid, collonema, sarcoma

gelatinosum, hyalinum, carcinoma colloides, &c, were promiscuously

used, now for the one, and now for the other. And upon what is this

similarity based? Upon the uniform occurrence, here as there, of a

diaphanous, tumefied, gelatinously trembling substance, which is pene-

trated by fibres combined net-like. Already the perception, that in the

one case this fibrous net consisted of stellated, anastomosing cells, in

the other of the remains of the fibrillar basis-substance, must have pro-

duced a separation of mucoid and colloid tissues, which has also then

been justified by further investigations. Above all, colloid degener-

ation is characterized by a chemical body, which distinguishes itself

from mucus by its indifferent behavior towards the mucus reagents,

especially acetic acid, and by its elementary composition, which places

it among the 'sulphur-containing albuminates. The circumstance, that

it, at least originally, is always a cellular metamorphosis, is not less im-

portant for the particular position of colloid degeneration.

We hereby, at the same time, touch upon the essential point of the

anatomical process. The only form in which the colloid substance

comes to the microscopist's view, is a colorless, transparent globule of

fat-like refraction, the so-called colloid globule. How do these colloid

globules arise? how are they produced from pre-existing cells? Two
ways are possible, namely, either the protoplasm of the cell takes on

uniformly, in all places, a homogeneous, strongly refractive state, the

entire cell converts itself more and more into colloid globules, within

which we can yet for a long time recognize the centrally situated nu-
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Fig. 12.

Colloid degenerating
cells from a colloid

cleus, upon the addition of proper reagents;* or else, the colloid

globule appears at a certain spot of the protoplasm

alongside of the nucleus, according to some, also in-

stead of the nucleus. At first small, in the sequel it

grows so considerably that the remaining portion of

the cell is pressed to one side, and appears as an ap-

pendix of the globule. It is about this time that the

cells readily assume the form of a ring surrounding

the globule ; a seal-ring, if the nucleus yet existing

causes a prominence of the periphery at one point.

(Comp. Fig. 12.) Finally, the colloid-globule loosens

itself from the place of its formation, and leaves

behind the remains of the cell, as a crumbling, in a

little while disintegrating granular mass.

The colloid-globules, whether produced in the one or other manner,

continue yet to grow for some time, that is to say, to swell up, for they

become continually more indistinct thereby, until their index of refrac-

tion has equalized itself with that of the already existing colloid mass,

so that in the true sense of the word they swim therein. As colloid-

substance, like mucus, is a body extraordinarily capable of swelling by

imbibition, it makes the colloid metamorphosis comparatively easy to

be observed by the naked eye. Small groups of ten to twelve cells,

which, previous to the metamorphosis, did not at all exist for the un-

aided eye, afterward form a small indeed, but still distinctly visible

gelatinous granule, as we have already mentioned of the colloid degen-

erated cellular mass of the nucleus gelatinosus (§ 41). The larger the

gelatinous granule becomes, so much the more does the amber-yellow

color, the transparent and gelatinous tremulousness become prominent.

These peculiarities, however, are only retained up to a certain size of

the granule, or it were better to say, up to a certain period of develop-

ment. Then the substance becomes more capable of being drawn out

into threads ; finally, altogether thinly fluid. The chemical final product

of the colloid metamorphosis is, as with the mucoid, soda-albuminate,

the morphological, either a smooth-walled cyst, or even an entire sys-

tem of intercommunicating cysts, the so-called formation of alveolar

cavities. In order to understand this, we must take into consideration

that, especially in the pathological colloid-formation (colloid cancer),

very many colloid-depots develop immediately beside each other. The

basis-substance of connective tissue in which they arise may suffice for

a time to isolate the individual colloid-granules from each other ; if,

however, these become larger, the walls of division atrophy, and, by a

more or less complete confluence of the neighboring cavities, an irregu-

lar cellular division of the space takes place, which we, with a certain

* I recommend oxalic acid carmine (prepared according to Thiersch's direction).

4
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degree of propriety, compare to the alveolar division of the lung paren-

chyma (Fig. 13). (See, in addition, the section on colloid cancer.)

Fig. 13.

From the section of a colloid or alveolar cancer. 1-300.

3. Conditions of Infiltration.
s

§ 45. The degenerations belonging to this group deserve the desig-

nation of retrogressive metamorphoses less than those hitherto treated.

Thus the structures affected by them preserve, even in advanced states

of the change, their external form, at least in so far that we can

be in no doubt concerning their identity in changed and unchanged

conditions ; that is to say, that we may recognize them as cells, vessels,

&c. In unison herewith the physiological action also appears never

entirely to cease, although the greatest varieties exist in this respect

;

while the amyloid and calcareous deposits occasion an injury of the

©ro-anic functions, scarcely compatible with life, the pigmentary and

fatty infiltrations are comparatively easily borne. With all, however,

a certain amount of damage to physiological activity, proportional to

the degree of change, is undeniable, and this is the reason why we must

reckon the changes among the "retrogressive."

As a special characteristic of these, we pre-eminently state that the

question is everywhere concerning intussusception and deposition of

materials from the blood. While other constituents of the nutritive

fluid, the cells, &c, pass traceless, these materials are retained, like

the precipitate upon a filter. An abnormal accumulation in the blood

of the materials under consideration, stands foremost among the causes

which condition and favor the intussusception. We have, therefore,

not infrequently to deal with a simultaneous or preceding adulteration

of the blood, a dyscrasia which, leaving out of consideration the clinical

phenomena of the general ailment, makes itself known by occasioning

the same anatomical disturbances at the most different points of the
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organism. This relation to a dyscrasic condition of the blood may b.e

followed even into the histological detail ; at least I believe the peculiar

fact, that not infrequently the smallest arteries, transition and capillary

vessels, become the first points of attack of the infiltration, is only to

be explained in this sense, namely, just here the centrifugal nutritive

stream passes the walls of the circulatory apparatus ; if, therefore, the

plasma of the blood carries a material which is prepared to deposit

itself in the cells, connective tissue, and homogeneous membranes, then

this material will have the first opportunity for being deposited in the

elementary structures of the walls of the vascular system of the region

in question.

Besides the dyscrasia, the local dispositions, the conditions and pecu-

liarities of tissues play a prominent part in the etiology of infiltration.

In the first place, all organs in an existing dyscrasia are not uniformly

fitted for taking up the peccant material; for example, in an abnormal

amount of fat in the blood, the liver and the areolar connective tissue

are more so than the remaining parts of the body ; in the presence of

superfluous salts of lime in the blood, the lungs are the preferred de-

pository ; amyloid degeneration also attacks the organs of the body one

after the other in a certain sequence; first of all the kidneys, then the

spleen, the liver, and so on. Finally, however, we must recognize the pos-

sibility of purely local causes of production. This occurs most strikingly

in pigmentary metamorphosis, to which hyperemia, hemorrhage, and
inflammation, give by far the most frequent occasion ; only a few, but

certainly the most important and interesting pigmentary conditions, are

to be referred to a constitutional affection, like the melanotic and melan-

semic discol orations, the "bronzed skin" of Addison. We will yet fre-

quently have the opportunity, in the course of this description, to return

now to the local, now to the general character of the conditions of

infiltration. These preliminary remarks were only intended to inform

us as to their position in the natural history of diseases, and to estab-

lish the characters of the group.

a. Amyloid Infiltration.

§ 46. If we now turn to the amyloid infiltration (lardaceous, waxy
degeneration, vitreous swelling—glasige verquellung), we unfortunately

immediately encounter an undeniable dilemma in connection with the

definitions just given, as we are not able plainly to name the material

which was previously contained in the blood, and which from there

infiltrated the tissues. The infiltrate of the tissues is, according to the

elementary analysis of Kekule, an albuminate ; but it is an albuminate

which distinguishes itself from fibrin, albumen, &c, in that it becomes
bluish, violet, and red, upon treatment with iodine ; a brownish-red

shade occurs most frequently herewith, which we can best compare to
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the red of polished mahogany wood, and may call it a "mahogany red.'

This peculiar color-phenomenon, which occurs only in a similar manner

with bodies of the starch series, taken together with the circumstance

that the substance occasionally, like vegetable starch, presents itself as

bodies with concentric layers, induced its discoverer, Virchow, to give

it the name " amyloid." If we now search the blood for an albuminate

reacting similarly, we will search in vain, even in persons whose organs

have undergone amyloid degeneration in the most extensive manner.

In fact, we can only indirectly attain the conviction that amyloid degen-

eration is nevertheless a genuine infiltration.

As an amyloid substance can only attain the property of reddening

upon the addition of iodine, in the tissues themselves, outside of the

blood-tract, it becomes of consequence, to exhibit an example, how an

albuminate, which is derived from the blood, and is a well-known con-

stituent thereof, may become amyloid substance outside of the blood-

tract. This problem, in my opinion, has been solved by the observa-

tions of Friedrich and Biermer. One who has ever occupied himself

with experiments on blood-extravasations, will immediately recognize

the bodies with concentric layers, which both of these investigators

found in hemorrhagic depots of the lungs, as deposits of fibrin about

small heaps of blood-corpuscles, fragments of tissue, particles of char-

coal,* &c. As some of these bodies showed the iodine reaction, the

fibrin of the blood had doubtless been converted here into amyloid

substance. We do not wish to say thereby that an impregnation with

fibrin may now already be regarded as the essential thing in amyloid

infiltration. It suffices to accept, that an albuminate of the nutritive

fluid on its way through the tissues is detained and separated in a solid

form. As it is the prominent peculiarity of the fibrinogenous substance

to be constantly at the point of becoming solid, of course it will be just

this albuminate of the blood that will have the first claims to our con-

sideration ; nay, if we follow the course of amyloid degeneration in

detail, we will yet find much in favor of this opinion; but the matter is,

at all events, not yet so mature as to be further discussed at this place.

§ 47. Let us now take a view of the histological processes. The

amyloid infiltrated cell distinguishes itself from the normal by its

greater circumference; this exceeds the normal measure generally one-

* It is very instructive to everyone, who is interested in the pathological histology

of the lung, to devote a passing glance at the microscopic forms of charcoal-dust.

We see bodies there, which by their peculiarly pointed, angular forms and their

color, in thin layers, translucent and brownish-red, could very easily give occasion

for mistaking them for blood-crystals. "We find particles of charcoal in very many
lungs; for their extraordinarily pointed projections and sharp angles cause them,

when inspired, to penetrate into the soft parenchyma of the lung, and to remain

fixed, sooner than other foreign bodies. We may be entirely sure, however, of the

carbon nature of such crystal-like bodies, if they have circular holes. (Virchow's

Arehiv, x, taf. ill, fig. 5.) These are the porous canals of the pitted cells of coniferous

wood.
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Amyloid infiltrated liver-cells, a. Isolated

cells. 6. A fragment of the liver-cell net-

work, in vtfiich the dividing lines of the in-

dividual cells are no longer visible. 1-300.

third, it may, however, be two-thirds, or even twice as large. Hand in

hand therewith goes on a certain deformation of the cell into plump,

clumsy forms ; the characteristic con-

tours are effaced, the angles and edges

are rounded; that which is the most

striking, however, is the homogeneous,

colorless, translucent, slightly opaline

appearances of these cells. The nu-

cleus is no longer to he recognized.

Everything points to a very intimate

permeation of the protoplasm with a

strongly refractive substance, which

causes all inequalities produced by les-

ser effects of light to disappear. (Fig. 14, a.) If several amyloid de-

generated cells are in immediate contact, they are wont to coalesce

into irregular shapes, mostly elongated clumps, upon which the lines

of division of the individual elements may no longer be determined.

(Fig. 14, b.)

§ 48. The amyloid infiltration of non-cellular textural elements is at

all points analogous to that of the cells. Everywhere the same intu-

mescence, deformity, and vitreous translucent homogeneity. We know

it to be thus in structureless membranes, basis and cementing substances

of all kinds. If another proof were necessary for calling amyloid de-

generation with propriety an infiltration, this entirely uniform manner

of appearing in parts so histologically different, would indicate it. This

conviction, moreover disputed by no- one, receives, however, the seal of

the highest probability, if we trace the course of the degeneration in

the individual organs. In this connection I refer to the appropriate

sections of the special part of this work, and will only here yet make

mention of the vessels.

The fact that small arteries, transition and capillary vessels, are the

preferred and mostly the first points of attack of all infiltrations, I

believe I have placed in the correct light already above (§ 45). The

amyloid infiltration stands fore-

most in this respect. Here every

diseased condition of an organ is

brought about by disease of the

afferent vessels. That gradual ad-

vance of the infiltration from with-

in outwards is very distinctly re-

flected in these latter. At several

spots the inner coat with the ad-

jacent homogeneous limitary mem-
brane only shows the vitreous tume-
fy p , i , i i Amyloid infiltrated Malpighian vascular coil of
taction; further on, the muscular the kidney. 1-300.

Fig. 15.
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fibres of the middle coat also take on the homogeneous, glistening,

somewhat indistinct appearance, and in the graver forms, such as were

described by Beckmann upon the thyroid artery, the infiltration even

extends into the adventitious coat and the surrounding connective tissue.

The inevitable result of this degeneration is a corresponding dimi-

nution of the lumen of the vessel. The lumen is diminished by the

swelling, and this swelling may proceed to complete impermeability.

The accompanying representation (Fig. 15) shows the partial amyloid

degeneration of a Malpighian vascular tuft of the kidney ; we see how
the blue injection, during life therefore the blood, could only penetrate

into those capillary loops, which do not show that homogeneous glassy

appearance. The addition of iodine causes the rete mirabile to exhibit

an alternation of blue and red loops, by the way a very elegant sight.

(Fig. 15.)

§ 49. In the degeneration of vessels, we have at the same time the

principal cause of the microscopic anomalies which the amyloid de-

generated organs present ; namely, by reason of this a greater or less

marked anaemia becomes decidedly prominent. It is true, this anaemia

is not exclusively caused by the tumefaction of the vessels, but also

because the degenerated parenchyma occupies a greater space than the

normal, and thereby exerts an external pressure upon the vessels, as

we can particularly establish in amyloid degeneration of the liver.

Here, not the capillary loops, but the liver-cells lying in the capillary

loops, are the principal depots for the amyloid substance, and the

anaemia of the lardaceous liver is therewith complete.

The smaller the share, however, which the blood takes in coloring

an organ, so much the more does its intrinsic color become prominent.

This also particularly obtains in amyloid degenerated organs, and hence

we observe upon them, in the same measure as the infiltration advances,

so much the more does the peculiar color and nature of the amyloid

substance become prominent. The parts become pale yellowish, or

grayish translucent ; soft as wax, the impressed finger leaves a lasting

pit behind. Where the degeneration is altogether complete (certainly

a rare case, and as yet only observed after the manner of depots in

the thyroid gland and the spleen), the comparison to white wax, which

Virchow advanced, is entirely appropriate.

§ 50. The form of amyloid degeneration hitherto described is found

most frequently after long-continued suppuration in the osseous sys-

tem, caries of the vertebrae, necrosis, &c. ; furthermore, it is not a

rare attendant upon constitutional syphilis, less frequently upon tuber-

culosis of the lungs and other cachexias; upon all cases where we can un-

conditionally presuppose a dyscrasic constitution of the blood as a basis.

We have yet but few words to add concerning the local production

of amyloid substance. We have already mentioned the stratified con-

cretions in hemorrhagic depots of the lungs. There it was the fibrin
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of the blood, which, after lying a long time outside of the vascular

tract, showed the iodine reaction ; it meanwhile appears that other

albuminates and albuminoids can also experience the same metamor-

phosis. The stratified concretions, which are never wanting in the

glandular tubules of the prostate gland of the adult, afford us an ex-

ample, how in the (mucus or colloid ?) secretion of a gland, an albumi-

nate may separate in a solid form, generally about individual cells or

heaps of cells, and then—although not without exception—shows the

iodine reaction, and indeed more of a bluish or violet, less of a reddish

tint (Fig. 16). These bodies may attain a con-

siderable size by the deposition in layers of the

same substance ; it also occurs that two or more

lying together receive a common envelope, then

we can recognize them even with the naked

eye and test their behavior towards iodine.

Finally, those frequently mentioned, con- stratified amyloid concretions
. • n ,/• j t. j- i-i from the excretory ducts of the

centncally stratified bodies, which we regu- pr0state.

larly find in the ependyma of the ventricles of

the brain, and in enormous amount in the so-called gray atrophy of the

nervous structure, are of entirely local significance. Whether the

question here is about amyloid infiltrated cells, or about concretions, is

not yet decided
;
yet the striking uniformity of size and the dispersion

of these bodies, not entirely without rule, in the ependyma of the ven-

tricles, may be more in favor of the first view than of the second. The

color which they present upon adding iodine is a pale blue, which, how-

ever, may be converted into violet by sulphuric acid.

b. Calcification.

§ 51. Calcification plays a less important part in pathology than

does amyloid degeneration. We understand by this, the infiltration of

tissues with phosphate, and carbonate of lime in the solid form. The

most extensive, but also in its way very peculiar, physiological model,

is the deposition of the salts of lime into the basis-substance of the

osseous tissue. On the contrary, all the crystalline deposits of the

secretions, which, for example, occur in the urinary passages as sedi-

ments and incrustations, do not belong here.

We must open the consideration of lime infiltration with a prelimi-

nary question, whose answer is of so great interest for the comprehen-

sion of the phenomena that it immediately becomes the main question.

Whereby are both the phosphate and carbonate of lime retained dis-

solved in the blood and the parenchymatous juices, and what circum-

stances may we regard with probability as the condition of their

deposition into the tissues ?

Our answer to these questions is piecemeal. From the intimate com-
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bination of all albuminates with small quantities of phosphate of lime,

which remain behind as ashes in their combustion, we might derive

the impression that it was chemically united to the albuminates in

animal nutritive fluids, and must be soluble in water in this combina-

tion. (Gorup-Bezanez.) Leaving this hypothesis out of consideration,

the fact is to be adduced that phosphate of lime, and still more exclu-

sively carbonate of lime, are soluble in such fluids as contain free car-

Ionic acid. The blood, as well as the nutritive fluids of the body, belong

to these fluids. It is therefore at least probable that free carbonic acid

functions as an important, it may be the most important, solvent for

the salts of lime. (Gorup-Bezanez.)

It was already disagreeable that we had to answer the first part of

the question proposed above with a " may be." So we fall right into a

dilemma, when the aim is to bring forward a satisfactory representation

as to the causes of the deposition of lime. We must meanwhile here

also make at least a trial. The circumstantial but only correct way
for this is to pass in review before us all the known cases of calcifica-

tion, in order at the conclusion to propose to the muster the question:

What have the localities, where we find the lime deposits, in common
with one another, and to what extent does this general peculiarity

qualify them as depots for lime ? It is herewith inadmissible to take

into consideration those cases of lime-infiltration where an extensive,

simultaneous resorption of the salts of lime from the osseous system

permits us to conjecture with certainty a supersaturation of the blood

with lime—a lime dyscra^ia—because here the idea is too obvious that

the blood can only retain in solution the salts of lime up to a certain

point of saturation, and then the deposition in a solid form at this or

that point must ensue. We must confine ourselves exclusively to lime-

infiltrations of a local character, and will begin with the physiological

occurrences.

§ 52. Genuine osseous tissue is produced, in that, in a connective

tissue richly provided with blood-capillaries, and in those parts of the

territories of the vessels or parenchymatous islands, which upon all

sides are the most remote from the vessels, there first arises a dense

basis-substance which incloses the cells becoming stellate, in regular

interspaces, thereupon however itself experiencing an impregnation

with the salts of lime. This is the fundamental phenomenon to which

both the formation of bone from membranes, as well as the formation

of bone from cartilage, may be traced back. In both cases the first

outlines of the medullary spaces are given in this manner ; the regular

repetition of this deposition, inclosure of cells, and calcification, leads

upon the one side to the formation of the compact osseous substance,

concentrically stratified around bloodvessels, on the other side to a dimi-

nution of the original medullary spaces to the lumen of the Haversian

canals. In regard to the detailed study of these things, I refer to the
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text-books of normal histology. The circumstance that the first depo-

sition of the salts of lime ensues into those neutral lines, which we may-

conceive just as well as limitary lines, as the intermediate line of the

territories of vessels, is of especial importance to us. It is self-evident

that these lines come together at certain points, and must form a simi-

lar network to the capillaries themselves, which also the aspect of a

young osteophytic formation, or of a long hone at the edge of ossi-

fication toward the cartilage, completely confirms.* It occurs to us in

this connection that, in other connective-tissue parenchymas, the lym-

phatics with greater consequence show a similar relation to the blood-

vessels. In 1859f I already called attention to this, that the lymphatics

of the tail of the tadpole always appeared in those parts of the paren-

chyma that were farthest removed from the bloodvessels. Since, then,

the course of the lymph-capillaries has been the subject of numerous

investigations, and this fact has been constantly reaffirmed (compare,

for example, Von Recklinghausen, Die Lymphgefasse und ihre Bezie-

hung zum Bindegewebe, taf. i, fig. 1). This course is connected

with the function of the lymph-capillaries as drains for superfluous

nutritive fluids, since wherever the currents going out towards all sides

from the capillary vessels meet together, there is provision made for a

corresponding discharge by drainage-tubes. I will show further on in

what manner this diversion to a distant part may become profitable to

our consideration. At present I will only add the remark, that the

true osseous tissue is one of the few textures which is entirely deprived

of lymphatic vessels.

As the individual vascular territories of young bone are indicated by

lime-infiltration, so the bone as a whole also limits itself towards the

cartilage by a zone infiltrated with the salts of lime, one-half belonging

to the cartilage, and the other to the bone, the same zone of calcifica-

tion which has obscured for so long a time the formative process of

bone. More- accurately expressed, it is not the idea that this common

boundary belongs to the bone, but to the sum of the most exterior

medullary spaces, contiguous to the cartilage, and supplied by the ulti-

mate loops of the arteria nutritia. This is plainly shown in that dis-

turbance of the growth of bone, which we call rachitis. Here indi-

vidual terminal medullary spaces extend far into the very wide pro-

liferating layer of the cartilage. The calcified zone is interrupted at

many points, and Virchow had already observed, that we find instead

small depots of calcification, to a certain extent the dispersed pieces of

the calcified zone, farther up in the cartilage. If we make a transverse

section in this region, we may observe how the whole cartilage is sub-

divided, by this infiltration of lime, into elongated rounded fields of

unequal size, in whose centre we can recognize one of the encroaching

* See Osseous System, Exostoses.

-J-

De Vasorum Genesi. Inaugural Dissertation, Berlin.



58 GENERAL PART.

medullary cavities, with its centrally located vascular loops. There-

fore, here also the infiltration of lime occurs as the bounds of the vas-

cular regions, and again in a tissue, which exhibits lymphatics, neither

in the lines of demarcation mentioned, nor generally.

Fig. 17.

Calcification of cartilage. Transverse section through the proliferating zone of a rachitic
cartilage of the epiphysis. 1-10.

I believe that, already upon the basis of these data of normal his-

tology, that I may express the opinion that peculiarities of the move-

ment of juices, especially a certain slowness, relatively a stagnation

thereof, which may be supposed with probability, because of the want

of lymphatics at the places alluded to, stand in a not altogether acci-

dental causal relation to calcification. If, however, this is the case,

we would have to imagine to ourselves the precipitation of the salts of

lime as occurring thus, that the solvent thereof, the free carbonic acid,

leaves the stagnating nutritive fluid by its great capacity for diffusion,

and is excreted in other ways, and by its escape, leaves the insoluble

salts of lime behind.

§ 53. If we now pass to pathological calcification, we will see this oc-

curring, especially as a secondary production, in consequence of inflam-

mation and new formation. They are either the new formations them-

selves, which calcify, or they are those remaining parts of diseased organs,

which do not themselves participate, but are surrounded and permeated

by the products of inflammation and new formation. To what extent

here in each individual case we can likewise adduce with great probability

a disturbance of the circulation of juices, as a causal force for the depo-

sition of the salts of lime, will show itself in observing individual cases.

Calcification is observed in the various tissues, connective tissue, vessels,

cellular and glandular tissue, muscles, both smooth and striated, most

frequently, however, also in the pathological states of the calcification

of cartilage. After long-continued catarrhs of the respiratory mucous

membrane, the cartilages of the larynx and trachea, and in chronic

suppurations of the vertebrae, the intervertebral discs are wont to

calcify; the costal cartilages of old persons not infrequently share the
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same fate ; finally, calcification shows itself in those small globular

portions of cartilaginous tissues, which we have learned to know upon

the one side as structural elements of cartilaginous tumors, upon the

other side, as excrescences of articular cartilage and synovial membranes.

In all these cases the first deposit of the salts of lime occurs at the most

interior, the furthest removed regions, of the cartilaginous structures, in

regions where certainly the circulation of nutritive fluid takes place

with the greatest difficulty, probably stagnates entirely. It therefore

also appears justifiable from pathology in the meantime, to regard the

deposition of the salts of lime as the result of a retardation, relatively

a stagnation of the nutritive fluid.

§ 54. We will, in the next place, learn the histological detail of lime-

infiltration as a marked example from the history of the development

of cartilage. We are here dealing with a connective substance, with

cells and a basis-substance. It has not been explained why, at one

time the cells, at another the intercellular substance, are the first points

of attack of the calcification ; enough that they may both be so ; it is

also a characteristic feature of this infiltration, that the most various

textural elements are accessible to the changes. The so-called calca-

reous granules form the first visible effect of calcification, small, round-

cornered corpuscles, black by transmitted light, glittering white by

reflected light, which are more or less closely sprinkled into the tissue

affected, let us say at first into the basis-substance of cartilage. These

bodies were actually held for the salts of lime themselves, and it was

supposed that we could find in them crystalline forms ; but we were

deceived. The calcareous masses may constantly receive their principal

peculiarities, namely, their solidity, their white, opaque constitution,

from the impregnated salts of lime ; nevertheless we must distinguish

upon each of them—first, a particle of basis-substance of similar size,

and second, the impregnated salts of lime. Without this distinction, or

better, association, all further changes would not only be inexplicable,

but absolutely impossible ; namely, after the basis-substance has been

primarily, markedly obscured by the calcareous masses, it attains in

consequence a homogeneous, sheeny appearance, as we know it of the

basis-substance of bone ; it however evidently attains it, in that the

calcareous masses come to lie ever closer and closer, finally come into

contact, and immediately disappear as bodies to be distinguished indi-

vidually. As the basis-substance now, after complete calcification, has

exactly the same volume as before, the salts of lime cannot possibly

occur in such large portions, as these granules, together with the proper

basis-substance ; the calcareous granules must, therefore, be regarded

as basis-substance -f- the salts of lime.

Now, therefore, and as long as the basis-substance alone is calcified, the

appearance is presented to us of a white, sheeny figure, branched netlike,

which is so much the more elegant, the more space the cells occupy, and
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Calcification of cartilage. A free body in the
elbow-joint, in cross section. 1-300.

the smaller, in consequence, the trabecule of the basis-substance are.

(Fig. 18.) Rokitansky also de-

scribes a globular separation of calci-

fied basis-substance, which especially

occurs in fibrous cartilages and en-

chondromatas. I have likewise seen

this globular deposition. It is not to

be mistaken for the granular deposi-

tion. On the contrary, Rokitansky

correctly places it by the side of

calcification of fibrillar basis-sub-

stances.* The globules, or rather

discs, are the transverse sections of

calcified fibrillie. When, therefore,

we meet with the globular deposition of calcified basis-substance in

fibro-cartilaginous structures, this presents in itself nothing remarkable;

that, however, the basis-substance also of hyaline cartilage, under proper

circumstances, is capable of a dissolution into fibrils, the history of soft-

ening has already taught us.

Calcification of cartilage leads to entirely different optical results,

when the cells are the part first attacked. A peculiar thickening

(sclerosis, Virchow) of the cartilage-capsule precedes in these cases all

other changes. The thickened capsule takes up the salts of lime, and

indeed not always as clouds of calcareous granules, which certainly

occurs most frequently by far, but also in the manner, in which Kolliker

first saw it in rachitis,f that the impregnation of lime only characterizes

itself by the gradual production of a whitish opalescence in reflected

light, whilst the structure never loses its transparency. To the latter

circumstance we owe the perception, that this entire series of transfor-

* The phenomenon of globular deposition occurs

most beautifully in the calcification of tendons, and

has here undergone a very exhaustive investigation

by Lieberkiihn (Reichert and Du Bois, Archiv,

I860, No. 6, p. 824 ff ). It is thereby to be remarked,

that between the discoid, transverse sections of the

fibrillar, occasionally larger or smaller interspaces

remain, which often look delusively like bone-cor-

puscles, because of their inwardly curved, serrated

outlines. If, meanwhile, we consider the extraordi-

nary variations in size and form which these things

undergo, we will, even without having recourse to

a longitudinal section, obtain the conviction that we

are dealing with incidental forms, determined by the

contiguous circles. Compare herewith Fig. 19, which

represents a transverse section of an ossified pleuritic

Cross-out of an ossified pleuritic pseu- pseudo-membrane.
do-membrane (after Rokitansky).

f Compare herewith the history of rachitis under " Diseases of Bones."
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mations still does not properly affect the cellular substance itself. Jt

remains, up to the very end, a decidedly capsular process. The capsule

continues to thicken inwardly. In consequence, the space of the original

cartilage-cavity becomes constantly smaller and smaller ; it simulta-

neously loses the spheroidal form. As, therefore, the thickening of the

cartilage does not follow uniformly at all points, but funnel-shaped

clefts (analogous to the porous canals of lignifying vegetable cells) are

spared at regular small distances, there finally results for the portion

retaining cells, a serrated, ramified shape, such as could not be imagined

more like the corpuscles of bone. If the basis-substance has simulta-

neously or even supplementarily proceeded to the vitreous translucent

stage of calcification, we may speak of a direct ossification of hyaline

cartilage. This sort of spurious osseous tissue, which compares with

the genuine (§ 52), just as other calcified connective substances, tendons,,

fascise, coats of vessels, &c, rarely occurs, and always only in small

portions, as in cartilaginous tumors and in the spongy substance of

rickety bones, where it forms small inserted pieces near the edge of

ossification of the cartilage.

So much concerning the histological detail of the calcification of

cartilage. The individual features recur in the most various tissues.

If meanwhile we do not wish to anticipate the special demonstrations,

we must here satisfy ourselves with the remark, that in calcification

the question is everywhere about a true infiltration. The forms of the

infiltrated tissues, at least in their coarser outlines, never become in-

distinct ; as a rule, by the chemical solution of the salts of lime (hydro-

chloric acid), we are able to restore the structures as they previously

were.

c. Pigmentation.

§ 55. In that we pass to pigmentation (chromatosis), we enter upon

one of the most interesting regions of pathological histology. Its

limits are somewhat indistinct. I therefore observe in advance, that it

is not my intention to bring into consideration every change of color,

which is occasionally observed in diseased parts,* as a pigmentation,

but exclusively those positive colorations, which are produced by the

infiltration of a coloring-matter into the tissues. Red, yellow, brown,

and black pigments, with every imaginable intermediate tint, may occur

in this way as infiltrates. In the latter instance, however, they all pro-

ceed from one and the same pre-existing red coloring matter; I mean

the hsematine of the blood-corpuscles.

We do not exactly know the chemical composition of hsematine; we
do not know how it is formed. Itself most probably an albuminate, in

* Have not almost all the changes of tissues hitherto considered, been simulta-

neously the causes of a particular coloring or decoloration of the tissues? The co-

efficients of refraction and therewith the optic properties of tissues, may be altered

by desiccation, by shrivelling, and by induration.
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the red corpuscles of the blood, it is most intimately combined with

another colorless albuminate, globulin. This combination, under

proper circumstances, shoots into long, red needles (hsemato-crystal-

line). In order now to find it intelligible, that even yellow, brown, and

black pigments are derived from the coloring matter of the blood, it is

indispensable to cast a glance at the physiological metamorphoses of

this body. The most important of these, and in a certain measure the

model for all, is the metamorphosis into biliary coloring matter. A
mysterious darkness has hung for a long time over this in itself so

plausible a process. It correctly appeared to be doubtful, to derive a

chemical body, which is exclusively produced by the activity of the

liver-cells, from a definite constituent of the blood, only because it pos-

sessed similar optical properties. These scruples are at present as good

as removed, and particularly by the following experiences : at points,

where previously an extravasation of blood had taken place, there is

not rarely found hgematoidin, small, fire-red crystals of the rhombic

system. (Fig. 20.) No one will, indeed, doubt that this hgematoidin is a

derivative of the coloring matter of the blood ; meanwhile it contains

no iron, like hgematin, and gives with active oxi-

Fig-20. dizing agents, for example, concentrated sulphuric

acid, the spectral colors. It is now scarcely neces-

sary to bring forward, that just these properties,

which distinguish hgematoidin from the coloring

matter of the blood, approximate it to the biliary

coloring matter. It became at least very probable
Cry

(aftL°virXow)!
m

thereby, that the biliary coloring matter must be

regarded as a derivative of the blood-coloring mat-

ter, and this probability became a certainty, when Valentiner came

forward with the discovery, that we could extract hgematoidin by

means of chloroform from dried and powdered bile. In fact we obtain

in this manner a crystalline coloring matter, which at first glance is

not at all to be distinguished from hgematoidin. Nevertheless the

observation of Valentiner has had to undergo a slight correction.

Stadeler found that the crystalline coloring matter of bile (bilirubine,

C32
H

18
N

2 6)
does not only distinguish itself by the unimportant devi-

ation in the angles of the crystal, but also by containing two atoms

more of carbon than does hgematoidin (C30
H

18
N

2
O

6 ,
Robin). This dif-

ference is of course judged even by Stadeler as being too slight to shake

the position, that biliary coloring matter is formed from the coloring

matter of the blood. The senescent red blood-corpuscles lose their color-

ing matter, which imparts itself to the serum, from thence is taken up

into the liver-cells, converted into biliary coloring matter, and removed

from the body with the excrement. Previous to this removal, how-

ever, it undergoes, especially by long retention in the gall-bladder, a

further metamorphosis into yellow, green, brown, and black shades,
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which Stadeler designates as bilifuscin (C
32
H

20
N

2
O

8),
biliverdin (C32

H£0

N
2
O

10),
biliprasin (C32

H
22
N

2 12),
and bilihumine. We observe, that bili-

fuscin distinguishes itself from bilirubine by containing 2 atoms more

of HO, the biliverdin from bilifuscin by 2 more atoms of 0, biliprasin

from biliverdin again by 2 more atoms of water, while bilihumine is a

black, insoluble, very highly oxidized body.

§ 56. The scale of colors just presented is, as has already been men-

tioned, the paradigm for the course of all the other pigmentary changes,

both physiological as well as pathological. The former, which I only here

touch upon passingly, are produced in that other cells also have the prop-

erty, or still attain it in advanced life, like the liver-cells, to withdraw the

dissolved coloring matter of the blood from the serum, and to condense

it in themselves; thus the epithelium of the choroid, the rete Malpighi,

certain ganglion-cells. The black pigment of the lungs alone deserves

a particular mention. I have already called attention, in a note at

page 52, to the fact how small particles of vegetable coal, especially

charcoal, become fixed in the lung, and then may give occasion for

mistaking them for pigments. We will therefore not be averse to refer,

even though but a small part of the pigment of the lungs, to inhaled

carbon.* This opinion will certainly not be shaken by this, that the

lung-pigment shows itself extraordinarily steadfast towards means for

its reduction, which at least allows us to conclude upon a large amount

of pure carbon. The observation, also, that occasionally the lung-

pigment occurs inclosed in cells, can no longer be available for oppos-

ing the coal-dust theory, as we have lately seen with our own eyes, how

soft cells, for example, colorless blood-corpuscles, can take up small solid

particles into their protoplasm. In spite of all this, but a small part

of the lung-pigment can be regarded as inhaled charcoal; another part

is undoubtedly derived from the coloring matter of the blood. This

shows itself upon the one side in the anatomical uniformity of this and

other pigmentations ; upon the other side, in that the lung-pigment,

under entirely the same conditions (hyperemia, hemorrhage), experi-

ences a pathological increase, by which other organs become the seat

of pigmentary formation. It is also entirely credible, that the blood-

pigment would undergo an incomplete combustion into animal coal, at a

spot where the interchange of gases is so extraordinarily lively, more
rapidly than at other places.

§ 57. If we now turn to the pathological chromatoses, we have al-

ready intimated in the preliminary remarks that the great majority of

these occur in consequence of local disturbances of the circulation.

These pigmentations are of an extraordinarily durable character, and
hence not only indicate persistent hypersemias, but also form a kind of

landmark, that this or that organ, this or that spot of 'an organ, had

previously been the seat of a hyperemia. Moreover, that every hyper-

* Compare dust-inhalation diseases, under head of "Lungs" (anthracosis).
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gemia does not leave a pigmentary formation behind, is self-evident; we

can even make the assertion that only those hyperemias do this where

blood is extravasated, or is brought to a persistent stagnation in the

vessels. If we reflect that, leaving entirely out of consideration bulky

hemorrhages, also acute inflammations, and not less the stagnant hy-

peremias which lead to smaller, but so much the more numerous,

extravasations in the capillary region, we will already find this asser-

tion in itself less venturesome. It, however, receives its proper justi-

fication by the anatomical facts.

All purely local, that is to say, all pigmentations not depending upon

a dyscrasia, demonstrably take their departure from larger or smaller

portions of entirely stagnant blood. Occasionally they are but a few

blood-corpuscles, which have not even passed entirely through the walls

of the vessels, but have perhaps remained sticking in the adventitious

coat ; but much more commonly they are small stripes and drops of

blood, or even larger bodies of blood, which lie beside the vessel in the

parenchyma. At this place Ave have not to enter upon the manifold

changes which these kinds of blood-portions in the stagnant condition

may in general experience (organization, suppuration, &c), we have only

therefrom to bring forward that important cause of pigmentation, that

the blood-discs gradually become decolored, and place their coloring-

matter in a soluble form at the disposal of the neighboring tissues. We
have already learned to know something similar in the putrefaction of

blood. From this it follows that the surrender of the coloring-matter

is a phenomenon, which not only accompanies the sudden death of the

blood-corpuscles, but also induces those metamorphoses which we here

trace more 'to a similar destruction or to a continued existence in

another form.

Annotation.—We take this opportunity of mention-

ing in few words the case where the coloring matter

of the blood forms pigments without leaving the

blood-corpuscles,—I mean the so-called cells contain-

ing blood-corpuscles. The question concerning the

origin of these large, round or roundish structures,

which contain a number of red blood-corpuscles in a

colorless, homogeneous basis-substance (Fig. 21, a),

was formerly regarded as more important than now.

It was believed that by this example we could support

the doctrine of the formation of cells by investment

(Umhullung). At present it has lost that histogenetic

interest. It appears that these bodies do not form

everywhere in the same manner. In stagnating blood

of amphibia I have convinced myself that conglome-

rations of colored and colorless—that is, decolored

blood-corpuscles—produce the optical effect of cells

containing blood-corpuscles (Fig. 21, 6). According

to Preyer ("On Amoeboid Blood-Corpuscles," Vir-

Cella containing blood-cor- chow's Archiv, xxx, 417), a similar optical effect is

Foftile frc°

f fc
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Pr0(luced,
'm tnat the red contents of stagnating blood-
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corpuscles of the frog escape in smaller and larger drops, which become incor-

porated in the contents of neighboring amoeboid cells, like the granules of cin-

nabar, or such other solid particles as present themselves. This may only be

applicable in limited measure to the cells containing blood-corpuscles of mam-
mals, as the blood-corpuscles lie more central here, and are inclosed on all sides

by a homogeneous border. The opinion only appears to me admissible here

that a secondary separation of fibrin has formed about a group of blood-cor-

puscles. We would then be dealing on a diminutive, or the most diminutive

scale, with a phenomenon, which, as we will see, repeats itself in all depot-like

(beerdweisen) hemorrhages in even larger dimensions. The colored blood-cor-

puscles undergo supplementary metamorphoses in this their investment ; they

lose their rounded contours, become darker, and finally shrivel together into a
deep brownish, or black heap of pigment.

§ 58. If the coloring-matter of the blood and the granules have

escaped, and have diffused themselves into the surrounding tissues, it

is shown that all the constituents of tissues are not uniformly suscep-

tible to the pigments forced upon them. We observe an affinity en-

tirely similar to what we know of the impregnation of dead tissues with

carmine solution. The cells have a greater attraction for the coloring

matter than the intercellular substance, homogeneous membranes,

elastic fibres, &c. Hence the cells, already in this state, appear most

intensely saturated with a yellow or brown tint. Coloring by hsema-

tin, however, distinguishes itself from that by carmine in this, that

the nucleus does not again furnish a particular centre of attraction

within the cell for the coloring matter. On the contrary, just the

nuclei remain untouched, so that we. may especially observe them at a

later period as colorless discs within the colored protoplasms.

Upon the stage of diffuse imbibition follows that of granular or crys-

talline precipitation of pigments. This phenomenon we have also

already met with in mortification. Therefore, and because it not only

occurs in the constituents of tissues, but also in the free fluid betiveen

the constituents of tissues, we are justified in regarding this as a purely

chemical process, which has nothing to do with the vital properties of

the parts. It is correct that the crystalline deposits (hgematoidin), in

which least of all we can think of a co-operation of the cells, are found

more frequently in the free fluid than in the cells ; meanwhile colored

crystals have also been discovered in the cells, and conversely, the

granular pigment occurs just as well outside of as within the cells,

which, by the way, is so commonly found

that the hgematoidin crystals may be re-

garded as a great rarity. This granular

pigment consists, as the name already

expresses, of the smallest, yellow, brown

or black (melanine)-granules, which lie

together in heaps, and under proper con-

ditions fuse into larger, more homogeneous

lumps. If they fill out the protoplasm of

5

Cells in various stages of pigment-in"
filtration, it, b, c, e, from a pigment"
cancer, d, pigmented vascular epithe"
Hum from same. 1-300.
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a cell, the colorless nucleus is partly pressed to one side, partly sur-

rounded on all sides, it appears as though the pigmented cell had a

round gap or a hole. In flat cells, where the nucleus extends from one

wall to the other, this form is retained, as the choroidal epithelium fur-

nishes us with an example ; in roundish cells the nucleus also finally

becomes invisible, and we have a colored corpuscle, upon which only

the external form of the cell is yet to be recognized.

§ 59. That the function of cells essentially suffers under this infil-

tration is not probable, because we observe a partial infiltration of

pigment upon many, even the most important elements of the body.

I am reminded, of certain groups of motor ganglion-cells in the pe-

duncles of the brain, whose regularly exhibited pigmentation has given

occasion to the designation of this region as substantia nigra or ferru-

ginea. In general, however, this question cannot well be discussed

just in local pigmentations, because it is impracticable to separate the

hindrances to function, which are caused by the infiltration of pig-

ment, from those which have been left behind by the preceding local

ailment. For this, certain dyscrasic infiltrations of pigment offer us

much more favorable opportunities. We observe melanemia, which

may be regarded as a dyscrasia, in so far as a locally produced, espe-

cially in the spleen, black pigment, from hence reaching the blood, and

forming for a time an abnormal constituent thereof. If the deposition

of this pigment causes grave disturbances in the capillaries of the

brain, these are disturbances which would also be occasioned by other

obstructions of these vessels, and cannot be laid to the account of the

pigment as such. That discoloration also of the normal skin, which

Addison derives from an affection of the supra-renal capsules, is not

to be adduced here, because of the great obscurity which accompanies

the entire process. On the contrary, the history of pigmentary sar-

coma (S. P. Neub) shows us, that there are morbid dispositions of the

blood, in which massy cellular formations occur at the most various

points of the body, and the newly-formed cells fill themselves entirely

or partially with a granular black or brown pigment. The mechanism

of this coloring is the same, as in the cells of the rete Malpighi, the

choroidal epithelium, &c. And they are just the choroid and the outer

integument from which, as a rule, the development of the first melanotic

tumors proceeds. The cells withdraw the diffuse coloring matter from

the nutritive fluid, according to 0. Weber of course also from capillary

hemorrhages, which may accompany the change. Be that now as it

will, the course of the pigmentation, here as everywhere, proceeds

from the state of diffuse imbibition. The coloring matter condenses

and is precipitated. The colorless sarcoma-cells have become pig-

mented sarcoma-cells. No one will however deny that these pigmented

sarcoma-cells, thereafter as previously, retain their highly pernicious

vital properties and assert them to the injury of the organism. In
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my judgment it is inadmissible to speak of a pigmentary metamorphosis

in the same sense as of a fatty metamorphosis. For even if we make
the observation, that in the scraped off juice of melanotic tumors in-

numerable minute particles of coloring matter, and therewith such cells

occur, in which the granules of coloring matter are affected with dancing

movements, and separate under our eyes from the cell, yet we can only

see an occurrence in this, such as finally all sarcoma-cells experience;

and the numerous fat-granules, which are observed between the granules

of coloring matter, but of course difficult to be distinguished from them,

make it probable that we are dealing with a fatty metamorphosis.

§ 60. Besides haematin, the coloring matter of bile must also be

mentioned as a source of abnormal pigmentation. If meanwhile we are

entitled to the opinion, that the biliary coloring matter is produced

from the coloring matter of the blood, we must also regard biliary

pigmentation only as a subdivision of sanguineous pigmentation. We
meet these exclusively in the bile-preparing and bile-conveying organs.

It may be, then, that we may esteem jaundice (icterus) as an infiltra-

tion of pigment. In icterus, together with the whole bile, the biliary

coloring matter has also been absorbed from the biliary passages into

the blood, and the consequence of this is, that, so long as this condition

continues, the collective tissues of the body, as far as the nutritive fluid

reaches, assume a yellow tint. Never, however, or yet, only very ex-

ceptionally, does it come to a deposition of solid biliary pigments; the

pigmentary imbibition does not become a pigmentary infiltration. The
latter occurs, as has been already stated, only in the liver and in the

biliary passages. Virchow found in- the epithelium of the gall-bladder

crystalline depositions of bilifulvin, and a granular biliary pigment of

yellow, brown, but particularly of black shades, is found in the liver-

cells, not only when the efflux of bile, but -also when the efflux of blood

from the Veins of the liver is hindered or injured. An atrophy of the

pigmented cells may also simultaneously be produced here; yet it is

also not allowable here to regard the pigmentary infiltration as the

cause of the atrophy, as will be shown from the history of the pig-

mented nutmeg liver, cirrhosis, &c.

d. Fatty Infiltration.

§ 61. The last member of our group, and of passive changes of

tissues in general, is fatty infiltration; not to be mistaken for that fatty

metamorphosis, which we learned to know already among the conditions

of involution of tissues. Whilst there the fat-globules appeared as the

forerunners of approaching destruction, they are here nothing else, but

in the worst cases a superfluous constituent of the cell; whilst there

they appeared as a product of decomposition of the cell-body, they are

here a substance conveyed from without and retained in the protoplasm,

therefore most properly infiltrated. Corresponding to this, the ana-
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tomical picture of fatty infiltration is also an entirely different one from

that of fatty metamorphosis. Both only agree in the point, that gen-

erally the minutest fat-globules appear in the interior of the cell-proto-

plasms. While, however, in fatty metamorphosis these fat-globules

continually become more numerous, without ever flowing together to

larger drops, we have here the spectacle of a true formation of fat-cells.

(Figs. 23 and 24.) We rarely see more than two, at most three isolated

globules in a cell, and even these hasten, if the expression is allow-

Fig. 24.

Fatty infiltrated liver-

cells. 1-300. Fatty infiltration of connective tissue. 1-300.

Fig. 25.

able, to flow together into a single large drop. The protoplasm with

the nucleus is pressed aside in the same way as we saw it in colloid

degeneration. The larger the fat- drops

become—and in the fat-cells of a lipoma es-

pecially they attain a very respectable size

—the more difficult does it become to con-

vince ourselves of the presence of certain

remains of the protoplasm and the nucleus.

Nevertheless, it is not permissible to doubt

of their presence in general, as the nuclei

regularly reappear upon the occurrence of

resorption of the fat. (Fig. 25.) The func-

tion of fatty infiltrated cells can be just as

little regarded as completely destroyed.

We know that a liver whose cells have col-

lectively undergone the metamorphoses in

question, nevertheless yields bile, even

though it cannot be called either abundant, nor concentrated, nor prop-

erly brown. The function is injured, but not at once abolished, even

in cases of the greatest extent. It is scarcely necessary to repeat,

that after the removal of the infiltrate, which, as already mentioned,

entirely and universally lies within the region of possibility, with the

old form the old function of the cells also returns.

Atrophic adipose tissue.
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§ 62. It cannot be statedwith certainty what the peculiarities are

which qualify the cell-protoplasm in general and the protoplasm of cer-

tain cells' in particular as depots for fat. That the presence of glyco-

cholate and taurocholate of soda make the animal tissues particularly

accessible to fatty infiltration, is partly proven by experiments, partly

taught by experience, inasmuch as the entire bed of the bile current,

from the intercellular ducts of the parenchyma of the liver to the large

intestine, is accompanied by the phenomenon of fatty infiltration.

Nevertheless, the moistening with bile can only be regarded as one

factor of the production of the infiltration. A second is, that fat in a

minutely divided state from the neighboring parts must be at the dis-

posal of the affected tissue. Whence this fat comes is indeed for the

economy of the entire organism a vital question, for the process itself

it is a matter of indifference. Hence in the intestine we see the food-

pulp [the chyme] yielding the fat, the liver-cells taking it up from the

serum of the blood, and the epithelium of the biliary ducts from the

bile itself, as Virchow has shown.

After all this we certainly cannot doubt that saturation with bile

furnishes an uncommonly important force in fatty infiltration. Beside

the liver-cells and the epithelium of the biliary passages and the intes-

tine, other cells of the organism also are disposed to fatty infiltration,

principally the cells of areolar connective tissue, which, by this meta-

morphosis, are converted into adipose tissue. Subcutaneous or sub-

serous connective tissue stands foremost in this respect, then follows

the interstitial connective tissue of muscles, especially of those which

are exercised but little, or are even placed in a state of pathological

rest (immobility of joints, paralyses), finally the subfascial, subsynovial

and submucous connective tissues.

§ 63. All these tendencies especially obtain when the blood carries

more than the ordinary quantity of minutely subdivided fat, when a

fat dyscrasia exists. We recognize such a one in that the serum is

cloudy, opalescent, whitish. Microscopically, "We recognize either larger

fat-particles, or the emulsion is so minute, that, even with high powers,

we can recognize nothing. By agitating with ether, however, we can

clear every serum of this sort. If we allow it to stand, the fat will

separate and rise to the surface as cream.

We find the serum lacteum perhaps three hours after a meal, and

hence it is not wonderful if persons that eat much and abundantly

obtain a fatty infiltration of the connective tissue (corpulence; obesitas,

polysarcia). Thereafter, according to experience, fat accumulates in

the blood of such persons, as drink much brandy, in diseases of the

lungs, where the fat ingested and conveyed to the blood is not entirely

consumed. In both of these cases the liver is the principal depot for

the surplus fat. Fatty metastases also occur, diseases in which fat is

resorbed at one place in order to be deposited at another. Tuberculosis
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of the lungs is not rarely accompanied by such a fatty metastasis of

the panniculus adiposus to the liver ; as here, however, Ave could also

suppose a deficient oxidation, such cases are of greater importance

where this fatty metastasis directly constitutes the essence of the dis-

ease or accompanies the diseasing of another organ, as the lung, as I

have observed it in a case of a woman of twenty-seven years, where, in

the course of fourteen days, the fat was conveyed from one place to

another.



II. PATHOLOGICAL NEW FORMATION.

1. General Considerations.

§ 64. The pathological new formation forms the natural contrast

to the changes of the tissues hitherto considered. We thus designate

every production of the constituents of tissues exceeding the normal

measure. The various forms of the pathological new formation are of

an exceedingly different value, as well for the organ in which they

are seated as for the organism as a whole. If we could establish in

the retrogressive metamorphoses everywhere, a certain loss in the

physiological capability of functioning, yet we are not in a similar

situation in regard to new formations ; least of all can we speak of a

general exaltation of the capacity for functioning, as we might per-

haps have imagined from the contrast; at most, we may speak of an

alteration of the functional capacity, and thereby not much is said.

In order, however, to obtain from the very beginning the right basis

for understanding and comprehending the pathological new formation,

it is just as profitable as correspondent to the principles of modern

pathology, if we first make the trial, of regarding it as an excess of

the physiological new formation ; that is to say, of the normal devel-

opment and the normal growth of organs. A short historical review

teaches that this principle has indeed always been kept in view, but

until now has not been carried out with vigor and consistency.

§ 65. I will not go further back than to John Hunter. In his

renowned work, Experiments upon the Blood, Inflammation, and Gun-

shot Wounds (translated into German by Hebenstreit, 1797), this au-

thor develops the opinion that an exudation of plastic lymph is the

first point of departure of every new formation. Plasticity as an in-

dwelling force of the exudation, of its own accord determines it for the

production of all kinds of tissues. The first thing, which in all cases

comes to be developed, is a peculiar system of bloodvessels ; this is

thereafter answerable for the future processes, yields new quantities

of plastic lymph, &c. In such representations, which moreover are

supported by the most careful observations, the conviction is not indis-
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tinctly expressed that the new formation is something foreign to the

organism, obtruded—or, to use a word ready coined, a parasite. Hunter

attained this principally by comparing pathological new formations with

the development of the chick in the hatching egg. He did not know
of the cell, and regarded the punctum saliens as the beginning of the

history of development.

The discovery of the cell and the perception soon following, that

even in the embryo, before the formation of a heart, cells are already

present, must necessarily modify the Hunterian theory. The forma-

tion of vessels appeared as something secondary, and as we even

attained the certainty, that, leaving out of consideration that first

foundation of a vascular system, every formation of a vessel is only

an extension of the vascular tract already existing, with the "peculiar

system of vessels," of new formations, a good portion also of their in-

dividual nature was overthrown. The question generally was no longer

asked : How do new formations arise, but how clo cells arise ? But

even in this manner of putting the question the same alternative re-

curred 'which had just been discussed in regard to the vessels ; namely,

in the next place such theories were created as permitted the cell to

arise spontaneously. Plastic, lymph, or rather the plasticity of lymph,

remained thereafter as before the producer of tissues. It was now

designated as cytoblastema, or briefly as blastema.

It would carry me too far were I completely to discuss the one or

the other of these theories. Therefore let the declaration suffice that

at first the theory was very absolutely proclaimed. An exudation of

the plasma sanguinis yielded everywhere the blastema. Then it was

supposed that in the pure fluid minute granules were primarily formed,

these collected together to nucleoli ; further on into nucleus, and finally

a cell. At a subsequent period one was more careful, and connected

the possibility of cell production with the condition that at least the

elementary granules must exist preformed in the blastema. We can in

general not mistake that one period of the transition and hybrid theo-

ries led over to the thesis proposed by Virchow : Omnis cellula e cel-

lula. Wherever cells occur in the organism they are the offspring of

other cells, which no longer exist ; they are the heirs of their existence,

though not always of their peculiarities and vital properties. Hereby

the question concerning the production of cells was in a manner an-

swered, which the answer of to-day yet shows to be a sure acquisition

of science. The cells, also, which we find in pathological neoplasms,

are produced by the division of pre-existing cells. The question only

is, what cells ? Virchow, whose authority on this subject became the

standard throughout a full decennium, developed the view that the cells

multiplied by division at the spot and place of the tumor ;
that, there-

fore, the newly formed tissues substituted a certain amount of the nor-

mal constituents of the body. In opposition to this we owe to Cohnheim
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the more certain proof that an emigration of colorless blood-cells from

the vessels, therefore a plastic exudation in the most proper sense of

the word, may furnish the material for the pathological new formation.

These cells are also naturally the products of division; the parent cells,

however, are distant from the place of the new formation, in the blood,

in the spleen, in the lymphatic glands. Of course by this the possi-

bility of a localized new formation is not excluded. The latest inves-

tigations of Strieker upon inflammation have rather proved that beside

the emigration there undoubtedly occurs a division of the wandering

cells, and within certain limits also of the cells preformed at the locality.

§ 66. From preference for these studies of the fundamental processes

we had meanwhile neglected a more careful comparison of the patho-

logical with normal new formation. For our part we will further on

endeavor, according to our ability, to remedy this deficiency ; at pres-

ent, however, we must likewise yet permit several general discussions

to follow. In the first place we will not continue in the assurance that

cells proceed from cells, but we will take a more accurate view of the

histological detail of this process. The cells of the fully formed or-

ganism have experienced so manifold alterations, connected with their

physiological function, of the original cell form, the nucleated lump of

protoplasm, that we have to expect in almost every tissue another

elementary generation of the productive series. Still, we cannot mis-

take that several generally recurring features are present, by which an

outline picture of cellular new formation can be right well delineated.

That the number of the nuclei is multiplied is a phenomenon that is

not wanting in any cellular formation. That this increase is caused in

all cases by a division of the original simple cell-nucleus is in the highest

degree probable. Too often has this division of the nucleus been seen,

innumerable times been accurately described, how therein the nucleus

elongates, becomes constricted in the centre, appears hour-glass formed

or indented, until finally the connection of the two nuclei is broken, and

now two nuclei instead of one are present (Fig. 26). The nucleolus

also appears occasionally to participate in the process.

Indented, dumb-bell shaped and double nucleoli have fre- Fl&-

quently been observed in the large vesicular nuclei of

cancer- cells, where we can. distinctly follow the produc-

tion of the nucleolus. In spite of all this we cannot ques-

tion that the division of the nucleus is observed compar-

atively seldom. The cause lies in the extraordinary

rapidity with which the division takes place. According

to all authors who have had the good fortune to observe

the process of nuclear division in recently living cells, it

is the work of a few seconds. To this must be added that

many times they begin and again recede ; in this case the Ceils with nuclear

. . l-ii-i'-ii • t -i
division. From

indentation which had taken place again equalizes until a carcinoma.



74 PATHOLOGICAL NEW FORMATION.

it is at once suddenly carried out like a work for which repeated efforts

of strength are necessary. The same is repeated later in the division

of the cell, and we must keep here as there to the declaration of a re-

nowned natural philosopher, that a positive observation is of more
value than ever so many negative ones.

§ 67. Another phenomenon, which generally goes hand in hand with

nuclear division, is the increase of the protoplasm of the cell. Leaving

out of consideration that it is already not well conceivable how, without

a corresponding increase of the volume of the individual cell, nearly

doubly as great a quantity of substance can proceed from it, so has

also this increase of the volume been so often the subject of microscopic

observation that there can exist no doubt about it.

Hence nuclear division and increment of the protoplasm together

form the first stage of cell production. It happens that a further stage

is altogether not attained, that the purpose is fulfilled in a repeated

multiplication of the nuclei and increase of the protoplasm of a cell.

This leads to that peculiar formation which has been described by Robin
under the name of myeloplaques, or cellules a noyeau multiples. These
are comparatively large, simply contoured flakes of a very minutely

granular, feebly refractive substance, in which numerous (from 20 to

30), round nuclei, furnished with nucleoli, are imbedded. The external

form of these formations varies exceedingly. It is evidently confined

to no definite formative law, but depends upon the form of the space

which they fill out. Only where giant cells (Yirchow) are imbedded

in very soft, yielding tissues, is a form approaching the globular, or at

least roundish, the rule (Fig. 27, a) ; in tissues of fibrous structure the

Fig. 27.

Giant cells, a, roundish (Virchow). 6, with processes. From a muscular tumor (Billroth).

giant cells are furnished with processes at their periphery, which are

to be regarded as the continuations of the plasmatic exudation, en-

larging the cells into the interspaces of the fibrillin. An observation

derived from Billroth is the most instructive for this relation, where the
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giant cells proceeded in the manner described from the cellular elements

of muscular fibres. At the boundaries of the tumor, at least partially

caused hereby, Billroth could distinctly make out a swelling of the

muscular fibres together with a simultaneous separation of the fibrils.

The isolated giant cells showed the forms represented (Fig. 27, b). I

made similar observations in a new formation of connective tissue in

the white substance of the brain. It is to be constantly remembered

that every giant cell in fact, was produced from a cellular element orig-

inally present ; an example of the unlimited means of multiplication

which are placed at the command of the organism in a single cell.

§ 68. The second phase of cellular formation is the division of the

cell body itself. Each of the newly formed nuclei acts as the particular

centre of attraction for the protoplasm nearest to it; and when this

attraction has the result that a certain quantity of the protoplasm also

limits itself all around the nucleus, we say the cell is dividing.

The microscopic picture, which the limitation of the protoplasm men-

tioned presents, is not always the same. The principal difference is

caused by the greater or lesser solidity which the peripheric limitary

layer of the cell to be produced has attained. This limitary layer is

in most cells exceedingly delicate, a " physical membrane," such as

the limits of two fluids everywhere form, which will not intermingle.

The larger and older the cells become, so much the more distinctly does

a colorless, homogeneous, strongly refractive, doubly contoured en-

velope become prominent upon them, a cell-membrane in the older

sense of the word.*

The physiological cellular formation, accompanying or causing the

growth of the organism, appears to be exclusively fulfilled only in such

cells, which either possess none at all, or but an exceedingly delicate

physical envelope. Under these circumstances the process of cell-

division appears, like the nuclear division, as a constriction proceeding

to division of the cell-body. (Fig. 27.) The longitudinal cleavage of

striated muscular fibre is only a variation of this division.

To this cellular division by constriction, pathological histology yet

joins two other types of cell-division, or rather two modifications of

their anatomical pictures, the cell-formation in nucleated protoplasm,

and the endogenous cell-formation.

The anatomical presumption for the first of the two is upon the one

* M. Traube has sought for a chemical explanation of this process in this, that an

albuminate of the protoplasm, is precipitated by another of Graham's colloids (?)

which acts upon the cell from without. The experiences made by Kiihne upon infu-

soria (amoebae) only partially agree with this view. That the membrane becomes

visible in consequence of exterior irritation at the surface of the body of the amoeba,

is of course beyond doubt; according to Kiihne, however, the irritations which make
obvious the membrane are not so much of a chemical as of a physical nature (elec-

tricity, variations of temperature), and Kiihne is hence satisfied to define formation

of a membrane as simply a peripheric coagulation of the protoplasm.
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side, the absolute want of a limitary membrane in the cell being pro-

duced, upon the other side a more massy accumulation of such thor-

oughly naked cell-individuals. Under these conditions, namely, the

protoplasm of the one cell appears to us to be continued uninterrupt-

edly into that of the other, the limits of the cell are invisible, and this

self-evidently obtains just as well of the newly produced boundaries.

If these cells therefore divide, we would only be able to perceive the

division in this, that two nuclei, which were produced by the divi-

sion of a single one, and therefore originally lie close together, that

these were a little separated. What in point of fact we do observe, are

only the various stages of nuclear division.

They are just the most luxuriant cell-proliferations, granulations,

soft cancers, and sarcomas, in which we find this nucleated protoplasm.

This distinguishes itself from the many nucleated

giant cells upon the one side by the greater massive-

ness of the accumulation, upon the other by its be-

havior towards reagents ; namely, while the giant

cells behave, under all circumstances, as an insepara-

ble entity, a small addition of acetic acid, chromic acid,

&c, suffices to break up the nucleated protoplasm into

its elements. We then very commonly observe upon

the small fragments surrounded by the acetic acid

water, how everywhere at the periphery the cells with

dark contours disconnect themselves, how the dark

contouring reaches just as far as the isolation, and then bounds the

yet connected cell-mass with a line composed of segments of a circle.

(Fig. 29.)

Touching endogenous cell-formation, this is also to be regarded only

as a modified cell-division. Namely, if a cell with a completely indurated

layer, for example, an older epithelial or cancer-

cell, is stimulated to production, the process is con-

fined to the interior, non-indurated portion of it.

We have here a nuclear division and a limitation

of the protoplasm about the newly produced nuclei.

Then, however, the resistant cell-membrane pre-

vents the separation of parts of the cell which have

become independent, and we obtain more or less

characteristically the picture of a parent-cell ivhicli

incloses a brood of daughter-cells. (Fig. 30, a.)

It is self-evident that the. daughter-cells are smaller

than the parent-cell; they are always round, and

as a rule bear the impress of pus-corpuscles. It is not necessary

therewith that the collective nuclei produced by division also become

the central points of those cells ; as a rule, one or more of them re-

main over, so that the impression might be produced, that the whole

Cell-division, a, from
a luxuriantly prolifer-

ating granulation ; 6,

division of striated

muscular fibres.

Fig. 29.

Nucleated protoplasm.
Fragment from a granula-

tion.
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endogenous cell-formation was accomplished apart from the nucleus by

a globular separation of the protoplasm with generatio eequivoca of the

Fig. 30.

Endogenous cell-formation, a. Development of pus-corpuscles in epithelium. &. Cells wftfi

brood-spaces.

nucleus. Truly, for the time, this question must not yet be regarded

as solved.

We are not yet informed, upon the whole, concerning the nature and
manner, how the endogenous cells become free. Two ways are possible,

namely, either the non-participating remainder of the parent-cell dis-

solves in the surrounding fluid, and then the endogenous cells are by
that very circumstance free, or, the endogenous cell slips out. In the

latter case a little fluid collects, in the first place, around the daughter-.

cell; the daughter-cell loosens itself in its position, and by the aid of

amoeboid movements slips out. If this is accomplished, the cavity of
the parent element no longer widens. We have the impression, to use

Virchow's language, as though a hole were made in the cell by a punch.

(Fig. 30, b.) We may conveniently leave the old designation of these

things as brood-cavities or brood-cavity-cells untouched, although Vir-

chow in their discovery and naming proceeded from the view, that at

first the empty cavities were produced in cells, and then cells in the-

cavities, by generatio sequivoca.*

§ 69. It lies in the nature of the subject, that not only does the

histological detail of new formations admit of a schematic representa-

tion, but that we can also premise several general remarks concerning

their macroscopic appearance, the forms under which they present

themselves to the unaided eye. In this connection much depends upon
the station of the new formation, especially whether the new formations

* Yolkrnann and Steudener have brought us to consider, whether the embracing of

a cell by the soft body of a neighboring one might not delude .us with a picture of an
endogenous cell-formation. This must be admitted up to a certain degree, especially

for the epithelial cancer-cells ; still I do not believe that the entire doctrine of en-

dogenous cell-formation would be brought in question by such an avoidable error of
observation.
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have their seat more in the parenchyma or more at the surface of the

organs. I am perfectly conscious, that a distinction of this sort cannot

be carried out with great rigor ; in the meantime the question here

is generally not about sharply denned, but about the most possibly use-

ful definitions of certain technical terms invented for the necessities of

the physician ; the question is not about a classification of the new

formations, but of a sjirvey of their macroscopic forms

:

A. When the new formations have their seat in the parenchyma of

organs, they present themselves

—

1. As a uniform enlargement of the organ in all its dimensions {in-

tumescentia) ; hypertrophy, in the oldest and most unscientific sense

of the word. The question then is either concerning a uniform in-

crease of the collective tissues of an organ, or concerning an increase

of volume of a structural element uniformly distributed throughout the

Macroscopic forms of pathological new formation. Diagrammatic. The shaded portion denotes the

normal parenchyma, a. The uniform tumefaction of an entire organ, a 1. The normal bounds. 6.

The- node (nodus), c. The infiltration, d. Growth of a node by infiltration, e. The flat swelling (bed-

like). /. The tuberosity (tuber), g. The wart (papilla), h. The fungus, i. The pediculated tumor
(polyp), k. The dendritic vegetation (papilloma).

entire organ. Were it not more advisable to avoid the term hyper-

trophy in general, we should have to designate the first form as genuine,

the second as spurious hypertrophy. As an example of the former, we

may here mention the hypertrophy of muscles produced by work, in
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which not only the muscular fibres, but also the perimysium and the

vessels participate, so that the microscopic examination of the hyper-

trophied muscle shows nothing different from the normal. We have the

same relations in certain hypertrophies of the spleen and lymphatic

glands. On the contrary, as spurious hypertrophies are to be reckoned

all those uniform tumefactions, which are produced by an increase of

the interstitial connective tissue in glands, muscles, &c. It is an evi-

dence how unsettled, however, the whole conception of hypertrophy is,

that occasionally even fatty infiltration is admitted as a hypertrophy.

2. As nodes (nodus). By nodes we understand circumscribed,

round or roundish tumefactions. There are nodes of the most various

size, from the scarcely visible granule up to the size of a man's head.

The size is directly and alone proportional to the quantity of the

newly formed tissue. If we divide an organ, in which a node is im-

bedded, this will project more or less prominently above the level of

the section. We may therefore assume, that the node acts tearing,

stretching, and pressing asunder of the surrounding, but non-participa-

ting parenchyma. Herewith is also connected, that it more readily

enlarges in the direction of the least resistance, and that it occasions a

globular projection when situated at and in the neighborhood of the

surface. More or less of all these properties are likewise determined

on the one hand by the quantity of the newly formed tissue, upon the

other however and in the reverse proportion, by the quantity of that

tissue, which is substituted by the new formation. The node com-

presses and projects the more, the smaller the portion of the substance

of the diseased organ which has been replaced. There are nodes,

which, when they have attained a certain exceedingly inconsiderable

size, cease to grow by propagating the process to the contiguous pa-

renchyma (by apposition), and henceforth enlarge by new formation in

their interior (central growth). In such cases the node almost becomes

a foreign body. The mechanical injury to the surrounding parts,

mentioned above, becomes so intense, that it leads to a chronic inflam-

mation and a new formation of connective tissue. The latter presents

itself, the larger the node becomes, so much the more as a capsule,

which stands in firm connection with the node only at single points,

namely, where the vessels run to and from it, for the remainder, how-

ever, opposes to it a moist, smooth surface, often covered with pavement

epithelium. The question, whereby this loosening of the connection,

without doubt originally existing, has been produced, can only be

answered indirectly.

There prevails, as I believe, no difference of opinion about this, that

the cavities within connective tissue, for example, bursge, are produced

by the organs in toto, sliding upon each other, and the necessary scope

for this is furnished by a partial softening of the connective substance.

The wide-meshed areolar connective tissue is the most subordinate

;
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the articular cavity is the most complete arrangement of this kind.

The movement of one internal organ however upon another is entirely

analogous to our case, in tnat an enlargement of the surface of the

node is not to he thought of without a shifting of the points of contact

with the neighboring parts. If we double one hand into a fist, lay it

in the other hand open and then gradually inclose the fist with the

fingers, we will get an approximative representation of this process.

The ideas of the last but one epoch of our science diverge from ours

in this, just as the former explanation of brood-cavities does from that

of to-day. The capsule was supposed to pre-exist as a cystic or cellular

cavity, and then that the neoplasm was exuded into this.*

3. As infiltrations. We here meet with the same word for the

second time, but of course in an entirely different figurative sense.

When we speak of a tuberculous infiltration of the lung, of a can-

cerous infiltration of the liver, we mean thereby a uniform tumefaction

and condensation of larger sections of these organs, which is caused by

a deposition of new formation in very numerous, but small depots.

Therefore infiltration stands in the middle between uniform tumefaction

on the one side, and nodes upon the other. It is scarcely necessary to

remark, that all possible transitions exist towards both sides. Are, for

example, tuberculous depots somewhat larger and more individualized,

we allow the infiltration to be a granulation, and where the question is

about single, circumscribed tuberculous depots, as at times in the brain,

we speak of a tuberculous node. Just so the infiltration is regularly

to be found at the limits of such nodes, as increase more by peripheric

than by central growth. With the magnifying power of a lens, we

here already remark, beside a creeping advance in the neighborhood,

by which the continuity with the principal node is never interrupted, a

bolder advance, which is occasioned, in that at a small distance from

the periphery of the principal node, new nodules form on their own

account, which enlarge toward all sides, and finally again unite with

the principal node. The zone of these nodules may appropriately be

designated as the zone of infiltration, and hence arises the phrase cus-'

tomary in the records of dissections, that the surrounding parts of a

node were already infiltrated.

The transition from infiltration into uniform swelling is only deter-

mined by a greater extension of the infiltrated parts. If the whole

organ is infiltrated, it is in fact not conceivable why we should not

speak of a universal tumefaction of it.

B. When the new formations are seated at the surface of organs,

they present themselves—

* Upon this foundation was based the old division of tumors into cystic and non-

cystic. The encysted were at the same time the innocuous, the non-encysted the

malignant ones. We will see in the sequel, in how far here medical instinct has

happened upon the right.
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4. As a scaling (desquamatio). We understand by these exclusively,

the abundant shedding of epithelial cells. If this is at the same time

combined with a considerable secretion of fluid, we make use of the

expression catarrh, in that we generalize a designation, which especially

suits the catarrh of the nasal mucous membrane, in so far that here the

morbid secretion flows from the nares and sinuses, xara^el.

5. As a fiat, bed-like [garden-bed] tumefaction. This corresponds

to the uniform enlargement from all sides of parenchymatous organs,

and like this is occasionally designated as hypertrophy. The dis-

tinction also between genuine and false hypertrophy again recurs.

That which distinguishes them from uniform enlargements, is the cir-

cumstance, that it may indeed extend over very great tracts of a

membranous organ, but yet not over the whole of it ; that it somewhere

touches upon the sound portion, and thereby experiences a limitation

as to space, which has also procured it the name of "island-like tume-

faction." This occurs in many chronic inflammations of the external

integument, arterial coats, in typhus and in many cancers.

6. As the tuberosity (tuber). The more the height of a circum-

scribed tumefaction increases, the surrounding level remaining the

same, the more is it a tuberosity. The height and profile of the

tuberosity may vary within certain limits ; a very much elongated one

is called a wart (papilla). The base, however, always remains the

broadest part. If the base of a tuberosity decreases, its edges must

necessarily hang over, the new formation appears

—

7. As a fungus, or

8. As a pediculated tumor (polypus). The difference between the

fungus and polyp depends essentially upon the various manner and

mode as to how the diminution of the base of the tuberosity is pro-

duced. If it is only relative, that is to say conditioned by the pre-

dominant proliferation in the prominent parts of the tuberosity, we

make use of the designation, fungus. The fungus has a broad pedicle

and a flat top. If, however, an absolute diminution of the base is

associated with this relative one, in that the top ever becoming more

massy draws and drags upon its base, be this by its own weight, or be

it by other forces which tend to move it about, the latter is reduced to

a comparatively thin pedicle, a polyp is formed.

9. As dendritic vegetation. This is incontestably the highest devel-

opment of form which a circumscribed elevation of the surface can

experience. As the name implies, it is a tree-like ramification of the

ground-plan of the same. We have a trunk, we have branches, which

go off at various angles, and we have occasionally upon the smallest

twigs, leaves or berries. As is known, we find the same design in

glands with branching excretory ducts, the so-called racemose glands.

The uniformity in the first design and development of these glands

with the dendritic vegetations proceeding from the outer skin and the
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mucous membranes is remarkable. In considering the latter we will

observe this more intimately. Let the declaration here suffice, that, as

with the racemose glands, so also with dendritic vegetations, the essen-

tial part of the whole structure is to be sought in the structural-con-

stituents of the foot-stalk. As such we must recognize the elongated

tuberosity, the papilla. And in fact no other view agrees so well with

the known processes of development of dendritic vegetations. A
simple papilla is in every case the point of departure. This sends out

somewhere at the surface a sideling shoot, a new papilla, which forms

with the original one a fork, or a trunk with two branches. This

phenomenon is repeated and thus becomes the simple occasion for the

most complicated arboraceous ramification of a neoplasm.

If I close this review with the remark, that all the kinds of forms

mentioned are of a very transitory nature, and melt into each other

everywhere at their limits, I do this especially because I do not wish

to let any opportunity pass, to raze from the very foundation, the pre-

histological error, as though by the description of the macroscopic

forms of a new formation anything had been said of its essential nature.

This error was pardonable as long as more searching microscopic

investigations had to battle with greater difficulties than at present

;

it was also pardonable, because of course certain new formations prefer

the one form to another, several indeed appear only as a fungus, as a

polypus, as a papilla, &c; this, however, does not exclude the fact, that

others may just as well arise in these forms. And what obtains from

the external form, also obtains of the other macroscopic properties, of

the size, consistence, and color of the new formations, which were for-

merly with the same incorrectness valued as principles of division.*

§ 70. By way of appendix, we must here yet mention a peculiar

anatomical structural element, which may be associated in the most

complicated manner with the most various new formations, namely, the

cyst. Every sharply defined cavity filled with fluid, of a round or

roundish form, we call a cyst. If in this definition the cystic walls are

not mentioned, it is because, while a particular cystic wall, a sac or

shell, exists in very many cases, it however does not exist in all. The

contents also of the various cysts is different in the highest degree.

This may be thin and clear as water; it may, however, also be more

fatty, pulpy, nay, it may be so thick, that we can scarcely any longer

regard it as a fluid. All this essentially depends upon the manner of

production of the cysts. Accordingly we distinguish

:

a. Cysts of retention. The name implies, that these cysts are pro-

duced by the retention of secretion, and we may add, that they are

exclusively only such secretions as normally reach the free surface of

* Especially in the literature of tumors. Concerning this compare Virchow : Die

Lehre von den krankhaften Geschwulsten. Berlin, hei Hirschwald, 1864.
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the body, the skin and mucous surfaces, in order there to flow off or to

be otherwise consumed. The indispensable preliminary condition of a

cyst of retention is an involution of the surface, a cavity with an open

mouth and ending in a cul de sac, which by any extraordinary conditions

becomes occluded and thereby a cyst ; that the secretion uninterruptedly

flowing therein is retained and accumulates the more, the longer this

continues. It is evident, that the physiological involutions of the skin

and mucous membranes come foremost into consideration, I mean the

excretory ducts and culs de sac of the tubular and racemose glands;

that they meanwhile are not the only ones to be considered, I will show

further on.

If we ask, whereby the occlusion of a glandular excretory duct may
chiefly be brought about, we encounter various possibilities. The sim-

plest but rarest kind of closure is obstruction (obturation). Solid

bodies, which because of their size and weight are not able to pass the

lumen of the excretory duct, almost always are produced as precipi-

tates, concretions from the fluid secretion itself, as biliary, urinary, and

salivary calculi. Rarely do obstructive masses penetrate from without

into the lumen of the glandular ducts, for example, echinococcus vesicles.

Furthermore, an occlusion of the excretory duct may be produced by

its sticking together (obliteration). External pressure and a raw,

ulcerative condition of the surface, especially if followed by a cicatri-

cial formation, disposes to this kind of closure, which in their in-

complete grades are designated as contractions (stenosis, strictura).

Finally, external pressure in and for itself, is able to narrow, to fold in

and to constrict the excretory duct.- The possibility of this mode of

production, which at a later period may be complicated with oblitera-

tion, is just of the greatest importance for the history of new forma-

tions. Not only that new formations, which are situated about the

ureter, the ductus choledoehus and pancreaticus, are capable by com-

pression and constriction of making these large excretory ducts

impassable, and thereby producing colossal distensions of the sections

of these mucous canals situated higher up, but this process repeats

itself upon a diminutive scale when the new formation affects the

glandular substance itself. Individual urinary tubules, lactiferous ducts,

tubuli seminiferi, &c, are cut off by interstitial new formations; the

secretion accumulates; the longer this continues, so much the more

does the original form of the occluded cavity, perhaps a cylindrical

tubule, pass into a round or roundish form ; a cyst is produced, whose

wall therefore is the original wall of the glandular canal, and whose

contents, at least in the initiatory stage, is the secretion of the gland

itself.

A rare, but therefore none the less interesting kind of retention-

cyst does not originate from glandular canaliculi, but from those cleft-

like, intercommunicating spaces, which are left between the trunk, the
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branches and the end-papillae of a dendritic vegetation. At the first

glance it appears as though these interspaces were not fitted in the

least for cystic beginnings. They not only freely intercommunicate,

but also stand in such open connection everywhere with the exterior

world that there can be no question about an outlet, or still less of an

occlusion of this outlet. Thus it is and remains, when a dendritic

vegetation is situated upon a free, level surface. It is otherwise, how-

ever, when it projects from the surface of a cavity. Let us suppose,

for example, a papilloma, which extends from the os uteri externum into

the vagina. A time will come here, when the tumor so far fills out the

lumen of a canal, that its walls begin to exert a lateral pressure upon

the tumor, which becomes the greater the more voluminous the tumor

becomes. The papillae incline towards each other, touch one another

with their convex surfaces ; at length they grow together at the points

of contact, and at once the open interpapillary space is divided into a

number of small, tubular recesses, which are only to be distinguished

from tubular glands, in that, upon a transverse section, they are not

round, but are bounded by three or four incurved circular lines, the

convex surfaces of the contiguous and coalescing papillae. These tubes

are just as well fitted for the formation of cysts, as are the glandular

tubuli, for a further continued action of the same external pressure is

only required to occasionally shut off the one or other interpapillary

space at its outer opening or elsewhere in its continuity, and thereby

cause the production of a cyst of retention.

By the way, just here we have a good opportunity of observing how,

in consequence of the accumulation of fluid, every other form of the

space of retention tends to be converted into the spheroidal form (Fig.

32). Previous to the beginning of retention the interpapillary spaces

Fig. 32.

"^^T^

Papilloma cysticum of the portio vaginalis. Transition of the interpapillary clefts into cysts of retention.

upon a transverse section show themselves as three and four cornered

figures with incurved sides and very pointed angles ; figures, such as
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must always be produced by the apposition of cylindrical bodies. I£

the collection of fluid proceeds, these sharp angles upon the one side

open more and more ; they are changed into a parabola, and finally

into a circle ; upon the other side the incurved lines experience a gradual

depression, the incurvation is finally entirely lost, and in that both of

these movements meet, the transverse section becomes a circle, the

space of retention a globe.

It would take me too far were I to develop in detail at this place

the physical law which governs this process. I will content myself with

the hint that, of all stereometric bodies, the globe with the same sur-

face incloses the greatest volume. As long, therefore, as the contents

of a hollow body grows, the extent of surface remaining the same, it

must tend to the globular form. And it is thus with the cavity of

retention. Besides, that of which we have an example before us pre-

vails at very many points in the economy of the organism : I will only

remind of the form of the eye, the gall and urinary bladders, the

heart, &c.

b. Exudation-Cysts. The exudation-cyst is also a secretory cyst

;

in a genetic relation, however, it is just the opposite of the retention-

cyst. The closed cavity here is not first produced by the occlusion of

a recess ; it is preformed. Bursse mucosae, sheaths of tendons, serous

sacs, cerebral and spinal cavities, form the foundations of the exudation-

cysts. The accumulation of the fluid also is not produced by the con-

tinuance of the normal secretion, but by an exudation, surpassing the

normal measure of the serum of the blood with salts, albumen, fibrin-

ogenous substance, and extractives in the most varying proportions.

The exudation-cysts have little to do with pathological new formation

;

we will learn to know them under the most various designations, mostly

reminding us of the watery contents, as hydrops, hygroma, hydatid,

&c, in the diseased conditions of organs.

c. Extravasation-Cysts. A parenchymatous bleeding can very well

be the point of departure for the formation of a cyst. Of course we
would scarcely make use of the term cyst in an extravasation of blood,

where the extravasation forms a shapeless, coagulated lump, and which

the adjacent parenchyma in no way smoothly and sharply defines, but

is irregularly torn and crushed. The hemorrhagic depot can, however,

present itself primarily as a cyst ; namely, when the blood is poured

out between two surfaces in themselves smooth ; for example, bone and
periosteum, cartilage and perichondrium, and thereafter remains fluid

;

as a cyst may also be formed when upon the one hand the limitary

parenchyma furnishes a connective-tissue membrane, upon the other

hand the blood itself is resorbed through a series of metamorphoses up

to a small remainder, and is replaced by a clear fluid.

d. Softening-Cysts. Under the conditions of involution of tissues,

we have learned to know more than one process which leads to soften-
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ing, to the formation of a pathological fluid. I especially mention

fatty degeneration and mucoid softening, of which the former in the

proper conditions yields a pathological milk, the latter a mucus-and-

albumen-containing fluid clear as water. If the efflux or the resorption

of this fluid of softening is prevented, the local accumulation of this

without further conditions can present itself as a softening-cyst ; it,

however, will particularly do this when a sharp, smooth limitation of

it takes place. That a limitation of this kind of a softening-cyst is

not occasioned by an anatomically separable membrane, lies in the

nature of the case. The appearance of such a membrane, however,

can very well be produced in that the textural elements lying at the

limits of the focus of softening are collectively in the same stage of

metamorphosis, and consequently form a layer which distinguishes itself

as well from the intact parenchyma as from the fluid of softening.

As long as a softening-cyst enlarges itself by the further diffusion of

the process of softening into the surrounding parts ; in a word, as long

as it is nothing but the focus of softening, it wants a true membrane.

The softening-cyst may, however, subsequently receive a membrane.

In this case the softening ceases, the adjacent tissues close in organ-

ically towards the depot of softening. Like all the interior cavities of

the parenchymas of the body, these pathological new formations are

also lined by a continuous stratum of connective tissue, which, under

proper conditions, is clothed with an epithelium, and then is entirely to

be regarded as the analogue perhaps of a bursa. Henceforth all the

changes which the cystic contents experiences depends upon an ex-

change with the bloodvessels of the membrane ; if its quantity increases,

an exudation from the blood is the cause of this growth. The softening-

cyst has become a secretory cyst.

In conclusion, I repeat, what has already been occasionally expressed

in the representation, that for the history of new formations the reten-

tion-cysts come foremost into consideration, then the softening and

blood cysts ; the exudation-cysts, however, as good as not at all. In

naming new formations we are wont to indicate the complication with

cysts by prefixing the two syllables cysto-, therefore cysto-sarcoma,

cysto-carcinoma, &c.

2. Normal Growth as a Type op the Pathological.

§ 71. After these general preliminary remarks, if we pass to the

division of the processes of new formation, the histological constitution

alone offers us no sufficing points of support. We must take refuge in

a more universal principle, and we find such a one, as was already

indicated above, in that we conclude upon the attempt of carefully com-

paring the phenomena of pathological new formation with those of the

physiological. If in the latter we distinguish the first foundation from
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the subsequent growth, it is the subsequent growth par excellence

which yields us the sought-for points of comparison.

The first foundation of organs is brought about by the differentia-

tion of originally equivalent elementary parts, small, round cells,

provided with large nuclei, which in uninterrupted accumulation form

the germinal disc and the germinal area. The segmentation of the

germinal disc into three layers, which at first ensues, has of late been

frequently discussed. So much appears certain, that generally the

organs of motion and sensation are produced from the upper layer, the

organs of respiration and digestion from the lower layer, while the

middle layer is intended for the bloodvessels and connective tissue. Ac-
cording to the view of His, however, who in a measure follows a work
of Waldeyer, a decided contrast already becomes prominent in this

primary division, between the two exterior properly organo-poietic

germinal layers, which together are designated as neuroblast, and the

middle germinal layer, the hgemoblast, which is not produced, as has

hitherto been accepted, by splitting off from the lower germinal layer,

but by an independent growth inwards from the edge of the germinal

disc. It would, in fact, be very interesting if the independence of the

vascular system and the parenchymas, of the nourishing and parts to

be nourished, reached back even to these early stages of development.

That it is present in the formation of the first vascular system, the area

vasculosa, and plays an important part in the whole future develop-

ment of the individual, is not to be doubted. Now, henceforth, as soon

as a new organ has at any spot to separate itself from the continuity

of the germ-cells, as soon as at a certain accumulation of the specific

elements we remark that a muscle, a nerve, a gland, &c, is being

formed, the vascular system has already sent into it a loop-formed

process, and in a certain sense lays claim upon the new acquisition in

the name of the whole. Herewith each new vascular loop grows out

of one already existing, so that the unity and independence of the

entire system constantly remains guaranteed. This law also remains

unchanged for the subsequent growth, and again comes into action in

the adult organism, whenever a pathological new formation offers the

opportunity for it.

If we now pass expressly to this later growth of the organs, we
must, unfortunately, admit at the very threshold, that our acquire-

ments in this relation are still very limited. Upon the growth of bone
only are we fully informed. The growth of epithelium is a grave ques-

tion. Concerning the growth of muscles and tendons distracting

accounts are in question. The point, however, around which every-

thing here revolves, is to determine the share which upon the one side

the specifically functioning elements of the organs have, in the processes

of growth, upon the other, that of the vascular and connective tissue
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system, which latter together we wish to designate as the inner or inter-

mediary nutritive apparatus.

We may best begin a short representation of these processes with

the growth of the intermediary nutritive apparatus itself. After the

manner of Billroth, we distinguish a threefold manner of new forma-

tion, in what appertains to its most important constituents, the ves-

sels. The primary form, which is only observed in the area vasculosa,

shows us an immediate differentiation of the germinal cells into red

blood-corpuscles and the elements of the walls. One observes how in

certain directions the germ-cells unite into closer strands, then those

located at the axis become colored red, and become movable in an accu-

mulating clear fluid, whilst those situated at the periphery, which do

not become natant, by that very circumstance represent the vascular

wall. Of course the limit of this vascular wall towards the parenchyma

is by no means sharply defined ; one has more the impression of a con-

tinuity perforated by canals ; upon the other side also individual cells

yet loosen their connection with the parenchymatous islands, in order

furthermore to move in the blood-current, and themselves to become

blood-corpuscles, but these are phenomena, which only apparently stand

in contradiction with the known regulations of the completed apparatus.

The next step forward already explains this to us. It is the formation

of the endothelium of the vessels, which, according to the very correct

apprehension of Ebert (Strieker, Lehrbuch der Gewebelehre, Lief II),

forms the proper foundation, the alone characteristic and universally

present constituent of the vascular walls. With the formation of the

endothelial tube, which is known to all my readers as a very delicate

membrane, formed of elongated polygonal nucleated cells, upon the one

side every separation of cells at the inner surface of the vascular walls

ceases, upon the other side a determined boundary is given, beyond

which, in the more comprehensive sense of the word, we may allow the

parenchyma to begin, whether now this consists, as here, of germinal

tissue, or of connective substance, or of connective tissue, with muscular

fibres, &c.

But with the formation of the endothelial tube, the primary vascular

formation also ceases. If a new vascular loop thereafter arises, this

can only be accomplished with the aid of a bulging out of the endothe-

lial tube. A bulging out of the endothelial tube is, therefore, charac-

teristic for those forms of the new formation of vessels which Billroth

has designated as secondary and tertiary. It occurs most distinctly in

the tertiary. It is easy to establish here that at certain points the

capillaries already carrying blood bulge out like culs de sac, and gradu-

ally growing, return back in a curved line to the mother vessel, or two

of these growing towards each other lead to the same result, a new

capillary loop. If we observe more accurately, we are convinced that

these blind ends run out into certain minute threads, whose more inti-
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mate relations are not disentangled without difficulty. (Fig. 33.) The
most useful object for this is undoubtedly the transparent border of the

tadpole's tail, but here also numerous stellated connective tissue cor-

puscles lie round about. If these now are connected with the vascular

Fig. 33.

Tertiary vascular formation. Border of tadpole's tail. a. Capillaries. 6. Lymph-vessels, c. Sprouts
of vessels, d. The same connected with a connective tissue cell. e. Free edge with epidermis.

processes, they may simultaneously be regarded as their processes and

the capillary formation as a direct metamorphosis of cellular elements;

on the contrary, if such a connection cannot be proven, the filiform

processes are a special preceding foundation for the future vessel.

After long, zealous endeavors, it appears finally to be proven that both

take place. The vascular shoots neither seek nor avoid the cellular

elements. If the direction of the forming vessel dependent upon the

more general circumstances falls within the sphere of a neighboring cell-

body, this participates in the formation of the vascular wall ; if it falls

into the boundaries of neighboring cell territories, we see the vascular

shoots take their independent course. According to Strieker, we must

imagine to ourselves the capillary vessels as covered upon their entire

outer surface, not only at the nuclear points, with a thin mantle of

protoplasm, and we would then of course have a material lying ready

for the formation of our vascular shoots. That they consist of proto-

plasm, is proven upon the one hand by the optical similarity with the pro-

toplasmatic processes of connective tissue cells; upon the other, by the

circumstance that they may be replaced by these in vascular formation.

In the opening up of the new vessel this protoplasm extends in a thin

layer upon the surface of the cavity, and then condenses into a mem-
brane, which distinguishes itself in nothing from the membrane of the

mother vessel, as it then also stands in direct continuity with it. If
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connective tissue cells have been used in the vascular formation, these

appear after the metamorphosis as inserted constituents of the endothe-

lial tube.

The secondary formation of vessels, which is observed almost only

upon pathological objects, can be observed in so far as a modification

of the tertiary, as the question there is also about a gradual widening

of the endothelial tube. The apposition of new elements of the walls

only comes into the foreground, namely, the vascular foundations are

formed by a strand of spindle-shaped cells arranged parallel, which, in

the subsequent opening of a central lumen, are directly converted into

endothelial tube cells. The numerous varieties of this secondary vas-

cular formation we will learn to know more intimately in inflammation

and in several of the species of tumors.

§ 72. The second constituent of the intermediary nutritive apparatus

is connective tissue. From an embryological point of view, that resi-

due of the germinal tissue is to be designated as connective tissue, which

remains over upon the one side between the bloodvessels and upon the

other between the functioning tissues. Always accordingly as the

parenchymatous islands of the middle germinal layer are more or less

completely consumed, or dislodged in the formation of organs, do we find

smaller or larger quantities of connective tissue in the composition of

the organs. There are organs in which the connective tissue portion

is with difficulty demonstrable, as for example, the kidneys and testicles;

the acinus of the liver appears to be formed only of capillaries and

liver-cells. Meanwhile small quantities of unformed connective tissue

may be demonstrated with all certainty, as well in the testicles as in

the parenchyma of the kidneys, and when even these are wanting, as

in the acinus of the liver, the walls of the capillaries themselves take

the place of connective tissue ; for the cells of the endothelial tube and

the cells of connective tissue are of similar dignity, as the tertiary

vascular- formation has already taught us, in which the latter were

directly converted into the former. Beside this a plate-shaped form

has been discovered by Ranvier upon the cells of the loose subcutaneous

connective tissue, whereby it becomes evident that connective tissue

cells are generally disposed, in the larger interfibrillar clefts, to assume

the form of delicate lamellae. As complete evidence, however, the uni-

formity of connective tissue cells and the endothelium proceeds from

the uniformity of formative actions, of which both are up to a certain

degree capable, as we will see hereafter. Of course the question here

is only about the stable cells of connective tissue, the connective tissue

corpuscles of Virchow ; what has been said has no application to the

mobile cells discovered by Von Recklinghausen.

As far, therefore, as the bloodvessels reach, so far, and still further,

does connective tissue also reach. It surrounds the bloodvessels man-

tle-like, extends their walls into the interspaces of the organic structures,
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and as the bloodvessels are all connected among themselves, the vas-

cular system, together with the connective tissue, presents a richly

articulated framework, into which the other form-constituents of the

body are set. In short, the diffusion of connective tissue throughout

the body is so great that it is utterly impossible to make a cut at any

point whatever and not to injure the connective tissue, and not to have

connective tissue contiguous at innumerable points of the cut surface.

§ 73. If we now take a view of the circumstances of the growth of

connective tissue, the opinion in reference to this obtains tolerably un-

disturbed, that for each new quantity of connective tissue which arises,

a certain quantity of embryonal connective tissue is requisite. The

latter consists of nucleated, membraneless lumps of protoplasm, and

forms, where it occurs in larger accumulations, a very soft, elastic,

pale-grayish substance. It arises with greater facility wherever the

necessity arises for a widening of the intermediary nutritive apparatus.

There also can be no doubt, that the intermediary nutritive apparatus

of the embryonal connective tissue produces itself from its own re-

sources. This is a fundamental property and function of it, which also

unquestionably plays the greatest part in the pathological growth.

Only the "how " of the production is as yet the all-important question.

As yet, I say, for the thing, of which we are here questioning, is so

important for our general view of pathological processes, that we can

plainly designate it as the central point of all past and still existing

pathological systems ; namely, the embryonal connective tissue, with

whose origin we are now engaged, is identical with the frequently men-

tioned germinal tissue of pathological new formation, the plastic exuda-

tion of humero-pathological authors, the proliferation of connective

tissue corpuscles of Virchow, the accumulation of emigrant colorless

blood-cells which Cohnheim has taught us. In treating of inflamma-

tion we will take occasion to learn the relative facts of pathological

histology ; for the present, let the hint suffice, that the possibility of

an emigration of colorless blood-cells and the formation of plastic

exudation by accumulation and collection of these, has certainly been

established ; that, however, upon the other side, the possibility of a

division of the existing stable connective tissue cells is not to be ex-

cluded, nay, in certain cases is to be accepted as indispensable.

§ 74*. The transformations which thereupon the young connective

tissue experiences, the deposition of various species of intercellular

substance, and the establishment thereby of various connective sub-

stances, I may suppose as known from normal histology. (See

A. Rollet in Strieker's Handbook of Histology.) We will do well here

to make a rigorous distinction between these connective substances,

which for themselves alone form parts of organs, between the function-

ing or formed connective substances, as the tissues of cartilage, bones,

tendons, &c, and the functionless and unformed connective tissue
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filling out clefts, which was formerly called cellular tissue. The latter

only is meant by us, when we simply speak of "connective tissue;"

only to this does our representation above of the diffusion of connective

tissue in the body relate, of the relation of its cells with endothelium,

and of its significance as an intimate constituent of the intermediary

nutritive apparatus. Be it well understood, the relationship of this

connective tissue with the formed connective substances shall by no

means be denied; on the contrary it will be shown, that just this is

of the greatest consequence for the pathological process; the organs

consisting of connective substance shall only at the proper time be

separated here, where the question is about the growth of organs, from

that apparatus, which it just as well nourishes and makes to grow, as

the muscles, nerves, glands, &c. They are also only the cells of this

"connective tissue" par excellence, whose origin from embryonal cells

will occupy us yet for a moment. The form which these cells assume, is

essentially dependent upon the local conditions for their development.

They by far the most frequently become spindle-formed, corresponding

to the elongated clefts which remain for them between the connective

tissue fibres; where the basis-substance allows a free development

towards all sides, as in mucous membrane, they are wont to assume the

stellate form, and let their processes enter into an anastomosis with each

other; where finally flat clefts between larger bundles of fibres or

lamellse are assigned them, they flatten themselves out, even if now

they become epithelial-like plates, or that they also in this flattening out

send forth anastomosing processes, as in the cornea and the intima of

arteries. Very commonly then a portion of a protoplasm indurates to

a homogeneous, colorless, strongly refractive substance ; we obtain

stars, plates, and fibres, which are carefully to be distinguished from

the plates and fibres of intercellular substance, and are very well dis-

tinguished chemically, in that they do not swell out and become

invisible in acetic acid. It happens (lig. pectinatum), that the entire

cell together with the nucleus undergoes the metamorphosis spoken of.

Generally the nucleus with a remainder of granular protoplasm

remains behind, and then as a rule takes up the centre of the indurated

cell-body. Thus arises the stable cell of connective tissue ; in this

condition it continues, if pathological irritations do not arouse it to

new activities, during the whole life of the individual.

§ 75. We come to the lymphatic vessels and glands. This is the

third, and—we may say it with emphasis—the last chief constituent of

the intermediary nutritive apparatus ; the last, not according to im-

portance, but according to time. Only when the development of the

embryo ensues at a less rapid rate, when all the other organs have been

founded and built up to a certain point, do we remark lymphatic

vessels, still later, lymphatic glands. This doubtless is connected with

the physiological significance of lymphatic vessels, as drains for the
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surplus nutritive material. As long, upon the one side, as no nutritive

material is superfluous, in that all is applied to the new formation, and

as long, upon the other side, as the external coverings of the embryo

are not too thick to hinder a free efflux towards without, so long we

need no lymphatic vessels. We can also say the reverse, that luxurious

new formations, catarrhs, and surface-secretions of all kinds must be

produced, where the lymph conveyance is hindered, and we will find

this position in pathology very frequently confirmed. The beautiful

studies of V. Recklinghausen on the lymph-vessels and their begin-

nings have taught us, that the lymph-vessels are lined with entirely the

same pavement-like nucleated endothelial plates as the bloodvessels.

The same obtains of those yet more minute juice-canals, which accord-

ing to the same investigator present the beginnings of the lymphatic

tract in the connective tissue, and are connected by minute openings

with the larger, apparently blind-ending lymphatics. The juice-canal-

iculi have in general the form of flat, stellated lacunae, and are indeed

for the most part identical with those cleft, and star-like cavities, in

which the flattened cells of connective tissue (Ranvier) are arranged.

By the elongation of the tracts of the lymph-vessels into the connective

tissue, the minute communications with the juice canaliculi spoken of

(Kb'lliker) simply widen themselves, so that from this side also the

homology of connective tissue cells with endothelium appears to be

proven.

§ 76. The relations of the lymphatic glands are far more difficult to

estimate than those of the lymph-vessels ; namely, unfortunately a

complete authentic history of the development of the lymphatic glands

is at this time still wanting to us. The older views of Breschet and

Engel, according to which they are developed from plexuses of lymph-

vessels, have been lately and indeed in a far more interesting form re-

produced ;* still I must declare myself against this opinion. In the

preparation of J. Orthf I see with this author, as the first foundation

of a lymphatic gland, a very richly vascular heap of embryonal for-

mative tissue, which presses away from each other the fibres of the

surrounding connective tissue, and thereby arranges them into a capsule

for itself. A clear subcapsular space only subsequently arises at its

periphery, and cleft-like openings show themselves in its interior, which

in that they communicate with this peripheric space, divide the true

glandular substance in the manner known into strands and alveoli.

From a purely physiological standpoint the lymphatic gland appears

as a local dilatation of the lymphatic tract, which is filled with a pecu-

liar new tissue, the lymphatic glandular tissue. The lymphatic glan-

* Sertoli found, that at first lymph-canals lined with epithelium were produced,

around which the connective tissue proliferates, and that heaps of cells developed in

this proliferated tissue into follicular glandular substance.

f J. Orth, Lymphdrusenentw. Inaug. D. Bonn, 1870.



94 PATHOLOGICAL NEW FOKMATION.

dular tissue, consisting of the known reticulum and the lymphatic

corpuscles deposited in it, is regarded as the principal point of pro-

duction of the colorless blood-corpuscles, and, as upon the one side

according to the general opinion, the red corpuscles of the blood pro-

ceed from the colorless, upon the other, that the wandering cells of

connective tissue are emigrant colorless blood-corpuscles, it is regarded

as the point of production of all mobile cells of the entire intermediary

nutritive apparatus. Unfortunately this view also, like so many in

histogenesis, still rests upon an insecure foundation. We must concede,

that processes of division have been almost not at all observed in the

lymph-corpuscles of the glands ; the old, but easily established experi-

ence, that the lymph before its passage through the glands contains

less cells than after it, forms the principal support for this view. What,

however, if this increase of lymph-corpuscles arises from the blood-

vessels ? There is no manifest ground whatever, why colorless cells

should not leave the vessels in the lymphatic glands just as well as in

all other organs; nay, that just during the digestive hyperemia of the

digestive organs, in which the lymphatic glands take part in so promi-

nent a manner, especially many lymph-corpuscles are furnished, speaks

more for than against this explanation. Nevertheless, for my own

part I decline to shake, upon observations of this kind, the representa-

tion received and in itself so plausible, that new cells are produced in

the lymphatic glands by division of lymph-corpuscles. I still see in the

lymphatic glands, organs, which the intermediary nutritive apparatus,

so to say, itself prepares for the regeneration of its mobile cells, while

it occasions at various points a circumscribed capillary ectasy with the

subsequent emigration of colorless blood-corpuscles. The number of

migrating cells increases supplementarily by division, and this increase

leads to an enlargement of the glandular parenchyma, as long as no

lymph-vessels provide for the conveyance of the surplus cells. A cer-

tain equilibrium in the production and conveyance exhibits itself at a

later period, which can only be disturbed by pathological irritations.*

§ 77. The spleen ranges itself in a histogenetic relation with the lym-

phatic glands. The principle of the "formation, of lymphatic spaces,"

* I cannot forbear calling attention, that in the formation of lymphatic glands, as

it appears to us according to this representation, we possess a valuable parallel with

the numerous pathological productions of the intermediary nutritive apparatus (see

following chapter). Emigration, and subsequent division of the cells, is here also the

structural principle. Contact with the tissue and relative rest of the emigrant cells

induces them, as it appears, first to essay their amoeboid mobility, then to division.

Division, however, of the emigrant cells, according to my conviction, is the most

effectual cause of inflammatory new formations as well as of the histioid tumors;

this it is which permits of their massiveness, so frequently enormous, and indeed

especially then and there, where the development of lymphatic vessels remains in

the background, and these cannot provide for the seasonable conveyance away of

surplus cells.
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as we are wont to call the local emigration of colorless blood-corpuscles,

and their accumulation in the immediate neighborhood of the vessels,

this principle, which we, based upon our own investigations, have

represented as the most probable formative principle of the lymphatic

glands, is carried yet a step further in the spleen. In the spleen, also,

the vessels surround themselves immediately with lymph-spaces, which

are here called Malpighian corpuscles; they then, however, undergo a

complete perforation and entire separation into fibrils, of their walls.

In this manner is produced a delicate spongy tissue, through which

the blood trickles, to collect at the opposite side into venous effluent

tubes, which penetrate this spongy tissue in all directions. The same

doubts and opinions prevail concerning the function of the organ as

concerning the function of the lymphatic glands, only that the splenic

pulp is regarded just as well the birthplace of young colorless cells as

the grave of the older red blood-corpuscles.

§ 78. So much concerning the histogenetic relations of the blood,

the vascular and connective tissue systems. We note the difference

between the stable and mobile cells of these. To the former belong

the formerly so-called connective tissue corpuscles, the endothelium of

the blood and lymph-vessels, the anastomosing and stellate cells in the

lymphsinus and in the splenic pulp, finally the epithelium of the serous

cavities, which according to Recklinghausen are connected with the

system of lymph-vessels. The mobile cells of the apparatus are repre-

sented by the blood-corpuscles, of which particularly the colorless with

the remaining nutritive fluid pass through the walls of the smaller ves-

sels, in order, as wandering cells of the connective tissue, partly to

place themselves at the disposition of the growing organs as ready

building material, partly to return through the lymph-vessels back into

the blood. The stable cells are produced from the mobile cells. The
production of the mobile cells is as yet undiscovered. The parenchym-

atous cells of the lymphatic glands and the spleen have the greatest

claim to be regarded as the normal matrix of the mobile cells. Still

in glancing at the production of the lymphatic glands themselves we
will probably have to adopt the principle, that all the colorless cells, as

soon as they come outside of the circulation, begin to wander and to

divide.

§ 79. If we now pass to the growth of the remaining organs, we will,

in the first place, make mention of the cartilaginous and osseous sys-

tems. It is known that upon sections of youthful cartilage, almost

without exception, the cells are divided off in the basis-substance in

groups, or at least in pairs. We recognize the juxtaposition of two

cells by this, that they always have a convex and a flat side, of which

the flat sides are in apposition. One involuntarily believes to have

before him the two halves of a globular body. That however we are in

fact dealing with cellular division, we recognize in such pairs of cells,
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which are yet united by a common capsule. If to this evident prolif-

eration of cells we yet add the interdeposition of new basis-substance,

which properly separates the cell-halves, now become independent cells,

we have the known model, according to which the growth of cartilage

is said to ensue. I do not wish to involve in doubt the importance of

the observed fact, but must decidedly guard against the opinion, as

though by this interior increase of cells and tissue, the greater part

also of the growth of cartilage were accomplished. Cartilage has a

peripheric growth as a chief feature. The perichondrium yields em-

bryonal cells, which, in the next place, surround themselves with a

mantle of hyaline basis-substance, which forms an entity with the basis-

substance of the existing cartilage. The more frequently this process

is repeated, the more abundant in cells does the cartilage become.

Those cells, which originally lay at the periphery, gradually move
towards the centre ; and now only is it the time to speak of that second

impulse to growth, namely, the gradual enlargement and subsequent

division which the cells experience when they advance towards the

middle of the piece of cartilage. In this process each element is divided

once up to three times. The division constantly ensues in a plane ver-

tical to the longitudinal axis of the cell, and only at the thickest point

of the element, so that the most exceedingly characteristic forms result

for the daughter and granddaughter cells. Half-spheres, quarter-

spheres, cones, &c, are maintained during the entire life, because of

the firmness of the basis-substance ; and as because of the same ground

the products of division are but little separated from each other, we

may still perceive in the cartilage of an old man of ninety exactly the

same types, which in youthful cartilage induced us to attribute so great

an importance to the interior growth of cartilage; we can still see

whether an original cartilage-cell have divided once, twice, or thrice,

ere it became quiescent.

Quite independent of the phenomena of the growth of cartilage,

there is a peculiar metamorphosis of hyaline cartilage, which we, leav-

ing out of consideration pathological things, meet everywhere, where

the cartilage touches a still growing bone. Whether the cartilage

actively participates in the formation of bone, whether cartilage-cells,

or even only the offspring of cartilage-cells, become cells of medullary

spaces, that is to say, the corpuscles of bone, has not yet been pos-

itively decided. The metamorphosis in question, however, must be

regarded as a passive participation, in so far as thereby at points of

the unyielding hyaline cartilage a soft material is deposited, which

offers no resistance to the extension of the osseous trabecular system,

and to the ingrowth of the medullary papillae. The cartilage-cells

anew fall into a process of proliferation, which because of the simul-

taneous liquefaction and partial resorption of the intercellular sub-

stance, assumes very considerable dimensions. From one cell are
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produced eight to sixteen very large daughter-cells, which are only

separated by thin trabecule of basis-substance, and form elongated

round columns, which are placed vertical to the surface of the growing

cartilage. Into this large-celled, soft tissue the vascularized medullary

papillae penetrate unhindered, as though they grew up in the open air;

they break through all partitions, and only where the form and situation

of the medullary space admits, there is perhaps a stronger trabecula

of the old basis-substance used as a frame, to which the young osseous

tissue attaches itself by layers. In other respects bone has for its

production here, as in the periosteal growth, no other postulates than a

vascular, embryonal connective tissue, which is produced at all its

boundaries from the intermediary nutritive apparatus, whether this

presents itself as medullary tissue or as periosteum. I will here

refrain from going into the growth of bone in detail, as ample oppor-

tunity will present itself to me for this in the chapter on disease of

bone.

§ 80. The following is known of the growth of muscular organs : the

first muscular fibres, smooth as well as striated, arise everywhere from

embryonal formative cells. These develop themselves—where smooth

muscular fibres are to be produced—to the known spindle or more rib-

bon-like forms, while the nuclei assume an elongated, cylindrical form

(rod-shaped). Where the question is about striated muscular fibre, the

cell, according to Kblliker, elongates with a continuous division of the

nucleus, until it has attained its appropriate length. (According to

other authors, several cells arrange themselves into a fibre.) Then the

striated substance differentiates itself from the protoplasm and grows

into a cylinder, continually becoming broader, while the nuclei are

pushed aside, and, together with the unconsumed remainder of the pro-

toplasm, represent the muscular corpuscles.

The later growth of entire striated muscles is said by Kolliker to

ensue entirely by an increase of the thickness and length of the already

existing fibres. According to Weissmann and Kiihne, a peculiar lon-

gitudinal cleavage of the primitive tubes concurs with this, which was

studied by Weissmann upon the muscles of fjx>gs, by Kiihne upon the

muscles of rats and mice. A considerable increase of nuclei and the

finely granular protoplasm at the place of entrance of the nerves was

described by Kiihne. Weissmann saw the nuclei arranged in a long

row which divided the contractile substance of the muscular fibre into

two parallel stripes. Kiihne saw two muscular fibres in one sarcolemma

tube. This is all the data, which indeed a probable, but by no means

distinct anatomical representation of the process of the cleavage of mus-

cular fibre, can give us. There is nothing said anywhere of a subse-

quent supply of embryonal formative cells for the addition of new
primitive tubes. It is otherwise in pathological cases. The regenera-

tion of divided muscles by muscular tissue is indeed yet very doubtful

;
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the regeneration of muscular fibre, however, in typhous myositis, is

undoubted, as we will see in due time. In this, however, the circum-

stances are so complicated that we could not say without scruple the

regeneration ensues only out of embryonal formative cells.

We can express the proposition much more confidently in relation

to the organs formed of smooth muscular fibres, that in their growth,

beside the thickness and length of the cells, their number also increases.

Bifurcated divisions have been repeatedly observed in single smooth

muscular fibres of the gravid uterus.* As, however, a multiplication of

nuclei, perhaps a double nucleus, has never been observed in these

cases, it is very doubtful whether we can upon this admit the opinion

of a fissiparous multiplication of smooth muscular fibres. It is espe-

cially doubtful in face of the concise representation of Kolliker, who
could follow in these objects the production of muscular fibres most

beautifully and into all their transitions. f The embryonal formative

cells, which are necessary for this, are furnished by the intermediary

nutritive apparatus, and may leave the vessels as colorless blood-cor-

puscles.

§ 81. In reference to the nervous system we have hitherto univer-

sally been of the opinion that the growth of the nerve fibres proceeds

everywhere by the addition of embryonal formative cells. The regene-

ration of divided nerves by means of intercleposited germinal tissue

appeared undoubted, and has also as yet, not been replaced by any

other teaching. In opposition to it a current has lately made itself

perceptible, which might indicate the advance of the ends of the nerves

into the growing parts of the body, and the elongation thereby condi-

tioned, as a growth of the tip end without the apposition of new ele-

mentary parts. Besser has defended with skill the opinion for the

brain that all ganglion cells of later development exist as the preformed

so-called neurogliar nuclei, and are already present in the first founda-

tion of the organ.

§ 82. After this the important question yet remains to us, how do

the epithelial structures grow and repair themselves ? Unfortunately

there can nothing yet be said as to an exact answer to this. Mean-

while we are justified in the following considerations.

A decided distinction is at first to be made between the epithelia

which grow outwardly and those which grow inivards. The former

clothe the entire free surface of the organism, integument, and mucous

membranes in uninterrupted connection ; the latter fill up cavities hol-

lowed out in the parenchyma of the body, and are known as glandular

cells or glandular epithelium. Both systems are produced from one

and the same embryonal foundation, retain also during the entire life

* Moleschott and Piso in Moleschott's Untersuchungen, vi, 1-6.

J-
Compare Kolliker, Histology, 4th ed., page 567.
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their connection as to space in such manner that we may regard the

glandular epithelium as a direct continuation and involution of the

superficial epithelium ; nevertheless, particularly of those upon which

the appreciation of pathological changes of tissue depends, it is em-

phatically to be pointed out that from the very beginning the opposi-

tion mentioned above in the direction of growth is present, and that

just therein the essential difference of both is founded : namely, the

gland arises in this manner : cellular shoots form at the vascular and

connective tissue system of the opposing side of the epithelial germinal

layer, which penetrate branchingly inwards, in order finally to be-

come hollow from the free surface up to a certain depth. This growth

is decidedly central, and takes place by division of the existing epi-

thelial cells, which is repeated again and again in the alveoli and the

shoots. The intermediary nutritive apparatus remains entirely passive

during this ; nay, it is somewhat surprising how it uniformly melts

away before the penetrating points of the shoots, and presents itself

as a simple stop-gap, which is all that remains for it ; it furnishes

the interstitial connective tissue, the blood and lymph vessels, which,

as is known in their arrangement, are entirely directed by the deter-

mined forms of the glandular tubuli, acini, &c.

§ 83. The relations prove themselves entirely different in the outer

shin and the mucous membranes. Here, not the epithelium, but the

vascular and connective tissue system, is the measure for the growth.

They are its forms (papilla?, membranes, &c), which determine the

form of the surface, upon which the epithelium only forms a protective

covering. This is to be kept in view, if we in the following considera-

tions should find the matrix of the superficial epithelium not in itself,

but in the underlying connective tissue.

The cells of every thicker epithelial stratum show among them-

selves certain characteristic varieties, which are universally regarded

as differences of age, as phases of development. The youngest elements,

which distinguish themselves by their smallness, softness, and want of

membrane, lie the deepest, close to the border of the connective tissue:

the nearer the surface, so much the larger do the cells become, so much
the more distinct becomes a membrane upon them, and a greater or less

characteristic form. This latter partially is connected with functional

peculiarity (cylindrical epithelium), partially is the result of a conflict,

which is occasioned on the one side by the endeavor of the cell to uni-

formly enlarge in all directions, upon the other by the limitary bounds,

which only permit this enlargement in certain directions. A vertical

section through the epithelium of the urinary bladder is the most in-

structive in this relation. (Fig. 34.) We can distinctly distinguish

three layers here, which are formed by three characteristically different

kinds of cells. Nearest the connective tissue is a simple layer of small,

round elements; above this somewhat larger, pear-shaped cells, which,
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with their rounded heads, are directed outwards, while the diminishing

ends from above fit into the interspaces of
FlG- 34 the deepest lying round cells. That these

cells, originally belonging to the deepest

layer, have been raised into the second

layer by the pressure from below of younger

cells, therewith, however, have yet for a
The epithelium tf.urinary bladder

tjme rema j ned fixed by thejr ]ower end to

the place of their production, is an opinion

which, in my judgment, the pear-shape thoroughly naturally explains.

The cells of the third layer have at first view something exceedingly

strange. They are flat, but provided at their under surface with

angular projections and flat depressions, which correspond to the cell-

heads of the second layer, in the same manner as the digital fossae

of the inner table of the skull to the convolutions and sulci of the sur-

face of the brain. We can only thus understand this third cell-form,

that a cell of the second layer loosening itself from its attachment to

the connective tissue, and now swelling out into the cavity of the

urinary bladder, is pressed flat by the centrifugally acting pressure of

the periodically collecting urine, and is pressed into the grooves and

inequalities of the second layer.

All epithelia do not admit of so satisfactory a representation as to the

origin of their individual forms. What, however, we believe to observe

everywhere, and about which there prevails no difference of opinion

among authors, is the fact that the epithelial cells arise close to the

connective tissue, and thereafter are pressed outwards by a vis a tergo.

Hereby of course only the place, on the contrary by no means the

manner of their production, is established. For this there remains to

us—be it premised, that we meanwhile make no use of equivocal gen-

eration*—two possibilities, namely, either the new epithelial cells are

^produced by a division of the old, or they arise by pressure from behind

-;from the connective tissue.

From the very beginning we cannot conceive why both possibilities

^ should not exist and occur side by side. It must, however, be stated

that the observations of the processes of division of epithelial cells, are

as yet very scarce. The mutual flattening of epithelial cells makes it

appear that one not infrequently believes to have before him the result

of a cellular division by the formation of partition walls, since the even

surface of contact of a pair of cells simulates the plane of division
;

therefore the utmost caution and conscientiousness is necessary here.

Upon the other side, many things combine to incline us to the opinion

* J. Arnold (Virchow's Archiv, Bel. 46) has, it Is true, published a study on the

regeneration of epithelium, which amounts to a kind of equivocal generation, and is

therewith so carefully and concisely wrought, that it deserves the highest considera-

tion.
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that the young epithelial cells grow out of the connective tissue. Burk-

hardt designated for the first time the uppermost layer of connective

tissue as the matrix of the epithelial cells. As this investigator in the

year 1859 represented to us how, according to his opinion, the young

cells emerge from the connective tissue, erected themselves, and then

appeared as the youngest epithelial cells, many could not resist a doubt.

Since then Von Recklinghausen has directly observed the emigration

of connective tissue cells in the cornea, and has thereby brought incom-

parably nearer home to us the idea that the renewal of epithelial cells

is brought about by an emigration of the youngest elements of the con-

nective tissue. The facts of pathological histology not only do not at

all contradict this, but present many things which can explain the pro-

cess of emigration. I only mention here the interesting observations

of Biesiadetzki and Pagenstecher, who, after slight and superficial in-

flammation of the skin (eczema and formation of vesicles), found in all

youthful strata of epidermis wandering cells, which completely corre-

sponded to other wandering cells yet existing in the papillary bodies.

(Fig. 35.) Only one circumstance

is always anew brought to bear

against our view ; it is the fact,

certainly easily to be established,

that new epithelia, for example,

after partial loss of the epithelial

covering, by preference, nay, pro-

bably without exception, arise

only in apposition and in imme-

diate contiguity with the existing

epithelium. It accordingly ap-

pears, as a production by division

of the old elements cannot be

proven, that the opinion is inevi-

table, that an embryonal forma-

tive cell can only then become an

epithelial cell, when it comes in

contact with such. We must be-

lieve in a kind of epithelial infection. This must of course just as well

obtain, when embryonal formative cells, colorless blood corpuscles, &c,
approach an existing epithelial stratum, as when conversely epithelial

elements approach embryonal formative cells. Processes of this kind^

however, are observed in fact- in the transfer of cancer to lymphatic

glands.

§ 84. "With this, then, we will conclude our review of the physiologi-

cal new formations. We have seen that, leaving out of consideration

the first foundation of the parts of the body, which shows us that such

tissue can be produced from embryonal formative tissue, the proper

Horizontal section through a cutaneous papilla
surrounded by epidermis. Migrating cells, as well
in the connective tissue as between the epithelial
cells. After Pagenstecher.
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growth of organs depends only in a limited extent upon a division of

their specific constituents of" tissue. We found one such in the glandu-

lar cells, in the striated muscular fibres, in narrower limits in cartilage,

conjecturally in nerve fibres. In the epithelial-bearing membranes, the

necessity of an epithelial infection, therefore at least an influence

of the old cells upon the new ones being produced, appeared to take

place. For all other cases the intermediary nutritive apparatus stepped

in with its capacity of producing everywhere embryonal formative cells,

as the carrier of physiological new formations. It probably undertakes

this function as a further consequence of those duties, which are im-

posed upon it as the nourisher of the parts, in that it allows, beside the

commonly fluid nutriment, a certain amount of colorless blood-corpus-

cles to pass out into the growing organs, and these without further

change may be applied as building material.

§ 85. If we now enter the province of pathological new formation,

we first touch upon a series of abnormal conditions, which permit them-

selves to be characterized as simple excesses of the normal growth of

organs. They are those partly uniform enlargements, partly one-sided

projections or outgrowths, which, however, entirely agree in textural

and structural relations with the parental soil, therefore only condition

quantitative deformity of the affected organs. In the nomenclature

we are wont to express this circumstance by the prepositions onip

and ^*, to which the use of language either attaches the proliferating

organ itself (hyperostosis, ecchondrosis), or also the word trophia, and

therewith the meaning, that the new formation was produced by a par-

ticularly favorable nutrition (hypertrophia). We, however, prefer to

renounce this genetic prejudice and content ourselves by expressing

the simple fact by the words, "hyperplasia, hyperplastic." We will

treat of the hyperplastic condition of the various organs in the corre-

sponding chapters of the special part. The position which they occupy

in the province of pathological new formation in general is sufficiently

designated by what has been stated.

§ 86. All new formations not hyperplastic contain in themselves a

qualitative departure from the normal processes of development and

growth. It therefore appears difficult at the first view, to place

them upon a physiological basis. There are, however, not so much

actually existing as much more artificially produced difficulties, which

stand in our way; above all, the transmitted custom of regarding

the deviating evil as a Zrepov^ something foreign, introduced into the

organism, of ascribing to it a parasitic existence, even a kind of per-

sonality. This view, from which the term "heteroplasia" has arisen,

has a certain justification ; 1st, in the presence of those new formations,

which are caused by a definite poison introduced into the body, and

conformably present themselves in the most various organs in the same

manner, thus in syphilis, tuberculosis, typhus abdominalis ; 2d, in the
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sense that every organ has its own peculiar new formations, which

always recur in the same forms with slight modifications, so that we,

if they have progressed up to a certain point, may thereupon base a

sure diagnosis and prognosis. It is, however, unjustifiable and injuri-

ous to the progress of true science if one neglects, in the study and

description of what the new formations of the various organs have in

common, the right of the individual organs, which requires that one

regards the pathological new formation as a disturbance of its develop-

ment, its nutrition, or its decomposition. Be it well understood, I am
very far from disputing the usefulness, nay, the necessity, of general

observations of pathological new formations
;

, these observations, however,

ought to proceed more upon establishing the principle of development

than upon finding out certain anatomical models, according to which a

new formation, for example, cancer, is built, as well in this as in that

organ. Moreover, if I understand our time, it is tired of the purely

external, anatomical classifications, and decides with me, that this has be-

come scandalous in the inexhaustible multiplicity of concrete forms. We
will of course therefore speak in what follows of cancers and sarcomas

;

we will take pains to delineate the laws of their production and their

growth in bold outlines, also not to exclude observations upon their

effects upon the entire organism, therewith however constantly reflect-

ing upon the description of the individual forms in the special part, and

remaining conscious that the knowledge of these is at least just as im-

portant to the physician as is the general comprehension.

§ 87. After this digression, let us take up the thread of our repre-

sentation again, in that we seek the ground of that qualitative devia-

tion from the rule of the normal growth, therefore the ground of hete-

roplasia, in an improper activity of one or the other factors, participating

in the growth of organs. The intermediary nutritive apparatus occupies

the first place in this regard. Very many pathological new formations

are its exclusive effects, for example, interstitial inflammation, granula-

tion-tumor, sarcoma. Epithelium, as the competitor of the vascular

and connective tissue systems, enters the second row, and we have

numerous opportunities of proving the correctness of our views on epi-

thelial growth in its caricatures in the various forms of carcinoma.

We cannot mistake that in this distribution of affairs the physiological

circumstances, as I have recapitulated them, § 84, are again reflected,

and we will expose ourselves to no censure if we base thereupon at least

the principal division of the material.
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3. Pathological new formations which are exclusively the

productions of the intermediary nutritive apparatus.

1. Interstitial Inflammation.*

§ 88. If the organism is injured or meets with any other sufficiently

powerful irritation at any point, this has as a consequence for the

point nearest to that affected a series of changes, which we designate

as the process of inflammation. The name refers principally to the

prominent part which the vascular system plays in inflammation. The

capillaries are more strongly filled than usual, the part becomes red

and hot. At the same time a swelling of it occurs, which is also to be

partly referred to the account of the hyperemia, partly to the extrav-

asation of constituents of the blood taking place into the tissues. That

which leaves the vessels and then infiltrates the tissues, that " inflam-

matory exudation," is a more lasting product of inflammation, and

because of its great importance for the course and issue of inflammation

will more immediately interest us in the following.

§ 89. The inflammatory exudation consists, beside the fluid parts,

of embryonal formative cells, which distinguish themselves by a lively

amoeboid movement. Only a few years ago it was universally accepted,

that these cells were exclusively produced by a division of the con-

nective tissue corpuscles of the inflammatory focus. The persistent

representation, in which we believed to distinctly perceive the process

of cell-proliferation, showed us in the immediate environs of the in-

flammatory exudation, instead of stellated connective tissue corpuscles,

first one, then two, then ever more numerous round cells arranged into

rows, which, the nearer to the focus of inflammation, became so much

the longer, and finally flowed together. At present we know that

these cells are for the greater part emigrated colorless blood-corpuscles.

This is proven by an experiment of Cohnheim, in which the mesentery

of a living frog is stretched over a ring of cork and then directly ob-

served. One sees how the veins dilate and the colorless blood-corpuscles

first remain clinging to the inner surface of the wall of the vessel, then

however, permit a process to pass through it, which swells up outside,

and in this way builds a bridge, upon which the whole substance of the

cell gradually creeps over. Having passed through, the cells, by aid

of their amoeboid movements, wander further. If a particular point

of the tissue is irritated, this generally decides the direction of their

course. They there accumulate more and more, and form by this accu-

* In opposition to catarrhal and parenchymatous inflammation, of which the first,

so far as it comes into consideration by us, is an inflammatory process of mucous

membranes (sec second part). The second is identical with the cloudy swelling (see

above).
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mulation a certain quantity of just that embryonal formative tissue,

which becomes the point of departure for all future changes. (Fig. 36.)

Fig. 36.

Colmheim's experiment, a. Vein. 6 6. Contiguous connective tissue, permeated by migrating colorless

blood-corpuscles, c. Column of red blood-corpuscles. 1-500.

With the view now advanced on the production of plastic exudation

or infiltration, agrees an older perception, first appreciated by Billroth,

according to which, in the inflamed parts the vessels are covered with

young, round cells, even far into the tissues, but little changed. Upon
the other hand that pregnant representation of the " proliferation of

connective tissue " explains itself in a completely satisfactory manner

by the opinion, that in it we have before us the colorless blood-corpus-

cles in their "migration," in which they naturally give the preference

to the points of the least resistance, therefore to the interfibrillar juice-

tracts, in which the stable connective tissue corpuscles are also found.

§ 90. Nevertheless it has not yet been said, that the emigration of

colorless blood-corpuscles is to be regarded as the only source of in-

flammatory new formation. On the contrary, the question, whence

does the blood take the frequently so enormous amounts of colorless

cells ? occasions a series of considerations which makes it our duty to

use the utmost caution, when the question is about declaring the modes

of generation of these cells. In this sense we greet with pleasure the

beautiful investigations of Strieker, which first of all prove for inflam-

mation of the cornea, that already in a few hours after irritation by

nitrate of silver, at a time when conformably to experience the emi-

grant colorless blood-corpuscles have not yet advanced into the inflam-

matory area, the stable cornea-corpuscles exhibit a series of changes,

which can only be interpreted in the sense of progressive metamor-

phosis. Namely, they draw in their processes ; then the number of

their nuclei and the protoplasm increases. About the fifteenth to the
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twenty-ninth hour they present strikingly large, movable, and polynu-

cleated masses, which remind of the so-called giant-cells (see prelimi-

nary remarks). That amoeboid cells are formed of these by the division

of the common protoplasm is an apposite view.

The fissiparous multiplication of the wandering cells in inflammatory

depots has also been certainly observed by the same author. While

he directed his attention to the cells apparently lying quiet at the outer

surface of the vessels, he remarked upon their surface certain shaded

lines, which for a time came and went, also moved forward and back-

ward, until finally a deeper shadow remained for a longer time in the

centre of the element. The corpuscle became constricted at this point,

but this constriction was yet once more equalized, until at length it led

to a complete division, whereupon the two halves separated, the one to

this point, the other to that. The more dense the cellular accumu-

lation becomes, so much the more frequently may this kind of cellular

division repeat itself; so much the more difficult, however, is it also to

follow it up with the microscope, and this may be the reason why
hitherto this has been so frequently supposed, but not proven.

As one observes, our knowledge of the origin of embryonal formative

cells in inflammation is yet in full development. If we, however,

reflect, that what has been stated contains at the same time the founda-

tion for all other histological productions of the intermediary nutritive

apparatus, we will comprehend the great importance which every step

forwards at this place has for our whole system.

§ 91. Let us for one moment longer continue the consideration of

inflammatory infiltration as a completed fact, and the effect is especially

worthy of mention, which the inclosed cells exert upon the connective

tissue, which in the first place lodges them. Billroth has made several

statements upon this point, which appear to me very worthy of notice;

namely, not only are the fibres pressed apart, but they also experience

a certain melting-down and softening, so that, for example, instead of

that compact fibrous texture, of which the cutis even in its most delicate

parts (the prepuce) consists, there

results a delicate network, which

makes the impression far more of

of a newly-formed intercellular

substance (Fig. 37), and has cer-

tainly very often been mistaken

for such.

If we now pass to the further

histological metamorphosis of

plastic exudation, upon which,

as has been already remarked,

the issue of the inflammation is

Tissue of cutis rarefied by inflammatory infiltra- dependent, We distinguish in
tion. Alter Billroth. 1-uUO. r > o

Fig. 37.
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this relation, three principal directions, namely, first to resolution j

second, to organization ; third, to suppuration.

a. Besolution.

§ 92. It is manifest, that if by our medical skill we could succeed in

removing again the cells which have wandered into an inflamed organ,

this organ would return to the same condition in which it was before

the inflammation, provided we deduct the modification of the connective

tissue fibres mentioned in the previous paragraph, which meanwhile

would likewise soon disappear. The question of the possibility of a

resolution of inflammation and the means of inducing the same, has

therefore a highly practical interest. It might at first occur to us, to

send away the cells in the same way by which they came, that is to say,

to let them wander further. In this sense moist heat is applied with

advantage. Exaltation of temperature also accelerates, as is known,

the movements of amoeboid cells. Where, therefore, the inflamma-

tory infiltration is not great, and the inflammatory irritant does not

continue to act, one may hope, by locally increasing the temperature

to diffuse the already present wandering cells over a greater space, and

gradually to convey them into the lymphatics. A second mode of

resolution of existing inflammatory infiltration becomes possible by the

fatty degeneration of the cellular elements. We saw above, how fatty

degeneration converts all kinds of cells into a milk-like detritus, of

whose immediate resorption naturally no hindrances stand in the way.

The presence of abundant amounts of fluid in the inflammatory focus

appears to be a decided condition for the commencement of fatty de-

generation. Busch has made the interesting experience, that under

the influence of erysipelas, massy sarcomatous proliferations disinte-

grated, and I have most certainly convinced myself in one of his cases,

that the sarcoma-cells thereby fall into fatty degeneration. Heat

would also be an appropriate remedy for keeping down a lasting hyper-

emia of this kind. In spite of this double indication, the moment of

time must be exactly considered, in which one may pass from the cold

to the warm treatment of an inflammation. The object of the cold

treatment, is by an artificially induced contraction of the vessels prin-

cipally to restrain exudation, with reference to prohibiting the further

emigration of colorless blood-corpuscles. We would only pass to the

use of warmth, either when this indication has been fulfilled, or when

it can no longer be fulfilled ; for it is evident that heat is a two-

edged sword. Who will be surety that instead of a dispersion of the

exudation, which indeed, we would first of all desire, a stronger con-

centration of mobile cells shall not occur at the heated point, that is to

say, suppuration and formation of abscess ? A certain amount of heat

evidently acts dispersing ; a higher degree irritating to the process of

inflammation; the former causes the already exuded colorless blood-
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corpuscles to wander further ; the latter causes the process of emigration

to renew itself, and it increases in intensity.

Annotation.—The therapeutic complexion which I give this chapter may be

an example to the student, how directly the results of pathological histology

may also be applied to the practical treatment of the physician.

b. Organization.

§ 93. Let us suppose, now, that the inflammatory infiltration has not

taken the way of resolution, then the possibility remains for it to be

received as a permanent constituent of the organic unity of the body.

Its reception is effected by a seasonable development of bloodvessels,

and transformation of the embryonal into fibrous connective tissue.

The interstitial inflammations of the interior organs furnish us the most

magnificent examples of this direct organization, as we will learn to

know especially in the liver and kidneys. Meanwhile none of these

examples, because of peculiarities conditioned by the locality, can be

regarded as models for the histological detail of the process of organ-

ization. The healing of wounds, and indeed primarily only those by

first intention, can only lay claim to this honor.

In order to make the diffusion of connective tissue in the body com-

prehensible, I above made use of the phrase, that one could cut into

no point of the body, without meeting with connective tissue, without

having connective tissue contiguous to the cut surface. That this is

actually so, Ave may conclude, among other things, from the completely

typical event of those phenomena, which the reunion of divided parts

brings about after actually accomplished severance of continuity. These

phenomena altogether fall into the province of inflammation, and are

performed by the vascular connective tissue system in a similar man-

ner, whether the injured organ be the outer integument, or a muscle,

or perhaps the liver. There certainly is a kind of reunion, which is

brought about so extraordinarily rapid by the simple juxtaposition of the

surfaces of the wound, that every expenditure of exudation is thereby

saved. This immediate union (Macartney) is also confirmed by Thiersch

(Pitha and Billroth's Handbook of Surgery). We would, therefore,

have to place this in advance of first intention. In first intention there

regularly occurs a cementing substance at the edges of the wound. This

already appears in a few hours after the change, and shows itself, in

the first place and by more exact investigation (Thiersch), as the con-

nective tissue of the wound-surface, itself strongly infiltrated with blood-

corpuscles and serum, and swelled out in the latter. In the second place,

then, the emigration of colorless blood-corpuscles from the strongly di-

lated vessels of the neighborhood makes its appearance. The whole of

the cementing substance, as well as the contiguous connective tissue, is

penetrated by them, so that finally a continuous layer of embryonal
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formative tissue unites the divided parts. Everything now depends

upon the restoration, also, of the violently interrupted circulation.

This generally takes place by secondary vascular formation (§ 71) from

the still pervious capillaries. Thiersch has lately brought forward data

for the individual occurrences, which, if confirmed in the significance

given them by this author, must essentially enlarge our views on vas-

cular new formation in general. Thiersch found the cut ends of the

vessels closed several hours after the injury by proliferation of cells,

and somewhat dilated, but rarely filled with a blood-clot. If about this

time he injected a warm mass of glue, he found, after hardening the

preparation in alcohol, 1st, loosened and isolated, also proliferating

endothelial cells cemented to the surface of the club-shaped thrombus

of glue ; 2d, a peculiar configuration of this same surface, namely,

numerous prickly, like broken-off processes, which perforated the vas-

cular walls, and upon closer investigation proved to be the roots of a

system of very delicate intercellular canals filled with glue. Thiersch

sees in this system of canals a preliminary nutritive arrangement, a

vascularization before vascularization, and by the aid of this he explains

the certainly enigmatical fact, that even completely severed parts of the

organism may again unite, if only they are soon enough placed in appo-

sition again. For our purpose, upon the one hand, the proof is of in-

terest, that the constituents of the walls of those vessels, out of which in

a little while new shoots are to proceed, become spongy, and the manner

in which it is done, upon the other hand the circumstance, that from

this side also the histological significance of the bloodvessels is estab-

lished as "intercellular," and not as intracellular canals.

The transformation of the embryonal formative tissue not applied to

the formation of vessels into fibrous connective tissue constitutes the

last act of first intention. As in the physiological formation of con-

nective tissue, the cells here also become spindle-shaped. The great

amount, however, of existing cells and their dense apposition necessi-

tates the production here of an entirely new kind of tissue by the

spindle-shaped metamorphosis of the cells, the spindle-cell tissue. We
understand thereby a texture entirely consisting of parallel running

spindle-shaped cells, which is connected by the cells with their pointed

ends pushing among each other. Spindle-cell tissue, as a rule, forms

rounded or slightly flattened bundles, Avhich intervene after the man-
ner of connective tissue bundles. There is also no doubt that the

future connective tissue bundles arise out of the spindle-cell features.

The question only is, whether the protoplasmatic bodies of the spindle-

cells are directly transformed into glue-yielding fibres; or whether we
must regard, with Rollet, the act of fibre- formation as a kind of coining

of the intercellular substance. According to my experience in the case

in question, that is to say, in the formation of cicatricial tissue out of

spindle-cell tissue, the greatest part of the cell-bodies themselves, as a
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matter of fact, is converted into a mass of fibres. After a certain

period of time, it is impossible to unravel even into spindle-cells the

spindle-cell tissue, which one yet distinctly recognizes as such upon

sections ; the tissue rather breaks up into rigid, irregularly outlined,

fibrous fragments, which, as the nuclei show, consist of entire groups

of melted-down cells. This phenomenon can only be explained in the

sense above given. The fibrous lines of cicatricial tissue do not only

proceed in general from the fasciculi of the spindle-cell tissue, but neither

is anything new added in this transformation. In opposition to the nor-

mal development of loose connective tissue, the entire process makes the

impression of an over-hasty consumption of capital, where the judicious

use of the interest would have given a far better result. I say emphat-

ically a better result, for cicatricial tissue is anything else than a con-

nective tissue of ideal quality. On the contrary, its fibres are rigid,

inelastic and shapeless; its cells, and with them the vital capacity, are

reduced down to the wholly stunted, club-shaped nuclei. In addition,

cicatricial tissue has the decided tendency to shorten itself in all direc-

tions. We call this upon the whole very injurious phenomenon indura-

tion, sclerosis, retraction, and count upon its occurrence with such

certainty, that we have based upon it the method of cure, of turning

outwards an inwardly turned eyelid, by a cicatrix formed upon the

cheek. It is scarcely necessary to say, that in this decrease of volume

from all sides there can be no question about a vital contraction, but

rather about a physical phenomenon ; in any event the giving up of

water plays therein an important part, for the white, glistening, cica-

tricial tissue is always dry, dense, and more difficult to cut than every

other species of connective tissue.

c. Suppuration.

§ 94. Pus is a fluid tissue. A colorless serum contains numerous

cells, the so-called pus-corpuscles suspended, and receives therefrom a

grayish-white or yellowish-gray color. In the serum of pus are dissolved

albumen, mucus, pyin, and salts. The cells are small and globular,

are partly impregnated with minute granules, partly as though they

were dusted on, so that as a rule we cannot recognize the nuclei in the

interior. If we make use of acetic acid, the granules vanish and the

nuclear structures come out clearly and sharply. We commonly find

more than one nucleus, often three, even four. In the latter case the

nuclei are small, not always regularly round, and have a peculiar sheen,

indicating homogeneity. (Fig. 38.) We have sought just in these

polynucleated cells for something specific of pus, and in that sense have

given them the name of pus-corpuscles. Meanwhile we were deceived

in this, for we again find these cell-forms also in the blood ; a portion of

the colorless blood-corpuscles has divided nuclei, and Virchow already
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expressed the opinion that of these cells there was nothing further to

be expected for the formation of blood. At
a later period it was shown that in the sur-

charge of the blood with carbonic acid all

the single nucleated colorless blood-corpus-

cles were converted into polynucleated, and

then entirely perished. The multiplicity of

nuclei here has not the import of a nuclear

division in the sense, as when it precedes the

division of the cell. I would sooner perceive J^lt^Zn* Zt!™Z}
in it a decay prior to dissolution. Besides SftSSEatto STfiSSI
it is not at all correct that pus only contains JSSSSSfif" ^ * Migrating

the one form of cells. Creamy pus (pus

bonum et laudabile), which is secreted from well-granulating wound-

surfaces, contains even predominantly uninuclear cells, which I would

not know how to distinguish from the wandering cells of connective

tissue. On the contrary, for example, sanious pus, which is yielded by

carious bones, as a rule shows more cell-derivatives, fat-globules, albu-

minous molecules, &c, than pus- corpuscles. In fact, as with the color-

less blood-corpuscles, there exists a transition of the uninuclear into the

polynuclear elements, and these, being capable of no further develop-

ment, perish through fatty and fatty-granular metamorphosis. Always

therefore, accordingly as the pus is fresh or old, accordingly as it was

produced rapidly or slowly, was rapidly or slowly decomposed, will we
meet with uni- or polynuclear cells, or even with cellular detritus.

§ 95. When it has been said that pus may be developed in various

ways, when we contrast the formation of pus here to be considered in

connective tissue, with the formation of pus upon mucous and serous

membranes, its formation from coagulated blood, this contrast can at

present only be accepted cum grano salis. The chief mass of the pus is

everywhere formed by the emigration of colorless blood-corpuscles out

of the vessels ; only that, first, the Avay which the wandering cells take,

is directed in the one case towards a free surface, in the other towards

a point situated in the parenchyma of connective tissue ; and that, sec-

ond, in the production of pus upon mucous and serous membranes, the

participation of the epithelium in the production of pus cannot be ex-

cluded. For the production of pus in connective tissue, that is to say,

the suppuration of an inflammatory exudation, which alone occupies

us here, naturally the same restrictions and reservations return, which

we have already had to make for the production of the plastic exuda-

tion itself. It has not been proven that all pus-corpuscles originate

directly from the vessels, but upon the one hand a formative irritation

of the stable connective tissue corpuscles has been proven, the break-

ing, up of which into wandering cells is made probable ; upon the other

hand, divisions of the cells of the exudation have been observed. In
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other respects we may regard suppuration in fact as the most direct

continuation of the first inflammatory phenomena. The nature of this

depends upon the unlimited continuance, upon the superabundance of

the formation, whereby in a comparatively short time really colossal

amounts of young cells are furnished. The impulse to suppuration of

the inflammatory infiltrate, or, as the expression generally is, to a tran-

sition of inflammation into suppuration, is, in many cases, only to be

sought in the too great intrusion of juices into the inflamed part, hence

our antiphlogistic therapeutics always pre-eminently endeavors to pre-

vent this intrusion of juices, at least to diminishing it. In other cases

we find the cause in the quality of the inflammatory irritant ; thus

chemical agents, especially, however, septic ferments, bring to pass sup-

purative inflammations. Conversely we may expect that in such indi-

viduals, whose mass of juices is septically infected (septicaemia), every

inflammation will easily take on the purulent character. Finally, there

are also entirely individual predispositions to suppuration, that is to

say, individuals, in whom also the slightest inflammatory irritant leads

to suppuration. Still, this only by the way. We return to the ana-

tomical course of suppuration.

§ 96. The next phase is the formation of purulent abscess. The cells

primarily more uniformly dispersed in the inflamed parenchyma, leave

the place of their development, and from all sides move together to a

certain central spot, in which afterwards the suppurative focus (abscess,

apostema) appears. By this locomotion upon the one hand, the sponta-

neous mobility of the cells is brought into play; upon the other,

however, a greater or less transudation from the vessels, which accele-

rates the movement and determines their directions, as well as the

point of accumulation. If this flowing together has endured for a length

of time, there arises at the point of the conflux a knobby induration.

Within this the vessels are compressed,, the parenchyma becomes pale.

With the supply of blood, however, nutrition also ceases ; softening and

fatty degeneration forthwith set in; in the abundant transudation the

connective tissue fibres melt down and the cells loosen themselves. The

palpating finger now feels fluctuation, the suppurative focus has been

formed, or, to speak technically, the abscess is ripe.

After having thus seen the abscess produced, it would scarcely be

necessary for us still to define the same as a cavity in the body filled

with pus, if collections of pus could not occur also in another manner

than the one represented, which indeed are not called abscesses, but in

a histological point of view possess thoroughly the value of an abscess,

I mean, namely, the purulent exudations into closed cavities, serous

sacs, articular cavities, bursae and sheaths of tendons. The size and

form of the abscesses naturally vary considerably, according to this

extension of their province; still, this is justified by the uniformity of

their future course.
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§ 97. The emptying of pus from an abscess ensues by far most fre*

quently outwards, the bursting of the abscess. The same forces, by

which the pus was collected at one point, labor to push forwards the

accumulation of pus in the direction of the least resistance. The elas-

tic tension of the part, surrounding the pus and pressed by it from its

normal position, acts in the same manner, and as the pus, thanks to the

great diffusion of connective tissue in every direction, touches a tissue

which is able likewise to be converted into pus, there results therefrom

the prevailing frequency of this outlet. The pus, therefore, presses in

the direction of the least resistance. In the latter instance, this will

always be the direction outwardly, the final result rupture of the cutis

or mucosa. If the pus has been emptied, the cavity of the abscess has

become a free, pus-producing surface ; it now falls into the category of

ulcers, which we will forthwith consider further.

§ 98. Meanwhile the pus is not always evacuated externally. It may
also in every stage of its collection be made capable of resorption by
fatty degeneration of its cells, and be resorbed. Nay, according to

several newly imparted experiences, this capacity for resorption even

extends to very old abscesses, already become cheesy, which for some
time had preserved an unchanged extent. The cheesy material here-

with, in the form of the minutest particles, reaches the blood and lym-

phatic systems, and can, as we will see further on, occasion the produc-

tion of miliary tubercle. (See below.)

d. Organization after Suppuration.

§ 99. From the entire relations of pus hitherto considered, I believe

it has been sufficiently shown, that it is something foreign to the or-

ganism, alienated, against which of course it is not shut out by the pro-

tective covering of an epithelium as against the rest of the outer world.

The aim, therefore, is, from the moment when the abscess has consti-

tuted itself such, to restore the disturbed unity and the integrity of

the organism. For this, however, the more simple means of organiza-

tion considered above, namely, vascular and connective tissue forma-

tion, alone do not suffice. A new integument with an epidermis must
form, and thus then is brought about that highly interesting develop-

ment of form which we are wont to designate as healing by second

intention. Of course it occurs then only in the healing of wounds
where the healing of the solution of continuity did not succeed by the

exact apposition of the divided parts, when suppuration renders it

necessary for us to remove sutures and adhesive plaster, or when a con-

siderable loss of substance in general makes the union of the wounded
edges impossible, and the parenchyma is now open to view, unclosed,

uncovered, and exposed to the action of the atmosphere, &c. But here,

also, the idea is wider than the description. Entirely the same phe-
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nomena occur as in the cases mentioned, where the aim is to close

the organism against an abscess, or, what is analogous to an abscess

(§ 96), when necrosis, burns or corrosion have made a part of the body
a great source of suffering, which can only be removed by suppuration

;

the healing of ulcers belongs here ; in a word, second intention is

organization after suppuration.

§ 100. We are dealing with a free surface producing pus. At innu-

merable points of this, young cells spring forth, and with the cells a

fluid very rich in dissolved albuminates, which pre-eminently is a trans-

udation from the blood. At some time now, there happens close to the

limits of the surface to be produced, the reverse of that which hap-

pened in the liquefaction of the plastic exudation into pus. The cells

more firmly gather together. A layer of embryonal connective tissue

immediately forms, which pushes on between the parenchyma of the

organism on the one side and the pus upon the other. All the pus-

corpuscles, which are henceforth thrown off, must pass this layer of

embryonal formative tissue, which soon thickens, and is elevated in the

form of small, globular tuberosities, the so-called granulations. The
material for all further development is given in these granulations; out

of them are produced the skin and epidermis ; above all, however, the

new vessels.

.

§ 101. Vascular formation is undoubtedly here also the most vigor-

ous means of organization. The reason why just a greater bulkiness

of the cells, also brings with it a greater frailty of the individual ele-

ments, lies in the circumstance that a great extent of a cellular col-

lection, for example, the pus-corpuscles united to form an abscess, is

difficultly, or not at all nourished. If the accumulation has attained a

certain thickness, those elements which are most peripherally situated,

it is true, may yet be able to take up what they require from the neigh-

boring nutritive fluid, and to deliver their excretory matter ; the further,

however, we go interiorly, so much the more does this possibility de-

crease. Upon the one hand the excretory matters accumulate; upon

the other, the nutritive material has no access. The only measure which

is calculated to remedy this untoward condition is the formation of ves-

sels ; that is to say, the laying out of canals, by Avhich on the one hand

the productions of the blood-making organs are carried into the centre of

the territory requiring nutriment; upon the other, the excretory mat-

ters are conveyed away from the interior of the same territory. In

this manner a longer continuance and connection with the organism is

assured even to larger depots of embryonal formative tissues.

§ 102. As to what specially pertains to the vascular formation in

second intention, the superficial diffusion of the germinal tissue in it-

self, already presents more favorable chances for nutrition. Notwith-

standing, at a very early period in the course of things an abundant

vascular formation co-operates in facilitating this. The histological
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detail is that of the secondary vascular formation : in certain central

directions of the parenchyma to be vascularized, a denser accumulation

of cells becomes perceptible ; a strand or row of cells appears, which

indicates the form and direction of the future vessel. The question,

how is a tube produced from this cellular cylinder ; what are the cir-

cumstances of the opening of the new vessel ? we can only answer by

a reference to the discoveries of Thiersch in the first intention, already

noticed. As the pervious mother-vessels also, into which the founda-

tion-structures with both of their roots are inserted, are thickly in-

closed by cells, just this mysterious part of the whole process is veiled

from our eyes. We know, that at a certain time the blood-current be-

comes visible in the axis of the foundation-structure ; that by it the

cells of the latter are pressed apart and henceforth appear as walls of

the new vessel. I take it, the whole vascular wall is dissolved by the

inflammatory irritation in individual cells and is thereb}r placed in a

condition, which places no particular difficulties in the way of a bursting

through of the blood tract. Such a representation is entirely indis-

pensable for the further process of vascularization, in which the young

vessels, still entirely consisting of cells themselves, in turn produce

vascular loops ; namely, as the deposition of the germinal tissue pro-

gresses externally, so the formation of capillaries also follows after in-

ternally. The capillary loops with long parallel roots spring vertically

upwards in the granulations ; they extend up close beneath the suppu-

rating surface ; the loop ends are somewhat widened. (Fig. 39.)

§ 103. We have reached the point of the most luxuriant production.

Uninterrupted progress in this direction again leads us into a byway,

namely, to the formation of the so-called "proud-flesh" (caro luxu-

riant), of which, hereafter. As a rule, a new metamorphosis now

occurs, which is fitted to check a too luxuriant production at the sur-

face, and to prepare the formation of integument. The embi'3Tonal

connective tissue is converted into cicatricial tissue. The transforma-

tion begins in the deepest layers of the granulations, and exhibits the

same phases and transitions which we have learned to know in the first

intention. Spindle-cell tissue first arises.

The plane of the layers of spindle-cells determines the direction in

which the first fibrils become visible. Then follows the formation of

the cicatricial tissue and the retractive shortening of the same in the

manner described, § 93. Still the same phenomenon here has a more

complicated effect than in first intention ; namely, as was remarked, in

so far as it first occurs in the deepest layers of the pyogenetic mem-

brane, the basis upon which the granulations are seated then decreases.

The surface of the wound contracts; what, however, is affected in the

first place, are the vessels, which, as mentioned, spring vertically

through the cicatricial soil to the surface. The vessels are constringed,

diminish in calibre, nay, are in part completely obliterated. In an
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equal measure the granulations lose in juiciness and volume; the pro-

duction of pus is gradually diminished. In this manner, by a truly

surprising co-operation of the various forces of development, there is

preparation made for the last step which yet remains to be accom-

plished, the throwing out of an epithelial covering ; the providing an

integument for the surface of the granulations.

§ 104. It is correct, that as a rule the formation of integument pro-

ceeds from the edges of the granulation surface towards the centre.

Meanwhile there are also exceptions to this rule. It has been repeatedly

observed, that small spots covered in with integument also occur at

some distance from the edges, which gradually enlarge and finally

coalesce with the marginal formation. If, however, this were not a

fact to be established already by the naked eye, still an accurate study

of a vertical section through the edge of a healing surface of granula-

tion (Fig. 39) would leave thereupon no doubt, that the formation of

Section through the border of a healing surface of granulation, a. Secretion of pus. 6. Tissue of
granulation (germinal tissue) with capillary loops, whose walls consist of a longitudinal layer of cells,

decreasing in thickness from within outwards, o. Beginning of the cicatricial formation in the deep"
layers (spindle-cell tissue), d. Cicatricial tissue, e. Complete epithelial covering. The central layer of
cells consists of serrated cells. /. Young epithelial cells, g. Zone of differentiation. 1-300.

integument is not produced by an independent growth of epithelium

over the surface of granulation, but in that, the outermost layer of the

tissue of granulation constitutes itself as epithelium. At e (Fig. 39)
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the separation of epithelium and connective tissue is thoroughly brought

out, at/ the limits have become obscure, but at g we can yet recog-

nize the future epithelium in the closer arrangement of the outer cells,

even though the elements are thoroughly similar in size, nuclear

structure, &c. Further along follows the suppurative surface; it looks

as though the first foundation of epithelium consisted of pus-corpuscles

not thrown off. If we seek for an analogue of this epithelial forma-

tion, we can only compare it to that first and foremost separation of the

embryonal germinal tissue into epithelial and non-epithelial layers, and

regard it as a genuine embryonal differentiation. That a certain co-

operation of the neighboring normal epithelium, importing epithelial

infection (§ 83) is not to be excluded in the formation of integument,

is manifest. The pre-eminently frequent (according to Heine and Bill-

roth exclusive) occurrence of marginal formation of integument may
be grounded precisely upon this circumstance.

The newly formed epithelium always remains thin and dry. No one

has as yet observed that regular glands or even hairs are developed

from it ; on the contrary, I can certify, that there are cicatricial epi-

theliums, in which the cellular villi characteristic of these tumors, pro-

ceed from the thin cicatricial epidermis.

§ 105. These are the outlines of the inflammatory new formation, so

far as the latter proceeds alone in the intermediary nutritive apparatus

and is supplied by its means. Many interesting and important modifi-

cations are conditioned by the peculiar anatomical constitution of indi-

vidual organs, and must therefore be spared for the Special Part. At
this place, let us once more consider that peculiar deviation, which the

second intention experiences by the formation of the so-called proud

flesh.

Caro luxurians might be designated as a hyperplasia of the granula-

tions. Instead of small tuberosities, Avhich in breadth and height

should not exceed the measure of a line, fungous masses luxuriate here,

which are characterized by three or four times this volume, by incom-

plete dendritic organization, diminished vascularity, and a certain want

of capacity of withstanding external influences. These fungous gran-

ulations distinguish themselves in a histological relation by a specially

higher differentiation of the embryonal formative tissue. First of all,

the more distinct formation of a stroma is universal, which is similar to

the stroma of the lymph-follicles. In the formation of this upon the

one side, the cementing substance of connective tissue participates, which

fills out the netlike anastomosing spaces between the globular cells and

now stiffens into minute, rounded filaments ; upon the other side, a cer-

tain number of the cells themselves participate. These become stellate,

and give at tolerably regular distances from each other the points ot

intersection of the supposed stroma. In order to represent the latter,
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Fig. 40.

it is necessary to harden the tissue of granulation in alcohol, and most

carefully to tease out a fine section.

If by this arrangement already a structure of a higher order, com-

parable perhaps to the connective tissue stroma of intestinal mucous

membrane, is presented, this is still more the case by the production of

certain globular structures, which I must declare as lymphatic follicles

of new formation. (Fig. 40.) These are centrally situated within the

parenchyma, equidistantly removed from all sides of the greater vessels.

In teased-out, very thin sections, one

is readily convinced, that a vei-y ele-

gant reticulum, with small lymph-cor-

puscles imbedded, forms the principal

mass of the round nodules. Towards

the periphery the lymph-corpuscles

hang firmer in the reticulum than at

the centre, so that a border zone, very

difficult to clear up, mostly exists here.

Beyond this there follows a lucid

border, which is penetrated by larger

stellated cells, so that in fact only the

Lymph-follicle from a fungous granulation pr00f f a communication of the StTUC-
(caries fungosa). See explanation in text. 1-300. £

tures with the lymphatic system is

wanting, in order to hail them as genuine lymph-follicles. Meanwhile,

I would remind, that this proof is still wanting also for the follicles of

the tonsils.

§ 106. Nerve-fibres form no integral constituent of granulations;

still the so-called irritable granulations are known to surgeons, and I

have succeeded in discovering a great abundance of nerve-fibres in a

remarkable case of this sort, which was sent to me for investigation by

Prof. Billroth.

2. Non-inflammatory Hyperplasia of Connective Tissue.

§ 107. We above (§ 85) referred the hyperplastic conditions of organs

to the individual chapters of the Special Part, since from a histological

standpoint there can in general nothing more be said of them, than

that they are just quantitative excesses of physiological growth. In-

terstitial connective tissue makes an exception to this rule, because it

is only a constituent of the several organs, not an organ itself, and

because, therefore, its hyperplastic increase must of necessity produce

a qualitative disfigurement. Taken accurately, a great portion of the

processes, which we have learned to know in the province of interstitial

inflammation, may at the same time be regarded as a hyperplasia of

the interstitial connective tissue. This especially obtains of inflamma-

tory infiltration, and the transformation of the infiltrate into connective
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tissue. In fact the non-inflammatory distinguishes itself from this in-

flammatory hyperplasia only by the slow progress of the phenomena,

if meanwhile we leave the etiology out of consideration. A hypersemic

dilatation of the vessels forms in all cases the point of departure for the

changes. The emigration of colorless blood-corpuscles joins itself to

this, which has -an increase of volume, a condensation of the connective

tissue as a consequence. The decided participation of the vascular

sheaths in this infiltration is particularly characteristic ; these often

attain three to five times their normal thickness. The transformation

of the infiltrate into fibrillar connective tissue very gradually follows

after, and appears in many cases (kidneys, pia mater) not at all to

occur. Meanwhile the great analogy of the process to inflammation

becomes of itself very obvious, so that physicians and authors are not

to be found fault with for having described, and still describing it, as

" chronic inflammatory." Where a determined irritant, for example,

a continued or frequently repeated, although a trifling mechanical in-

jury has occasioned the disturbance, I am likewise prepared to apply

the term chronic inflammation ; where, however, this is not the case,

where, for example, passive hyperemia gives the impulse for the ap-

pearances mentioned, it would be downright incorrect, if we yet spoke

of an inflammation, and not rather of a simple hypertrophy or hyper-

plasia.

3. Specific Inflammations. i

(
Granuloma and Lymphoma.

)

§ 108. As in this chapter we will meet for the first time the much-

used term " tumor," we cannot forbear giving a short account of the

purport and importance of the same. We, as physicians, are so much
the more inclined to give a new formation the name of tumor, the less

it exhibits the known peculiarities of the inflammatory process, and,

indeed,

1. The less an inflammatory irritant can be proven as the causative

agent, the more has the new formation the character of a "spontaneous

production" ("Freiwillig-Enstandenen "). That there is no question

here, as everywhere in nature, of an actual spontaneity, is self-evident.

But we are yet so far removed from a clear insight into the etiological

relations of tumors, that it is more a thing of individual conviction,

whether one will follow him who regards the tumor as the localization

of a pre-existing dyscrasia, a tumor-producing disease, or him who holds

the local affection in all cases as the point of origin and departure of

the disease producing the tumor. Billroth, in his Handbook of Gen-

eral Surgical Pathology, defends the former; Virchow, in his work on

Tumors, the latter standpoint. Virchow, with wonderful circumspec-

tion, attempts to prove in every case, at least a local predisposition

;

and even though he does not succeed in entirely driving from the field

the humoro-pathological reasoning, we must still concede that there are
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tumors which owe their origin to a local irritation. I recall, for ex-

ample, the epithelioma of the lower lip, occasioned by the continual

irritation of a tobacco-pipe hanging from the teeth; of so many sar-

comas, which were produced by an irritating pressure; enchondromas

of bones, which proceeded from points of fracture, &c.

2. The less decidedly, with the formation of the tumor, the other

cardinal symptoms also of inflammation, as pain, redness, exaltation of

temperature become prominent. The physician regards it as worthy

of especial emphasis, and readily believes in a complication with inflam-

mation, when a tumor causes pain, or when an active hyperemia with

an increase of temperature accompanies its development.

3. The less a new formation in itself contains the conditions of a

perfect cure. Spontaneous cure is quite an eminent peculiarity of

the inflammatory process. It, however, belongs to our delineation of

a tumor, that, if left to itself, it continues growing, and if this does

not occur, that it at least has a more persistent character. We may
also formulate this position together with 1, as to say: inflammations

do not arise spontaneously, but they heal spontaneously ; tumors arise

spontaneously, but they do not heal spontaneously. I am entirely

conscious herewith to have expressed anything but an axiom. The

case has frequently enough been observed, that pediculated tumors

have of their own accord fallen off; that even the voluntary casting oif

of entire cancerous nodes has been observed.

If we ask after the natural grounds for this, I had almost said, in-

stinctive distinction of the physician, we may at all events find such a

one also in the circumstances of the histological development. The

inflammatory new formation is essentially produced by the conflux of

the mobile cells of the vascular connective tissue system at the spot of

the irritation, hence the rapid appearance and almost traceless dis-

appearance of the same ; tumors in their development follow more

the rules of physiological growth, hence the persistency, the organ-

like character of their existence. If we reflect that an increased afflux

of blood plays a principal part in inflammatory processes, we might

term inflammations disturbances of nutrition, tumors disturbances of

growth. Still, the question here is not universally of contradictory

contrasts, only of contraries which are connected by several series of

intermediate degrees. Thus 'one of these series proceeds from inflam-

mation through the intermediate degrees of inflammatory hyperplasia

and simple hyperplasia to those complicated hyperplasias which we call

cancers; another proceeds from inflammation through the intermediate

degree of specific inflammation to those more perfect imitations of tissue

which we designate as sarcoma, enchondroma, myxoma, &c, and together

term them histioid. The first of these transitions will especially meet

us in the diseases of the skin, mucous membranes and glands ; the sec-

ond shall claim our attention at present.
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§ 109. The specific inflammatory processes distinguish themselves from

common inflammation, in that they yield, instead of the plastic exuda-

tion or beside it, certain products, which are characterized by special

anatomical peculiarities. The latter are typical for each one of the

processes, and are in general traced back to the particular quality of

the inflammatory irritant. As such, in every case a specific virus is

active, which either passes over to the organism by hereditary trans-

mission, or is taken up by contagion, or finally is primarily formed in

the organism.

§ 110. Syphilis. Constitutional syphilis maintains in the body a

tendency to all that is called active hyperemia, inflammation and in-

flammatory new formation. In the first stages of the disease they are

more the superficial organs, the skin and mucous membranes, which are

attacked; in the later stages, the deeper lying organs are also laid hold

of; in the anomalies of the osseous and nervous systems, of the liver

and the testicles, we will particularly meet with syphilitic inflammations.

Certain peculiarities of localization, of diffusion, and of the course indeed,

distinguish all these inflammations
;

pre-eminently, however, does a

product claim our attention, which is commonly yielded beside the more

simple forms, seldom by itself alone ; the so-called gumma syphiliticum

(syphiloma, of Wagner). We may call the gumma a specific produc-

tion of syphilis ; the anatomical specificity, however, by no means lies

Fig 41.

Syphilis of Liver, a. Left, 6. Right lobe of liver, cc. Connective tissue sheath, which penetrates the
organ in the direction from the porta to the lig. suspensoriuni, and contains gummata. 2-1.

in a striking deviation of the tissue of the gumma from the known types

of the inflammatory neoplasia; it rather lies in this, that within a larger

depot of newly formed germinal tissue, a circumscribed, more or less

globular node becomes defined, which separates itself from the remain-
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ing surrounding germinal tissue by its further metamorphoses. Whilst

the latter becomes fibrous connective tissue and a cicatrix, "which dis-

tinguishes itself by an extraordinarily vigorous capacity of retraction

(§ 93), here a mucoid metamorphosis of the basis-substance prevails,

with the retention of the rounded cell-forms, at times with the forma-

tion of an anastomosing cellular net. The emphasis, however, does not

rest upon the formation of mucoid tissue, for this evidently only pre-

sents one phase of the slow retrogression. The cells undergo fatty

degeneration; in their stead arise round or stellate aggregations of fat-

granules, which appear to be able to maintain themselves as such for a

long time. Thus there result elastic, soft, yellowish-white, roundish

nodes, which are imbedded in a depot of newly formed connective tissue,

the specific syphilitic tumor, the node or gumma syphiliticum. Recent

gummata may be brought to complete resorption by proper medication.

Subsequently the node becomes caseous, while the surrounding connec-

tive tissue becomes a compact, cicatricial induration, which by its com-

position may effect deformities of the highest degree in the diseased

organs. (Fig. 41.)

Whether it is justifiable already to designate the induration of the

primary chancrous ulcer as gummous, I will not decide. The actual

microscopic appearance (Fig. 42) is that of a small cellular infiltration

of the connective tissue, which is noted not so much by the amount of

the infiltrated cells, as that these cells very uniformly fill all the inter-

stices, which exist upon the one side among the vessels, upon the other

between the connective tissue fibres. By this means the swelling

attains an elasticity, which ap-

pears to the palpating finger as

hardness, while upon the other

hand the vessels remain pervious,

and the nutrition of the part is

not interrupted. This immovable

fixedness of the cellular infiltra-

tion at a determined point of the

development, has undoubtedly

something of a peculiarity, and

reminds of the gumma tissue

;

however, whether similar indura-

tions do not also occur without

syphilis, can only then be said

w7ith certainty, when the histology

of inflammatory indurations in

general have been better investi-

gated than at present.

Annotation,—Biesiadecki seeks the ground of induration in a certain rigidity

and dryness of the connective tissue fibres ; former authors sought it in the

Syphilitic induration, a. Vascular lumina. 6 6,

and all clear places, are bundles of connective tissue,

which are pressed asunder bya uniform, small-celled

infiltrate. 1-300.
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quality of the exudation (Ricord, plastic lymph ;) Michaelis, exudation flakes,

&c).

§ 111. The syphilitic new formation may at the same time serve as

a model for the leprous disturbances and those caused by the infection

of glanders. In these also besides the simple inflammatory processes

there is produced a specific tumor, which persists for some time at the

lowest grade of textural development, without change, in order at a later

period either to suppurate and burst, or to wither by fatty degenera-

tion (details under Diseases of Skin, in Special Part).

§ 112. Typhus. What distinguishes the typhus process in compari-

son to a simple acute inflammation, is the higher development, " ap-

proaching the epithelial," which the individual cells of the infiltrate

experience. The acme of the typhous changes, as we will learn to

know them more intimately in the "anomalies of mucous membranes "

(Special Part), is termed medullary infiltration. If we investigate this

infiltrate, we find cells, which are noted, in opposition to simple lymph-

corpuscles, for the great amount of the protoplasm. The protoplasm

of the lymph-corpuscles scarcely equals the space occupied by the con-

tained nucleus, while here the protoplasm at least occupies as much, on

an average, however, somewhat more space than the nucleus. The

typhus cell represents the lowest grade, in a certain manner the first

foundation of an epithelial development ; it appears, however, that this

intumescence of the protoplasm is wanting above all in the continuance

and solidity of epithelial development, as the typhus cells only maintain

themselves for a short time at this acme, in order then most speedily

to fall into the retrogressive processes.

Annotation.—The lukasmic tumor stands very close to the typhus in a pui'ely

histological relation ; still it must not, without further consideration, be reck-

oned among pathological new formations (see chap, i, of Special Part).

§ 113. Tubercle. Tubercle represents a third type of specific inflam-

mation. In speaking of fatty metamorphosis, I have already pointed

out that the pathological anatomy of to-day does not understand by

tubercle and tuberculization what was generally understood by these

but little more than a decennium ago, namely, every yellowish-white,

friable or smeary, in one word, cheesy mass, which is deposited at any

point. We call tubercle par excellence, singly and alone, a certain

originally gray, translucent, very compact nodule, which is seldom larger

than a millet seed (miliary), but, however, is found in many, nay, in

innumerable numbers together. The confusion of names and ideas

which this distinction, already founded by Reinhard, but strictly carried

out by Virchow, has occasioned, is not decreased by the circumstance

that in fact cheesy inflammation, and miliary tuberculosis, very com-

monly occur side by side. The latest times have also brought very

interesting disclosures upon this point ; namely, according to a series
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of investigations, which were started by Villemain, continued by Klebs

and others, and brought to a certain conclusion by Cohnheim, the

introduction of the "cheesy detritus" into the juices of the individual,

results in the occurrence of "miliary tuberculosis." It is therewith a

matter of indifference whether the cheesy material is transferred by

inoculation, or whether it arises in the organism itself. Accordingly,

the smallest particles of the cheesy detritus would have to be regarded

as a poison, which, by direct irritation, occasions the tuberculous new

formation of certain (we will soon see which) constituents of the tissues.

This much is certain, that the formation of tubercle is the expression

of a commenced dyscrasia, a corruption of the juices, which in many

cases diffuses itself from a point throughout the organism ; in others

probably (?) is already congenital.

There is scarcely an organ of the body in which we do not occa-

sionally meet with tubercles ; the lungs, however, and the intestine are

the localities by far most frequently visited. The extensive disturbances

of an ulcerative kind, which the origin and especially the disintegra-

tion of tubercle produces, are treated of amply in the Special Part

;

here we can only speak of that which is the same everywhere ; namely,

the histology of the gray, miliary nodules, and that which we know of

the histogeny of the same.

§ 114. If we lightly pull to pieces a miliary tubercle with needles,

we will soon succeed in isolating its following minute constituents : Fig.

43, i, larger cells of round, more frequently of rounded angular

form, and their principal mass formed of a finely granulated, strongly

refractive, probably very dense substance. The sharp contour, that

is to say, the smooth surface by which the cell is inclosed externally,

permits us to assume a cell-membrane, although such a one is not to

be proven by means suitable for this purpose, as elevation by the addi-

tion of water, crushing, the perception of a double contour. In the

majority there is present a relatively not large, single, right strongly

shining round nucleus, which is mostly excentrically situated, but rarely

so that it occasions a lateral protrusion at the cell-surface. In some

there are found two, three and more of such nuclei, which doubtless

were produced by a division of the originally single nucleus, inasmuch

as the middle stages also of nuclear division, namely, elongated, slightly

and more deeply constricted nuclei, are found. This nuclear division

is to be regarded as a preparation for an endogenous development of

small cells, exceedingly dissimilar to those just described, which, it is

true, is not always carried out, so that even in the oldest tubercles we

yet meet with polynucleated giant cells (Langhans).

Fig. 43, 2, presents the second form of cellular elements, as they may
be isolated in greater numbers by tearing up a miliary tubercle. They

have nothing in common with those previously mentioned, except the

shining, darkly contoured nucleus. In all other parts they are distin-
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guishable from them, and indeed at once by their far smaller size, which

makes it possible for them in their endogenous origin for three or more to

find room in the former ; otherwise, however, by their protoplasm being

translucent, homogeneous, and of a weak, refractive power, while just

Elements of miliary tubercle presented by teasing out. 1. The large tubercle-cells- 2. The small

tubercle-cells. 3. Endogenous cell-formation. 4. Fine-meshed network from the interior of a miliary

tubercle; the cells partly removed by brushing out. 5. Torn-off shreds of adventitia of a small cerebral

vessel from the surroundings of a miliary tubercle. Division of nuclei at the inner surface of the

adventitia. Finely granular protoplasm accumulated in a continuous layer of considerable thickness.

6. Formation of tubercle-cells. 7. The border of a small vessel, in whose adventitia is a development
of tubercle-cells.

in reference to this we had to state a very characteristic behavior of the

larger cells. The latter difference makes it possible for us to recognize

the younger cells in the interior of their mother. The appearance of

clear areas around the nuclear structures of the latter immediately

marks the occurrence of endogenous development, which we regard as

completed when the clear area has cut itself off by a sharp line from the

surrounding, finely granulated, and strongly refractive substance of the

mother cell. To this place belong the structures which have been very

frequently observed, and are delineated in Fig. 43, 3.

These cells form the principal mass of miliary tubercle. After we

have removed these by brushing and washing them out, that which

remains is the finely-fibrous network, represented (Fig. 43, 4), to

which we will return further below.

§ 115. Let us now pass on to satisfy the second of the principal

questions; how are the miliary tubercles produced, how developed? We
will expect from the beginning that in general the vascular and con-

nective tissue systems must also be regarded as the origin of these new

formations. There is, however, no connective tissue of the organism,

as numerous observations have proven, so readily disposed to the forma-
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tion of tubercle, as that which forms the adventitious coat of the

smaller arteries and the transition vessels. If, for example, we observe

a tuberculous pia mater, we will readily establish the phenomenon that

the gray nodules from preference follow the more minute ramifications

of the arteries. They are placed as lateral projections, singly or united

to small groups, upon the larger branches, while upon the more minute

branches, and the almost capillary vessels, they present themselves as

spindle-shaped varicosities, which occupy the whole circumference of the

vessel. (Fig. 44.) The largest among them show a whitish opacity,

which begins in the centre and extends towards
TTt/-. A A °

the periphery. This opacity is the expression

of a fatty-granular metamorphosis, a cheesy

modification, which of course represents the

regular decomposition of the gray nodules. We
take it, that it first attacks the oldest, the first

produced, centrally lying cells, so that the se-

quence of changes, in point of time, which the

miliary tubercle suffers, represents itself in space

by the formation of concentric zones, of which

the outer are formed by the tubercle-cells them-

selves, and the inner by the cheesy product of

their transformation. If this view is correct, we

would conversely have to seek for the develop-

ment of the elements of the tubercle at the peri-

phery of the little nodules.

The adventitious coat of the smaller cerebral

vessels contains in regular arrangement very

pale, flat, round nuclei, supplied with nucleoli.

We can perceive these just as well upon loosened shreds of the mem-
brane as upon the intact vessels. In the latter case they present them-

selves as staff-shaped structures imbedded between the outer contour of

the vessel and its muscular coat. These nuclei are not naked, but lie

in a small amount of finely granulated substance, which from prefer-

ence is collected in the longitudinal direction of the vessel. A second

contour, which surrounds the nuclei in a narrower or wider circumfer-

ence, according to His, is made more distinct by treating with nitrate

of silver, which assures the membrane the significance of a lymphatic

endothelial tube, although a positive knowledge concerning its relations

to the lymphatic system has not as yet been obtained. From this mem-

brane, and indeed in its peculiarity as a lymphatic endothelium, the new

formation proceeds. A considerable increase of the protoplasm surround-

ing the nuclei is the first act of our process. Simultaneously therewith

is a multiplication of the nuclei by division. (Fig. 43, 5.) The nuclei

move apart, and while in some the process of division may be repeated,

in others a peculiar change occurs. Instead of the flattened, discoid

Miliary tubercles adherent
to a cerebral vessel.
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form, they assume one more globular, and in consequence become

smaller
;
previously very pale and finely granular, they now become

strongly refractive and homogeneous, in short, they assume the external

appearance which we have stated as characteristic of the nuclei of the

tubercle-cells. Simultaneously changes occur in the immediate surround-

ings of the nuclei. The protoplasm at that place becomes more strongly

refractive, therefore probably denser, so that the nucleus appears sur-

rounded by a feebly shining globule ; at the border of this globule a

line is exhibited, primarily ill-defined, but afterwards sharply promi-

nent, and by this the whole structure is inclosed externally, the tuber-

cle-cell complete in its essential parts. Fig. 43, 6, represents torn-off

fragments of the adventitia from the limits of the growth of a small

tubercle ; in the thickened layer of the protoplasm we observe upon the

one side elements ready formed or developing, upon the other spaces,

which correspond to them in form and size ; the cells have fallen out in

the preparation. Fig. 43, 7, shows the border of a small vessel, in

whose adventitia several tubercle-cells, and beside these nuclei, are

imbedded.

In the commencement the formation of these cells is so sparse, that

broad bridges of protoplasm remain standing between them, as we can

also see in Fig. 43, 6. In the same measure that they become more abun-

dant, are these bridges consumed; the newly formed elements touch and

flatten each other somewhat. Then there remains but a small residue

of protoplasm. This fills up that system of communicating spaces,

which must always remain between contiguous globular structures,—

a

delicate network, in whose meshes the tubercle-cells are deposited.

Fig. 43, 4, shows such a network, from which the cells have been partly

removed by brushing. It consists of fine round filaments, which here

and there spread out into small, three-cornered membranes. Where

this is the case, two neighboring cells did not come into immediate con-

tact, so that a thin, more extensive layer of protoplasm has remained

between them. Nuclei are also yet found at individual points of union

of the network. The whole resembles, as we observe, in a certain

degree the more minute trabecular net which is found in the interior

of lymphatic glands, so that already upon this ground, I could not for-

merly withstand the temptation of drawing a parallel between the

tuberculous tissue upon the one side, and the tissue of the lymphatic

glands upon the other, and in unison with another expert (Virchow) of

straightway designating tubercle as a lymphoid or lymphomatous new

formation. What, however, especially determined me to this compari-

son, was the similarity of tubercle with the formation of lymphatic

sheaths around vessels, which I regard as the formative principle of

lymphatic glandular substance. Meanwhile, however, it has been

shown that the origin of miliary tubercle is by no means confined to

the neighborhood of a bloodvessel, but only to the presence of an en-
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dothelium. The endothelia of the lymph-vessels, the serous membranes,
the bloodvessels (Schiippel^are the cells of the body by whose specific

irritation is formed the most essential part of the miliary nodule, and
from this only is derived the preference of miliary tubercle for this

locality, that in fact the lymph-vessels also by preference take their

course in the immediate surroundings, in the adventitious coat of the

bloodvessels. (Compare with this the occurrence of tubercle upon serous

membranes and in the lung, in the Special Part.)

4. Histioid Tumors.

§ 116. In the capability of the intermediary nutritive apparatus, of

producing embryonal connective tissue at almost every point of the

body, those higher histogenetic actions are also founded, which we in

the more contracted meaning of the word, term excrescences, more
correctly, however, histioid tumors. The interior continuity of their

elementary parts is characteristic of histioid tumors. The majority of

them consist generally only of one tissue ; where, however, more tissues

participate in the composition, they are never found in a differential

apposition determined by sharp limits, as epithelium and connective

tissue, but they organically pass into each other. This intimate con-

tinuity is declared also from the original interior uniformity of the

foundation of the tumor, which in all cases is given by a certain amount

of embryonal formative tissue. From this only by subsequent differ-

entiation do the higher types of tissues proceed, and indeed, with a

peculiar predilection the connective substances, the connective tissue it-

self with its varieties (fibroma and sarcoma) occurring in the inflamma-

tory process, the cartilaginous tissue (chondroma), the osseous tissue

(osteoma), the adipose tissue (lipoma), the mucoid tissue (myxoma), the

higher anomalous tissues, the muscular tissue (myoma), and the nervous

tissue (genuine neuroma) are more rarely produced. The manner of

the production again is exactly the same as in foetal development, that

is to say, a certain amount of embryonal formative cells are converted

into cartilage, bone, fat, and muscle-cells, while the remainder is con-

verted into connective tissue, and beyond this the whole is divided by a

sufficient vascularization into nutritive territories of the entire organism.

Herewith upon the one hand the connection of the tissues among them-

selves is preserved, upon the other these with the organism ; the new

formation appears as an organ, although defectively built and un-

necessary. Without the integrity of the body being attacked, colossal

new formations often arise, which need only to be removed by the knife,

in order to re-establish the previous status.

§ 117. What I last said, of course does not obtain without restriction.

Unfortunately, there are also among the histioid tumors, a number to

which we must ascribe a pernicious character, malignitas.
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We call those tumors malignant, which are not only dangerous to the

sufferer, but which threaten the life of the patient in a very decided way,

in that they occasion a constitutional disease, which is incompatible

with the salutary continuance of the entire nutrition. This general

affection (cachexia) shows itself in a prostration of energies, diminution

of the amount of blood, wateriness of the blood, emaciation, sallow

complexion, profuse sweats, diarrhoeas, hemorrhages, &c, to which the

patient finally succumbs.

We have not been able up to the present time, to prove chemically

or microscopically, the basis of this general affection. The question,

how and by what means the malignant tumor induces the cachexy, like-

wise yet awaits to be answered. Those who regard the tumor as pri-

marily a local affection, have a very intelligible interest in identifying the

described marasmus, which is always secondary, with the constitutional

disease producing the tumor of the humoral pathologists, and to make
both taken together dependent upon an infectious activity of the malig-

nant tumor. This representation interests us very peculiarly for this

reason, because one at least is raised above all doubt that from the first

tumor there goes out an incitation for the formation of new foci of the

same kind of tumors, and gradually diffuses itself throughout the entire

organism. In this diffusion of the formative irritant, the so-called

infection, we distinguish three periods of time.

§ 118. In the first period this only extends to the immediate sur-

rounding of the primary focus of the tumor. It constantly causes the

formation of new foci at the periphery, which afterwards coalesce with

the. principal focus. Peripheric infiltration therefore (§ 69, 3) is the

standing method of growth of malignant tumors. We must herewith

accept, that the impulse to the new formation precedes for a space of

time the new formation itself. This teaches us the so-called capacity

of recurrence of malignant tumors. Let us suppose, namely, that, in

order to check the disease, we have removed the whole tumor together

with its zone of infiltration. The cut surface appeared to us after the

operation to lie entirely in the sound tissues; nowhere could we perceive

even but a trace of an already effected pathological proliferation ; notwith-

standing which, in most cases we would gain the sad experience, that

just at the place from which we removed the first tumor, in the midst

of just the tissues which at the time of the operation appeared to us

yet entirely normal, after some time, there arises a new .tumor of the

same kind, the recurrence. We are therefore necessitated, if we do hold

to the noncraseological standpoint, to the view, that for a time we cannot

observe upon the tissues, whether or not they have already been affected

by the formative irritant.

§ 119. The second stage of the diffusion of the pathological irritant

of development is marked by the affection of those lymphatic glands,

which take up the lymph of the region first diseased. That hereby
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the question is about the transportation of an irritating substance in

the lymphatic tract, can underlie no doubt. The question only is,

What is transported ? We might suppose cells. It is known that

even still coarser particles, for example, insoluble coloring matter,

which in tattooing is rubbed into the wounded skin, are taken up by the

lymph-vessels, carried to the nearest lymphatic glands, and there

deposited. May we, however, use this analogy with a clear conscience ?

After recent wounds the lymph-vessels gape and are then well fitted for

taking up solid bodies; can we also suppose the same of the lymph-

vessels in the surroundings of a tumor ? The granules of coloring

matter are either heavy or sharp or hard granules, which by virtue of

one of these properties and assisted by rubbing the tattooed spot of

skin can penetrate in any desired direction into the soft parenchyma of

the body and up to the lymphatic tract ; we cannot say the same of the

cells. We must therefore reject this analogy, but of course not the

possibility therewith, that the infection of lymphatic glands may depend

upon the transportation of cells. On the contrary, thanks to the dis-

covery that young cells in virtue of their amoeboid movements can pass

through the connective tissue in all directions, we no longer need this

analogy, and with a probability bordering upon certainty we may

refer the infection of the lymphatic glands and the whole body, to the

elements of the tumor themselves, or such younger cells as have come

into contact with them and were infected.

The affection of the lymphatic glands is regarded as a sign of the in-

fectious capacity of a tumor, and in so far as an unfavorable phenom-

enon. Beside this the favorable circumstance brought forwards from

various sides, that by the closure by swelling of the lymph-tracts in

the lymphatic glands the injurious ferment is prevented from imparting

itself to the remaining organism, disappears. At another place we

will learn to know the detail of these closures by swelling and concede

the great probability that the infection is retarded by this. Meanwhile

there the question can only be of a temporary delay, not of a pre-

vention.

§ 120. The third and last period of the propagation of the tumor

teaches us, that notwithstanding the sacrifice of several lymphatic

glands the whole organism has incurred the morbid disposition. We
call the secondary occurrence of foci of tumors in other regions of the

body metastatic formations. Whether we are justified in this nomencla-

ture by this, that actual parts of the body are subsequently displaced

from the original focus of the tumor and the affected lymphatic glands,

is subject to the doubts already discussed above ; in the blood, through

which the transportation must yet incontestably take place, we have, as

yet, in spite of zealous investigations, met with no elements of the

tumor. Consequently it may be more advisable, for the time being,
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in this case, also to continue in the opinion of a fermentative body in

the blood.

The unbeliever in djscrasia sees in the described irradiation of the

developmental irritant, from the point of its first production, a palpable

representation of the relations in which every malignant new formation

stands to the organism. The advocate of the primary constitutional

aifection has, in opposition to him, a far more difficult position. Still

he may insist that (1), the cachexy is not without further ceremony to

be identified with the infection, and (2), that the developmental irritant

for the primary tumor must be the same as for the secondary, conse-

quently the difficulties are not at all diminished of explaining the pro-

duction of the first, otherwise than by a pre-existing dyscrasia. For
my own part, I do not find myself prompted to anticipate in any man-

ner the coming decision of this question.

§ 121. After having acquainted ourselves with the clinical idea of

malignity, let us ask whether there are anatomical characters, by which

one may recognize malignant tumors before they have proven them-

selves such by recurrence and metastasis, and with Waldeyer we answer,

that in general, the tumors are subject to metastasis so much the sooner

as the soil is richer in blood and juices, upon which they have grown,

and the greater the number of mobile cells is, which are either in the

tumors or in their nearest surroundings. As for the rest, it will still

constantly be our task to increase the treasure of our experience in this

so exceedingly important province, by the accurate histological investi-

gation of every tumor coming under our hands, and the most careful

inquiries possible, of the future fate- of the case. For the present we
will content ourselves in specifying, as far as our present experience

reaches, the grade of the malignity in every single species of tumor.

It will therewith show itself, that before all others, "cancerous " new
formations are distinguished by their malignity ; that, however, a cer-

tain malignity also belongs to several histioid tumors (especially sarco-

mas and enchondromas), which is not always occasioned by a combina-

tion with cancer.

§ 122. Before we leave this important point, it is yet incumbent

upon us to place in a correct light several ideas allied to malignity,

which must not be mistaken for malignity. This obtains, first of all,

for the danger to life in general. A tumor may very easily by its seat,

its size, its weight, &c, cause not only the greatest inconvenience to an

individual, but may also become the direct occasion of his death, with-

out that on that account alone we should ascribe to it the character of

a malignant tumor. A fibroid of the prostate closes the outlet of the

urinary bladder, and thereby induces death from retention of urine ; a

fibroid of the uterus becomes dangerous to life from hemorrhage, but we
are not therefore justified in calling the tumor malignant. The multi-

plicity also of tumor-formations may not in itself be regarded as malig-



132 PATHOLOGICAL NEW FORMATION.

nancy. When a formation of sarcoma occurs at the most various

points of the skeleton, when foci of irruption are simultaneously found

at the cranial covering, upon the tibia, upon the clavicle and the ver-

tebral column, we may indeed conclude that the entire osseous system

is diseased ; we may conjecture a general disease, like as in skin-erup-

tions a disease of the entire integument ; but it would be erroneous

were we to identify this primary generalization of the new formation

with that secondary one, which is peculiar to malignant tumors. Both

are independent of each other.

a. Sarcoma.

§ 123. If one compare the color and constitution of any sarcoma

with the constitution and color of muscular flesh, one can scarcely con-

ceive how these tumors could receive the name of flesh-tumors (sarcoma,

from <rdpz, flesh). The popular tongue, of course, calls entirely other

things flesh besides muscle, above all it also calls granulations flesh;

and if perhaps the name was given just in view of this mode of speech,

we may also approve of the comparison, and indeed upon more than

one ground. Sarcomas, namely, are in so far the most interesting

of all histioid tumors, as they undoubtedly repeat that group of tis-

sues which we have learned to know in inflammatory heteroplasia. We
find here the round-celled formative tissue of granulations besides its

lymphadenoid variety (caro luxurians), the spindle-cell tissue, and the

compact fibrous connective tissue of cicatrices. As a rule, we meet

several of these tissues together, in such a manner, however, that one

of them forms the principal mass of the tumor, whilst the others exist

in lesser amounts. The denomination is determined by the principal

tissue, a potiori fit denominatio. Hence, we distinguish three princi-

pal categories of sarcomas, namely : round-celled sarcoma, spindle-

celled sarcoma, and fibroma.

The secondary tissues are never co-ordinate to the principal tissue,

but stand in relation to it, as either previous stages of its development

or as proceeding from it by further metamorphoses. In these meta-

morphoses exactly the same sequence is maintained as in inflammatory

new formation: the round-celled tissue (tissue of granulation) comes

foremost; from it is produced in the first place the spindle-celled tissue,

and afterward the fibrous tissue. We must not, however, conceal that

the series of possibilities of development are not exhausted with the

tissues of inflammatory new formation. Cartilaginous, mucoid, osseous,

and adipose tissues occur as products of secondary transformation in

sarcomas. They naturally always only form subordinate constituents,

and give us occasion for constituting varieties ; the tumors in which

they predominate, or which are even exclusively formed by them, are

the further classes of histioid heteroplasms, the myxomas, lipomas,

enchondromas, and osteomas. We, however, recognize therein the inti-
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mate connection of the collective histioid tumors, and our complete

justification in uniting them into one group.

The origin and growth of sarcomas is indeed different in the indi-

vidual forms; meanwhile we may express, that in general growth by

infiltration of the surrounding parts, the so-called peripheric growth,

and backward, and therefore central growth, enlargement by interior

apposition, occupy the foreground. A peculiarly central growth per-

tains to fibromas, one more peripheric to the medullary round-celled

sarcomas ; the spindle-celled sarcomas here, as also in other points,

especially in reference to malignancy, maintain the medium between

both.

We might set up a large series of kinds of sarcoma and inferior

kinds, if we would consider all the modifications which are conditioned

particularly by the situation of the tumor. Meanwhile, I regard it more

advisable to mention here only a small number of typical recurring

forms, to reserve, however, the special sarcomas of individual organs,

and systems, for the Special Part. In that place I include the ossifying

sarcoma of the periosteum, and the giant-celled sarcoma of the medulla

of bone, the glioma of the nervous central organs, the cysto-sarcomas

of the various glands, &c. All the finer gradations of the principal

forms are also unconsidered here ; it has appeared to me as though al-

most every tumor exhibited something of this kind, and I might assert

that exactly the same tumor can only he again found at exactly the same

point of the body.

Mound-celled . Sarcoma.

§ 124. 1. The granulation-like round-celled sarcoma (sarcoma globo-

cellulare simplex), in its textural and structural relations is allied to

the model of the tissue of granulations. To the naked eye, a yellowish

or reddish, thoroughly homogeneous, elastically soft mass, at times

extraordinarily like the roe of fishes, presents itself from the cut sur-

face ; by scraping with a knife-blade, we can obtain a scanty amount
of juice, which is almost entirely clear, or contains but few cells. The
cells are small, round, and contain comparatively large nuclei, of sharp

contour, and provided with nucleoli. The protoplasm, as a rule, is

present only in small amount, therewith entirely naked ; we must have

recourse to hardening the tumor and coloring it with carmine, in order

to make it generally distinct, and to convince ourselves that a cell-body

actually belongs to each of the apparently free nuclei.*

* Virchow is disposed to ascribe the phenomenon of the apparently free nuclei to

a greater fragility of the cell-bodies, and with this opportunity makes the observation,

which is very encouraging to practical histology (Tumors, page 204) : " This fragility

of the cells is so striking, that for a long time past in every case where a recently in-

vestigated tumor appears to consist predominantly of large, naked nuclei, with large,

shining nucleoli, until further investigation I suppose it to be a sarcoma."
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The structure of round-celled sarcoma deviates only in a quantita-

tive relation from the structure of granulations. The vessels in part

are wider, thicker walled ; where these, however, break up into capil-

laries, they are just as delicate, frequently only built of a simple cell-

layer, such as we saw in the vessels of granulations. The interspaces

between the vessels are everywhere uniformly filled by the round cells

and the scanty, soft, and formless basis-substance of the germinal tissue.

In rare cases one observes a higher organization of the whole, which

reminds of the papillosities of granulations, namely, a radiated striation

and a decided disposition of the mass of the tumor for cleaving in radi-

ating directions. We will more intimately speak of this fasciculated

round-celled sarcoma, which, by preference, proceeds from periosteum,

at the proper time, as sarcoma ossificum.

The simple round-celled sarcoma proceeds most frequently from con-

nective tissue membranes : the periosteum and the sheaths of the nerve-

centres are its favorite situations ; meanwhile Ave must also be pre-

pared occasionally to meet it in other parts, especially upon the outer

skin, upon mucous and serous membranes, even in glands. The simple

round-celled sarcoma is closely allied to the small-celled spindle-celled

sarcoma, and through this to fibroma, and manifoldly goes over into it.

To this corresponds the relative benignity, which marks just these

tumors above all other round-celled sarcomas.

§ 125. 2. The lymphatic gland-like round-celled sarcoma (sarcoma

lymphadenoides, molle) owes its more limited consistence pre-eminently

to the circumstance that its cellular

elements are less intimately and im-

mediately combined with each other

than the cells of ordinary tissue of

granulations. We can here obtain

with facility, by scraping the cut sur-

face, a juice with an abundance of

cells, whose microscopic observation

shows these latter to be round cells,

which are distinguished by large,

oval, slightly refractive nuclei, pro-

vided with one dot-like nucleolus. If

we harden the tumor and tease out a

thin section of it, we find between

the cells a delicate intercellular net-

work, which strongly reminds of the

reticulum of the lymphatic follicles,

the intestinal mucous membrane and

caro luxurians (proud flesh). (Fig.

45.) This network spreads itself among the wide, thin-walled capilla-

ries and gives the whole structure a certain support, while on the other

Fig. 45.

Round-celled sarcoma, a. Vascular lumina.
h. Parenchyma partly brushed out, so tbat the
hardened basis-substance appears as an elegant
network. 1-300.
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hand it permits the accumulation of an abundance of fluid beside the

cells, and favors the isolation of the latter.

The sarcoma under consideration most frequently proceeds from the

subcutaneous, subfascial, and intermuscular connective tissue of the

thigh. In the next place, the lymphatic glands must be designated as

its preferred situation. Here, however, the peculiar case occurs, that

the uniformity of structure could cause anatomists to regard sarcoma

as a hyperplasia, though ever so monstrous, of lymphatic glands, while

yet the clinical character (malignancy of high degree) exhibits a com-

plete uniformity with the soft sarcoma. (See Lymphatic Glands.)

There are several varieties of lymphadenoid sarcomas. The lipomatous

sarcoma (sarcoma lipomatodes) shows the peculiarity that its cells are

transformed into fat-cells by the infiltration of fat. This transformation

always affects only a limited number of the existing elements ; as, how-

ever, the sheen and size which the single cells attain deceive the eye,

it may readily have the appearance as though at least the great ma-

jority of the sarcoma-cells had become fat-cells. Of any considerable

similarity to genuine adipose tissue there can, nevertheless, not a word

be said ; the want of uniformity of infiltration and the circumstance

that we find very small and very large fat-cells confusedly intermingled

and never united into little clusters, excludes all mistake for lipoma.

The mucoid sarcoma (sarcoma myxomatodes). It is a tolerably fre-

quent occurrence to see here and there small portions of mucoid tissue

in round-celled sarcomas. A translucent gelatinously trembling con-

sistency betrays places of this kind already to the naked eye ; the

microscope, as a rule, exhibits an abundant quantity of mucoid basis-

substance, with numerous round, non-anastomosing cells imbedded.

The mucoid softening of the basis-substance may properly be regarded

as a secondary metamorphosis, to which all round-celled sarcomas are

disposed. In as far, however, as this begins at an early period and ex-

tends over greater sections of a tumor, is the name "mucoid sarcoma"

justifiable. Nay, the mucoid tissue may so predominate, that we might

be tempted to think of a completely mucoid tumor, a myxoma, if yet

some unchanged places, especially, however, the young developments

at the periphery of the tumor, and striking metastases, did not place its

sarcomatous nature beyond doubt. An exceedingly rapid growth, which

is said to pertain to mucoid sarcomas, may be illusively presented by
this, that the mucous, because of its extraordinary capacity for swelling

up, occupies a far larger space than does the scanty basis-substance of

the sarcoma.

Mucoid metamorphosis and fatty infiltration not infrequently occur

side by side, and just these tumors may attain a colossal volume.

Beside the loose connective tissue of the extremities, the subperito-

neal connective tissue is also a favorite seat of mucoid sarcoma.

The large-celled, round-celled sarcoma shows us an almost epithelial
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structure of cells beside a correspondingly large-meshed intercellular

net. (Fig. 46.) This tumor is very soft, like the white matter of the

brain, and is, therefore, easily mistaken for the following species.

Fig. 46.

The large-celled, round-celled sarcoma. 1-300. After Billroth.

3. The alveolar round-celled sarcoma, Billroth (sarcoma medullare,

carcinomatodes) represents a further advance in the independence of

the cells, which, upon the one hand, may be compared to the suppura-

tion of an inflammatory texture ; upon the other, however, reminds of

that sharply defined opposition between connective tissue parts and the

cellular apparatus, which we find in cancer. Characteristic of these

forms is the occurrence of roundish balls of cells, which are no longer

connected together by a proper basis-substance, but are taken up by a

correspondingly large cleft in the continuity of connective tissue, like

the pus-corpuscles in a small abscess. It is not said therewith, that

these cells are also externally like pus-corpuscles ; they are rather con-

siderably larger, have vesicular, round nuclei, with bright nucleoli ; and

in this respect they approach more nearly to the epithelial condition,

which, in individual cases, they even deceptively imitate. I esteem this

of more consequence than is conceded to me at many hands, because I

straightway pronounce the formation as a carcinomatous degeneration

of the sarcoma (sarcoma carcinomatodes). According to my judgment,

we must no longer hold to the opinion that the carcinomatous structure,

which presents the clinical characters of carcinoma, exclusively pro-

ceeds from the preformed division between connective tissue and epi-

thelium. " Stroma" and "cellular deposition " may also be produced

in other ways, and " epithelioid " is not yet " epithelium," although

one might form conjectures as to why those cells, which loosen them-

selves in a more organic manner, slowly, and not suddenly, like pus-

corpuscles, from the mother-soil, always show this tendency to a more
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epithelial development. For this is just the difference between an

actual suppuration and this imitation, that at the present time we have

yet no right to regard the cell-balls mentioned as elements completely

separated from the nutrition of the body. Their longer continuance

without fatty degeneration gives us security for this.

Sarcoma carcinomatodes occurs at the most various points of the in-

termediary nutritive apparatus, most frequently in the medulla of bone,

in the eye, in the subcutaneous tissues. An exceedingly malignant

variety of this, distinguished by the pigment contained in its cells, is

the so-called pigmentary cancer (sarcoma alveolare pigmentatum).

The external nature and the preliminary diagnosis is determined upon

the one hand by the great softness of the tumor, upon the other by the

dark discoloration. If we examine it microscopically, we find, besides

the alveolar structure, which appears as the summit of development

(Fig. 47), more or lesser extended parts, which bring to our view former

Fig. 47.

Alveolar round-celled sarcoma, pigmented. 6. Alveolus from which the ball of round cells has fallen
out. c. Vessel with pigmented endothelia. d. Pigmented round cells, e. Spindle-cells forming a
stroma.

stages of the development of the tumor. The most common is an in-

filtration of the connective tissue with pigmented round cells, which is

directly transformed by depot-like accumulations into the medullary

formation. In other cases a declared sarcomatous structure, and indeed

more frequently the spindle-celled than the round-celled, has evidently

existed for some time, ere it came to the formation of the characteristic

cell-balls. Hence we are led to the opinion, that the melanoses in

general are closely allied to each other, a view which we will follow

more closely upon the occasion of speaking of the commonly called

pigmentary sarcoma.

Spindle-celled Sarcoma.

§ 126. 4. The small-celled spindle-celled sarcoma (s. fusocellulare

durum) occupies the same position among the spindle-celled sarcomas
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that the granulation-like sarcoma does among the round-celled ones.

It deviates the least from the model of inflammatory new formations,

because it very accurately copies after that spindle-celled tissue of

recent cicatrices, which represents the regular intermediate degree

between the tissue of granulation and the tissue of cicatrices. The
characteristic textural element is a short and narrow spindle-cell with

an elongated roundish nucleus, with or without nucleoli. The proto-

plasm of the cell is finely granular, most dense in the neighborhood of

the nucleus ; a limitary membrane is nowhere to be perceived with cer-

tainty ; such a one is certainly wanting in the smaller cells.

In the mass of the tumor, the spindle-cells are very regularly fitted

together in such manner that the pointed angle, which remains between

the tapering ends of two elements lying side by side, is filled out by

the tapering end of a third, which is respectively situated behind and

before them. There is nothing to be seen of the intermediate sub-

stance ; in any event there is no more present than a tissue of granu-

lation ; but this minimum quantity, which properly is only a formless,

sticky cell-cement, must also not be wanting in the spindle-celled tissue.

By its aid and by virtue of the just-mentioned harmonious arrange

ment arise lines of cells ; there are formed larger and smaller bundles,

which furnish the next higher structural element of the spindle-celled

sarcoma. Its arrangement in the rarest cases is radiated, so that

united bundles go out from a centrally located point ; more frequently

even a greater number of such points of departure are given, and the

various systems of bundles interweave in the various directions deter-

mined by the location of these points
;
generally, however, we are not

able to specify any positive principle, according to which the blending

of the bundles into a whole is accomplished, and find upon every

transverse section (Fig. 48) bundles

fig. 48. which are divided longitudinally, others

transversely, and yet others in a more or

less oblique direction. The determining

influence for the course of the cell-rows

has been sought in the course of the

vessels, yet incorrectly ; for although

we never fail to find in the larger

fasciculi of the tumor a larger vessel run-

ning in the same direction, yet this is

only the case in the larger fasciculi.

More remotely the vessels break up en-

tirely retiform as in other parenchymas,

breaking through the cell-rows in all

imaginable directions. Withal, the col-
Spindle-celled sarcoma. Gaping vascu- i .•

i . i i r
lar lumina. The ceil lines are divided lective vessels, even the larger of a sar-

fr^oo
nKitl,,H 'iaIly

'
I,art 'y tra" svors^ coma, have almost no proper walls, and
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Fig. 49.

present themselves upon transverse sections of a hardened preparation*

like excavated canals and perforations.

The small-celled spindle-celled sarcoma has a preference for the con-

nective-tissue membranes, fasciae, vascular and nervous sheaths, the

subcutaneous and submucous connective tissues, in short, it has the same

seats as the fibromas ; it is also often enough (for example, upon the

uterus) found beside fibromas. In addition, we can point out in every

small-celled spindle-celled sarcoma such

places, where the spindle-celled tissue is

transformed into fibrous connective tis-

sue ; there are tumors which are com-

posed half of the one and half of the

other, so that a relationship close to an

identity of these tumors must be ac-

cepted.

5. The large-celled spindle-celled sar-

coma is anything but simply a variety of

the small-celled. The important point

in which it is distinguished from the

latter, is the excessive development

which falls to the lot of the cells in

opposition to all the other constituents.

The spindle-cells may attain the very

respectable thickness of 0.015'", and so

enormous a length, that the two ends in

magnifying by 200 diameters are sepa-

rated by the breadth of three fields of

the microscope. The cell is thickest

where the large, elongated roundish nu-

cleus, supplied with bright nucleoli, is

situated. The protoplasm in the neigh-

borhood of the nucleus is finely granu-

lar and soft, more homogeneous towards

the circumference ; a cell-membrane can-

not be shown, only the processes occa-

sionally show so considerable a firmness

and so strong a refractive power, that

they must be regarded as protoplasm having become rigid. As to the

number of processes of the spindle-cell, two constitute the rule ; three

or more exceptionally occur, which bestows upon the cell the character

of a stellate-cell. (Virchow.)

In real typical spindle-celled sarcomas, these cells combine into larger

strands, leaves, and fasciculi, which either radiate in straight lines

towards all directions from a common basis (radiary sarcoma, foliated

sarcoma), or they manifoldly interweave (trabecular sarcoma). These

Large-celled spindle-celled sarcoma.
After Virchow.
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tumors may attain a very considerable circumference, without a further

modification of their texture or structure occurring. The enormous

growth of the cells occurs in a certain measure vicariously for the sea-

sonable development of fibrous intercellular substance, and if with Max
Schultze we wish to see in the latter only transformed protoplasm, we
have here before us the case of a massively produced, but not applied

building material.

The large-celled spindle- celled sarcomas proceed from fasciae and

membranes, rarely from the interstitial tissues of glandular organs.

They are of limited malignancy, and are, as a rule, once for all removed

by a seasonable extirpation. Of course they must not be mistaken for

radiating cancers and medullary sarcomas.

As an individual variety of the large-celled spindle-celled sarcoma,

there is a tumor to be designated, which is observed upon the skin of the

cheek, and essentially depends upon a combination of the round-celled

with the spindle-celled type. Broad fibrous lines of spindle-shaped

cells go out from one or more points ; where these fibrous lines diverge

the round-celled tissue fills out -the spaces.

I have represented this arrangement in Fig.

50. One sees there, how the colossal spin-

dle-cells with their long bodies and still

longer processes bound elongated meshes, in

which the round-cells lie imbedded.

6. The pigmentary sarcoma (s. melanodes)

by far most frequently proceeds from the

choroid coat of the eye, then from the

outer integument: both points at which nor-

mally a certain pigmentary infiltration of

the cellular elements is already observed.

We comprehend this phenomenon, as a rule,

in such manner, that in the pathological

new formation a vital property of those

cells is maintained, from which this proceeds. Yet precaution is to

be recommended here. The metastatic foci of tumors, also, which

are not rare in the pronounced malignity of pigmentary sarcoma,

show the same disposition to pigmentary infiltration, although they

develop at points where there is not a word to be said of physio-

logical pigmentation. This transfer of an entirely local peculiarity to

the secondary tumors has been used as well for as against this opinion.

For it, by those who believe that the metastasis is accomplished by the

transfer of bodily constituents from the primary foci of development

to another spot ; against it, by those who believe in a constitutional

disease-producing tumor, which wherever it produces tumors, produces

black tumors.

I regard it as imperative in this case to keep two things as sharply

w
ci

l> a
Large-celled sarcoma. A place at

which colossal spindle-cells arranged
parallel are mixed with round cells.

«. Round cells. 6. Vessel. 1-300.
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defined as possible: 1, the incitation of metastasis by emigrant cells of

the primary tumor; and 2, the pigmentation of the secondary tumor.

As to 1, I point to the suppositions and doubts expressed in § 120 ; as

to 2, we must constantly remember that all the cells of a melanotic

tumor are colorless in their youth. That these are the direct offspring

of the emigrant cells of the primary tumor, no one will assert ; they

are rather undoubtedly local products, and if they yet become colored,

we must necessarily refer this coloring to a constitutional disposition,

which is independent of the location of the primary tumor. With this

the etiological experiences also agree, which point out at least for the

outer skin a superfluous formation of pigment as the predisposing cause.

This asserts itself either in the production of black warts, which may
directly degenerate to melanotic sarcomas, or into now a more diffused,

now a more circumscribed brown and black spotting of the skin. The
peculiar predisposition of creatures not at all pigmented, as for exam-

ple, the white horse, to sarcoma melanodes, gives more the impression

of a vicarious deposition of pigment, accumulating at one point, and

therefore combined with a certain irritation of the tissues.

In all pigmentary tumors the cells are the exclusive carriers of the

pigment. We have devoted a particular consideration to the histolog-

ical detail of pigmentary infiltration in the first principal section,

and may now content ourselves with reference to the §§ concerned.

At the same place I referred for the case of pigmented tumors the

opinion of a pigmentary formation, derived only from hemorrhages,

and for this presented the view, that the question here is about the

taking up of the coloring matter of the blood from the blood. What
inclines me by preference to this assertion, leaving out of consideration

the deficient proof of a hemorrhagic production, is an observation

upon the first origin of pigment in such tumors, as had existed for some

time as simple medullary sarcomas, then to be transformed into mela-

notic tumors, and as such to form their recurrences and metastases.

We can here not infrequently convince ourselves, that the first traces

of pigmentary infiltration were visible at the epithelia of the vessels.

Can this be interpreted otherwise, than that the epithelia have taken

up the diffused coloring matter from the blood? that it has been con-

densed in them and precipitated in granular form ? And when after-

wards entirely the same formation of pigment shows itself beside the

vessels, when finally it occurs in the whole parenchyma of the tumor,

according to my judgment we may not doubt that it is also accomplished

here in the same manner as upon the epithelia of the vessels, by taking

up the diffused coloring matter from the blood.

§ 127. In view of the discussed general pathological relations of me-

lanotic tumors, their anatomical position falls more into the back-

ground. That which is commonly called pigmentary cancer, has been

already described above (§ 125) as round-celled alveolar or medullary
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pigmentary sarcoma. The remaining pigmentary tumors, as a rule,

belong to the spindle-celled sarcomas. These are generally of more

compact consistency, and of foliated or fasciculated arrangement. In

the decided tendency to form superficial elevations, tuberosities, and

fungi, which otherwise is also peculiar to round-celled sarcoma, a con-

trast to be well noticed, is expressed against destructive carcinomas.

In regard to color, the above-mentioned principle is the measure of the

pigmentless youthful state of the constituent elements. There are

pigmentary sarcomas of considerable size, which first of all only be-

tray their true character by a black and broAvn striation ; a spotted or

dappled appearance. The deep brownish-black sepia color only repre-

sents the highest degree of pigmentary infiltration.

A fibromatous constitution, according to Virchow, only pertains to

the above-mentioned black fungosities of the white horse, which also

distinguish themselves by their benignity essentially from all other

constantly malignant melanosarcomas.

Fibrous Sarcoma.

§ 128. 7. The fibroids.—I cannot separate the fibroma from the

sarcomas. With the same correctness with which we sought the para-

digm of round and spindle-celled sarco-

mas in the round and spindle-celled

tissues of the inflammatory new-forma-

tion, will we seek and find the model of

fibromatous texture in the completed

cicatricial tissue.

The common fibroid (desmoid) con-

sists of a fibrous, reddish-white, tightly

elastic, and so dense, compact, even

hard tumor, that in cutting it, it creaks

under the knife. The textural elements

are those of cicatricial tissue. If we

tear off a minute fibril from the cut sur-

face and pull it to pieces, we are aston-

ished at the enormous volume which the

fibril assumes, that is to say, the enor-

mous number of more minute fibrillse

into which it may be broken up. The

microscope, however, tells us that each

of these smaller fibrils is also yet a

complication of very delicate, minutest

fibrils, only marked by a single but

sharply defined line. (Fig. 51, b.) Like

J^TZ^^uSzr^n^ " a well-braided tress occupies far less

wH)o.
nravelled fasciculus of thc fibroma

- space than a dishevelled braid of hair,
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although both contain the same amount of hair, so we must also here

represent to ourselves, that in the fibroma the fine and the finest fibrils

are extraordinarily closely pressed together, until they are loosened by

our needles, and then occupy an astonishing amount of space.

Between the fibrils, which are formed of glue-yielding substance, and

have the significance of a fibrous intercellular substance, the cells are

visible (Fig. 51, b), as a rule, small, oval structures, with shining nuclei.

I have represented these elements strongly magnified in Fig. 51, a, more

particularly because Virchow has been induced, by the great similarity

of these with smooth muscular fibre, to set up a fibro-muscular tumor

as a particular variety of fibroma. I am very far from wishing to

bring this resemblance into question ; a determination of the histological

boundary between spindle-cells and smooth muscular fibres is in fact a

very precarious thing; meanwhile, I regard it as conformable, to con-

tinue for the present the comparison of sarcoma with the inflammatory

new formation, the sarcoma-spindles with the cicatricial spindles. By
this we obtain a useful foundation for understanding the collective

structural elements occurring in fibroids ; for what has been hitherto

described, only constitutes the principal mass of the tumor; beside

which we find, 1, rows of spindle-cells, which run through the tumor in

various directions ; 2, roundish foci of germinal tissue, which are here

and there sprinkled into the continuity of the fibres. I regard both as

transition formations, from which the fibrous tissue is developed in

entirely the same way as the cicatrix from the germinal and spindle-

celled tissues. I found numerous fibromas upon a uterus, of which the

larger principally consisted of fibrous tissue, the smaller ones almost

only of spindle-celled tissue.

The cut surface of the tumor deserves an especial consideration.

The intimate intertwining and interweaving of the fibrous lines bestows

upon it a peculiar impress. Microscopic examination (Fig. 51) par-

ticularizes the appearance, which the naked eye perceives, without

acquainting us with the cause of the arrangement. For the arrange-

ment of the mass of some fibromas the circumstance appears of im-

portance, that the new formation particularly localizes itself upon the

vessels and nerves of a part. Thus Billroth has described a fibroid of

the eyelids, and given it to me for subsequent investigation, which con-

sists of numerous sausage-like cylinders, in whose axes the remains of

small nerve-trunks are distinctly visible. Based upon this, Czerny

has lately separated a particular group of sarcomas as " plexiform

tumors," because beside the nerve-branches he also proclaimed the

ramification of the vessels as the occasional cause of these striking

structural relations. It must be marked as the most striking formation

belonging to this class, when the collective vessels of a tumor, in itself

myxomatous, are surrounded by a relatively thick sheath, upon which

we can throughout recognize a round-celled nature. An influence of
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the course of the vessels upon the course of the fibrous bundles cannot

be established in ordinary fibromas. The view is much more probable

to me, that in the peculiarly central growth of the fibroma the new

tumor-mass is inserted between the existing fibrous rows, pressing

them asunder, and thus the incomplete stratified structure of the tumor

is conditioned by repeated separation of these fibres, and not by super-

position.

Fibroma correctly ranks as one of the benign new formations. We
will learn to know the uterus as its preferred scat, and at the same time

a series of interesting modifications of the anatomical appearance just

sketched.

§ 129. 8. The cavernous tumor.—The corpus cavernosum penis gives

in its structure, as supposed to be known, the physiological paradigm

for the cavernous tumor. We here see the same network of shining,

white connective-tissue trabecule, which
FlG ' 52-

like a sponge contains the blood in

wide meshes, visible even to the naked

eye. (Fig. 52.) We find the same great

elasticity of the network, which makes

possible periodically a greater or lesser

dilatation with blood, and thereby a cor-

responding increase and decrease of the

new formation. I have at length, by a

series of investigations specially directed

to this point, convinced myself that the

production of the erectile or spongy

tissues is the same in- both cases.

I term this production of the cavern-

ous tumor as the cavernous metamor-

phosis ; for I have come to this conclu-

sion, which might otherwise have been

expected from the beginning, that every

tissue supplied with bloodvessels is capable of transformation into

erectile tissue. The cavernous metamorphosis is in so far to be re-

garded as a secondary result; upon the other hand, however, the histo-

logical process by which the transformation is brought about, is so

decidedly a process of new formation, that no doubt can exist concern-

ing the ranking of the cavernous metamorphoses among the histioid

tumors. Because however this process exhibits entirely the same

transformation of tissues, which lies at the foundation of the formation

of fibroma, and because for that very reason the mass of the tumor

freed of blood looks just like a fibroid, I think that I should treat of

the cavernous tumors at this and at no other place.

§ 130. The mechanism of the cavernous tumor is difficult to discern.

When a cavity is reticulated by a network or trabecule, the part of

The substance of the cavernous tumor
in full development. 1-300. From a cav-
ernous tumor of orbit.
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this cavity also, which the network does not fill out, will constantly

have the form of a net- or trabecular-work. If we distinguish between

network and parenchyma, then each of the two meshes or networks is

a parenchyma for the other. The transverse section of each trabecula

of one of the networks is at the same time the greatest circumference

of a parenchymatous island of the other and vice versa. Fibres, which

transversely surround the trabecule of one of the networks, would by

shortening diminish the parenchymatous islands of the other, whose

trabecule shorten and thicken. Fibres, which are longitudinally ap-

plied to the trabecule of the one network, would by their shortening

enlarge the parenchymatous islands of the other and attenuate its tra-

becule. We may also divide the whole mass of a trabecular work into

proper trabecular substance and tetrahedric or cubic connecting pieces,

which belong in common to three or four trabecule meeting together.

If the trabeculge of one network become longer and thinner, the whole

bulk of both remaining unchanged, upon the one side the proper con-

necting pieces must necessarily diminish in size ; upon the other the

trabecule of the second network become shorter and thicker ; the con-

necting pieces of this, however, become larger.

If we have made ourselves familiar with these certainly somewhat

difficult stereometric representations, we will attain to a very easy

apprehension of the mechanism of the cavernous metamorphosis. It

is certainly not easy to conceive an ordinary parenchyma penetrated

by a vascular network as a network with round trabecule. We will

most readily succeed if we conceive several vessels in a transverse sec-

tion (Fig. 53, a), then are the circles indicated by the dotted lines,

which we at the same time may imagine as the lines of

contact of the capillary arches from a to a, the trans- FlG - 53 -

verse sections of the parenchymatous trabecule. The
||||

network of the bloodvessels consequently has long tra- /'/
; \

becule and small connecting pieces ; the network of / / \
\

the parenchyma very thick, but taperingly short tra- tfMjf- ~-~^^,

becule and colossal connecting pieces.
"" "IBF

The cavernous metamorphosis then is produced, in

that at a circumscribed portion of an organ the transformation of ger-

minal tissue into spindle-cell and fibrous connective-tissue is developed

along the vascular walls ; from this a retraction vertical to the axis of

the parenchymatous trabecule, in the direction of the dotted lines (Fig.

53), follows, elongating these, diminishing the connecting pieces, and,

as a necessary consequence thereof, dilating the vascular tract; that is

to say, shortening the trabecule and enlarging the points of intersec-

tion of the network, which is formed by the blood.

§ 131. Fig. 54 may serve as illustrating what has been said, which

represents the production of the cavernous tumor from adipose tissue.

We observe three clusters of fat-cells, which present to us just as many
10
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stages of the cavernous metamorphosis. The cluster least changed

shows us the well-known capillary net, which here does not become dis-

tinct by injection, but because the vascular walls are covered with num-

berless round connective tissue cells. That these cells are migratory

The development of the cavernous tumor in adipose tissue. Three fat-clusters, representing side hy
side the stages of development; above to the right the transverse section of an artery. From the pan-
niculus adiposus of the cheek. 1-300.

colorless blood-corpuscles from the blood is very probable, so that in

this respect the process presents itself as an exceedingly slow inflam-

matory process confined to the nearest surroundings of the vessels. In

the contiguous cluster it has already progressed so far that only single

intact fat-cells yet remain ; all the remainder is converted into germinal

tissue. The transformation of the germinal tissue into fibrous con-

nective tissue begins along the vessels; the lumina gape, especially at

the points of intersection.

The third cluster shows us the erectile tissue in perfection ; compare

(Fig. 52) : the former parenchyma is converted into a trabecular-work,

to which the blood-spaces stand in a similar quantitative proportion, as

the parenchyma to the vascular net in the least changed cluster.

The cavernous tumor is consequently produced by a fibroid degene-

ration of the capillary section of the vascular tract ; it is unjustifiable

to derive it from an ectasy of the veins or arteries. It is not intended

to say by this that the larger afferent and efferent vessels of the de-

generating district remain unchanged. An enormous thickening of the

walls, a more tortuous course, and also an extensibility, such as is nor-

mally found upon no vessels except the helicine arteries, especially

denote the arterial bloodvessels of the cavernous tumor. « Our delinea-

tion likewise gives explanation concerning their relations to the blood-

spaces of the erectile tissue. They open into these with just as many
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outlets as there formerly existed capillaries. The amount of blood con-

tained in the erectile tissue is directly dependent upon the degree of its

contraction. In our preparation we see, beside the three degenerated

fat-cell clusters, the transverse section of a larger artery. The vessel

is strongly contracted ; the very much thickened intima has thrown

itself into four longitudinal folds; the lumen is small, fissured. We
can conceive how a further contraction of the circular fibrous layer

must make it entirely disappear. I can give the assurance, however,

that this same artery in the state of its greatest dilatation would per-

haps occupy twelvefold its present lumen.

The cavernous tumor arises by preference in the adipose layers of

the organism. I have once seen the cavernous metamorphosis in the

interior of a lipoma. It is possible, as was said, in every organ of the

body which has bloodvessels, therefore in all with exception of carti-

lage, the cornea, and the vitreous humor. There is not infrequently a

multiple occurrence of this form of tumor. There are cases on record,

where beside a cavernous tumor of the outer skin, there existed cav-

ernous tumors in the muscles and bones.

We may also speak of a malignancy of the cavernous tumor. Yet

this malignancy regularly depends upon a distinctly pronounced com-

plication with melanotic sarcoma, whose nodules, and nodes develop in

the trabeculse of the cavernous tumor.

§ 132. The cavernous metamorphosis of fibrous sarcoma itself is of

peculiar interest. Billroth was the first to speak of a " cavernous

fibroid." I have already remarked in spindle-celled sarcoma, that

the vessels of these tumors were almost entirely deprived of proper

walls, and that a gaping of the lumina resulted therefrom upon a trans-

verse section. The same obtains of fibromas. Fibromas, with pecu-

liarly wide, gaping, vascular mouths, may have an actually spongy ap-

pearance. Billroth found that the peripherally growing polyps of the

posterior nares are especially apt to

exhibit the cavernous nature, and after

my own investigation I can state that

the production of the cavernous tissue

here depends entirely upon the same

histological process, which I have just

described more in detail. Fig. 55

gives a vertical section through the

periphery of a cavernous fibroid. Ex-
ternally a vascular germinal tissue,

within the known trabecule of cav-,

ernous tissue, between the two the

transitional forms. To whom, there-

fore, the identity of the histological

process does not appear satisfactory,

Fig. 55.

Billroth. 1-300.The cavernous fibroid,

(Polyp of posterior nares.)
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in order to justify the assumption recommended by me, of the cavernous

tumor among the fibromas, he ought to be able to draw a further reason

for it from this second intimate relation to the fibromas.

b. Lipoma, or Fatty Growth.

§ 133. The lipoma or fatty growth not only pre-eminently contains

the characteristic elements of adipose tissue, the fat-cells, but also imi-

tates the structure of the normal fatty cushions of the body in so far

as these fat-cells are united into small, roundish clusters, which are

separated from each other by connective-tissue partitions. A certain

number of such clusters of fat-cells, is comprehended by a stronger con-

nective-tissue membrane into likewise a roundish lobe, and these lobes

are they, into which the most of fatty tumors are broken up, as seen

by the naked eye. The panniculus adiposus of the body also shows a

lobular structure, but never do its fat-lobules (the fat-glandules of

authors) attain the considerable size which the individual lobules and

nodules of a fatty growth are wont to have. The individual cell of the

lipomatous fatty tissue distinguishes itself in a similar manner from the

ordinary fat-cell. It is considerably larger, that is to say, more elas-

tically filled with a fat, at the same time, more fluid, and richer in

oleine.

All lipomas have a peculiarly central growth. The elementary pro-

cess herewith, and in the first origin of the tumor, consists in the new-

formation contrary to rule of single fat-cell clusters, of a moderate,

entirely circumscribed proliferation of connective tissue, which leads to

the formation of a cell-depot, and is followed by a fatty infiltration of

the newly-formed cells. It appears, however, upon the one side, that

the incitation to renewed production is given particularly strong in

the midst of several already completed fat-cell clusters ; upon the other

side it is certain that the vessels of the new fat-clusters proceed from

the vessels of the old, in a manner similar to what we see in the vessels

of the papilloma. Thus it explains itself, that the lipoma, as a rule,

is only connected at one point with the neighboring tissues by a larger

vascular stem ; at its entire remaining surface, however, is bounded by

a wide-meshed connective tissue, or even by a smooth connective tissue

capsule ; thus the peculiar lobular structure declares itself, in a word,

the central growth of the tumor.

The same localities at which the physiological fat-infiltration has its

seat, are also the preferred situations of the lipoma, namely, the sub-

cutaneous, submucous, subsynovial, subserous, subfascial, intermuscular,

and intraorbital connective tissues. From this point of view lipomas

appear as partial enlargements of the normal adipose layers, as excres-

centiae membranse adiposae (Morgagni) ; and if we will regard this as a

connected system of adipose tissue, and not as any quantity you please

of a fatty infiltrated connective tissue, we might esteem the lipoma,
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together with obesity, as a hyperplastic tumor. For me, obesity is -a

fatty infiltration of the existing connective tissue ; the lipoma, the

fatty infiltration of a new formation, which grows from its own .centres.

§ 134. The lipomas like the papillomas grow slowly at the begin-

ning, afterwards always more and more rapidly. They may attain a

considerable size. Tumors of the circumference of a man's head, and

upward, are even of no rarity. In addition, their central growth ne-

cessitates that they very soon press forward out of the surrounding

soft parts, and toward the nearest free surface, that they push before

them the integumentary covering, and finally project above the surface

as tuberosities or* polyps.

The larger a lipoma is, so much the more may we expect that the

interior of the tumor has progressed to further metamorphoses. There

is not infrequently found a chronic inflammatory hyperplasia, and a

callous transformation of the interconnective tissue. The fat-clusters

in consequence of this process disintegrate in masses; the remaining

lobules are separated from each other by broad bridges of fibrous tissue

(Fibrous lipoma, steatoma Mulleri). More frequently there are retro-

gressive processes. The calcification of the fibrous basis-substance of

the fat-clusters plays here an important part. Through these there is

formed an extraordinarily fine-meshed, sponge-like, calcified framework,

which penetrates the entire tumor, or larger sections of it, and bestows

upon it an extraordinary hardness and weight. More remarkable still

is the mucoid metamorphosis of the lipoma tissue, and the transforma-

tion therewith possible of a fatty tumor into a mucoid tumor (myxoma).

In very emaciated individuals, debilitated by long-continued disease,

we may indeed find the adipose tissue of the heart deprived of its fat,

and, instead, converted into a peculiarly puffed out cedematous condi-

tion, which upon closer examination proves to be a mucoid infiltration.

Just the same occurs in lipomas, and, indeed, particularly in the larger,

jDediculated lipomas of the outer skin. The mass of the tumor receives

from this a colorless, translucent, gelatinously trembling constitution

;

the fluid flowing from the cut surface contains mucin, so that we can-

not avoid acknowledging its myxomatous character, and, if the entire '

tumor has really degenerated in the supposed sense, no longer to call

it a lipoma, but a myxoma.
With the fibromas the lipomas very properly enjoy the reputation of

decided benignity. A thoroughly extirpated lipoma never recurs ; me-
tastases to the neighboring lymph-glands, or inner organs, are never

observed.

c. Enchondroma, or Cartilaginous Tumor.

§ 135. When cartilaginous tissue appears in the form of a tumor at

a spot where, under normal circumstances, there should be no cartilage,

we call it an enchondroma. The substance of an enchondroma is hence
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of that peculiarly elastic hardness, of that milk-white, in thin layers

translucent color and constitution which pertains to cartilage. Touch-

ing the microscopical relations, we distinguish, as is known, the normal

histology of several kinds of cartilage, especially, however, the hyaline

cartilage, with a homogeneous, and the fibrous cartilage, with a fibrous

basis-substance. The cornea, however, also gives in boiling, chondrin,

and we may very well term its tissue a cartilage whose cellular cavities

are branched star-like (stellate-cell cartilage).

All these textures, then, may be found side by side in an enchon-

droma. Yet, as a rule, the hyaline cartilage prevails. One of the

most characteristic and most frequently occurring arrangements is this,

that small, rounded islands of hyaline cartilage at the periphery are

transformed into fibrous cartilage or corneal tissue. The hyaline carti-

lage at the centre is distinguished in nothing from the known physio-

logical type. The cells are placed single, or in pairs, or groups, so that

one sees that the first foundation has been succeeded by an enlarge-

ment by interior growth. The capsules are not always distinct ; where

they are entirely wanting, this announces a commencing process of

softening of the basis-substance. The protoplasm of the cells is of

various form. Most frequently we see nucleated stars, a form which

either proceeds from a shrivelling of the cells produced by reagents,

or is to be explained by the spontaneous mobility of the protoplasm

;

the latter especially where a transformation of hyaline cartilage takes

place into mucoid tissue. The formation of processes then takes place

paripassu with the disappearance of the capsules and a mucoid swelling

up of the basis-substance. Virchow, under these circumstances, has

observed quite colossal, long processes of single cells of the enchon-

droma. (Virchow, Archiv, 28, p. 238.) Towards the periphery of the

cartilaginous islands the cells either become smaller, flat, lenticular, the

basis-substance becomes striated, there occur in it finer and coarser

fibres, which simulate elastic fibres and are remarkable for their rigidity

(fibrous cartilage); or, again, the cells become spindle-shape, and stel-

late, they anastomose with each other, and evidently lie in a system of

minute canals, provided with points of intersection, while the intercellu-

lar substance retains its homogeneous, transparent constitution (stellate-

cell cartilage, corneal tissue). The contiguous smallest cartilaginous

islands are in contact with these fibro-cartilaginous or stellate-cell car-

tilaginous zones, and are thereby united groupwise into nodules or

lobules of perhaps the size of a pea, into which the whole tumor is

broken up, even to the naked eye.

§ 136. As we may deduce from this description of the microscopic

appearances, the enchondroma has also a lobular structure ; but this is

a lobulation which distinguishes itself very essentially from that of a

lipoma, or even of a papilloma. The lobules of an enchondroma are

co-ordinate to one another; one was produced beside the other, and they
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are only united into an entity by this arrangement side by side as to

space, not by a higher unity; perhaps a common vascular arrangement,

a growth by interior development. If it is striking and appears to

indicate an organ-like structure, that the individual lobules of the car-

tilaginous tumor do not exceed a certain size, this has its cause in the

simple fact that cartilage in general, even in normal physiology, is not

deposited in larger continuous masses and—to express myself tele-

ologically—also cannot be deposited. Cartilage is nourished as a non-

vascular tissue, by the conveyance of the nutritive fluid from cell to

cell. This possibility of nutrition, however, ceases at a certain distance

from the blood-conveying vessels, and if new arrangements for nutri-

tion do not arise by which the central parts are provided, then nutri-

tive disturbances at that place must be the necessary consequence of

every further growth. Hence in the formation of the osseous system

from cartilage, we find the peculiar arrangement, that with a certain

volume of cartilaginous epiphyses, just in their centre, medullary spaces

with vessels arise, which then from this point out gives the impulse to

the formation of genuine bone (epiphysis-nucleus). The formation of

vessels and genuine bone has also been observed in enchondromas.

The rule meanwhile is, that the single portions of cartilage never

attain so considerable a size that they may not be easily nourished

from the periphery.

§ 137. It is herewith naturally presupposed that the connective tis-

sue, which binds together the lobules of the enchondroma into a tumor

(stroma), contains a sufficient number of vessels, and that a sufficient

quantity of blood flows to and fro in these vessels. In smaller tumors,

even at the periphery of the larger, this is the case. Not so in the

interior parts of the larger. It rather appears that the vessels here

become impervious and are obliterated by the pressure of growth of

the tumor. In every enchondroma of considerable size—they have

been observed of five pounds weight—we may, therefore, presuppose a

more or less complete obliteration of the interior vessels, and in con-

sequence thereof further metamorphoses of the mass of the tumor.

Individual parts of an enchondroma are almost always calcified. The

cartilage then shows the infiltration, pictured more in detail, at § 49.

At one time the basis-substance, at another the capsules and cells, are

the first points of attack. For the naked eye we always have an

opaque, dark yellow color, and a granular, friable constitution of the

infiltrated parts. That occasionally an actual ossification follows this

calcification, as in the normal growth of bone, has already been men-

tioned. We have also already spoken of the transformation of cartilage

into mucoid tissue. We must not regard this so much a retrogressive

process as a change of model; a transformation of a tissue into another

tissue, in itself of similar value, whose result may be the partial or

entire transition of the enchondroma into a myxoma. It is otherwise
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with that softening of the enchondroma cartilage, which begins with a

fatty metamorphosis of the cartilage-cells, their transformation into

fatty granular cells, &c, where to this a mucoid solution of the basis-

substance associates itself, and in this manner, in the interior of the cavi-

ties of the enchondroma, form fluctuating spots ; in a word, softening

cysts, which are filled with a gelatinous fluid, capable of being drawn

out to threads and strongly impregnated with mucin. This eystoid

degeneration of the enchondroma (enchondroma cysticum) might, of

course, be conceived as a consequence of nutritive disturbances.

§ 138. Herewith, however, the manifoldness of the anatomical ap-

pearances of the enchondroma is not yet exhausted. We must add,

—

unfortunately not yet exhausted. There yet remains for us to mention

the complication of the tumor with alveolar sarcoma (vulgo cancer,

because of the analogous structure). Just this complication has be-

stowed upon the enchondroma that nimbus of a certain malignancy,

which does not pertain to the tumor in itself. To the combination

tumor, of an enchondroma with a soft sarcoma, those statements refer,

where, after the extirpation of an enchondroma, medullary tumors

recurred, partly at the same spot, partly made their appearance at

other points of the body. In such cases the malignant addition, as a

rule, may already be recognized upon the primary tumor. We find

smaller and larger nodules of medullary consistency along the vessels

in the stroma of the enchondroma. Moreover, it is firmly established,

that pure enchondromas may also recur; a creeping onwards of the

tumor along the lymph-vessels, metastases to the nearest lymph-glands,

nay, even to interior organs, has been several times observed. In

reference to interior metastases, the lung is the preferred organ of the

enchondroma. Meanwhile, these metastases are, upon the one hand,

extraordinarily rare ; upon the other, they always remain, but extra-

ordinarily small, although the original tumor is very colossal.

§ 139. Three-fourths to four-fifths of all enchondromas have their

seat upon the osseous system, and here again especially at the dia-

physes of the long bones. At the proper time we will learn to know

the great variety in the manner of the first occurrence and further

development, which characterizes the enchondroma of bones ; here let us

consider but one variety, osteoid chondroma (Virchow), because this

presents us as its cardinal constituent an essentially deviating carti-

laginous tissue.

In enumerating the various cartilaginous textures, as a rule, one

tissue is not mentioned, which yet has the best-founded title to be so,

in virtue of its anatomical constitution. I mean that peculiar species

of connective substance, which after the deposition of the salts of lime

has ensued is called genuine bone, previously however consists of a

highly refractive,- dense, and homogeneous basis mass, in which the

future bone cavities still have a more roundish, let us say a polygonal
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form, and very short processes. The trabeculae of the osteophyte (see

Diseases of Bones) are formed of this tissue ; in thin layers it lines the

medullary spaces of the bone, which is about to pass from the spongy

state into the compact. It plays an important part in the union of

fractures, as it forms the chief bulk of the so-called callus. Its true

cartilaginous properties, however, come to be recognized above all,

when as in the osteoid chondromas it produces tumors, and not rarely

tumors of colossal circumference.

§ 140. Osteoid cartilage may indeed also form independent of the

osseous system, as Virchow also found such beside myxomatous and

lipomatous constituents, in a mixed tumor extirpated from the back

:

this proved itself decidedly as osteoid cartilage. Commonly, however, os-

teoid chondromas proceed from bone. They begin their growth here

between the periosteum and the surface of the bone; in the sequel,

however, they proliferate as well through the periosteum as through the

compact crust. They mostly present spindle or pear-shaped enlarge-

ments of one extremity of a long bone. They have been most fre-

quently observed upon the humerus and femur. Retrogressive meta-

morphoses are more rare than in all the other heteroplasmas hitherto

considered. This is connected with the very complete vascularization,

equally good in all parts, which the osteoid chondroma enjoys as well

as the osteophyte and callus. The cartilaginous trabecule of the

osteoid substance form a delicate framework, in whose openings even

the most delicate capillaries are safe from the pressure of growth.

Only one metamorphosis is indeed generally observed in every osteoid

chondroma ; I mean the transition into real, genuine bone-tissue..

Hence the osteoid chondroma creaks under the knife, or we must even
make use of the saw when we would divide the tumor. Upon the cut

surface we immediately recognize the ossified parts by their greater

firmness and hardness; if the entire tumor has been converted into bone,,

the osteoid chondroma has become an osteoma.

Concerning the benignity or malignancy of this new formation, there-

have as yet too few cases become known, for us already to venture upon
a certain decision. Meanwhile it appears that the prognosis of the-

enchonclroma also is applicable to this its variety.

d. Myxoma or Mucoid Tumor.

§ 141. If we comprise in a single glance all that has been said in the-

sections on mucoid tissue, it will be evident that this is indeed to be-

regarded as a thoroughly independent and vitalized member of the

series of connective substances; that, however, it is surpassingly fre-

quently produced by a secondary metamorphosis (§ 42) from other

tumor-forming connective substances. We learned to know a sarcoma
—a lipoma—an enchondroma—myxomatodes, and understood thereby

tumors, which in spots had been converted into mucoid tissue. Here-
with, of course from the juxtaposition of anatomical forms, a conclusion
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V

was made as to their sequence
;
yet numerous and sure observations

confirm the possibility of a myxomatous metamorphosis of cartilage, adi-

pose tissue, and the areolar connective tissues, in such measure, that this

conclusion commends itself most decidedly against the opinion of a re-

versed sequence, and that of a simultaneous origin of mixed types of

tissues, at least in most cases. This being considered, it at all events

appears advisable to call only such tumors mucoid tumors, as absolutely

and in all parts consist of mucoid tissue. Such indeed do not frequently

occur, but still so frequently, that we may maintain the group of myx-

omas proposed by Virchow.

§ 142. The definition of mucoid tissue, which only requires a mucous-

containing or mucoid softened basis-substance, but declares nothing

Concerning the form and constitution of the cellular parts, admits a

certain number of histological subdivisions of myxomas. A number

of cells, small in proportion to the quantity of the basis-substance, be

they rounded, or be they stel-

lated-branched, most beautifully

exhibits the optical and phys-

ical properties of mucus. (§ 39.)

Hence the myxoma hyalinum

(Fig. 56) mostly characterizes

itself by its colorless, translu-

cent, gelatinously trembling con-

sistency. If the cells come to

predominate in the whole tumor

or at individual spots, a whitish

medullary condition is presented

—myxoma medullare. Fatty in-

filtration of the cells leads to myxoma lipomatodes.

§ 143. A lobular structure, a composition of smaller and larger

subdivisions also pertains to the myxoma ; these are separated from

each other by connective-tissue partitions. But little has as yet been

made known concerning its vascularization; injections, which I have

myself instituted in a hyaline myxoma of the cheek, of the size of the

fist, allow me to conjecture, that the myxoma is poor in capillary ves-

sels, that only vessels of larger calibre occur, which run in the coarser

partitions.

The myxoma forms knotty swellings, which grow rapidly, and by

this, as well as by the great softness of its tissue, is wont to give

occasion for mistaking it for soft carcinoma. Like the lipoma, the

myxoma also strives to attain the surface by the shortest and easiest

way ; here it forms tuberous or fungous elevations, and may even be-

come a pendulous, polypous tumor.

The subcutaneous cellular tissue of the thigh, the back, the external

genital parts of women, as well as the intermuscular connective tissue

Hyaline myxoma of the subcutaneous connective

tissue in the neighborhood of the angle of the jaw.
1-300.
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of the neck and face, are the preferred situations of myxoma; in the

next place, it is found in the osseous and nervous systems. Its occur-

rence in the nervous system, according to Virchow's observations, is

not infrequently a multiple, after this manner, that nodes of myxoma
are simultaneously found at several points in the connective-tissue peri-

neurium. Prognostically the myxoma, if we know properly to separate

the sarcoma myxomatodes, may be reckoned among benign tumors.

It does not return after thorough extirpation.

e. Osteoma, or Bony Tumor.

§ 144. Somewhat the same obtains of bony tumors as of the mucoid

tumors. The osseous tissue is indeed a thoroughly vitalized constituent

of the body, even capable of transformation ; but, like the mucous

membrane, it is a terminal tissue ; that is to say, as a rule, it forms

the closing link of a chain of other metamorphoses. The stromata of

the cancers may ossify. Liicke even described an epithelioma with an

ossified stroma. We know a sarcoma ossificans; the enchondroma and

osteoid chondroma may ossify ; even the connective-tissue partitions of

the lipoma are ossifiable. We must, therefore, say here, only such

tumors which absolutely and in all parts consist of osseous tissue, may
be designated as osteomata. If, with Virchow, we wish to distinguish a

hyperplastic and a heteroplastic osteoma, then of course everything

belongs here that we have learned to know of tumefactive hyperplasias

of the osseous system. Heteroplastic osteomas certainly very rarely

occur.

f. Myoma.

Under myomas we understand such tumors in which undoubted mus-

cular fibres form the principal constituent. Accordingly, as the mus-

cular fibres belong to the smooth or the striated, do we, according to

Zenker, distinguish a leiomyoma from a rhabdomyoma. I have, how-

ever, gained the experience, that transitions between smooth and striated

muscular fibres occur just in the tumor-like production. Thus a large

myoma of the retroperitoneal adipose tissue, which I had the oppor-

tunity to examine, consisted of spindle-formed cells which were striated
;

likewise a myoma of the vaginal mucous membrane which obstinately

recurred. Pure leiomyomas show thoroughly the structure of muscular

membranes when they occur upon the intestine, the urinary bladder,

&c. I assert, that one who has ever examined a tumor of this kind,

will be guarded against any mistaking of simple spindle-cells for mus-

cular fibres. The great similarity in the size and constitution of all

the cells and nuclei, the tight compression of the cells, conditioned

thereby into very elegantly built fibrous lines, has something exceed-

ingly distinguishing. The macroscopic relation, the interweaving of

the fibrous lines, certainly reminds me of the fibroma, yet have I never

been in the situation to recognize a fibro-muscular tumor in the sense
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of Virchow. In a myoma of the testicle I found groups of ganglionic

cells and stroma fibres (see Testicle).

g. Neuroma.

§ 145. As the term neuroma is used for all histioid tumors inserted

in the course of a nerve-trunk, and is particularly frequently applied

to fibromas and myxomas, we must separate from these pseudo-neuro-

mas, as genuine neuromas, such tumors as in their principal mass con-

sist of newly formed nerve-fibres and ganglionic cells. A tumor of this

sort of the size of a hen's egg has lately been observed in the angle

between the walls of the chest and the anterior boundary of the verte-

bral column (Schmidt, Frankfort-on-the-Main), and so much the more

deserves notice as it appears to yield us the first example of a nonhy-

perplastic genuine neuroma. Of course the supposition that the ques-

tion is about a hyperplastic ganglion of the sympathetic, is not to be

entirely excluded because of the locality of development, and then the

case would rank with the frequently observed circumscribed hyper-

plasia of the larger cerebral ganglia (the thalamus opticus, corpus

striatum), as well as with the spindle-shaped tumefactions of the peri-

pheral nerves, consisting of nerve-fibres, which Virchow has termed

and described as genuine neuromas.

h. Histioid Mixed Tumors. -

§ 146. In all the histioid new formations hitherto considered, one

tissue could with more or less certainty be regarded as the prevailing

one, and accordingly the name and character of the new formation

could be established. There can be no doubt, however, but that there

is also a mixed tumor. When beside distinct lipomatous constituents

distinct chondromatous constituents are found, when sarcoma nodes and

nodules, as we saw, are deposited in an enchondroma, we do not know

whether we should name this thing enchondroma lipomatodes or lipoma

cartilagineum, sarcoma cartilagineum, or chondroma sarcomatosum.

This embarrassment recurs with the question as to the clinical character

of this sort of tumor, the prognosis, &c. Meanwhile, upon the basis

of several good observations in reference to the latter, we may adhere

to : 1, that mixed tumors have a more unfavorable prognosis than each

single species represented in the tumor ; 2, that the admixture of sar-

comatous constituents without more ado places the mixed tumors upon

an equality with sarcomas. As a rule, such a mixed tumor already

returns after the first extirpation in its true nature as a sarcoma (see

the combination of the histioids with carcinoma, under Carcinoma Sar-

comatosum).



ABNORMAL PRODUCTIONS OF EPITHELIAL GROWTH. 157

4. Pathological New Formations, which are Abnormal Produc-

tions of the Epithelial Growth, with, and without Par-

ticipation of the Vascular Connective Tissue System.

§ 147. The exposition of general points of view concerning the

nature, the origin, and relationship of the so-called "carcinoma" will

form the chief contents of this section. By " carcinoma " we under-

stand a new formation destroying the organs of the body, after extir-

pation commonly recurring and undergoing metastasis, therefore malig-

nant. These properties certainly pertain, as Ave have seen, also to

certain histioid tumors ; and it were exceedingly desirable, if there

were a positive anatomical characteristic by which we could recognize

carcinoma as such, and could distinguish it from other destructive and

malignant new formations. We have now become accustomed, and

to-day we yet hold fast this custom, of regarding a certain peculiarity

of structure, the so-called alveolar structure, as a necessary requisite

for the diagnosis—cancer. By this we wish to say that we seek for

the substance of the carcinomatous degeneration in a deposition in foci

of cells advancing in fixed directions, which necessarily tends to this,

that we must grant to the parenchyma of the organ in process of de-

struction, which remains between these cellular depots, the form of a

framework, a trabecular- or net-work (stroma), whose meshes (alveoli)

are determined by the form and size of the deposited aggregations of

cells. It is manifest that this structure is particularly fitted to lodge

large amounts of free cells, which, according to § 121, we must regard

as the most effective stimulus as Avell for the local growth of a tumor as

for the infection of the entire organism. The seeming arbitrariness

with which we proclaim the alveolar structure as the anatomical crite-

rion of cancer, consequently receives its justification; but a new dif-

ficulty arises, when we reflect that then the alveolar sarcomas must also

be designated as carcinomas ; tumors, therefore, whose " permeation by

cellular heaps " (" Durchsetztsein mit Zellenhaufen ") we believed we

ought to assimilate with the suppuration of inflammatory tissues. I

accept this consequence, and thereby place myself upon the platform of

those who understand by carcinoma in essentials a clinical character

that is anatomically but imperfectly expressed; i. e., only in the obliga-

tory alveolar structure.

§ 148. The greater number by far of carcinomas proceed primarily

either from the epithelial clad surfaces of the body, from the skin and

mucous membranes, or from the secerning glands. TJiey depend upon

an abnormal groicth of the epithelial tissue. We may say, that an in-

growing of epithelium into the sub-epithelial layer of connective tissue

of membranes or into the interstitial connective tissue of glands forms

the fundamental processes in these carcinomas. The nature and manner
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of the ingrowing is extraordinarily various. The whole impression

made by a carcinomatous destruction, for example, the observation

of a vertical section by a low magnifying power, appears to justify the

opinion, that in them the question is about a diseased imitation of those

histological processes, which precede the development of glands with

excretory ducts ; namely, here as there we see aggregations of epithelial

cells, which proceed from the under surface of the epithelium in the

form of cones or strands, and insinuate themselves between the sepa-

rating filaments of the connective tissue. Active processes of division

also show themselves in the elements constituting the cell-aggregations,

so that in both of these principal points an undeniable uniformity with

glandular growth is present. Nevertheless the view, that the carcinoma

formation consists in a subordinate and irregular imitation of the phy-

siological glandular growth (heteradenie of the French), has but a very

contracted justification. After having above devoted so much time and

space to the consideration of normal epithelial growth, it would ill

become us, should we now lose the fruits of that consideration by an

ill-timed formation of hypotheses. For the carcinomas of glands with

open outlets, of course we may even indicate with emphasis, that all

imaginable transitions between glandular hypertrophy and the glandular

carcinoma are to be found. We of the latest time have learned to

know these intermediate forms more fundamentally, and have invented

the name adenoma, to designate a tumor which is neither simple hyper-

trophy nor carcinoma. This is at least the most comprehensive con-

ception ; several authors certainly move the idea of adenoma up and

down upon the scale mentioned, in that they now assign it more to hy-

pertrophy, now more to carcinoma ; that, however, a motion up and

down of this kind is possible, just proves the existence of the scale.

The general comprehension, however, of carcinomas, which proceed

from the epidermis or the epithelium of mucous membranes, is much

more difficult; namely, here also exists an unmistakable correlation of

the hyperplastic and carcinomatous conditions. It is, for example, a

well-known experience, that those circumscribed hypertrophies of the

skin, which we term warts and papillomas, have the capacity of going

over into epithelial carcinoma. This transition is brought about purely

anatomically in the following manner : the papillar hypertrophy con-

ditions a more or less great alteration of the level of that plane in which

the epithelium and connective tissue come into contact. The steeply

raised lateral surfaces of the enlarged or newly produced papillae bound

deep, cleft- like depressions between the papillae. The epithelial cover-

ing of the papillae is at the same time an epithelial lining of the inter-

papillary clefts, and as long as this relation remains constant by a suffi-

cient desquamation of the older epithelial cells, the hyperplastic char-

acter of the tumor is preserved. It is, however, manifest that a

sufficing desquamation is so much the less possible, the more the papillae
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elongate, and especially the richer their dendritic ramification proves tp

be. The lateral pressure, which the points of the papillae, widely

branched but united to a narrow basis exert, simultaneously closes from

above the interpapillary clefts, and causes in them a gradually increasing

accumulation of epithelial cells. The epithelium in the deeper parts of

the tumor no longer appears as a lining, but as a solid plugging of the

interpapillary clefts. As such it now begins to push forwards against

various points of the connective tissue substratum. Oval epithelial

cones appear, which first protrude from the under surface of the epi-

dermis into the cutis, then penetrate deeper and deeper. By this the

carcinomatous condition is given. We cannot of course avoid com-

paring these cones with the epithelial cones in the glandular formation

;

we also observe, as was said, lively processes of division in the con-

stituent cells, although, until proof to the contrary has been shown, I

am convinced, that their growth chiefly depends upon a peripheric appo-

sition of young cells, like the growth of normal epithelium, and find

this representation just as plausible as perhaps the enlargement of re-

tention-cysts by the secretion from their walls. The processes of

division in the interior of the epithelial cones indicate a secondary

growth and may indeed contribute the greater part to the thickening

of the epithelial cones ; to their elongation, however, and their forward

progress, upon which the peculiar destruction of organs still depends,

they do not contribute. In that I, in reference to the special elucidation

of this matter, refer to the considerations following below of squamous

epithelial cancers. I content myself, in these preliminary remarks, to

have pointed out, that the laws of normal growth are correctly main-

tained even in these extremest and most dangerous excesses.

1. Glandular Carcinoma.

§ 149. Does there actually occur an entirely unequivocal, genuine

hypertrophy of glands ? If we demand of a genuine glandular hyper-

trophy 1, an absolute uniformity of structure and texture with the

normal gland ; 2, a correspondingly increased function ; then both of

these demands are probably satisfied only in the hypertrophy of the

mammary glands during lactation, and those symmetrical enlargements

of a kidney and single liver lobules, which is commonly called vicarious

hypertrophy, because it is wont to arise in consequence of the

destruction of the other kidney or the other portion of the parenchyma

of the liver. The renal tubuli are here elongated, the liver-cells of an

acinus are increased, and the capillary net has experienced a corres-

ponding dilatation, so that even the naked eye can appraise the increase

of volume of the renal tufts or the hepatic acini ; the microscope, how-

ever, must establish a complete uniformity with the normal. Concerning

the hypertrophy of the mammary glands during lactation, I beg to

refer to the §§ concerned in the Special Part.
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§ 150. All other so-called glandular hypertrophies have their pecu-

liarities. There is in the first place a group, where we constantly

remain in doubt as to how much of the enlargement is to be placed to

the account of pathological growth of the glandular tubuli, and how
much to the account of a simultaneous ectasy of the same. The hyper-

trophy of the mucous glands in catarrhs of the stomach and large intes-

tine, the trachea and the bronchi, belongs here. The luxuriation of

the subepithelial layer of connective tissue, which is wanting in no

catarrhs of mucous membranes, conditions a closure by swelling of

the excretory ducts penetrating them, and hinders the free emptying of

secretion, so that from the beginning a certain ectasy by retention, of

the collective internal lumina of the glandular body is joined to this.

In addition, the spontaneous growth of the glands brought about

by division of the epithelial cells, plays a more or less subordinate

part. It may confine itself to a scanty lining of the interior of the

gland, gradually degenerating into a mucous cyst. Cases of this kind

find an analogue in the atheromas of the sebaceous glands, where we

also undoubtedly have more epithelium than is necessary for lining the

inner spaces of a sebaceous gland ; nowhere, however—unless the athe-

roma were changed into an epithelial cancer—a centrifugal sprouting

of the epithelial layer.

§ 151. To these, in the next place, such cases are joined, where cer-

tainly there can be no doubt of an independent increase of the secerning

parenchyma, but indeed it may be doubted whether the new tubuli are

still to be regarded as genuine, i. e., functionable glandular parts. The

sebaceous, as well as the sweat glands, may experience at circumscribed

spots of the skin a monstrous development, and, especially the former,

form very extensive fungous tumors, without a more abundant secre-

tion making itself observable at the surface. Beside this, in the hyper-

trophy of sebaceous glands, a decided deviation of structure shows

itself, in that an excessive thickening of the connective tissue glandular

capsules takes place. A still greater prominence of this cause leads to

subepithelial sarcoma of the glands, for example, of the mamma, for

which, on that account, the term adenoid sarcoma has been laid claim

to by Billroth.

§ 152. With the total emancipation from the physiological purpose

of the glandular formation, the sphere of those tumors begins, which I

call adenomas. The adenoma, apart from its stroma, consists of epi-

thelial cells, which, by their arrangement, immediately remind of the

epithelial lining of tubular or acinous glands. The cells are mostly

grouped around a central axis, as though they encompassed the lumen

of a real tubule; but the lumen is either entirely wanting, or it only

exists in spots, occluded by mucous or a colloid mass, and certainly

not in open communication with the excretory duct of the gland. It

appears that the aim of nature is only to produce in general an unlim-
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ited amount of new glandular tubules ; what becomes of these afterward

appears to be a matter of indifference. That to a regular glandular

parenchyma a symmetrical development of the vascular connective tis-

sue system is necessary she appears to have forgotten, and thus, the

longer this continues, so much the more a tumor-mass, extraordinarily

rich in cells, is produced, which, however, is too poor in vascular con-

nective tissue to be at all points sufficiently nourished, and which, there-

fore, in itself develops the cause of its subsequent decay.

Up to the present time we know an adenoma of the liver, of the

mammary gland, of the sebaceous glands (lupus), of the mucous glands

of the rectum. Only in the last-mentioned is the boundary line toward

the cylindrical epithelial cancer difficult to be drawn (see below). In

the remaining ones the manner of development upon the one hand',

upon the other the clinical relations, present us useful distinctive signs

from carcinoma. Adenoma forms well-defined, globular nodules, which

replace a comparatively small part of the normal glandular parenchyma,

from which they have just been produced. The individual nodule sub-

sequently has a central growth; it displaces the neighboring parts more
than it infiltrates them. The adenoma of the liver directly capsulates

itself. Furthermore, the adenoma must be regarded more as a benign,

non-recurring, and non-metastatic new formation, although upon this

point the reports have just commenced.

§ 153. The glandular carcinoma, with its numerous varieties, forms

the natural conclusion to the series of histological developments, which

we have hitherto considered. If we imagine to ourselves the inde-

pendent growth of glandular epithelium still more luxuriant and more
general, the regular formation of genuine glandular tubuli, still more
neglected in favor of a so much the more rapid proliferation of the

interstitial and the surrounding connective tissue, we will, in fact, re-

ceive an approximative picture of glandular carcinoma, whose individual

features we, of course, must yet subject to a more detailed discussion.

That the new formation proceeds from the glandular epithelium, has

of late been established by numerous investigations. The cells multi-

ply by division. First of all, probably the lumen of the respective

tubuli and acini always fills up, and instead of them we receive solid

cell-groups, which, however, immediately send out outgrowths in all

directions, and with these penetrate into the neighboring connective

tissue. Here, however, the numerous varieties of glandular carcinoma

already begin, of which the most important will follow :

§ 154. The soft carcinoma (carcin. medullare, encephaloides, hitherto

frequently united with the soft alveolar sarcoma), produces the most,

if not also always the largest, cancer-cells. These, by their round,

vesicular nucleus, with distinctly shining nucleolus, prove themselves

as the genuine offspring of the intestinal glandular plate, and form

cylinders manifoldly twisted and beset with knobby appendices, which

11
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Fig. 57.

Aggregation of cells from the juice of a soft mam-
mary cancer. After Billroth.

we can get the best view of if we examine in serum the juice (cancer-

juice) expressed from a recent cut surface. (Fig. 57.) Upon these

cellular cylinders we cannot

recognize the limits of the in-

dividual elements. This comes

to pass, because the protoplasm

of the latter is perfectly naked,

so that by their immediate ap-

position an optical continuity

of all the protoplasms is pro-

duced. It appears that the

rapid occurrence of fatty meta-

morphosis prevents a higher

development of the epithelial

type, for we rarely meet with

a larger cell in whose proto-

plasm the first fat-globules are

not- already visible. The more

numerous, then, the fat-globules

become, so much the better do

the outlines of the cells, formerly difficult to be made visible, exhibit

themselves. The transformation into granular corpuscles, with a fatty

detritus, appears to proceed entirely in the manner known. Of the

specific constituents of the cancer-juice, nothing whatever has hitherto

been demonstrated, either by the microscope, or by chemical proce-

dure. The clear, colorless serum
FlG - 58 - contains dissolved albuminates and

albuminoids, among these proba-

bly ferments, which are mean-

while yet entirely unknown to us.

§ 155. If we examine what re-

mains behind, after the cancer-

juice has run out, if we look for

the spaces, in which it was con-

tained before flowing out, we will

meet with the second factor of

every carcinomatous structure,

the stroma of the cancer. (Fig.

58.) In order to bring the stroma

as completely as possible into

view, it is necessary to take thin
Brushed-out stroma of soft glandular cancer, a. „_„<.:„„„ f».nm unrinna nlnr»P« nf thp

Section of cylinder of cancer-cells, h. Trabecule of SCCtlOllS IlOm VailOUS places 01 Uie
thestroma. c. A single spindle-cell, which extends +,, rr. nr \ n ftr ,1 Pr rr, tpaap thpm out'
from on.- trabecula to another, and by the separa- tumor, in oruer 10 lease uiem oui,
lion of basis-substance along its protoplasm gives

t u PT1 tliprp i<s nrpspntpd to im fl pon-
the impulse to the formation of a new trabecula of tnen mere is presented 10 us a, euu
the stroma, d. Round-celled infiltrate in the in- ...i;™

t; aCnp frimownrV wlirmp
terior of the tn sulee of the stroma. 1-300. nective-tis&ue iramewOlK, WilOSe
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trabecule inclose oval lumina, so large that their shortest diameter ex-

ceeds the breadth of the stoutest trabecula by at least twice ; that of

medium thickness, however, by at least five times. It has already been

pointed out that neither the thickness of the trabecule, nor the size of

the meshes, is the same in all cancers, but that we may speak of a

certain proportion between the breadth of the trabecule and the width

of the meshes. This proportion is of importance for distinguishing

from each other individual forms of cancer.

As to what concerns the more minute structure, the thicker trabec-

ule of the stroma are, as a rule, formed of a striated connective tissue,

in which numerous spindle-shaped cells are imbedded. These trabec-

ule are not round upon a cross section, but triangular, quadrangular,

and polygonal, the surfaces concave, the edges sharpened. The latter

are here and there continued into thin membranes, which partly or en-

tirely stretch over the meshes. Upon the whole we receive the im-

pression of a continued rarefaction of the stroma by the growing

contents of the alveoli, and such a one is simply to be accepted also,

at least for the first stages of development of the carcinoma, where it

is still fastened to the limits of the glandular lobules. Afterwards,

when the degenerated lobules and lobes have run together into larger

nodes, and these already begin by infiltration to press forwards into the

surroundings of the gland, a new formation of trabecule of the stroma

also arises in the older portions of the tumor, which begins, in that

single spindle-shaped cells extend themselves transversely through the

larger alveoli, and thus give the central point and the direction for tha

deposition of connective-tissue intercellular substance.

Soft glandular carcinomas have hitherto been observed upon the

salivary glands, mammary glands, testicles, ovaries, prostate, thyroid

gland, nasal mucous membrane, and liver. Whether and to what extent

the soft carcinoma of the stomach proceeds from the glands, yet re-

mains for the present undecided.

The soft gl'andular carcinomas are exceedingly malignant tumors,

particularly in so far as they undermine more rapidly than the others

the entire nutrition, and become fatal through cachexy. Metastatic

irruptions are, as a rule, only observed in the appertaining lymph-

glands.

§ 156. The telangiectatic carcinoma (a form of the so-called fungus

hematodes). In so far as bloodvessels constitute an integral constituent

of every glandular stroma, and this, as we have seen, directly goes over

into the stroma of the glandular cancer, it is easy to infer, that every

glandular carcinoma must at least primarily also be vascular. Now in

general these vessels share the fate of the stroma, i. e., they become
attenuated, so long as the growth of the epithelial masses is predomi-

nant, and even experience a richer development, when this is softened

and dissolved by fatty metamorphosis. There are, however, carcino-
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Fig. 59.

Brushed-out stroma of a very rapidly
growing carcinoma of testicle. 1-300.

mas,—and these correctly deserve to be designated as telangiectatic,

—

in which from the beginning the vascular development predominates.

I found, in a very rapidly growing cancer of the testicle, the stroma

entirely formed of vascular ramifications. Fig. 59 represents a frag-

ment of this stroma. I regard the

second contour, which accompanies the

vascular wall everywhere at a proper

distance, as the wall of an ensheathing

lymph-vessel, as they have also been

found in the normal testicle by Ludwig

and Tomsa. Just there I have also

most beautifully observed the vascular

formation out of "culs de sac " ("kol-

ben ") described by Rokitansky, and

have convinced myself, that these culs

de sac are a competent equivalent of the

^z^llW&W* impervious appendices of the vascular

system, which we have learned to know

in the tertiary vascular formation (§ 71).

The culs de sac, of course impervious, grow towards each other and melt

down, when they come into contact into a new capillary loop. (Fig. 60.)

All telangiectatic carcinomas are characterized already, even for the

naked eye, by the frequent finding of parenchymatous hemorrhages.

Depots of blood of the size of a pin's head up to a hen's egg and over;

depots of blood in all stages of retrogressive metamorphosis, blood-cysts

and pigmented spots of all forms and sizes characterize the cut surface

of this fungus nematodes. In reference to malignancy, the telangiec-

tatic unconditionally joins itself to the soft glandular carcinomas.

§ 157. The sarcomatous carcinoma represents the second of the pos-

sible combinations of cancer and sarcoma (comp. sarcoma carcinoma-

todes, § 125). If we now imagine to ourselves, that the epithelial sys-

tem of an open-mouthed gland degenerates in the same manner, as in

soft glandular carcinomas, while simultaneously the interstitial connect-

ive tissue undergoes sarcomatous degeneration, then we obtain a mixed

tumor, which we must leave undecided whether it is to be reckoned with

the sarcomas or the carcinomas. I reckon them among the carcinomas,

because the sarcomatous admixture only shows itself in the primary

irruption, while the recurrence and metastases present themselves as a

rule, as pure, soft, glandular carcinomas. Their favorite situation is

incontestably the testicle and kidneys. I assert, that the majority of

soft carcinomas of the testicle possess a sarcomatous stroma. The

trabeculae of this consist of the characteristic spindle-shaped cells, and

are often so thick, that we fruitlessly hunt over several fields of the

microscope for the imbedded cancer-cells, if we have intentionally made

the section through the more compact portion of the tumor.
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In reference to malignancy, this tumor also joins the soft gland-

ular carcinomas. The colossal circumference is worthy of notice, which

the carcinoma sarcomatodes may attain. Kidneys of ten pounds

weight and testicles of fourteen pounds have been observed.

Fig. 60.

Stroma of a telangiectatic carcinoma of testicle formed by wide capillaries with blind-ending appendices.

1-300.

§ 158. The hard carcinoma (simple carcinoma, scirrhus, connective-

tissue cancer) distinguishes itself from both the -preceding by such

prominent peculiarities of structure as well as of development, that

probably many experts of my branch, will but unwillingly admit their

registration among the glandular carcinomas. As the chosen epithet

implies, this distinguishes itself above the allied new formations, par

excellence, by the greater consistency of the mass of the tumor. The

consistency of a cancerous tumor is conditioned by the quantitative

proportion of the cellular infiltration upon the one hand, and by the

stroma upon the other. Carcinoma simplex also owes its greater firm-

ness to the circumstance, that the trabeculse of its stroma are thicker

and the interspaces for the cancer-juice smaller, than in soft glandular

carcinoma. Still there is a certain scale of degrees of hardness to be

established in it, which upon the one hand is conditioned by age and the

epoch of development, upon the other by the peculiarities of its

situation. There are hard, glandular carcinomas, which throughout

are of such firmness, that it requires great force to tear them to pieces
;
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carcinomas, which in cutting creak under the knife (durities eburnea,

scirrhus). These carcinomas appear glisteningly white, and show them-

selves under the microscope to be formed of a dense, finely fibrous

connective tissue, which in a few clefts and alveoli contains the nests

of cancer-cells.

Frequently harder and softer parts are found side by side, so indeed,

that a central hard portion is encircled all around by a part less hard,

up to a directly soft periphery. Observation with the naked eye

already leads to the conjecture, that this arrangement depends upon

a difference of age between the central and peripheral portions of the

tumor. In the tumor always appearing in the form of perfect nodes,

the outer border is formed by a zone of the smallest grayish-red depots,

which are sprinkled into the contiguous normal parenchyma. Then

follow larger and yet larger depots of the same kind, which flow

together and thus form the chief mass of the tumor projecting rampart-

like upon the cut surface. Further towards the interior, certain white

stripes become more distinct, as which the larger trabeculse of the

cancer-stroma present themselves, the reddish-gray infiltrate loses

itself or there occurs instead a yellowish marking, which is derived

from the conversion of cancer-cells into fatty granular corpuscles

(carcinoma reticulatum, Miiller). The vessels also of the stroma, of

which we perceive but very little in the outskirts of the tumor itself,

now become more prominent, and condition beside the white trabecule

of the stroma, and the yellow points of fatty metamorphosis, a red

streaking and spotting. Farther still toward the interior this charac-

teristic also finally disappears, and a glisteningly white, hard, cicatricial

tissue shows itself, which from the centre by long radiating lines extends

into the tumor. Accordingly we distinguish already with the naked

eye four zones, which correspond to just as many stages of the cancer

process : the zone of development, the zone of the acme, of the retro-

gressive metamorphosis, and of cicatrization.

§ 159. The microscope throughout confirms these interpretations of

the naked eye. In Fig. 61, a, b, c, d, four microscopic views are given, as

we get them in examining fine sections from the four zones of the tumor

mentioned. Fig. a Avas taken from the periphery of a small nodule of

the zone of development, and was formerly so interpreted, that we ac-

cepted each of the rows of round-cells here visible as the progeny of a

connective tissue cell pre-existing at the same place, and at the same

time the first stage of an aggregation of cancer-cells, such as we meet

immediately alongside. We have now torn asunder this chain of develop-

ments. We regard the rows of round cells as emigrant colorless blood-

corpuscles, and are at pains to prove that the nests of cancer-cells are

produced from the pre-existing epithelia of the glandular substance. I

hold it useless to take such pains, so far, namely, as our aim is to re-

gard the collective cancer-cells as directly the " offspring of the epithe-
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lial-cells." On the contrary, I grant, upon the one hand, that in the

hard glandular cancer also, the glandular epithelium multiplies by di-

vision, and causes thereby an enlargement of the acini or tubuli, though

but moderate ; upon the other hand, that the first nests of cancer-cells are

wont to arise in the immediate neighborhood of the glandular epithelia,

so that the opinion of an "epithelial infection" of the round cells ac-

Fig. 61.

Carcinoma simplex mammae, a. Development of nests of cancer-cells, b. Fully formed carcinoma
tissue (compare following illustration), c. Commencing cicatrization ; at the same time a representa-
tion of the relations of stroma and cells in scirrhus. d. Cancer cicatrix. 1-300.

cumulated in the connective tissue is certainly very imminent. Accord-

ing to my comprehension, the question in hard, glandular carcinoma

is about a slowly transpiring interstitial inflammation, whose cellular

products are converted into epithelial structures instead of pus or con-

nective tissue. The active behavior of the glandular epithelium is to

be regarded as the first cause of' that inflammation and as that force

which imparts to the inflammatory products their peculiar direction of

development. This is, and remains, therefore, here also the peculiar

source of morbid action, although their quantitative performance prove

to be inconsiderable. In what manner the communication of the epi-

thelial direction of development to the inflammatory infiltrate ensues,

must of course yet remain undecided, still, as has already been pointed

out, the view has much in its favor, that individual young epithelial

cells penetrate into the interspaces of the neighboring connective tissue,

and infect the indifferent cells there existing. We are reminded, in a

certain sense, of the method of growth of the epithelia of the outer

surface, only that there the migratory connective tissue cells touch the

epithelium, and thereby the limit between epithelium and connective

tissue is constantly maintained, while here the migratory cells, while
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yet fixed in the connective tissue, become infected, and thereby the

epithelium penetrates into the connective tissue.

§ 160. Fig. 61, b, represents the acme of development. The con-

nective tissue fibres are pressed asunder by the expanding cell-forma-

tion, and now present the trabecule of a very compact stroma ; upon

them and in them the bloodvessels of the cancer ramify, by whose size

and turgescence the intensity of the reddish tint in the color of the

tumor is determined.

That the retrogressive metamorphosis, which cancer-cells fall into,

and by which they finally perish, is the fatty transformation, already

follows from the examination of the juice scraped off from a cancerous

tumor. We find, side by side, therein all the stages of the process

mentioned in § 26, from the origin of the first fat-globules in the pro-

toplasm up to the total dissolution of the cell-body. Where, with the

naked eye, we perceive yellow strige and points (carcinoma reticulatum,

Mulleri), the microscope, par excellence, shows us granular corpuscles.

The thickening of the trabeculse of the stroma, going hand in hand

with the decrease of the cells, becomes more prominent upon transverse

sections. In Fig. 61, c, we see a carcinomatous structure, which is

peculiar to the so-called scirrhus, which, however, is found as a trans-

itional state in every carcinoma simplex. The trabeculse are extra-

ordinarily thick, formed of a short-fibred connective tissue, provided

with spindle-shaped cells. After the complete dissolution and removal

of the cellular infiltrate, the connective tissue comes to be sole propri-

etor. In the cancer-cicatrix, in the oldest part of the cancerous tumor,

we see lines of fibres crossing and recrossing one another in all possible

directions ; here and there a remains of fatty detritus indicates the

place where formerly cancer-cells lay ; in other respects the cancer-

cicatrix has no sort of peculiarities which would distinguish it from

other cicatricial tissue (Fig. 61, d).

The local productions of cancer end with the cicatricial formation
;

it is the same event, which in inflammatory heteroplasia we designated

as healing ; nevertheless, we cannot say, that cancer heals by cicatricial

formation ; for while this healing at the centre proceeds, new sections

of the affected glands are continually involved in the destructive meta-

morphosis at the periphery of the tumor, so that the cicatricial forma-

tion constantly remains far behind the infiltration.

§ 161. Hard, glandular carcinoma occurs most frequently, and in

several varieties, in the female breast, then in the glandular layer of

the stomach, at the liver, and other glands with open outlets.

Nothing certain can be said concerning the period of the first metas-

tatic formation, still they are regularly wont to ensue within a twelve-

month. Cases are reported, in which a thoroughly extirpated, hard,

glandular carcinoma has produced no local recurrence, yet these belong

among the greatest rarities.
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§ 162. The colloid carcinoma (car. alveolare, gelatinous cancer). A
soft, gelatinously trembling, perfectly translucent mass of tumor, of a

light honey color, forms the gelatinous cancer. According to its na-

ture, a hard glandular cancer, it distinguishes itself from this, its

nearest relative, by the invasion of colloid degeneration in the course

of development. The colloid degeneration conditions the peculiar ap-

pearance, the structure, and the other vital properties of the tumor.

As to what, first of all, concerns the structure, this is, as the fre-

quently-used term alveolar cancer already indicates, the prototype of

an alveolar arrangement. A network with the most regular round

meshes forms the stroma, and if we trace the cause of this striking

regularity, we find it in the circumstance, that every portion of the

strongly swelling-out colloid substance, like a collection of fluid in an

inclosed cavity, tends to assume the globular form, consequently a pa-

renchyma, which like this cancer, is entirely pervaded with portions of

colloid, must eo ipso assume the form of a stroma provided with globu-

lar meshes. If the colloid globules have attained a certain size, they

exert by further increase of volume an atrophying pressure upon the

partition walls, which separate them; two or more globules flow to-

gether and occupy one cavity, whose original form disappears by the

gradual depression of the partitions, in order to strive for the globular

form, so that finally a single larger but likewise rounded alveolus is

produced. In a thin section (Fig. 62), accordingly, the entire mass of

Fig. 62.

Carcinoma gelatinosuin. 1-300.

tumor breaks up into a number of larger and smaller circular surfaces

corresponding to the colloid globules, which are separated by connec-

tive-tissue partitions.

Answering the question as to the origin of the colloid substance

proves a less simple matter. That one portion of it is produced by the

retrogressive metamorphosis of the cancer-cells, may for the time being
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remain undisputed, as we always meet in all smaller alveoli- a group of

epithelioid elements, which are wanting in the larger, without anything

else having occupied their place, and as we can in fact observe in indi-

viduals of these cells the colloid metamorphosis described in § 44. That,

however, all colloid substance was produced in this way, cannot be

conceded.

If we cast an unprejudiced glance upon the so characteristic histolog-

ical picture of gelatinous cancer (Fig. 62), and observe how the groups

of cancer-cells contained in the alveoli originally adhere to the alveolar

wall ; then, however, are crowded off from the wall by the ever more

numerous layers of colloid substance, without for the time being in-

creasing or decreasing in number, how they finally disappear and

vanish when dozens of colloid layers are already deposited ; then the

conviction entirely of itself grows upon us that the greatest part of the

colloid substance is created at the boundary of the connective tissue

and epithelium, without that the formed epithelial cells actively partici-

pated therewith in any manner worthy of mention. A direct transu-

dation from the blood is naturally not to be thought of, because the

endosmotic equivalent of colloid substance is equal to 0. On the con-

trary, the view of Doutrelepont* would commend itself, according to

which we have before us in the colloid substance a metamorphosed for-

mative material of epithelial cells, perhaps an albuminous body, which

in other cancers would be consumed for increasing the number of the

cells. We cannot avoid in this case, thinking of the manner of pro-

duction of epithelial cells from amorphous material asserted by Arnold,

because the colloid accumulation, if Arnold is correct, would be very

simply explained as an accumulation and transformation of those amor-

phous formative substances. The concentric stratification of the colloid

substance points to a certain periodicity of the process of deposition ; the

fatty granular detritus, which designates the limits of individual layers,

must then be regarded as an accessory product of the colloid formation.

§ 163. That vessels ramify upon the septse and stroma-trabeculge of

alveolar cancer, there can be no doubt ; but these vessels are neither

numerous nor large, and contribute even in complete injection but little

towards coloring the whole, so that colloid cancer constantly makes the

impression of a tumor very poor in blood. For the issue of the disease

and the dangers which patients undergo from colloid cancer, this cir-

cumstance is in so far of importance, as bleedings from the surface of

an open ulcerating colloid cancer are neither frequent nor abundant.

In reference to malignancy the gelatinous cancer assumes a peculiar

position. It is a cancer which possesses an extraordinary capacity of

infection by contact. The infiltration of connective tissue progressing

at its limits often takes on actually colossal dimensions. On the con-

* Langenbeck's Arehiv. (Despatched for publication in April, 1870.)
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irary, metastases to distant points are infrequent, likewise affections of

neighboring lymph-glands, which mostly remain inviolable.

Situations—stomach, large intestine, liver, ovary, mammary gland.

2. Epithelial Carcinoma.

§ 164. If we were to take into consideration all the varieties of con-

sistence, color, and texture, there could scarcely be found two epithelial

carcinomas taken from different places of the skin and mucous mem-
branes, which could be regarded as completely identical new forma-

tions, so great is the influence of the mother soil upon the development

of epithelial carcinoma. We must content ourselves at this place in

asserting two principal categories which correspond to the two principal

kinds of epithelium,—the squamous epithelial carcinoma and the cylin-

drical epithelial carcinoma. The former occurs par excellence upon

membranes clad with squamous epithelium, the latter upon those with

cylindrical epithelium, yet the access of the squamous epithelial cancer

especially is not debarred from mucous membranes, which bear cylin-

drical epithelium ; for example, from the gastric mucous membrane.

§ 165. The squamous epithelial cancer (epithelioma, epidermal cancer,

cancroid) forms a white, dense mass of tumor, poor in juice, which

upon the cut surface looks either entirely homogeneous or whose minuter

structure may still be known only by hints. The palpating finger

experiences a considerable, but dull, inelastic resistance. If we exert

a stronger lateral pressure, milk-white, twisted filaments press beyond

the surface, which have very properly been compared with the so-called

comedones, which may be expressed from the sebaceous glands of the

skin of the nose. These may be easily diffused in water. There is

produced a cellular emulsion similar to cancer-juice; the washed-out

cells, however, are altogether genuine pavement epithelium ; they might

just as well be taken for the epithelial cells of the oral cavity. Certain

subordinate peculiarities in the form of the individual cells will more

fitly come to be spoken of when considering the transverse sections.

The nuclei are constantly very large, ovoid, with double contours, and

provided with one or more large and shining nucleoli.

§ 166. When the epithelioma of the outer skin and the mucous mem-

branes does not proceed from warts or cauliflower growths (§ 148), it in

the next place always presents itself as a flat, bed-shaped tumefaction

and induration. This in continued growth advances as well in depth

as it extends superficially. If it has reached a certain maximum at

the place of its first origin, then its breaking open ensues here. The

surface, from the beginning somewhat tuberous, becomes raw, there

arise numerous erosions, holes, and clefts, from which is poured out a

white, odorless atheromatous pulp mixed with pus. Hereupon the

tumor becomes depressed in the centre, an excavation is produced,

which henceforth is covered either by dried secretion, or, if this were
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removed, by necrosed shreds of remaining tissues. In this phase of

development, therefore, the epithelioma is an ulcer with indurated base

and indurated edges thrown up like an embankment. At the periphery

of the ulcer we perceive the constant progress of the infiltration into

the surrounding parts, at whose indurated edges we may study the acme
of development, while toward the interior the decay of the new forma-

tion, and, in individual cases, the very distinct reparatory processes

come to be perceived.

If, in the next place, we occupy ourselves with the development of

carcinoma, it will be judicious, in reference to this, to distinguish the

first production from its further extension. For the purpose of more

accurately establishing the point of departure, vertical sections of sat-

isfactory thinness are most suitable, which we may make through the

indurated edge of an epithelioma of the external skin. (Fig. 63.) If

Fig. 63.

From the border of development of an epithelial cancer of the skin. a. Tumor-mass in full develop-
ment

; cylinder of epithelial cells, with pearly globules, longitudinally divided. 6. An enlarged seba-
ceous gland, e. Commencing villiform elongation of the epidermis inwards. 1-150.

we advance in the consideration of this section from without inwards,

from o to a, then the first thing whereby the beginning of the tumor-

formation makes itself perceptible, is a striking enlargement of the

sebaceous glands (<?). They become longer, broader, therewith mis-

shapenly knotty, and knobby at their blind ends. Close to the border

of the tumor (b), an example of truly colossal dimensions is exhibited,

and in an impartial consideration, it will appear to us as though the

tubuli of the tumefied gland distinguished themselves in nothing from

the neighboring projections of the cancroid new formation (a). The
resemblance is especially caused by this, that in the elongation and

thickening of the glandular fundus, the character of a secretory organ



EPITHELIAL CARCINOMA. 173

is completely lost; we miss the central lumen, the oil-globules ; we only-

see densely crowded epithelial cells, and indeed epithelial cells of a size

which, for sebaceous glandular epithelium, is thoroughly abnormal.

If it consequently becomes credible that the epithelioma of the skin

may proceed from the sebaceous glands, still, upon the other side, we
must not forget that this "procedure from the sebaceous glands" is only

to be regarded as the partial phenomenon of a thorough derangement
.

of the limits between the epithelium and the connective tissue. We are

indebted to Thiersch* for the communication concerning an epithelioma,

which proceeded in a very demonstrable manner from the sweat glands;

upon the other hand, we can see in every epithelioma that not the glands

alone have participated in the formation of the cancroid projections.

From the points furthest advanced into the connective tissue, from the

projections of the rete Malpighii, which are inserted into the valleys

between the papillae, knobby elongations of the epithelium likewise

penetrate deeply, and just this process, to which the elongation of

the already existing epithelial involutions of the glands is subordinate,

is the universal exponent of all primary epithelioma formations. f Not
as glands, therefore, but as appendicular structures of the epidermis, do

the sebaceous and sweat glands take part in the luxuriation. They lose

their glandular character and change into what they originally were,

solid aggregations of cells, which form villiform appendices of the under

surface of the epidermis.

§ 167. In reference to the growth of the epithelial shoots and their

penetration into the connective tissue substratum of the epidermis, the

views of authors are very much divided, According to Thiersch, Billroth,

and others, the epithelial shoots exclusively grow by division of the

epithelial cells contained in them ; according to Koster, the growth is

by apposition, and ensues by a corresponding metamorphosis of the

endothelia of the system of lymph-vessels, in whose cavities the epithe-

lial projections exclusively extend themselves and advance. I, for my
own part, can neither overlook the very striking fact that lively nuclear

and cellular divisions proceed in the epithelial shoots, nor ignore the

speaking pictures which one receives, if, according to Roster's direction,

we cut parallel to the surface and examine the indurated edge of certain

flat epithelial cancers of the cutis.

Fig. 64, in fact, shows us the superficial reticulum of lymph-vessels

of the cutis in its entirely characteristic configuration, but filled with

* Thiersch, Epithelial Cancer. Leipzig: Engelmann, 1865.

t Upon epitheliomas of the digestive tract, I have most certainly convinced myself

that the tubular glands of the mucous membrane, supplied with cylindrical epithe-

lium, play the same part as the sebaceous glands of the outer skin. They enlarge

interiorly, and change their character in such manner that they lose their lumen,

and then present solid masses of cells that in the first place are composed of indiffer-

ent, then of genuine pavement epithelial cells.
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cylinders of epithelial cells. The lymph-vessels here undoubtedly indi-

cate the way and the direction for the progress of the epithelial shoots.

It is of course not said therewith that they do this in all carcinomas

;

Fig. 64.

Horizontal section through the zone of development of an epithelial carcinoma of the skin. Exten-
sion of the epithelial projection in the system of lymph-vessels. After Koster.

we would probably have to content ourselves to find in the interesting

discovery of Koster again only the microscopic expression of the fact

already known, that the cancers and sarcomas of glandular organs, for

example, the kidneys, the testicles, the lymph-glands, with especial

readiness, break into the lumina of the blood- and lymph-vessels, and

extend themselves in them. Nevertheless the question here is about

a positive observation, which in a very obvious manner explains to us

the mode of the penetration and advance of certain carcinomas into the

parenchymas of organs. With this part of Roster's representation, the

independent growth of the epithelial shoots asserted by Thiersch would

also agree. Only the enlargement by apposition of the metamorphosed

endothelia of the lymph-vessels would not agree with the latter. In

reference to this, I have constantly warned against the one-sidedness of

the judgment, and even to-day do not find myself induced to give up

the harmonizing acceptation which I have hitherto entertained. I

distinguish in epithelium, as, for instance, also in cartilage, a primary

and a secondary growth; the former consists in the apposition of young

and small cells at the border of the epithelium towards the connective

tissue, the latter in an enlargement and multiplied division of the more

central cells of the epithelial stratum. Upon the first depends the

elongation and widening, upon the latter the suddenly occurring thick-

ening of the young stratum, known to every microscopist. (Comp.

the cicatrization of surface of wound, Fig. 39.) Thus it is here also.

The peculiar creeping progress of the epithelial shoots takes place by

the apposition of mobile cells of the nutritive apparatus (proliferated

endothelia, according to Koster) to the most advanced points. The

consecutive thickening and transformation into a compact epithelial
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projection is for the greater part a consequence of the cell-division in

the axis of the epithelial shoots.

§ 168. If we now come to the struc-

ture of the tumor (Fig. 63, a), we imme-

diately remark that the principal mass

of it is formed by just those cylindrical

cell-cylinders, the so-called epithelial

projections. These, upon a transverse

section, have a thickness of 1-7 of a' line,

and as a rule, a considerable length,

which indeed we very seldom get an en-

tire view of; they bifurcate once, or

several times, up to a complete ar-

borescent ramification. The arrange-

ment of the epithelial cells upon the

cross section of the projections is char-

acteristic (Fig. 65), namely, there is

found, as at the integumentary surface

itself, at the boundary towards the con-

nective tissue, therefore at the periphery

of the projections, a layer of small, oval,

frequently also brownish-colored ele-

ments, to which, towards the interior,

the more developed pavement epithelial

cells annex themselves. These completely fill out the space ; all fit

together and into each other. Therewith one remarks everywhere a

tendency to a concentric stratification.

We may well assume that in the constantly exhausting distension of

the infiltrated parenchyma, the projections can only attain a certain

thickness. Nevertheless if the apposition of new cells does not cease,,

there must necessarily occur a want of space; there must occur in the

interior of the tumor a pressure, which affects as well the projections

themselves, as the connective tissue stroma between the projections,

I regard this so-called pressure of growth as an exceedingly- important

energy in the life-history of all infiltrative new formations ; namely, in

so far as it also acts compressive upon the interstitial vessels, it renders

difficult the circulation of the blood, disturbs the nutrition of the parts,

and, as a rule, becomes thereby the principal cause for the occurrence of

retrogressive metamorphoses. It also comes into consideration in this

sense for the epithelioma ; beside this, however, I would wish to consider

it participative in the tendency to stratification mentioned, which the

cells in the interior of the epithelial projections show, and which

culminate in the formation of the so-called pearly globules or pearly

nodules.

The pearly globules (Fig. 63) are produced, in that, from point to

Section of a cylinder of epithelial cells,

under a magnifying- power of 500. a The
cylinder itself, with the characteristic
stratification of its cells, a younger and
an older pearly globule, b. The stroma,
very rich in cells at c, and contributing
directly to the enlargement by apposition
of the cylinder.
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point in the axes of the epithelial projections, the neighboring elements

arrange themselves like the layers of an onion, upon one or two epi-

thelial cells which remain globular, and thereby become so flat, that

as with the hairs and nails we can only observe a narrow shaded line

as the optical expression of a cell standing upon edge. Large quan-

tities of cells are in this manner compressed into a small, globular

space, the whole receives a homogeneous, intensely yellow, luminous

appearance, which reminds of the color of hair. The individual pearly

nodule may grow to a considerable size, and we will learn to know in

the variety pearly cancer (see Nerve-cysts, Brain), a form of epitheli-

oma, where finally the whole epithelioma is converted into a certain

number of pearly nodules.

Another interesting, but, as it appears, not exactly frequent trans-

formation, which the cells of an epithelioma, experience, is that into ser-

rated cells. We thus call the cells, which are beset at their entire surface

with very many serrations, only visible under high powers, added for the

purpose of articulating suture-like with the neighboring cells, and thereby

produce an exceedingly firm connection of the cells among each other.

§ 169. The second, never-failing structural element of the epithelioma

is a connective-tissue stroma. With regard to the cylindrical form of

those bodies with which it divides the existing space, we must imagine

it lis a honeycombed framework, whose open ends are directed out-

wards. The stroma, first of all, is the displaced and pressed-apart

parenchyma of the cutis, or the mucosa. Inasmuch, however, accord-

ing to our former deductions (§ 83), without regard to the first origin,

the epithelium is in all cases to be regarded as a product of connective

tissue, therefore we may presuppose, in the stroma of an epithelioma,

a very active participation in the new formation. Now, in fact, we do

find a luxurious cell-proliferation (c), especially at those points where

the epithelial projections grow the most in advance of their tips ; the

stroma is in general rich in young elements ; it is also disposed to self-

growth, particularly to papillary excrescences.

The stroma carries the vessels of the epithelioma, and these share its

fate in every respect; they become obliterated when the stroma atro-

phies ; they dilate when the stroma displays a productive activity (see

below). Fig. 63 shows at the same time a very successful injection of

the vessels, which was managed according to the directions of Thiersch.

§ 170. We come to the decomposition of epithelial cancer. The

conditions for this are developed with the tumor itself. It has already

been pointed out how, by the pressure of growth, the circulation, and

therewith the nutrition, may experience disturbances in larger or

smaller sections of the tumor. These disturbances, as a rule, will first

become influential at those points where unfavorable nutritive circum-

stances per se exist. These are, moreover, the central parts of the

epithelial projections; namely, the thicker the epithelial projections
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become, so much the further removed are the cells here situated from

the soil which has produced and should nourish them. The circum-

stance, that just these cells are those first produced, and therefore the

oldest of all, acts with the same purport, so that we regularly see the

phenomena of retrogressive metamorphoses arise in the axes of the

epithelial projections. The question therewith is mostly about a fatty

degeneration of the epithelia, which leads to the formation of numer-

ous atheromatous abscesses. These are originally separated from each

other, but gradually flow together into a single cavity, penetrating the

projection lengthwise. We perceive cavities of this sort already with

the naked eye, at the surface of the epithelioma, as yellowish-white,

comedone-like points. The rupture externally finally ensues, the hol-

lowed projections open and empty their contents at the surface. Here-

upon the tumor sinks together, and the ulceration, that separation

above mentioned of pus and atheromatous pulp, begins.

Epithelioma does not rank among malignant new formations. At

least cases are guaranteed, where a thoroughly extirpated epithe-

lioma, i. e., with the free excision of surrounding parts, never recurred.

This is certainly not the rule. The cicatrix, mostly within a twelve-

month, becomes the seat of a new analogous formation of tumor. On
the other hand, proper metastases are certainly of comparatively rare

occurrence. The nearest situated lymph-glands suffer the soonest; but

the interior organs only, when the primary affection has assumed such

colossal dimensions, that in comparison with it the insignificant metas-

tatic affections do not at all come into consideration. Metastasis is

probably in all cases caused by the migration of young epithelial cells,

which cause at the place of their settlement an epithelial infection of the

indigenous elements of the vascular connective-tissue system.

§ 171. The cylindrical epithelial cancer. We have not been able to

agree, up to the latest time, whether the crypts of Lieberkiihn of the

digestive tract are actually designed as tubular glands, or whether in

fact only as crypts, i. e., culs de sac of the surface, and only for in-

creasing the same. The hesitation mainly proceeded from histology,

which proved that these so-called glands were clothed up to their

fundus with the same cylindrical epithelium as the free surface and

the papillae placed upon it. The facts of pathological histology are in

nowise suited to banish these doubts, for the only affection from which

we might expect an explanation in this direction, the cylindrical epi-

thelial cancer of the digestive tract, shows such a uniform participation

of the epithelium of the crypts and the papillae, such an elevation and

depression of level at the limit of epithelial and connective tissue, going

hand in hand, that it is absolutely impossible to draw a sharply defined

limit between the two. It is therefore also explicable, that the same

new formation might just as well be apprehended as a destructive papil-

loma (Forster), as a proliferous adenoma (Klebs).

12
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An acquaintance with the minute processes in the development of

cylindrical epithelial cancer we owe to both the authors mentioned.

The first step of the change is probably always a depression and a

more complicated organization of the glandular tubuli. It is, how-

ever, important to state therewith, that this from the very beginning,

I might say intentionally, exhibits the char-

acter of an enlargement of the surface, be-

cause the question is never about a solid

projection of cells in the sense of a flat epi-

thelioma, but constantly about involutions of

the existing glandular lumena, Avhich are clad

with a simple layer of cylindrical cells. The

new formation, in the next place, proceeds to

a positive increase of surface, i. e., to a pro-

duction of papillary excrescences upon the

walls of the cavities. The statements of

Klebs in this direction are exceedingly in-

teresting, which prove, that from the fundus

of the glandular tubuli, pointed and knobby

outgrowths elevate themselves, which in the

first place are formed entirely of epithelial

cells. (Fig. 66.) Afterwards, we find richly

organized papillae, which grow in all direc-

tions, particularly also inwardly, and thereby

contribute to the destruction of the parts attacked. The free surface

of the mucous membrane has already, at an earlier period, participated

in the process by a greater or lesser luxuriant papillary proliferation.

From an adenoma of the diges-
tive tract. Copied after Klebs.
(Handbook of Path. Anat., Fig. 4.)

Fig 67.

From the section of a cylindrical epithelial cancer of the stomach. 1-300.

In general, however, the free surface is to be regarded as locus minoris

resistentice, in consequence of which the tumor in toto constantly pre-
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sents itself, as at first, a bed-like, afterwards a fungous elevation of the

surface. In order properly to estimate the complicated structure of

this, and particularly to distinguish the papillary proliferations from

the septse of the elevations and depressions likewise clothed with cylin-

drical epithelium, the teased-out preparations or sections of a certain

thickness are only useful, because upon very thin sections an uninter-

rupted contour leads over from hill to valley, from valley to hill, but the

concavity or the convexity of the ridges clothed with epithelium do not

come into view. (Fig. 67.)

§ 172. I know that almost all mucous membranes, particularly also

the mucous membranes of the larynx, the uterus, the bladder, and

others have their peculiar epithelial cancers, which distinguish them-

selves from the principal types of the flat and cylindrical epithelial

cancers in the same manner as the transitional epithelium of these parts

do from the simple flat epithelium of the skin, or from the simple cylin-

drical epithelium of the stomach and intestine ; still in relation to these

finer shades I refer to the discussions of the Special Part.

APPENDIX.

The Cylindroma.

§ 173. As a problem, as interesting as difficult, which accident has

presented now to this, now to that investigator, along with all funda-

mental discussions concerning cancer and sarcoma, the question as to

the essence and the nature of a tumor presents itself, which has been

called by Henle siphonoma, by Billroth cylindroma, by Meckel tubular

cartilaginous tumor, by Friedereich tubular sarcoma, by Forster, how-

ever, and the most recent examiner of it, Kiister, mucous cancroid.

As the great number of names already permits us to anticipate, the

opinions of the various investigators concerning the tumor are widely

divergent. May we assume that in all the cases examined the question

was actually about the same new formation ? The uniform situations

of development in the face, especially in the cavity of the orbit and its

surroundings, speaks for this ; while at the same time the circumstance

that the former investigators occupied themselves by preference with

the most peculiar, not Avith the most essential products of the new
formation, may yield justifying explanations of their difference of

opinion.

The most peculiar products are certain larger hyaline bodies, which

may easily be isolated by teasing-out, and at once impress by their

remarkable external forms. Beside perfect globules, we discern more

cylindrical, also even club-shaped and cactus-like figures. There is

frequently the appearance, as though the hyaline chains strove to sepa-

rate in various directions from a common point of union, &c. The
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numerous hypotheses concerning the origin and further development of

these bodies, in which mostly the histogenetic theories from time to time

prevailing are reflected, it is impossible that I can go through at this

place ; I only mention that the apprehension of Billroth, according to

which these are to be regarded as perivascular mucous-tissue sheaths

or their fragments, has been the most diffused, until of late Kbster,

upon the ground of a very careful examination concerning the history

of production of the whole tumor, has brought forward the hyaline

globules, cylinders, &c, as the product of a secondary, hyaline meta-

morphosis, which the cell-trabeculse of a cancroid of the lymph-vessels

experience. According to this author we have to deal in all cases with

a cancer-like proliferation of cells, which makes its appearance in the

lymphatic net of the part affected. The endothelia of the lymph-ves-

sels are they which multiply by division and amid obliteration of the

lumen produce cell-strands, which of course ramify and anastomose just

like the lymph-vessels themselves. Thereupon the hyaline degenera-

tion begins, first of all in the axes of the cell-strands. It can even be

demonstrated in individual cells ; afterwards, however, the product of

the degeneration flows together to those large globules and cylinders,

which at the most yet remind of former cell limits by the presence and

the stellate arrangement of a finely granular substance. The hyaline

degeneration may lead up to a total consumption of the epithelial

mantle, whereupon a relatively large hyaline

cylinder appears imbedded in the connective

tissue stroma.

The state of the bloodvessels in the axes

of the hyaline cylinders, which I myself have

exhibited in a most complete manner in a

progressing tumor upon the brain (Fig. 68),

is explained by Kb'ster by the well-known

ensheathing of the bloodvessels in the lymph-

sinuses.

The cylindroma is a tumor readily recur-

ring, rarely exhibiting metastasis, and may
therefore deserve a place near the cancers.

To distinguish it from glandular and epithelial

cancers, the designation as cancroid, Avhich formerly belonged to all

epithelial carcinomas, may even to-day be still continued for it.

Fig. 68.

Cylindroma in the cortex of
cerebellum.



SPECIAL PART.

I. ANOMALIES OF THE BLOOD, AND THE PLACES OF ITS FORMATION,

ESPECIALLY THE SPLEEN AND THE LYMPH-GLANDS.

a. Dyscrasic Conditions.

§ 174. The blood plays so prominent a part in pathology, that it

requires a more detailed discussion, although the anomalies of the

blood take up but a comparatively short space in this text-book.

The position of blood in pathology is conditioned by its physiological

importance. The blood is the medium of the exchange of material of

the organism. It is the nutritive fluid which conveys to each individual

portion of the body the nutritive constituents indispensable for its

existence, and instead conveys away from the parts the useless and in-

jurious products of the chemical processes associated with nutrition.

The latter with the blood arrive at the excretory organs, where they

are removed from the organism. Considered from this point of view,

therefore, the blood is a place of concourse for the various chemical

bodies which have already served, or are yet to serve, in the exchange

of material; for bodies, which at all events remain here but temporarily,

and in this way impart to the blood itself an inconstancy of chemical

composition, for which not the blood itself, but the organs of the body
are answerable.

But also when we consider the blood as an organ of the body, it is

an inconstant element in contrast with the other organs. That gener-

ally we are correct in placing the blood among the other organs of the

body, is beyond all question. In the first place it arises in the area

vasculosa from germinal tissue, concurrently with the other organs,

beside this, however, it has its specific cells, the blood-corpuscles, which

have the entirely specific function of fixing in themselves the oxygen of

the atmospheric air. That these cells have a fluid intercellular sub-

stance, that the blood in general is a liquid, must not mislead us in this

apprehension. These textural constituents, however, are of a nature

but little stable. The blood may very properly be esteemed as that

tissue which the soonest again replaces its losses, which in general the

soonest changes its morphological and chemical constituents. Withal
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it does not prepare its constituent elements in itself, but derives its

cells, for example, from the lymph-glands, the spleen, and—according

to Bizzozero, Neumann, and others—from the medulla of bones, its

albumen from the process of digestion. Therefore, here also, fixed

organs are answerable for the constitution of the blood.

The normal constitution of the blood therefore depends in the first

place, upon the regular admixture and transformation of the histogen-

etic constituents of the blood, then upon the regular and unhindered

access and exit of the more transitory nutritive and excretory matters,

finally upon this, that no improper and hurtful materials from any side

whatever be taken up into the blood. Every disturbance in this con-

nection will produce a mixtural change of the blood, a dyscrasia, and

in fact by far the greatest number of the anomalies of the blood are

diseases of this kind of blood-adulteration.

§ 175. Of the manifold dyscrasias of the blood, however, but few are

exposed to anatomical consideration; namely, only those, which de-

pend upon anomalies of the visible part, floating in the colorless fluid

of the blood. As is known we distinguish in this connection, 1, the

red blood-corpuscles ; round disks with a central depression of both

sides, perhaps four times as broad -as thick, without a nucleus, without

a membrane (?), composed of a colorless protoplasm (stroma) and a

reddish-yellow fluid substance (haematocrystalline) ;* 2, the colorless or

white blood-corpuscles, which are so sparsely found in the blood of

healthy persons, that to four hundred and fifty red ones we find but

one colorless. These cells are without a membrane, have a finely

granulated protoplasm, and distinct nuclear structures. One either

sees a simple, round, relatively large nucleus, or two to five smaller,

smooth and shining nuclei. Their form is inconstant, as they possess

the capacity of spontaneous motion in a superior degree ; in the dead

blood they are globular. They are therefore cells, which thoroughly

resemble the cells of the germinal tissue and pus, and are scarcely to

be distinguished from them by anatomical signs ; 3, the elementary

vesicles discovered by Zimmermann, colorless, of very ill-defined con-

tour, circularly round structures, which, because of their minuteness

and paleness, can only be seen with very high powers, but which occa-

sionally occur in enormous numbers.

1. Chlorosis.

§ 17G. A numerical decrease of the collective structures mentioned

above, is the essential characteristic of the chlorotic blood-deterioration.

* Beside the disc-shaped, red blood-corpuscles, one always sees a certain number
which have become globular. These distinguish themselves by their apparent

minuteness and their darker coloring, up to brownish-red
;
peculiarities which are

explained, in that the same mass, which was previously extended in a flat disc, is

contracted into a globule.
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This decrease uniformly affects all the formed constituents, so that the

proportional number of the colorless to the colored blood-corpuscles

experiences no change.

The blood as a whole appears more thinly fluid and lighter colored,

if you will, more watery than normal ; in evaporating there remains

behind a far smaller percentage of solid residue ; all this, however, not

because the blood contains more water, but because it contains less

cells. Where the color of the blood gives the tint for the color of an

organ, for example, the mucous membranes (conjunctiva), in certain

regions of the outer skin there a pallor comes to prevail, which has

bestowed upon the whole disease the name of chlorosis.

With regard to the etiology of chlorosis, several points are yet ob-

scure. This much is certain, that the chlorotic blood-deterioration

does not depend upon a premature decay, not upon an atrophy of the

blood-corpuscles, but upon an imperfect and insufficient replacement of

the effete and cast out cells, by young vitalized elements. As for the

remainder, however, whether we shall accuse a functional disturbance

of the organs preparing the blood-cells, the spleen, and the lymph-

glands, or a disturbance of the more remote factors of blood-formation,

for example, chylification, we know not. The opinion of Virchow

deserves especial consideration, according to which the imperfect de-

velopment of the blood more frequently coincides with a certain imper-

fect development of the entire circulatory apparatus, especially of the

heart and the arteries (see below), so that chlorosis is to be regarded

as a congenital, and not as an acquired disease, in such measure, as is

commonly done.

2. Leukcemia.

§ 177. The leukemic dyscrasia consists in an alteration of the

numerical proportion of the white to the red blood-corpuscles. We
have above stated the average proportional number of the white to the

red as 1 : 450. A moderate increase of the colorless cells lies within

the bounds of health, and among other conditions may be established

after every hearty meal. If, however, the number of the white blood-

corpuscles in opposition to the red increases to such an extent, that for

example, for ten red ones one white one occurs, nay, that finally the

red and white corpuscles float in the blood in equal numbers, then this

condition becomes perceptible already to the naked eye as a whitish

decoloration (Himbeerfarbene, white raspberry colored) and we are

correct in speaking of the "white blood" of leukaemia. This exceed-

ingly interesting diseased condition was first simultaneously described

in the year 1845 by Virchow and Bennett; to the German pathologist,

however, the merit is due of having immediately recognized and ex-

plained it in its essential significance. According to Virchow we here

deal with an increased supply of the colorless cells to the blood, a sup-
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ply, for which pathological conditions of the same organs are answer-

able, from which also in normal circumstances, the colorless cells are

conveyed into the blood, the spleen, and the lymph-glands.

§ 178. The spleen has from all time been regarded as an important

organ for the renewal of the blood ; in our days it has at one time been

designated as the grave of the red blood-corpuscles, at another as the

birthplace of the colorless ; Kolliker has probably correctly ascribed to it

both functions. The abundant amount of colorless cells contained in the

blood of the splenic vein is undoubted, which exceeds that of arterial

blood by from five to ten times. That the lymph-glands, especially the

mesenteric glands, are a source of the colorless blood-corpuscles, is just

as little doubtful. Thus, if we compare the lymph of the ductus

thoracicus Avith that of the peripheral lymph-vessels, before their pas-

sage through the glands, we find that it contains a larger quantity of

lymph-corpuscles. The afflux of colorless cells from the side of the

spleen and lymph-glands, however, is not the same at all times. It is

greatest some time after the ingestion of a meal. This increment coin-

cides with that transitory hyperemia of the whole digestive tract,

which is called forth by the reception of food, and which makes itself

known particularly in the spleen as a distinct tumefaction of the organ.

If we have the opportunity of examining a spleen at this time, we

find, leaving out of consideration the considerable hyperemia of the

pulp, the Malpighian corpuscles distinctly swollen. The mesenteric

glands also are uncommonly large and rich in blood. It is, therefore,

probable, that the increased supply of blood has, as a consequence, a

more rapid new formation of colorless blood-cells in the Malpighian

corpuscles of the spleen, and in the mesenteric glands. The newly-

formed cells mingle with the lymph,—thus the blood current ; there

occurs a transitory leucocytosis ; as soon, however, as the digestive

hyperemia of the abdomen again abates, the lymphatic organs upon

the one hand, the blood mixture upon the other return to the ordinary

relations.

§ 179. Leuksemia is also regularly associated with a tumefaction of

the lymphatic organs. The spleen stands foremost in this connection.

Far more than one-half of all leukaemias are purely splenic ; more

rarely beside the spleen, the lymph-glands ; most rarely the lymph-

glands alone are diseased.

The leukcemic splenic tumor is originally a pure hypertemia of the

spleen. The more slowly flowing blood accumulates especially in those

anastomosing canals of the pulp, which were recognized by Billroth as

a part of the blood-tract of the spleen, and because of their easily to

be demonstrated connection with the efferent bloodvessels were named
" cavernous splenic veins." The lymphoid parenchyma of the pulp (the

intervascular strands of Billroth) likewise participates in a considerable
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degree ; beside the customary colorless splenic-cells, we there perceive,

unusually many red blood-corpuscles ; the Malpighian bodies also are

larger than normal, yet their change remains for the present still a

less striking phenomenon. A distinctly lobulated, or better, a knobby

constitution of the surface of the organ strikes the unaided eye : be-

side the dark red color, the limited consistency, and considerable in-

crease of volume of the pulp. Each of these knobs corresponds to the

area of a splenic arteriole (penicillus) ; the depressions between the

knobs are conditioned by the insertion of the larger splenic trabecule,

which but slowly follow the enlargement of the whole organ. The capsule

also does not bear any too sudden distension. I find, among my notes

on Virchow's demonstrative course (Berlin, 1857—8), a case of splenic

leukemia, where the spleen in the stage of pulpous hyperemia was

tumefied to the dimensions of a foot long, two inches thick, and five

inches broad, and, in consequence thereof, a rupture of the capsule had

occurred. The rent, covered by a blood-clot, was three lines long, and

upon both sides presented the first conditions of rupture, a commenc-

ing separation of the capsular fibres.

§ 180. In the further course of the disease, a hyperplasia of the

Malpighian corpuscles, or as we should say at the present time, of the

lymphoid arterial sheaths, more and more develops itself. The ques-

tion therewith, first of all, is about an increased filling of these with

colorless cells, which are developed from those pre-existing by division.

A distension of the finely filamented intercellular network follows the

cell-formation, and at length upon this follows a corresponding forma-

tion of new capillaries, so that the enlargement of the Malpighian cor-

puscles in fact aifects each of the three structural constituents, and

consequently is to be conceived as a genuine hyperplasia. The Mal-

pighian corpuscles now present themselves upon a cut surface distinctly

as white, compact nodules,

offering vigorous resistance

to pressure by the finger, and

from one to three lines broad

;

one now perceives upon them

much more frequently than

under normal conditions, a

furcated division, even an

arborescent ramification; a

proof that they have not only

inrrpisprl in thi pirn asms nn + ,
The cut surface of a spleen in the second stage of leu-JiiLieaseu. ill LUiCKliefeb, out ksemic swelling. Enlaraeniem of the Malpighian corpus-

have advanced along the ves-
cles

-
Pismented atroPh^ of the p^p-

sels to which they are attached, be it upwards or downwards. (Fig. 69.)

The hyperplasia of the Malpighian corpuscles naturally adds a new
one to the existing impulses of the tumefaction. The spleen in thick-

ness, breadth, and length, attains the maximum which it generally can

Fig. 69.
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attain. As, however, notwithstanding all this, the question is about

processes within a given space, i. e., determined by the size of the splenic

capsule ; it is almost self-evident that beside the hyperplastic pro-

cesses, "room-making" retrogressive metamorphoses also accompany

them. The latter especially affect the pulp, which, wedged in between

the constantly aggrandizing Malpighian corpuscles, is destroyed in

large portions. Herewith an abundant pigmentary formation con-

stantly takes place, and as this is the greatest immediately at the bor-

ders of the white glistening Malpighian corpuscles, there results an

extraordinarily variegated, granite-like marking of the cut surface.

The consistence also of the organ, according to the measure of the pre-

dominating constituent, the Malpighian corpuscles, becomes exceed-

ingly compact, leather-like, almost like a board. To this, chronic in-

flammatory processes of the peritoneal covering associate themselves,

partly level or net-like hyperplasias of cartilaginous constitution, partly

membranous, very vascular adhesions with the adjacent abdominal

organs.

§ 181. In contradistinction to splenic leukaemia, Virchow names

that rarer form, lymphatic leuksemia, which from the commencement

characterizes itself by a predominant participation of the lymph-glan-

dular system, while the splenic tumor falls into the background or is

entirely wanting. All the glands do not at once swell up, but the dis-

ease begins perhaps in an inguinal or axillary lymph-gland, and in the

first place extends to the collective lymph-glands of the region ; then

those situated farther interiorly, nearer the thoracic duct follow, perhaps

the mediastinal and retro-peritoneal groups ; thereafter peripheral glan-

dular groups swell up anew, until finally everything, that is called

lymph-gland, is more or less tumefied. Individual glands therewith

not infrequently attain three to fivefold, even tenfold, their normal

circumference. Nevertheless, anatomical examination, in every case,

shows a simple hyperplastic process. The circumstance, that even in

tumefactions of very high grade the lymph-passages remain free, and

one is able to fill up the lymph-sinus of the gland as well from the

.afferent lymph-vessels, as by piercing it, already points to this. If we

examine fine, teased out sections, we see nothing that might not also

occur in a normal lymph-gland: close-meshed nets of fine, shining fila-

ments penetrated by blood-capillaries, and filled up with lymph-corpus-

cles. Only that the cortical tufts and the medullary channels are

much broader, and the capsules and the connective-tissue septa are

thicker than normal. W. Miiller states, that in hyperplasias of lymph-

glands-, the delicate connective-tissue-cell-net, which penetrates the

lymph sinus of the cortex and the lymph-channels of the medullary

substance, proves itself as the essential histioplastic element, in so far

as just here new medullary layers are developed beside those present.
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I believe that this is especially the case in the leuksemic hyperplasias'

(see below).

§ 182. The pathological histology of leukaemia, however, is not yet

exhausted with these hyperplastic conditions of the spleen and the

lymph-glands. The participation of other organs of the body rather

shows that in these we only see the expression of a general disposition

to the formation of new lymphadenoid tissue. The presence of a cer-

tain quantity of unformed connective tissue appears, in fact, to be the

only condition upon which the occurrence of the characteristic changes

is dependent. In that the cells multiply by division, they form circum-

scribed, smaller and larger depositions, appearing milk-white to the

naked eye, which only distinguish themselves from depots of pus, in

that the cells lie in a finely filamented network formed of stiffened pro-

toplasm, which beside the cells yet presents sufficient space for the

flowing through of the nutritive fluid. It is, however, scarcely neces-

sary to say that just this imbedding of the cells, which distinguishes

the leuksemic tumor from depots of pus, places them upon a level with

the lymph-glands, elevates them into lymphadenoid tissue. (Compare
herewith the leukgemic tumefaction of the liver, the kidney, the serous

membranes in the appropriate chapters of the Special Part.)

3. Melancemia.

§ 183. In the melanotic dyscrasia among the ordinary floating con-

stituents of the blood, there occur pigment bodies, which, in the best-

defined cases, may be demonstrated in every preparation of blood taken

from the heart. They are flakes of the most irregular shapes, not to

be more minutely described, composed of yellow, brown, pre-eminently,

however, of black granules ; the most of them are but small, smaller at

least, than the red blood-corpuscles; others are larger,—individuals

considerably exceed the circumference of the red blood- corpuscles.

Here and there we may distinguish upon the black lumps a trans-

parent, colorless capsule, which equalizes the inequalities of the surface.

The capsule is rarely of a 'thickness worth naming; then, however, there

occurs in it a concentric stratification.

§ 184. I have amply expressed myself in the General Part (§ 56, et

seq.) on the formation of pathological pigments. What was said there

also finds its application to the melanotic pigmentary flakes. They
arise from the coloring matter of the blood, are metamorphosed, and
condensed into the form of granules of separated hsematine. The con-

ditions and place of their origin may also be stated with a certain pre-

cision. The melanotic pigment is formed under the influence of the

malarial cachexy, and indeed especially in the spleen of the person

affected.

The pathological anatomy of intermittent fever begins with an active



188 SPECIAL PART.

hyperemia of the liver and spleen. The intumescence, which, in con-

sequence of this, develops in both organs, may become one of very

high degree. Nevertheless, only in longer continuance of the hyper-

emia does it come to lasting disorganizations. As such among the

diseases of the liver, we will learn to know a diffuse, interstitial hyper-

plasia of the connective tissue, the induration of the liver. In the

spleen there is now observed a kind of softening of the entire paren-

chyma, now likewise a more indurated condition, with thickening of

the capsule, and affecting the trabecule. To this is associated in par-

ticularly severe cases, as only yet occur sporadically in Germany,

thanks to the extensive use of cinchona bark, a formation of pigment,

as well in the liver as in the spleen.

We may deduce this directly from the very great and continuing

accumulation of blood in both organs. The pigment appears in the

liver beside the vessels ; numerous, but small extravasations of blood

in the capsule of Glisson and in the liver-parenchyma give here the

first impulse to the formation of pigment. In the spleen, whose pecu-

liar structure excludes the possibility of an extravasation, as here the

blood can always only extravasate into a blood-cavity ; the pigmenta-

tion occurs in the intervascular

strands of the pulp, therefore in

those regions of the organ where the

blood flotvs the slowest. Here al-

ready, under normal conditions, the

formation of blood-corpuscle-con-

taining and pigment-cells is from

time to time observed. In the pig-

mented spleen the black flaky masses

lie so dense in the intervascular

strands (Fig. 70, b), that even for the

The melanamric spleen. Cross section from the naked eye the Spleen has from a
centre of the organ, a. The cavernous splenic J L

veins. 6. The intervascular strands, with the slate UD to a black Color (the milza
pigment, c. A branch ofthe splenic artery. 1-300. 1

_ ....
nera of the Italian malarial district).

From hence the pigment flakes reach the "blood. We know that a

blood-tight closure of the intervascular strands towards tjie cavernous

splenic veins (Fig. 70, a) does not occur ; we consider the former as a

minutely porous filter inserted between the arterial transition vessels

and the venous radicles, which in the spleen is the same that capillaries

and parenchyma are in other organs. In this filtration of the splenic

blood the pigment flakes are torn away from the places of their forma-

tion and pass over into the blood, where their presence causes the me-

lanotic dyscrasia. As far as the blood goes, so far do also the black

fragments go. They are found in all organs of the body, mostly, how-

ever, in those which are distinguished by the narrowness of their capil-

laries, for example, in the brain. All the pigment flakes cannot pass
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freely here. The larger among them remain sticking. Now comes to

pass laceration of the vessels behind the occluded spots, hemorrhage,

inflammation, and softening, in short, an array of anatomical changes,

which is accompanied by the severest clinical phenomena. The rete

mirabile of the kidneys also are not favorable to the free passage of the

pigment flakes, at least, next to the brain, we most frequently find a

melanotic pigmentation in this organ, black dots and striae in the cor-

tical substance, which, according to position, correspond to the Mal-

pigliian corpuscles and the vasa afferentia.

b. Coagulation of Blood in the Vessels (Thrombosis).

§ 185. One of the most important chapters of general pathology is

occupied with the causes and consequences of coagulation of the blood

in the vessels. We take from this chapter only that which is neces-

sary for comprehending the histological processes which therewith come

into question.

There are two conditions under which the coagulation occurs ; a slow-

ing of the circulation, and inequalities upon the inner surface of the

vessels, against which the blood chafes in flowing by. In very many
diseases of the vessels to be treated of in the following sections we will

have to mention thrombosis as a complicating additional phenomena.

Moreover, the coagulation by increased friction, can in very many, if

not in all cases, be traced back to a coagulation from stagnation
;

namely, wherever at the inequalities in question small, and the very

smallest depressions are found, in which the blood begins to stagnate.

We will return to this in speaking of endocarditis.

§ 186. The act of coagulation itself depends upon a separation of

the fibrin from the blood. Fibrin is not contained in the blood as such,

but is only formed in the coagulation. A. Schmidt has established the

interesting fact that in the blood-corpuscles is contained an albuminoid

substance (globulin, fibrino-plastic substance), which enters into a firm

union with a similar (fibrinogenous) substance contained in the liquor

sanguinis, when the hindrances to coagulation are removed, or especially

if the conditions facilitating coagulation are given. It is this firm union

which we call fibrin.

Recently separated fibrin is a colorless substance swelled out in the

highest degree. Two thousandth parts of fibrin impart to coagulated

blood a gelatinous consistency. Recently separated fibrin is not visible

under the microscope, because it is a perfectly homogeneous, entirely

colorless substance. This, however, changes from the moment of coagu-

lation. The molecules of fibrin have so great an attraction for each

other that it contracts to an ever smaller volume, and therewith more
and more expresses the contained fluid. To the separation into solid

and fluid there corresponds an exceedingly characteristic microscopic
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process. In the just described homogeneous mass numerous clefts and

gaps arise, between which the solidifying fibrin remains behind as a

more or less delicate network formed of round filaments.

§ 187. One may observe this transition wherever too great a number
of cellular elements do not make the observation impossible. The latter,

however, is the rule in the coagulation of blood in the vessels. Enor-

mous quantities of red and colorless cells are fixed here by the coagu-

lated fibrin, and so completely cover the microscopic occurrence of the

fibrin coagulation that one can observe nothing thereof, even in the

thinnest sections made through a hardened thrombus. We may be

thoroughly convinced of this that the separation of fibrin is the cause

of the thrombosis ; that the subsequent contraction and a peculiar desic-

cation which the thrombus undergoes are quite dependent upon the

described metamorphosis of the fibrin ; but for the microscope there is

no fibrin present in the vascular thrombus rich in cells, and, we may
add, neither does it ever appear.

§ 188. The recent thrombus, constantly has a dark red and gelati-

nously soft consistency, such as belongs to every blood-coagulum. Its

external form is in every case dependent upon the space in which the

coagulation ensues. Very commonly they are cylindrical plugs, which

fill up the entire lumen of a small or medium-sized vessel, and shut off

towards the still open blood-current by a conical point (obstructing

thrombi). Other clots do not entirely close the lumen of a vessel, but

are only placed upon one side of the wall, and distinguish themselves

by a more ribbon-like shape and a tongue-formed end (partial thrombi

—

wandstandige thromben—thrombi attached to the wall). Further modi-

fications are brought about by the already separated clot inducing new

fibrinous separations, wherever it is washed over by the blood-current.

Layer after layer is deposited, and thus by continued coagulation can

—

1, a partial clot very easily become an obstructing one ; 2, the coagu-

lation may pass from one vessel into a neighboring one. In the latter

case the advancing clot in the first place is again a partial one, then

becomes obstructing, &c. What circumference, what form the thrombus

will finally have is entirely incalculable, and only to be predicted with

any certainty in a few cases ; for example, in the ligation of arteries

;

thus, the position obtains here that the coagulation, as well in the

direction towards the heart as in the direction towards the periphery,

does not reach further than to the nearest pervious collateral vessel.

As a rule there is not much to be said of peripheral coagulation, because

it is wont to turn out always very thin and unapparent, on account of

the complete contraction of the vessel.

§ 189. We may now pass to the consideration of the further fate of

thrombi. We must, however, begin by bringing into notice several dis-

tinctions in their primary structure. Much depends upon how rapidly

a thrombus was produced, whether a certain portion of blood was sud-
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denly placed out of the current and immediately coagulated by any

sudden occurrence ; as, for example, by ligation, or whether the

thrombus forms more gradually. In the first case the mingling of the

colorless and red cells of the thrombus is so uniform that we find upon

sections the colorless cells dispersed at regular distances throughout the

mass of the red blood-corpuscles. It is otherwise where a coagulation

slowly arose and slowly became larger and larger. 1 here allude, for

example, to the thrombosis which arises in the vessels of a surface of

amputation which has become diphtheritic, and from hence slowly

advances into the veins of the part ; to the thrombosis in the left auricle

of the heart, in stenosis of the mitral valve ; to the thrombi in varicose

veins, aneurisms. In all these cases, which we will learn to know more

intimately under diseases of the vessels, the so-called viscosity of the

colorless blood-corpuscles asserts itself, and gives occasion to the strati-

fied structure of the thrombus. The colorless blood-corpuscles are

sticky, i. e., their protoplasm has a tendency to cling to solid parts, to

penetrate into their pores. It is most wont to combine with the proto-

plasm of other colorless cells : already in the more slowly flowing

venous blood we not infrequently find the colorless blood-corpuscles

together in pairs, and only to the rapid current of the blood in the arte-

ries, and to the continually repeated pouring into a system of innume-

rable narrowest tubes, is it owing that under normal circumstances no

lasting connection is formed between these structures.

Let it be assumed, now, the thrombus has attained a certain size, a

recent layer of coagulated blood has lately been deposited thereon, then

of all the blood-cells flowing over it, the colorless ones, because of their

stickiness, will first remain clinging to the thrombus, and attach them-

selves to its outer parts, like as according to Von Recklinghausen's

observation in suppurative inflammations, which are produced by the

penetration of a finely porous body into the subcutaneous cellular

tissue, the pus-corpuscles penetrate into this body and densely infiltrate

its borders. Enough, a layer of colorless blood-corpuscles forms, which

so long covers the surface, until a new deposition of the red thrombus-

mass ensues. In other words, the blood-coagulation ensues interruptedly,

and between the intermissions the colorless blood-corpuscles have time

to attach themselves in large amounts to the surface.

If we make a transverse section through a thrombus of this kind

(Fig. 71), we immediately observe that a system of transparent lines

runs through it, which permits the more or less distinct recognition of

a concentric arrangement. These lines are the optical expression of

transversely divided layers of colorless blood-corpuscles, which alter-

nate with somewhat wider layers of ordinary blood-clot. In regard,

therefore, to their primary structure, we distinguish two kinds of

thrombi : 1, unstratified thrombi, which were produced by the sudden
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coagulation of a cut-off portion of blood ; 2, stratified thrombi, which

were produced by interrupted, slow, and repeated coagulations.

Cross section through a thrombus by ligation of the crural artery, thirty-seven clays old ; hardened
in alcohol, treated with dilute acetic acid, and then with a little ammonia, a. Capillaries. 6. The
cell-net of the colorless blood-corpuscles. In the basis-substance the contours of the red blood-cor-
puscles.

§ 190. The two principal directions in which a blood-clot may sub-

sequently metamorphose are designated upon the one side as organi-

zation, and upon the other as softening.

The organization, or connective-tissue metamorphosis, has hitherto

been almost exclusively studied upon the unstratified thrombi of larger

vessels. Hence the following representation, also, in the first place

only takes cognizance of this, and expressly deals with the organization

of stratified thrombi as a yet perfectly unknown process. The thrombus

is largest immediately after the coagulation, when it also has the dark

red color and the gelatinous consistency of a recent blood-clot. From
this time it decreases day by day, finally entirely collapses and disap-

pears in several months without leaving behind a trace of its presence.

With this continuous diminution a decoloration and condensation of its

substance goes hand in hand. It loses its original dark red color until

it can scarcely yet be distinguished from the walls of the vessel by a

reddish tint ; it becomes drier, more compact ; while originally it was

loosely attached to the wall of the vessel, it afterwards enters into the

most intimate connection with it ; in short, it assumes the character of

a connective-tissue plug, which appears to be more a portion of the

surrounding connective tissue as well as of the wall of the vessel than

a part of the blood. This course of the changes, as the naked eye

determines it, is explained by the microscope in the following manner.

§ 191. It has already been mentioned, that in a recent unstratified

thrombus the colorless blood-corpuscles are dispersed among the red at

tolerably regular intervals. The opinion formerly prevailed, that the

first change went out from these colorless blood-corpuscles. At present

also the organization of thrombi has become the office of the migrating

cells. Thrombi have been produced in animals by ligation, and sub-
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Fig. 72.

MI

sequently by cinnabar injections into the blood, the colorless corpuscles

treated with this finely granular material being easily recognized by the

microscope. It was now shown, that those cells from which, upon the

second or third day after the coagulation, the organization of the clot

proceeds, carried cinnabar, and are consequently to be regarded as

being immigrants. They send out in various directions processes,

which touch one another, and form a delicate protoplasmatic net, with

nuclei at the points of intersection. (Fig. 71, b.) We could even now

compare the arrangement to a connective substance, in which the cells

are represented by the colorless blood-corpuscles, the basis-substance

by the mass of the red blood-corpuscles and the fibrinous material.

And in fact I might say this is the idea which lies at the basis of the

organization, and is thereafter carried out.

Very soon after the first foundation has been completed, the vas-

cularization of the thrombus begins.* It takes place according to

the type of the tertiary vascular formation, i. <?., by the opening of

capillary blood-passages along the filaments of the protoplasmatic net.

A more or less complete vascularization can be demonstrated, either by

injection or by thin sections,

in every thrombus more than

eight days old. The vessels are

thin-walled capillaries with al-

ternating nuclei (Fig. 71, a)
;

they principally receive their

blood from the yet pervious

lumen of the thrombotic ves-

sel itself, and return it there

again, until communications

otherwise but still scantily,

form with the vasa vasorum.

For the accomplishment of

this latter, it is necessary

that the non-vascular tunica

intima, separated from the

media by its homogeneous

limitary membrane, be broken

through, a task which is more
difficult to nature than we
might suppose. (Fig. 72.)

§ 192. By the vasculariza-

tion, the guarantee of a dura-

ble, organ-like connection with

Longitudinal section of the ligated end of crural artery
of a dog, fifty days after ligation. Injected by O. Weber.
Th. Thrombus. MI Middle tunic of vessel. .Z. Cellular
tissue tunic.

* See 0. Weber, Handbook of General and Special Surgery, edited by Pitha and
Billroth. Yol. i, page 143.

13
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the body is given to the thrombus ; from this time it enters completely

into the series of vascularized connective substances. How are matters,

however, with the basis-substance of this peculiar connective tissue?

The red blood-corpuscles together with the fibrinous material form

the principal mass of the recent thrombus. Their changes, therefore,

are also the principal cause of the changes which we can perceive

without the microscope. That the red corpuscles very soon part with

their coloring matter, causes the decoloration ; that the fibrinous ma-

terial contracts and expresses the contained fluid, brings about the

diminution and the desiccation of the thrombus. As to what remains,

there is, 1, a decolored protoplasmatic lump for every red blood-cor-

puscle ; 2, the fibrinous substance, as indeed an invisible but none the

less very firm cement of these lumps. Both together form a mass,

never fibrous, very difficult to tear, which represents the basis-sub-

stance of the thrombus from the first week up to the eighth. Thus

their constituents may yet long be recognized for what they origin-

ally were. In a thrombus by ligation, thirty-seven days old, I still

found the decolored blood-corpuscles retaining their form so well, that at

the beginning I could not recognize the vessels and connective tissue

cells for the quantity of blood-corpuscles ; only after the addition of

acetic acid did the contours of the blood-corpuscles disappear under the

immense swelling up of the preparation, and the vascular and cellular

nets came out distinctly. Only now was the resemblance to a vascu-

larized connective substance not to be mistaken ; also because of this

behavior towards acetic acid, I do not hesitate in letting the stroma of

the blood-corpuscles go directly over into the connective tissue basis-

substance. But even after the addition of acetic acid, by the careful

neutralization of this reagent by means of ammonia, the contours of

the blood-corpuscles can yet again be made to appear, so that we see,

side by side, both the vascular and cellular nets and the former blood-

corpuscles. (Fig. 71.)

§ 193. All that yet follows of the histological changes may, according

to § 154, be designated as the cavernous metamorphosis of the thrombus.

It is that which in times past has been described as the sinus-like de-

generation. The lumen of the bloodvessels widens more and more,

while the original parenchyma disappears, and is replaced by a mod-

erate amount of colorless cicatricial tissue, concentrically stratified

around the vessels. The cavernous condition, at a certain period, has

been most beautifully represented in Fig. 73. At a later period the

lumina of the vessels ever become larger and larger, the trabecule con-

stantly thinner, until at last they entirely disappear, and therewith the

thrombus ceases to exist.

§ 194. The softening of thrombi forms a similar contrast to their

organization, as suppuration does to the organization of inflammatory

new formations. This especially obtains with reference to the clinical
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significance and the macroscopic peculiarities of the process. Touching

the latter, a decoloration of the originally dark-red thrombus here also

plays a prominent role. This regularly begins in the centre of the

thrombus, and from here advances towards the periphery ; hand in hand

with it goes a certain condensation, which, however, is not as in organ-

ization a durable one, but is only a transitory phenomenon, and imme-

FlG. 73.

From the cross section of an arterial thrombus of three months, a. Media, only the innermost layers.
b. Boundary lamella of the media and intima. c. Intima. d. Boundary of intima towards the thrombus.
e. Thrombus. /. Lumina of vessels. Distinct epithelium. 1-300.

diately passes over into the contrary, softening and liquefaction of the

mass of the thrombus, so that at a certain time we find in the interior

of the thrombus a yellow, pus-like fluid, at the periphery a yet toler-

ably compact, flesh-colored layer, intimately adherent to the wall of

the vessel. The circumstance that the softening generally occurs in

thrombi of peculiarly stratified structure, modifies the anatomical pic-

ture in a manifold manner. The layers of colorless blood-corpuscles

now show themselves as very prone to take part in the process of soft-

ening ; now they are they which resist decay the longest. In the

former case, the connection of colorless cells is dissolved at an early

period. Ere yet the red blood-corpuscles have entirely given up their

coloring matter, the thrombus breaks down into a reddish-gray pulp,

which is now more uniform, like the lees of wine, now has more the

appearance of chopped meat.

When, on the contrary, the colorless blood-corpuscles resist longer

than the colored ones, there results primarily a caseous consistency and

color, afterward a more spongy or honeycombed structure of the entire

thrombus concerned in the softening.

§ 195. I have been at pains also to establish the histological detail

of the softening of thrombi. The representation given in Fig. 74 is

from the transverse section of a stratified, interiorly softened thrombus.

The upper border of the picture shows the limits of the exterior part

not yet softened, and the central part already softened. Below we see

the almost regular alternation of colorless septa, and the interdeposited
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layers of blood-clot. At the boundaries of the softening upon the one

side, the colorless lines break up into rows of single, colorless blood-

corpuscles; upon the other, the compact masses of red corpuscles loosen

and mingle with the fluid of softening. They had already previously

From the cross section of a softening thrombus, a. Layers of blood-clot. &. Colorless layers, consist-

ing of firmly united white blood-corpuscles, c. Cavity of softening. 1-300.

lost their coloring matter and become cloudy, so that they can scarcely

be distinguished from the originally colorless cells ; now their stroma

also dissolves, and imparts to the fluid of softening a slimy consistence,

often capable of being drawn out into threads. The colorless cells also

disintegrate into small granules. The fluid of softening therefore con-

tains, as a rule, only a granular detritus and fatty globules ; these

impart to it the yellowish-gray, puriform appearance ; actual pus-cor-

puscles (even if we will so call the colorless -blood-corpuscles) occur in

it but sparsely, and nothing may be said of any new formation of cel-

lular elements, so that designating the softening of thrombi as suppura-

tion, characterizes indeed the macroscopic phenomena up to a certain

point, but by no means touches the nature of the thing.

§ 196. The softening of thrombi is in more than one respect a

dangerous process. Foremost, however, the possibility threatens, that

wherever the thrombus touches the free current of blood, parts of it
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may be loosened and conveyed onwards. If this has happened, the,

fragments are carried onward by the blood-current, and reach

a. From the radicles of the vena cava, through the right heart, the

lungs

;

b. From the radicles of the pulmonary veins, through the left

heart, the various organs of the body
;

c. From the radicles of the portal vein, the liver. How far they in

this migration advance into the ramifications of the vascular region

entered upon by them, depends upon the circumference of each single

fragment. It is manifest, that only such fragments may everywhere

pass freely, which are not larger than the blood corpuscles. All that

exceed this size, remain fixed somewhere and occlude the vessel, whose

lumen they cannot pass (embolism).

Much may be said concerning the favorite routes of the migrating

plugs (emboli) : emboli of the lungs by preference readily go into those

long, straight-running branches of the pulmonary artery, which run

at the inner surface of the lower and middle lobes of the luna: to the

borders and the contiguous parts of the outer surface. In the aortic

system, larger emboli are wont with predilection to seek the popliteal

artery, and the artery of the Sylvian fissure. It is probable that the

limited curve of the route which the embolus has to pass in the cases

mentioned, determines its course. It often appears to happen, that an

embolus rides upon the forked place of division of an artery, the spur,

and then, like a scale of ice before an ice-breaker shatters into smaller

fragments. These divide among a greater number of branches given

off. Multiple emboli at a certain region of an organ, with complete

immunity of the remainder, for example, at a single Malpighian

pyramid of the kidney, a single lobule of the lung, thus find an ex-

planation. Finally, it has been established by the experiments of 0.

Weber, that smaller emboli can pass the capillary system of the lungs,

in order to remain sticking in the narrower capillaries of the kidneys.

§ 197. The embolic processes, i. e., the morbid changes which are

developed in organs affected by emboli, we will have to study more in

detail at another place. Here only the general remark, that anaemia is

indeed the first and direct consequence of every occlusion of a vessel

(the withholding of blood, ischaemia) ; that the anaemia, however, as a

rule, immediately gives way to an excessive congestion. The more

completely the closed vascular region is connected by anastomoses

with neighboring regions, so much the more will it present itself as a

caecal appendage, a recess of the circulatory apparatus, which indeed

is filled from all sides with blood, but has no sufficient efflux, so that

a higher pressure prevails in it than in all other capillaries. This

secondary congestion may proceed up to tearing the vessel, to a

hemorrhagic infarction, but the blood stagnates, the blood-exchange

sinks to nought, nutrition ceases. All embolic processes, therefore,
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essentially have the character of disturbance of nutrition, nothing less

than necrosis itself. (Compare Metastatic Abscesses of the Lungs, the

Liver, the Kidneys, Embolic Necroses of Bones, Yellow Softening of

the Brain, &c.)

c. Inflammation and Formation of Tumor.

§ 198. There was a time when one with all seriousness discussed the

possibility of an inflammation of the blood, haemitis (Piorry). The

numerical increase of the colorless blood-cells, which we can demon-

strate in leuksemia, induced, especially Bennett, to the opinion of a sup-

puration of the entire blood. Yet all representations of this kind

must already be rejected, because for our conception of the idea of in-

flammation, the contrast of parenchyma and blood, of the thing to be

nourished and the nutritive material, is indispensable. Hence we can

only in general admit inflammatory and—as we will at once add

—

neoplastic processes for the forming-places of the blood-corpuscles, espe-

cially the lymph-glands, although also upon the other hand, we not only

concede, but even expressly emphasize, that through these inflamma-

tions the composition of the blood itself can be influenced and changed.

§ 199. We believed above that we could not characterize the lymph-

adenoid tissue better than by saying, that a youthful state, yet very

closely allied to the embryonal formative tissue, had to a certain degree

become permanent. We must be mindful of this circumstance, when

we perceive how easily lymphadenoid tissue can be determined to enter

upon any direction of development whatever, imparted by a correspond-

ing irritation. Inflammatory conditions of the organs from which the

lymph-glands received their lymph, cause suppurative, cheesy, and in-

durative lymphadenites. All specific inflammations reproduce them-

selves in the appurtenant lymph-glands, thus the gumma syphiliticum,

miliary tubercle, typhous new formation ; finally, almost all carcinomas,

when they begin to form metastases, pass over first of all to the lymph-

glands. Therewith the new formation concerned appears upon the

lymphadenoid tissue with few exceptions in a purity and exclusiveness,

which is frequently wanting at the primary focus of the disease, so that

I can very particularly recommend the lymph-glands for the study of

the tumor-mass as such. By this it has not been said, that the lymph-

glands yield a very fitting object of investigation also, for the develop-

ment of the new formation, on the contrary just here our knowledge

yet shows important gaps, as may become sufficiently distinct from the

following summary.

§ 200. 1. Lymphadenitis acuta. The internal condition of a lymph-

gland, which is moderately swollen and painful in consequence of an

inflammation in the region of its lymphatics, is generally thus to be in-

terpreted, that beside a hypememic filling of the vessels, an increase of

contained lymph-corpuscles has taken place. Whence, however, this
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increase of lymph-corpuscles ? We can as well think of a migration,

of the colorless blood-corpuscles from the dilated vessels, as of a division

of the existing cells, as finally of a wandering from the inflammatory

focus, and unfortunately adduce for each of the three possibilities the

most important analogies. I say unfortunately ; for how important,

also, for the knowledge of the physiological function of the lymph-

glands would be the decision of this question. An a priori considera-

tion should incline us to the autochthonous origin of the lymph-

corpuscles. It is seductive to accept, that only a quantitative excess

of the normal cell-formation was in question here ; the same which

supplies to the blood its physiological need of young elements, and is

probably destined here to cover that greater loss in colorless cells,

which by migration result in inflammatory depots. Yet just here,

where an erroneous representation may become so injurious, we must

only speak of simply what has been observed.

According to Billroth (Fig. 75) a well-brushed ; out, or still better,

From the section of the cervical gland of a dog, swollen to the size of a hazelnut after artificially pro-
duced inflammation of the lips. 1-500. After Billroth. Connective-tissue septum. Sinus terminalis.
Border of lvinph alveoli.

a shaken section through a hardened gland proves, that that system

of soft, protoplasmatic stellate-cells, which is expanded between the
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walls of the lymph-sinus, undergoes a very considerable hyperplasia.

The cells duly swell up, ramify more abundantly, but the processes also

thicken and attain new points of junction. Hand in hand herewith

goes a luxurious increase of nuclei, so that finally we receive the im-

pression of polynucleated giant-cells, which are connected with each

other by broad anastomoses.

The reticulum in the interior of the lymph-alveoli and strands remains

passive in the first place, in the presence of this more abundant infil-

tration of cells. A large number of more minute connective filaments

spread out, and the whole tissue retracts into a smaller number of prin-

cipal trabecule, appearing somewhat larger. Only when the question is

about very slowly rising tumefactions, do all the trabeculse of the reticu-

lum experience a reactive hyperplasia, of which hereafter. Beside the

disappearing reticulum, the lymph-corpuscles form larger roundish balls.

We find such balls here and there, even in the normal lymph-alveoli

;

now, however, the entire adenoid substance is penetrated by them.

These cellular balls may very properly be regarded as foci of division,

although the direct proof is wanting. Whether we may point to the

above-described giant-cellular metamorphosis of the cells of the lymph-

passages in the same sense, is still a question, though here also, at least,

the preliminary stages of cell-division, namely, division of nucleus and

increase of the protoplasm, are undoubtedly given.

§ 201. The immediate continuation of the simple tumefaction of

lymph-glands is the suppuration of the parenchyma, provided that

a seasonable cessation does not occur in the production and accumula-

tion of the lymph-corpuscles. Not only that the reticulum of the

lymph-alveoli becomes always more rarefied, finally the capillaries also

break down, and the net of lymph-passage cells, rich in nuclei and pro-

toplasm, disintegrates. Then a fluid, rich in cells, which cannot be

distinguished froni pus, fills up all spaces, which until then were filled

out by the lymphadenoid parenchyma. If Ave are dealing with a single

lymphatic follicle, for example, of the intestinal mucous membrane, we

call the condition a follicular abscess ; if with an entire lymph-gland,

the condition is termed a suppurative bubo. The future course com-

pletely falls under the considerations of suppurative inflammation and

formation of abscess, discussed in § 94.

§ 202. 2. Lymphadenitis chronica. Chronic inflammation of the

lymph-glands is distinguished from the acute, not so much by the slower

movement in which the phenomena are developed, as by the durability

of the conditions which are its final results. We can, however, dis-

tinguish several well-characterized forms of chronic inflammation. In

the first place, there is the genuine hyperplasia of the lymphadenoid

substance, which is indeed only observed in the tonsils and the fol-

licular glands of the fauces. It depends upon a process of growth

uniformly affecting all the histological constituents of the follicle, the



ANOMALIES OF THE BLOOD AND ITS FORMATION. 201

reticulum, the vessels, the lymph-passages, and the cells. The single

follicle attains three to five times its normal volume, without any strik-

ing changes in its texture becoming visible. To the genuine hyper-

plasia the leukcemic form, considered above (§ 181), is anatomically

most closely joined, only that the latter bears more a functional char-

acter, and is not produced like the former, by habitual catarrhs of the

appertaining surface of mucous membrane.

§ 203. In the next place, we touch upon a condition of persistent

tumefaction, which only develops in individuals specially disposed

thereto, and is on that account regarded as a pathognomonic sign of

the so-called scrofulosis.

We term this affection of the lymphatic apparatus as scrofulous in

a more contracted sense, in that we comprehend in the general idea of

scrofulosis, also the primary affection, nay, the entire condition, the

constitution of the affected individuals. These primary affections dis-

tinguish themselves in part by their destructive tendency, thus espe-

cially in the lungs and in the osseous system ; in part they have noth-

ing characteristic. In the latter case, then, the affection of the lymph-

glands comes decidedly into the foreground, and is par excellence

designated as scrofulosis.

§ 204. The histological process, by which the scrofulous glandular

swelling is produced, can in so far be termed a partial hyperplasia of

the glandular substance, as with it we are not dealing with a uniform

increase of volume of all the structural constituents, but only with an
increase and enlargement of the cells, which form the glandular ele-

ments. I expressly emphasize beside the numerical increase also the

enlargement of the individual elements, because it appears to me that

this enlargement not only very constantly occurs, but also stands in a

most intimate relation to the increase; namely, in the enlarged lymph-

corpuscles it proceeds to multiple nuclear division and endogenous cell-

formation, like as we have already learned to know in the tubercle-

cells, and as we will yet learn to know in the typhous new formation.

It is interesting to follow the course of the changes within the gland.

Namely, it is shown that herewith, in the first place, those parts are

affected which form the proper boundaries of the lymph-current, and
hence are exposed foremost to the pathological irritation conducted

from the periphery. At a very early period the stellate cells, which

penetrate the lymph-sinus and in a certain measure are expanded in it,

begin to participate by nuclear division and the production of new ele-

ments ; this takes place partly at the periphery of the gland in the sur-

roundings of the terminal alveoli, partly in the medullary substance
;

in both cases we get a soft infiltrate, appearing to the naked eye faintly

or reddish-gray, and which is most strongly represented just where,

under normal circumstances, a system of communicating lumina effects

the bounding of the single glandular constituents. The result is, that



202 SPECIAL PART.

the borders of the neighboring lymph-alveoli are completely effaced in

the cortical substance, the neighboring lymph-trabeculge in the medul-

lary substance, and that in the same measure as the substance of the

lymph-alveoli and the trabecule themselves also enter into the patho-

logical luxuriation, every dissimilarity of the cut surface is lost, and

everything appears metamorphosed into a homogeneous faintly gray

substance.

The acme of the process is herewith attained ; the scrofulous bubo is

perhaps as large as a walnut, when the unchanged gland had the size

of a bean ; the consistency is, according to the moisture present, now
soft and flabby, now firm, even elastic, springy. Meanwhile just the

acme of the process is of short continuance. The newly formed mate-

rial not only interrupts the lymph-passages of the gland, but also com-

presses the blood-capillaries in such manner that the circulation com-

pletely stagnates. It is impossible, by any method of injection, to

penetrate into the most swollen parts of the gland. With the supply

of blood, the nutrition also self-evidently ceases, the gland falls into

"caseous degeneration." Where this enters in, the gray mass first

becomes opaque, then whitish-yellow, non-transparent, dry and friable.

If the whole gland has passed into the caseous condition, it appears

upon a section "as a fresh potato, only not quite so moist, but just as

homogeneously yellowish-white." (Virchow, Tumors, vol. ii, 593.)

§ 205. The future fate of the lymph-glands, which have become cheesy

(tyromata), appears to be dependent for the greater part upon their

situation; thus, while we observe upon the mesenteric glands almost

always a subsequent diminution by the resorption of the fluid constitu-

ents yet contained, not rarely also the deposition of lime and petrifac-

tion, the more common issue for the lymph-glands of the neck is into

softening. The caseous depot melts from within outwards into a whit-

ish-yellow, whey-like fluid, which holds the fatty granular detritus sus-

pended in smaller and larger fragments. If all the caseous material

has softened, the neighborhood of the gland is wont to inflame; this

inflammation facilitates the way for the "scrofulous pus" outwards.

This is evacuated, we have the "scrofulous ulcer," with its overhang-

ing, bluish, hyperemic, flabby edges. At length this opening also

closes, and a drawn-in, radiated cicatrix marks the place where the

evacuation took place. A third possibility of decomposition—of all

certainly the most desirable—has of late been described by Virchow.

It is the complete resolution of the cheesy material. Probably here-

with a peripheral liquefaction of the gland and absorption of the fluid

into the bloodvessels of the capsule, widened by the collateral hyper-

emia, takes place.

§ 206. Finally, we have yet to mention chronic induration as a phe-

nomenon falling into the province of inflammation. It has already

been mentioned that only the rapidly growing accumulation of lymph--
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corpuscles in the lymphadenoicl substance brings with it the breaking

down of the reticulum ; therein already lies the indication that a slowly

increasing multiplication of the imbedded cells does not have this

breaking down as a consequence. In this case an exceedingly striking

" reactive " thickening and elongation of the collective trabecule of the

reticulum rather shows itself. The latter by this, finally gains so much

in mass that in comparison the cells take up a diminishing small

space, and the whole gland assumes a compact, fibrous constitution.

§ 207. 3. Syphilis. To the condition of indurated chancre (§ 110),

therefore the primary effects of constitutional syphilis, there corresponds

in the appertaining lymph-glands the so-called indolent bubo, likewise a

chronic induration, but conditioned not so much by an induration and

enlargement of the reticulum, as by a very uniform, although by no

means luxuriant, production of young cells in all parts of the gland.

Every space is tightly filled with cells, and therewith for the time being

it goes no further. We can temporarily obtain the same increase of

volume and induration of glands by piercing and injecting them. This

condition may remain unchanged for months, even years; rarely does

any progress show itself, whether by more acute inflammation or by

cheesy metamorphosis and necrosis. Finally, a fatty metamorphosis

of the cells begins, the detritus is resorbed, and the gland returns to its

normal state.

4. The typhous degeneration of the lymph-glands will be spoken of

as a specific consequence of the analogous disease of the mucous mem-
branes ; under the anomalies of mucous membranes, the histological

processes are characterized by a cell-form, which has already been cur-

sorily described in § 112.

§ 208. 5. Sarcoma. The lymph-glandlike sarcoma finds its proto-

type in the lymphadenoid substance, and therefore a peculiarly favor-

able seat of development in the lymph-glands. It presents itself in the

first place as a hyperplastic swelling; afterward in its true shape, as an

incessantly growing tumor. According to consistence and color, ra-

pidity of growth and malignity, several subdivisions may be formed..

The least malignant, at the same time the hardest and slowest growing

forms, characterize themselves, in that constantly a whole group of

lymph-glands are simultaneously affected, for example, the collective

glands situated at the upper or lower cervical region. There arises a

numerously lobulated tumor, frequently of considerable circumference;

each of the lobules corresponds to a tumefied lymph-gland. The vessels

and nerves are multifariously displaced, and from this circumstance the

removal by operation becomes almost a matter of impossibility (pseudo-

scrofulosis).

A second, very much softer, and at the same time large-celled form,

is apt to perforate the walls of the veins, and then to luxuriate in the

lumina of these canals (venous cancer). It happens that the collective
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veins of the anterior cervical or of the inguinal region are filled with

sarcomatous thrombi of this kind, and thereafter have in readiness a

very fertile material for embolic processes. Concerning the " how " of

this intravascular growth, no authentic observations have yet been pre-

sented. Microscopically, it makes the impression as though in the first

place a coagulation of the blood were accomplished, and then, in a cer-

tain degree under the protection of this coagulum, that the further growth

of the sarcomatous mass took place. Others assert a direct metamor-

phosis of the clot into sarcoma tissue.

The third group of lymph glandular sarcomas are characterized by

the prominent tendency to forthwith break through the borders of the

lymph-glands, in which they arose, and to occasion diffuse infiltrations

of the neighboring loose cellular tissue. They are tumors which, touch-

ing rapidity of growth and malignity, are excelled by no species of sar-

coma, although they never exhibit an alveolar structure. As regards

therapeusis, they are in general a noli me tangere, although the expe-

riences concerning fatty degeneration and resorption of sarcoma by

erysipelas, which I have stated above (§ 92), relate just to these.

§ 209. 6. Carcinoma. It is one of the most interesting, histological

problems to establish the nature and the manner in which primary carci-

noma effects the infection of the neighboring lymph-glands, and if that

should be proven, which for the time being is taken for granted, that

this is accomplished by means of immigrated cancer-cells, to determine

the point at which these cells remain attached, and how they produce

the first nests of cancer-cells, either by their own division, or by in-

fecting the lymph-corpuscles. After numerous investigations directed

to this point, I can only bring forward that the transformation of the

lymphadenoid substance into the substance of a glandular carcinoma is

accomplished in an exceedingly simple manner, in that the trabecule

of the reticulum, like as in chronic induration, experience a considerable

elongation and thickening; the meshes enlarge from ten to twenty times,

and then, instead of lymph-corpuscles, contain the specific cancer-cells.

The structure of the lymphadenoid tissue consequently appears to go

over directly into the structure of carcinoma, the reticulum into the

stroma, the lymph-corpuscles into the carcinoma-cells.

The epithelial cancer of the lymph-glands presents very much more

complicated relations. The general rule, that in metastasing tumors

the lymph-glands situated nearest to the locus affectus first become dis-

eased, is maintained with peculiar strictness by epithelial cancer.

Therefore, in cancer of the lips we see the submaxillary glands, in can-

cer of the penis or the labia majora the inguinal, in cancer of the scalp

the cervical group, in the first place swollen. Metastases commonly go

no further, because the extensive disturbances which the cancer ha£

produced at the place of its origin, intermediately ensuing, bring about

the death of the patient at an earlier period.
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The tumefaction, as a rule, begins at the periphery of the lymph-

gland. This shows several tuberosities, of which one then gradually

distinguishes itself by special size, and takes up the other in itself.

The gland finally attains perhaps double or threefold its normal volume.

As a rule, we can observe upon several neighboring glands, upon one

the beginning, upon another a middle stage, upon a third the completed

intumescence. The largest nodes (of the size of a pigeon's egg) almost

always contain a centrally situated softening cyst. The smaller and

the smallest distinguish themselves by their white color and their com-

pact, dry consistency, and sharply and distinctly elevate themselves

from the yet normal parenchyma of the lymph-glands. This normal

parenchyma, however, at least in the neighborhood of the smallest

nodes, is also only apparently normal. The microscope here already

shows us very interesting changes, which place us in a situation to

obtain an opinion concerning the first origin of the masses of epithelial

cells.

Fig. 76.

Epithelial carcinoma. Origin of the smallest nodules in the reticulum of the lymph-tract of the lymph-
gland, b. Meshes of the reticulum, a. Contiguous connective tissue.

Thus, if we trace up the origin of the known epithelial cell-cylin-

ders, we find as the first sign of commencing metamorphosis, small
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groups of two to five epithelial cells, lying in an uncommonly large

cleft, not of the delicate reticulum of the proper lymphadenoid sub-

stance, but of that network which is formed by the nucleated proto-

plasma cells expanded in the lymph-sinus of the periphery and the

lymph-vessels of the medullary substance. I regard these imbedded

epithelial cells as migratory, and I conceive the characteristic metamor-

phosis, which the cells of the reticulum in their neighborhood have

undergone, as a result of their epithelial infection.

Now they enlarge, their anastomoses extend, and finally there re-

sults an arrangement (Fig. 76), which perhaps reminds of the liver-

cell network. The frequent occurrence of double nuclei points to an

independent multiplication of the cells by division. Shall we, in the

face of this phenomenon and of the fact that the diminution is exclu-

sively found in the surroundings of finished, concentrically stratified

epithelial cells, doubt, that here occurs a metamorphosis of the reticu-

lar cells into epithelial cells ? The reticulated structure moreover

yet maintains itself a long time, and can be demonstrated even in can-

croid nodules, which have already attained a recognizable size for the

naked eye.



II. ANOMALIES OF THE CIRCULATORY APPARATUS.

1. Diseases of the Arteries and Veins.

§ 210. I will preface the pathological histology of the vascular

system with a short consideration of the normal textural relations, par-

ticularly because the current representations of these subjects contain

several unsolved points of controversy, concerning which, on account

of their prominent significance for morbid changes, I would wish to

express myself beforehand.

As might primarily have been expected, all the vessels of the body

are built upon one uniform plan, and this may best be genetically un-

folded. Let a—b (Fig. 77) be a capillary loop, a—(i the limit of a

growing organ. The blood flows under a certain pressure, with a cer-

tain rapidity, and with a certain tension of the vascular walls from a to

b. We will impute to this pressure, this rapidity and this tension, the

v.alue of 1. If, by continued growth of the organ, its limit moves from
«—/? to y—^j the capillary loop a—b no longer suffices for the nutrition

of the enlarged vascular territory. There is produced a new capillary

loop c—d. This grows, like every other vessel of the organism, from

a vessel already existing. Let it

be implanted, which is very possible,

with both its roots upon the capil-

lary loop a—6, entirely in the same

manner as the capillary loop a—b is

upon its own mother vessel. With
the enlargement of the tract of the

blood, an increase of the blood goes

hand in hand, so that the blood in

c—d immediately flows with the

same rapidity, the same pressure,

and the same tension of the walls, as

previously in a—b. For a—b, how-
ever, these values have changed. If

we regard the transverse section a, then not only does the blood now
flow through this, which filled the capillary loop a—b with the tension,

the pressure and rapidity = 1, but also that, which fills the capillary

Fig. 77.

«JV
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loop e—d. There will, therefore, prevail at a, provided that c—d be

just as long and wide as a—b, a pressure, rapidity and tension = 2.

Let us suppose this consideration carried further; in the continued

growth of the organ let there ever proceed new and new capillaries

from the old, then will, in an entirely corresponding manner, the pres-

sure, the rapidity and tension also in the afferent and efferent vessels

increase; there will be continually larger demands made upon the ca-

pacity of resistance of the transverse section a and b. We might ex-

pect that in consequence of this the vascular wralls would become

thinner, the lumen wider. The lumen does in fact become wider, the

walls, however, not thinner ; but here a peculiar law, one presiding

over the growth of the entire vascular system, comes into play, by

virtue of which the increased demands upon the capacity of resistance

of sections of the vessels are answered by a thickening of the walls

(hypertrophy and dilatation). The vascular walls become thicker, the

one root of our capillary loop becomes the afferent artery, the other

the efferent vein.*

§ 211. No one has yet observed the histological process, by which a

capillary becomes a small artery or vein. We must draw our conclu-

sions here, as so often from the aspect of that which is being or has

been formed. The walls of a capillary consist of a homogeneous, trans-

parent membrane, beset from point to point with nuclei. By treating

with nitrate of the oxide of silver we can demonstrate, that this mem-
brane is composed of plates accurately joined to each other, at whose

probable central point a nucleus with some soft protoplasm is situated.

The plates themselves may be regarded as a thin layer of hardened

protoplasm. The capillary membrane stands in uninterrupted connec-

tion with a somewhat thicker vitreous membrane, which is found in all

arteries and veins, even in the aorta itself, at the boundax-y between

the inner and middle coats of the vessels, and is to be recognized upon a

transverse section, beside its greater lustre, directly by a regularly wavy

double-contour, as because of its lesser elasticity it does not join the

changes of the lumen of the vessel by thickening and thinning, but by

folding in and out. (See Fig. 73, b.) At the inner surface of this mem-
brane, the intima and the epithelium of the vessel arise; at the outer

surface the muscular and the adventitious coats. The formative mate-

rial is furnished by the capillary cells, which multiply by division, as

we can easily perceive upon the so-called transition vessels.

* Strictly taken, our diagram suits only to those vascular arrangements, in which

a capillary region only possesses one afferent and one efferent vessel, i. e., to capillary

plexuses. If this is to be adapted to all vascular arrangements of the body, wo must

yet add, that by the anastomoses among the neighboring capillary districts the for-

mation of larger, and finally very large capillary regions is made possible, in that

perhaps the artery of one region conveys blood for both, the vein conveying back to

the heart the blood from both regions. Modifications of this kind cannot of course

alter the main points of our consideration.
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Fig. 78.

From section of the tunica intima of aorta.
The explanation in the text. 1-500.

Fig. 79.

The intima of the larger arteries and veins shows us, as well upon

transverse as upon longitudinal sections, the same picture, Henle's stri-

ated lamellae, which under a power of five hundred diameters (Fig. 78)

present themselves as finely striped, wavy layers of connective tissue

basis substance, in whose interspaces

we find lenticular, flatly-pressed cells.

Where these cells lie, the opposing

surfaces of the basis-substance are of

homogeneous, strongly shining con-

stitution, and doubly contoured in

such manner, that thereby the ap-

pearance of a real enveloping of cells

may be produced. This perception

obtains still more probability, if upon a horizontal section (Fig. 7 {J) we

observe how very closely the mentioned peculiarity of the basis-sub-

stance actually is connected with the lodging of the cells. The inter-

vals between cells with their lining here appear as stellated branched

structures, anastomosing with each other. The entire relation reminds

very much of the encapsuling of car-

tilage cells. Still, the question is,

whether the star-shaped capsules of

the intima are closed depositories
;

at all events, in new formations,

which proceed from the intima, the

newly-formed cells also are found

without the "connective tissue cor-

puscles," and must, therefore, either

not be produced from these cells, or

they must have escaped from the

capsules. Until further proof we

will regard them as migrated colorless blood-corpuscles.

Out of consideration for the diseases of the intima, to be treated of here-

after, I have delayed somewhat longer with the structure of this mem-
brane, hitherto too little noticed. In regard to the two outer coats of

the vessels I can so much the more compress my remarks. The media

formed of smooth muscular fibres furnishes the proper body of all the

larger vessels. To the smallest arteries and veins the circular nucleated

spindles impart an exceedingly characteristic ringed appearance; in the

larger vessels the muscular fibres lie in bundles in a framework of elastic,

fenestrated lamellae. Three to ten, and more main lamellae, separated

by equal interspaces, lie parallel to the surface of the vessel, and are

connected by oblique bridges respectively with the next following inner

and the outer ones. These bridges are also fenestrated, so that the

muscular bundle may continue from one mesh into another. The ad-

ventitia, for the greater part, consists of unformed connective tissue,

14

From horizontal section of tunica intima of aorta.
Explanation in text. 1-500.
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which is abundantly pierced by vessels and elastic elements (membranes

and fibres). Longitudinally running, smooth muscular bundles occur

at this place exceptionally (in the larger veins).

a. Inflammation,

a. Acute Inflammation.

§212. The phenomena of acute vascular inflammation are immedi-

ately connected with the history of the coagulation of blood in the

vessels, because they make their appearance with the greatest predi-

lection, but also almost exclusively only, where a softening blood-clot

is attached to the inner surface of a vein or artery, and irritates the

membranes of the vessel by the diffusing products of the softening.

This relation is so frequent, that Dupuytren in his time was induced to

reverse the sequence of the process, and to accept the acute inflamma-

tion of the membranes of the vessel as the cause, the coagulation of

the blood as the consequence.

For the unassisted eye, the quite important and very decided tex-

tural changes which acute inflammation produces, are but little appar-

ent. We observe a hyperemia of the vasa vasorum, particularly at

the boundary of the media and adventitia, a thickening of the mem-

branes up to three or four times, so that inflamed veins upon a cross

section are not to be distinguished from ordinary arteries. The inner

surface shows instead of the normal smoothness, a cloudy, opaque,

even to a velvet-like constitution. Rarely do we observe small col-

lections of pus, which cause a pustular elevation of the intima. The

microscope exhibits much more concerning the condition of a vessel

thus changed. The entire walls of the vessel are included in an in-

flammatory process of proliferation. Thousands of young elements,

which without more ado we may regard as pus-corpuscles, are found

between the fibres of the adventitia, between all the layers of the

muscular coat, between the striped lamellae of the intima. I have found

in the adventitia, beside the cells, occasionally also larger collections

of a gelatinous, unformed mass, which I regard as coagulated lymph;

there likewise, however, in the outer layers of the muscular coat, also

occur extravasations, which follow the course of the vessel to greater

or lesser distances. The formation of pus in the outermost membrane

proceeds only in single instances to an abscess-like confluence of pus.

These abscesses appear as long strise of creamy pus, which accom-

pany the vessel, and must not be mistaken for vessels, which are filled

with the softened mass of a thrombus. The participation of the intima

is less constant; I might even assert, that in the majority of cases

the intima is the least changed coat of the vessel. In reference to

its nutrition, it is so dependent upon the blood circulating in the

vessel, that with the occurrence of coagulation, its main source of
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nutriment is directly cut off, and it is even exposed to necrosis, if-

vessels are not immediately developed in the coagulated blood, as in the

organization of a thrombus. The passive behavior of the intima must

therefore be regarded as a want of vital energy, and nutritive material,

and this opinion is confirmed by the observation, that in the further

course of the process an actual necrosis and loosening of the intima

from the media not infrequently occurs.

§ 213. Beside the thrombotic arteritis and phlebitis, we are rarely in

a situation to speak of an acute inflammation of the walls of vessels.

Meanwhile, I am reminded, that the vessels are' connected by their

connective tissue adventitia with the entire connective tissue of the

organs, that properly the walls of vessels are a part of this connective

tissue, and hence may most intimately participate in the inflammations

of organs. We will even see, as in many inflammations of interior

organs, for example, of the pia mater, the kidneys, that the adventitia

and the parts of the vessel immediately adjacent form the main seat of

the changes.

/?. Chronic Inflammation.

§ 214. Chronic inflammatory conditions are indeed exhibited upon

all sections of the vascular system, yet in this respect no process is so

important as the chronic inflammation of the inner membrane of

arteries, the endoarteritis chronica deformans, as it is called by Vir-

chow. The supposition, that in this disease, which is also called the

atheromatous process, we are dealing with an inflammation, is already

old. We regarded a peculiar translucent substance, which is elevated

above the level of the intima, and which is, as shall immediately be

shown, the changed intima itself, as an inflammatory exudation, the

entire process as an exudative inflammation. The objection that the

exudation in its property as liquor sanguinis had no provocation to

coagulate just when mingled with the mother-fluid again, of course was

very obvious. Rokitansky, therefore, came forward with the assertion,

that the substance in question was indeed coagulated fibrin, but not

exuded from the vasa vasorum, but that it had been precipitated and

deposited upon the inflamed place of the wall of the vessel out of the

blood flowing by. But this view in the course of time also proved un-

tenable. Lobstein and after him Virchow taught us to seek the essen-

tial part of the process in a change of the parenchyma of the intima,

and from this to separate that, which is perhaps in consequence of it

superimposed from the blood. The fundamental features of our present

opinion concerning the disease in question are derived from Virchow.

§ 215. We are dealing with a chronic inflammation of the inner

membrane of vessels. It is true we do not find all the cardinal

symptoms of inflammation, but only swelling, and if you will,

functional disturbance ; but the more minute changes which the intima
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therewith experiences, are thoroughly analogous to those which we see

produced in continued states of irritation of the connective tissue.

Many things also declare, that a mechanical irritant acting upon the

walls, may be regarded as a concomitant cause of the changes. The

latter, namely, are found particularly at such places at which the

current of blood breaks with the greatest force, at the upper part of

the curve of the arch of the aorta, at the points of origin and division

of vessels. Still the mechanical injury must be esteemed only as a

concomitant cause, especially as the localizing force of endoarteritis.

Extreme old age and a rich mode of living, especially the use of ardent

spirits, are to be adduced as further etiological relations. Gout and

endoarteritis have a similar etiology, and are, therefore, also frequently

found together.

§ 21G. Certain flat, bed-like, Jevel, rarely tuberous tumefactions of the

inner coat of arteries form the point of departure for all further meta-

morphoses. These rarely elevate themselves more than a line above

the level of the surface, and are of very irregular outer limits ; at the

point where the vessels are given off they surround them ring-formed.

Their color and consistency are tolerably various, yet in general we can

designate them as bluish or reddish-gray and cartilaginous ; rarely do

we find a more gelatinous or mucoid consistency.

Touching what is found by the microscope, I will once more call

attention in the first place, that we can convince ourselves upon sections

through the bounds of the morbid swelling, how the outermost, com-

monly the least changed, lamella of the intima passes over in uninter-

rupted continuity upon the surface of the swelling, that therefore we

have before us not a deposition upon, but an evident thickening of this

Fig.

Endoarteritis chronica. Section through a sclerotic tumefaction of the intima, already fattily degen-
erated within. 1-25. b. Boundary of media and intima. a. Intima. At c, the same thickened and
hyperplastic ; at d, broken down to an atheromatous abscess. Details in text.

membrane (Fig. 80, a— c). Furthermore so much is established, that

we are here dealing with a process of proliferation in and from the
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connective tissue of the intima, which has led to an increase of this

connective tissue: numberless young cells are everywhere dispersed

between the lamellae; here and there we find larger collections of them.

These cell-nests are the points of departure and the central points for

new systems of concentrically stratified connective-tissue lamellae, which

are interpolated between those existing, pressing them asunder. With

the new formation of cells now a corresponding new formation of fib-

rous basis-substance goes hand in hand; the number of the cells never

so much predominates, that perhaps a purulent condition results. We
rather find in spots, a soft, even mucoid consistency of the basis-

substance, combined with a net-formed arrangement of the cells, there-

fore, mucoid tissue; upon the whole, however, we cannot avoid empha-

sizing the great resemblance of the new formation to the normal

texture of the intima, consequently to comprehend the first stage of

the changes, the so-called sclerosis of the intima, as an inflammatory

hyperplasia.

§ 217. The inflammatory hyperplasia of the intima at the same time

presents the acme of the entire process. As occurs in so many patho-

logical new formations, here also in the course of time a disproportion

sets in between the nutritive means and the mass to be nourished. The

intima is non-vascular. It derives its nutriment directly from the blood

flowing over it. The vasa vasorum, which no larger vessel is without,

scarcely penetrate into the media. Hence if the intima becomes thicker,

then those of its layers must the soonest suffer the want of nutriment

which are furthest removed from the nourishing surface, consequently

the outermost, lying nearest the media. Two forms of the retro-

gressive metamorphosis of tissues are here observed side by side.

The one the most diffused is a fatty degeneration of the cells, combined

with a solution of the basis- substance. The unaided eye observes in the

interior of the sclerotic elevation, close to the media, yellowish-white

opaque stripes, which run parallel to the surface and unite to a more

uniform, yellow spot. Instead of this, in more advanced changes, we

find a small or large focus of softening, which is likewise filled with a

yellowish, smeary, even also crumbly pulp. The abundant admixture

of crystalline cholesterin impart to this so-called atheromatous pulp a

lustrous appearance. If the focus of softening, by the progressive

melting-down of the sclerotic tissues, has attained a greater circumfer-

ence, for example, if it is only yet cut off by a thin layer of unchanged

intima from the blood-current, we call it an atheromatous abscess.

This becomes an atheromatous ulcer, when finally the covering tears

at its thinnest part, the atheromatous pulp mixes with the current of

blood, and thereby the bottom of the focus of softening is laid bare.

(See continuation in following §.)

Figures 80 and 81 are intended to explain the histological detail of
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Fig. 81.

Fatty degeneration ofconnective tissue
cells of the innermost vascular tunic.
1-500.

atherosis. In Fig. 81 we see by a high power that the fatty metamor-

phosis of the cells of the intima presents

itself as a filling out of the stellated inter-

spaces of its connective tissue with fat-

globules. It appears, however, that these

preformed gaps become the points of con-

gregation of the entire fatty detritus, even

that proceeding from the young, more

dispersed cells ; for upon the vertical sec-

tion of an atheromatous abscess, whose

one-half is represented in Fig. 80, the

fatty detritus appears as an infiltrate,

which fills spindle-formed spaces and

raises up from each other the superimposed lamellge of the intima.

These spindles, according to their situation, without doubt correspond

to those points at which the cells are interpolated between the lamellae

of the intima (Fig. 79). The more the detritus accumulates here, so

much the longer and thicker do the spindles become (upon a cross sec-

tion) ; the lamellae, however, become wider and wider separated, and

finally perish by softening; hereupon the fatty detritus, without more

ado, flows together to a fatty pulp, which fills the cavity of softening.

(Fig. 80, to the left.)

§ 218. The form and size of atheromatous ulcers are naturally just

as manifold as those of the sclerotic swellings. They are originally

sinuous ulcers, i. e., with a probe we pass through a small opening into

a cavity, by which the surface is undermined for a greater distance.

This space is the former cavity of the abscess ; it may be more or less

filled by coagulated blood ; as a rule, it is not. The thin membrane,

which yet covers it, has moreover a tendency, upon widening the vent,

to roll up towards the edges; more rarely it is loosened in shreds; in

every case the open atheromatous ulcer is so considerable an inequality

of the surface, that it readily becomes the seat of the formation of

clots, even of longer thrombi, which hang from the walls of the vessel.*

§ 219. The second retrogressive process also, which is observed beside

the atheromatous, regularly begins in the deep layers of the sclerosed in-

tima. An impregnation of the basis-substance with lime salts, therefore

calcification, is its essential phenomenon. There are produced thereby

bone-like plates of various form and size, often so large that they, for

example, convert the whole arch of the aorta into a single bony tube.

A tolerably frequently recurring arrangement is, that numerous smaller

* I observed within a tolerably completely softened atheromatous depot a small

button-shaped soft mass, which contained bloodvessels, and had grown out from the

media. Upon proceeding, I found under the same sclerotic plate yet an entire series

of such buttons. They consisted, excepting the vascular loops, of hyaline mucoid

tissue, with fatty degenerated cells. July 20th, 1867.
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bony scales, some even only one-half inch long and broad, are here and

there imbedded in the intima, which we immediately feel through the

coats in touching the vessel. If Ave peel them out of their encapsula-

tion, the most show a dish-like concavity and sharp edges, corresponding

to a curve of the vessel. The latter are they which the soonest pene-

trate through the covering layers of the intima to the surface, and thus

form projecting, rough ridges, by which again an opportunity is given

for the formation of thrombi. It tolerably frequently happens that

larger bony lamellae are more or less elevated by the fatty degeneration

of the surrounding parenchyma, yet complete separations appear to be

infrequent.

I have not been able to convince myself that here an actual formation

of bone takes place, to which the customary designation of the condition

points as an ossification. The lamellae of the intima are simply calci-

fied, and by extracting with diluted muriatic acid, may be brought back

to their former condition ; their cells, however, have perished. I have

never found anything which answered to the anatomical dignity of a

bone-corpuscle.

§ 220. So far the chronic endoarteritis in the more contracted sense.

A. sufficient idea of the extended disturbances which this produces, espe-

cially upon the aorta, disturbances which, in the instance advanced,

scarcely leave intact a square inch of the surface, can only be obtained

by personal inspection. If, however, we wish to make the anatomical

picture of the disease complete, we cannot yet quit the subject here,

but must mention two other processes, which are not so strictly sepa-

rated by the physician from chronic endoarteritis, because they are in

fact very commonly combined with it.

In the first place, there is a fatty degeneration of the intima without

preceding inflammatory hyperplasia of the membrane, a simple retro-

gressive metamorphosis, concerning whose proximate cause nothing is

known. The histological process is exactly the same as in the ather-

omatous process ; a fatty metamorphosis of the cells (Fig. 82), with

slowly following melting-down of the lamellae. This "fatty usure
"

(Virchow) begins immediately at the inner surface and progresses

(probably very gradually) from within outwards; the intima is destroyed

layer by layer. The affection occurs in otherwise always only small,

sharply defined spots ; upon the aorta and the larger arteries it condi-

tions a delicate marking of the surface, as the affected places appear

rough, velvety, and opaque.

The fatty usure is frequently found in individuals otherwise entirely

healthy. Nevertheless we cannot deny that by it the firmness of the

vessels is directly prejudiced. If the intima has been completely de-

stroyed, although at ever so small a spot, experience teaches that the

muscular media, notwithstanding its thickness, cannot withstand the

blood pressure. The muscular fibres separate, there is produced a
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transverse rent, through which the blood presses forward, and either

forms, by elevating the adventitia, a so-called dissecting aneurism, or

arrives outside by breaking through the adventitia. In this manner is

explained the occurrence of hemorrhages in the most various organs,

which the atheromatous process brings with it, hemorrhages into the

brain, the kidneys, &c.

But the fatty usure of the intima also plays a part in that transverse

rent of the aorta which leads to a dissecting aneurism of the aorta.

This occurrence is, as a rule, simply regarded as a consequence of con-

comitant hypertrophy of the left ventricle. The rupture almost regu-

larly takes place a finger's breadth above the semilunar valves, and in the

first place affects only the intima and the media ; the adventitia is lifted

off from the media, the blood forces its way between it and the media

on one side down to the heart ; upon the other to the aorta descendens,

never to the aorta abdominalis. When the aneurismal sac thus formed

is stretched to its utmost there occurs a second rupture, either out-

wards into the mediastinum, or, which is meanwhile very rare, at an-

other place again inwardly into the lumen of the aorta, so that for a

short distance two blood-tracks exist side by side. If we now investi-

gate the edges of the rent of the intima at times we find a thorough

fatty metamorphosis of them ; still further investigations must decide

concerning the frequency and the import of this complication.

§ 221. A second tolerably constant complication of chronic endoar-

teritis is formed by the. calcification of the tunica media. This is found

not so much in those regions of the arterial system, which are the princi-

pal seats of encloarteritis in the aorta and its main branches, but in the

relatively thicker muscular tunic of arteries of smaller and the smallest

calibre, in the arteries of the arm, leg, and head, and their ramifications.

The question here is likewise about a simple petrifaction ; the muscular

spindles are filled with the salts of lime, and again appear as muscular

fibres, if we dissolve the lime-salts by means of acid. Moreover we

are also able, without the microscope, to pronounce an opinion concern-

ing the probable seat of the calcification, as the distinct circular arrange-

ment of the infiltrated parts can only be referred to the circular fibres

of the muscular tunic (Fig. 82).

The calcification of the media as a more independent affection occurs

much more rarely than in combination with the atheromatous process.

As a rule all three tunics of a vessel are uniformly infiltrated in the

lime metastasis (see § 51).

§ 222. Let us ask, what influence will the changes of the walls of

the vessels hitherto described have upon the movement of the blood in

the vessels? They may collectively be traced back—1, to a contrac-

tion ; 2, to a rigidity of the tube of the vessel. The rigidity, especially

represented in the calcification of the intima as well as of the media,

causes, that those components of the propulsive force of the heart, which
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under normal circumstances, are conserved as tension in the elastic

walls of the vessel, and as such always ready to be

again converted into vital force, that these com-

ponents, partly at least in an entirely unnecessary

manner, are converted into heat, and are lost to the

movement of the blood. The rigidity, therefore,

in that it consumes the propulsive force of the

heart, indirectly lessens the rapidity of the current

of the blood below the rigid place. Tumefaction

and narrowing of the tube of the vessel effect the

same, and indeed directly in that they produce

oblique planes, which oppose the blood-current, and,

according to. the known law, convert a greater or

lesser component of the rapidity partly again into

pressure, partly they absorb it as loss by friction.

The blood, therefore, will flow more slowly than

normal below the rigid and more narrow vessels.

This slowing will make itself felt, especially in the

remotest parts of the greater circulation ; in the

toes, the finger-tips, the nose. It may here proceed

to a complete stagnation of the blood, and have

as a consequence, the so-called spontaneous gan-

grene of these parts (compare General Part, § 9),

which is particularly observed in very old individ-

uals. It is otherwise in the vascular sections on

the proximate side of the rigid and narrowed parts.

We know that the blood-pressure, which prevails Calcification of the media
1

.
*

. of the femoral artery, to-

at any point of the vascular svstem, is proportional gether with its ramifica-

. .
^ '

, . tions. Not magnified.

to the resistance yet to be overcome. If this resis-

tance grows, which occurs as well by rigidity as by narrowing, then

the pressure also increases in the vascular sections situated above. A
certain increase of pressure in the entire aortic system will hence be

a common consequence of the atheromatous process. This stands in

complementary proportion to the decrease of pressure and rapidity

below the narrowed and rigid portions. It is, however, self-evident

that this increase of pressure cannot be without further consequences.

As such we have to designate 1, hypertrophy of the left ventricle ; 2,

dilatation of the affected vessels. Each of the two forms a kind of

compensation of the primary disturbance ; hence the hypertrophy re-

trogrades, when the dilatation takes the lead, and vice versa.

b. Dilatation of the Vessels,

a. Dilatation of Arteries—Aneurism.

§ 223. The great multiplicity and variety of that which presents

itself as true aneurism, i. e., affecting all three coats of arteries, we
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formerly sought to overcome by setting up the external form of the

dilated arteries as the foremost principle of subdivision, and we dis-

tinguished between cylindrical, sacciform, spindle-form, and varicose

aneui'isms. This attempt has been frustrated. We would be more
fortunate, at all events, if we could use the etiology, the manner of pro-

duction, to distinguish the various aneurisms. Unfortunately, however,

just the etiology of aneurism is a very questionable matter, which will

probably for a long time yet await its final elucidation. There cer-

tainly is no want of hypotheses. We need not go far for examples in

seeking the foundation of the disturbance in a deficient elasticity- or

contractility of the muscular tunic. Of all the constituents of the

arterial Avails, the muscular fibres are they in which we may presup-

pose a more active exchange of material, consequently a greater sensi-

tiveness towards its disturbances. For those uniform, cylindrical, or

varicose dilatations of all the larger arteries, which we not infrequently

meet with in old men, without any visible change whatever of the walls

having taken place, I therefore readily take refuge in accepting a

diminished capacity of resistance of the middle coat. I also grant,

that in other forms it may also play certainly a less important role.

A bare disturbance of innervation, a paralysis of the tunica muscularis

can at all events be less generally cited (Rokitansky). Still here also

there is at least also one case in which an explanation of this kind has

much that is attractive: I mean the aneurisma anastomoticum. We
understand thereby a varicose dilatation, elongation, and meandering

of the main trunk and the collective branches of an artery, the ectasy

of a limited section of the arterial system. This is found especially in

the arteries of the scalp, for example, the occipital and temporal arte-

ries, and strikingly reminds of those dilatations of the vessels of the

head which occur after dividing the sympathetic in the neck, so that

we would be inclined to think a partial disturbance of the vasomotor

nervous system as a cooperating, cause of this aneurism. All these,

however, are infrequent and less important occurrences.

§ 224. That which in the current clinical language is summarily

called aneurism, namely the ectasy confined to a short portion of the

aorta or another artery, is at the same time the least evident in an

etiological relation. It is regularly combined with chronic endoar-

teritis. We must investigate in how far this process can lead to a dila-

tation of the arterial tube. First of all it is to be considered that

hyperplasia of the intima as such, brings with it beside the thickening

also a spreading in width of the surface of the vessel. The portions of

connective substance newly formed in depots not only accumulate above

one another, but are also interpolated in the horizontal direction be-

tween the original constituents of the intima, and by their growth press

them apart with active force. We may certainly regard the horizontal

growth of the inflamed intima as at least an assisting energy in the
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dilatation of vessels. For if we do not wish to set a high value upon*

its active participation, yet the intima affected by a molecular change

will be less capable of resisting the dilating effect of a second etiological

energy, namely, the locally increased blood-pressure, than the normal.

I have shown above that in the atheromatous process the blood-pressure

must increase above and within the affected section of the vascular

system. To this is first to be referred that uniform dilatation of the

aorta, which we rarely miss in any diffused endoarteritis. The systolic

augmentation of this pressure, however, comes particularly into con-

sideration for true aneurism. This will be a different one than under

normal circumstances. The diseased condition of the walls of the ves-

sel hinders that preliminary transfer of rapidity into tension of the

walls, which causes that the systolic increase of pressure and its " other

condition," the rapidity, are distributed over a greater period of time.

Hence both accumulate now to the moment of the commencing systole,

in order immediately thereupon to make way for just as large a falling

off. The diseased artery receives with every systole a dilating impulse,

to which it can no longer oppose an active, but ouly a passive behavior.

The jumping (hiipfende) pulse of diseased arteries teaches us indeed,

that in the entire arterial system, instead of the rhythmically acceler-

ated current, a more interrupted movement forwards of the blood takes

place. The short, but vigorous impulse, which our finger receives at

the radial artery, will, however, be most intensely felt in the aorta itself,

because here the loss of impulse does not yet come into reckoning,

which necessarily occurs in this kind of movement of the blood. Hence

we find aneurismal dilatation by far most frequently (1), in the com-

mencing portions of the aorta
; (2), at such places, where by a local

narrowing of the arterial lumen a cause is given for a particular increase

of pressure before the contracted place. I have investigated all aneur-

isms of peripheral arteries accessible to me for this, and have almost

always met with such a cause below the dilated place, in a more or less

considerable thickening of the intima. A lasting contraction of those

muscles, in which the main branches of an artery ramify, may be found

to be the basis for the aneurismal dilatation. Thus aneurism of the

popliteal artery is not infrequently the reward of those servants, who

for half a day must stand upon the foot-board of lordly state coaches

(contraction of the gastrocnemius).

§ 225. In reference to the external form of aneurisms we distinguish

the uniform cylindrical, or the spindle-formed dilatation of the arterial

tube, from the one-sided, sacciform dilatation. The cylindrical becomes

an invaginating aneurism, when the aneurismal sac folds on one or both

sides over the contiguous ends of the undilated vessel. Similar modifi-

cations also occur in sacciform aneurisms. If the sac only folds over

towards one side, its cavity will be separated from the lumen of the vessel

by a crescentically projecting ridge; if it folds over above and below
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or towards all sides simultaneously, Ave have the form of an aneurism

with a neck.

The sacciform are by far the most frequent, i. e., aneurisms of the

aorta ascendens proceeding more from the convex than from the con-

cave side of the vessel. They advance, by their summit, from within

against the sternum or the point of union of the manubrium sterni and
the clavicle. At the arch of the aorta likewise aneurisms of the con-

vexity are by far more frequent than those of the concavity. We here

not at all infrequently observe aneurisms with necks, which subsequently

advance above the upper aperture of the chest, and from the beginning

attack the oesophagus or the trachea. Upon the thoracic aorta aneur-

isms proceed by preference from the posterior or lateral circumference

of the vessel and press against the vertebral column. All aneurisms of

the smaller arteries are much more infrequent, yet the most frequent

are aneurisms of the popliteal, carotid, and basilar arteries.

§ 226. The histological interest is especially joined to the question

:

in the gradual dilatation of the arterial tube, how do its various struc-

tural constituents behave ; how does the intima behave; how the media;

and how the adventitia ?

It has already been mentioned, that the intima is regularly put into

a hyperplastic condition by endoarteritis, and this causes that the mem-
brane takes part in the dilatation, without experiencing any consider-

able attenuation. Aneurisms of four to six inches diameter may be

lined with a sufficiently thick, nay in places with a more than normally

thick inner membrane. The most various stages of the atheromatous

process occur in it side by side, yet calcification stands foremost ; lime-

plates have even been found, which spanned the half, nay the whole

circumference of the aneurism, and converted it into a bony drum.

More frequently we find a mosaic-like pavement of small lime-plates,

which readily loosen at the edges, and then give the first impulse for

the deposition of blood-clots. Fatty degeneration, which is wont to be

less diffused, is none the less of the greatest importance ; thus, by

fatty degeneration, particularly by the atheromatous ulcer, the intima

finally becomes defective at one or other place ; the resistance of the

aneurism is compromised in a critical manner.

The middle vascular tunic, from the beginning of the dilatation,

behaves perfectly passive. The circular bundles of smooth muscular

fibre separate, and leave between them interspaces, becoming ever

wider and wider. Thereupon they perish through fatty metamorphosis.

As soon as an aneurism of the aorta has attained the size of a fist, it

already becomes difficult to demonstrate the traces and last remains

of the media.

On the contrary, we can say of the adventitia, in the true sense of

the word, that it gives security against rupture. The pressure of the

growing aneurism acts upon this membrane, as a moderately growing
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or frequently repeated pressure everywhere acts upon a stratum of un-

'

formed connective tissue; it excites in it a chronic inflammatory, or,

as we say, a reactive hyperplasia. A compact, dense connective tissue

hence surrounds the aneurism upon all sides ; upon the one hand it

passes into the possible defects of the inner tunics ; upon the other, it

brings about the growing together of the outer surface of the aneurism

with the adjacent organs.

The participation, therefore, of the adventitia has a thoroughly salu-

tary character. But its means are also exhaustible. In the first place,

it is not able by its thickening to restrain the growth of the aneurism.

It regularly and at all points gives way to the blood-pressure, and can

never attain the degree of resistive capacity which is obtained by the

combined power of a normal intima and media. How great, however,

the demands are which are placed upon the resistive capacity of the

walls, is shown in the conflict of the aneurism with the osseous system.

If an aneurism of the aorta ascendens presses against the sternum, or

an aneurism of the thoracic aorta against the vertebral column^ then

first of all everything perishes which is found between the bone and the

blood. Intima, media, and adventitia, mediastinal connective tissue and

periosteum disappear traceless under the pressure of the contending

forces. Thereupon the bone gives way, slowly it is true, so that the

completely stripped remains often project far into the lumen of the

aneurism ; but still it disappears. The bony tissue thereby undergoes

a peculiar fibrous metamorphosis (Fig. 11), described in detail at § 41.

This, however, can also only be regarded as one act of the decay and

the solution. The result is a deficiency of bone. Aneurism of the

ascending aorta not infrequently causes an entire absence of the manu-
brium sterni, the upper part of the body of the sternum, and the sternal

ends of the clavicle ; aneurism of the descending aorta causes half spher-

ical deficiency in one or more of the bodies of the vertebral column.

A second limitation of the salutary effects of the adventitia grows

out of the circumstance, that these effects, which for the greater part

depend upon a continuation of the hyperplastic process to the adjacent

connective tissue, can only reach as far as the connective tissue reaches.

Every free surface against which the aneurism advances, can become

fatal to the patient, in that it gives occasion for the bursting of the

aneurism. The pleural surface is less dangerous in this connection,

because the pleural cavity is an inner space of the connective tissue,

whose surfaces readily adhere to one another. By the advance of the

aneurism upon the lung, the fatal catastrophe is provisionally deferred.

This only then occurs when both the pleural surfaces are ruptured, and

the air-filled parenchyma of the lung and the smaller bronchi are

thereby opened. Much more rapidly does a rupture happen to those

aneurisms which advance against the larger air-passages of the trachea

itself. Aneurisms of the ascending aorta finally burst through the
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outer skin; other points of opening are the oesophagus, the pericar-

dium, the pulmonary artery, rarely the peritoneum and the retroperi-

toneal connective tissue.

§ 227. The formation of thrombi very commonly comes to pass in

the cavity of aneurisms. Inequalities of the inner surface form, as a

rule, the point of departure. Still the retardation of the blood-current

also plays a part, inasmuch as coagulation takes place with special

readiness in sacciform, necked aneurisms. The aneurismal thrombus

is constantly of peculiarly stratified structure ; the outer layers, which

were first deposited, are most completely decolored, fibrous, compact,

as every blood-clot becomes, when it is exposed to a continued pres-

sure; never are even but indications of an organization to be observed.

Hence the thrombosis of aneurisms also, although it directly diminishes

the lumen, yet but in very rare instances leads to a spontaneous heal-

ing of the aneurism. This has been observed at most in entirely sac-

culated aneurisms of the smaller arteries. For the most part, the

thrombotic filling of an aneurismal cavity proves insufficient to with-

stand the blood-current. If the sac bursts, the thrombus is destroyed,

and the blood finds its way outwards between the fragments. A soften-

ing of the aneurismal thrombus also occurs, whereby the danger of

loosening fragments and embolism is produced.

/3. Dilatation of Veins. Phlebectasy.

§ 228. Dilatations of veins, spite of their much more frequent occur-

rence, spite of many peculiarities of the anatomical picture which they

present, are yet but a faint copy of the dilatations of arteries. We re-

marked above, that there could be no question of any endophlebitis

chronica in the sense of the atheromatous process of arteries. Thus

just that complication is left out of consideration which plays so im-

portant a part in aneurisms, especially as an etiological energy. The

etiology of phlebectasy is generally very evidently always and every-

where the same, namely, mechanical dilatation by locally increased

blood-pressure, and to this etiological monotony corresponds just as

great a uniformity in the issue of the anatomical changes. We can

indeed find, if we wish, in the ectasy of veins also, those three funda-

mental forms of dilatation, to which a cylindrical canal is in general

prone, we can distinguish cylindrical, spindle-formed, and sacciformed

phlebectasies; but this distinction has here a comparatively limited

value, simply because in most cases of phlebectasy all these forms occur

side by side; because we nowhere deal with a single, very considerably

dilated point of a vein, but always with a moderate dilatation of whole

plexuses of veins, or also the collective roots of a venous trunk.

Under normal circumstances there prevails in the venous system so

limited a blood-pressure, that in the large veins it but slightly exceeds
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the atmospheric pressure, and may even become negative in the imme-

.

diate neighborhood of the heart. Corresponding to this, the veins

have comparatively thin walls ; they are, so to speak, only arranged for

a moderate blood-pressure. If from any circumstance an increase of

the blood-pressure takes place, the lumen of the vein dilates, the walls

are stretched; if the increase of pressure is continued or periodically

recurring, the walls remain lastingly stretched, phlebectasy begins.

§ 229. One self-evidently observes phlebectasy the soonest at such

places where the valves are situated. The sinus of these valves widens

and causes small, knotty distensions of the venous tube, which we can

even perceive through the integuments if the vein runs superficially.

The valvular flaps themselves are therewith more strongly pressed up

stream ; finally they no longer suffice to cover the lumen, and the more

this is the case, so much the more does the ectasy extend to the whole

venous tube. The vein then stretches in the longitudinal direction, the

vessel becomes longer ; as, however, the beginning and end are fastened

and cannot experience a great dislocation, the elongated vessel must

either bend zigzag, or even wind spirally. Both happen, the zigzag

in larger, the spiral in smaller veins. The zigzag curving forms the

transition to that degree of phlebectasy which we term varicosity

;

namely, since the outer, convex circumference of the curve readily de-

flects outwards, there finally arises here a sacciform ectasy, which is

attached to the vessel, like the sacciform aneurism to an artery. If

the same is repeated at each new bend which the vessel makes, this

finally appears entirely and altogether to consist of sacciform aneurisms

placed alternately in a row. This is the fully formed " varicose condi-

tion," which is generally found upon the collective vessels of a venous

plexus, or the roots of a large venous trunk. With it in most cases

the highest grade of phlebectatic development is attained. As one yet

higher can properly be designated the varicose tumor only, which

meanwhile is only observed at a certain locality, namely, the hemor-
rhoidal plexus.

§ 230. Of all the veins of the body, the venous plexuses of the true

pelvis and its outlets are the most disposed to phlebectasy. This

depends in the first place, in that these plexuses by their communication

with the portal vein (vena hemorrhoidals interna) participate in the

unfavorable relations of the circulation of this vessel, without sharing

the beneficial influences of abdominal pressure, which facilitates its cir-

culation ; on the other hand, however, upon the continued and fre-

quently repeated hyperemias, to which these parts are subjected by
sexual activity.

The ectasy of the vesical plexus stands as the basis of those morbid

changes at the neck of the bladder (catarrh of the mucous membrane,
moderate enlargement of the prostate), which we so frequently find in

older persons, and term vesical hemorrhoids.
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The ectasy of the hemorrhoidal plexus (the proper hemorrhoidal

condition) begins with an injection of the venous transition vessels,

which course in the submucous, loose connective tissue of the rectum

near to the anal orifice. With this first of all is associated a mucous

catarrh of the surface, and, as I find, a slight hyperplasia of the mucous

glands. The changes of the mucous membrane afterwards retrograde,

the phlebectasy advances to the formation of large convolutions of

varicose veins, which elevate the mucous membrane and form a circle

of transverse folds around the opening of the anus. Finally, the

ectasy concentrates upon one or several points of these folds, which

develop to rounded tubers, then to fungous tumors of considerable size.

If we make a section through a large hemorrhoidal tumor, we

already observe with the naked eye, that its principal mass is of a

spongy texture. The pores are formed by the lumina, the septa by

the melted-down walls of dilated and varicosely degenerated veins.

We must imagine to ourselves the production of this structure in such

manner, that under the influence of the continued increased blood-

pressure, the ectasy of the veins acts atrophying upon the interposed

connective tissue, so that finally the walls of the vessels alone remain.

In the surrounding of these venous tumors, it not rarely proceeds to

inflammatory processes, partly indurative, partly suppurative; in the

interior here and there to a coagulation of the blood, which produces

partial gangrene.

§ 231. Next after the veins of the pelvic organs, phlebectasy is

observed especially in the regions of the greater saphenous vein.

Everything which obstructs the circulation in the common iliac vein,

for example, the pressure of the gravid uterus or a pelvic tumor upon

that vessel, may give occasion for this. In other cases, it is accom-

plished by a persistent contraction of the muscles of the thigh, for

example, in persons, who stand at work; since these compress the

deepseated veins of the thigh, it forces the returning blood into the

veins of the skin. To this is added the effect of gravity. In general,

several etiological forces unite to the common result of varicose veins.

Its various stages may already be followed through the integuments.

Not at all infrequently do slighter and severer degrees of this stand as

the basis of those chronic inflammations and ulcerations of the leg,

which because of their stubbornness, so often try the endurance of

patients and the physician.

7. Dilatation of the Capillaries. Telangiectasis.

§ 232. Apart from the hyperemic, more or less transitory dilatation,

there is properly no condition of the capillaries which we could place

by the side of aneurism and phlebectasy. That which we expressly

term telangiectasis, depends upon an excessive new formation of capil-

laries at circumscribed spots of the skin. Upon very many paren-
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chymas, among others upon the outer skin and its minute structural*

constituents, the papillae, the glands, the fatty lobules, the principal

details of organization of the parenchyma is everywhere further car-

ried out by the capillary network and subdivided by that anastomos-

ing system of connective tissue interstices, in whose points of inter-

section the connective tissue cells lie. These connective tissue corpus-

cles are they, by whose thick, protoplasmatic processes the first

foundation of a future vessel is laid in the tertiary vascular formation.

(See Kolliker's Handbook of Histology, 3d edit., p. 607.) They trace

out a larger or smaller bow, of which both roots are inserted into the

walls of a capillary already conveying blood. The lumen of the new

capillary opens along this bow. The thread of protoplasm is extended

in a thin layer over the entire inner surface, it hardens into a homo-

geneous capillary membrane; the nuclei of the participating cells move

with the remainder of the protoplasm to the outer surface, and from

this time figure as capillary nuclei.

Ordinarily in the vascularization of growing organs there is but a

small part of the existing connective tissue cells applied to the vascular

formation. It is otherwise in telangiectasia. A telangiectasis is pro-

duced, in that between the main capillary loops, by the aid of the

process which I have just described, a great superabundance of con-

necting bridges are cast. Telangiectasis is a vascular hyperplasia, not

simply a vascular dilatation. Thus, instead of the connective tissue

cell-net, an excess of minute, mostly spirally-turned capillaries inter-

weaves the fat-cluster, the sweat-gland, the sebaceous gland, the pa-

pillae of the skin. "We can recognize these parts in the numerous

lobules by which the telangiectasia is composed, although the specific

constituents have been destroyed by the pressure of the growth of the

same vessels by which they should have been nourished. The dilata-

tion of the capillary blood-tract in the cavernous tumor was already

mentioned in § 129.

2. Diseases of the Heart.

§ 233. We again find the same three layers in the central organ of

the circulatory apparatus, which constitute the walls of all large ves-

sels. The endocardium corresponds to the intima, the myocardium to

the media, the pericardium to the adventitia. Corresponding, however,

to the prominent functional position of the heart, these membranes are

here, each in their peculiarity, more highly developed.

The endocardium is a far more delicate membrane than the intima of

the aorta. This becomes particularly prominent at the inner of the

ventricles, where it only appears as a shining surface, which bounds

15
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the muscular coat inwardly, but in no wise interferes with its color and
contour. It certainly becomes thicker where it forms those duplica-

tures, from which a peculiar firmness is required, at the valves and

chordae tendinese. At the valves we can even distinguish several dif-

ferent layers in its structure. Thus the lamella of every valvular flap

which is turned from the blood-current, is richer in elastic fibres than

that turned towards it ; and between both lamellae, at least in the

auriculo-ventricular valves, there is found a thin layer of connective

tissue, into which vessels penetrate until near the edge of the valve.

The myocardium, corresponding to its physiological importance, the

thickest coat of the walls of the heart, solves in its structure that diffi-

cult problem, of inclosing a cavity by striated muscular fibre. The

muscular fibres are united by acutely angular anastomoses into fenes-

trated membranes, which by being massively superimposed upon one

another and by strong connections inclose the cavity. (Compare § 235,

Fig. 85.)

The adventitia is a serous sac, the pericardium, whose visceral layer

clothes the heart externally in just as thin a layer as the endocardium

does the inner surface, yet it contains its own vessels, which, to be sure,

are at many points connected with the vessels of the muscular coat of

the heart.

Accordingly, the three coats of the heart, each for itself, appear to us

more individualized and independent, than the three tunics of the arte-

ries and veins : and as this greater independence also manifests itself in

their diseases, I consider it conformable to have regard to the same also

in my description ; hence I will treat in succession of the pathological

histology of the myocardium and the endocardium, but will defer that

of the pericardium to the common chapter "Of the Anomalies of Serous

Membranes."

a. Myocardium.

a. Hypertrophy of the Heart.

§ 234. Under hypertrophy of the heart Ave understand an increase

of the volume of the heart, which has its foundation in a hyperplasia

of the myocardium. A hypertrophy of the heart may uniformly affect

both ventricles; far more frequently but one ventricle is hypertrophic,

or yet predominantly so. It is not easy to establish the presence of a

hypertrophy of slight degree. We are directed to compare the thick-

ness of the walls with the width of the lumen. The proportion of these

two changes with the degree of contraction, in which the heart may be.

The smaller the lumen, so much thicker the walls, and vice versa. Prob-

ably the apparently thickened walls of the heart are only more strongly

contracted ? Similar considerations will recur in contemplating atrophy

of the heart-muscle ; we must take care in regarding a dilated heart as
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being already atrophic, because its walls are thin. A rapid and cor-

rect judgment concerning slight degrees of thickening and thinning of

the heart-walls, can only be attained by long practice. On the con-

trary, it is easy to recognize a hypertrophy of the heart of high degree.

. Next to the greater circumference and the frequently very peculiar

changes of form, the disproportional weight of the heart already ex-

cites our attention. The walls of a hypertrophic heart are of a board-

like rigidity and hardness, so that even after being cut open and the

blood completely emptied, they do not sink in, and are with difficulty

bent in and out. Finally, the considerable thickening of the walls

strike us so much the more, as the lumen is wont at the same time to

be abnormally large, in that a certain degree of dilatation is associated

to every hypertrophy of the heart. A large heart must self-evidently

also have large cavities.

The heart undergoes characteristic changes of its external form,

when but one of the ventricles is hypertrophic. If to the right ven-

tricle of a child's heart we joined the left ventricle of an older indi-

vidual, the whole heart would receive more the form of the left ventricle;

in the converse case the right ventricle gives the model. The relation

in one-sided hypertrophies is entirely thus.

A heart, whose left ventricle is hypertrophied (Fig. 83), hence will

Fig. 83.
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Hypertrophy of left ventricle. Heart in situ. a. The mammary line. b. Vena cava superior, c.

Aorta, d. Bulb of pulmonary artery, e Right auricle. /. Bight ventricle, g. Left auricle, h. Left
ventricle (normal circumference), o. The hypertrophic ventricle.

have an elongated, ovoid, or cylindrical form. The right ventricle still

more appears, as is already the case under normal circumstances, as a
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mere appendix of the left. The situation of the heart passes more into

the horizontal direction, so that the base looks towards the rio-ht, the

apex towards the left. The^ apex projects beyond the mammary line,

as we perceive by the extension of the heart-dulness in this direction,

and the displacement of the impulse of the apex.

On the contrary, a one-sided hypertrophy of the right ventricle (Fig.

84) does not cause an elongation, but a widening and thickening of the

whole heart. The heart viewed from the front appears quadrate, and

Hypertrophy of right ventricle. Heart in situ. Description as in preceding figure. The contours of
the hypertrophic right ventricle are indicated by dots.

as the situation continually tends more and more to the vertical direc-

tion, the heart-dulness also extends more to the right ; is found at the

lower end of the sternum and beyond the right sternal edge. The apex

of the heart is no longer formed alone by the left ventricle, the right

participates or even entirely forms it ; instead, however, of the impulse

of the apex, which not infrequently becomes indistinct, there arises,

because of the thickening of the heart's base from before backwards.

a systolic contact of the conus arteriosus (Fig. 84, d) with the walls of

the chest,—basic impulse.

§ 235. All hypertrophies of the heart are true hypertrophies from

work ; they are produced by mechanical obstacles to the movements

of the blood. These increase the work of the heart, since they exalt

the pressure, which in the beginning of the heart's systole is directed

vertically against the inner face of the ventricle, and which is to be.
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Fig. 85.

overcome by the systole. In the atheromatous process of the aorta

we already saw a hypertrophy of the left ventricle produced ; we will

very soon learn to know in valvular deficiency, the by far most frequent

cause of hypertrophy of the heart, and yet to recur to them in many
other diseases of organs. Touching the histological process of hyper-

trophy of the myocardium, the opinion is very

generally received, that therein the individual

muscular fibres thicken. Meanwhile, I have in

vain attempted in hyperplastic hearts, to discover

a difference in the calibre of the muscular fibres,

and have finally been conducted to the opinion,

of course suitable only for the heart, of a partial

division.

The muscular fibres of the heart, as is known,

divide forked; we may also say, they unite forked:

in short they form nets or membranes with elon-

gated cleft-like gaps. These gaps are of the most

various sizes. Beside large spindle-shaped fenes-

tra we see smaller and the smallest slits and clefts.

The latter may straightway be regarded as inter-

spaces in a single muscular fibre. One most fre-

quently observes them at such points of a some-

what thick fibre, where this sends off a lateral branch (Fig. 85, a), and

it does not appear to me to be doubtful, that the traction of this lateral

branch in contraction favors the cleaving of the fibre.

^Network of muscular fibres

from the heart. At o, inte-

rior cleft of a muscular fibre

opposite the giving off of a
lateral branch, which would
produce a new mesh by the
gradual enlargement of the
network.

3. Atrophy of the Heart.

§ 236. As the heart indisputably is the most active muscle of the

body, and in consequence thereof consumes more nutritive material

than most other organs, so will also disturbances of general nutrition

make themselves felt comparatively soon at the heart. Not only the

senile involution of the body, but every marasmus, every cachexy, be

they caused by acute or chronic morbid conditions, may, in this sense,

lead to atrophy of the heart, which then exhibits itself in an attenua-

tion and flabbiness of the entire muscular structure, and hence appears

as general atrophy. Beside this occur partial atrophies, confined to

the outermost or innermost layer of the muscular coat ; there even

occur atrophies in spots, which then also owe their origin to local

causes.

In all cases the muscular fibres become thinner, weaker, and even

perish. This most important phenomenon of atrophy, however, is met

with under various modifications of the histological picture, which per-

mit us to distinguish just as many kinds of atrophy.

§ 237. 1. The brown atrophy, as its name implies, is characterized
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Brown atrophy of
heart-muscle. Frag-
ment of a membrane
of muscular fibres,

with pigment -gran-
ules in the interior
of the primitive bun-
dles. 1-300.

by a simultaneous discoloration of the muscle from a rust-brown to a

dark ochre-color, together with the decrease of vol-

ume. The cause of this peculiar phenomenon is the

deposition of a yellow granular pigment into the

muscular fibre. This is now very uniformly distrib-

uted into the contractile substance; now one sees the

granules accumulated in fine rows between the primi-

tive fibrillae and around the nuclei (Fig. 86); whence

it arises, whether it is the condensed proper pigment

of the muscular fibre, or whether it arises from the

participation of the coloring matter of the blood, is

not known. Brown atrophy is always general. It

is most frequently found in marasmus senilis, maras-

mus from inanition, in the tuberculous and carcinoma-

tous cachexies.

§ 238. 2. Yellow atrophy is the fatty transformation of the heart-

muscle (compare § 30 and Fig. 7). Accordingly as the deposition of fat-

globules becomes more abundant, do the muscular fibres become pale,

yellowish, at length whitish, lardaceous. The consistency also de-

creases. The muscle is tender, friable, and is easily rubbed down be-

tween the fingers ; on the other hand, the decrease of volume is not

always striking. The yellow atrophy characterizes itself in contrast

with the brown by the acuteness of its development, and occurs in four

forms, a. As diffuse degeneration of the whole heart-muscle in febrile

diseases of acute course, acute exanthems, typhus, &c. b. As fatty

decay of the superficial subpericardial layer of the heart-muscle, in con-

sequence of nutritive disturbances, caused by inflammation of the con-

tiguous pericardium (see Pericarditis), c. In numerous depots of the size

of a pin's head, in the innermost muscular layer, lying nearest to the

endocardium of such hearts as have undergone a dilatation of high degree

(valvular deficiency). In this case one already perceives through the

endocardium, especially at the papillary muscles and trabecule of the

heart's apex, the whitish sprinkled, that is, the interlaced appearance,

which this affection imparts to the heart muscles, d. In the form of a

large, up to the size of a hazel-nut, fatty depot of softening, which is

commonly situated in the centre of the muscle of the left ventricle,

towards the apex. The passive behavior and the great brittleness of

the fatty degenerated parenchyma, as a rule, leads to a rupture of the

heart, which distinguishes itself from other ruptures by very gradual

separation, layer by layer, of the muscular structure. An atheroma-

tous degeneration of the coronary arteries, with thrombotic occlusion

of a larger branch of them, may in all cases be regarded as the cause

of this dangerous condition.

§ 239. Appendix.—Fatty metamorphosis of the heart-muscle must
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not be mistaken for that excessive fatty infiltration of the subpericardial

connective tissue, which is commonly called fatty heart. This is found

in general corpulence (obesitas), and may become the cause of the

greatest disorder, even of death ; thus, upon the one hand, the fatty

masses from the longitudinal and transverse grooves luxuriate over the

heart to that degree, that yet but a small island of the heart-muscle is

visible over each ventricle; it is scarcely imaginable that the heart

should not be hindered in its movements by this burden ; upon the

other hand, the infiltration penetrates into the interstitial connective

tissue of the myocardium itself. The latter, it is true, occurs con-

stantly only in a limited circumference, but yet it suffices to make a

portion of the muscular wall atrophic by pressure, and thereby directly

to diminish the functional capacity of the heart.

}. Inflammation.

§ 240. Inflammation of the heart-muscle is one of the most obscure

chapters of united pathology ; and pathological anatomy, unfortunately,

is able to contribute in but an exceedingly incomplete manner towards

its elucidation. In the striated muscles of the trunk and the limbs it

is conformable to experience that even the slightest degree of inflam-

mation, for example, even that slight tumefaction which we find accom-

panying chronic rheumatism, and of which it has not yet been decided

whether it essentially goes beyond a considerable degree of hyperemia,

is combined with the severest functional disturbances. The muscle

rests in a contracted condition. The slightest attempt to stretch it

meets with the most decided resistance from the patient, because of its

painfulness. If we attempt to transfer these experiences to the heart,

it is readily manifest that even the slightest degree of a diffuse inflam-

mation must have as a consequence the stoppage of the heart, and

therefore the death of the patient, and that only subsequent stages of

the inflammatory process would in general be possible in partial affec-

tions. We have even gone so far as to reject the occurrence generally

of diffuse inflammation
;
yet incorrectly. I can assure that there is

an inflammation uniformly diffused over all parts of the heart. In a

man (54 years old) who had been treated for a long time for constitu-

tional syphilis, had thereupon passed through an inflammation of the

lungs of both sides, death occurred so suddenly in a few days after

leaving the hospital, that the relatives conjectured a stroke of apoplexy.

I found, on making the post mortem, apart from several products of

syphilis, a condition of the heart, which I believe I can, without hesi-

tation, call a diffuse, parenchymatous inflammation of the heart-muscle.

The heart was half contracted, of strikingly rigid walls, so that it

could only be pressed together a little by the greatest force. Even

after having made the customary sections for opening it, the organ did

not collapse. Immediately, however, a very striking anomaly of the
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muscle became noticeable. This had lost its fresh red color, had a

shade of violet, the cut surface was iridescent, the cut edges were nearly

translucent, the consistence was that of caoutchouc ; still the fibres

would tear before they stretched. Under the pericardium, as well as

the endocardium, were numerous ecchymoses, probably in consequence

of a high degree of circulatory disturbance in the muscle, for here no

vessel was filled with blood, so that the deficiency of blood certainly

contributed its part to the decoloration.

§ 241. Microscopic analysis exhibited everywhere deposits of a finely

granular substance in the interior of the muscular fibres ; this substance

was not uniformly distributed,. but accumulated in small spindle-formed

heaps, particularly around the nuclei, and might be regarded as "in-

creased protoplasm." Never have I seen a more pregnant picture of

Virchow's "parenchymatous inflammation." Beside this the muscular

fibres were collectively divided by cross-rents into short parallelograms,

a phenomenon which we will yet frequently meet with in the patho-

logical histology of striated muscles. This is in every case to be re-

garded as a mechanical tearing. I have convinced myself that they

can be very easily produced in the muscular fibres of the rabbit by

forcible stretching. A reason for the mechanical extension is by no

means wanting in our case, and it is to be accepted that the rigid and

infiltrated muscular fibre would be more disposed to break into frag-

ments than the normal. That, however, this minute tearing must have

the same influence upon the functional capacity of muscles as the great-

est transverse rents, is manifest.

§ 242. Apart from the diffuse parenchymatous myocarditis, one is

wont to regard certain occurrences in the heart-muscle as the events of

inflammation of the heart-muscle, without, however, having sufficiently

recognized the chain of the phenomena which gradually lead to them

;

these are abscess and induration of the heart. I will consider abscess

of the heart at this place, induration of the heart in chronic endocarditis.

6. Abscess of the Heart.

§ 243. We find in the muscular substance of the heart a circum-

scribed spot of the size of a pea, a bean, seldom larger, perhaps of the

size of a walnut, at which, instead of muscle, there is found a grayish-

yellow, or a generally discolored thickish pulp. This pulp, beside nu-

merous pus-corpuscles, contains par excellence, the detritus of the dis-

solved muscular fibres, albuminous molecules and fat-globules, it may

be also larger fragments of the contractile substance, upon which, how-

ever, the transverse striation is no longer to be recognized. The form

of the depot is predominantly oval, though ragged abscess cavities, pen-

etrating with long processes into the muscular coat, have also been ob-

served. At the border of the depot we at times see demarcation by a

gray-reddish, very soft layer, which, according to Rokitansky, consists
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of granulation tissue. If the abscess lies close to the endocardium, it'

elevates the latter ; it may also advance between the lamellae of the

auriculo-ventricular valves.

§ 244. The issue of this condition may be various. Most rarely

there may be a thickening or cheesy metamorphosis of the purulent

pulp, with a connective tissue capsule and tolerance of the cheesy, after-

ward earthy, node. At all events, the evacuation of the abscess by burst-

ing is. more frequent. Accordingly, as this lies nearer the inner or

outer surface of the myocardium, the rupture ensues either into the

pericardium, and is then followed by a pericarditis of a rapid course,

or inwardly into the heart-cavity itself. In the latter case it then fol-

lows that the blood rushes into the cavity of the abscess, and washes

out the detritus. Therewith is opened an abundant source for embolia,

and indeed especially in the region of the greater circulation, as the

cardiac abscess has its seat by preference in the left ventricle. The

cavity of the abscess itself appears as an accessory space, as a recess,

if you will, an aneurism of the heart's cavity (acute cardiac aneurism).

How long this condition may be maintained depends entirely upon the

thickness of the portion of cardiac wall not yet destroyed. This and

the cardial portion of the pericardium alone restrain the inevitably

threatening rupture of the heart and the fatal pouring out of the blood

into the pericardium. It is somewhat diiferent when the abscess, as is

frequently the case, has arisen in the septum of the ventricles. The

bare communication of the ventricles through a small opening appears

to have no essential influence upon the circulation ; if, however, the

purulent destruction advances upwards from the septum, if the pus

penetrate into the loose connective tissue between the two lamellae of

the tricuspid, then by the bursting of the abscess, each of the three val-

vular segments attached to the septum, namely the inner segment of

the tricuspid, the left segment of the valve of the pulmonary artery,.

and the right segment of the aortic valve may be detached, and thereby

the condition of insufficiency of the corresponding valvular apparatus

be brought about. (Compare Insufficiency and Stenosis of the Cardiac

Orifices, § 255.)

§ 245. Appendix.—Apart from the large, solitary affections just de-

scribed, we are wont to consider also those small depots of softening, of

the size of a pin's head, which are occasionally found in pyasmia, puer-

peral diseases, glanders, and similar infections, and then always in

greater number in the heart-muscle, as cardiac abscesses. As a rule,,

several of these lie close under the endo- or pericardium. They are

originally grayish-white spots in the muscle, afterward small cavities,

which are entirely filled with a thinly fluid pulp. Microscopically we

never find actual pus-corpuscles, but generally nothing but vibriones (see

§ 24). These lie closely crowded in the beginning between the mus-

cular bundles, then they penetrate, under the simultaneous dissolution



234 ANOMALIES OF THE CIRCULATORY APPARATUS.

of the muscular fibres, into their interior, nay, upon a cross section

there is the appearance as though the contractile substance disinte-

grated into vibriones, because the replacement of the muscular fibres

by the masses of vibriones occurs without any increase of volume. Fur-

ther than to the formation of small, abscess-like depots of softening,

the changes cannot be followed, because the whole affection occurs only

in the severest, rapidly fatal forms of the infectious diseases mentioned.

e. Heteroplastic Tumors of the Heart.

§ 246. In anomalies of serous membranes, we will have to mention

an idiopathic sarcomatous formation at the pericardium. All cancer-

ous, tuberculous, and sarcomatous affections of the heart, are moreover

metastatic irruptions. But even these belong to the more rare condi-

tions. Since a few years only do we know that miliary tubercle in gen-

eral occurs in the heart. Von Recklinghausen found them in the

muscle ; as in general all heteroplastic tumors are met with par excel-

lence in the connective tissue of the myocardium. I have lately found

miliary tubercle twice in the endocardium, and indeed near the free

edges of the mitral valve. Both times I was dealing with acute miliary

tuberculosis of the collective serous membranes, as well as of the pia

mater, and indeed in infantile bodies.

§ 247. What was formerly understood by tubercles of the heart,

namely the finding of larger caseous nodes in the myocardium, belongs,

as Virchow has -lately shown, probably not to tuberculosis, but to

syphilis.

The gummata of the heart-muscle are most frequently found in the

partition wall of the ventricles. As a rule, several nodules, up to the

size of a pea, are united by a large quantity of inflammatory connective

tissue into a tuberous and lobulated tumor; yet individual nodules also

attain just here a considerable size, so that they protrude into the cavi-

ties of both ventricles.

§ 248. Cancer-nodes, perhaps metastases of soft or melanotic cancer,

seldom attain a considerable size in the heart. Tumors over the size

of a hazel-nut already belong among the rarities. All proceed from

the connective tissue of the myocardium, and according to their

situation now advance more inwards, now more outwards ; in the

former case they occasionally elevate and break through the endocar-

dium, in the latter, the pericardium ; thrombi of the heart's cavities

(cardiac polypus) also are said to have the capacity of cancerous degen-

eration, which requires a more exact investigation.
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b. Endocardium,

a. Acute Endocarditis.

§ 249. It was pointed out above that the endocardium was indeed the

analogue of the intima of the vessels, but a far more delicate mem-
brane ; it was mentioned, that it contained vessels, at least in places

;

where these are wanting, the rich vascular net of the myocardium sends

its terminal loops close under the thin inner membrane, so that we can

throughout ascribe to it an immediate relation to the vasa vasorum.

Hence we must not be surprised to find in the endocardium a much
more sensitive organ than in the intima vasorum. Various anomalous,

mixed conditions of the blood, the pysemic, the puerperal, the typhous

blood adulterations, above all, however, the blood adulteration in acute

articular rheumatism, act upon the endocardium as inflammatory irri-

tants. According to Bamberger's estimate, twenty per cent, of all cases

of acute articular rheumatism experience the complication with endo-

carditis.

In regard to the more exact localization of the process, it must first

of all be stated, that the endocardium of the left heart is so very

frequently affected, that cases of endocarditis of the right heart are

actually to be termed rarities. Then the seat of the affection is de-

termined in a very decided manner by the mechanical violence to which

certain points of the endocardium are exposed in the heart's action.

They are those lines in which the segments of the valve touch in closure

of the valve; this is not perhaps the free edge of the valve, but at

the semilunar valves an already normally well-marked line, which

only touches the free edge at the centre (nodulus Arantii), and at both

ends, however, remains one-half to one line removed from the val-

vular border ; at the auriculo-ventricular valves the line of junction

everywhere runs a line's breadth from the free edge ; it runs, at the

upper surface, just where at the lower, the posterior ends of the fur-

cated chordie tendinese are attached to the surface looking towards the

ventricle. Here, as a rule, we have to seek the first beginnings of the

changes. These may from this place extend over a large part of the

valve; they may also simultaneously exhibit themselves at another spot

of the endocardium, but the lines of junction of the valves are and
remain the preferred seats of endocarditis,

§ 250. The histological process in acute endocarditis is composed of

three factors of certainly very dissimilar value. First of all, a partici-

pation of the vasa vasorum can everywhere be established, where such

run in the neighborhood of the inflammatory focus. Congestion of

blood and a considerable proliferation of the cells of the adventitia can

regularly be exhibited upon the transverse section of inflamed auriculo-

ventricular valves. (Fig. 87, b.) The main stress is of course not to

be laid upon this, but upon the progressive metamorphoses of the non-
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vascular, outer lamella? of the endocardium. The connective tissue of

this experiences, under the new formation of

numerous young cells, and the simultaneous soft-

ening of the basis-substance, a so considerable

intumescence, that even with the naked eye we
observe a number of warty inequalities, which are

elevated from the level of the valve. (Fig. 87, c.)

These granulations are of a very perishable

Acute endocarditis. Sec- character. Not only, that in the closing of the
tion through a flap of the , , , ,

inflamed mitral valve, a, valves their opposing contact tears and destroys
Upper, a', Lower lamella of , P , , .

endocardium. 6. Middle lay- the sott tissue ; there also very soon occurs in it
er whose vessels are hyper- n , •, •. . „ ,

ffimic. c. The efflorescence a finely granular, not latty metamorphosis ot the
of the upper lamella, d. Fib- . , -1,1 •

, i r»

rinous deposition, l-io. entire substance, and therewith so. great a in-

ability of the vegetation, that the blood-current

washes them away with ease in larger and smaller particles. If this

has been accomplished, there results a correspondingly large loss of

substance, the endocarditic ulcer, which as a rule extends throughout

the whole of a lamella of the valvular flap. The edges of these ulcers

are constantly unevenly elevated ; they contain, as long as the endocar-

ditis is upon the increase, the initiatory stages of the process which

passes over to the adjacent connective tissue. The same occurs, al-

though less frequently, at the base of the ulcer; the other lamella of

the duplicature is affected, and when this has also been destroyed,

the valve has a hole. Perforation of the valvular flaps is one of the

most dangerous catastrophes, for it too easily happens, that henceforth

by the force of the blood-current the original opening is widened, or

even the valvular flap is detached at one or other side. At the auriculo-

ventricular valves, occasionally, the entire valvular attachment together

with the insertions of the papillary muscles is detached. The perfora-

tion, like the ulcer, is always surrounded by the described inflammatory

excrescences, which, through the fibrinous deposits directly to be men-

tioned, may become so extensive, that the opening can scarcely be

discovered between them.

This most rapid and common course of acute endocarditis is, there-

fore, altogether without suppuration. The granular disintegration

mentioned, a kind of necrosis of the newly-formed materials, prevents

suppuration. We do not wish to say by this that suppuration, gene-

rally speaking, never occurs in the anatomical morbid appearances of

endocarditis. Pus, however, exclusively forms, upon the one hand, in

the loose connective tissue between the two lamellae of the valves

;

upon the other, in the subendocardial connective tissue ; even here it

never proceeds to larger collections of this fluid, but always only to .

small abscesses, at the most of the size of a pin's head, which elevate

the endocardium in the form of pustules.

The third factor, which plays a more or less prominent role in every
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acute endocarditis, is the deposition of fibrin at the uneven surface of'

the affected valvular flap. I expressly emphasize, that here, as a rule,

only fibrin, and rarely a sanguineous thrombus is deposited ; thus, it

appears to me, as though just because of the macroscopic similarity of

fibrin with the efflorescence of tissue, the discontinuity of both were

often over]ooked. The fibrinous deposit (Fig. 87, d) fills all the small

inequalities of the surface, but increases the entire volume of the

efflorescence in so disproportional a manner, that it strikes the naked

eye far more than the change of the valve itself. Moreover the

thrombosis is just as little to be regarded here as a salutary production,

as a first step towards healing, as in aneurisms. The fibrinous material

easily breaks up. Hence it hinders neither the progress of ulceration

nor the perforation of the valvular flap, but increases the danger of

metastatic inflammations by embolia of the broken-off fragments.

p. Valvular Aneurism.

§ 251. The production of the so-called valvular aneurism deserves

special mention. -We generally understand, under valvular aneurism,

every circumscribed projection in the continuity of a valvular flap.

Conditions of this kind, as a rule, have nothing to do with endocarditis.

They are sac- or pocket-formed projections of the valve, in which both

otherwise entirely normal lamellae participate. The inlet is always

found upon that side of the valve upon which, when the valve is closed,

the strongest pressure rests, the pocket upon the opposite side. At
the aortic valves we reach into the aneurismal sac from the sinus Val-

salvae, at the auriculo-ventricular valves from the cavity of the ven-

tricles. Moreover there also occur in the neighborhood of the cardiac

orifices, and at other places, involutions of the wall, which are entirely

analogous to those now spoken of, although strictly we cannot call

them valvular aneurism. Thus at the points of origin of the coronary

arteries, and at the floor of the inner sinus of Valsalva. The latter,

by the way the most frequently occurring of these involutions, forms

its pocket into the right heart, and indeed now above, now*below, and

now between the lamellae of the flaps of the tricuspid valve, fastened

opposite to one another. The same three possibilities obtain for aneu-

rism of the membranous, non-muscular spot of the septum ventricu-

lorum. It may advance from the left ventricle above, between the

lamellae and below the left flap of the tricuspid valve into the right

heart. I have observed the case, where simultaneously an aneurism,

of the size of a cherry, of the sinus of Valsalva existed at the upper,

and one of the size of a pea of the septum pellucidum at the lower

surface of this flap.

If after this deviation we return to the endocardiac valvular aneurism,

then the production of this presupposes a complete destruction of a la-

mella of a valve. The blood penetrates into the opening made, presses
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asunder the two lamellee, and brings about a more or less strongly

marked projection of the one which is unchanged. The endocarditic

or acute valvular aneurism is, therefore, essentially distinguished from

the form just mentioned, since not the whole valve, but only one lamella

takes part in the projection.

y. Valvular Perforation.

§ 252. In regard to perforation of the valves, it is necessary to dis-

tinguish the inflammatory destruction of the proper valvular flaps from

a harmless perforation, which is very frequently found at the free edges

of the semilunar valves. The latter depends upon a rarefaction of

that portion of the valvular flap which lies beyond the proper line of

closure, and is according to my conviction, nothing else than an approx-

imation of the type of the semilunar valves to that of the auriculo-ven-

tricular valves.

Namely, if we cast a glance upon the anatomical arrangements by

which the blood is prevented from flowing backwards, we immediately

distinguish therein a double type, the type of the semilunar valves and

that of the auriculo-ventricular valves. I will pass over these typical

varieties in two words. The semilunar valves are duplicatures of the in-

tima, of which each projects in a half circle directed with its convexity

up stream ; the terminal points of their line of attachment come into

contact in the same section of the vessel. Thus arise pockets, whose

outer surfaces by being filled with blood are brought together, and thus

produce the closure. In the peculiarity of its origin here rests the

guarantee that the valvular flap can only move in a direction with the

blood-current. On the contrary, in the auriculo-ventricular valves we

find upon a section of the cavity, movable flaps attached like the leaves

of a door, which, if it depended alone upon the line of origin, would

turn over towards either side ; meanwhile, they can also only give way

to the blood-current in one direction, because their flapping over into

the auricle is prevented by the fastening of their free edges to the

chordge tendinese.

It would certainly be surprising if nature, which is generally so

simple in its means, had here actually two valves differing in principle,

and if the variety of the anatomical arrangement did not rather depend

upon the departure from one and the same principle lying at the foun-

dation. As such appears to me the principle of the semilunar valves,

not only because of its far more frequent occurrence (venous valves),

but also because, in the harmless perforation in question, we have before

us a modification of the semilunar valve, in the sense of the auriculo-

ventricular valve.

We may also consider this perforation, as a glance at the adjoining

representation shows, as a partial dissolution of the free edge from the

nodulus Arantii up to the points of attachment. The free edge, how-
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ever, in the closure of the valve has the significance of a check ; it

prevents a too far return of the valvular flaps. We need only intro-

duce an index finger into a sinus of Valsalva, in order to establish that

the valvular pocket is narrower at its entrance than in the line of closure,

i. g., that the free edge of the valve presents a shorter and straighter

line of connection between the nodulus Arantii and the wall of the

vessel, than the line of closure. The free edge of the valve, therefore,

acts as a check, entirely like the chordae tendinese of the auriculo-ven-

tricular valves. For this function, naturally all of the valvular surface

which lies between the free edges and the line of closure is useless. In

the disappearance of this intermediate part, except a few connecting

bridges, only the functional independence of the free edge is therefore

recognized.

In extreme cases, moreover not so infrequent, of marginal valvular

perforation, there is produced a yet further approximation of the type

of the semilunar valves to the type of the auriculo-ventricular valves

in this, that the point of origin of the valvular edge separates from the

point of origin of the line of closure. Thereafter half of the edges of

two contiguous valvular flaps, together with their thready connecting

bridges to the line of closure, arise from a point of the vessel situated

beyond the proper valvular insertion. This removal of those points,

to which the check-cords of the valvular flaps are attached, from the

cross-section through the vessel, to be closed by the valve, and the

possibility brought about thereby, that the valvular flaps are always

maintained in a more exact direction, and, therefore, always more

effectual, is the absolute principle of the action of the auriculo-ventric-

ular valves. In extreme cases of perforations of the semilunar valves

(Fig. 88), those bundles of tendinous threads, which arch over a glass

Fig.

Fenestrated semilunar valve of pulmonary artery. Natural size.

rod, that 'we can pass from one sinus of Valsalva above the point of

origin of the line of closure of the valve, into another sinus, represent

the papillary muscles of the heart. The point of origin of the valvular
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line of closure may now always move further up the wall of the vessel,

without endangering the reliability of the valvular closure. The proper

valvular flap may always become more level and pointed, since the nod-

ulus Arantii is firmly held at the old place, and the two roots of every line

of closure form with each other a constantly diminishing obtuse angle,

as is likewise manifest in the preparation represented. In short, the

innocuous perforation or fenestration of the semilunar valves, is to me
a connecting link between the type of the semilunar valves and that of

the auriculo-ventricular valves.

6. Chronic Endocarditis.

§ 253. In contrast with the acute inflammation and the softening of

the valvular tissues caused by it, the chronic inflammation presents itself

as a peculiar induration and thickening of the endocardium. The ma-

jority of individuals affected with chronic endocarditis state that they

have formerly suffered with acute articular rheumatism.' This might

determine us to admit the possibility, nay the probability of an acute

commencement of the endocardial changes ; we might conjecture that

a disturbance in itself insignificant in the line of closure of the valves,

does not heal, because it is situated at a place Avhich is continually ex-

posed to mechanical violence, and just because it does not heal, becomes

the point of departure and the central point of a chronic inflammatory

process, such as we have the opportunity of observing in neglected

ulcers of the outer skin.

Upon the other hand, the identity of this process with chronic endo-

arteritis must be brought forward. The microscopic changes, as in the

former, revolve around an inflammatory hyperplasia of the connective

tissue, to which, as a second stage, is annexed calcification ; more rarely

the fatty metamorphosis of the newly formed material. The very prom-

inent tendency to a retractive shortening at the inflamed parts, can

only be adduced as something peculiar to chronic endocarditis. This

can naturally only obtain at the duplicatures, whose one-sided attach-

ment permits a contraction of the free edge.

§ 254. Every point of the endocardial surface may at times be the

seat of chronic inflammation, yet we find the latter so predominantly

frequent at the valves, and at the apex of the left ventricle, that I can

confine myself to the description of these two instances.

e. Valvular Insufficiency.

§ 255. We call the coarse deformities which the cardiac orifices ex-

perience through chronic endocarditis in general, valvular insufficien-

cies. They are composed of three anatomical conditions, to be distin-

guished in every case. 1. Thickening, the immediate consequence

of hyperplasia of the connective tissue. At the base of the aortic

valves and at the line of closure of the mitral, slighter thickenings are
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Fig. 89.

Insufficiency and ste-

nosis of aortic orifice.

Thickening and short-
ening of valvular flaps.

Natural size.

an extraordinarily frequent condition, which does not disturb the func-

tional capacity of the valves. Higher degrees bring about in the line

of closure of the mitral one sided, at the aortic valves commonly on both

sides, rough prominences, rigid through lime infiltration. These cover

the entire surface of the semilunar valves to the height of several lines,

so that, finally, instead of three delicate, crescentic-flaps, three rigid,

nodulated bodies are placed festoon-like around the aortic walls. (Fig.

89.) 2. Retraction. It is the consequence of the retractive shortening of

the hyperplastic connective tissue mentioned. Taken

together with the thickening, it creates the impression,

as though the whole mass of the valve were pushed

together into a small elongated roll, as though a sail

were reefed. At the aortic valves the narrow borders

beyond the line of closure not infrequently remain

unchanged in a remarkable manner, and float as mov-

able bands at the free edge of the shortened valve.

At the mitral, where the process passes to the tendons

of the papillary muscle, the shortening presents itself

as a dragging clown of the valve into the cavity of the

left ventricle, as an abnormal stability of that position which the valve

should only assume after complete systole. (Fig. 90.) 3. Deformity.

The tissue of an inflamed valve is, notwithstanding its rigidity, endowed

with a certain intrinsic mobility ; it is affected with a kind of inflam-

matory fusibility, which permits it to

grow together wherever like touches like.

Of course, as long as a valvular apparatus

has its full mobility, there will be two

points which come into contact during

the closure of the valve, and again con-

stantly separate during the opening of

the valve; but on the one part, the in-

flamed valves, as a rule, no longer have

their full mobility ; on the other we al-

ways see the deformity occurring first of

all between two points which are least

distantly removed from each other in the

opening of the valves. The deformity

of two adjacent valvular flaps advances

in the line of closure from without in-

wards. At the semilunar valves of the

aorta the deformity occurs the soonest

between the right and the posterior val-

vular flap. If this has advanced to the

nodulus Arantii, the wall of partition which divides the two sinuses of

16

Fig. 90.

Insufficiency and stenosis of the mi-
tral valve. The valve has been converted
into a rigid funnel, cut open at a, the
papillary muscle separated from the
walls of heart. At the section a, and
in the background, we see the thicken-
ing of the valvular flaps. At a also a
calcified granule. The thickened chor-
da? tendineae fused into a few strands,
also the apices of the papillary muscle
tendinously indurated.



242 ANOMALIES OF- THE CIRCULATORY APPARATUS.

Valsalva is probably lowered, and one valvular flap has been made of

the two, which up to a certain degree performs the

functions of two, if, however, thickening and short-

ening do not make this impossible. (Fig. 89.) The

deformity is most frequently found, and with the

severest effects at the segments of the mitral valve.

The auriculo-ventricular orifice is thereby constricted

more and more from both sides, so that finally there

Fusion~oFtte right scarcely remains a small fissure-like opening, and
and posterior valvular ,i , -i n

•
, n • • i v 1

flaps of the aortic valve, the mitral valve is presented as a rigid diaphragm

Sufficient
X

vaive oftwo between the auricle and the ventricle. The melting-
flaps " down of the chordse tendinese (Fig. 90) proceeds from

the point of their forked division and their acutely angular insertion at

the under surface of the mitral valve. This contributes no little to in-

crease the rigidity and immobility of the valve.

For clinical application : It is manifest, that by the existence of valvular in-

sufficiency, very profound disturbances are occasioned, first of all in the move-
ment of the blood, afterward in the functions of the various organs. We have

to group the valvular insufficiencies, and indeed, not only those just described,

but also those caused by acute endocarditis, in this connection according to two
points of view. 1. The thickening, rigidity, calcification, and the deformity of

valves cause, that in the moment when the valves should be smoothly applied

(the aortic valves during the systole, the mitral valves during the diastole) that

this application does not take place, but the valve forms a projection into the

orifice concerned and narrows it. Stenosis. The blood breaks against this pro-

jection, there arises a murmur, which is best heard where it is conducted to

the surface by the shortest route. 2. The retraction, the perforation and par-

tial detachment of the valve, the rupture of the chordae tendineae cause, that

the valves in the moment when they should oppose themselves by their tension to

the backward movement of the blood, are not able to cover the whole lumen,

that an opening remains, through which the blood flows back into the section

of the heart whence it just came. Insufficiency. The act of valvular closure, as

is known, is accompanied under normal circumstances by an audible double

tone ; the first, the systolic tone, is derived from the tension of the auriculo-ven-

tricular valves ; the second, diastolic, from the tension of the semilunar valves.

If now this tension does not take place, the corresponding sound must also be

wanting. On the other hand in its stead a murmur may arise which is produced

by the regurgitating blood -current at the abnormal opening ; a murmur, which

indeed will be very intense, but always only short. Stenosis and insufficiency

are always jointly present as the result of chronic endocarditis ; acute endocar-

ditis may by perforation and detachment have also insufficiency without stenosis

as a consequence.

a. Stenosis and insufficiency of the aortic valves. (Figs. 89 and 92.)

The left ventricle of an adult with every systole throws about three ounces of

blood (a wineglassful) into the aortic system. The greater resistance, which the

ejection finds at the stenotic aortic orifice, will make itself felt as an increase of

the systolic blood-pressure upon the inner surface of the left ventricle, and ac-

cording to \ 235 cause a hypertrophy of the same. At the same time stenosis

causes a systolic murmur, which can be most distinctly heard at the right edge of

the sternum at the height of the second intercostal space, because here the as-



DISEASES OF THE HEART. 243

cending portion of the arch of the aorta (Fig. 92 c) lies very close to the tho-'

racic wall. The murmur is continued into the arteries as tones. Another series

of phenomena obtains during the diastolic phase of the heart's action. Insuf-

ficiency of the semilunar valves causes here, that a portion of the blood just

Fig. 92.

iVMl
t>-^ *.-•.;.••/?

d 3

' /\.r

Hypertrophy of left ventricle. Heart in situ. a. The mammary line. 6. Vena cava superior, e.

Aorta, d. Bulb of pulmonary artery, e. Eight auricle. /. Right ventricle, g. Left auricle, h. Left
ventricle (normal circumference), o. The hypertrophic ventricle.

thrown into the aorta flows back, because in the relaxing left ventricle the blood

then stands under a lesser pressure than in the aorta. We now no longer hear

the known diastolic tone of sufficient valves ; rather, a second occurs, therefore,

diastolic murmur, which may be most distinctly heard above the heart's apex,

towards which the regurgitating blood is directed. Another effect of insuffi-

ciency is the rapid, decline of the pulse in the arteries, which therefore has here

an entirely different cause from that in chronic endoarteritis. The principal

danger which threatens the sufferer with stenosis and insufficiency, is undoubt-

edly the lowering of the blood-pressurein the arteries, the equalization of that differ-

ence of pressure in the arteries and veins, which alone renders possible the

flowing of the blood in the capillaries. From this ensues accumulation of blood

in the veins, in the lesser circulation, cyanosis, dropsy, &c. ; meanwhile, these

extremest occurrences are prevented for a long time, in that the left heart is not

alone hypertrophic, but at the same time dilated, consequently contains an ab-

normally large amount of blood, and is prepared to receive back again a portion

of that just thrown out. This dilatation is not perhaps a consequence of the in-

sufficiency, but it is the result of stenosis ; it, however, compensates the conse-

quence of the insufficiency, as hypertrophy makes the consequences of stenosis

harmless. All of these spontaneous equalizations, however, have their limits. If

we supposed that the aortic valves were entirely closed, we would admit, that

in such a case even hypertrophy of the highest degree and dilatation would not

be able to restrain the threatening lowering of tension in the aortic system.

There are stenoses, however, which in fact are not far removed from the complete

closure of the aortic orifice.
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b. Insufficiency and stenosis of the mitral valve. (Figs. 93 and 90.)

Stenosis of the mitral valve causes, that the influx of blood into the left ven-

tricle during the diastole, is no longer accomplished with the same ease as nor-

mally. The blood is dammed in the left auricle. This detention produces a

pressure, which is analogous to the increased systolic blood-pressure upon the

inner surface of the left ventricle in stenosis of the aortic valves. The left auricle is

indeed under these circumstances more inclined to dilatation than to hypertrophy,

yet in all dilatations, a thickening also of the muscle constantly takes place, as

of the endocardium. There naturally arises at the contracted auriculo-ventricu-

lar orifice in the diastole, a diastolic murmur, which is most distinctly heard at the

apex of the heart, towards which the blood-current is directed. IsTow the systole

follows. During this a portion of the blood taken up is thrown back through

the insufficient valve into the auricle ; therewith a systolic murmur in place of

the first sound of the heart, as far as this is derived from the mitral valve. In

this partial regurgitation of the blood from the ventricle, we have, however, a

second cause for the increase of the blood-pressure in the left auricle. Conse-

quently the effects of insufficiency and stenosis unite to the joint result : increase

of tension in the left auricle and in the entire lesser circulation. All clinically

important phenomena group themselves around this central point. The eleva-

tion of tension is in the first place of salutary influence, in so far as it effects,

Fig. 93.

Hypertrophy of right ventricle. Heart in situ. Description as in preceding figure. The contours of the

hypertrophic right ventricle are indicated by dots.

that in spite of stenosis, the left ventricle is rapidly and completely filled in the

diastole. It therefore compensates up to a certain degree the existing valvular

deficiency. Upon the other hand it causes an immoderate filling of the vessels

of the lungs, a passive hypersemia of the lungs, which leads to the so-called brown

induration of this organ (see Anomalies of the Respiratory Organs). The second

sound of the heart, so far as this is derived from the valves of the pulmonary ar-

teries, appears strengthened because of the tighter tension of the valvular flaps.

This is best heard at the left of the sternum at the height of the third rib, where

the conus arteriosus (Fig. 93 tZ) lies closest to the thoracic wall ; afterwards the
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work of the right ventricle becomes greater, since in every systole it has to open,

the tightly stretched valves of the pulmonary artery, and to pour its blood into

the already immoderately filled lesser circulation. The right ventricle conse-

quently becomes hypertrophic (see \ 235). Dilatation associates itself to the hy-

pertrophy. The right auriculo-ventricular orifice participates in the dilatation,

and finally becomes so large, that the tricuspid valve does not suffice to span

over the lumen in the systole. There then happens a relative insufficiency also

of these valves, the stagnation is extended to the venous system of the body, and

leads to pathological conditions at the liver, the intestinal tract, at the kidneys,

&c, which we will consider in the anomalies of those organs. An exceedingly

characteristic sign that the relative insufficiency of the tricuspid has occurred,

we have in the so-called venous pulse, where a systolic blood-wave is continued

into the beginnings of the venous system.

The stenosis and insufficiency of the pulmonary artery is almost always a con-

genital disease, and will be considered in the third section of the chapter. Steno-

sis and insufficiency of the tricuspid is a great rarity. In its diagnosis the ven-

ous pulse plays a principal role.

£. Induration of the Heart and Partial Cardiax Aneurism.

§ 256. Chronic endocarditis leads to entirely different results when

it attacks the extended part of the endocardium, the lining of the inner

cardiac surface. The hyperplastic thickening of the connective tissue

stratum here never produces a perceptible elevation of the level; on

the contrary, from the- very beginning it produces a certain depression

of the affected place, Avhich is very gradually converted into an actual

sacculation, finally into an aneurism.

The anterior wall of the left ventricle most frequently becomes the

seat of these changes. Here, in the neighborhood of the heart's apex,

the endocardium appears, in the circumference of a silver dollar and

upwards, milk-white, compact, and tendinous. The surface is smooth,

nay, it is smoother than it should be ; we miss the complex organiza-

tion which the system of muscular trabeculse specially imparts to this

region. We cut in and convince ourselves that under the thickened!

endocardium not only the muscular trabeculse, but the entire muscle

has disappeared. We find a thorough-going induration, one to two lines

thick, of white, dense, and stretched connective tissue ; in this induration*

we can no longer distinguish the endocardium from the muscle, nor the;

muscle from the pericardium. Under these circumstances the question

is certainly very pertinent, whether the process, according to its nature,,

is not to be accepted as a circumscribed indurating inflammation of the

muscle (§ 242). That a hyperplasia and shrivelling of the interstitial

connective tissue is in fact the process by which the heart-muscle is

consumed, there is no doubt. In my investigations at the borders of

the depot I could constantly demonstrate, where the myocardium, gradu-

ally growing thinner, passes into the induration, atrophic muscular fibres,

which lost themselves in a connective tissue rich in cells, although not

exactly luxuriantly proliferating. But I hold that this process is to be-

regarded as a direct propagation of the chronic endocarditis upon the
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subendocardial and intermuscular connective tissue. Namely, the entire

myocardium is not always and everywhere destroyed ; however, they

are regularly its outer, not the inner layers, which yet exist.

§ 257. As has already been indicated, induration of the heart forms

the preliminary condition of a circumscribed dilatation of the heart, the

so-called partial cardiac aneurism. Notwithstanding the indwelling ten-

dency to retractive shrinking, the newly-formed connective tissue, which

now replaces a part of the heart's wall, is not able to withstand the

pressure of the blood. Hence the diseased spot experiences an exten-

sion, which now presents itself more in the form of a uniform, shallow

depression, now as a rounded sac attached to the heart's apex, whose

interior communicates with the heart's cavity through a somewhat nar-

row opening. The size of the aneurism varies within wide limits, from

the size of a cherry up to a hen's egg. There not at all infrequently

happens in it a thrombosis ; we may expect this so much the more, the

more the aneurism has the sacciform shape with a constricted neck.

Just in these cases in contrast with the aneurisms of large arteries, at

times an obliteration of the cavity takes place, which according to

Rokitansky is certainly not effected by the thrombus alone, but for the

greater part by connective tissue vegetations, which proceed from the

inner surface of the sac. Ruptures have rarely been observed, and only

in extreme attenuation of the walls ; it was the converse in acute car-

diac aneurism produced by suppurative myocarditis.

rj. Thrombosis of the Heart— Cardiac Polyps.

§ 258. If we consider the ordinary grounds for the origin of throm-

bosis (roughnesses of the surfaces of vessels and slowing of the blood-

current), we will conclude from the beginning that in diseases of the

heart also abundant opportunities are offered for coagulation of the

blood. It has already been mentioned, that recent endocarditic efflor-

escences are wont to be covered with fibrinous deposits of various

thicknesses ; such are strikingly seldom seen at the surface of indurated

valvular flaps, even when they are beset with projections and rough-

nesses of all kinds. We must, however, remember that each ever so

small an inequality of the endocardium may give the impulse to the

separation of fibrin. The thrombi produced in this manner are, it is

true, as a rule, of but limited circumference, and also do not grow into

those large, globular blood-clots which are straightway called cardiac

polyps, or with Laennec vegetations globuleuses. These probably ex-

clusively arise by a relative slowing or an entire cessation of the blood

movement in certain regions of the heart. The case most frequently

occurring is, that in consequence of stenosis of an orifice, or in incomplete

contraction of the heart, the blood is not entirely emptied from one or

other division. Then that portion of blood remains behind which had to

pass over the furthest distance to the outlet, the blood, therefore, which

exists in the apex of a ventricle, or in an appendix of an auricle. Here
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are numerous, often also branched and concealed, pocket-like recesses,,

from which the blood is generally only removed by very complete con-

tractions. These facilitate coagulation in a great measure, for we

always find in them the first foundations of the thrombosis. We fre-

quently enough see numerous small clots, which fill the intertrabecular

spaces of the heart's apex in such manner, that the inequalities of the

inner surface are in a certain measure thereby equalized.

§ 259. Afterwards, it is true, the various thrombi are elevated above

the hidden corners of their first formation ; those contiguous to each

other melt together, and thus are formed simple, high, and thick blood-

clots, which occupy a large part of the heart's lumen. The shape of

these plugs is in general accommodated to the shape of the cavity

which they partially fill, and with whose inner surface they come into

intimate contact in every systole. I have seen how a thrombus coming

from the left auricle had grown through the stenotic mitral valve, had

here a constricted neck, and again was enlarged in the left ventricle to

a thicker body. Their termination is ordinarily globular, so that

Laennec could call the cardiac thrombi, vegetations globuleuses. The

color depends upon the existing phase of their metamorphosis. We
rarely find larger thrombi which are yet completely solid in their inte-

rior. In this case they exhibit to us a peculiarly stratified structure,

and it is not difficult to recognize that the parts nearest the surface of

the heart form the point of departure of this stratification, are conse-

quently the oldest, first deposited.

In the further changes of cardiac thrombi, the circumstance obtains,

that the peripheral layers can be better nourished than those centrally

situated. Hence we find decoloration and softening not in the oldest,

but in the most central parts of the whole thrombus, from where they,

layer by layer, project to the surface. It may happen that we find a

globular vesicle filled with a puriform fluid, which is fixed to the walls

of the heart's cavity with thoroughly solid roots (the first intertrabec-

ular clots). It is scarcely necessary to say, that in a probable break

-

ing-up of a cardiac thrombus, the danger of embolia and embolic pro-

cesses of inflammation and suppuration is very imminent.

3. Congenital Anomalies of the Circulatory Apparatus.

§ 260. As a congenital anomaly of the circulatory apparatus, we first

of all must consider the case, where this entire system has remained

behind in development in contrast with the remaining organism. This

is above all shown in a too small heart and the comparative diminutive-

ness and delicacy of the walls of the aorta and its main branches.

More accurately regarded, the collective vessels, even the smaller ar-

teries and all the veins, are formed weaker than they should be. This

condition, which occurs par excellence in the female sex, is almost
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Fig. 94.

always complicated with just as deficient development of the blood-cor-

puscles (chlorosis, § 176) and of the sexual organs; which of these three

disturbances however, is to be regarded as the primary and which as the

secondary, must remain uncertain. The membranous spot of the septum

ventriculorum, which is here always particularly large and disposed to

aneurismatic sacculation, deserves a special consideration. (§ 251.)

§ 261. A second group of congenital anomalies depends upon a dis-

turbance of the first development of the heart and the vascular trunks

arising from it.

As is known, the heart originates as a straight, contractile tube in

the central line of the blastodermic vesicle. We distinguish in it three

swellings (Fig. 94), the sinus venarum com-

munis, the ventricle, and the bulbus aortae, as

well as a large number of pairs of vascular

arches, which arise from the latter. It is indi-

cated in the accompanying figure by shading,

which of these vascular arches wither in the

sequel, and which become permanent vascular

trunks; also that a wall of partition growing

from before backwards divides the innominata

from the left carotid and subclavian. The

latter vessels then are shifted upon the arch of

the aorta until they have reached the points

from which they arise in the fully formed ani-

mal (Fig. 95). The extent of the arch from

the left subclavian to the ductus arteriosus

Botalli is called the isthmus of the aorta.

Deviations from this sequence in the first origin of the large vessels

are not rare. Thus the giving off of the innominata may go further

than the arch, it may reach to the bulb of the aorta. In this manner

we have a double aorta ascendens, whose smaller right branch is of

course nothing but an independent innominata. If the separation of

the left carotid from the left subclavian was incomplete, there results

also a common trunk for these two vessels, a left innominata. Thus

then it happens, that the third arch from the last of the right side does

not become the right subclavian, but the right carotid, the fourth from

the last of the right side becomes the left carotid, the fourth from the

last of the left side the left subclavian, so that then on the left there is

one superfluous trunk, on the right an unsuppiied extremity. It is as

though the vascular layer and the animal layer had been dislocated

against each other. In this case nature helps herself, in that she sends

the superfluous vessel behind the oesophagus and the trachea to the right

upper extremity ; the right subclavian arises below the left. Finally,

to this early period of the development I already trace the congenital

narrowing, that is, occlusion of the aorta descendens. At the spot of

Diagrammatic drawing of the
first foundation of the heart
and large arterial trunks.
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the descending aorta where the ligamentum Botalli is attached Ave find

a sharply marked constriction of the whole tube of the vessel. In most

of the cases hitherto known the entire lumen was occluded. Instead

of this a collateral circulation had been established between the ascend-

ing and descending aorta by means of anastomoses between the first

intercostal, the internal mammary, dorsalis scapulae, subscapulars, the

thoracica, and the epigastric arteries. I am of the opinion that this

obliteration, which is specially designated by Rokitansky as an obliter-

ation of the isthmus aortse, is produced yet before the division of the

heart into a right and left half, therefore at a time when the blood could

still reach the descending aorta through the ductus arteriosus Botalli

(Fig. 94), because a shrinking of the aorta in spite of the high blood-

pressure would be contradictory to all experiences which we have gained

in aneurisms.

§ 262. The S-formed curving of the cardiac tube proceeds parallel

with the partial destruction of the system of aortic arches. This de-

termines the postural development of the heart. For, from the moment
when this is completed, we observe the lower curve of this S, the future

apex of the heart turned to the left ; we see the venous sinus opening in

below and behind from the right, and the aorta comes forth above and

anteriorly towards the right, in order thereby to pass over with the

second curve of the S backwards into the arch. (Fig. 95.)

If we ask after the intimate connection of these phenomena, the

answer can only be indirectly given. We must start from this, that

every column of fluid which is driven through an elas-

tic tube under strong pressure turns spirally. It is

easy to be convinced of this, if to a water-cock, from

which the water flows with great force and abundance,

we attach a comparatively narrow gum-tube and ob-

serve the out-flowing stream. We already perceive

the rotation in the simple, cylindrical stream, if we

as much as possible regard it from before or behind

;

as soon, however, as we slightly compress the outlet

and thereby elongate it, we observe also the rotation

of the flat stream from the side. Moreover, we may
avoid the trouble of the experiment, as we have the

same results every time we pass urine. If now the

force of the detrusor urinae is not sufficient to force

the urine under the ordinary pressure through the

urethra, the spiral turning of the stream of urine dis-

appears, and this disappearance is, therefore, desig-

nated as a symptom of commencing paralysis of the bladder. All that

has been said, moreover, finds its full application to the blood-current

in the vessels. The column of blood turns spirally, or, which is the

same, it behaves like a cylindrical body twisted to one side, and imparts

Fig. 95.

The embryonal heart
after the completed
S-forniecl curvature.
The vascular branch-
es of the arch in their
permanent arrange-
ment. Ductus arte-
riosus Botalli.
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this peculiarity as giving the turning-point and a principal constituent

to the whole vessel.

Among other things, it is shown by the approximation in a straight

line of two points, not too far distant, so that they form a curve, towards

which side the body was twisted, whether it was strained in a right or

left spiral ; for example, if we fold together a pocket-handkerchief lon-

gitudinally, twist it tightly from left to right, hold it vertically before

us, and holding the two ends of the twisted kerchief, one in each hand,

attempt to approximate them, it immediately falls into a loop, which

looks with its curve to the left. Exactly like the pocket-handkerchief

does the cardiac tube behave in the approximation of the aortic bulb

to the venous sinus. The loop turned to the left corresponds to the

heart's apex, while the vena cava corresponds to the lower, the aorta

to the upper piece. The cardiac tube, therefore, does not bend like a

flat body, but like a cylinder twisted from left to right. We may,

therefore, accept that in most individuals the spiral of the blood-column

turns from left to right, and that therefrom results the ordinary situa-

tion to the left, of the heart.

Meanwhile, there are cases where this rotation is accomplished in

the opposite manner. Then the cardiac tube curves like a cylinder

twisted from right to left, the heart's apex points to the right, and the

consequence is a complete reversal of the asymmetrical viscera, which

are formed only after the heart, the situs viscerum inversus: the liver

lies to the left, the spleen to the right, the cardia to the right, the

pylorus left, the right lung has two, the left lung three lobes, &c. We
may, at the same time, deduce from this that the asymmetry of the

heart is answerable for all that is asymmetrical in the animal body.

§ 263. A new phase of the development of the heart is accomplished

with the sinking down of the common trunk of the pulmonary artery at

the anterior circumference of the aortic bulb and the simultaneous origin

of the septum of the ventricles. This act also may experience a dis-

turbance; namely, it happens that the main trunk of the pulmonary

artery, instead of at the anterior, is given off at the posterior region of

the aorta. Consequently it happens that the aorta is placed over the

right, the pulmonary artery over the left ventricle, a monster, which

naturally can only exist so long as the circulation of the foetus makes

the function of the lungs unnecessary.

§ 264. Finally, we yet have to mention the congenital stenosis of the

right heart, particularly of the conus arteriosus and the. orifice of the

pulmonary artery. This most probably owes its origin to a foetal

endocarditis. Just the same hyperplastic indurative conditions meet

us here which we have learned to know in chronic endocarditis. The

entire impression of the changes caused by it is that of a cicatricial

stricture of the lumen. White, shining threads of connective tissue are

put upon the stretch when we attempt to unfold the divided conus arte-
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riosus. The valves commonly appear curled, laid into folds, as though

the base were diminished to which they are attached. Moreover, this

entire part has remained behind in development, dwarfish and small.

The constriction of the lumen is commonly one of so high degree

that but little is wanting to a complete closure, and its effect is very

complicated, since it interferes at a time in the process of development

of the heart when the division of the heart into a right and left half is

not yet fully completed. In the next place, we consider that the right

ventricle cannot empty its blood through the pulmonary artery, and

we ask ourselves, where does it empty itself? It empties into the aorta.

The septum ventriculorum has not yet been completed; growing up from

the apex, it has not yet reached the junction to the base. It is now

pressed over toward the left ventricle, so that the dilating aortic orifice

comes to stand as well over the right as over the left ventricle, conse-

quently takes its origin from both ventricles. If we further consider

that the main afflux of the lesser circulation is cut off by the oblitera-

tion of the trunk of the pulmonary artery, and ask ourselves, whence

do the lungs obtain their blood ? In the first place, they receive less

blood than they should ; the blood accumulates in the venous system of

the greater circulation, the main cause of that permanent dyspnoea with

which these individuals are afflicted. The blood, however, which the

lungs do not receive through the stenotic pulmonary artery, they get

from the aorta, and indeed partially through the patent remaining

ductus arteriosus, partially through the bronchial arteries, whose anas-

tomoses with the lesser circulation are considerably enlarged in this

case. Meanwhile, it is manifest that- all these arrangements, even if

they grow to the greatest possible completeness, can yet only bring

about a scanty equalization of the disturbance. For as in the single-

chambered fish-heart, so here the arterial will be mingled with the

venous blood in the aorta. The lung only receives half-venous blood,

and can contribute so much the less toward the removal of the carbonic

acid from the entire blood. The blood, therefore, becomes more venous,

colder, and darker than the normal. To this comes the already men-

tioned accumulation of blood in the venous system of the greater circu-

lation, the never-failing, but here particularly prominent consequence

of every disturbance which the blood movement experiences in the

heart. The veins of the remotest parts of the body, the lips, the eye-

lids, nose, ears, the hands and feet, are continually exuberantly filled,

so that the blue, livid color of those parts, blue disease, cyanosis, be-

longs to the pathognomonic signs of this disease.



III. ANOMALIES OF SEROUS MEMBRANES

§ 265. The correct recognition of the normal structure and of the

physiological significance of an organ, has from all time been the most

authentic basis for judging of its pathological changes. This obtains

also especially for the anomalies of serous membranes. It was formerly

universally, and is yet at this time occasionally the case, that in an

anatomical description of the serous membranes, one was satisfied to

designate them as membranes which were distinguished from the re-

maining membranes of the body, in that they possess a very thin con-

nective tissue stroma, and a single layer of pavement epithelium.

This making of a parallel with other membranes of the body, especially

with the mucous membranes, has manifoldly misled our judgment on

the pathologico-anatomical conditions of serous membranes. It is,

according to my conviction, perfectly inadmissible.

In order to arrive at a correct representation of the nature and sig-

nificance of serous membranes, we recall a former, statement (§ 72), ac-

cording to which the unformed connective tissue of the body forms a

continuous whole, in which the muscular and nerve fibres, the osseous

and cartilaginous tissues, epithelial structures, &c, are set in and built

up. A higher structural unity of these constituents of form with the

connective tissue belonging to them, forms the organs, muscles, mem-

branes, bones, brain. Between two adjacent organs, however, as a

rule, there remains a somewhat wider insertion of connective tissue,

and if in their functions these organs are to be movable, they can only

be so when this insertion is divided into two layers, which oppose

smooth surfaces to each other. The visceral and parietal lamina of

serous sacs are such layers of connective tissue, whose membranous exis-

tence therefore does not indicate the independence of an organ, but is

directly to be derived from the continuity of the connective tissue of

the body in general. In the serous membrane, a layer of the connective

tissue of the body presents itself to us, whose continuity is disturbed

by no interposition of other formed constituents. The serous cavity,

however, is an inner space, if you will, a fissure of the connective tissue

of the body.

§ IQQ. This difficult definition is of an importance not to be under-
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valued, for judging all pathological conditions in serous membranes'

In the next place it may serve us to a correct limitation of the task to

be accomplished in this chapter. It indirectly tells us, that the con-

nective tissue of serous membranes stands in uninterrupted connection

with the interstitial connective tissue of organs, which are clothed by

them. Accordingly it is self-evident, that the serous membranes can

participate and actually do participate in all changes which attack the

interstitial connective tissue of organs. Hence if we will not tear

asunder without necessity what belongs together, we will incidentally

treat of a great number of changes of those organs, in which the

serous membranes participate, especially processes of chronic inflam-

mation and new formation. For the present chapter there only remain

for us the superficial affections actually confined to the serous mem-
brane : abnormal secretions, excrescences, and parenchymatous changes,

as far as we can here speak of a parenchyma.

§ 267. Let us now pass to a short repetition of the normal anatomy

of serous membranes. Herein also will our definition prove useful and

indeed, especially, in reference to the epithelium. As is known, the

surfaces of serous membranes are clothed with a single layer of pave-

ment epithelium ; flat, nucleated cells of polygonal shape form a

mosaic ; after treating with nitrate of silver, the borders of the cells

come out most distinctly. (Fig. 96.) In all histology is there a simpler

texture than the stratified pavement epithelium ?

At least thus it appears. However, it also only

appears thus. The question, where in these

flat cells does the nucleus exist ? already prepares

difficulties. Is the nucleus contained in an inte-

rior space of the plate, as in the flat epithelia of

the outer skin, or has the plate a hole, in

which the nucleus is contained, as a pane of -^^^^j^
glass in its frame. Neither of the two. It is

, -, 1-1111 • i Serous epithelium. (Endo-
attacnecl to one, and indeed, the lower side theiium,aw.) Each ceil form-
n ,i n j. . i n , •, c ed bv an anueleated polvgonal

01 the Cell.* A larger Or Smaller quantity OI plate and a nucleated layer of
r> l i ,i n .i , protoplasm. The latter re-
nnely granular protoplasm forms the cement, tracted at a, a. After Munch.

The cell, apparently so simple, accordingly con-

sists of two parts : a homogeneous and polygonal plate, clear as

glass, and a nucleated protoplasm. The quantity of the latter is

mostly so small, that it just suffices to fasten the nucleus in its

situation under the central point of the plate ; it may, however, be so

considerable, that the protoplasm forms a continuous layer, which is

correspondent to the homogeneous plate. In such cases the cells,

observed from the surface, have a finely granular appearance. We

* This obtains without limitation onlj- for adult creatures. In embryos, the homo-
geneous plate, which is here spoken of, has generally not yet been developed, and the

large, future endothelial cells, rich in protoplasm, frequently engaged in active

division, lie naked upon the connective tissue surface.
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must, however, carefully observe the places where the adjacent cells

touch' each other ; for it not infrequently happens here, that the proto-

plasms retract a little from each other, and then are produced round,

clear gaps in the granular layer, over which the homogeneous lamella

passes uninterruptedly. (Fig. 96, a.)

This duality in the structure of the epithelia is most simply ex-

plained by the significance of serous sacs as inner spaces of the con-

nective tissue. The epithelial cells of serous sacs are not epithelial

cells in the ordinary sense. They do not unite an independently de-

fined form with a just as independent exclusive function, as do perhaps

the epithelia of mucous membranes. The epithelial cell of a serous sac

is essentially an endothelial cell. It is produced, in that the proto-

plasm of a soft connective tissue cell partially indurates, and thereby

forms the homogeneous plate, while the remainder of the protoplasm

and the nucleus remain unchanged. This remainder of the protoplasm,

however, belongs just as well to the homogeneous plate as to the inter-

cellular substance of the contiguous connective tissue; it is the vital

focus for both. The peculiar structure of the omentum gives us an ex-

cellent opportunity to convince ourselves of this double significance of

serous epithelia. The fully formed omentum is also, as is known, in

its more minute texture a network, whose larger and smaller trabeculse

are formed of wavy connective tissue fibres. Only the larger trabecules

convey bloodvessels in their axes. The smaller and the smallest are

only round bundles of connective tissue fibrils, which not only do not

contain any bloodvessels, but also no cells in their interior. We ask,

where are the cells of this connective substance ? We must either

admit, that there is present here a connective substance Avithout cells,

or we must accept, that the nuclei of the superimposed epithelial cells

at the same time function as connective tissue cells. The latter is un-

doubtedly the more correct acceptation. For if we, perhaps, with the

aid of diluted acetic acid and a moderate mechanical violence, strip off

the epithelial layer, it very commonly happens that the nucleated

lumps of protoplasm remain attached to the connective tissue, and the

anucleated plates are alone taken off. The same occurs, as we will

hereafter see, in the beginning of acute inflammations
;
generally, also,

other new formations take their departure from these cells, so that the

pathological histology of serous membranes is a continual proof, that

the epithelial cells of serous membranes are at the same time the most

external of the connective tissue cells.

Of the stratum of connective tissue of serous membranes it is only

to be observed, that it is almost everywhere extraordinarily thin, and

that it contains rich nets of fine elastic fibres, especially in the visceral

layers of those organs which are subjected to more considerable varia-

tions of volume. These elastic fibres, because of mapping out the ex-
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tent and the limits of serous membranes in transverse sections, are very
'

welcome to the anatomist.

a. Inflammation.

§ 268. We will, in the first place, occupy ourselves with the anatom-

ical changes which an inflammatory irritant calls forth at the surface

of serous membranes.*

I can here only, in passing, point to the great multiplicity of inflammatory

irritants, which always, according to their intensity and quality, condition the

different course of the inflammatory process. Most of them are of a chemical

nature in the simplest cases ; at some place an exudation of heterogeneous fluid

takes place into the serous cavity : perforation of the stomach or intestine, the

gall-bladder, opening of an abscess or depot of mortification, outpouring of

morbid secretions of the uterus and fallopian tubes into the cavity of the abdo-

men, &c. The etiology of peritonitis, pleuritis, and pericarditis in infectious

diseases and in rheumatism, is less evident. We must here remind ourselves

that the serous cavities are to be entirely accepted as inner spaces of the con-

nective tissue. Hence the liquid of serous cavities takes part in all the abnor-

mal changes of the blood. Since Yon Recklinghausen found resorbing stigmata

of the lymphatic vessels upon the serous covering of the diaphragm, we may
even advance to the opinion that the fluid in the interior of a serous cavity is

subjected to a certain renewal, a change. So much the more rapidly will also

an irritating body from the liquor sanguinis appear in the serous cavity. Here,

however, like as in the joints and the endocardium, there is yet added to the

—

shall we say fermentative—irritants from the infecting body, a second auxiliary

force : the movement of the opposing layers of the serous sac against each other.

In virtue of this friction the one layer rubs, the infectious body straightway into

the other, and I have no hesitation in perceiving an auxiliary force for the de-

velopment of the inflammation.

For the diffusion also of local inflammatory irritants over the whole serous sur-

face, the physiological change of place of the viscera, and the friction of the op-

posing layers of the serous sac occasioned thereby, is of the utmost interest, as

will yet shortly be shown.

Because of the greater simplicity and perspicuity of the relations, we will, in

the first place, direct our attention to the movement of the lungs in respiration,

and the friction which the pleura pulmonalis experiences from the pleura cos-

talis. During inspiration the lung is enlarged in all its diameters, and is dimin-

ished during expiration. The size and shape of the respective thoracic cavity

is at all times correspondent to the size and shape of the lung : it adjusts itself

to it ; but how do the pleurae behave therein ? While the pleura pulmonalis

joins in the dilatation and contraction of the lung, the pleura costalis effects,

even by folding together at the borders, the diminution of surface with the

thoracic walls required by expiration. Thus it happens that both pleurse are

in contact with their entire surface only at the moment of deepest inspiration.

(Fig. 97.) If expiration begins, the borders of the lung (r), and with it the

most extreme point of the pleura pulmonalis, glides out of the fold of the pleura

* In many points in the following representation I will keep to the excellent

investigations of Dr. Munch, of Saratow, undertaken under my superintendence in

the Pathological Institute of Bonn, from which also the figures marked Mch are de-

rived.
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costalis, and slips backward at its folding surfaces until a new inspiration com-
mences. (Fig. 98. ) Like the free border of the lung, every other point of its

surface, according to the measure of its distance from the stationary apex, on the

*
f^/jr-
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tine undergoes a continuous contraction from above downward of the circular .

muscular fibres, it forms with the adjacent, in its turn extending section of in-

testine, a ring-shaped, oblique plane ; upon this the pressure prevailing in the

abdominal cavity is divided into two component parts, of which one—directed

vertically to the axis of the intestine—compresses the section of intestine, while

the other moves it away in the direction of the axis, but against the direction of

the wave of contraction. The recoil which the intestine experiences in pressing

downwards the contents, acts as an auxiliary force in this change of place.

That as the root of the mesentery is to be regarded as a fixed point, will there-

fore be able to bring our segment in contact with so many more points of the

peritoneum, it will be able to contribute so much the more to the diffusion of a

local pathological irritant, the longer the mesentery of the segment is.

From these considerations, which I will carry no further, since they belong

more to pathological physiology than to pathological anatomy, it is evident that

a perforation of the very movable small intestine is much more dangerous than

a perforation of the fixed vermiform appendix ; a perforation of the stomach

more dangerous at the anterior surface and at the greater curvature than at the

posterior surface and the lesser curvature ; that a pleuritis which arises at the

apex of the lung remains circumscribed, while a pleuritis of the free edge soon

passes beyond the original limits, and so forth.

Inflammations of serous membranes are divided upon the one hand

into acute and chronic ; upon the other into adhesive, purulent, and

probably also the indurative forms. In fact the most manifold transi-

tions occur, hence I prefer a mixed but practical division.

§ 269. The Recent Inflammation.—The epithelial stratum is self-

evidently exposed, first of all, to every inflammatory irritant acting

from the surface. Hence, among the inflammatory phenomena every-

where we find changes of the epithelium foremost. This, in common
with the simultaneously occurring exudation from the congested blood-

vessels, forms, therefore, the first stage of every acutely setting-in

inflammation, and the anatomical foundation of what we are wont

shortly to term a recent pleuritis, pericarditis, or peritonitis.

The serous membrane is reddened ; with the naked eye we can estab-

lish the increased injection of the subserous vascular branches. That

in the serosa itself, the capillaries are congested and dilated, and that

in consequence of this the parenchymatous islands appear somewhat

smaller than normal, we perceive upon every stripped-off fragment

which we place under the microscope, under a low power and treated

with iodized serum. At the same time the surface is less smooth and

glistening, this is caused because the epithelium is wanting, and the

migration of colorless blood-corpuscles has already commenced. We
perceive in moderate amount a pale red, soft, elastic substance, which

now membrane-like lies loose upon a part of the surface, now is stretched

thread- or ribbon-like between the opposing layers of the serous sac, or

glues them together. The latter especially occurs, where two serous sur-

faces are in apposition without extensive movement ; thus between the

adjacent lobes of a lung, between the liver and the diaphragm, spleen and

17
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stomach. If a larger quantity of free fluid is present, as is the rule in

recent pleuritis, a portion of the "recent inflammatory adhesive mass"
is wont to swim therein in shreddy flakes. If we take some of the sub-

stance and examine it under a high power, upon the one hand we find

large masses of cells and cell-nuclei, upon the other a loose, finely-fila-

mented web, which in chemical examination proves to be a coagulated

albuminous body.

a. In Fig. 99 I have rendered a large selection of various cell-forms,

which exist in the recent, inflammatory adhesive mass, as also free in

Fig. 99.

CO
oG<3

Cells and nuclei from a recent inflammatory adhesive mass. a. Loosening of same from the
homogeneous plates of the epithelia. 1-500. Mch.

the exudation, upon the first day of an artificial pleuritis (produced by

the injection of iodine). We there see free nuclei with one or more

nucleoli, nuclei in division up to breaking into small globules, round cells

with large nuclei and very little protoplasm, the same in division, cells

with much protoplasm and divided nuclei. I will not assert that all

these structures are derived from the epithelium ; the great majority of

them have probably migrated from the vessels, in the manner described

by Cohnheim (§ 89), but I must persist therein, that at least a part of

them are of epithelial origin. The cell-mosaic (Fig. 96) has broken

up; the nuclei, instead of their original flattened, have assumed the

globular form, and have separated from the homogeneous plate.

I cannot, without more ado, ignore positive observations, as those

rendered in Fig. 99, a. In these cells the connection of the nuclei,

that is, of the protoplasm with the homogeneous plate, is not yet com-

pletely severed, but the moment of separation is evidently very near

at hand. Upon one of the cells the plate has already tipped over to

the opposite side; upon a second, the nucleus is only held fast yet by

a thin thread of protoplasm; a third shows us the simultaneous increase

of the nuclei by division. The liberated cells continue to increase by di-

vision, as we have already seen above; in short, the epithelial cells first

affected by the inflammatory irritant, react to this irritant in this, that

the nucleated protoplasm at its lower surface behaves just like an irri-

tated connective tissue cell, in that it forms new nucleated lumps of

protoplasm by division. The anucleated homogeneous plate is there-

with thrown off; is, however, yet found as such in the serous cavity a

long time afterward.

b. The coagulated albuminous body, which we meet with beside the
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cells and nuclei of the recent inflammatory adhesive mass, has nothing

to do with the epithelium. It is rather an essential constituent of the

inflammatory exudation. The considerable pressure, under which the

blood in the hyperaemic vessels of the serosa stands, has the pouring

out of the fluid of the blood as a consequence. In every artificially

produced hyperemia, be it a hypersemia from irritation or stagnation,

we can convince ourselves of the great ease with which this exudation

can be produced and continued. In a chemical relation the exudation

contains the same bodies which are peculiar to the liquor sanguinis,

although never in the same proportional composition. The amount of

albumen especially is very varying, which is now found above, now

below that of the liquor sanguinis. Pathological histology directs its

attention exclusively to the portion of the exudation in question, and

which soon becomes solid, which we straightway term fibrinous exuda-

tion. This term is based upon the supposition that with the liquor

sanguinis the fibrin of the blood also penetrates to the surface of the

serous membrane, and having arrived there, is poured out in a solid

form. Is this supposition correct ? Virchow has set up the opinion

that the fibrinous exudation, like fibrin in general, is a product of tissue

activity, and is only produced upon the spot ; therefore, here in the

parenchyma of serous membranes. Nevertheless with this I cannot

agree. If we observe the surface of an inflamed membrane by reflected

light, a keen eye here and there observes closely standing, small, point-

like elevations, the smallest buttons, of transparent aspect. If Ave care-

fully strip off the serous membrane and observe it under a weak power

(Fig. 100), we immediately recognize that the seat of these nodules is

Fig. 100.

Inflamed peritoneum. Hypereemia and exudation. Mch. 1-100.

everywhere determined by the course of the bloodvessels. They now
appear as rounded lumps of a formless, homogeneous substance, which

appear to have swollen out at numerous points directly from the capil-
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laries and transition vessels, like the gum from the pine tree. I regard

this picture as full of significance. I believe that it brings to our im-

mediate view the source of the fibrinous exudation. The fibrinous exu-

dation is, in fact, the fibrin of the blood.

The microscopic forms in which fibrin hardens are not always the

known, fine, felted threads of the thrombotic coagulation, but fre-

quently a less split up mass, formed of broad, wavy fibres, which is

distinguished from the areolar connective tissue by the disordered

heaping together of the fibres. In general it is just as easy to distin-

guish fibrin by its irregular exterior from every other constituent of

the exudation, as it is difficult to give a description of this deviating

appearance. It is just neither a crystal, nor a cell, nor a fibre ; it is

a clot, so that I will content myself with a reference to Figs. 100

and 101.

§ 270. The adhesive inflammation. The issues into organization

upon the one hand, and into suppuration upon the other, which in

general are peculiar to the inflammatory process (§ 91-106J, recur

in the inflammations of serous membranes. They, however, afford here

a double interest, because they are modified by the given anatomical

foundation, and hence have, in common with those models, only the

actual essentials. This much preliminary. We have to deal with two

opposing connective tissue surfaces. If these surfaces produce a homo-

geneous material and one fitted for organization, an intimate fusion of

this material may very readily occur, nay, it would be surprising if

such a fusion did not here and there occur. Consequently it is a very

common final result of organization, that more or less extensive con-

nections of the opposing surfaces occur through connective tissue

bridges. We call these connective tissue bridges "adhesions," and

those inflammations which are accompanied from the beginning with

organization of the inflammatory neiv formation '• adhesive inflamma-

tions."

§ 271. The histological processes of adhesive inflammation assume

very different appearances, according as the inflamed layers of a serous

sac are separated from the beginning by a larger amount of free fluid

or not. If the separation does not occur, if the layers remain in con-

tinued intimate contact with one another, then, as a rule, the recent

inflammatory adhesive mass already suffices to produce by its oivn means

connective tissue, that is, adhesions. This fact could, in some measure,

appear mysterious, as long as we saw in this substance nothing but

fibrin, which, as a cell-less exudation, had to be judged incapable of

organization. We now know that the fibrin constitutes only one por-

tion of the inflammatory adhesive mass. Fibrin forms a spongy frame-

work (Fig. 101), in whose numerous pores the youthful cells, probably

also increased by division, exist (Fig. 101, e). These young cells do

not lie so densely that we could exactly call the mass filling up the
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fibrinous trabecule germinal tissue ; rather a certain

quantity of homogeneous, clear intercellular substance

holds the cells apart in such interspaces as we perhaps

find in mucoid tissue; there can be no doubt but that this

substance passes over immediately into connective tissue,

that in it and through it vessels form, in a word, that it

Fig. 102.

Fig. 101.

Adhesive inflammation. Diaphragmatic pleura, a. Contiguous muscular struc-

ture of diaphragm, b. Suhserosa. c. Serosa, d. Boundary of the serosa and the
exudation, e. Exudation. 1-400. Mch.

possesses the physiological dignity of germinal tissue.

Thus we see, then, how the originally round cells become

spindle-shaped ; the processes come into contact, fuse

together, and scarcely has in this manner, even exter-

nally, a greater resemblance to the known connective

tissue textures been established, especially to the inflam-

matory spindle-cell tissues (§ 93), when also the second

Fig. 103.

Vascular formation and opening of blood-track. A strand of fused cell-proto-

plasms as foundation The blood-corpuscles have already in part advanced into
the protoplasm. 1-500.

act of organization, the formation of vessels, already

makes a beginning. Nowhere has one a better oppor-

tunity of learning the histological procedure of the sec- vascular formation
. to • *n a pleuritic layer of

ondary and tertiary vascular new formation than here, adhesion 5 days old.

mi • /-!->• 1 r,r\ , lnn , t (.
An enormously long

Ine preparations (rigs. Ivl and lUo) are taken from nucleated thread of

a pseudo-membrane, which, at the fifth day of an artifi- foundation ; the mo-
1 7 7 J thervesselata. 1-500.

Mch.
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cially produced (by iodine injection) pleuritis, glued together the oppos-

ing lobes of the right lung of a dog, and elucidates the creation of

vessels in a perfectly unequivocal manner, their foundation in the form

of nucleated threads of protoplasm, which have arisen by the fusion of

cells ranged behind one another, the opening of the blood-track, entirely

as I described it on a former occasion. Figs. 104 and 105 teach us

Fig. 104.

Pseudo-membrane between two lobes of the lung, permeated at both sides by a vascular net.

a. Serosa. &. Lung. c. Vascular net of the pseudo-membrane, d. Limited number of afferent and effer-

ent vascular branches. 1-100. Mcli.

that this vascular formation, first of all, spreads superficially. At

only a few places (at d, d, Fig. 104) do the afferent and efferent mother

vessels advance from the serosa, while upon shreds of the membrane

stripped off and observed from the surface, the most elegant vascular

network is exhibited. (Fig. 105.)

In primary adhesion, whose accomplishment we are considering,

every serous membrane in the first place forms its own vascular net

;

hence upon the cross-section (Fig.

104) we see in one and the same

pseudo-membrane two vascular nets,

which are separated by a layer of

tissue not yet vascularized. This,

however, changes afterward ; namely,

if the fusion of the products of the

surfaces of both sides is not disturbed,

the central part of the connective tis-

sue is also gradually vascularized,

and finally, the vascular nets of both

sides enter through exceedingly nu-

merous anastomoses into immediate

connection.

Consequently, without the exuded fibrin having therein appeared

r-FS^^P'

Vessels of a pseudo-membrane seven days old
1-100. Mch.
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in any way active, and without, thus far, the subepithelial connective,

tissue having entered into a considerable proliferating process, there

has been formed a thin, indeed, but very richly vascular layer of con-

nective tissue between the serous layers. We can take hold of this

and strip it off from its substratum, the serosa, on both sides. Here-

with, the ease with which this is accomplished reminds us involuntarily

of the ease with which the epidermis is occasionally stripped off from

the inflamed cutis, and impressively reminds us that hitherto the weak

and few afferent and efferent vascular trunks are the only actual con-

necting bridges between the serosa and the pseudo-membrane. At a

later period this is changed. The connection between the serous mem-
brane and the pseudo-membrane becomes firmer, and finally so firm

that scraping or stripping it off is no longer to be thought of, and the

pseudo-membrane appears as a very intimate, completely indissoluble

gluing of the opposing surfaces. Adhesion is accomplished.

§ 272. We meet with far more complicated displays of forms, as

already indicated, when the opposing, walls of a serous cavity are sep-

arated from the beginning by a larger quantity of exuded fluid, and are

continuously maintained in this separation. If we regard the adhesion

not only as the result, but at the same time as the cure of the inflam-

mation, and in a certain degree as the final object aimed at of every

product of the surfaces, which thereby attain their purpose, then we

must say, that with the primary adhesion the expedients of serous

membranes are far from being exhausted.. There are here not only a

first and a second, but also a third intention. The first we have con-

sidered ; the second is analogous to the healing of wounds by second

intention, organization after suppuration, which will occupy our atten-

tion farther below.

The third intention is a peculiarity exclusively belonging to serous

membranes ; it is a medium between both the others. Not pus, not

atmospheric air presses between the opposing surfaces striving for

union, but a fluid, which, indeed, according to its quantity, is abnormal;

in regard to quality, however, does not essentially deviate from that

which is also normally contained in the interior of the serous cavity.

This, it is true, does not irritate; but yet it hinders union, and gives

room for very extensive productions of the surface. The latter do not

proceed from the epithelium, but from the connective tissue paren-

chyma of the serosa, and altogether and entirely have, as Rokitansky

has already shown, the character of a proliferation of germinal tissue,

a granulation. Meanwhile I will not anticipate.

§ 273. The question, therefore, is about that, by far the most frequent

form of pleuritis or pericarditis, which being mostly produced from

rheumatic causes, is attended with the abundant exudation of fibrinous

serosity. A decided, scraping, friction-sound, is in the beginning to be

heard everywhere, afterwards only in the upper part of the serous sac,
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while the lower has been filled by fluid. We can determine the degree

of filling by the pleximeter. The fever was high, and owing partly to

this, partly to the hindrances and disturbances which the lungs or the

heart experienced in ^heir movements, the patient died at the height of

the disease. We open the pleural sac (the pericardium), and find it

more or less filled with a clear yellowish fluid, in which whitish-yellow,

soft shreds and flakes swim. A pale, yellowish-white or reddish, now
translucent, now opaque, at one time coherent, elastic, then brittle,

even a soft friable substance, covers the walls, and is sharply defined

from them, partly by the color and consistency mentioned, partly it is

more or less easily peeled or stripped off. The external appearance and

the whole disposition of this substance excites the impression, as if here

a soft, plastic material had chanced between the layers of a serous sac,

and had then been modelled by the movements of the lung or the heart;

namely, a portion of it is found where it least injures the movements

of the viscera mentioned ; it fills all the folds and angles ; it fills the

fold of the pleural sac between the diaphragm and the thoracic walls

;

it fills the sulcus of the heart and the pericardium, where this is re-

flected backwards upon the great vessels. Where, however, the sub-

stance covers the free surface of the heart or the lobes of the lung in

a thick layer, the surface shows a peculiar net-formed or villous con-

dition, as we would expect from the repeated application and tearing

asunder of the serous layers ; if we place soft putty between two glass

plates and then tear them asunder, we receive the same figures.

We see that the whole of these peculiarities betrays a great resem-

blance to whipped fibrin of the blood, and there has been an inclination,

from all time, to take this substance simply for exuded fibrin of the

blood, and to let the adhesions proceed from it. Meanwhile, already

at an early period, a protest was entered against this acceptation.

Especially did Bernhardt strive against the organizing capacity of pure

fibrin, and first described its metamorphosis into a slimy, fatty, opaque

material, which finally terminates in solution or the cheesy metamor-

phosis, not, however, with a transformation into connective tissue.

Notwithstanding, however, it was a long time before the already in-

dicated teaching of Rokitansky broke the ice, and received its present

import by Buhl.

According to this we have to distinguish, in the loosely deposited

stratum of exudation, two layers. ' 1. An upper, during the acme of

the inflammation irregularly thick layer, which in fact consists of

fibrin, and which everywhere covers the lower. The greater part of

the fibrin is commonly attached to the most movable parts of the

organs, for example, at the free borders of the lobes of the lungs, like

as also in defibrinizing the blood, the flakes of fibrin remain hanging to

the instrument used for beating (a glass rod, &c). The microscopic

relations of the fibrinous exudation have already been described in § 269.
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It forms the same large meshed framework as in the primary adhesion,,

only it is not of a uniform height, but varies in this respect from one-

fourth to six lines and over. 2. A lower layer, which is a production

of young connective tissue from the connective tissue of the serous

membrane. We must probably accept, that already immediately after

the denudation of the surface of its epithelium, the inflammatory new

formation was also excited in the stratum of connective tissue of the

serosa ; this, however, only attains a considerable height from the third

to the seventh day of the course of the disease. Upon sections we find

numerous young connective tissue cells in the parenchyma of the serosa,

cells which toward the surface crowd together more closely, and are here

cast off. Beyond, they appear to be imbedded in a mucoid, clear basis-

substance, together with which they represent the layer of germinal

tissue in question. Both, cells and basis-substance, are to be regarded

as a genuine efflorescence of the serous membrane; they are the true

plastic exudation, not the fibrin, as was once falsely asserted.

. § 274. Concerning the external form of the young connective tissue

efflorescence, it is only to be observed, that from proximate causes

this for the present can attain no independent existence. From the

analogy with the appearance, in other places, of young layers of ger-

minal tissue, wre may indeed accept, that the form to which the efflor-

escence tends is that of a membrane with small tuberosities. But upon

the one hand, the continually repeated mechanical violence is in the

way of such a formation : upon the other, it is made impossible at

almost all places by the superimposed layer of fibrin. Hence the tissue

of granulation penetrates from below into all the interspaces of the

fibrin, grows around and through it layer by layer, and thus raises it

more rapidly to a considerable thickness than would otherwise have

been the case. But even in this most intimate permeation, in which

the fibrin plays the role of a supporting framework, we must yet deny

to this body all active participation in the acts of organization.

Vascularization follows in the footsteps of the formation of germinal

tissue. In a short time an extraordinarily rich capillary net permeates

the young pseudo-membrane. The new vessels are characterized by a

strikingly large calibre, and, as is so frequent in young vessels, by

delicacy of the walls. The afferent and efferent vessels of the serosa

are, on the contrary, narrower and less numerous. There consequently

results an arrangement, similar to the rete mirabile, where the blood-

pressure in a corresponding manner is increased by the interposition of

a broad bed for a stream between an afferent and efferent vessel. The
same result is also to be expected in this case ; and that in fact the

blood does, in the newly-formed vessels, stand under a far higher

pressure than in the vessels of the serosa, is proven by the numerous

extravasations which now ensue, partly in the interior of the pseudo-

membrane, partly at its surface, and which give it a reddish spotted
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appearance, a red color likewise to the free fluid. The vascularization

of the pseudo-membrane leads therefore foremost to a very critical

arrangement for the whole course of the case, an arrangement which

offers the most possible favorable chances, not alone for the continu-

ance of the exudative process, but also by the abundant conveyance

of nutritive material, favors in the highest degree the productive pro-

cesses in the pseudo-membrane. There is added, therefore, just at this

moment, the danger also of a too abundant cell-formation, the danger

of suppuration, to the patient. The physician observes the unfavorable

turn ; he says, the disease is becoming protracted, the resorption of the

exudation is stagnating, &c.

§ 275. Meanwhile, this danger of suppuration will occupy us further

on. Let us, in the next place, consider the course of the inflammation

when it remains true to the last to its original adhesive character. We
may reasonably ask, how, then, under the conditions described, it can

be possible that the exudation in general ever comes to a stand-still.

The cause lies, in the first place, in the transformation of the young

proliferation of germinal tissue into fibrous connective tissue. The

transformation, as we stated more in detail in § 93, is constantly con-

nected with a certain shrinking, and this in turn leads to the oblitera-

tion of the great majority of the newly formed vessels, so that in regard

to vascularity the completed adhesions represent but a very small frac-

tion of the original vascular net. Upon the other hand, we must re-

member that the fibrin, which, being not only deposited upon the young

connective tissue, but also projects into it with numberless processes,

does not indeed organize, but yet contracts vigorously and from all

sides. The contraction begins immediately after the separation of the

clot, and if circumstances are otherwise favorable—and where could

they be more favorable than just here?—advances constantly until it

has either attained the smallest possible volume, or until a further meta-

morphosis robs the fibrin of its most characteristic peculiarity. Is it

to be expected that this contraction of the fibrin should not act com-

pressive upon the covered and inclosed tissue of granulation and its

vessels, and thereby put a stop to the transudation? Enough, the

transudation finally ceases and gives way to resorption. The free

fibrin, which swims in the exudation in shreds and flakes, then at first

tends to a mucoid fatty metamorphosis; we find numberless fat-globules

in the soft, swelling substance, which may, moreover, also be derived

from a fatty metamorphosis of the cells which were contained. To the

naked eye this degenerating fibrin appears whitish opaque, and if the

resorption of the free fluid goes on with exceptional rapidity, a portion

of the fibrin, probably yet before its complete dissolution, dries up in

some recess of the serous sac, becomes cheesy, and remains for years

as a caseous substance. The rule certainly is, that before the disap-

pearance of the fluid, all the fibrin, as well the free as that which covers
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the connective tissue efflorescences of the walls, dissolves completely in

this fluid, in order, then, to be simultaneously resorbed with it into the

blood. The opposing layers of the serous sac approximate to each

other, they finally touch, and the products of the surfaces of both sides

fuse. The bridge is soon formed, upon which the vessels of the vis-

ceral and parietal layers anastomose with one another.

The final result are the known false ligaments between the pleura

pulmonalis and costalis, between the heart and pericardium, between

the individual abdominal viscera among each other and with the abdom-

inal walls. They have frequently been investigated in reference to

their histological qualities ; they bear upon their surface a single layer

of pavement epithelium, like the serous membranes themselves ; in

other respects, they consist of wavy connective tissue bundles, between

which run long extended, thin bloodvessels ; also nerve fibres of new

formation were once found in an adhesion (Virchow). What appears

to me the most important in the whole affair, is the circumstance that

here, where by the continual mutual friction of the surfaces, by the

continually recurring approximation and withdrawal of both the points

connected by the adhesion, the organization of the germinal tissue is

influenced, the ordinary cicatricial tissue, with its short, stretched, and

rigid fibres, does not form, but a connective tissue, which comes much

nearer to the normal type of loose connective tissue.

It therefore appears that the final result of the inflammatory organi-

zation depends very essentially upon the external conditions under

which it is accomplished, and that especially a repeated extension and

relaxation of the cicatrix must belong to it, in order to produce a genu-

ine loose connective tissue, instead of the rigid cicatricial tissue.

§ 276. The purulent inflammation. We distinguish a primary and

a secondary suppuration. In most of the inflammations of the abdo-

men, especially in those which are produced by perforation of the in-

testine, or by infection on the part of the female organs of generation

(puerperal fever), we have superabundant opportunity to study the

former. If the inflammation has but just arisen (so-called fulminant

peritonitis), we most distinctly convince ourselves that, like in the adhe-

sive form, so here also a stage of recent adhesion opens the series of

phenomena. In fact, the histological transformation of the recent

adhesive mass into pus appears just as easy as that into connective

tissue. The indifferent cell-forms present, are pus-corpuscles as soon

as they are suspended in a serous fluid, and therewith continue in their

luxuriant proliferation by division.

The formation into the so-called specific pus-corpuscles, i. e., young

cells with manifoldly divided nucleus, is entirely unessential ; mean-

while, it is likewise very frequently observed. This transition so pre-

sents itself to the naked eye, that the known reddish membranes and

membranous shreds become yellowish-white at their borders and melt
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off; finally, however, more instantaneously they dissolve into a puru-

lent fluid. I have been able to establish this more than once in arti-

ficial peritonitis ; at the same time, however, made the experience

that this stage of recent adhesion generally lasts but a very short time

in primary purulent inflammations, and very soon gives way to the

most essential phenomenon of purulent inflammations, viz., purulent

exudation.

The question herewith is foremost about an exudation in the most

proper sense of the word. From the dilated vessels numberless color-

less cells migrate and then infiltrate the connective tissue, in order

thereafter—as I for the time being yet accept for explaining the fre-

quently enormous masses of pus—to multiply by division. As we see

in Fig. 106, a vertical section through the serous covering of the uterus,

Fig. 106.

© <&

Purulent inflammation upon the serosa of the uterus, a. Serosa infiltrated with colorless blood-cor-

puscles. 6. Surface secreting pus corpuscles, c. Muscular structure. 1-500.

all the interspaces between the somewhat thicker layers of fibres are

literally filled with cells. In the frequently occurring flask-shaped and

similar forms, we also see that these cells do not lie quiet, but are

engaged in amoeboid locomotion. To what point this locomotion is

directed, there can scarcely be a question ; upwards, towards the exte-

rior. We must imagine that a mighty exudative current of liquor

sanguinis passes through the membrane thus infiltrated. This also will,

by preference, move in the interstices of the fibres and carry with it

the cells existing here. in great quantities; afterward, when as a quies-

cent fluid it fills the serous cavity, it will hold them suspended as pus-

corpuscles. The exudation thus becomes purulent upon its way from

the bloodvessels to the free surface of the serosa ; thus we receive the

purulent exudation.
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In the beginning, as long as the separation of cells is yet limited,

the exudation is also yet clear and throws down gelatinous, translucent

flakes of fibrin in large amount; afterward, it is pure greenish-yellow,

thinly fluid pus. In post-mortem sections of cases of puerperal peri-

tonitis, we not infrequently find, in the upper regions of the abdominal

cavity, in the surroundings of the liver and stomach, yet the recent in-

flammatory adhesions; further downwards, around the kidneys and
between the mesenteric folds of the upper loops of the small intestine,

a tolerably clear exudation intermingled with flakes of fibrin, which

towards the true pelvis becomes purulent streaks ; in the true pelvis,

however, is completely purulent. The serosa appears to the unaided

eye, hypersemic, but in such wise, that the red of the vascular injection

is subdued by a milk-white shade, which overlays it like a veil. This

is derived from the purulent infiltration of the membrane.

§ 277. We must place by the side of primary purulent inflammation,

those cases where an adhesive inflammation passes over into the purulent.

We stated above, that this transition is anatomically prepared and

favored by the luxuriant vascularization of the young pseudo-membrane,

which, especially when a new injury acts upon the inflamed membrane,

furnishes the material for a yet more luxuriant production of cells, i. e.,

for suppuration. This unfortunate turn, as a rule makes itself known
to the physician by a violent chill and a hectic fever following there-

upon. The new formation of cells starts very suddenly—thus it

appears—into a more rapid movement. All cells, be they in the exu-

dation, in the pseudo-membrane, or in the serosa itself, participate

therein. The clear serum becomes cloudy. Large shreds of the

pseudo-membrane are loosened and detached from their resting-place,,

then to liquefy into pus ; bare places of the serosa themselves suffer

loss of substance. Such ulcers are not infrequent in the pleura over

the individual ribs, and penetrate into the subserous connective tissue,

more rarely to the periosteum or even to the bone, which is then ex-

posed and becomes necrotic. Apart from this event, however, the sup-

puration, even in the most violent inflammations, retains the character

of a surface-secretion. The suppurating serous membrane is not to be

compared to a destructive ulcer, but to a productive, granulating sur-

face of a wound. As the latter shuts itself out from the exterior, so

this soon shuts itself off from the cavity of the serous sac by a rough-

ened membrane of young connective tissue, the pyogenic membrane of

authors. The same occurs, when a primary purulent inflammation dis-

poses to healing.

Meanwhile, frequently enormous quantities of pus have collected in

the serous sac ; and can we be surprised thereat, if we consider, how
large a quantity of pus is yielded even by small ulcers ; that here,

however, an ulcerative surface is present, which is not measured by
square lines, but by square feet ? It is not at all a rarity that by para-
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centesis, or at the post mortem, a half bucket of pus is emptied from

a pyothorax. The diaphragm is depressed, with it the liver or the

spleen, the intercostal spaces are effaced, the lung becomes smaller

than it could become by its own retraction, hence it is compressed and

hangs as a narrow strip of scarcely a hand's breadth, devoid of air

and of leather- like consistence, in the pus. Finally the pus, like that

of abscesses, seeks an outlet. If it is a pyothorax, as a rule, the

interspace between two of the lower ribs is chosen for the point of

rupture ; moreover, just at this period, medical skill is wont to inter-

fere, interrupts the natural, but somewhat slow course of the phenomena,

and decides by the trochar the point of outlet.

§ 278. As to the further course

—

i. e., the gradual healing of the con-

dition—we can apply our experiences of the second intention, with the

restriction, that here, corresponding to the colossal ulcerating surface,

the cicatricial formation also ensues in colossal dimensions. There

occurs the known sequence of germinal tissue, spindle-cell tissue, and

the stretched, short-fibred cicatricial tissue ; the second proceeds from

the first, the third from the second, as has been described more in detail

in § 93, et seq. The cicatricial tissue does not appear in insignificant

quantity, but it forms a shining white induration from one-half to three

lines thick, which clothes the serous membrane and covers the contiguous

organs. The mechanical effects of cicatricial contraction, which obtain

here as well as in every cicatricial formation, are frequently immense.

One can very distinctly see in this instance, how nature accomplishes

mighty events by the simple addition of small, uniform effects. Yet

in the healing of a pyothorax opened externally, the only question is

about nothing less than the resistance which the arch of the bony

framework of the chest opposes to a complete retraction inwards, there-

fore, to that change of form, contrary to which it is the purpose of its

existence to contend. It has most erroneously been supposed, that

the induration spoken of could lend a helping hand towards again dis-

tending the compressed lung. Experience, however, teaches, what

simple reflection must also teach, namely, that the lung must first be

directly and forever compressed by the induration. Sooner would the

other thoracic viscera, especially the heart, be drawn over as much as

possible, in order to fill the space which the compressed lung formerly

occupied. But the doctrine of Toricelli cannot be brought into

question at all. The stress lies upon the drawing together of these

contiguous organs. The indurated sac, into which the pleura was con-

verted, must and will contract, like as a urinary bladder contracts.

The force, however, with which this is accomplished, is so great, that not

only the soft, yielding thoracic organs must follow it, but that the ribs

also are drawn downwards and together, until they have the form of a

steep roof and are curved inwards; the vertebral column is correspond-

ingly curved. Thereby the lumen of the serous cavity also disappears
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more and more; but few drops of pus are yet evacuated through the

fistula; finally obliteration, and complete healing take place.

b. Non-inflammatory New Formations.

§ 279. Were I at this place to mention every occurrence of cancer,

sarcoma, chondroma, lipoma. &c, in serous membranes, I would not

only have to repeat the collective pathological new formations, but also

have to anticipate a good portion of the diseases of the intestines, the

lungs, liver, &c; namely, to the heteroplastic new formations, which

have their point of departure and seat in the parenchymas of those

organs, the serous membrane behaves quite like the adjacent connective

tissue, and in this peculiarity takes part in the new formations. In

the face of this, I will here only speak of such new formations as are

diseases of the serous membranes, proceed from them, and run their

essential course within their parenchyma.

§ 280. In the first place a hyperplastic development of connective tissue

is to be mentioned, which comes to pass in continued dropsical effusions,

in the walls of the serous sac. As a rule a milky cloudiness is the first

that we see. This is derived partly from a moderate increase of thick-

ness of the serous membrane, chiefly, however, from a different consti-

tution of its fibres. Virchow has introduced the name of sclerosis for

that condition of the connective tissue fibres, where they have in-

creased it is true but little in circumference, but so much the more in

contents, i. e., in solid substance. Fibres of this kind are more rigid,

less capable of swelling out
;
particularly less accessible to chemical

reagents than the normal, and are far more refractive. To the latter'

circumstance, the sclerotic places of serous membranes owe the milk-

white color. Just as many doubts prevail concerning the nature of

sclerosis, as concerning the position of the process in whose company

it originates. There the question is, whether its purport is a simple or

an inflammatory transudation: here, whether a simple or an inflamma-

tory hyperplasia. Now according to my opinion, we must distinguish as

strictly as possible between active and passive hyperemia, and accord-

ingly seek the point of departure of the disease either in an inflamma-

tion, or in a static anomaly of the circulation. We will also generally

be successful in this. We must, however, acknowledge, that a static

hyperemia predisposes just as well to inflammation, as conversely also

in every inflammatory hyperemia, a static element is developed in the

actual partial dilatation of the bloodvessels. Hence both of the phe-

nomena frequently go hand in hand and mingle in such manner with

each other, that it is afterwards uncommonly difficult to say, what be-

longs to the one and what to the other. Instinct and custom play a

great part. As a rule we regard the dropsy of the pleural cavity in

cardiac diseases as a purely static transudation, while we put down the
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dropsy of the tunica vaginalis propria testis, hydrocele, as a prototype

of inflammatory dropsy. Between them, dropsy of the pericardium

and of the abdomen stand nearest to hyclrothorax ; dropsy of the ven-

tricles of the brain to hydrocele ; dropsies of the bursse, sheaths of

tendons and joints, form the disputed border-land. That which is am-

biguous and discretionary of this entire doctrine depends upon the

want of useful, distinctive criteria for the point, where we shall begin

to call the transudation upon the one side, and the new formation upon

the other, inflammatory. Julius Vogel has wished to take the amount

of spontaneously coagulating albuminous bodies in the transudation as

characteristic of inflammation (Hydrops fibrinosus = inflammatorius).

But we now know, that also the transudation, certainly not inflamma-

tory, which collects during the death agony in the pericardium, con-

tains fibrinogenous substance. Touching, however, the new formation,

which indeed at present especially interests us, it has been desired to

set it up as the inflammatory element, par excellence, a procedure, which

appears to have found so much accordance and hearing, only because

by one blow it relieves us of all further scruples concerning the doubtful

determination of the limits between hypertrophy and inflammation.

Now according to my judgment, there is generally no sharply defined

limit between these two things. Inflammation is a caricature of normal

nutrition, and hypertrophy is only a lesser grade of the same distortion.

It naturally cannot be my intention to withdraw from further discussion

by a sounding phrase. I rather readily confess, that I by no means

feel myself mature to pronounce finally concerning this point; I was only

concerned to justify myself, when I simply designate the things which

are to be described here, as hyperplastic, without finding in their form

a prejudice for their cause and origin.

§ 281. The above-described milky cloudiness especially strikes us

where it affects the serous covering of an organ of dark color; thus,

especially, the capsules of the spleen and liver, and the visceral peri-

cardium (tendinous spots of the heart). Were the brain not of a whitish

color, without doubt the sclerosis of the ependyma in chronic hydroceph-

alus would likewise present itself as a milky cloudiness. Sclerosis, as

was said, is only the lowest grade of hyperplasia of connective tissue,

of which it has not yet been decided, whether therein, there has in

general taken place a new formation, or whether there is only a strength-

ening of the old connective tissue through intussusception.* Besides

sclerosis, however, we know an entire series of very different prolif-

erations of connective tissue, which are collectively characterized by

their more circumscribed appearance. The formation of sharply de-

fined, flat elevations of cartilaginous texture stands nearest to sclerosis.

These are most frequently found upon the capsule of the spleen, where

they are of jagged contour, and yellowish-white translucent color, and

[* Molecular addition.]
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may attain the height of a half or entire line. They are wont to be

circularly round, lentil-shaped, and of greater transparency upon the

pleura, while upon the thickened tunica vaginalis propria testis, they

are characterized by their often very considerable circumference and

hardness. The fibromatous are allied to the cartilaginous eminences,

Avhich in their histological organization are most similar to the corneal

cartilage. The former are above all characterized by their tendency to

polypous development. Likewise in the dropsical tunica propria testis,

but also in the peritoneal sac, we occasionally find/ree fibrous bodies,

of the size of a cherry up to a hazel-nut, of round or roundish form,

and concentrically stratified structure, which are nothing but the severed

heads of polypous excrescences of this kind, of the walls. Of the softer

dendritic vegetations, occurring less frequently upon serous membranes

than upon synovial membranes, Rokitansky gives the following descrip-

tion :
" They originally arise as a hyaline, club-shaped vesicle (a tuber

of germinal tissue of the smallest size, Rindfleisch), which expands

into a dendritic structure, and produces in its interior connective tissue.

The clubbed ends of the branches and twigs commonly undergo a flat-

tening to lenticular or melon-seed-shaped corpuscles, at times also re-

ceive manifold facets. Sometimes the primitive club grows into a

bag-shaped cyst, filled out with serum or an oedematous fibrous mesh-

work." We might term this condition a pendulous myxoma. But in

fact it forms the transition to a complete liquefaction of the interior of

the club, a pediculated softening cyst. The latter are found, by far,

most frequently upon the peritoneum, and here again upon the serous

covering of the female sexual organs, upon the broad ligaments, the

ovaries and tubes.

§ 282. Lipoma arborescens (Miiller) is a special peculiarity of serous

and synovial membranes. How very analogous the central growth of

lipoma in general is to the dendritic growth, has already been amply

discussed by me in § 133. Lipoma arborescens might be regarded by

us as unfolded lipoma tuberosum, if we did not prefer to see in it

simply a hyperplastic development of the known villous and polypous

fatty appendices of serous and synovial membranes, the appendices

epiploicse, glandulse Haversians, &c.

§ 283. For the heteroplastic tumors (sarcoma, tubercle, cancer), which

are found partly protopathic,* partly deuteropathic,* upon serous mem-
branes, the question proper is only one of special histological interest;

the question as to the origin of the embryonal tissue, which, as we
know, forms the foundation for all. Namely, all these new formations

strikingly distinguish themselves, when they actually originate upon

the serosa, and have not broken through from an adjacent organ, per

[* Of primary and secondary formation.]

18
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contiguum, into the serous sac, by their entirely superficial seat. Scirrhus

appears as a "soft mass, poured out uniformly upon the serous mem-
brane " (Rokitansky) ; medullary cancer the same, or as a roundish,

flat elevation
;
gelatinous cancer " in the form of knobs, which at times

grow to an astonishing volume, and vegetate almost free in the serous

cavity, i. e., confined to the scanty, inconsiderable vascular adhesions;"

s:u*coma fuso-cellulare as a fungous vegetation. Miliary tubercle, finally,

is apt to figure as a miliary gray vesicle. The most of these tumors

may be scraped off from the serosa with a knife, whereupon the latter

remains somewhat rough indeed, but yet without any considerable loss,

of substance. There has evidently but exceedingly little of the con-

nective tissue of the healthy serosa been taken up in behalf of the new

formation, and in the tumors of serous membranes we have just the

most possibly pure representation of their essential textural relations.

And whence is this superficial situation derived ? It is derived from

the fact that these tumors collectively, at least primarily, arise from

the epithelium of serous membranes. Nothing, indeed, prevents them

from afterward penetrating deeper, not only from the surface of the

serosa into the parenchyma, but also through the parenchyma into ad-

jacent organs. Wherever there is connective tissue, the road is open

to them. But we must also not forget, that the serous epithelial cells

are connective tissue cells.

§ 284. One example will suffice to give us an idea of this exceedingly

peculiar mode of origin. I make choice of that of miliary tubercle in

the omentum. Fig. 107 shows us a very small, not yet fully grown

nodule, by a low power (100). It is at-

tached as a globular, cellular structure

to nine delicate connective tissue fibrils,

which run from its periphery radiating

to the larger, partly vascular trabeculse,

of a larger meshwork. Let us now ex-

amine one of the nine points of connec-

tion of the connective tissue fibrils with

the nodule under a higher power (800).

Here, at the border of the new forma-

tion, we must surely, provided the nodule

were yet engaged in growing, find phe-

nomena which elucidate the detail of its

We find what I render in Fig.origin.

108 by a copy. The nodule grows by a

proliferation of the epithelia. The homo-

Miiiary tubercle of the omentum. geneous lamella has been elevated upon
i-ioo. Mch.

Qne g
.^e o£ t jie connective tissue fibril,

thrown off upon the other, and instead of the nucleated protoplasm we

Fig. 107.
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see smaller and larger groups of young cells, which have manifestly

been produced from those by division. The substance

of the fibril itself is intact up to the nodule. Here

the fibril vanishes ; will, however, probably be con-

nected retiform with the other eight fibrils in the in-

terior of the nodule, in the same manner as it was

before the tubercle formation. It evidently takes no

part in the proliferation itself, and we have as yet

the right to regard the whole new formation as a pro-

duct of the serous epithelia. If at a later period the

thicker connective tissue trabecule (Fig. 107, a) have

been reached by growth at the periphery, then will

also non-epithelial connective tissue cells contribute

their mite to the enlargement, by apposition, of our

nodules. The considerable volume, however, which

the nodule must already have, ere this can happen,

shows at the same time how far also the means of tiAercie^SSira^
pnif-Viplinl o-rmvth roq^b tion of the serous epi-
epiuieiiai gio\\ in leacn. theiium. i-soo. Men.



IV. ANOMALIES OF THE SKIN.

§ 285. For the study of the histological processes, by which the

numerous affections of the skin are accompanied, it is very advan-

tageous to divide the organ into epidermis and papillary layer upon the

one side, the corium and subcutaneous connective tissue upon the other,

and to append to these subdivisions yet a third, which is concerned with

the anomalies of the glands of the skin and the hairs.* The papillary

layer, apart from its other physiological functions, is the matrix of

the epidermis. Both form a vegetative whole, and this correlation be-

comes especially prominent when in most of the diseases the question

is about disturbances of the vegetative relations. The glands also

have their proper diseases, as well as the hairs and nails. Herewith

it cannot and must not be denied, that we frequently meet with simul-

taneousness, homogeneity, and all sorts of transitions in the diseases

of the various constituents of the skin. No subdivisions in things be-

longing to natural history are of any absolute value ; it is for us to

make choice of such a one as best suits the actual relations. In

mucous membranes, for example, a disjunction of this sort of the struc-

tural constituents would be very injudicious.

I. Diseases of the Epidermis and the Papillary Layer.

a. Inflammation.

§ 286. The general covering of the body is as such exposed primarily

to all the injuries which the organism encounters from without; We
must, therefore, not be surprised that a long series of pathological con-

ditions of the skin owe their origin to external irritants. Herewith

violent actions happening but once, a shock and a blow are not to be

thought of; but those insignificant, it is true, but continuous or fre-

quently repeated irritations of the surface, such as are produced by

dirt, vermin and scratching, injuries from the weather, unsuitable

clothing, working among chemically or mechanically irritating ma-

terials.

* The nails will be treated of among the hornlike hyperplasias of the epidermis,

the keratoses, in the Appendix.
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These inconsiderable irritations are none the less strong enough to

affect the exceedingly sensitive papillary layer rich in vessels and

nerves, through the epidermis. The papillary layer answers by hyper-

emia and inflammation ; its anomalous condition is shared by the epi-

dermis, and thus we obtain a group of changes, which, at least prima-

rily, are confined to the papillary layer and the epidermis.

To this is added a second. It is known, that in infectious diseases,

after the general affection has arrived at a certain height, that an affec-

tion of some organ is apt to be superadded. We say, the disease local-

izes itself, and joined therewith is the obscure notion of the infectious

matter passing to the exterior. In fact, this disease-focus is very, com-

monly found in actual secretory organs. In small-pox, measles, and

scarlet fever, the skin is selected as the seat of the disease ; we are,

however, of the opinion, that also nettle-rash, erysipelas, certain forms

of herpes, and a large portion of chronic skin diseases depend upon the

localization of a general affection. Now, in all these cases, the ques-

tion is not, perhaps, about anomalies of secretion, as the humoro-

pathological notion might permit us to conjecture, but about hyperemia

and inflammation, and, indeed, these do not affect the whole skin, but

in the first place at least only the most superficial layers. The papillary

layer proves in a wonderful manner to be the part affected by preference,

also in these diseases of the skin from within, arising from the blood.

May Ave now here also, as in external irritations, appeal to the greater

sensitiveness of the papillary layer ? Scarcely, indeed. We must seek

the cause of the localization in other circumstances, and I cannot re-

frain, in this connection, from ascribing a peculiar influence to the

distribution of the vessels.

The vascular distribution in the papillary layer of the skin is known

from normal histology. (Fig. 109.) Each individual papilla has an

afferent and efferent capillary ; both pass into one another by a simple

loop, or—what is more common—they are connected with one another

by a larger number of vascular arches. All these vessels are strikingly

winding ; it is particularly striking, that the roots of the simple capil-

lary loops wind corkscrew fashion around one another, until they unite

at the apex of the papilla. The points of union or of curving are con-

stantly dilated. Everything indicates that a certain increase of the

pressure and retardation of the circulation must occur in the papillae of

the skin. The vascular apparatus of the larger papilloe, with more

than one terminal loop, may straightway be regarded as a rete mirab-

ile.* They are related to the vascular nets of the cutis as appendices.

* I have often convinced myself upon injected kidneys, that the Malpighian cor-

puscles also present themselves as a congeries of two or three vascular ramifications,

of which each completely resembles a papillary ramification. Are the Malpighian

corpuscles, in their origin, papillary excrescences in the fundus of the renal tubuli?

(Compare Henle, Handbook of Sys. Anatomy, Braunsweig, 1862. The viscera,

page 310, a, b, Fig. 237, 238.)
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like the branches of a stream, in which the water, with the same fall,

meets greater resistance. This arrangement may have its physiologi-

cal significance; it may be of great importance to the skin as a respira-

Fig. 109.

-<ZL
Vertical section through the skin of the lower lip, after Thiersch, a. Horny layer of epidermis,

which is continued into the hair-follicle as inner root-sheath. 6. Body of sebaceous gland, c. Sweat-
gland, d. Vascular branc^li. e. Papilla of root of hair.
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tory organ ; apart from that, however, it is to be ascribed to it, that all

occurring hyperemias of the skin attain a peculiar intensity, duration,'

and consequence, just in the papillary layer.

That which obtains of the papillary layer in general, obtains also

particularly of the somewhat smaller, it is true, but also the so much
denser crowded papillae in the circumference of the outlets of the hair-

follicles. (Fig. 109.) Here also, therefore, in hyperemias which affect

the entire integumentary organ, the dilatation of the capillaries, the re-

tardation of the blood current, and all the consequent results, will

become particularly prominent. In one word : the vascular arrange-

ments of the subepithelial connective tissue of the skin are so consti-

tuted, that thereby the more special localization of so many inflamma-

tions of the skin upon the epidermis and papillary layer can be brought

into connection.

§ 287. We designate the large group of these superficial inflamma-

tions of the skin as eruptions, exanthems. All exanthems begin with

a hyperemia of the papillary layer. This first betrays the condition

of irritation, and is the source of all the following immoderate and
anomalous nutritive processes. Already in the first stage, however,

the great multiplicity of the pathologico-anatomical pictures of disease

shows itself in glaring contrast to the monotony and simplicity of the

microscopic appearances. The greater part of collective dermatology

may be fitly regarded as pathologico-anatomical material. For what

prevents the anatomist, in the description and distinction of various

macroscopic forms, sizes, and positions, which the spots, pimples, ves-

icles, pustules, &c, present, from going just as far as the dermatologist?

Pathological histology, however, knows nothing of such a multiplicity
;

it exhibits here also, with what simple means nature advances to the

most different performances, and properly knows only two series of

changes, which, combined together, or even each for itself, compose the

various forms of exanthems. *We may term these elementary series

simply inflammatory and inflammatory hypertrophic, and by the second

group obtain, at the same time, a convenient transition to the simple

hypertrophies of the papillary layer, warts, &c. This division would

thus tolerably coincide with that according to the time in which the

disturbance runs through the various phases of its development, so that

we could designate the inflammatory processes at the same time as run-

ning a rapid course, or acute ; the inflammatory hypertrophic as running

a slow course, or chronic ; the non-inflammatory hypertrophic, however,

as those which, if left to themselves, seldom heal. Herewith, however,

we must at present constantly maintain, that this acute and chronic are

not equivalent to the chronic and acute of the dermatologists ; that the

question here is only about elementary forms, and that an affection,

which in dermatology would be termed a chronic exanthem, can very

well be composed of frequent repetitions of inflammatory processes run-
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ning a rapid course. It is better to avoid misunderstandings of this

sort from the commencement. Even at the risk of repetition, we will

take the fundamental forms of exanthematic inflammation as wide or

as narrow, as is the custom in pathology of the skin, and leave at the

pleasure of the reader the further-going simplification by abstractions,

as we indicate them.

§ 288. 1. The erythematous exanthem. Simple redness of the skin,

even the exuberant congestion of the capillaries of the skin with blood,

would scarcely furnish a subject for histological consideration, if the

lately made observations of R. Volkmann and Steudener (Centralblatt,

1868
7
36) upon erysipelas did not prove, that in this essentially ery-

thematous inflammation of the skin, a very diffuse migration of the

white blood-corpuscles takes place, as well in the cutis as in the subcuta-

neous cellular tissue, which certainly disappears again upon the second

or third day (by decay and conveyance away of the cells), but which

may always serve as a proof, how easily the redness of the skin ad-

vances to those higher grades of inflammation, as whose never-failing

first stage it figures in dermatopathology. We will further mention,-

that even transitoi-y reddening of the skin is apt not to be entirely

traceless. Commonly, a shedding of the outermost epidermic layer

follows afterward, be it in the form of scaling (desquamatio furfuracea),

or in the form of peeling (desquamatio membranacea). This phenom-

enon is explained only by the intimate relation in which the nutrition

of the epidermis stands to the processes in the papillary layer. Every

hyperemia involves a disturbance, a discontinuance of the nutrition of

the epidermis. The detail is not known. This much however appears

certain, that through this disturbance a separation of the epidermis

occurs in a badly nourished external, or a better nourished inner part.

This separation manifests itself in an actual, although imperfect cleav-

ing, let us say in a loosening of the epidermis between the horny and the

mucous layers, without exudation. If then it progresses in the further

growth of the epidermis to a shedding of the oldest parts, then a prem-

ature shedding also of the deeper, younger layers of the epidermis,

shows that these have prematurely died, and been separated from their

mother soil.

We distinguish diffuse and circumscribed reddening of the skin. Not

infrequently a primarily diffuse redness of the skin concentrates more

and more in the course of time upon one or more points of the surface

of the skin situated within its extent, and the more this occurs, so much

the more we may expect at this point an advance to the higher grades

of inflammation.

§ 289. 2. The papulous exanthem. We call the smaller inequalities

of the surface of the skin papules, which present themselves to the

finger feeling them as solid nodules seated upon the skin. The papule

arises, in that the inflammatory hypcrnemia, in a circumscribed region
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of the papillary layer, advances to exudation. The exudation is not

seated in the epidermis. This is drawn unchanged over the enlarged*

papilla; it is only tighter and more tense, since it has to cover a greater

surface. The exudation is seated in the papilla itself. The question

is about an abundant saturation of this with nutritive fluid, not with

cells, at least not in recent cases. That in the longer continuance

of the papule, especially in its eventual further development into a

pustule, productive processes are added, we Avill have to report further

below.

The individual papillae are considerably enlarged. It has been as-

serted, that they therewith experienced not so much an elongation and

thickening of their apex as a broadening of their base, so that a kind

of equalization of the level occurred within the infiltrated area. This

will be difficult to decide, as a direct investigation is as good as im-

practicable ; because,- the papular infiltration, like so many inflamma-

tory infiltrates of the connective tissue, vanishes immediately after, or

even during death. The elastic counter-pressure of the stretched epi-

dermis effects, that the exuded blood-fluid returns into the vessels as

soon as the slackening blood-pressure permits it. We find quite normal

places of the skin, where the'distinct exanthem but just stood. I mean,

however, that the sharply-defined, distinct prominence of the papule

above the surface of the skin points more to a tumefaction of the outer-

most slightly clubbed papillary apices. Moreover the papular formation

affects with peculiar frequency the mentioned ring of small and crowded

papillae at the neck of the hair follicles. The papule is then perforated

at its centre by a hair, circularly round and tolerably large. Hebra

presupposes, in this case, a small amount of exhaled fluid between the

mucosa and the horny layer of the epidermis. I found here, no fluid

in the epidermis, but do not wish to lay any great stress upon this

dissent.

Most of the papules are redder than the surrounding skin surface
;

a greater concentration of hyperemia upon this one point has even

brought about the advance to the formation of the papule ; but with

the exudation itself there arises also a force for the limitation of the

hypersemia; namely, because the exudation demands for itself the

space which the papilla affords, and drives out the blood which alone

is able to give way. Thus it happens that the papules are not always

redder than the surroundings, but often of the same color, not in-

frequently even paler.

The papular exanthem is most constantly found in measles.

§ 290. 3. The wheal-exanthem is in an anatomical relation very

closely allied to the papule. Wheals are flat and broad elevations of

the skin-surface, hard to the touch, as we best observe when we pass

the hand lightly over them. The smaller wheals, up to the size of a

lentil, are round ; the larger, often very large, arise by the confluence
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of the smaller, and are in that degree variously contoured. The
smaller wheals have the color of the surrounding skin ; rarely are they

intensely reddened. The larger, especially the higher they are, so much
the more does it seem as though the red of the wheal were pressed aside

and had concentrated upon a narrow border at the edge of the wheal,

while the wheal itself becomes paler and paler. Finally we have white

wheals with a red area. These are to be regarded as the highest stage

of development of the urticarial exanthem.

The wheal (pomphus) is an acute inflammatory oedema of the papil-

lary layer. The exudation is probably more thinly fluid, more of a

serous constitution than in the papule, and it may be in connection

with this, that just the eruption of wheals is of such an extraordinarily

fugitive nature, that it is easily increased by scratching, while without

it, it disappears rapidly and traceless. The place of the infiltration

has already been mentioned. In the higher grades of pomphosis, the

papillary layer is swelled out in such measure, that the blood-tract in

its interior is completely compressed ; the blood arriving there is de-

tained at the boundary of the inflamed parts, and here accumulates.

The red border around the white wheal indicates therefore a collateral

hyperemia, called forth by the impermeability of the capillary region

within the swollen place.

Pomphosis, as a transient oedema of the papillary layer, interferes

less deeply in the nutritive process of the skin than all the exanthems

;

it is never the forerunner of diseases of a higher grade; even scaling

is rarely apt to occur after it.

Of external irritants, stinging the skin with nettles, as well as stings

of insects, most readily call forth the urticarial exanthem ; of internal

irritants, the ingestion of certain articles of food (strawberries), and the

nettle fever.

291. 4. The vesicular exanthem. The papule and wheal show us

an exudation at the first station of the track from the capillaries of the

papillary layer to the surface of the skin ; they show it to us in the

connective tissue which immediately surrounds the vessels. The vesic-

ular eruption leads us a step further. The exudation exists in the

epidermis ; it has collected between the rete mucosum and the horny

layer ; the latter is raised up and arched outward, knoblike. The ex-

pressions, bulla and vesicula, which refer to this condition, denote only

a quantitative difference. We say bullas and vesicles; vesicles are of

the size of a millet-seed and smaller; that which is larger than a millet-

seed, is perhaps called a bulla.

Touching the origin of bullae, this in general depends upon a transu-

dation, pressing' upwards from the very much dilated vessels of the

papillary layer, and passing the rete mucosum of the epidermis, but is

retained by the horny layer. The cells of the latter, through their in-

timate apposition, partly also by the suture-like connection of their
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serrated surfaces, are so firmly united, that they form an entity, a

compact membrane impermeable to fluid, which is well suited to retain

and extend over even larger quantities of fluid. The behavior of the

rete mucosum is not the same in all cases. In very rapidly forming

blisters, for example, from burns, the soft cell-bodies which are seated

sod-like upon the surface of the papillary layer, are elongated in an

entirely mechanical manner by the force of the transuding current of

fluid and drawn out into fine threads (Biesiadetzki). If the transuda-

tion ensues less rapidly, as in herpes and erysipelas bullosum (Haight),

the lowermost cellular layer of the rete Malpighii remains unchanged,

while the cells in transition are partly elevated, partly, as the miner

says,—"dislocated." The transuding fluid swells out more promi-

nently at the apices of the papillae than in the depressions between

the papillae ; consequently, the cell-layers spoken of are lifted off from

the papillae, while they remain attached in the interpapillary furrows.

There arises a system of cell-trabeculae and cell-membranes, which are

more vertically erected in the space between the horny layer and the

papillary layer ; thus, indeed, that the largest among them rise up out

of the interpapillary clefts, in order, further outwards, to become finer

and finer. All these trabeculae are formed of nucleated transition-

cells, which are stretched and flattened by mechanical force; the finest

consist of individual cells, often drawn out into several processes. If

the transudation becomes more bulky, the trabeculae, large and small,

tear apart at the centre; one part remains upon the elevated horny

layer, the other is attached to the papillary layer.

Only the miliary vesicles show us the accumulation of fluid between

the plates of the horny layer (Haight), yet the intimate connection of

this exudation with the secretion of sweat, forbids us from directly

reckoning the miliaria with the vesicular exanthems.

The future changes of the vesicles are various. In the first place

we have the possibility that the vesicles will burst and pour out their

contents, or that they remain so long unchanged, until, with the decline

of the hyperaemia, a resorption of the exuded fluid into the blood be-

comes possible. The pressure of the elevated, recognized, elastic-

horny layer may contribute its share to this. That such a one is in

general to be taken into account, is evident from the occurrence of

vesicles with hyperaemic area. Here the vesicular contents exert so

strong a pressure upon the vessels below it, that the affluent blood is

prevented from flowing in, and stagnates at the limits of the vesicle.

Meanwhile a reunion of the once separated epidermic strata never

happens. Even when the horny layer has applied itself perfectly flat

and apparently all is as before, there will afterw.ards still occur a prem-

ature desiccation and shedding of these lamellae. In the meantime^

a new horny layer has formed from the rete Malpighii. This remains

thin for a long time and lets the vessels of the papillary layer shine
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through to such an extent, that yet after weeks a red spot delineates

the form and size of the previous vesicle. Concerning the histological

detail of this reparation, what places of the papillary layer are the

specially producing ones, how the stratification takes place, &c, normal

histology has to give information, but as yet owes us an answer.

We call this issue the "desiccation of the vesicle," and distinguish

therefrom a second, less favorable transformation, which, in short, is

termed the purulent. This, meanwhile, leads us to a new province.

The vesicular eruption is one of the most frequent ; it occurs from

external and internal irritations of the most various kind ; of the former

the best known are : heat, blistering plasters and fomentations, me-

chanical violence, scratching, and repeated pressure ; of the latter are

to be named: herpes, pemphigus, morbilli, &c.

§ 292. 5. The pustular exarithem. Pustule, purulent vesicle, is in

the language of dermatology a summary designation for every circum-

scribed collection of pus under the epidermis. The pustule is accordingly

a sharply defined, straw-colored elevation, and if we add that it is con-

stantly round, often with a central depression, umbilicated, and sur-

rounded by a red area, we will have pretty much exhausted the general

characteristics. Now, it is of course manifest, that purulent collections

of this kind may be produced in very different ways, and the value of

the definition just given is to be estimated accordingly. We at this

time set aside those pustules which are caused by the formation of pus

in the deep layers of the skin (for example, around the hair follicles),

and will occupy ourselves entirely with those two forms, in which the

place of formation of the pus does not extend below the level of the

papillary layer.

a. As we have just pointed out, pustules may proceed from vesicles ;

this is the case in the skin diseases: eczema, impetigo, herpes, pemphi-

gus, and ecthyma. One can even with the naked eye establish the grad-

ual clouding of the vesicular contents, and be convinced by letting out

a drop of the fluid, that this is produced by the presence of cast-off epi-

thelial cells, as well as numerous pus-corpuscles. Afterwards the pus-

corpuscles exceed, and finally nothing prevents us from exactly desig-

nating the vesicular contents as a somewhat thinly fluid pus. If we

examine the skin in a section (Fig. Ill), we find the papillary layer

well preserved in its outlines, but penetrated with a great numb,er of

young cells, which accumulate at the apices of the papillae in such masses,

that an uninterrupted layer of such cells forms here the transition to the

lowest stratum of the rete Malpighii. The latter is yet easily recog^-

nized at the lateral parts of the papillae, and in the depressions between

them, if we make use of the yellowish color and the upright position

of its cylindrical cells as means of recognition. It is otherwise at the

summits of the papillae. Here all distinction between connective tissue

and epithelium ceases ; only by having recourse to separating them
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with the needle, can we say : this is the limit of the papillae, and here
4

the epidermis begins. For me there is no doubt, that just here is the

main source of the young cells, which we find in the vesicular contents.

The irritated papillary layer is in the condition of the most luxuriant

internal production ; the young cells migrating, push towards the sur-

face, and are here separated, before their complete formation into

epithelia, as germinal and pus cells. Herewith some probably press

through between the cells of the rete Malpighii ; the greater part emi-

grate out at the apices of the papillae, where the rete is broken through

;

and exactly the same relations exist between the thing secreting and

the thing secreted, as at a granulating wound-surface.

The whole is accordingly an acute purulent catarrh of the skin, and

if we add the previous vesicular formation, we may thus express our-

selves, that a primary serous catarrh had afterwards become a purulent

catarrh.*

The healing of this condition may ensue in various ways, according

to the treatment. If we allow things their course, by the desiccation

of the purulent vesicular contents a crust is apt soon to form, under

which the secretion gradually becomes slower, and finally ceases with

the production of a new epidermal covering. The crust has frequently

been regarded as a protective covering, under which, according to the

plan of nature, the new formation of the epidermis could proceed un-

disturbed. This, however, is just as convenient as incorrect. The scab

is an entirely desiccated, dead, organic substance, which is further de-

composed and decays, as soon as it finds moisture enough for this. If

we now reflect that the catarrhal papillary layer yields fluid enough to

develop this process of decay, and that in consequence of this, decay-

ing, and hence irritating matters are continually developed at the lower

surface of the scab turned to the papillary layer, we will soon come to

the opinion, approved also by medical experience, that on the contrary,

very peculiarly favorable circumstances, a very rapid decline of the

hyperaemia, a very complete desiccation, &c, must exist, for the catarrh

to heal under the scab. Reparation of the surface moreover follows

entirely in the same manner as in the desiccation of vesicles. I have,

indeed, observed, that just here in the new epidermis, with striking

frequency, concentrically stratified globules occur, the^ so-called pearly

nodules, but this is certainly only a transitory irregularity in the pro-

cesses of stratification.

§ 293. It is otherwise, when we are dealing with an exanthem, which

from other causes has no disposition to heal, when vesicles and pustules

only denote the acute setting-in of a chronic catarrh. There are, for

example, eczemas of the leg, which have their proper foundation not

* "We designate by the word catarrh, par excellence, the analogous conditions of

the mucous membranes. Hence, I will treat of the special histology of catarrh

under the anomalies of the mucous membranes.
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in an external irritation, but in a chronic disturbance of the circulation,

a venous hyperemia and phlebectasy. These give the most frequent

opportunities for observing chronic catarrh of the skin. Their phe-

nomena are dependent upon a continuance and further increase of the

hypersemia of the papillary layer. This, in the first place, and quite

directly, guarantees the continuance of secretion of the surface. Abun-

dant quantities of transudative fluid press to the surface ; the more

abundant, however, the secretion becomes, so much the more does it

lose the purulent character, as the production of pus-corpuscles does not

increase, while the transudation increases very considerably. Finally,

we obtain an almost clear fluid, rich in salines and albumen, whose

enormous quantity bids defiance to all bandages (salt rheum). In the

skin itself, the longer it continues so much the more there is developed

a condition, which we may directly designate as inflammatory hyper-

trophy. This also depends upon the hypergemia of the papillary layer;

in the first place, at least, they are always the papillae which thereby

experience an enlargement, in that they, as we see this in the growth

of granulations, use a part of the germinal tissue produced at their

apices for their own enlargement. Even with the naked eye we cannot

infrequently see small red buttons shoot up, which have quite the his-

tological characters of granulations, but are nothing else than the en-

larged—if you will, the degenerated—papillae of the skin themselves.*

§ 294. In the further course, the irritative condition of the surface

is apt to be communicated also to the deeper layers of the skin, the

cutis and the subcutaneous connective tissue, so that to the chronic

catarrh conditions are joined which are described in the second section

of this chapter as elephantiasis. It is difficult to establish what share

in this the catarrhal irritation of the surface, what share the predis-

posing cause of eczema itself, the disturbances of the circulation of the

blood and lymph have, in how far they are to be regarded as a reactive

hypertrophy, in how far as diseases for themselves; hence I will here

let fall the thread of the representation, in order to take it up again at

that place (elephantiasis).

Only about the efforts at healing and the actual healing of chronic

catarrh will I permit myself to go into the subject more minutely. As

* How nearly hyperplastic and heteroplastic development come together here!

Particularly will he, who has wished to be too exact in the conceptions, not only of

hyperplasia and heteroplasia, but also of inflammatory heteroplasia and the hetero-

plastic tumors, finally of simple and imflammatory hypertrophy, be better taught

just in diseases of the skin. "We should, and may serve ourselves with these desig-

nations, in order to become lucid concerning the existing conditions, but we must

not regard them as rigid formula;. All-accomplishing nature knows nothing of this

kind. In our case the formation of germinal tissue at the limits of the epidermis

and the connective tissue belongs, up to a certain degree, in the plan of develop-

ment of the skin ; the excess, however, immediately makes a granulation surface of

the surface of the skin.
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the catarrhal papillary layer was found to be not unlike a granulating,

wound-surface, so also its return to the normal state resembles healing

by second intention. The processes in the corium must of course be

regarded as the analogues of cicatricial formation in deeper parts, which,

as we will remember, plays so great a role in second intention (Fig.

39, c ; § 104). These present a wonderful union of two powers opposed

to each other, namely, formation of cicatricial tissue and increase of

volume instead of decrease. We will speak of this more specially in

elephantiasis. It is not to be doubted that these processes have their

reaction upon the condition of the surface ; upon vertical sections (Fig.

110) we very commonly find obliterated vessels, known by stripes of

Fig. 110.
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Vertical section through the skin after chronic eczema, a. Horny layer. 6. Mucous layer of epi-
dermis, c. Pigmented stratum of cylindrical cells, d. Papillary layer, e. Cutis pervaded by stripes

of pigment.

pigment, running obliquely to the surface of the cutis, and we may
accept that their obliteration limited the supply of blood to the papil-

lary layer. We would, howTever, go very far wrong, if, upon these

processes in the cutis, we place the same hopes for the healing of the

surface as in the second intention. On the contrary, here is a case in

which all depends upon the treatment to which the diseased part is sub-

jected. Astringent and desiccating means, before all a systematic com-

pression must here come to the aid of nature. Under these circum-

stances, the healing proceeds with a gradual diminution of the prolife-

rated papillary layer and with skinning over of the whole surface. The
papillae especially lose in volume, partly by the return of the infiltrated

fluid to the mass of the blood, partly by fatty degeneration and resorp-

tion of the numerous cellular elements ; basis-substance shows itself

between the cells. Of hairs, glands, and nerves, there is nothing any
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longer to be found; these evidently perished in the tumult of the new
formation, which proceeded from the connective tissue surrounding

them, yet nothing is known concerning the nature and the manner of

their destruction. The papillae finally become less elevated than nor-

mal, only that the boundary between connective tissue and epidermis,

presenting upon cross-sections a flat wavy line, reminds of their exist-

ence. (Fig. 110.)

The formation of epidermis at the surface, in contrast to a granu-

lating wound-surface, begins simultaneously at many points ; it pro-

ceeds just as well from within outward as from without inwards, and

what is probably connected therewith, that here everywhere there yet

exists a portion of the old rete Malpighii, which, without further change,

may pass over to the formation of a new horny layer. The horny layer,

however, for a long time yet remains very thin, and it is known how
easily a renewed pressure of transudative fluid splits the delicate mem-
brane and re-establishes the scarcely healed affection. We will yet

mention that in cases of permanent healing the deepest cell-layer of the

rete Malpighii betrays a striking tendency to pigmentary infiltration

(Fig. 110), which makes itself perceptible to the naked eye as a brown-

ish discoloration, or brown spots of the affected part of the skin.

§ 295. b. The second form of exanthematic pustules, the pock, is

indisputably the one among the efflorescences of the skin which pre-

sents the greatest histological interest. The pock is, up to a certain

time, a pus-vesicle, a pustule, yet upon the one hand, with this stage

the acme of the development has not yet been attained ; upon the other,

the way to this stage is so peculiar that the pock is thereby sufficiently

characterized as an exanthem for itself.

The pock arises as a papule upon a strongly hyperasmic base. This

proposition, which is found in all the books, is correct if we will call

every hard nodular elevation of the surface of the skin a papule. But

the pock-papule distinguishes itself very essentially, for example, from

the above described (morbilli)-papule. The pock-papule is a swelling,

which, for the greater part, at least, has its seat in and not under the

epidermis ; namely, the formation of pocks begins, apart from the

hyperemia of the papillary layer, with a circumscribed parenchymatous

inflammation of the epidermis. I use this expression with all due re-

striction. That peculiar clouding and swelling of the cells, which we

learned to know in §§ 36, 37, and which we here find again, has, in my
judgment, yet no established place in general pathology. The circum-

stance that upon the SAvelling fatty degeneration just as often follows

as does endogenous cell-formation, makes it doubtful whether we should

regard it as a progressive or retrogressive cell-metamorphosis. In our

case the question is decidedly about the inception of a productive, there-

fore probably correctly named, inflammatory process.

The swelling affects neither the innermost, nor the outermost cell-
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layer of the epidermis; it affects the central layer,, which we above des-

ignated as transition-cells and have reckoned with the rete mucosum'.

These cells are no longer naked, as those smaller elements seated

immediately upon the papillary layer; they have a membrane, which

is here and there characterized by the elegant serration of the surface

discovered by M. Schultze. The membrane renders them unable to

answer to the inflammatory irritant simply by division ; the division

must present itself as an endogenous cell-formation ; the first stage,

however, of the endogeneous cell-formation is just that cloudy swelling,

which follows after the segmentation of the enlarged protoplasm and

the conversion of the segment-globules into pus-corpuscles. (Compare

herewith the representation of the subject in the General Part, § 68,

Fig. 30.)

§ 296. The individual pock is constantly round ; only by the con-

fluence of adjacent papules do more complicated- forms arise. As the

cause of this peculiarity, there can be demonstrated upon many pocks,

the concentric arrangement around the outlet of a hair-follicle or a

sweat-gland. We can distinguish these pocks from the others with the

naked eye. We recognize them by an exactly central depression of

the surface, the so-called umbilicus. As is known, the epidermis is not

only continued into the hair-follicle by its rete Malpighii, but also by

its horny layer. If now the swelling spoken of, but especially that

directly to be mentioned, the more extensive serous saturation of the

rete Malpighii in the surroundings of the follicular outlets, interfere,

then the horny layer of the epidermis of the hair-follicle (the inner

root-sheath) will behave towards this enlargement like a central check,

which restrains the centre of the pock from elevating itself even as

high as the periphery. The epithelium which lines the excretory ducts

of the sweat-glands is less tenacious than the inner root-sheath. It

owes its greater coherence probably to its peculiar stratification, which

cut vertically or obliquely the plane of the strata of the epidermis.

However, the nearest surrounding of the excretory ducts remains un-

molested. At all events I have numerous preparations, in which the

excretory duct of the sweat-gland presents itself with its surroundings

as the "check" of a pock-papule. (Fig. Ill, a.)*

§ 297. The next following stage of development can be termed the

conversion of the papule into the pustule. This is in all cases intro-

duced by a serous infiltration of the epidermis. A clear fluid presses

forward from the papillary layer, elevates the horny layer of the epi-

* Auspitz and Basch (Virchow's Archives, xxviii) demonstrate the production of

the umbilicus in a manner not very plausible to me : " While the swelling of the cells

continually extends outwardly, and thus the volume of the whole efflorescence con-

stantly increases, as a rule there is in the beginning a but slowly forming pus

inclosed by these peripherally collected swollen cells, as in a capsule, which gradu-

ally enlarges; without that, the formation of pus at the centre, can in every case

keep pace with this increase of space."

19
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dermis, but not as in the production of blisters of the mucous layer,
but it forces its way in between the lamellae of the epidermis, forces
them apart, and displaces them in such measure, that they pass from
a horizontal position into one oblique or vertical (Fig. Ill, b). The

A
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shaving, off only the horny layer, obtain that clear lymph, which plays

so important a role in transferring the cow-pock.

§ 298. The formation of pus begins thereafter in the deeper layers

of the epidermis. It here first of all enters at the place of the paren-

chymatous inflammation. From each of the swollen cells there pro-

ceeds a host of pus-corpuscles, and soon the compartments of the hood

of the pock are filled with a yellowish cloudy purulent fluid instead of

with clear lymph. With this purely epithelial production of pus, the

process may go no further. The pus dries up, and yet ere the pock

has fallen off, under it has been formed a new epithelial covering for

the cutis.

Commonly, however, to the epithelial suppuration there is super-

added a suppuration on the part of the papillary layer. Here two

cases are possible. We can distinguish a catarrhal and a diphtheritic

formation of pus. In regard to the catarrhal form, I will content

myself by referring to § 292 and Fig. 111. The suppuration here is

a secretion of the surface ; the papillary layer remains intact, and in

the healing covers itself with an epithelial covering, which for some

time only is distinguished from the normal by its greater delicacy.

This pock heals without leaving a scar behind. It is a far slighter

affection than the destructive pock, not only according to its anatomical,

but also according to its clinical course. In the destructive pock, the

production of pus on the part of the papillary layer is no secretion but

a melting down of its own substance, and hence followed by a loss of

substance, by the formation of ulcer and cicatrix. Barensprung has

very well described the macroscopic relations of the diphtheritic pock in

the following words :
" In the second stage (of the pock-formation), it

comes to exudation, which appears wherever hitherto only hyperemia

has been perceptible ; the formerly vividly red spots of the corium now
appear white down into the subcutaneous cellular tissue, saturated with

a soft exudative mass, and only yet bounded at the edge by a red

border; the papillae also are decolored." " In the third stage the vesi-

cles are converted into pustules. If we examine the pocks now, we
are convinced that the entire previously infiltrated part of the corium

with its papillas is destroyed by suppuration. The pocks have a half-

globular, arched form, and beside pus also contain shreds of the dead

tissues. In a fourth stage, finally, the summit of the pustule has burst,

the contents have flowed out, and in its stead, small open ulcers exist,

which heal, leaving behind the known, net-formed cicatrices."

Microscopic investigation furnishes to this conclusive and lucid

description, a very simple commentary, elucidating the affair in every

respect. The exudation of Barensprung is not a formless something

;

it is no coagulated albumen or fibrin, but it consists of cells, pus-cor-

puscles. We are reminded, that in the catarrhal suppuration also, the

papillary body is pervaded richly with young cells, which partly
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migrate and are separated. This infiltration now becomes excessive

;

the cellular elements accumulate in the interior in such enormous

amounts, that they not only hide from view everything else, connective

tissue fibres, vessels, nerves, but also compress them and cause them to

atrophy. The access of the blood is prevented, hence the pallor of the

infiltrated part. The annexed engraving (Fig. 112) gives of this, a

^^^J
Diphtheritic pock. a. The normal and well-injected skin of surrounding parts. Further description

in text. 1-50.

good representation. The vessels are injected with carmine glue.

Where the blood could not penetrate, the injection could also not pene-

trate ; consequently, we here see to the right and left of the pock

[a \) the capillary loops of the papillae completely filled, while the pock

itself has remained free. It is as though a half circular piece of the

cutis with the papillae belonging to it, were cut out of the capillary net.

This whole piece is infiltrated with pus-corpuscles in the manner spoken

of, and may be regarded as dead ; only the question yet is, how long

the connective tissue fibres and the obliterated vessels which are in it,

and which bring about the connection with surrounding parts, how long

these resist dissolution. In older individuals they are wont to main-

tain themselves longer than in the younger. In the former case, a

close and imperfectly separable scab forms upon the cutis ; in other

cases, the infiltrated piece soon melts down into pus, which by drying

furnishes a scab ; in both cases, however, there remains behind a super-

ficial deficiency of the cutis, an ulcer, which heals by second intention

and leaves behind a lasting scar.

§ 299. 6. The squamous exanthem. I have upon more than one

occasion pointed to the difficulties attendant upon the separation from

each other of the ideas, inflammation and hypertrophy, as etiological

categories of the pathological new formation. The squamous exanthem

without doubt takes its origin in a chronic inflammation of circum-

scribed spots of skin. These are reddened, slightly swollen and endowed

with the other attributes of an inflammatory hypeneinia ; as the conse-

quence of this hyperemia, however, there appears not an exudation in

or under the epidermis, but only a more abundant formation of other-

wise normal epidermal cells. This primarily presents itself as an in-
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creased scaling off of indurated cells, the so-called epidermis-scales, from

the hypergemic, slightly elevated parts of skin (squamse, desquamatio,

squamous exanthem). Soon, however, the separation becomes more

abundant, and there are formed white heaps, from the size of a millet-

seed to a lentil, also disc-formed plates, which consist of scales heaped

on each other, and are moderately firmly attached to their foundation.

(Psoriasis.) The question, why in the increasing disease, instead of a

simple separation of epidermis-cells, a heaping up of these occurs, path-

ological histolog}^ explains as follows: the more luxuriant the cell-

formation at the surface of the inflamed cutis becomes, so much the more
incomplete is the formation of the individual cells. The average height

of development which is attained under these circumstances, is that

of transition cells between the cylindrical elements of the rete mucosum
and the lowest cells of the horny layer. Hence, that systematic hard-

ening ceases, which we call becoming horny, and in its place occurs the

simple desiccation of the yet soft protoplasm. In this desiccation the

cells naturally agglutinate, and, as we see, thereby preserve a longer,

although purely mechanical connection with the surface of the body.

The white, often silvery white color of the psoriasis-scales arises from

the combination of the desiccation of those cells with a simultaneous

entrance of air into the interior of the whole heap, whereby this more-

over receives a peculiarly spongy, porous feel. If we remove the scaly

heap, which, as a rule, is possible without exerting much force, we find

the papillary layer under it almost bare. The epithelial layer which

covers it is so thin, that they come off even by the lightest touch, and
a slight bleeding may be produced ; but the epithelial layer is neverthe-

less yet present in full continuity; there is absolutely nothing to be

found of an exudation. Everything considered, our judgment concern-

ing the nature of the squamous exanthem can only go so far, that here

upon a decidedly inflammatory basis a new formation is progressing,

which indeed presents a very considerable quantitative, but—apart from

the non-completion of the horny process—no qualitative excess of the

normal formation of epidermis. The squamous exanthem is an inflam-

matory hyperplasia, and forms consequently the transition to the follow-

ing section.

b. Hypertrophy.

§ 300. All that was said above (§ 83) concerning the physiological

growth of the epithelium and the participation of the sub-epithelial con-

nective tissue in it, can without change be applied to the epidermis and
the papillary layer. The papillary layer furnishes the epidermis with

young cells ; these aggregate at the rete Malpighii, and gradually grow
into epidermis-cells. A morbidly increased activity of this process is

the common basis for a great number of hypertrophic conditions, which
we have to consider in the sequence. I say "a great number," and seek
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the ground of this multiplicity of the pictures of the disease in the cir-

cumstance, that the embryonal formative cell, which becomes the epithe-

lial cell, is before its migration out of the connective tissue a homolo-

gous constituent of the latter, and may serve just as well for the enlarge-

ment of the papillary layer when it is produced in an abnormal quantity.

The same process which afterward furnishes epithelial cells, if inter-

rupted at an earlier stage, must yield connective tissue. Hence, if I

have united in one and the same chapter, the hyperplasias of the epi-

dermis and the papillary layer, this was done not alone because they are

in fact almost always found^ together, but because this relationship is

declared by the unity of the fundamental process underlying them.

We place those forms at the top, in which the epidermis alone, at the

end those in which the papillary layer alone is concerned, and arrange

the medium forms accordingly as the one or the other predominates, or

both are equally present.

§ 301. The induration (callositas) is a circumscribed thickening of

the horny layer of the epidermis. It accordingly forms a fiat elevation

of the surface, gently sloping towards all sides, of horn-like translucent

constitution. The consistency is dependent upon the degree of moisture

at the time, and varies from elastic flexibility up to hornlike brittleness.

The microscopic structure characterizes itself from the normal horny

layer only by the number of layers of flattened horny epidermis-cells

superimposed above one another.

If we ascribe to the epidermis the function of protecting the surface

of the body as a covering, fine indeed, but yet very capable of resistance

towards external actions, then as a logical consequence we may receive

the induration as a functional hypertrophy—similar to the hypertrophy

from work of muscles. For experience teaches, that indurations ex-

clusively form at such places where the surface of the skin is exposed

to a frequently repeated strong pressure, in the hollow of the hand and

the sole of the foot. The circumstance, that these regions are already

provided by nature with a very much thicker horny layer, would then

have to be placed to the account of natural design. The idea is more

simple, that by the outer pressure a hyperemia of the papillary layer

has occurred, and from this a more vigorous nutrition of the epidermis,

an idea moreover which would not be opposed to the one first mentioned,

but explanatory.

§ 302. The com (clavus) is a modified induration. Here as there, a

hyperplasia of the horny layer is the essential part of the anatomical

condition ; here as there, external pressure is the inducing cause of the

hyperplasia. Another, however, is, whether the point, at which the

forces acting against each other are cancelled, falls exactly at the place

of contact of the parts pressing and pressed, or whether it falls within

the part itself pressed ; in other words, whether the part pressed can
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move or not. In the former case there is formed an induration, in the

latter a corn.

In Fig. 113 there is represented under -twenty diameters a vertical

section through a corn. Here also we have a slight swelling of the sur-

face ; it is, however, much smaller, and directed more upon one point

than in the induration. At all events the swelling, which the under

Fig. 113.

Clavus (corn) in section. After Simon. At a, the depression of papillary layer under the pressure
of the central parts of the induration. 1-20.

surface of the thickened horny layer presents just at this point (a), is

more important. This forms a blunt cone, which is directed vertically

towards the cutis, and has apparently penetrated into it for some dis-

tance. The collective elevations of the papillary layer have already

been levelled by this extending pressure, the skin itself begins to at-

tenuate, and the cases are not infrequent, where in fact the cutis is

completely perforated. If we consider the epidermis itself, where the

clavus is thickest, it presents to us a striking displacement of the planes

of the layers; namely, corresponding and perfectly parallel to the

curve of the cone mentioned, projecting against the cutis, the collective'

layers of the epidermis arranged over them are also curved inwards, so>

that the central part of the induration contrasts itself to the surround-

ings as something peculiar. This curve inwards is also produced by the'

outer pressure ; the outer pressure has, therefore, in a certain measure'

prepared for itself an instrument from the materials of the epidermis,-

with which it operates against the deeper parts of the skin.

§ 303. A group, not indeed frequent, but so much the more interest-

ing, of thickenings of the horny layer are presented by the keratoses

(Lebert). Quite monstrous accumulations of horny substances are ren-

dered possible in the keratoses, by the stratification of the horny epi-

dermis-cells ensuing according to another than the normal law of strati-

fication.

It is known that under normal circumstances the plane of the strata

of the corneous epidermis-cells is parallel to the surface of the body as

a whole, and that herewith the more minute arrangement of the integ-
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umentary surface by the papillary layer is disregarded. Only the

lowest cell-layer of the rete Malpighii consistently follows every eleva-

tion and depression, and considered in itself would present a perfect

mould of the papillary layer. Between it and the horny layer, the

thick cushion of the transition cells mediates, which, as an unstratified,

and in this respect an indifferent material, fills out all the inequalities

of the substratum, and makes possible the transition to the horizontal

plane of the strata. These cells are wanting in the keratoses, or are
'

yet present only in very small amount. I believe they indurate too

rapidly, and regard a "too rapid" induration as the essential physio-

logical foundation of the whole disturbance. With the transition cells,

however, the transition also from the one plane of the strata to the

other is lost; the horny layer of the epidermis must thereafter follow

all the elevations and depressions which the papillary layer presents,

just as the rete Malpighii does. Consequently, every layer of indurated

cells extends into the layer situated next above it with just such pro-

jections as the one situated next below into it, and as finally the papil-

lary layer projects into the lowest stratum of the horny layer. All are

inseparably united with each other, and hence it comes that all the

horn which is formed remains attached; thus those extraordinary thick-

enings of the horny layer by which the keratoses are characterized

become possible.

§ bO-1. According to Lebert's precedence we distinguish a diffuse and

a circumscribed form of keratosis. In the former we deal with the

formation of flat, indurated crusts, which often cover the skin for a

great extent. They not infrequently resemble flat scales, hence the

name ichthyosis; at times, however, they are more prominent tubers, or

prismatic cones, and bring into view in this form their intimate rela-

tion to the circumscribed keratosis, the cornu humanum. It is perfectly

certain that in fact these crusts, in their principal mass, consist of in-

durated epidermis-cells; when, therefore, some authors state, in unrav-

elling macerated crusts, to have isolated fibres and lamellse, these fibres

and lamellae were likewise formed of epidermis-cells. Their being found

explains itself by what follows.

If we break through an ichthyotic crust, we observe upon the. broken

surface a vertical striation; here and there probably also it is as though

rio-id fibres were loosened. By a suitable maceration with weak alka-

line solution and subsequent very careful manipulation with needles,

shaking, &c, we at times succeed in breaking up the whole crust into

prismatic bodies—if you will, into short and thick fibres—from the

top down. Each of these fibres then consists of a certain number of

lamellae of horn concentrically stratified around the axis, which may be

counted upon a cross section like the rings of a tree. In the axis itself,

in the outer two-thirds of the pseudo-fibre, we find nothing; in the inner

third either nothing likewise, or a small cavity, which had been occu-
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pied by a more or less elongated papilla of the skin. From this it fol-

lows that the papillae of the skin furnish the determining force for the'

peculiar stratification of the lamellae of the horn. The axis of our

stratified cylinder is the continuation of the papillary axis, and the

whole obliquity of the arrangement of the lamellae is nothing but a

repetition of the steeply sloping sides of a papilla.

Meanwhile this does not yet suffice for all cases of ichthyosis. We
must consider that the surface of the cutis presents also vertical surfaces

at the involutions of the hair-follicles, and that not only do these sur-

faces directly pass over into lateral surfaces of the papillae, but that the

epithelial lining of the hair-follicles also is the immediate continuation of

the epidermis. Hence there is nothing more common than that the ich-

thyosis is continued to the hair-follicles upon hairy places of the skin.

The lamellae of horn formed here will naturally be casts of the hair-

follicles, and upon cross sections will form rings, which are placed con-

centrically around the lumen of the latter. When this lumen is filled

out by the hair, and thus the hair in a certain degree appears as the

axis of the stratified body, we may use this circumstance inde'ed for

information, but we may not believe that to the hair as such any deter-

mining influence upon the stratification of the lamellae of the horn ap-

pertains. The hairs also at the diseased spots are constantly thin and

disposed to fall out, which indicates that they have been disturbed in

their vegetation by the horny metamorphosis of the hair-follicles. This

Fig 114.

Ichthrotic crust in section. From an ichthYOtic calf. 1-30.

also, as a rule, reaches deeply into the fundus of the follicle, so that

only the actual hair-bulb remains free. Fig. 114 gives the vertical
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section of an ichthyotic crust, and its connection with the skin lying

under it. The preparation is derived from a calf born ichthyotic,

which is preserved in the Physiological Institute of Breslau,* and is

peculiarly fitted for giving information concerning the relations of ich-

thyosis to the hair-follicles.

§ 305. The cutaneous horn of the human being (cornu humanum)
may be placed by the side of ichthyosis as a circumscribed keratosis.

A true monster among cutaneous horns (9 inches long) exists among
the collection of the Pathological Institute of Bonn. As the represen-

tation (Fig. 115) shows, it is, upon the whole, a roundish prism, but

provided with several longitudinal ridges ; it is spirally curved after

Fig. 115.

a. Cutaneous horn nine inches in length, from the collection of the Pathological Institute at Bonn.
Natural size. After 0. Weber. 6. A second cutaneous horn from same place, natural size.

the manner of a ram's horn. By far the greater number of cutaneous

horns, while of lesser length and thickness, yet present the same ex-

terior as this. A more searching analysis assigns to each of the lon-

gitudinal ridges visible at the surface, a single, not always elongated

papilla of the skin, to the whole horn a correspondingly large group of

papillae as of mother soil, so that in this regard a complete uniformity

can be established with ichthyosis.

There are, however, also cutaneous horns which, instead of the gen-

* Compare Harpeck, Description of the skin of a calf born with an ichthyotic

cornea. Reiehert and Du Bois-lieymond Archiv, for the year 1862, Part III, p. 393.
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eral uniform thickness, exhibit a tapering point upon a broad conoid

basis. The collection of Bonn has also a very perfect example of this

species (Fig. 115). The tolerably sudden broadening of the base (at a)

ensues by the application of new lamellae of horn, which cover each

other from without inwards like the shingles of a roof. Each of the

lamellae, however, again breaks up into elongated prisms, always be-

longing to a papilla ; only at the outermost circumference do we get in

maceration actual lamellae which give us the papillary casts with a

somewhat slighter curving. The question here apparently is about a

process, which was originally confined to a smaller group of cutaneous

papilla, and which first gradually extended to the surroundings, then,

however, more and more rapidly.

If we observe a detached cutaneous horn from below, there are not

infrequently small conical prominences there exhibited, which have

been recognized by Virchow as indurated casts of the hair-follicles.

The process is, therefore, also continued into the hair-follicles in the

cornu humanum. Of course that which the hair-follicles produce of

the horny mass can neither now, nor at any time, contribute to the ele-

vation of the surface, and we will never be able to say in this sense

that the cornu humanum proceeds from the hair-follicles. But there

is, indeed, brought about by this combination a thickening at the base

of the cutaneous horn, which, because it lies in the cutis itself, gives

rise to the appearance as if the cutaneous horn sprang from a pocket-

like depression, a dilated follicle of the skin. A part of what was said

about the follicular origin of cutaneous horns may be applied to this.

For the production of a cutaneous horn a group of papillae is necessa-

rily required as a base, and when horns project from the fundus of an

atheromatous cyst, the question in the first place is, whether the ather-

omatous cyst was actually such formerly, and secondly, whether these

cutaneous horns do not also spring from a base of proliferated papillae.

How often have I found whole beds of small pointed cutaneous papillae

at the inner surface of atheromatous sacs which had evidently only

sprung up subsequently.

§ 306. Appendix.—The structures appended to the epidermal horny

layer, the hairs and nails, which under normal circumstances present

the most compact collections of the horn-substance, are, when once

built up in the known form, subjected to no considerable change. At
the most they may become atrophic, i. e., prematurely split up and fall

off, which, x however, is also not to be referred to a disease of the hairs

and nails, but to an anomalous condition of the places of formation of

both. The same is the case with the opposite conditions, hypertrophy

of the hairs and nails. What is of histological interest in this respect,

we will impart, for the hairs, in the chapter, Hair Follicles and Seba-

ceous Glands ; for the nails, at this place.

The onycho-gryphosis (Virchow), the talon-like deformity of the nails
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with the simultaneous upheaval from the nail-bed, depends upon a

hyperplastic condition of the entire nail-matrix. As such that part of

the nail-bed comes foremost into consideration.which is bounded from

beloAV by the furrow of the nail. Almost the whole material for the

body of the nail is furnished by the long, horizontally situated papillae

of this region, as the nail at the edge of the finger is not thicker than

at the limits of the so-called lunula, just up to which the papillae reach.

Hence the nail is also longitudinally ridged, as we readily observe by

reflected light, in that each ridge corresponds to a papilla in similar man-

ner as do the upright fibres to the ichthyotic scales. Transverse rolls

and furrows are produced by disproportionate, sometimes more rapid

or slower growth. I have repeatedly observed that the decrease and

increase of nutrition in febrile conditions of a subacute course makes

itself known at the nails by a furrow and a small bulge behind it. The

ridged portion of the bed of the nail furnishes a thin layer of loose

epidermic cells, upon which the body of the nail glides forward as upon

a cushion ; that these cells at the same time contribute, although but

little, to thickening the nail, is indeed to be concluded with great proba-

bility from the firm adherence of the nails to the bed, but it has not

been proven, and is straightway denied by Henle.

If now the nail-matrix becomes hyperplastic, the anterior part of

the nail-bed furnishes layer upon layer of those loose epidermis cells

;

these layers are heaped up on one another, the nail-body is raised up

by them from the bed, and placed more or less upright ; upon the other

hand the posterior part of the nail-bed yields a deformed, thick nail,

several inches long, twisted talon-like, even rolled up like a cornet.

Both, as we see, intimately related conditions occur side by side ; more

frequently, however, but one is present.

§ 807. In the structures designated in the most extended sense of

the word as warts, we are presented with hyperplastic conditions, in

which, beside the epidermis, the papillary layer also participates in a

greater or lesser degree; hence it may be imperative, at this place, to

go more in detail into the mode of growth of the papillary layer. We
said above, that the same cells, which after their migration out of

the connective tissue become epidermis- cells, by contact with the intact

epidermis, may just as well serve before their migration for enlarging

the connective tissue. A thin section through the apex of a rapidly

growing cutaneous papilla (Fig. 116), is very well fitted to elucidate to

us the detail of this process. As one sees, the boundary between con-

nective tissue and epithelium becomes very distinctly prominent at the

lateral parts of the papillae, since here the small yellowish cells of the

rete Malpighii are inserted, quite in the manner known from normal

histology, upon the fibrous texture of the papillary layer. Towards

the apex the boundary completely disappears, since upon the one hand

the roundish cells of the connective tissue accumulate, at the expense
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of the intercellular substance, upon the other, the cells of the epithelium,

by quite gradual changes of form, pass over from these round elements

into more spindle-formed, and

finally into regular pavement Fie. lie.

cells. We consequently find at

the apex of the growing cutane-

ous papilla, an accumulation of

embryonal cells, which towards

the exterior become epithelium,

towards the interior connective

tissue, a kind of cambium, as we

find it between the Avood and the

bark of stems of plants.

§ 308. In the common or hard

wart (verruca) there is a circular

group of elongated cutaneous pa-

pillae, their free ends slightly

clubbed, their vessels ectatic and Qj^^J^
advanced close under the epider-

mal covering. The latter, in con-

trast to ichthyosis, shows the

normal threefold division, in that

a thick layer of transition-cells

fills up all interspaces between

the enlarged papillae, and the

horny layer forms the common

uniform covering. Afterward, it

is true, when the wart projects to

the height of a line above the level of the skin, the horny layer exhibits

rents and clefts, which correspond to the interspaces of the enlarged

papillae, and gradually penetrate to the bottom of the wart. Thereafter

we can count with the naked eye how many papillae compose the wart

spoken of. They consist of from three to twenty, and over ; corres-

ponding to this the size of a wart varies from that of a pin's head to

half a bean. It moreover appears as though the exfoliation spoken

of opened the way to a kind of natural healing, in so far as through

the entrance of the air into the interior of the wart, the soft cells

existing here, together with the papillae, are exposed to desiccation.

In an etiological relation it may not be without interest to demon-

strate, that the circular limitation of the hyperplastic spot of skin

corresponds to the region supplied by a larger or smaller vessel. I can

allege from my own experience, that the so-called verrucae planae of

Ascherson, very small, fiat, sharply defined warts, which are especially

found on the faces and hands of adults, often very distinctly exhibit

a ramification in their grouping.

A hyperplastic papilla of the cutis, together with epi-
thelium, from the environs of a cancroid of the lip.
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§ 309. The cauliflower growths, the papillomas of the external skin,

which in their smaller forms are called porrum or acrothymion, are

distinguished from common warts by having no common covering

for the cutaneous papillae contributing to their formation, but remain

isolated from the beginning, and each of them in a certain degree

grows independently. The mode of growth is indeed the same, upon

the whole, as in the common wart, but to the terminal there is also

added the lateral apposition of young connective tissue, dilatation and

elongation of the capillary loops. Thus arises an arborescently ram-

ified connective tissue stroma, whose contours are repeated in a wider

extent by the epidermal stratum.

§ 310. The "pointed condylomata, at least at their exterior outlines,

are very closely allied to the smaller papillomas, especially to the por-

rum. Here also a common covering is wanting for the hyperplastic

papillae of the skin, standing side by side. The method of growth is

identical, only, as Biesiadetzki has proven, in the pointed condylomata,

a histological force comes into the foreground, which plays a subordi-

nate role in the regular epithelial growth. I mean a certain division

of the epithelial cells, which is exclusively observed in the more central,

not yet indurated layer of the epidermis. The effect of this secondary

epithelial formation is almost nought upon the normal epidermis ; in the

cicatrization of granulating wounds we can refer to it the peculiar tume-

faction of the epithelial border (Fig. 39, e); it becomes very" important

in the increase of thickness of the epithelial cones of the epithelial

cancer; in the pointed condylomata the great softness of the epidermal

covering comes particularly into consideration, which results from the

predominant development of the rete mucosum. The flesh color of

condylomata, and their almost mucous membrane-like delicacy, when

touched with the finger, is explained, in that no thick, horny layer

exists here, which prevents us from perceiving the color and consistency

of the young connective tissue rich in blood.

The broad condylomata, (condylomata lata, plaques muqueuses) are,

in a histological relation, strictly to be distinguished from the pointed.

The hyperplasia of the papillary layer has here a more superficial char-

acter, and is not concentrated at the apices of the papillae in the

measure that it is in the papillomas hitherto described. The hyper-

plasia of the connective tissue predominates over the formation of epi-

dermis. Thus arise flatly roundish elevations of perhaps one line high,

and two to five lines broad, upon whose surface the papillae appear as

tuberosities of the second order. The broad condylomata are of a pale

red or a more dirty red color; thus, in them the epithelial layer is very

thin, and only in the folds between two adjacent tuberosities, a cheesy

epithelial matter has perhaps accumulated, which by its subsequent

chemical decomposition develops a repulsive odor. Very commonly a

catarrhal secretion of cells arises at the summit of the tuber, probably

also a deeper-reaching suppuration of the connective tissue.
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§ 311. In the soft ox flesh warts (verruca carnosa, mollis) the connec-,

tive tissue part of the new formation predominates so decidedly over

the epithelial, that the epithelium is only alluded to by most authors,

because it not rarely distinguishes itself just here by a deeper pigmen-

tation of the rete Malpighii. Many of the soft warts are congenital,

and go by the name of mother marks (naevi materni); others only de-

velop in advanced years, especially upon the face and trunk. " The

skin therein forms very gently sloping tumefactions, with flat, at times

also uneven, hilly or directly warty surfaces. The epidermis and

the rete Malpighii, which pass over the tumefaction, are, as a rule, but

little changed ; sometimes the covering is somewhat thicker, never,

however, does it attain the thickness as in hard warts. If we make a

section, Ave see the layer of epidermis as a uniform, rarely hilly layer,

running across the tumor. According to this, the tumor is essentially

in the cutis. They commonly include the papillary layer proper and a

certain piece of the derma tissue ; but rarely do they extend through

the entire thickness of the cutis or even into the corium. They always,

however, contrast, even for the naked eye, with the more compact and

whiter tissue of the cutis, in that they show a more translucent, light

gray or light yellow, sometimes gray-reddish, softer, more juicy, at

times gelatinous constitution, and not infrequently they possess a

coarser vascularity. If we examine this tissue, we find that it is com-

monly very rich in cells; nay, sometimes consists almost entirely of

relatively small cells with very little and soft intercellular substance."

Virchow, from whom I take the foregoing description of soft warts,

furthermore calls attention to the histological identity of the tissue de-

scribed with granulation (germinal) tissue, and explains therefrom the

close relation in which the soft warts stand to sarcomas of the skin.

(See below.)

§ 312. Let us delay yet a moment with the pigmented flesh-warts.

In the abnornal pigmentary conditions of the skin we must, according

to Virchow, in general, distinguish four cases : 1. Simple pigmentation

of the rete Malpighii without considerable change of the cutis; freckles,

liver-spots, &c. 2. Pigmentation of the cutis without considerable

change of the rete Malpighii and the epidermis. 3. Pigmentation of

the rete above an uncolored hyperplasia of the papillary layer. 4.

Pigmentation of the rete with simultaneous pigmentation of the hyper-

plastic cutis. The last three categories furnish the various forms of

pigmented marks; the last two are pigmented warts. Touching the dep-

osition of the pigment, this occurs in the form of yellow, brown, or black

granules, partly into the cells of the rete Malpighii and the connective

tissue, partly outside the cells, free into the connective tissue of the

papillary layer. The mass of pigment here is often so large that it is

absolutely impossible to discover beside the pigment granules any
other peculiarity of texture or of structure. It reaches down into the
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cutis in long stripes, and accompanies the larger afferent and efferent

vascular trunks. It must be regarded as a rarity, when in the epider-

mis besides the rete Malpighii also the nuclei of older epithelial cells

are colored uniformly black, while yet again in the pigmentation of

cells just the nuclei remain uncolored. I have once observed this case,

but do not. find it otherwise mentioned.

c. Heteroplastic Tumors.

§ 313. Of the heteroplastic tumors occurring in the skin, two of the

most important proceed respectively from the papillary layer, and the epi-

dermis and the papillary layer, while the others have their seat in the

corium proper. The former are the epithelial carcinoma and the sarcoma.

The so-frequent epithelial carcinoma of the skin was throughout used

as the foundation of our description in § 164 of the General Part. Hence

I will at present confine myself to the discussion of several points,

which were passed over above, in reference to the description. First of

all, one word concerning the local etiology of the tumor.

The epithelial carcinoma of the skin is by far most frequently found

at the points of transition of the skin into mucous membrane, there-

fore, at the lips, at the prepuce, at the anus and vulva. If it occur

elsewhere, it is, as a rule, a secondary condition, i. e., it forms at such

places as have been for years in a certain pathological vegetation, yet

without being cancerous. In this connection there come into consid-

eration, 1, several of the just considered hyperplasias of the epidermis

and the papillary layer, and, indeed, especially such in which from the

beginning the epidermal part of the new formation is predominant,

the cutaneous horns, the hard warts, and the papillomas, so that our

subdivisions in § 300 attain thereby a very serious clinical conse-

quence; 2, hypertrophic and ectatic hair-follicles and sebaceous glands,

atheromatous cysts, and, 3, cicatrices, especially of the scalp.

The change into epithelial cancer is produced, as we have already

seen above, in that the border of the epidermis, therefore the epidermis

itself, shoots inwards towards the connective tissue, and that thereby

the tumor assumes a destructive, ulcerative character.

§ 314. We may then establish, partly according to the seat of devel-

opment, partly according to particular prominent anatomical tokens of

the tumors, the following varieties of the principal epitheliomas.

a. The ivarty epithelioma. One of the most interesting and frequent

complications of the. anatomical picture, which we considered in § 165

et seq., is that with papillary excrescences. That the cauliflower growths

become epitheliomas, and how, has already been detailed at another

place (§ 148). To this is in the first place annexed the phenomenon,

that also at limits of development of the epithelioma, in that region

where the enlargement of the sebaceous glands also begins, not infre-

quently warts, and even small cauliflower-growths spring up—therefore



DISEASES OF THE EPIDERMIS AND PAPILLARY LAYER. 305

a displacement of the epithelial connective tissue border outwardly,

which reverses the picture of that which at the same time takes place

inwardly. Beside this, however, papillary excrescences not at all

infrequently occur upon and in the epithelioma itself, so that the epi-

thelioma is primary, the excrescence secondary. It is scarcely nec-

essary to state, that in the production of the papillae, the stroma par-

ticipates foremost. It however appears, that especially the disbur-

dening of the stroma, which occurs after the decomposition, softening

and removal of the epithelial villi, contributes to this peculiar change

in the direction of the development of the- epithelioma. It is certain,

that just at the softened spot, the vascular loops are extraordinarily

wide, and project in numerous and densely crowded loops towards the

lamina, which correspond to the former villi. The secondary papillae,

as a rule, do not attain any considerable size ; instead, however, they are

extraordinarily numerous and cover either the whole ulcerative surface or

placed in groups, a greater portion of the same, as turf does the marsh.

A larger cauliflower growth has never, according to my knowledge,

been met with upon a cancroid ulcerative surface.

/?. The cicatrizing epithelioma. This variety of epithelioma is also

conditioned by the behavior of the stroma, and indeed of the stroma

after infiltration ; namely, upon the integument of the faces of elderly

persons an epithelioma occurs, in which the infiltration never attains a

considerable degree, and leaves behind, at the place over which it passes,

no actual ulcer, but only a smooth, cicatricial surface. As this extends

exclusively by the surface, and therewith advances from one point, more

or less uniformly, in all directions, there results all the appearance of a

tree-lichen, so that the popular voice very suitably terms the disease

by the name of "corroding tetter" ("fressendeFlechte").* That which

is histologically interesting and also distinctive for the macroscopic

form is the circumstance that the stroma remaining behind, which other-

wise produces pus or papillae, here furnishes, without further change,

a tightly stretched, vigorously retracting cicatricial tissue, which re-

mains covered with a thin epithelial stratum.

§ 315. The sarcoma of the skin, in its history of production, shows

peculiarities which themselves invite to a comparison with the epithelial

cancer of the skin. It is not Virchow's smallest merit which he has

acquired concerning the doctrine of sarcoma, to have proven that the

sarcomas of the skin very commonly proceed from such places as are

disposed thereto by their other anatomical conditions. Among the

local predispositions the soft, fleshy wart occupies a like prominent

place, as the hard warts, the cauliflower growths, the porrum and the

cutaneous horns do for the cancroid. Those hyperplasias of the sur-

face of the skin, therefore, in which the connective tissue portion pre-

[* Flechte, in the German, means both lichen and tetter.]

20
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dominates, threaten to pass over into sarcoma. Above all they are the

colored soft warts, nsevus pigmentatus, of which this untoward tendency

has been known for a long time. These, then, do not yield white, but

pigmented sarcomas, so that the local predisposition prevails, even in

an accessory circumstance. The tumors which develop from soft warts

are wont also for a long time to betray their origin in their larger

outlines, since they present themselves as genuine fungi, i. e., actual

fungiform proliferations, with a broad basis and overhanging edges.

But the more minute examination also frequently exhibits the deriva-

tion from the papillary layer, even in very large tumors. The cutis

proper passes unchanged under the tumor, although it may be diverted

from its course and dragged into the pedicle.

A second predisposing tendency for the development of sarcoma

presents itself to us in cicatrices. The cicatricial sarcomas are also

called spurious keloids. According to Alibert, a " cicatrix-like tumor
"

of the skin is designated by the expression keloid. It forms elongated,

often aborescently ramified elevations of red color, smooth surface and

compact consistency, and is wont to develop at previously quite healthy

points of the skin. The tissue may be designated as sarcomatous, and

the arborescent ramification, according to Collins Warren (Sitzb. d.

k., Acad. d. Wissensch., bd. lvii, 1868), is derived from the localiza-

tion of the new formation about the smaller arterial trunks of the cutis.

It is otherwise with the spurious keloids. These are sarcomas not so

much from cicatrices, as instead of cicatrices. The round and spindle-

celled tissue must only arise transitorily in a salutary cicatricial forma-

tion, and soon gives way to the fibrous tissue. If the one or the other

hold out beyond the time pertaining to it, if at the same time it accumu-

late in a disproportionally great amount, instead of a cicatrix we get a

tumor which belongs to the sarcoma series. The fungous granulations

(§ 105) may already be considered from this point of view ; from them,

moreover, there are all the transitions to the most luxuriantly prolife-

rating, most malignant sarcomas.

A local etiology has, moreover, yet been proven by Virchow for very

many cases of cutaneous sarcoma. A repeated irritation and inflam-

mation most frequently gives the impulse for sarcomatosis, one indica-

tion more that our parallelizing the sarcoma with the inflammatory

new formation is based upon deeper grounds, not simply taken from

the form of the cells. (Virchow, Morbid Tumors, ii, page 246, et seq.)

§ 316. The fibroma of the papillary layer, which distinguishes itself

from the fibromas of other organs by its greater softness, and hence

has received the name molluscum, deserves a particular consideration.

The fibroma molluscum (Virchow), as a rule, is a multiple tumor, so

that we are in the position to learn to know «upon one case the most

various stages of development. (Compare Virchow, Morbid Tumors, i,

325, and frontispiece.) A small group of papillae, perhaps but a single
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one (this point is not yet decided), furnishes the material for a roundish

nodule, which, of miliary circumference, may pass through all the de-

grees of size up to the circumference of a man's head and over. In its

interior the stages of the fibroma formation follow therewith in such

manner, that the younger nodes and the younger part of the older nodes

consist of round and spindle-cell tissue, the older of fibrous tissue. Yet

the circumstance is striking, that the fibrous stage of the tumor never

exhibits that compact constitution which is peculiar to old cicatrices,

or to the corps fibreux des uterus. The molluscum constantly remains

soft
y
and this is derived, as I can assert from my own investigation,

from a peculiar modification of the maturation of the connective tissue,

which is brought about by the complication with oedema. Moreover,

instead of the maturing connective tissue contracting from all sides the

whole mass to a smaller volume upon one point, it here contracts upon

certain lines penetrating the mass tree-like, which are essentially deter-

mined by the course of the vessels. This modification of the formation

of fibres becomes evident wherever any other metamorphosis of the

parenchymatous islands requires the development of greater space; it

occurs, for example, in the formation of fat-clusters, in enchondromas,

myxomas, and colloid carcinomas. The connective tissue stroma of

these tumors represents the greatest part of the original germinal tissue

foundation, which in the specific unfolding of form and the simultaneous

disproportional increase of volume of the smaller part, changes into a

narrow frame for just these cartilage-islands, gelatinous granules, fat-

clusters, &c. In our case the question, as was said, is about a simple

dropsical condition, which probably sets in in consequence of a dis-

turbance of circulation, already at an early period in the nodules of the

molluscum. The water of the oedema must have room. Hence already

Fig. 117.

Fibroma rnolluscum. 1. Completed tissue, after Virchow. 2. Immature condition. Formation of
clefts in the parenchymatous islands. 1-200. At a, the lumen of a vessel.

during the round-celled condition, elongated gaps occur in the paren-

chymatous islands of the tumor. (Fig. 117.) These clefts, which con-
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tain the oedema-fluid, become larger ; we may soon speak of connective

tissue bridges, which pass over from one vessel to another, and when
finally the fibre formation is complete, the whole is a network of stronger

connective tissue lines, whose meshes are bridged over by thin bundles

of fibres. (Fig. 117.) That this structure must be as soft, nay, even

softer, than the ordinary tissue of granulations, is manifest. Hence, if

molluscum is derived from mollis, as can scarcely be doubted, a more

suitable designation could scarcely have been chosen, for "softness"

is, during the whole existence of this tumor, one of its most conspicuous

and distinctive tokens.

2. Diseases of the Corium and the Subcutaneous Cellular

Tissue.

§ 317. The position which the corium assumes in pathological his-

tology is self-evidently determined by the important circumstance that

in it we have before us the greatest continuous collection of connective

tissue and of bloodvessels which in general occurs in the organism.

Hence Ave may a priori expect less a series of new and peculiar phe-

nomena than a very clear, I might say, paradigmatic display of the

known histological capacities of the intermediary nutritive appara-

tus. We will not be deceived in this expectation. With the exception

of miliary tubercle and enchonclroma, there is directly no production

of the vascular connective tissue system, which does not appear in the

greatest perfection upon the corium ; a number of these, namely, the

leprous, glanderous, and syphilitic new formations, have their favorite

seat in the skin. Lupus occurs exclusively in the skin, yet I see myself

necessitated, upon the ground of later investigations, to designate this

as one of the new formations proceeding from the sebaceous and sweat-

glands, and to deny it the place among the diseases of the corium which

it has with most authors.

a. Inflammation.

§ 318. The corium proper, according to an investigation of Rollet,

very worthy of notice, is so formed that stouter bundles of connective

tissue fibrillse rise obliquely upwards from the subcutaneous cellular

tissue ; in rising upwards they branch out and cross and interlace with

their neighbors in such fashion that there is produced therefrom an

extraordinarily dense plaited work. In addition, the fibrils themselves

are in their substance very compact, and long resist softening and dis-

solution. Both, however, the density of the felt, and the compactness

of the material, make the corium proper little fitted to furnish the arena

for such processes which in a short time take up much room, particu-

larly for purulent inflammations. In the inflammations proceeding
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from the hair-follicles (acne and furuncle), we will see how indolently in

the given cases the corium behaves in presence of the active inflamma-

tory movements. It is quite different with the subcutaneous cellular

tissue. Here there is nothing that could limit a suppuration once ex-

cited. The fibres of areolar connective tissue, soft, easily melted down,

leave between themselves meshes and gaps (the so-called cells), which

are smooth within and filled with fluid or fat-clusters. In these meshes,

in the surroundings of the fat-clusters, there is space enough to take

up three times as much fluid. Hence it comes that just here, between

the .skin and muscles, a very active interchange from place to place is

maintained by the lymph- and bloodvessels, in short, everything is favor-

able to give the greatest possible help to the extension of a subcuta-

neous suppurative process.

We must constantly keep before us these circumstances in the acute

inflammations of the skin. We thereby comprehend the course of

phlegmons, in which the corium proves to be only a too durable bar-

rier, which opposes itself to the efflux of the subcutaneous pus. Noth-

ing new of importance is turned up for pathological histology in the

study of this inflammation. They are the most extensive models of sup-

puration and abscess formation, as we describe them in the General

Part (§ 94, et seq.).

Touching the chronic inflammations of the cutis, the so-called sclero-

dermia adultorum (to be well distinguished from the sclerema neonato-

rum and the elephantiasis directly to be described), is esteemed to be a

most perfect example of such a one. According to Rasmussen (Hos-

pital-Tidende, 1867), a small-celled infiltration of the vascular sheaths

forms the central point of the histological changes. Since this, how-

ever, extends to the surroundings, it leads to a more diffuse develop-

ment of young connective tissue, which secondarily contracts vigor-

ously and causes a peculiar shrivelling of the integument. The skin

becomes smooth, shining, and is most intimately applied to the under-

lying parts ; for example, to the condyles of the humerus at the elbow-

joint ; deformities and disfigurements occur just as though the sclerosed

parts of the skin were cicatrices. We will learn to know quite analo-

gous conditions, especially at the liver and kidneys, and at that place

to term them cirrhoses, that is, granular atrophy.

b. Hypertrophy.

§ 319. We have to regard one of the most peculiar and interesting of

skin diseases, the so-called elephantiasis arabum, as hypertrophy of the

corium and the subcutaneous cellular tissue. The name refers to the

striking resemblance of a lower extremity affected with this disease to

the foot of an elephant. Thus the immensely enlarged cutis hangs
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down in broad, swollen sacs at the leg and over the dorsum of the foot,

so that the toes only just peep out. A section shows the known struc-

ture of the cutis, only on a large scale. In relation to the etiology of

the process, I will here only remark that many reasons might deter-

mine us to consider it likewise as a chronic inflammation. We broke

off above from the representation of eczema rubrum, as we came to

speak of the chronic inflammatory thickening of the cutis. We could

keep this for the chapter on elephantiasis, since no essential anatomi-

cal difference exists between the two cases of skin-hypertrophy. Fur-

thermore, in the countries where elephantiasis occurs endemically (the

tropic and subtropic regions), it is a known fact that the disturbance

regularly begins with such processes which in themselves bear the char-

acter of erysipelas (see § 288). In the course of these inflammations

the lymph-glands swell up, which, in the first place, receive the lymph

of the inflamed part ; in erysipelas of the leg the inguinal glands, in

erysipelas of the arm the axillary glands, in that of the face the row

of cervical glands. This tumefaction does not again subside. The

lymph-passages in the glands remain permanently occluded. There

ensues a stagnation of lymph, a non-efflux of the nutritive fluid, and

this is to be regarded as the most proximate cause of the occurring

hypertrophy.

§ 320. The histological process of elephantiasis is, according to ex-

isting investigations,' only to be sketched in its most general outlines.

It is stated by Teichmann that the ectasy of the lymph-vessels just

mentioned can be traced up to their beginnings in the papillary layer

of the skin. Virchow adds that from the beginning an irritative con-

dition can be demonstrated in the parts affected with elephantiasis upon

the elements of the connective tissue, so, indeed, that nuclear prolifera-

tion and increase of cells by division were found, especially in the

beginnings of the lymph-vessels. The small lymph-passages are lined

with a very abundant, uncommonly dense epithelial stratum. This

would point to an immediate connection of the new formation with the

chief etiological force, the ectasy of the lymph-passages.

I am, unfortunately, not in a position to be able to speak of the com-

mencement of elephantiasis from my own experience. I have only had

the opportunity to subject the later stages to a more exact histological

analysis. . The blood- and lymph-vessels here also play a great role

;

what, however, is the most striking is the increase of volume and simul-

taneous condensation of the existing connective tissue bundles. How,

let us ask, is this produced ? The cutis is a woven work. Upon a

section we meet the connective tissue bundles, partly in transverse,

partly in longitudinal, partly in all possible oblique directions. If

we now seek a place where accidentally a bundle of longitudinal

fibres meets with its one end a bundle divided transversely or ob-
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Elephantiasis. Longitudinal and cross-sections
of cutaneous connective tissue bundles, a. Lym-
phatic spaces visible in the circumference of the
transversely divided bundles. 6. Protoplasm from

liquely (Fig. 118), we find that the longitudinal fibres deviate at such

places and receive the transversely

divided ones into their middle. They fig.iis.

form a framework whose trabecule

are elegantly interwoven with the

fibres of the cross-cut bundles. This

framework, however, is of a very

much softer, more delicate constitu-

tion than the main fibres. It is less

refractive, takes also the carmine col-

oring less readily than that. A quite

gradual transition from the one to

the other quality is self-evidently

found ; in other words, the connec-

tive bundles of the skin affected with

elephantiasis, break up at both their

ends into a number of more minute

and softer fibres, which form a frame-

work for the more central parts of

other bundles running transversely

or obliquely towards them. In my
investigations I have not been able to which the bundles are elongated and 'thickened

detect a trace of germinal tissue. If,

therefore, I must give my opinion upon how the increase of the cuta-

neous connective tissue ensues in the later stages of elephantiasis, I

cannot deny the probability that, first of all, the elongation of the

fibrils proceeds at their ends out of the soft material, which gradually

condenses for this purpose. The main support of this view is, of course,

the not finding of any other productive process within the hyperplastic

cutis, but yet it explains in a very plausible manner what is found by

the unaided eye. The growth in thickness of the fibres ensues prima-

rily from the same material from which the growth in length ensues.

This, indeed, sounds somewhat as a paradox. We are reminded, how-

ever, that the soft ends of the fibres form at the same time an adhesive

cement for such bundles as run in other directions. Why should not

the same building material enlarge the one fibres in length, the others

in thickness? The growth in thickness is, however, a limited one. As
soon as the fibre has attained the average diameter of J millimetre,

it is sharply defined from the surrounding cement ; then an actual

interspace forms, which, in a longer or shorter distance, completely

isolates the fibre. These spaces are certainly connected with the sys-

tem of lymph- vessels, and contain those large quantities of clear coagu-

lable lymph which flow from the recently cut surface of a skin affected

with elephantiasis. They are most beautifully developed, constantly at

the border between the cutis and the subcutaneous connective tissue.
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Here also the thickest bundles of fibres exist. Upwards, in the more

external layers of the cutis, the fibres are thinner ; there is nothing to

be seen of interfibrillar clefts
;
just as little of ectatic lymph-vessels as

one would suppose, according to the experiences of Virchow and Teich-

mann, concerning the beginnings of the process. The relation of the

capillary vessels is, at all events, much more striking. The capillary

net of the cutis is not denser and richer than normal; on the contrary,

it is evident that the old capillary net is stretched over a greater space,

but the single vessels are wide, gaping, their walls are fused with the

surrounding connective tissue. Like the passages of the boring worm

in old wood, so the vascular lumina characterizes themselves in the

compact substance of the cutis. I might designate this condition as

the first degree of the cavernous metamorphosis, and remind that

Hecker has described a congenital elephantiasis where the tissue quite

distinctly bore the cavernous characteristics. Meanwhile, in all fibro-

mas the same relation of the bloodvessels is found, and there is yet

required a quite peculiar process of shrinking, extending along the

vascular lumina, in order to make a cavernous fibroma out of an ordi-

nary fibroma. (Compare § 120.)

The hyperplasia of elephantiasis advances from the cutis into the

subcutaneous cellular tissue ; the fasciae participate, finally the inter-

muscular and periosteal connective tissue. The inclosed higher organs,

as muscles and nerves, perish atrophied ; so also the adipose tissue.

The periosteal growth leads to appositional enlargement of the bones.

^Numberless exostoses cover the surface, and just here one may be con-

vinced, that not only the periosteum, but also the intermuscular

connective tissue lying nearest the periosteum is able to produce

genuine bone. Upon the other hand, the hypertrophy of the cutis is

imparted to the papillary layer. The papillary layer is, indeed, only

the outermost layer of the cutis ; hence the skin of elephantiasis

is very commonly covered with hyperplastic papillse, among others

often with pointed prickles which bestow upon the surface the appear-

ance of a beef's tongue. The process, however, in the deeper layers of

the cutis, is constantly further extended than in the papillary layer

;

the latter is only secondarily drawn into sympathy.

§ 321. An interesting variety of common elephantiasis, the pachy-

dermia lymphangiectatica, occurs especially at the scrotum, penis, mons

veneris, and the anterior part of the perineum. The hypertrophic

skin is covered upon its entire surface with numberless small vesicles
;

but some as large as a pea ; the first glance, however, shows that the

question here is not about an elevation of the epidermis as in the bullar

exanthem, but about cavities, which have their seat in the uppermost

layer of the cutis itself. The covering of the supposed vesicles,

thus, is comparatively compact ; the contents, a clear fluid, may be

removed by external pressure, returns however, immediately and in



DISEASES OF THE CORIUM, ETC. 313

the same measure as the pressure diminishes. If we puncture a vesicle,

not only the contents of the vesicle flow out, but with a simultaneous

subsiding of the swelling of the skin and all the vesicles, there is often

an enormous amount of genuine lymph evacuated.

If from this there is evidence already of the connection of the sup-

posed vesicles with the lymphatic system, histological investigation,

especially vertical sections of the diseased parts of the skin, proves

that it is the superficial subpapillary lymphatic net which has here ex-

perienced a partial ampullar dilatation. The covering of the vesicles

is formed by the epidermis and the papillary layer. As a rule one sees

four to six papillae in the elevated part of the papillary layer, which in

the smaller vesicles are yet tolerably long and narrow, in the larger,

however, broad and low; that they fade so as to be quite unrecognizable,

I have not observed. The inner surface of the vesicles is everywhere

clothed with the known endothelial cellular mosaic, so that the origin of

the vesicles from dilated lymph-vessels is raised above all doubt. The
question only is, to what etiological force the peculiar modification of

the anatomical change is to be referred. I cannot forbear seeking

such a one in the participation of the organic muscular structure of

the skin in the hyperplastic process. It is known that the cutaneous re-

gion the most threatened with the pachydermia lymphangiectatica, is at

the same time the richest in organic muscle, that this structural element

forms in the tunica dartos a proper membranous organ (compare Neu-

mann, on the Diffusion of Organic Muscular Fibres. Vienna Sitzungs-

berichte, 1868, p. 651). Now in the case which I had the opportunity

to examine, and which presented in the most pregnant manner the ana-

tomical picture of the disease in consideration, a special hyperplasia

and neoplasia of the organic muscular structure extended through the

entire corium in well-characterized, thickly placed bundles, radiating in

all possible directions obliquely from below upwards. . The corium con-

sisted of nearly as many muscular, as fibrous parts. If now Ave say

nothing of the possibility, that through the possible contractions of this

superabundant muscle, the lymphatic trunks, which penetrate the cutis

in a straight direction and connect the superficial with the deep lym-

phatic net, were compressed, and that the ampullar ectasy of the super-

ficial net might be conditioned thereby, yet it is not to be denied that

a similar effect must also be produced by the simple elasticity of the

muscular parenchyma, when this as here develops in a region, which

shows the least possible pliancy towards all space-requiring new forma-

tions. Hence, I believe, that the hyperplasia of the muscular fibres,

by rendering difficult the circulation of the lymph in the corium proper,

must be regarded as the principal cause of the lymphangiectasy.
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c. Heteroplastic Tumors.

§ 322. Touching the heteroplastic tumors of the skin, we may con-

dense our remarks by referring to the elucidations of the General Part.

This, especially obtains of myxoma and lipoma, which proceed by pre-

dilection from the subcutaneous cellular tissue, likewise of the cavernous

tumor and the subcutaneous sarcomas and fibroids, that may perhaps

be observed.

The various species of carcinoma exist upon the skin mostly second-

arily ; it may be that a carcinoma of a deeper-lying part, for example,

a lymph-gland, a muscle or a bone, extends by contiguity to the skin,

it may be that an actual metastasis ensues in the later stages of the

carcinomatosis, to the skin. They are then mostly Hat nodules, from

the size of a pea to a hazelnut, which occupy the skin of the trunk

particularly, in greater numbers. A scirrhus or gelatinous cancer of

the mammary gland, when it extends in smaller, densely placed nodes

over the skin of the whole anterior chest-wall, and has changed the

latter into a rigid, board-like, whitish, translucent, superficially smooth

and shining rind, is called ivory-like cutaneous cancer (Alibert), or

cancer en cuirasse (Cruveilhier).

§ 323. The leprous, syphilitic, and—if I am correct*—also the lupous

new formations, form in reference to pathological histology, a natural

family of disease, which, as we have seen, is characterized by a pecu-

liar hybrid position between inflammation and tumor formation. The

final aim of the form-development of the tissue, the highest point which

is attained, forms a germinal tissue, which stands so near to the known

inflammatory proliferation of connective tissue, that Virchow directly

terms it granulation tissue, the entire group, indeed, as granulation

growths. Notwithstanding that no one will think of' reckoning these

simply with the inflammatory new formations, they will at least be

called specific inflammations. This specificness, however, does not alone

lie in the etiological relations, but certainly also in demonstrable ana-

tomical characters. The manner of the accumulation of the germinal

tissue already deserves to be noticed. The germinal tissue appears as

nodular (tuberous) depositions into the connective tissue of 'the cutis.

The individual nodules attain the size of a pea, even of a cherry and

over. The like would scarcely occur in the history of the inflammatory

new formation, and deserves rather the designation of a sarcomatous

tumor. More important than the peculiarity mentioned is the longer

persistence of the new formation at the boundary betioeen organization

and decay. Quite gradually—so it appears—there takes place either a

formation of connective tissue or suppuration, or fatty degeneration of

the cells with mucoid softening of the basis-substance. There happen

* Compare \ 317, the concluding sentence.
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a series of very characteristic intermediate stages, which may be used

by us for distinguishing the individual members of the group.

§ 324. We have already treated in detail of the gumma syphiliticum

at another place. The partial fatty metamorphosis of the formed granu-

lation tissue, the production of cheesy depots within a greater con-

tinuity of newly formed connective tissue, was here the most prominent

sign of anatomical specificness. The cutaneous gumma deviates here-

from by a somewhat more rapid course and other results. Th*e cuta-

neous gumma rarely occurs individualized ; there are mostly several

present, which, placed in groups, occupy a certain portion of the cuta-

neous surface (lupus syphiliticus). The nodes are seated in the paren-

chyma of the cutis itself, and although they bring about no visible ele-

vation, we can so' much the better appreciate them by the touch. The

peculiar hardness which primarily characterizes them, is wont at a tol-

erably early period to pass over into the opposite condition. It is

known that just the cutaneous gumma softens rapidly. Fatty degen-

eration and suppuration herein go hand in hand, since they prove, as

is so often the case, to be links of one chain, in which the formation of

pus denotes a loosening of cells out of the organic connection, and the

fatty degeneration, the immediate consequence of this isolation, namely

the atrophy and death of these elements. In the next place the depot

of softening bursts, empties its contents, and there remains behind a

sharply defined loss of substance. Its floor and walls are infiltrated

with young cells to the thickness of a line and over, and hence have a

whitish shade of color, and a compact, lardaceous consistency. A thin

transudation containing a few cells and fatty detritus is secreted ; the

contiguous connective tissue bundles slowly dissolve, and thus the ulcer

continually enlarges until the enlargement is checked by an active anti-

syphilitic treatment. Then first a permanent layer of germinal tissue

arises at the floor of the ulcer ; then only does the formation of a cica-

trix begin.

The syphilitic cicatrix is characterized by its considerable retracti-

bility. Whilst it distorts the healthy surroundings in the highest degree

it itself melts down to almost nothing, and after a longer time often makes

it quite impossible for us to conclude, from the presence of a scar, upon

the former existence of a syphilitic ulcer. This peculiarity also can

as yet not be explained by what is microscopically found. The syphili-

tic cicatrix shows exactly the same constitution, the same sequence of

stages in its production, as any other cicatrix. The bloodvessels, of

course, perish; in injected preparations, the syphilitic scar appears as a

gap in the vascular net of the skin, but the question is, whether the

vigorous contraction of the connective tissue is not the cause of this

complete obliteration of the vessels.

So much for the development of a single syphilitic cutaneous tuber-

cle. The production and decay of numerous nodes of this sort side
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by side, forms the foundation of syphilitic lupus. At one time the nodes

are small and superficial, again they are large and deeply seated. In

the former case they are wont to be placed concentrically around a

point first affected, there arise oval ulcers which become ring-shaped,

when the centre heals and forms a scar (lupus syph. serpiginosis). In

the latter case are produced deep ulcers reaching into the cellular tissue

(lupus syph. exulcerans). A hypertrophic lupus syph. also occurs,

namely, when a very extensive new formation of connective tissue is

the basis in which the comparatively small and individual nodes form.

§ 325. The pathological anatomy of lepra was but a short time ago

a tolerably unknown land to us. Only in the year 1848 a work ap-

peared in Paris, by Danielsen and Boek on the Norwegian spedalsked,

which was distinguished by excellent representations. Since then Vir-

chow has taken the affair in hand, and has most exhaustively discussed

it in his often-quoted work " On Morbid Tumors." In all affections

which are observed in the course of lepra, the histological study deals

with a fundamental, everywhere-recurring change of the connective

tissue, which leads at the skin to the known leprous cutaneous nodes.

After that for some time spots of redness and boil-like swellings of the

skin have preceded, there are developed in the thickness of the cutis,

or even in the subcutaneous connective tissue, numerous nodes, from the

size of a hazelnut to a walnut, hard, and more or less prominent accord-

ing to their seat. These nodes give the skin a tuberous surface, and, as

they by preference come to development upon the face and hands, lead

to the most repulsive deformity. The microscopic analysis everywhere

gave Virchow the same result. The nodes throughout consisted of a

granulation tissue very rich in cells. This reaches from the rete Mal-

pighii to the subcutaneous adipose layer ; it surrounds the hair-follicles

and sebaceous glands, and since it disturbs the nutritive process of these

parts it causes their atrophy. Thus it happens that the nodes of lepra,

although they are seated upon the hairy part of the head, constantly

appear hairless upon their surface. The following representation is a

copy of Fig. 178 from Virchow (Morbid Tumors), and presents the lepra

tissue highly magnified. Virchow adds that he had nowhere seen the pro-

gressive development of a simple spindle or stellated connective tissue

cell, through all the stages of nuclear and cell division, so characteris-

tically as here. By division the cells at the same time become smaller

and more numerous ; the intercellular substance disappears to quite nar-

row stripes, clouding granularly by acetic acid (therefore probably mu-

cus-containing). Finally, there results the texture represented in Fig.

119, a, which may be regarded as germinal tissue in its best form.* Up

* According to Hansen (Nordiskt Medicinskt Arckiv, i, 13), in older lepra nodes

cells occur, in which, beside the nucleus, a brownish pigmented, fat-containing glob-

ule is found, beside peculiar formless and very large bodies, which appear to be com-

posed entirely of this sort of globules.
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Fig. 119.

a. Lepra tissue, after Virchow.
division.

Cells in

to this time, therefore, the lepra node is indeed characterized by its size

and the multiplicity of its appearance

from the syphilitic new formation, but in

the formation of granulation tissue there

is a uniformity present than which no

greater could be imagined. In this re-

lation the cliiferences first begin in the

decomposition. The lepra tissue, indeed,

is destroyed likewise upon the one hand

by fatty degeneration, and suppuration

upon the other ; the long continuance,

however, of the precarious condition is

characteristic. For we can properly call

the condition of a tissue precarious,

which contains numerous elements re-

quiring nutriment, and together with

these has taken the place of a very

much smaller parenchyma and poorer

in cells, without a simultaneous vascu-

lar new formation having increased the nutritive means. We expect

retrogressive metamorphoses or the occurrence of suppuration. Both

are remarkably slow to make their appearance. Finally, after the

lapse of years, the node becomes softer, the basis-substance liquefies

somewhat, the cells partly undergo fatty degeneration, but only if the

new formation was very limited can a complete decomposition occur.

The transition to suppuration and formation of ulcer only takes place

when the nodes are exposed to natural injuries and other irritations in

an extraordinary manner. Then a moderate increase of cell produc-

tion eifects the transformation of the lepra node into pus, which is

evacuated externally, and after its evacuation leaves behind a corre-

sponding loss of substance. The leprous ulcer after this furnishes a

thin sanious pus, which is wont to dry to brownish crusts.

In the remaining disturbances also peculiar to lepra, the described

new formation plays a prominent r61e. Anaesthesia of the skin, for

example, is produced by the formation of nodes upon the nerves, the

spontaneous disarticulation of limbs by the gradual deeper penetration

of the infiltration upon the one hand, upon the other by a painless sup-

puration of the joints, which finally leads to separation.

§ 326. The glanders, which is transferred from horses, likewise dis-

closes itself by the production of nodular deposits in the subcutaneous

cellular tissue, which consist entirely of germinal tissue, but are char-

acterized from syphilitic and leprous nodes by a considerably more
rapid, and indeed constantly purulent metamorphosis.
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3. Diseases of the Hair-Follicles and Sebaceous Glands.

1. Retention of Secretion.

§ 327. The hair-follicle, with its attached sebaceous glands, is one

of the most ingenious anatomical arrangements of the body. The whole

manner of the insertion of the hair into the skin, the ingenious care

which is jet bestowed upon it within the hair-follicle, all is so lucid for

comprehension. But it happens with this also, as with so many very

ingenious apparatuses of man's invention. Both are easily deranged.

It is certainly wonderfully elegant and practical, how the growing hair

pushes forward in its sheath and just at its narrowest place grazes the

outlets of the sebaceous glands, which oil it with their secretion and

fortify it against injuries, which immediately thereafter befall it from

the air. But this narrow inclosure of the hair by the neck of the fol-

licle has also its drawback. But little is wanting to completely occlude

the follicle. A slight tumefaction of the subepidermal connective tis-

sue, a moderately increased separation of epidermis cells suffices to

curtail the remainder of the interval which is yet present at the outlet

of the follicle. Upon the occlusion, then, of the excretory duct follow

the retention of the secretion ; there follows a whole series of diseases of

retention of the hair-follicles. These will first of all be observed here.

§ 328. To continue a moment longer with the causes of retention,

an external occlusion of the hair-follicle by dirt and uncleanliness may
probably but very rarely come into question. That must already be a

very peculiarly penetrating and withal tough and smeary substance,

not to be raised and pushed aside by the vigorous growth of the hair.

The already pointed out increase of separation of epidermis with the

simultaneous swelling of the subepidermal connective tissue at the neck

of the hair-follicle, is at all events far more important. In one of the

diseases to be spoken of here, namely acne, both of these phenomena

are co-effects of a subinflammatory condition, and it appears justifiable to

accept also the same etiology for other forms complicated with inflam-

mation. But all this vanishes in the presence of a circumstance which

exhibits the question as to the kind and manner of the occlusion in gen-

eral as quite a secondary and unimportant one, I mean in presence of

the favorable chances which the anatomical structure of the hair-follicle

presents to a deposition and accumulation of secretion, even without

occlusion of the excretory duct.

The hair-follicle—if Ave will cast but a glance at Fig. 109—is club-

shaped ; it is wider at the fundus than at the excretory duct ; its Avails

are somewhat inclined towards the fundus ; especially, however, that

portion of the follicular wall which surrounds the bulb, has a position

directly turned away from the surface of the skin. From this it fol-

lows that the secretory products of the follicular walls find in this it-
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self a hindrance to their evacuation. To the energetic growth of the

hair alone is it to be ascribed, if, notwithstanding this the cast-off cells

of the epidermis of the hair-follicles do not remain in the fundus. The

growing hair carries them along with it, and hereto the upwards and

outwards directed scales of its cuticula may yet peculiarly fit it. The

hair, so to say, sweeps out the recess in which it stands. But it is

manifest that self-cleansing of the apparatus is only arranged for a

very moderate degree of epidermal scaling on the part of the follicular

wall. Every, even the smallest increase of the latter, must lead to its

retention. The question, what occludes the follicle? is quite idle.

We rather should have considered how, in the peculiar structure of the

hair-follicle, it is possible that under normal circumstances no retention

of secretion occurs. This, according to my judgment, is the only cor-

rect standpoint that we have to occupy in the otherwise so problemati-

cal etiology of the retention of hair-follicles. We find the beginning

of the disturbance in an increase of separation at the inner surface of

the follicle, which suffices to explain also the retention.

In most of the cases the increased separation from the hair-follicles

is an affection of the whole cutaneous surface, in which the recesses

after their manner take part. Persons who throw off much sebaceous

matter, whose hairs and nails grow peculiarly rapidly, and who constantly

have the head full of dandruff, and young persons at the period of pu-

berty, are hence particularly disposed to the diseases of retention of

the hair-follicles. Moreover we are apt to find them in the surround-

ing of epidermic cancer, warts, wherever an epidermal proliferation is

the essential constituent of the anatomical change.

§ 829. Let us suppose now we are dealing with a hypersecretion in

the interior of the hair-follicle, the question in the first place will be,

whether this affects the follicle in its totality or only a section of it.

The former is the case in the comedo. We thus call a condition, in

which the hair-follicle is uniformly distended in its entire length by
accumulated epidermal masses. The skin at this place is slightly ele-

vated, and if we exert considerable pressure from two sides, there

springs out a whitish plug, which looks black at its free end, and hence

has occasioned the comparison to a living creature, for example, a fruit

worm (comedo, mitesser). In fact this end protruded from the hair-

follicle, and was colored black by dirt. If we diffuse the plug through

a drop of water for the purpose of microscopic examination, we find

nothing but epidermis scales, which here and there appear darkly

punctated by flat globules. Besides these, fat-globules which were

yielded by the sebaceous glands. According to Gustav Simon there

also occurs, just here, more frequently than in normal hair-follicles, a

very small six-legged mite with a long body, an acarus folliculorum. I

do not know it from my own observation. Comedones are, par excel-

lence, found at the alse of the nose, the bridge of the nose, then upon
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the back, therefore, wherever the skin is only covered "with downy
hairs. The follicles of the hair of the head and beard remain free of

them.

§ 330. Another anatomical picture results, when not the whole hair-

follicle is the seat of hypersecretion, but only the fundus. The epi-

dermal masses then, without more ado, stratify themselves around a

central point formed by a round cell-heap ; there arises an epidermal

globule, which can only be distinguished from the pearly globule of the

epidermal cancer by its considerable size. If the globule has attained

the size of a millet-seed, it glistens with a yellowish-white color through

the covering epidermis, and is then called milium or grutum.

§ 331. A third form is called meliceris, from the honey-like consist-

ency of the follicular contents, which is produced by a more abundant

admixture of oil from the sebaceous glands to the epidermal masses. If

the elevation of the surface becomes greater, if the distended hair-

follicle projects more and more above the level of the latter, and if at

the same time the connective tissue of the papillary layer participates

in the process by hyperplasia, there arises the molluseum contagiosum.

This is thus a wart upon the surface, of the size of a pea, which con-

clusively distinguishes itself from other soft warts, otherwise of quite the

same constitution, only in containing in its centre a dilated hair-follicle,

secreting fat and epidermis in abundant amount. A primary occlusion

of the hair-follicle, by the way, can be demonstrated the least in the

molluseum contagiosum. In the larger tumors, the outlet not infre-

quently gapes so wide that the contents may be pressed out with the

greatest ease. These contents are said to have the capacity of produc-

ing the same disturbance upon the skin of a healthy individual. It is a

legend with a doubtful historical background ; it has, however, given

occasion to the suspicious epithet " contagious."

§ 332. The acrochordon is a small, often very long, pediculated polyp

of the skin. It looks as though a small, wrinkled, brownish-colored

wart hung from the skin of the neck or trunk. If we examine the

body of the tumor, we find therein one or two very dilated hair-follicles,

filled with sebaceous matter, &c. It is, therefore, probably to be ac-

cepted, that this retention has given the impulse to a warty elevation,

then to a polyp. External circumstances, especially the habitual

dragging and playing with such little tumors, occasion the frequently

so striking elongation of the pedicle.

§ 333. Further on we then come to the atheroma, the highest stage of

development which a simple hair-follicular retention can attain. The hair-

follicle is distended by the accumulated secretion to the size of a pigeon's

egg, even of a child's fist. We have before us a retention-cyst, upon

which we can distinguish a secreting cystic wall and secreted cystic

contents. The first consists of a connective tissue very rich in cells,

and is lined with two or three layers of pavement epithelium. The
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larger the atheroma so much the thinner the cyst ; it may finally com-

pare in delicacy with a serous membrane. Nevertheless we must regard

it as something hyperplastic, when we are reminded that the connective

tissue sac from which it proceeded, is the most invisible of all the layers

and sheaths of the hair-follicle. It has also gained very considerably

in extent as well as in thickness, and although I am very far from set-

ting up this enlargement as perhaps the cause of the increase of secre-

tion and retention, yet it appears to me very important to establish,

that with the gradually increasing epithelial production not only the

epithelial layer itself has gained in extent, but also the organ which I

regard as the matrix of the epithelium. Moreover, it is evident that

the increased epithelial secretion is at the same time the cause and the

consequence of the distension of the follicle, that we here have to do

therefore with one of those circles of cause and effect, so frequent in the

pathology of the physiological cysts, the urinary and the gall-bladder.

The cystic contents are at one time a crumbly, smeary mass, then more
honey-like, then stiffly gelatinous, translucent, and concentrically strat-

ified. Once I found contents, which the customary designation in Ger-

man of grits-bag tumor best explains. In a thin fluid, like the yolk of

an egg, a number of gray, translucent lumps swam, which resembled

boiled grits. Large amounts of cholesterin are wont to be found in

all the larger atheromas, and to give the atheroma pulp a glittering ap-

pearance. Microscopic examination teaches that everything that looks

like boiled grits or jelly, everything that is crumbly and white, con-

sists of epidermis-cells partly in fatty metamorphosis. The yellow

parts are granular globules and fatty detritus ; the glittering parts, as

was said, tables of cholesterin. What is more rarely found is a cer-

tain number of downy hairs, which were evidently formed by the original,

or by secondarily formed hair-bulbs. The hair, moreover, in all diseases

of retention is very strikingly affected. In the beginning of the reten-

tion it is nothing but a plug, which completely closes the excretory

duct of the follicle. The larger then the accumulation of the epider-

mis masses becomes, so much the more does the hair in their midst atro-

phy; its growth either ceases entirely, or it yet continues for a time in

a scanty manner.

§ 334. But before we leave the atheroma, we will mention a phe-

nomenon which is wont to become peculiarly prominent just here, it is,.

however, of general interest for the pathology of the hair-follicle; I
mean its change of place.

The normal hair-follicle, that is to say that of normal histology, is

imbedded in the substance of the cutis; only the particularly strong and

long hairs by their roots reach into the subcutaneous adipose tissue.

This proposition is to be taken cum grano salts. That upon a section

of a healthy skin the great majority of the hair-follicles actually do

not extend beyond the lower border of the cutis, is correct. But so

21
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soon as a considerable enlargement of the hair-follicle occurs, it regu-

larly moves out of the cutis and becomes subcutaneous. Hence even

the smaller atheromatous sacs, without exception, do not lie in the

cutis, but under it. An analogous sinking down is found in lupus,

in the hypertrophy of the sebaceous glands, &c, so that in fact it will

be worth the trouble to search out its cause. Now herein an old

observation comes to my aid, which I made in the examination of a

colossal myxoma of the skin of the back, of twelve pounds weight.

This tumor had developed in the subcutaneous cellular tissue, and the

covering integument was stretched to a high degree. If now we cut

out any piece you will of this integument, and observed its under surface

by a strong lens, Ave remarked that everywhere the hair-follicles with

their sebaceous glands projected from its level. Several were quite

free, others were fixed in shallow, infundibular depressions, which were

formed by the connective tissue bundles of the cutis parting asunder.

It quite gave the impression, as if pre-existing recesses were opened

from below by the distension, like as the outlets of the uterine glands

open infundibuliform, when in pregnancy the uterine mucous membrane

is stretched from within. Hereupon I subjected the healthy skin to

another examination, and found that wherever in the cutis a hair-fol-

licle of medium and of larger calibre existed (I only except the smallest

downy hairs), it was imbedded not so much in the- cutis as in a continu-

ation of the subcutaneous connective tissue. If such a hair-follicle en-

larges, the fasciculi of the corium part asunder just as well as if they

were pressed apart from below, the recess opens, and that continuation

of the loose connective tissue becomes a gubernaculum, by which the

hair-follicle descends into the subcutaneous tissue.*

2. Inflammation.

§ 335. That the conditions in the interior of the hair-follicle, espe-

cially the retention of its secretion, do not remain without reacting

upon the surrounding parts, we have seen as well in the molluscum

contagiosum as in atheroma. There they were hyperplastic conditions

of the surrounding connective tissue, which being excited by the reten-

tion of secretion, had tumefaction and thickening as a consequence.

The inflammations of the hair-follicles, or better, the inflammations

which proceed from the hair-follicles, show us, however, that this re-

action of the surroundings towards the conditions of the follicles may

assume an acute and heteroplastic character.

§ 336. In the so-called acne or pimply eruption, an anatomical pic-

* Wertheitn had already demonstrated, in 1864, the implanting and the transition

of the hair-follicle into a connective tissue bundle coming from the deep parts. (On

the Structure of the Hair-Follicle in Man, &c. Reports of the Sessions of the Im-

per. Academy, vol. 1. April.)
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ture of disease meets us, which is essentially composed of the retention

of secretion upon the one hand, and of perifollicular inflammation upon

the other. Hence the pimply eruption is very commonly met with as

an intercurrent affection in such persons who suffer much with come-

dones and milia. The question therewith is probably about an irrita-

tion of the cutis from the products of decomposition of the stagnant

contents. Another more improbable version would be, that the peri-

follicular inflammation causes a swelling of the subepithelial connective

tissue at the neck of the hair-follicle, and this occlusion first causes the

accumulation of the secretion in the hair-follicle. Anatomically, in

every acne-pustule we have to distinguish the changes of the centrally

located hair-follicle from the changes of the surrounding connective

tissue. The hair-bulbs and their sheaths, apart from the fact that be-

tween them a large amount of fatty degenerating epidermis-cells are

accumulated, are affected throughout. So much the more actively does

the connective tissue sac participate in the inflammation. It appears

that this entirely melts down into pus, for in the evacuated contents of

a mature acne-pustule I find no trace -of it, but beside the hair only

pus-corpuscles and epidermis-cells, although the loss of substance re-

maining behind exceeds the hair-follicle in size perhaps two to three

times. The vessels of the hair-follicle are macerated by the dissolu-

tion of the connective tissue which carries them; the cells of the walls

also appear to participate in the inflammatory proliferation, and the

walls thereby to lose in tenacity, for they regularly burst, when by
the evacuation of the pus they are relieved from the pressure resting

upon them.

The surrounding connective tissue must be regarded as the*proper

focus of the inflammation; here hyperemia, plastic infiltration, and the

formation of pus in an area of from one-half to two lines, succeed each

other. The pus collects around the follicles, and already, long before

we see it shining through the epidermis, there exists a drop of pus in

the depth of the corium, which may be evacuated by making an in-

cision. ((3r. Simon.) Only at a later period the abscess advances out-

wardly. The orifice of the follicle opens slowly, the connective tissue

bundles, which surround it, separate unwillingly. Between the latter

and the epidermal parts of the hair-follicle the pus-corpuscles slip

through, and by elevating the epidermis collect circularly around the

shaft of the hair. Finally, a sharply elevated, straw-colored pustule

rises up very rapidly ; the condition has attained its climax.

If we puncture the pustule and at the same time prevent desiccation,

all the pus gradually flows out by itself. By a vigorous side pressure,

the pus with the hair-follicle is commonly evacuated. Hereupon the

morbid vegetation in the skin very soon ceases, the connective tissue

bundles draw together again, the small cavity, which previously con-

tained the follicle, is filled by a little cicatricial tissue.
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Sycosis only presents a variety of acne. While the latter visits in

general such regions of the skin as are only clothed with downy hairs,

sycosis affects the hairs of the head and beard, the eyebrows, &c. A
preceding retention of secretion cannot be demonstrated in the affected

follicles. Kobner seeks the pathological irritation in a vegetable par-

asite of the hair-follicle, though such a one is rarely found, and I can

corroborate this view of Hebra.

§ 387. The opinion that the furuncular inflammation also constantly

proceeds from a hair-follicle, has, indeed, been not at all generally re-

ceived ; that, however, it may proceed therefrom is conceded, and if it

is an accident, it is at least a very singular accident, that no other case

has hitherto occurred to me. In the abundant occurrence of furuncle

we cannot fail of frequently and readily obtaining the so-called "cores"

(Eiterpfropfe) for investigation. They, however, by no means suffice

to decide the question as to the point of departure of the inflammation.

For this, more recent cases with the whole surrounding skin are re-

quired, and this material is of course much more rare. Wherever I

have had the opportunity of examining this material, as the central

points of the inflammatory depot, 1 found those funnel-shaped processes

of the subcutaneous connective tissue into the cutis, which we have

learned to know as the bed of the hair-follicle. (§ 334.) Bardleben

makes a similar statement. (Bardleben, Text-Book of Surgery and

Operative Procedure, vol. ii, p. 17.)

The furuncle distinguishes itself from acne and sycosis, in that the

inflammatory process does not limit itself to the thickness of the cutis,

but that it indeed attains in the cutis its highest intensity, at the same

time, however, passes over into the subcutaneous connective tissue. In

this exceedingly irritable region the inflammation soon attains a dispro-

portionately great extent. Now hyperemias, combined with extensive

lymphatic saturation, condition here those nodular tumefactions, some-

times as large as a pigeon egg, which one feels through the extensively

reddened and stretched skin. In contrast to this wide extension of the

preliminary stages, the inflammatory new formation in fact confines

itself to a small space. It extends circularly but little beyond the cone

of subcutaneous connective tissue mentioned and into the substance of

the cutis. Within these limits, however, the plastic infiltration be-

comes so considerable, the accumulation of pus-corpuscles so dense,

that the bloodvessels are compressed. In a certain form of the furuncle,

the anthrax, in consequence of this the infiltrated part actually dies,

becomes black and dry as sole leather ; in ordinary furuncles it remains

in necrobiosis ; the cells frequently show fatty degeneration. Here, as

there, however, the infiltrated part is gradually loosened from the ad-

jacent connective tissue by a separating suppuration—and commonly

somewhat sooner by our treatment than by itself—is cast out of the

skin. This is the already mentioned well-known "core," in whose un-
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ravelling we certainly find nothing but disintegrating cells and some

connective tissue fibres, beside a large amount of detritus. After the

casting out of the core the sinuous ulcer heals by second intention and

leaves behind a radiating scar.

3. Hypertrophy.

§ 338. We must distinguish the active enlargements of the hair-fol-

licles, depending upon new formation, from the passive ones by retention

of secretion. Among the former then again it is necessary to separate

the genuine hypertrophies from the spurious, since, in the former, the

original anatomico-physiological character is preserved, while in the

latter, a specific change in the texture and structure, which at the same

time excludes the normal function, is combined with the enlargement.

The hair-follicles and their sebaceous glands thereby become something

foreign to the organism ; they become heteroplastic tumors. Hence the

discussion of the spurious hypertrophies will follow in the next section.

§ 339. We can by right only find a genuine hyperplasia of the hair

in the hairy mother's marks, the so-called moles (nsevus spilus). These

at times tolerably large, brown, half-spherical or flat elevations of the

skin appear in fact to furnish a very favorable soil for the most luxuriant

formation of hair. Not alone that the hairs become exceedingly coarse,

but if we are the possessor of such a mole, we make the observation

that these hairs change and fall out much more frequently than the

hairs of the head and beard. If we make a vertical section through a

nsevus of this sort, we find in a fourth part of the collective, otherwise

very densely packed hair follicles, an. accessory diminutive hair-follicle,

in which a new hair has been already more or less developed ; we find

those pictures which Kolliker gives in Figs. 79 and 80 of his Handbook.

I cannot avoid seeking the essential nature of the nsevus spilus in this

hyperplasia of the hair. The sebaceous glands are entirely unaffected.

§ 340. I have only once seen a genuine hyperplasia of the sebaceous

glands, and I doubt whether the new formation designated by Forster

as "glandular tumor" of the sebaceous glands, is a genuine hyper-

trophy, as a corroding character is attributed to it, which pertains only

to the spurious hypertrophies in cancroid and lupus. In the case in-

vestigated by me, which was given to me by Prof. Wernher, of Giessen,

there was a tumor of the size of a pigeon's egg, that was seated by a

broad base, but perfectly movable, upon the hairy scalp. The covering

skin was provided with numerous openings, visible even to the naked

eye, the outlets of the hypertrophic sebaceous glands ; hairs were want-

ing. A cross section reminded very much of the cross section of a

normal mammary gland. Acini of from three to five terminal vesicles,

with a common excretory duct, beside transversely and obliquely divided

wider excretory ducts, are imbedded in a very compact stroma with thick

trabecule. The individual acinus shows very small, round epithelial
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cells ; the lumen of the excretory duct contains solid and fluid fat. The

whole presents a thoroughly homologous new formation, a further de-

velopment of the sebaceous gland type, like to that which is carried

out in the mamma.

§ 341. By way of appendix I will at once mention here the genuine

hypertrophies of the sweat-glands, since I do not intend to devote a par-

ticular chapter to the sweat-glands.. The same obtains of the spurious

hypertrophies of the sweat-glands as of those of the sebaceous glands

;

they are to be regarded either as epithelial cancers or as lupus. The

genuine hypertrophy of the sweat-glands occasions a flat, fungoid ele-

vation of the skin, which being smooth and hairless, appears not unlike

a soft wart. A section, however, convinces us, that not only the pap-

illary layer, but also the entire cutis, is non-participative. The sweat-

glands, as is known, only lie at the boundary towards the subcutaneous

connective tissue; here, then, is also the proper body of the swelling,

—

a cushion of sweat-glands, from three to four lines thick and corre-

spondingly broad. The circumference of a single gland may have risen

to the diameter of a line ; the adipose tissue appears to be partly dis-

placed, the connective tissue trabecule between the glandular bodies

are thickened.

The finding of small cysts, with clear, mucoid contents, must be des-

ignated as a retrogressive metamorphosis. They arise by the total

mucoid dissolution of individual glandular bodies, and fill the cavities

in which they were imbedded.

4. Heteroplastic Tumors—Lupus.

§ 342. The quite evident participation of the hair-follicles and the

sebaceous glands in the formation of epithelial cancer was duly esti-

mated in the detailed consideration of this tumor. Herein the hair-

follicles and the sebaceous glands appear to be upon a line with all other

projections of the epidermis into the cutis, with the sweat-glands as

well as with those prominences of the rete Malpighii, directed down-

wards, which fill up the depressions between the papillae. There is,

however, also an adenoma of the sebaceous and sweat-glands, a tumor

which, like all adenomas (§ 152), stands very near indeed to epithelial

cancer, but like all adenomas is also to be distinguished from it, partly

by structure and texture, partly by the more local, non-metastatic char-

acter; I mean lupus or skin-wolf.

§ 343. If, in relation to the lupous new formation the views advanced

by me correspond more to the older than to the quite modern repre-

sentations of the subject, this probably lies in that lately one has

avoided more than is right, seeing in lupus something peculiar, some-

thing deviating from the common schema of the inflammatory new for-

mation. In truth, however, not only the production, but also the
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structure and texture of the lupus node present so much that is char-

acteristic, that I will readily obligate myself to diagnose, from the mi-

croscopic analysis, the lupus just as certainly as carcinoma. It is true,

the cells of the lupus node are upon the "whole small and round ; they

are densely packed, a mucoid cement unites them, and if it were

required to find a name for this tissue, that of germinal tissue might

probably be the most suitable. But can we, and dare we on that

account neglect the great diversity of the inner structure, the quite

peculiar production of this germinal tissue?

As to what in the first place concerns the structure, every lupus

node, whether this lie in the cutis or the subcutaneous connective tissue,

has a very decided acinous structure. Make a section through a lupous

infiltrated portion of skin hardened in alcohol, lay it for eighteen hours

in a strong carmine solution, and then treat it with means to render it

transparent (best of all with Canada balsam), and without more ado,

you will confirm this proposition. We distinguish upon the smaller

lupus nodes, two to three, upon the larger, perhaps of the size of a

hemp-seed, seven to ten oval bodies, twisted to and fro, beset all over

with roundish humps, which have a clubbed and a tapering end, and

converge with the latter collectively towards a common central point.

(Fig. 120, a.) These bodies are formed of larger cells, whose proto-

Lupus. Section showing the transition of the healthy skin into the highest degree of infiltration.

a. Acinous alveoli, b. Germinal tissue of the lupus nodule, c. Metaplastic hair-follicle and sebaceous
gland. 1-10.

plasm has not taken the carmine coloring, so that they appear white,

and thereby contrast themselves very distinctly with the remaining

parenchyma of the node, in which they are imbedded. This remaining

parenchyma (Fig. 120, b) consists entirely of genuine germinal tissue;

the cells are small, quite round, shining, and greedily take the carmine

coloring. Here the vessels also of the lupus node, mentioned by

several authors, run ; these, therefore, surround the first mentioned

alveoli, like the bloodvessels do the terminal structures of an acinous

gland, so that the acinous structure of the lupus node is undoubtedly

established.

§ 344. It is necessary now to ascertain the cause of this so exceed-
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irigly characteristic condition, and therewith the conjecture probably

will of itself impress us, that the acinous structure of the lupus node

might have arisen by the degeneration of a pre-existing acinous

structure, perhaps of the sebaceous glands. If now we make vertical

sections at the boundary of the advancing lupus, which reach from a

completely healthy portion of skin into a completely diseased one, we

observe at the first glance, that in fact the sebaceous glands take a

very important part in the lupous process. It has been long known

that they tumefy in an extensive circuit, and shine through the epider-

mis as white nodules. Now this tumefaction is partly brought about

by the increased formation of glandular elements, partly because the

cells do not undergo fatty degeneration (disintegrate), but instead of

this become large and vesicular, and distend the body of the sebace-

ous gland probably to five times its normal volume. Even the bulb-

sheath of the hair joins in this degeneration, since they produce, in-

stead of the ordinary flat epidermis-cells, the same large vesicular

structures as the sebaceous gland. As, however, this production need

not uniformly affect the whole of the bulb-sheath, but at one time the

fundus alone, at another, this and a point situated higher up are im-

plicated, the hair-follicle proper soon attains a varicose, knotty consti-

tution. The hair is destroyed. The glands and hair-follicles can no

longer be distinguished ; either may be mistaken for the other. Never-

theless as yet the condition has nothing characteristic of lupus, since

the large-celled metaplasia occurs also in similar manner in the

neighborhood of leprous, syphilitic, especially, however, of epithelial

carcinomatous affections of the skin. That which follows upon this

metaplasia first becomes characteristic.

§ 345. Lupus has been regarded by various persons (Berger, Diss.

Inaug. Greifsw. ; and Pohl, Virchow's Archiv, vi, B) as a proliferation

of the elements of the Malpighian mucoid net. I can join in this view

in the sense, that I likewise seek the places of the proliferation at the

' boundary between the connective tissue and the epithelium, of course

not absolutely in the rete Malpighii, not therefore at the boundary

which the connective tissue makes with the epidermis in the narrower

sense, but quite specially at the glandular continuation of the epider-

mis. The process begins with a luxuriant cell proliferation in the in-

terstitial and encapsuling connective tissue of the sebaceous and sweat-

glands. This proliferation extends into the surrounding parts for

variable distances ; one can beautifully see how it advances into the

adipose tissue,'encapsuling the deeper situated sweat-glands, how small,

round elements appear there between the contiguous fat-cells, and first

surround them in the form of a wreath, ere they entirely cover them

and hide them from view. Upon the other hand, the proliferation

follows the afferent vascular trunks, often deep into the subcutaneous

connective tissue; within the gland itself, the massive newly formed
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germinal tissue likewise groups itself in the form of an arborescent

ramification, which has its trunk in the place of entrance of the

afferent vascular trunk.

Quite proportional to this abundant cell-formation at the periphery

of the glandular tubuli and acini, grows the volume of the glandular

tubuli and acini themselves ; they become deformed therein, clubbed

and knotty, as we described them above; the lumen also is destroyed,

only the fundamental plan remains, the grouping of the parenchyma

about a central point, corresponding to the excretory duct. The cells

of which the degenerated acini consist, are no longer those large vesic-

ular elements of the first enlargement, requiring immoderate space.

They are perhaps of twice the size of the germinal tissue cells, con-

centrically rounded therewith in smaller groups ; one sees, as it were,

the attempt at a higher epithelial organization ; the cell, however,

remains in the developmental stage of the rete Malpighii.

§ 346. I meet the objection, that one by no means always finds the

lupus nodes superficial, but often deep enough in the subcutaneous con-

nective tissue, by reminding that particularly the sweat-glands may

already normally be very deeply seated, and that in the enlargement a

further sinking down of the glandular body might take place in a

manner similar to what we saw in atheroma. Finally, I will not leave

unmentioned, that the formation of granulation tissue in the so-called

hypertrophic lupus, passes very far beyond the boundary of the glan-

dular bodies, that from this granulation tissue, mature connective tissue

may also be developed, and in this manner indurations may arise, which

are similar to the hypertrophies of elephantiasis. But the real lupus

node is the adenoma of a sebaceous or sweat-gland.

The fate of the lupous new formation, as a rule, is, fatty degenera-

tion of the parenchyma proper, combined with purulent melting-down

of the granulation tissue. The small abscesses burst and empty.

Tumors and cicatrices form as with lepra and syphilis.

5. Atrophy.

§ 347. The falling of the hair of the head in extreme old age, depends

upon a complete involution of the formative places of the hair, i. e., the

hair-follicles and bulbs. The former widen and shorten, the latter

become smaller, and either disappear entirely, or yet only suffice for

the production and nutrition of downy hairs.

The premature falling of the hair constantly depends upon a dispro-

portion in the production of epidermis-cells on the part of the hair-fol-

licles on the one hand, and on the part of the hair-bulb on the other.

If too many cells are formed upon the wall of the hair-follicle, the

lateral pressure, which the hair experiences in the interior of the hair-

follicle, disturbs the nutrition of the shaft of the hair and causes its
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desiccation and spontaneous separation from the hair-bulb. This is the

case in that defluvium capillorum, which develops as a symptom of

constitutional syphilis, or after acute diseases, for example, typhus

abdominalis.

The second very much more rare case is, that the formative activity

of the hair-bulb sinks below the normal measure. We then have a

quite normal hair-follicle; the normal lateral pressure, however, which

the shaft of the hair experiences at the narrowest place of the hair-

follicle, namely, close below the outlet of the sebaceous glands, is too

great to be overcome by the pressure of growth of the hair. The hair,

therefore, is held fast at this place, and undergoes a finely granular

metamorphosis of its cells, which prepares the solution of continuity in

so far, that a moderate pull upon the hair-shaft (in combing) suffices to

complete it. The lower very soft section of the hair undergoes *a pecu-

liar knotty distension, which is derived from this, that the formative

material furnished by the hair-bulb, although insufficient for the devel-

opment of a regular hair, nevertheless in the course of time grows into

a deformed cellular body of considerable dimensions (alopecia areata,

area Celsii).



V. ANOMALIES OF THE MUCOUS MEMBRANES.

§ 348. There begins at the mouth and ends at the anus a system of

membranous canals, which, because at its free surface it is constantly

moist and covered with a thin layer of mucus, bears the name of the

mucous membrane system. The membranous walls of these canals are

an immediate continuation of the outer skin ; like these, they present

the boundary of the organism towards external nature, the ego towards

the non ego ; they must constantly be so regarded that, for the sake of

example, what a person has taken into the stomach does not yet, in

this sense, exist in the organism, but only before its gateways. In

accordance with this, not only does the outer- skin in general at the

oral, nasal, ocular and aural orifices, at the anus, the outlets of the

urethra and the vagina, pass over into the tract of mucous membrane,

but also each individual layer of the skin may be traced in a corre-

sponding layer of the mucous membrane, the epidermis in the epithe-

lium of the mucous membrane, the cutis in the mucosa proper, the sub-

cutaneous in the submucous connective tissue.* Each layer herewith

also retains its significance in general; the epithelium remains here, as

upon the outer skin, a protective covering, which shuts off the organism

towards without ; the mucosa represents the proper connective tissue

body of the mucous membrane; the submucosa is a loose cellular tissue,

which accommodates the moving about of the mucosa upon the muscu-

lar coat. But within this general definition the structure and function

of each individual layer alters correspondingly to the physiological

office of the various subdivisions of the tract of mucous membrane.

In the first place, concerning the epithelium, everywhere at the gate-

ways of the mucous membrane system, the horny layer of the epidermis

is thrown off, so that its antechambers, the oral cavity, the pharynx

and oesophagus, the conjunctiva, vulva, preputial sac, the bladder and

urethra, are only lined with the mucous layer of the epidermis, the

so-called stratified pavement epithelium. The stratified pavement epi-

* The fourth layer of the mucous membrane tract, which no longer belongs to the

mucous membrane proper, the muscular coat, corresponds to the complete animal

apparatus of motion, to the muscular and osseous systems of the body ; the fifth layer

is on both sides formed by the serosa, which appears here as the visceral, there as

the animal laver of the same serous sac.
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thelium, like the rete, consists of a simple layer of small cylindrical

cells and a more or less thick stratum of larger pavement cells, which

flatten towards the exterior and are then cast off.

No doubt can reasonably exist as to the significance of this decrease

of thickness of the epithelium in the anterooms of the vegetative tract.

It is the first step towards facilitating the osmotic exchange between

fluids and gases in the lumen of the tract upon the one side, and the

blood upon the other. Where this exchange, as resorption or secretion,

becomes more active, where it forms the foundation of entire nutrition,

the last layer of pavement epithelium also disappears, and the cylin-

drical cells alone remain. Thus the intestinal canal, from the carclia

to the anus, thus the respiratory passages, thus the female sexual or-

gans from the external orifice of the uterus, carry a cylindrical epithe-

lium. Its cells are, of course, larger than the cylindrical cells of the

rete Malpighii; they have also been subjected to manifold modifications

of external form, as the function of the respective mucous membrane

requires; but they, like those, are seated immediately upon the connec-

tive tissue and between their bases, here and there, only single reserve-

cells are visible for replacing their loss, which are probably also not

wanting in the rete Malpighii. I see in this modification of form and

size no obstacle to regarding them as anatomical equivalents of the

cylindrical cells of the rete.

The body proper of the mucous membrane adjusts itself in the same

manner as the epithelium to the peculiar functions of the individual

subdivisions of the tract. Where such only serve for the conveyance

and preservation of contents, at the oesophagus, at the biliary and uri-

nary passages, at the vagina, &c, we find a plain stratum of compact

connective tissue fibrils, which limits itself smoothly and evenly towards

the epithelium
;
passes over continuously, however, upon the other side

into the bundles of loose submucous connective tissue. It is otherwise

where the tract resorbs or secretes. Here, upon the one hand, the

mucosa becomes the purveyor to the most important glandular organs;

upon the other, its surface, and histological quality alters, in a manner

corresponding to those functions. For resorption, for example, the

most possibly extended surface of contact of mucous membrane with

the chyme is of importance ; accordingly, we see the intestine, from the

jejunum downwards, is beset with the known intestinal villi, of which

each contains at its centre the beginning of a lymphatic vessel ; and

still more to facilitate transit, the connective tissue coat, which is in-

serted between the vessels and epithelium, shows here in the most

decided manner the peculiarities of lymphadenoid connective tissue,

that formation which we first learned to know in the stroma of the

lymph-glands. To the apparatus of resorption belong also the numer-

ous follicular (conglobate, Henle) glands, the solitary follicles, the

plates of Peyer, the tonsils and follicular glands at the base of the
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tongue. These, in a certain measure, present the first station, which

matters, arriving at the lymph tracts for resorption, have to pass. If,

at the same time, these matters are pathological irritants, hypergemia,

inflammation, and new formation mark their passage; hence, in so

many affections of the whole tract we can establish a predominant im-

plication just of the follicular glands.

Only the smaller, simply tubular of the secerning glands find a place

in the thickness of the mucous membrane, while the larger, especially

the acinous mucous glands, lie with their bodies in the submucosa.

Notwithstanding, the abundance of glands in certain mucous membranes

is so enormous that, for example, the mucosa of the stomach is formed

up to five-sixths of its volume of glandular substance.

Of the submucosa there is less to state. In the pathological new
formations we will have to mention it as a peculiarly favorable domain

for their development and extension.

a. Inflammation.

1. Catarrhal Inflammation— Catarrh.

§ 349. The greater part of all the diseased conditions of man are

catarrhs of the mucous membranes, or are complicated with such. The
name "catarrh" emphasizes but one, certainly the most prominent

phenomenon of the disease, the hypersecretion of the mucous mem-
brane. It must, however, be remembered that the hypersecretion never

exists without a simultaneous hypergemia of the mucous membrane, and

that this hypergemia is the proximate cause of the hypersecretion ; at the

same time, however, also the more or less remote cause of yet other

disturbances, of tumefaction, hemorrhage, pigmentation, hypertrophy,

&c, which, taken together, first make out the anatomico-pathological

picture of catarrh of mucous membranes.

Hypercemia is, consequently, to be regarded as the anatomical foun-

dation of catarrh. The hypergemia may be active or passive. In the

first case, it is the immediate consequence of a pathological irritation

having taken place ; in the second case, it preceded the catarrhal in-

flammation for a longer time, and has the significance of a predisposing

cause ; herewith I think of the bronchial catarrhs of persons suffering

from heart disease, of gastric and intestinal catarrhs in difficulties of

the portal circulation in the liver, of hemorrhoidal, rectal, and vesical

catarrhs. Whether we are justified in these cases, upon the occurrence

of the catarrh, in assuming yet a peculiar increase of the existing

hyperoemia, or even a transformation of its static character, we will let

pass. The discussion of the question, to what degree and where the

normal structure of the tract of mucous membrane favors the occur-

rence or continuance of a hypergemia, appears to me of more profit.

We will, in the first place, point out, that because of the delicacy and
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the penetrability of the epithelial stratum, the access of external irri-

tants to the irritable elements of the mucous membrane is far more

easy than in the case of the outer skin; furthermore, that here no elastic

envelope, as is presented by the horny layer of the epidermis, opposes

a barrier to the distension of the congested capillaries, but the softness

of the parenchyma permits an almost unlimited dilatation. The rela-

tion in which the contractions of the intestinal muscular coat stand to

the distribution of the blood in the covering mucous membrane, appears

to me of peculiar interest. As is known, the. trunks of the arteries and

veins, which supply the blood to the vascular nets of the gastric and

intestinal mucous membrane, pass through the muscular coat in an

oblique direction. They are there surrounded by a sheath of loose

connective tissue, which is tolerably strong in the arteries, so that there

remains a wide space between the vessel and the muscular bundles ; in

the veins, on the contrary, very insignificant, so that the lumina of the

veins are easily compressed by a contraction of the muscular coat. In

consequence of this arrangement, with every contraction of the intes-

tinal muscular coat an obstacle occurs to the return of the blood from

the intestinal mucous membrane; there takes place an increased con-

gestion of blood, which continues as long as the contraction lasts, and

may assume a more permanent character by the more frequent repeti-

tion of the contractions. The great significance for the digestive pro-

cess is manifest. The peristaltic contractions, apart from the locomo-

tion of the contents, have also, by means of the hyperemia of the

mucous membrane, which they excite and maintain, a favorable influ-

ence upon secretion and resorption ; upon secretion, since they supply

to the open-mouthed glands a more abundant raw material ; upon re-

sorption, since they effect that squeezing out of the capillaries of the

villi, which according to Kdlliker plays so important a role in the filling

up of the central lymph-space. Meanwhile every physiological hyper-

aemia is a Danaen* gift for the organ subjected to it; the slightest dis-

turbance of the mechanism turns the benefit into a calamity. Thus it

is here also. At no mucous membrane does the catarrhal disturbance

of the circulation attain so high a grade as just at the gastro-intestinal

mucous membrane, because the pathological irritant which affects the

mucous membrane awakens the peristaltic action just as promptly and

in yet stronger measure than the physiological irritation by ingesta.

Dysentery and cholera present us with examples, on the largest scale,

of the injurious effects of this mechanism ; the enormous oedema of the

mucous membrane of the large intestine, the hemorrhages, second-

arily, diphtheritic destructions in the former, also develop under the

influence of very severe tonic contractions of the muscular coat ; and

if we accept that in cholera also an enormously increased peristalsis

[* Timco Danaos et dona ferentes.]
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contributes its share to the immense transudation on the part of the

gastro-intestinal mucous membrane, we have thereby established only a

causal connection between two known phenomena of this disease. Mean-

while we need not turn to dysentery and cholera ; what occurs there

upon a large scale, is repeated upon a lesser in the slightest catarrhs

;

especially, however, in considering hemorrhages of the mucous mem-

brane and the round gastric ulcer will we have to return to this.

Only the vesical and uterine mucous membranes exist under sim-

ilar relations as the gastro-intestinal mucous membrane. Menstrua-

tion is connected with a contraction and relaxation of the muscular

structure of the uterus.

There are, however, also mucous membranes which are formed un-

favorable to the production of a hyperemia. The richer a mucous

membrane is in elastic fibres, so much the greater resistance will it

oppose to a distension and increase of volume through hyperemia and

oedema, so much the more vigorous, during the distension itself, will

be the effort to the return to the normal volume ; this lies in the nature

of elasticity. Diverse phenomena upon the mucous membrane of the

respiratory tract, which is rich above all in elastic fibres, are to be

referred to this. An acute and more considerable increase of thickness

is only observed at those places which possess a very lax submucous

cellular tissue, at the duplicatures of the laryngeal entrance, especially

at the aryteno-epiglottic ligament, and at some parts of the nasal mu-

cous membrane. These swellings, however, do not have their seat in

the mucosa, but they are oedematous infiltrations of the submucous

connective tissue. And even they very rapidly disappear, when the

elastic force of the constantly stretched mucous membrane gets the

mastery of the counter-pressure of the oedema-fluid maintained by the

blood pressure ; thus especially after death, where it is often absolutely

impossible to demonstrate an oedema, which could undoubtedly be estab-

lished during life, and which was probably the cause of death (oedema

glottidis).

§ 350. That the swelling of the catarrhal mucous membrane, the

second anatomical element of this form of inflammation, is partly at

least to be directly derived from the hypersemia, is self-evident. It is, in

so far as it depends upon the increase of the volume of the vessels, and

upon a more abundant saturation of the mucous membrane with serum.

The latter plays an important role in congestive catarrhs, and is char-

acterized by the lardaceous gloss of the swollen membrane, as also by

the clear serum which is poured out from an incision. The swelling is

many times more considerable when the submucosa participates in it,

which is more frequently the case especially at the csecum.

The active intumescences, i. e., tumefactive conditions of the lym-

phatic follicles depending upon cell-formation, interest the pathological

histologist more than these passive ones. It is probably without doubt
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connected with the intimate relations of these glands to the resorptive

processes, that in almost every catarrhal affection of a mucous mem-
brane we perceive a more or less extensive coaffection of the lymphatic

apparatus which takes up the lymph of the diseased mucous membrane.

The follicles imbedded in the mucous membrane itself are the most

frequently and rapidly diseased; the proper lymph-glands lying with-

out the tract only follow secondarily, and indeed for the catarrhs of the

nasal, faucial, and oral cavities, the lymph-glands at the neck ; for the

respiratory tract, the glands about the roots of the lungs, and the bifur-

cation of the trachea ; for the digestive tract, the mesenteric glands

;

for the urino-genital apparatus, the retroperitoneal and inguinal clus-

ters of lymph-glands.

Concerning the process itself, it is essentially that acute lymph-

adenitis suppurativa, as it was more minutely described in § 200 et

seq. This presents itself most purely and simply in the follicular sup-

puration of the gastric and intestinal mucous membrane. The severe

intestinal catarrhs of midsummer occasionally manifest the collective

stages of the process, while its beginnings are found as intercurrent or

initial phenomena also in tuberculosis, in typhus, Asiatic cholera, and

dysentery. As a rule, simultaneously with the commencing swelling

one observes a stronger, denser injection of the bloodvessels in the sur-

roundings of the follicle ; it appears as though the general hyperemia

had concentrated particularly about the follicle
;
partly, however, this

hypersemia may also be collateral, depending upon the entrance of the

blood being impeded into the follicle itself. The solitary follicle pre-

sents itself as a faintly gray bead of the size of a pin's head, which is

encompassed on all sides by a vascular circle. A Peyer's plate affords

in this stage the most elegant picture, since the hypersemic rings of the

adjacent follicles touch one another. With the occurrence of suppura-

tion the follicle swells up to the size of a small pea ; in its place one

perceives a yellowish, fluctuating spot, above Avhich the outer layer of

the mucosa passes moderately stretched. If we let out the pus the

cover collapses and the place sinks in somewhat. The cavity may be

again infiltrated by pouring water over it, and one has the opportunity

of admiring its comparatively great extent. The latter is only ex-

plained by the participation of the surrounding connective tissue in the

suppuration ; namely, as long as the pus is contained in the parenchyma

of the mucous membrane as an abscess, it acts—if I may use the com-

parison—catalytic all around upon the connective tissue. Hence at

Peyer's plaques it not at all infrequently proceeds to a subcutaneous

communication between adjacent follicular abscesses, whereby the mu-

cous membrane is undermined for great distances. Finally the cover-

ing necrosis is loosened from the edges, and shows us a loss of sub-

stance, which was produced by the ulceration, in the form of a sharply

defined round or roundish ulcer. As a rule cicatrization probably ensues
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without difficulty, though I have myself once observed a perforation of

the intestinal wall close above the ileo-caecal valve.

The follicular swellings and ulcerations of the stomach presuppose

the presence of follicles in the gastric mucous membrane. As is known,

there are stomachs in which we seek in vain for even one single fol-

licle. Probably, however, it is to be taken into consideration just with

the stomach, whether a formation of follicles may not take place ad

hoc, in the manner perhaps that Henle imagines the production of

"conglobate" glands in general. The formative irritation which the

connective tissue of the entire mucous membrane experiences, concen-

trates itself in a certain measure upon a number of foci, as an exanthem

of the skin distributes itself upon a certain, although often very large

number, of circumscribed depots ; according to what law we know not.

The circumstance is characteristic for the stomach, that all follicles are

constantly found in the same stage of transformation, whether as gray

beads, as abscesses, or as ulcers.

§ 351. The analogous conditions of the tonsils present somewhat

more complicated relations. The half-spherical surface of this organ,

as is known, shows a certain number of pocket-like depressions. The

pavement epithelium of the oral cavity lines the depressions; not infre-

quently we find, especially at the neck of the pockets, small papilla,

which resemble the papillae of the tongue in miniature. Round about

the pockets lie the lymphatic follicles in the parenchyma of the mucous

membrane. They are separated from the surface by a thin layer of

connective tissue, and do not touch it (as in the sheep, Frey). If,

now, we have a catarrh of the pharynx, with angina tonsillaris, an

increased shedding off of epithelium takes place, not only upon the

tongue (coated tongue), but also at the surface of these involutions.

In consequence of which a large amount of pavement epithelium accu-

mulates in the pockets; a white, smeary mass, like the vernix caseosa,

forms an extensive plug, which indeed projects from the outlets of the

pockets, but is not thrown out, so that already this filling contributes

not inconsiderably to the enlargement of the whole tonsil. To this the

inflammation and formation of abscess of the follicle associates itself.

One after the other, (as it appears all do not simultaneously enter into

the process) tumefies and softens. The adjacent abscesses here and

there flow together ; finally, that is to say, when the maturation of the

condition is not disturbed by premature medical interference (scarifica-

tion, nitrate of silver, &c), the entire tonsil is penetrated by a sinuous

abscess, which becomes a sinuous ulcer, if the pus has emptied itself at

the surface. As a rule, this occurs simultaneously at several points.

The gland thereafter suddenly collapses, provided always that a com-

plete confluence of all the purulent follicles had taken place. If this

is not the case, the follicles yet unopened, as well as those which in

general have been spared, remain in their present condition, and ex-

22
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hibit what yet remains of the tonsil. The filling up of the ulcerated

cavities with cicatricial tissue, as a rule, proceeds rapidly, and without

dangerous complications. If the healing is retarded, should even the

floor of the ulcer take on a gangrenous, putrefactive character, the

neighborhood of the internal carotid becomes a source of danger, because

it may lead to uncontrollable hemorrhage if the vessel is isolated by

the suppuration, and then corroded from the side. (Hemorrhagia per

diabrosin) [from ulceration.]

§ 352. The changes, which the secretion of the mucous membrane
experiences by catarrhal inflammation, are so striking, and present

points of support so important for clinical decision, that it has been

here and there believed that we could define catarrhs immediately as

anomalies of secretion. This is not correct, for the anomaly of secre-

tion is not the essence, but the consequence of the catarrhal inflamma-

tory condition. But it would be completely erroneous, did we see in

catarrh only an increase of the normal secretion. There is a difference

between secretion and secretion, and this difference prevails here. The

physiologically most important secretion of the mucous membrane

tract, the gastric and intestinal juices, are by no means secreted in

greater quantity from the catarrhal than from the healthy mucous

membrane ; on the contrary, a decrease of this secretion is constantly

to be expected as a functional disturbance accompanying catarrhal in-

flammation. It is already different with the physiologically less im-

portant mucus, which also covers the normal mucous membrane. We
know "mucous" catarrhs, in which mucus is furnished in increased

amount. They occur, par excellence, at such places of the tract, as

are distinguished for their greater abundance of mucus-preparing

glands, as the pharynx, the respiratory passages, the stomach and

large intestine. Yet we know that the preparation of mucus does not

exclusively belong to the acinous glands, but that the mucous metamor-

phosis is the same for the protoplasm of the epithelium of the mucous

membrane, that the horny metamorphosis is for the cells of the epider-

mis (compare § 40), and hence we do not wonder at finding mucous

catarrhs and mucous admixtures to catarrhal secretions, also from mu-

cous membranes without glands, for example, at the urinary bladder.

A somewhat more intense irritation than the simple mucous catarrh

presupposes the increased secretion of " cellular " elements. We dis-

tinguish in this connection epithelial and purulent catarrhs, according

as the secreted cells are predominantly epithelial cells or pus-corpus-

cles. I say, predominantly, because as a rule, we find both together.

A purely epithelial catarrh is, for example, observed upon the mucous

membrane of the tongue, where the so-called coating of the tongue is

nothing else than a massy separation of pavement epithelium, such as

is characteristic for this point of the mucous membrane tract. In

relation to the production and separation of the cells, I content myself
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with pointing out the detailed representation which I have given above

in § 83. We have no grounds whatever to assume that the epithelial

cells produced in excess, are formed according to any other than the

normal principle of development, and in this connection, we may con-

ceive the epithelial catarrh as a simple hyperplastic process. But

what, if we find pus-corpuscles in the catarrhal secretion, if we have to

do with a purulent catarrh ? It is a question, whether the catarrhal

pus-corpuscles are also to be regarded as emanations from the sub-

epithelial connective tissue. Against this formerly universally re-

ceived opinion, the circumstance especially testified, that we could

always demonstrate an epithelium, either by scraping the surface or

by vertical section, upon mucous membranes which were completely

in the condition of purulent catarrh, and that this epithelium pre-

sents not any or but unimportant deviations from normal relations. In

fact later investigations, in which I myself have participated after

Remak and Buhl, have taught, that the pus of mucous membranes can

arise by endogenous formation of the superficial epithelial cells them-

selves. I have already anticipated the details of this production in

the preliminary considerations to this section (§ 68). The arrangement

of the brood cells upon a section can only inform us as to the place of

their production. Fig. 121 is a true representation of the relations

Fig. 121.

Catarrh (purulent) of conjunctiva, a. Epithelium. &. Connective tissue stratum of the mucosa.

as they present themselves at the conjunctiva bulbi. One sees the

mother cells in their natural position, in the outermost layer of the epi-

thelial stratum ; below and to the side of them, partly normal epithelial

cells, partly such as have already entered upon the pathological pro-

cess ; towards the exterior, the pus-corpuscles and the catarrhal secre-

tion becoming free.

It is by no means intended to prove herewith that all the pus-

corpuscles of the catarrhal secretion, and that all the pus-corpuscles in

every catarrh, are formed in this manner. On the contrary, if we
reflect that all young cells possess spontaneous mobility, and that the

strong, transudative current of fluid can certainly only be promotive
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of the migration of these cells, we cannot set aside the possibility,

nay, the great probability, that the elements of the subepithelial ger-

minal tissue just mentioned penetrate between the epithelial cells, and

thus come to be thrown off.

§353. Mucus and cells are productions of the mucous membrane;

they represent the supplied nutritive material in increased amount, after

it has already been subjected to a certain alteration into secondary

products. The relations are different in very many catarrhs of the

gastric and intestinal mucous membrane. The ordinary diarrhoea

stool depends upon a "serous" transudation in the region of the small

intestine. The blood-serum, with albumen and salts, has passed from

the vessels of the villi directly to the surface, and is carried down the

intestine by strong peristaltic movements so rapidly, that resorption in

the large intestine cannot keep pace with it. The cholera-catarrh dis-

tinguishes itself from ordinary diarrhoea, on the one hand, by the

exclusion of albumen from the transudation; the'choleraic transudation

consists entirely of common salt and water (Schmidt) ; upon the other,

by the participation of the whole tract, from the cardia to the anus
;

finally, by the enormous quantity and the rapidity with which the

transudation ensues. The rapidity, especially, is so great, that the

epithelium of the small intestine, together with the epithelial lining of

the glands of Lieberkiihn, is lifted off and washed away in larger and

smaller shreds. (Meal soup, or rice-water stools.) If we observe these

shreds from the one side, we see the long, glove-fingerlike epithelial

coverings of the intestinal villi ; if we observe the other side, we are

aware of the more globular and short linings of the crypts of Lieber-

kiihn. The intestinal mucous membrane is thereupon in a, so to say,

" flayed " condition, and is relentlessly exposed to the hostile actions

of the intestinal contents, a circumstance which must not be forgotten

for explaining the superficial gangrenous sloughs which the intestine is

wont to present in the second stage of cholera.

The "hemorrhagic" catarrh distinguishes itself from the "serous"

exudations by this, that here the blood does not appear upon the sur-

face of the mucous membrane in its individual constituents, but as blood.

The exit from the vessels regularly ensues at the most prominent

points; at the stomach, upon the connective tissue ridges which sur-

round the outlets of the glands; in the small intestine, at the apices of

the villi, and, indeed, by preference, from the apices of those villi

which beset the edges of the valvulae conniventes ; in the ileum and

colon, the surroundings of the follicular glands are preferred, in the

colon, especially the plicae sigmoids. The process itself is a so-called

diapedesis. The blood passes in the smallest portions from corres-

pondingly small vents at the curves of the vascular loops, first of all

into the connective tissue parenchyma, from here to the surface. If

afterward the hemorrhage ceases, a portion of the poured-out blood-
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corpuscles remains in the parenchyma, and gives occasion for the

formation of a brown, to a black pigment. Accordingly, the mucous

membrane appears in toto brown, yellow, gray, or even black, whereby

the dissemination of the pigment follows the laws just discussed, and is

only in rare cases of high grade a more uniform one, so that, for

example, the stomach looks as though ink had been poured over it.

§ 354. A peculiar series of phenomena are developed by the possibility

that serous transudations may also occur upon mucous membranes with

stratified pavement epithelium. The outer well-articulated cell-stratum

then for a time resists the passage of the serum, is raised from its posi-

tion, and this gives rise to the formation of a vesicular eruption.

Accordingly we see in catarrhs of the oral cavity, the mucous mem-
brane of the lips, the gums, the tongue, and the cheeks, not infrequently

beset with watery, clear vesicles, up to the size of a pea, but mostly

miliary, which burst after about twenty-four hours, and empty their

contents. The affair is either concluded herewith, or subsequently the

elevated portion of the epithelium is entirely cast off, and there is left

behind a small, round deficiency of the epithelial stratum, an excoria-

tion. The exposed mucous membrane then, for the time being, pro-

duces pus, the contiguous edges of the epithelium are macerated, and

appear to the unaided eye like sharp, white contours ; the whole is sur-

rounded by a hypersemic area, and this condition of a circumscribed

purulent catarrh lasts as long as the catarrh in general continues. The

so-called "ulcers" may not inconsiderably enlarge therewith, so that

finally the greater part of the oral cavity is sore, the lesser part nor-

mal. (Stomatitis, scorbutus.)

Analogous conditions are found in all antechambers of the tract of

mucous membrane (see § 348). The best known are those of the os

uteri externus and the glans penis.

§ 355. Complete and incomplete decomposition, chronic catarrh, and

hyperplastic conditions of mucous membranes. What has hitherto been

stated concerning catarrhal inflammation characterizes one course of

the process, acute catarrh. After this the mucous membrane may
return completely to the normal state. The behavior of the con-

nective tissue parenchyma of the mucous membrane is herein the most

important. We saw in § 352 how actively the subepithelial con-

nective tissue participates in the catarrhal inflammation. Not in the

slightest degree was the thickening and puffing up of the catarrhal

mucous membrane to be laid to the account of a cellular infiltration of

the subepithelial connective tissue (Fig. 121, b). All these cells must

completely vanish ere the restitution can be called complete. They
partly undergo fatty degeneration, partly they may be taken up into

the lymph-vessels. Until this, however, has occurred, weeks may pass-

by, and so long also the mucous membrane remains a locus minoris re-

sistentise to new irritants ; for the greater the number of irritable ele-
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merits, so much the greater the irritability of the whole organ. This

point of view is not always properly valued by physicians and patients.

The latter are in a situation similar to those whose mucous membranes

are predisposed by a static hyperemia to catarrhal inflammation. The

danger is that the catarrh will return upon the slightest occasion ,to

just the place which it seemed to have left. The relapse then is wont

to be more stubborn than the primary disease. The vulnerability of

the mucous membrane, and with it the danger of a new relapse, is con-

stantly increased thereby, and always lasts longer. Each relapse in-

creases the number of cells in the connective tissue of the mucosa ; the

epithelium and the glandular apparatus also gradually participate in

the persistent enlargement ; the mucous membrane passes over into the

condition of hypertrophy. The hypertrophy, therefore, viewed from

this side, is a production of the catarrh; upon the other hand, it may
be regarded as an anatomical predisposition to catarrh, since the phe-

nomena constituting catarrh, hyperemia, swelling, hypersecretion, are

already developed up to a certain pitch and have become stationary

there, so that it requires but a slight excitement to increase this to a

catarrhal inflammation. (Chronic catarrh.)

§ 356. Let us now consider the anatomical peculiarity of hypertrophy

of the mucous membrane, a. The hyperplasia of the connective tissue

becomes particularly striking where, under normal circumstances, it

only appears in sparse amount as the cement of the densely crowded

tubular glands upon the mucous membrane of the stomach. The small

partitions between the glandular outlets, as the most superficial layer

of this cement, become here the place of exhibition of often a very

luxuriant production of young connective tissue ; they are elevated in

the form of villi and lamellae up to one line above the level of the mu-

cous membrane, and may then be already recognized by the naked eye.

In other respects, the connective tissue hyperplasia is very much in

the background beside the hyperplasia of the glands, as well in its mi-

croscopic as in its macroscopic effects ; one even forgets to say that the

connective tissue which surrounds the enlarged glands, which forms the

pedicle of a polyp, &c, is in good part only newly formed.

b. The epithelium covers the hypertrophic mucous membrane just as

completely as the normal, hence we may assume a growth of this in

surface, which is proportional to the enlargement of surface of the

mucous membrane itself. Moreover, it appears to be peculiarly firmly

attached to the connective tissue, for without its continuity being in

the least interrupted, without that even but a single cylindrical cell were

wanting, for example, at the respiratory mucous membrane, it not only

allows considerable amounts of transudative fluids to pass through it

from the deep parts to the surface, but also a large amount of young

cells, which mingle with the secretion as mucous and pus-corpuscles.

c. The increase of volume of the' open-mouthed glands is, as a rule,
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regarded as a functional hypertrophy. As the muscle by exercising

its power increases in volume, so here the glands are said to enlarge

by the continued more abundant secretion. In opposition to this view,

I would place a greater value upon the retention of the secretion and

the passive dilatation of the gland conditioned by it. In the hyper-

plasia of the subepithelial connective tissue, we have a very plausible

force for a mechanical obstacle to the outflow of the secretion. By it

the excretory duct is compressed, narrowed, distorted, and occluded,

while the body of the gland, especially if it lies beyond the mucous

membrane in the submucous connective tissue, can enlarge unimpeded.

Meanwhile, I am very far from declaring glandular hypertrophy purely

as a glandular ectasy. In most hypertrophic glands we can too dis-

tinctly observe an elongation or increased convolution of the tubuli,

an increase of the acini, as also a luxuriant cell-proliferation in and

about the glands. But I as little overlook the quite constant phenome-

non, that the tubuli and acini of the hypertrophic glands are wider and

contain more accumulated secretion than they should, and I seek the

irritant for the new formation in the pressure of the secretion acting

from within outwardly, which probably cannot be soon enough evacu-

ated, because of the contraction of the excretory duct ; at all events,

is not soon enough evacuated.

§ 357. From this point of view we find it conceivable that under

proper circumstances even the ectasy attains the predominance over

the hypertrophy, and that we so often meet also the cystoid degenera-

tion of glands beside hypertrophy, upon chronic catarrhal mucous mem-
branes. Both conditions complicate each other in the most manifold

manner, and thereby give occasion to a series of coarser deformities of

the mucous surface, which we will shortly discuss.

The so-called hat mamellonne of the gastric mucous membrane is pro-

duced in that the gastric mucous membrane, hypertrophic in its glandu-

lar layer, no longer finds space upon its substratum, and is hence neces-

sitated to throw itself into hills and valleys. Up to a certain degree

this corrugation, especially in the pyloric region, is physiological

;

hence the e*tat mamellonne' in the first place appears as only a quanti-

tative excess. The determination of the boundary is only possible by
microscopic analysis. The for the most part very striking dilatation

of the hypertrophic glandular tubuli gives a sure qualitative criterion

for the pathological character of the condition. Higher degrees of the

etat mamellonne lead' directly to polyposis ventriculi. We commonly
find all transitions together upon the same gastric mucous mem-
brane. By a crossing of the folds, which is most distinct especially at

some distance from the pylorus, towards the centre of the stomach,

smaller fields are produced, upon whieh the hyperplasia of the glandu-

lar layer attains an ever higher grade. At one time a flat, roundish

tubercle rises from the surfaee. The higher this becomes, so much the
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more by the disproportional increase of volume of the projecting part

does it become a fungus, finally a polyp, with a globular head some-

what above the size of a pea, and a quite thin pedicle. Such polypi,

which otherwise contrast themselves very strikingly with the remaining

gastric mucous membrane by their dark red color, we find upon the

gastric mucous membrane occasionally to the number of thirty; often

four to six of them are attached in common to a somewhat broad base.

Next to carcinoma, it is the most considerable, and at the same time,

the strangest deformity of the gastric mucous membrane that we have.

In the interior of the head of the polyp we find, beside the ectatic

glandular tubuli, actual cysts here and there, which are filled with a

fluid clear as water, or with mucus. The connective tissue between

the tubuli, with the epithelial-bearing walls* of the latter, present a

system of septa which, beside the degenerated tubuli, occupy perhaps

as much room as the septa of an inflated lung beside the lumina of the

alveoli. Apart from this, it is distinguished, at least in the cases ex-

amined by me, by the great amount of peculiar, oval, strongly shining

and almost reactionless bodies, whose histological significance has for

the time remained doubtful to me.

§ 358. To the etat mamellonne' of the stomach, upon the one hand,

the gelatinous or cystoid degeneration of the mucous membrane asso-

ciates itself, upon the other, the formation of mucoid polypi. The

gelatinous degeneration, which up to the present time has only been

found upon the intestinal mucous membrane, is produced, in that at a

circumscribed place, up to the size of a silver dollar, according to an

observation of Virchow, the glands of Lieberkiihn fill up with mucus,

and become cysts of retention of the size of a millet-seed. Contiguous

cysts by atrophy of their partition walls fuse together, whereby larger

cavities arise; finally, the mucus in the entire structure predominates

to such an extent, that the affected part of the mucous membrane attains

a gelatinous consistency and color. Upon mucous membrane where

the open-mouthed glands are not so dense, as especially at the neck

and external orifice of the uterus, the analogous condition does not

develop into the gelatinous degeneration; the glands filled with mucus

have rather a decided tendency to project individually above the level

of the mucous membrane and to form vesicular elevations, probably

also pendulous vesicles (so-called ovula Nabothi), which taken together

with the hypertrophic and largely secreting mucosa, permeated by

dilated vascular trunks, present the anatomical picture of the chronic

catarrh of this organ, chronic metritis.

§ 359. By mucoid polypi, in the more contracted sense, we under-

stand gelatinously soft tumors permeated by delicate vascular ramifi-

cations, and hence reddish, which are attached to the surface of the

mucous membrane by a more or less distinct pedicle. The external

form is either perfectly smooth and roundish, or lobulated, divided by
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fissures. Upon the surface of a section, which in other respects pre-

sents quite the color and constitution of the surface, we observe milk-

white fibrous lines, which radiate from the periphery of the polyp to

the point of insertion, as also larger mucoid cysts, which before being

opened feel elastic and hard. Microscopic examination, in the first

place, demonstrates a perfectly continuous epithelial layer consisting

of cylindrical cells, which represents the outermost layer of the polyp.

The principal mass of the tumor is formed by hypertrophic glands;

we see tubes, whose walls exhibit numerous shallow and deep involu-

tions, whose end, however, is most abundantly beset Avith fully formed

glandular vesicles. A perfect cylindrical epithelium lines the tubes

within, and concentrically stratified tough mucous masses fill the lumen.

Beside the mucous glands, a certain quantity of soft connective tissue

rich in cells figures, which fibrously condenses only in the pedicle and
the radiating threads proceeding thence. The pedicle principally con-

tains the afferent and efferent bloodvessels. Nerves have not as yet

been demonstrated in it. It would accordingly be manifest, that the

mucoid polypi owe their production to a circumscribed hypertrophy of

the mucous membrane, pre-eminently concentrated upon the glands.

The favorite seat of the mucoid polypi is the nasal mucous membrane,
then that of the uterus. Rarer points of departure are the small and
large intestines, the larynx and the trachea, the female urethra, the

external auditory passage, as also the cavities of the superior maxillary

bone and the frontal sinuses.

§ 360. The closed glands of mucous membranes assume a position

exceedingly worthy of notice towards chronic catarrhs and to the chro-

nicity of the catarrh. The genuine hypertrophy of the tonsils only,

which occurs after frequently repeated acute fluxions of the pharyngeal

mucous membrane, is quite analogous to the simple hypertrophic pro-

cesses which we have considered in the foregoing. This depends upon
a process of growth uniformly affecting all the histological constituents

of the follicle, the reticulum, the vessels, the lymph passages, and the

cells. The single follicle attains three to five times its normal volume.

The form and size of the entire tonsil changes in accordance with this.

It forms a globular, often directly a pediculated tumor, which can arch

forward so far into the pharynx that the respiratory process is inter-

fered with thereby. The surface is smooth, except the depressions

which correspond to the orifices of those small crypts about which the

follicles are grouped. These orifices are otherwise roundish and open;
here they are distorted and closed by the swelling.

§ 361. Analogous conditions are not known of the remaining follic-

ular glands of the intestine. Instead, we find in certain individuals

peculiarly disposed thereto, the important phenomenon, that in conse-

quence of inflammatory organic affections in general, especially, how-
ever, in consequence of catarrhal affections of mucous membranes, the
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nearest concerned lymphatic glands experience an enlargement, which

distinguishes itself from the formerly considered acute swellings by the

gradual growth and persistency, from genuine hypertrophy by the dis-

proportional increase of cellular constituents, and the disorganization

of the glands conditioned thereby, from both, however, by the enormous

volume which the gland may attain. We mean the scrofulous or caseous

degeneration described in § 203 et seq., which, when it affects the mesen-

teric glands alone, produces the array of symptoms of the so-called

tabes mesenterica. This of course also occurs at the solitary and the

Peyerian follicles of the intestine, yet they are so intimately connected

with the tuberculous degeneration of the mucous membrane, and are

so regularly combined with it, that it would be unsuitable to separate

them. (See below, Tuberculosis of Mucous Membranes.)

2. Croupous Inflammation {Inflam. Pseudo-membranacea.)

§ 362. Croupous inflammation of the mucous membrane is to be dis-

tinguished from the catarrhal by but one essential characteristic. The

hypergemia and swelling may be more intense, of a higher degree,

but only the product of the inflamed mucous membrane exhibits a

qualitative deviation. This has the macroscopic quality of a coagulated

albuminate, and, according to the principal advocates of spontaneous

coagulation, is called fibrin or fibrinous exudation. It is a whitish-

yellow, compact, elastic substance, which by forcible extension does

not draw out into threads, but breaks suddenly, and thereby forms

transverse lacerations. Upon the addition of acetic acid, it clears up,

and swells up like fibrin ; therefore behaves in this connection just the

reverse of mucus, which becomes opaque by acetic acid, and coagulates

in fibrils. The morphological portion of the phenomenon also awakens

the idea involuntarily, as though a body had penetrated to the surface

of the mucous membrane, and had immediately coagulated in contact

with the atmospheric air ; thus, the questionable substance forms in

quite characteristic manner a membranous covering of the mucous

membrane (pseudo-membrane), which is applied to the surface of the

mucous membrane as perfectly as the plaster of Paris to a surface to

be moulded. The applied surface of the pseudo-membrane renders an

impression of every elevation, every depression of the mucous surface

;

the pseudo-membrane represents a tube, when the process takes in the

whole circumference of the mucous membrane canal; a solid cylinder,

when at the same time the lumen of the canal is very narrow; a roundish

plate, when the process is circumscribed. In thickness the pseudo-

membrane varies from a frost-like trace, up to a rind of a line in height.

Not infrequently one observes upon it a spotting of red, which is to be

referred to slight extravasations occurring simultaneously with the exu-

dation.
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§ 363. All the other properties of the pseudo-membrane, particularly

the histological quality of the seeming fibrin, as also the firmness with

which the membrane is attached to the mucous membrane, vary with

the locality of its formation, and find their elucidation in the normal

structural relations. Of all the mucous membranes of the body, none

is so very prone to croupous inflammation as the mucous membrane of the

larynx. In the next place, the mucous membranes of the trachea and

pharynx are disposed to it in about equal measure, so that croup of the

larynx is now complicated with that of the trachea, then with that of

the pharynx ; accordingly we can distinguish a laryngo-tracheal and a

pharyngo-laryngeal croup. In the current clinical language the former

is called "croup" par excellence, the latter falsely " diphtheritis," pha-

ryngeal croup. The plrysician has every reason for separating these

two forms. The clinical pictures which they present, the dangers with

which they threaten the life of the patient, above all the treatment, are

distinct in points so essential, that spite of the anatomical identity which

I cannot avoid proving, I would decidedly oppose a fusion of the two

diseases in the clinical department.

§ 364. Croup of the pharynx, the so-called dijjhtheritis, will, first of

all, engage our attention. The process here is constantly a circum-

scribed one. At various points, especially at the isthmus of the fauces,

the soft palate, andnthe uvula, at the surface of the tonsils, the arches

of the palate, and the folds of mucous membrane between the base of

the tongue and the epiglottis, we observe milk-white, sharply-defined

spots upon an intensely hypersemic ground. The white spot soon ele-

vates itself at the utmost one-half line above the level of the mucous

membrane ; the pseudo-membrane is complete. If Ave attempt to remove

it with a blunt instrument, we are generally not successful in the earlier

period of its existence ; rough force causes wounding and bleeding.

Afterward it spontaneously separates, since it is loosened by a moderate

production of pus, first at the edges, and then raised from its base.

The circumscribed catarrhal condition which then still remains for a

time, and which is falsely called an ulcer, heals, if left to itself, without

loss of substance or scar. Rarely is a secondary enlargement of the

pseudo-membrane perceived, never a reproduction at the same spot. In

that case it would be that the loosening had ensued before the spon-

taneous maturation.

§ 365. These important and striking peculiarities are explained in a

satisfactory manner by the microscopical analysis. This, in the first

place, brings to light the surprising fact that the pseudo-membranes do

not consist of fibrin. If we lay small bits of such in a weak ammoniacal

solution of carmine, then wash them and tease them out, we can easily

convince ourselves that they are cells, and indeed nothing but cells,

which occasion the macroscopic appearance of coagulated fibrin by a

peculiar degeneration of their protoplasm and a just as peculiar inter-
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connection with one another. Were it not for the carmine-colored

points pointing out the nuclei, we would certainly err as to the cellular

nature of these irregularly angular, shining lumps, firmly attached to

one another. As it is, however, we must accommodate ourselves to the

opinion of a cellular metamorphosis, concerning whose position in gen-

eral pathology we can for the time being only entertain conjectures.

According to external appearances, the term used by Weber for the

amyloid infiltration—vitreous tumefaction—would be justifiable. That

the cells contain more solid substance than normal cells appears certain.

If this " more" of substance were fibrin, we might speak of a fibrinous

degeneration; as, however, we do not know this, the term "fibrinous

degeneration " would only refer to the macroscopic effect, but would be

thereby prejudicial, so that I would rather avoid it.

We now make a vertical section, in order to determine concerning

the structure and origin of the pseudo-membrane. The section (Fig.

122) embraces the outermost point of a pseudo-membrane and the mu-

cous membrane lying under it.*

Here we convince ourselves at the first glance that the whole pseudo-

membrane is actually composed of the elements just described. Origin-

Fig. 122.

Section of a croupous layer of the isthmus faucium, with the fold of mucous membrane lying beneath

a—b. Croupous membrane, c. Normal mucous membrane. 1-300.

ally of a globular form, they have come into contact with one another

at various points, and thus fused together into a coarse network, formed

* As the sections must be exceptionally fine and perfectly vertical, in order to get

no deceptive picture, we will here, in few words, mention an excellent method for

making such sections. The preparation, from which it is desired to take the sections,

is to be laid in a mixture of glycerin and gum arabic, which must be clear and

capable of being drawn out into threads. After the preparation has been per-

fectly saturated with this fluid, it is taken out and thrown into alcohol. The

gum now becomes hardish, the glycerin is drawn out, and we have an excellent

material for making sections of the desired thinness. If we throw these into a watery

fluid, perhaps at once into a carmine solution, the gum is dissolved out, and the

microscopic preparation alone remains behind.
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in a certain measure only of connecting pieces, not of trabeculse. So

much the more elegant naturally is the system of crescentic branched

clefts which penetrates the pseudo-membrane and represents the place

of the meshes. By a certain mode of representation, these clefts appear

dark, and could therefore easily be regarded as solid ; an error which the

carmine coloring alone makes impossible. Moreover, the cells of the

pseudo-membrane are of various sizes ; the further towards the exterior,

so much the larger are they, and, at the outmost periphery of the

membrane exceed probably twice the volume of a lymph-corpuscle

;

towards the interior they become smaller. They are smallest imme-

diately at the surface of the mucous membrane. Here the degeneration

also is less distinct; the difference from the normal cells which yet lie

in the parenchyma of the mucous membrane a disappearing one. The

boundary between the mucous and the false membrane is naturally very

much obliterated by this gradual transition of the cells of both sides,

although it never becomes quite indiscernible. It, however, is undoubt-

edly evident that the pseudo-membrane is produced by a secretion of

young elements at the surface of the irritated mucous membrane, and

by their gradual induration, sclerosis, vitreous tumefaction, or by what-

ever other name we wish to call the degeneration.

The pseudo-membrane consequently exists exactly at the place where

the epithelium should be. the degeneration in question in the place of the

normal development of the epithelial elements. Where, we ask, re-

mains the original epithelial covering

existing here ? Is it simply cast off,

or does it also take part in the for-

mation of the pseudo-membrane ? E.

Wagner has treated this question in

a later, very estimable investigation,

and has made a participation of the

epithelium in the process generally

undoubted. He describes a very re-

markable metamorphosis of the pave-

ment cells (Fig. 123), by virtue of

which the protoplasm shrivels up at

certain places, and in a certain ex-

tent retracts to certain branched

lines, which then appear homogene-
ous and strongly refractive like the

ordinary protoplasm. The nucleus

disappears; there remains therefore

of the whole cell, only a delicate network like the horns of a deer. I
believe I also saw this metamorphosis at the edges of the pseudo-mem-
brane, at least in its first stages, but I cannot admit for it a far-reaching

Fig. 123.

Fibrinous degeneration of pavement cells, after
E. Wagner.
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significance for the formation of the pseudo-membrane ; the thin epi-

thelial stratum does not present enough substance for allowing the pro-

duction of a pseudo-membrane exclusively in this way. Yet, I will

gladly leave it to the future to establish more accurately the range of

Wagner's discovery.

§ 366. The intimate connection, in which in croup of the pharynx,

the secreted product stands with the secreting mucous membrane, is the

cause of that firm adherence in the beginning of the process. In the

return to the normal, the faulty cellular metamorphosis ceases, the cells

secreted by the mucous membrane remain unchanged, and with a small

amount of simultaneously exuded serum form a thin layer of purulent

fluid, which eo ipso involves the loosening of the pseudo-membrane.

What makes the disturbance a very dangerous one, spite of this su-

perficial character of pharyngeal croup, is upon the one side the simul-

taneous general affection, upon the other the danger of its extension to

the larynx, where then often a very considerable angina laryngea by

the swelling of the submucous connective tissue is added to the angina

pharyngea.

§ 367. Croup of the larynx and trachea shows us a gradual sequence

of simple catarrh and pseudo-membranous exudation. The catarrhal

stage is already able to bring about the known array of symptoms in

the utmost intensity, nay, death itself. Upon the laryngeal mucous

membrane, in the condition of the utmost inflammatory irritation and

corresponding swelling, there is secreted a tough, abundantly cellular

mucus, movable with difficulty; this forms a thick, coherent, yellowish

layer, and interferes with the lumen of the laryngeal entrance, in itself

so narrow, so considerably, that we need scarcely proceed to the opinion

of a reflex spasm of the glottis, in order to find death by suffocation

intelligible. Upon this experience a number of physicians have gone

so far as to deny generally the fibrinous exudation. We cannot agree

with these physicians. The formation of the pseudo-membrane stands

in the closest connection with the catarrhal condition, and presents the

anatomical climax of the process. One frequently enough finds both

side by side, in such manner that a catarrhal layer is here and there

broken through by fibrinous plates. Acetic acid upon the instant dis-

tinguishes the muco-purulent from the fibrinous portions, so that there

can no doubt exist here.

The histological investigation of the pseudo-membrane yields as its

first result the fact, that here also cellular elements predominantly par-

ticipate in the composition. These are far from being so imperceptible

as the cells of the pharyngeal pseudo-membrane; they rather for the

greater part have the character of ordinary germinal tissue cells. Upon

cross sections (Fig. 124), however, we are convinced, that these germinal

tissue cells are not the only constituents of the pseudo-membrane. The



INFLAMMATION. 351

pseudo-membrane is of a peculiarly stratified structure, since upon a.

layer of cells at tolerably equal distances there always follows a layer

of fibrin, and this sequence is repeated from one to ten times, according

to the thickness of the membrane. Whether I am correct in directly

calling those second layers fibrin, must of course remain a question. I

do it upon the first impression which its configuration makes, and with

the reservation, that therewith I always have in mind only a fluid albu-

Croup of the trachea, a. The undermostlayer of pseudo-membrane. 6. The basement membrane, c.

The subepithelial germinal tissue, d. Excretory duct of a mucous gland, from which a clear mucus
is evacuated and lifts off the pseudo-membrane. 1-1000.

minate, but indurated by the transudation into the air. The substance

is lustrous, homogeneous; that it is composed of cells like the pseudo-

membrane of the pharynx, I at least could not prove ; it forms a thin

layer, with processes upwards and downwards, which penetrate into

the interstices of the contiguous cells, and by anastomoses form an

elegant trelliswork, whose openings have nearly the size of cells [a).

Under such circumstances, I think the idea presents itself, that a fluid

is poured out from the mucous surface, which beside numerous cells has

contained in solution that fibrinoid substance, and in the coagulation of

the latter the cells were fixed in their present position, while the net-

work was produced by the continuation of the coagulation to the anas-

tomosing interspaces between the round cells. The difficulty of ex-

plaining the how, and the where, of the origin of those cells, is depen-

dent upon this. The epithelium has long since become traceless ; it may
be raised off immediately in the beginning of the process of the develop-

ment of the pseudo-membrane in a similar manner as in the pharynx;

the possibility of a fibrinous degeneration is indicated by Wagner (see

above) ; we could then probably regard the uppermost story of the net-

work as the branched, rigid bodies of the cylindrical cells : this, however,

would lead to a want of harmony of the conception, which recommends

itself but little. And yet the mucous membrane of the trachea deprived

of its epithelium, with its homogeneous boundary layer, reminds but too
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much of the open hand of Charles VII,* as that this gap in our manner
of representation should not embarrass us. The highest magnifying

power only, is of avail here. With one of Hartnack's immersion lenses

I have seen that the homogeneous boundary layer is in fact not homo-
geneous, but perforated by numerous fine openings. Through these

pores the cells pass without, of which a certain store is regularly laid

up between the homogeneous boundary layer and the elastic layers.

The openings indeed are small, but is there in general an opening

through which the body of a young formative cell is not able to slip ?

Whoever knows the amoeboid locomotions of cells from his own observa-

tion, will answer this question in the negative, and agree with me when
I regard the homogeneous boundary layer as no obstacle to the migra-

tion of cells.

§ 368. The presence of the homogeneous boundary layer, however, is

the cause of another important peculiarity for the croupous membranes
of the trachea, namely this, that they from the beginning adhere much
less firmly to the mucous surface than do the pseudo-membranes of the

pharynx. Not only that the boundary between mucous membrane and

false membrane, between the thing secreting and that secreted, is here

constantly clearly and distinctly maintained, the smoothness of the sur-

face also offers but few points of support to a lasting connection between

the two. To this comes the activity of the mucous glands, which pour

out their secretion, which is very often prevented from flowing off freely

by the superimposed pseudo-membrane between the mucous and the

pseudo-membrane, and thereby raise off the latter (Fig. 124). The joint

result is the facile separability of tracheal pseudo-membranes, upon

which is based our entire known, nevertheless very impotent therapeusis.

Frequently enough the act of loosening itself becomes the cause of death,

if the entirely or partially loosened membrane rolls up and completely

closes the bronchial lumen.

Beside the loosening, however, the softening of the pseudo-membrane

also comes into question in tracheal croup. A gelatinous intumescence

of the network, as also a fatty granular disintegration of the inclosed

cells, play therein the principal role. Fungous vegetations have been

seen by several authors in the softening pulp, and they at the same time

attribute to the melting down a more putrid character. The macro-

scopic impression justifies the term of an actual melting down, since the

membrane becomes fluid not only around the edges, but also thin places

and holes arise in the continuity, which flow together. I saw the thing

[* The allusion here is to the words spoken by Charles VII of France in Schiller's

Maid of Orleans, Act I, Scene 3d :

Karl '(verzrveiflwtgsvoll). Kami ich Armeen aus der Erde stampfen ?

Wiichst mirein Kornfeld in der flachen hand?

Charles (desperately). Can I summon armies from the earth ?

Or grow a cornfield in my open palm? —Translator..]
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but once, and only yet remember, that the fluid of softening gave with,

acetic acid a precipitate of mucin, which has caused me to speak of a

mucoid softening of the pseudo-membrane.

§ 369. After that. we have thus learned to know the croupous pro-

cess, as it presents itself at the pharynx upon the one hand and at the

trachea upon the other, it yet remains to say a few words of the larynx.

A croupous process, confined to the larynx and exclusively running its

course in it, belongs to the more infrequent occurrences ; notwithstand-

ing croup of the larynx is more frequent than any other, because it

almost regularly associates itself to the croup of the air-passages, and

at least may associate itself to that of the pharynx. The pathological

anatomy of laryngeal croup is influenced by the circumstance that the

mucous membrane of the larynx in its structure agrees partly with the

tracheal and partly with the pharyngeal mucous membrane. The upper

and under surface of the epiglottis and the true vocal cords bear a

stratified pavement epithelium, which is divided from the connective

tissue by no homogeneous boundary layer. On that account pseudo-

membranes adhere more firmly at these points than at all the other

parts of the interior of the larynx. How often do we find, post mortem,

that the pseudo-membrane of the trachea, in continuity with that of the

laryngeal funnel, is loosened up to the riraa glottidis. Here, however,

the membrane adheres, and we get the conviction that it would prob-

ably yet have lasted for some time ere a spontaneous separation had oc-

curred. And herewith just the true vocal cords are visited by the in-

flammation by predilection, while, for example, the ventriculus Mor-

gagni is almost never found to be affected. In general, it appears to

me to be of great importance in an etiological relation, that we expressly

emphasize the predilection of the process for the most prominent parts
;

the recesses of the mucous membrane mostly remain intact. It is as-

though -one had lightly passed over the gullet with an escharotic, or

as though an irritating gas had been detained for a short time in the

primary passages.

3. The Diiilrtheritie Inflammation.

§ 370. After having separated diphtheritis of the throat from the-

diphtheritic inflammation, a comparatively contracted domain remains

for this form of inflammation. We have already gone more minutely

into the nature of the process in the consideration of the diphtheritic

pock. The question therewith is about an infiltration of the subepi-

thelial connective tissue, relatively to the entire mucosa, with newly-

formed cells; an infiltration which is so dense that the vessels are com-

pressed by it, the circulation and nutrition are abolished.' As a certain

grade of cellular infiltration of the subepithelial connective tissue

occurs in every catarrh, as also in the croupous inflammation, the diph-

23
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theritis only appears as a quantitative increase, an excess of this pro-

cess of new formations Genuine diphtheritis has no claim to be re-

garded as a specific process in the same measure as croup. That which

macroscopically characterizes it, and has become the occasion of placing

it as a membranous inflammation by the side of the pseudo-membranous

inflammation, is the formation of a whitish-gray, often discolored by

reddish and green (blood-coloring matter) tints, compact, felted mem-

brane, which is elevated perhaps to the height of one-half line above

the level of the mucous membrane, but penetrates just as deep into the

substance of the mucous membrane, and is most intimately connected

with the latter. This membrane is nothing that is superimposed, noth-

ing secreted, but the mucosa itself, as far as it has been partly tumefied,

partly rendered anaemic even by the excessive infiltration with cells.

This condition has not improperly been compared with a mortification

by a chemical agent, with a corrosion, and the diphtheritic membrane

been designated as diphtheritic scab ; in fact, the diphtheritic membrane

is a caput mortuum ; it can undergo no other changes than those of

putrefaction, of decomposition ; and the question only is, how it is

loosened and removed from the intimate organic connection in which it

stands with the mucous membrane. A sharply defined boundary line

separates, as we can convince ourselves with the naked eye, the living

from the dead; but numerous connective-tissue fibres, bloodvessels,

nerves, and elastic fibres, pass over from the living into the dead ; they

must all have separated ere the loosening can proceed. The means

which are placed at the command of the organism are inflammation and

suppuration. We call this inflammation "reactive," and unite with it

the idea as though this were an answer to the irritation which the diph-

theritic scab exerts upon the surrounding mucous membrane
;
yet a

portion of the hypersemia also may be explained according to static

principles as collateral fluxion. The pus collects between the scab and

the healthy parts, and always, accordingly as the fibrous bridges men-

tioned melt down and tear, the separation begins now at the edges, then

at the centre. After it is completed, an ulcer remains behind which

is disposed to rapid cicatrization ; not infrequently, however, the pro-

cess repeats itself again at the same place; we have a new scab, and

with it anew the necessity of a purulent separation, after whose termi-

nation a very considerable loss of substance remains. The cicatrices

finally resulting distinguish themselves by their capacity of vigorous

retraction, so that the danger of subsequent contraction of mucous

membrane canals, especially of the large intestine after dysentery,

threatens so much the more, the more diffused the ulceration was.

§ 371. Touching the occurrence of diphtheritis, it is, above all, nec-

essary to state that it attacks such mucous membranes as are in a condi-

tion of the severest catarrhal inflammation, at the same time, however,

stand in persistent contact at their surface with putrefying bodies under-
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going decomposition. In dysentery, which in the beginning is nothing

but a catarrh of the large intestine with excessive spasmodic contractions

of the muscular coat, diphtheritis in the first place makes its appearance

upon the summits of the folds of mucous membrane above the longitu-

dinal bands and the sigmoid folds ; beside this, however, by preference

at such places, where, from the natural curvatures of the intestinal tube,

the most difficulty is opposed to the propulsion of the fecal* masses at

three successive points of the sigmoid flexure, at the csecum, and the

two hypochondriac flexures. Does not the circumstance that just at

these places the longest and most intimate contact of the inflamed mu-
cous membrane with putrid matters takes place, co-operate in the local-

ization of diphtheritis ? In like manner diphtheritis associates itself

with the catarrhs of retention of the urinary passages. Whether the

cause of the retention be founded in a stricture of the urethra, in a hy-

pertrophy of the prostate, in paralysis of the detrusor, &c, the stag-

nant urine decomposes ; the decomposed urine first of all produces a

catarrh, then diphtheritis of the mucous membrane. The contact with

putrefying matters takes part also in those cases of diphtheritis where

not a catarrh, but a wound, forms the ground upon which it appears.

I have in mind here, in the first place the diphtheritis of the womb a,nd

the vagina immediately after childbirth, where by the expulsion of the

decidua the parenchyma of the uterus is exposed like an immense

wounded surface. I think of diphtheritis in the second stage of cholera

Asiatica, where, by the severe catarrh of the first stage, the mucous

membrane is stripped of all epithelium, and exposed in this "flayed"

condition to the immediate action of. the intestinal contents. I think

finally—although this has nothing to do with the tract of mucous mem-
brane—of the diphtheritis of wounds, which is termed hospital gan-

grene.

Upon the other hand, it is not to be denied that the putrid element

may also exist in the organism ; that there is a condition of the juices

of the individual which disposes to diphtheritic inflammations, or, ex-

pressed more precisely, disposes to this, that any other existing inflam-

mation assumes the diphtheritic character. Many diphtheritic inflam-

mations of the throat and of the oesophagus in the last stage of profound

nutritive disturbances, may find their explanation in this.

Finally, let us make mention also of the repeatedly advanced assur-

ance of some investigators (Letzerich), according to which the diph-

theritic inflammation is called forth by the insinuation of a fungus upon
ulcers and mucous membranes. Although I am a friend to this view,

still I do not regard it as yet, as such a certain acquisition of science,

.that I could at this place devote to it a more intimate consideration.
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b. Hemorrhage.

§ 372. It is yet questionable whether the right "will be conceded to

me from all sides, of treating the things which I purpose considering

in this chapter, under the superscription of "hemorrhage." Attention

was already called formerly (§ 335 and § 240) to this, in how far the

vascular arrangements of the stomach and intestine brought with them

a certain disposition of the gastric and intestinal mucous membrane to

hyperemia and hemorrhage. We there found in the more active con-

tractions of the muscular structure, which may even occur in slight

catarrhs, but especially characterize dysenteric catarrh, a motive for

the exit of the blood, either into the parenchyma of the mucous mem-
brane, or at its surface. Xow there are at the gastric and intestinal

mucous membranes a number of losses of substance, which most prob-

ably are all to be traced back to a hemorrhage which has occurred,

a hemorrhagic infarction of the mucous membrane. This is commonly

received for the hemorrhagic erosions. We understand thereby cer-

tain deficiencies of the mucous surface, of the size of a pin's head,

round and sharply defined, which are commonly present in large num-

ber, and by preference occupy the summits of the folds in the pyloric

region. The very frequently simultaneous finding of just as large in-

filtrated places yet hemorrhagic, beside the erosions, causes in these

cases every doubt as to their origin to disappear. Immediately pre-

ceding vomiting may also commonly be demonstrated as the cause of

the hemorrhage, so that we may in fine represent the affair to ourselves

in the following manner : the act of vomiting leads, by the temporary

stagnation of the blood's efflux, to small hemorrhages from the super-

ficial venous trunks of the gastric mucous membrane ; therefore, at the

summits of the folds, because here in the extremest parts of the extent

of the stagnating current, the blood-pressure must be at its highest.

The extravasated blood-corpuscles infiltrate a circumscribed section of

the mucous membrane in such measure, that the blood capillaries are

compressed, and nutrition ceases with the circulation. The hemorrhagic

infarction becomes a caput mortuum, its organic connection with the

healthy mucous membrane is destroyed, and the actual separation yet

only a question of time. If, however, Ave reflect that the gastric juice

dissolves such dead portions with facility, as we have them in the he-

morrhagic infarcted mucous membrane, we will find it conceivable that

already but few hours after the hemorrhage, instead of the infarction,

we will meet with those clean, sharply defined losses of substance, that

Cruveilhier called erosion hsemorrhagique.

§ 373. I, with many others, hold to the same course of development

for the simple (chronic, round, also perforating) gastric ulcer. On De-

cember 4th, 1805, a man came to the surgical clinic at Bonn, with a

strangulated inguinal hernia. He had been violently vomiting since 5
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o'clock in the morning. Fruitless efforts at replacement were made,

and at 7 o'clock in the evening the operation for strangulated hernia

•was performed. He did comparatively well; at 5 o'clock* in the even-

ing, an enema was followed by an abundant stool of dark brown color;

at 6, another of a bloody black color. In the night, from 6 to 7, nau-

sea and efforts at vomiting ; at 7 in the morning, vomiting of bilious,

afterward bloody-striped matters, which was very frequently repeated

in the course of the day, and continued with short interruptions up to

death, which ensued at 9 a.m. In the post mortem, which was made

one hour after death, there were found in the stomach, beside several

smaller hemorrhagic infarctions, two round depots of the same size,

situated symmetrically to the median line of the lesser curvature, of

which one was a complete ulcus simplex ; the other presented the con-

dition of a correspondingly large hemorrhagic infarction of the gastric

mucous membrane.

Instead of prolix hypotheses concerning the possible or probable

origin of the round gastric ulcer, which would exceed the limits of this

book, I place here a simple statement of the disease, and what was

found at the post mortem, since, upon the one hand, I will thereby

verify the view expressed by me, upon the other, however, I will point

out how feebly it is generally managed with these reasonings, as even

what is found in a single post-mortem section is yet for the time of so

great importance to this question.

§ 374. The simple ulcer, therefore, takes its departure from a hemor-

rhagic infarction. It extends through the entire thickness of the mu-
cous membrane. In the preparation spoken of I could everywhere

demonstrate, upon fine sections, the bodies of the tubular glands inun-

dated with blood-corpuscles, as it were imbedded in the coagulum.

If the infarction has been dissolved and removed (digested) by the aid

of the gastric juice, there remains behind a correspondingly large loss

of substance; the ulcus simplex is established. From this time out it

may enlarge, it may attain the dreaded developmental climax of a per-

forating ulcer ; upon the other hand it may also become smaller and
cicatrize, but I repeat that in its essential peculiarities it is already

present immediately after the complete removal of the infarction.

The round form of the deficiency belongs prominently to these

essential peculiarities. Taken strictly I should say, the round base of

the deficiency; for upon the whole, the deficiency has the form of a

very flat cone, whose base is situated at the surface of the mucous mem-
brane, whose apex is excentrically situated in a deeper layer of the

gastric wall. If we ask concerning the cause of this conical or funnel-

shape formation, the answer again points us to the hemorrhagic in-

farction as the point of departure of the disturbance. This keeps,

[* The following day?]
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like all hemorrhagic infarctions (of the lung, kidney, &c), within the

limits of a larger or smaller vascular territory ; the vascular territories

of the stomach, however, have the form of flat, obliquely truncated

cones, which at the upper half are directed with their points upwards,

at the lower half, downwards. The latter circumstance explains, that

the deepest point of the funnel-shaped crater is not situated below the

centre of the deficiency of the mucous membrane, but respectively

nearer the upper and the lower edge.

A second not less characteristic token of the ulcus simplex is the

extraordinarily sharp outline and the want of raised edges for the

ulcer. The deficiency of the mucous membrane looks like a hole that

has been made bj a punch. The submucosa is exposed, as white and

clean as though it had been carefully prepared, and if the ulcer also

extends through it, this also occurs with a second likewise .round,

sharply cut hole, at whose base now the muscular coat appears with its

transverse bundles as though prepared. It appears, that upon the one

hand, the formative reaction at the base and edges of the ulcers is only

exceedingly small, upon the other, that the peptic destruction and dis-

solution of the plastic infiltration follows so immediately, that we never

get a sight of the plastic infiltration. The great chronicity of the

process, which often extends over the lapse of tens of years, speaks

especially favorable for the former opinion ; for the latter, the circum-

stance, that we only meet with the ulcus simplex in the stomach and

in the upper portion of the duodenum, i. e., only where the intestinal con-

tents react acid, and the solution of albuminates most rapidly proceeds.

§ 375. Concerning the future fate of the ulcer, its possible cicatri-

zation has already been mentioned. The smaller and the more recent

the loss of substance is, so much the sooner does it come to the forma-

tion of the so-called radiated cicatrix, i. e., certain small, white, flat

scars, which probably replace a tenfold greater deficiency of the

gastric mucous membrane, and hence necessarily draw up the adjacent

mucous membrane in their formation and lay it into radiating folds.

Larger ulcers also may cicatrize, yet this rarely occurs, and when it

does occur, under the circumstances, it leads to so considerable a ste-

nosis of the centre of the stomach, that the patient is thereby subjected

to a new series of sufferings.

Upon the other hand, the gradual enlargement of the primary loss

of substance, in a threefold manner threatens the life of the patient

;

namely, in that the ulcer slowly but inevitably advances outwards, it

may,

1. In this route meet with a. larger bloodvessel, and by opening it

cause a fatal gastric hemorrhage. This most frequently occurs in

those ulcers which have their seat just at the posterior wall of the

stomach, Avhere the splenic artery runs transversely from right to left;

but it also happens that the vascular trunk of the primarily destroyed
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vascular territory is opened by ulceration, and a hemorrhage is thereby

produced from a branch of the coronary or gastro- epiploic arteries.

2. It may perforate into the cavity of the peritoneum. This regu-

larly occurs by a round, tolerably wide opening, which can scarcely

arise otherwise than by a necrosis of the base of the ulcer, and the

necrosed piece being thrown off. The perforation most frequently

occurs in the first place in duodenal ulcers, and then in ulcers of the

anterior gastric wall, because in the movements and displacements of

the stomach, this is pushed to and fro in pretty considerable journeys

upon the opposing peritoneal layer, which is unfavorable to a preceding

inflammatory adhesion, and frustrates it. That such an adhesion is in

general possible, we see in the ulcers of the posterior wall and the

pyloric region, which almost regularly before perforation, have entered

into an intimate connection with the contiguous organs, the liver, the

pancreas, the spleen, &c. By this the extremity is avoided, the danger

of a rapidly fatal peritonitis averted, and a result attained which we as

physicians would strive after, if we could. But we must not conceal

from ourselves, that by this bridging over of the peritoneal cavity, a

new field is opened to the destructive activity. The ulcer may now,

3. Penetrate into an adjacent organ, and destroy it layer by layer.

In this manner are most frequently attacked the spleen and the left

lobe of the liver, which, since ,the destruction advances into their soft

parenchymas more easily than in the gastric walls and the connective

tissue bridges, are very soon converted into immense recesses, commu-
nicating with the cavity of the stomach by a narrower opening. More
rarely, the ulcer attacks the head of the pancreas ; adhesion to the

colon is most rare, whereby afterward a communication arises between

the stomach and the colon, and Ave have the clinical representation of

lientery. I once saw an adhesion and communication of- the pylorus

with the gall-bladder, with consecutive formation of gall-stones, and the

evacuation of the stones through the abnormal opening in the stomach,

and from hence evacuated by vomiting.

c. Specific Inflammation.

1. Typhus.

§ 376. The typhous process, in the by far most frequent form of its

appearance, ileotyphus (typhus abdominalis), is combined with certain

changes of the intestinal mucous membrane, which undoubtedly have

their anatomical peculiarities, although, as in gumma syphiliticum, lepra,

and in tubercle, they depend less upon histological than upon macro-

scopic and submacroscopic circumstances. Only in the third decade of

our century was the attention of physicians turned to these changes.

They were described at that time as "inflammation of the patches of

Peyer." Heusinger then called attention to the resemblance to medul-

lary carcinoma ; Rokitansky compared the appearance and the consist-
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ency of the changed Peyer's patches to the white brain-substance of

young children, and introduced the still customary term of the acme,

as "medullary infiltration."

Extensive differences of opinion yet prevail for the time, upon the

relation of the intestinal and other anatomical changes (the enlarged

spleen) to the constitutional aifection. The Vienna school regards the

intestinal changes as a casting out of materies peccans from the blood

;

at present, only one doubt can exist, whether the intestinal changes

are related to the general affection as an exanthem, or whether they

are to be ascribed to the local action of the typhus poison, since they

develop just upon those organs, which according to late investigations

(typhus from drinking-water), are probably the passages by which the

poison is taken up.

§ 377. Several stages have been distinguished in the course of ileo-

typhus ; namely, the catarrhal stage, the stage of medullary infiltration,

the stage of decomposition, and the stage of ulceration. We will retain

these, but premise the remark, that the catarrh of the entire tract,

which opens the process, may continue up to the last stage, without

essentially decreasing in intensity. Accordingly, the division into

stages is completely conformable only to the special condition of the

lymphatic follicles, upon which of course the interest of anatomists

was already concentrated at an early .period. During the catarrhal

stage, which is certainly very rarely to be seen anatomically, the col-

lective patches of Peyer and the solitary follicles of the small and large

intestine are in the state of swelling described in § 350. The grayish

white pearl, surrounded by a dense vascular ring, meanwhile remains

the highest condition that is attained in this direction ; from this point

the swelling in the most, especially in most of the solitary glands, com-

pletely retrogrades ; in some, however, particularly in the follicles of

Peyer's patches, the character of the swelling changes, without having

proceeded to a suppuration and evulsion of the follicle. The follicle

goes over into the condition of medullary infiltration.

That which especially characterizes this medullary infiltration is, upon

the one hand, a further increase of the volume of the follicle up to six

times its normal size ; upon the other, the extension of the process into

the connective tissue adjacent to the follicle. The follicles of Peyer's

patches, together with the interposed connective tissue, fuse into an

apparently homogeneous, soft, pale-reddish mass, very similar certainly

to the white substance of the foetal brain ; the whole forms a long oval

tumefaction, about two lines high, being bed-like parallel to the surface,

which is sharply defined all around, rising with abrupt edges from the

mucous membrane. The solitary follicle by the medullary infiltration

becomes a medullary b'oil of two to four lines in diameter; just here

the participation of the mucosa stands out in the most striking manner,



SPECIFIC INFLAMMATION. 361

as the boil is evidently formed only for the lesser part by the follicle

itself, in by far the greater part by the covering mucous membrane.
'

§ 378. And how does the microscope explain the medullary infiltra-

tion ? Can it demonstrate a typical histological process, which, wher-

ever connective tissue or lymphatic elements exist, possesses enough to

produce the typhous mass independent up to a certain degree of the pre-

formed structure ? Can we speak of a typhous new formation as of a

carcinomatous, sarcomatous, syphilitic, &c. ? Just upon this point I can

bear witness that I have endeavored, according to my powers, by aid

of the later methods of investigation, to penetrate into the anatomical

nature of the typhus. Yet the result has answered the expectations in

but very limited measure. Other authors have stated increase of the

nuclei and cellular new formation as the only thing that could be

proven. I will at least call attention to several peculiarities, which

for lack of other "peculiarities," have always appeared to me to be

worthy of mention. First of all, to the enormous dilatation of the

capillaries and transition vessels in the medullary infiltrated parts.

The otherwise doubly contoured walls disappear to a sharply defined

line, which divides the parenchyma from the blood ; the blood-current

at times appears directly to stagnate, while in the slower coagulation

of the blood the colorless blood-corpuscles have collected into small

heaps, and at intervals quite alone fill up a capillary vessel. Never-

theless, ecchymoses are very rarely formed, probably because the coun^

ter-pressure of the proliferated parenchyma is too great.

In reference to the new formation itself, I have already in the Gene-

ral Part (§ 112) mentioned the circumstance, that not only, as in the

catarrhal stage, is the question about a numerical increase of the ele-

ments, but next to this, (which also becomes excessive,) about an enlarge-

ment of the newly formed element, about the development of a typhus-

cell characteristic of the process. We may designate the goal of this

development of the individual cell as the typhus-cell, a structure which

distinguishes itself from the simple lymph-corpuscle by the greater

amount of protoplasm. The protoplasm of the lymph-corpuscles in the

amount of space occupied, is scarcely equal to the contained nucleus,

while here the protoplasm occupies at least just as much, on the aver-

age, however, somewhat more space than the nucleus. The typhus-cell

represents the lowest degree, in a certain measure the first onset of an

epithelial development; it appears, however, that the persistence and

solidity of the epithelial development are wanting to this tumefaction of

the protoplasm, as the typhus-cell is maintained for but a short time

at this acme, in order then to fall into the most rapid necrobiotic

processes.

Finally, touching the peculiarly reddish- white, homogeneous coloring,

this is explained by the circumstance that the exuberantly filled capil-

lary net, with its dark red color, here shines through a universally
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homogeneous border substance ; the dark red shows through this every-

where uniformly toned down into the so-called flesh color.

§ 379. The medullary infiltration is the acme of the typhous changes.

From this time the process is backwards, and indeed, in various ways.

By far the most of the infiltrated glandular patches slowly return to

the normal state by means of colliquative relaxation. The typhus-cells

disintegrate into a fatty detritus, and in this form are resorbed like the

chyle. Thereafter the tumefaction in the first place disappears from

the follicles themselves ; the patches of Peyer present a net-like appear-

ance (surface reticulee), in that the places for the follicles sink back

everywhere deeply below the level, and thus simulate the meshes of a

net, which in other respects is formed by the yet infiltrated interposed

mucous membrane. If this has also been freed from its infiltrate, the

question is only about a gradual replacement of what was lost, which

appears to set in without delay.

§ 380. Meanwhile, the colliquative relaxation is not the only return
;

a second, less benignant, is presented to us in the so-called sloughing

of the typhous new formation. If, in the catarrhal stage, we could

establish a participation of almost all the lymphatic apparatus of the

intestinal walls, and in the medullary infiltration a very considerable

reduction of the process was already observable, in the stage of slough-

ing an iterated, and indeed, the most considerable reduction of the ex-

tension of the disease sets in. Only small sections of individual Peyer's

patches, places of the size of a lentil up to three-fourths, nay, even

to five-fourths of an inch long, and here and there a solitary gland,

instead of the reddish-white, translucent, assume a yellowish-white

opaque color, are sharply defined from the surroundings, and then go

over into the cheesy necrosis. If this has happened, the healing can

only be accomplished by casting off the necrotic parts and by forming

ulcers. An increased hyperemia at the borders of the slough leads to

the formation of pus and its loosening, though it is wont for some

time to float about attached at the base or to the edges of the ulcer,

and by contact and saturation with biliary coloring matter, to assume

a yellow, green, or brown color. Finally, it passes away in shreds

and leaves behind an ulcer, which, being exactly of the size of the se-

questrum, commonly shows the last connective tissue stratum of the

submucosa as a base. In severe cases the ulcer penetrates yet deeper,

and the casting out of the sequestrum becomes identical with the per-

forating opening into the abdominal cavity. In that case, from the

beginning the infiltration had not only been continued through the

entire submucosa, but also into the connective tissue interstices of the

muscular coat up to the subserosa and the serosa.

The healing of the typhous ulcers stands in immediate connection

with the separating inflammation. If the slough is loosened, a small

quantity of germinal tissue is produced at the floor of the ulcer; the
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primarily very steep edges of the ulcers sink down in consequence of

colliquative relaxation, cover from the sides a portion of the floor, and

are soon fastened to it by cicatricial tissue ; then that which yet re-

mains uncovered, afterwards forms a smooth, shining surface, pigmented

at the edges, upon which villi, glands, or other attributes of the mucous

membrane are never again found. By transmitted light these places

appear thin and transparent, which is to be ascribed to the want of

mucous membrane.

In reference to the not infrequent intestinal hemorrhages in abdomi-

nal typhus, it is to be observed that the insignificant and not hazardous

ones, which frequently occur, ensue from the very hyperaemic edges of

the ulcers by exhalation ; the severe ones, on the contrary, from larger

vascular branches, which previously conveyed the blood to the ne-

crosed tissues, and which now. have been torn through by a somewhat

premature loosening of the sequestrum, perhaps by the passing by of

balls of excrement.

§ 381. So far the disease proper of the mucous membrane. With it

is combined, without exception, an affection of those mesenteric glands

which receive the lymph from the medullary infiltrated portions of in-

testine. As the ileum is constantly wont to be most intensely affected

at the ileo-caecal valve and a foot above it, we have to expect also in

this region the most peculiar changes of the lymph-glands. In a histo-

logical relation, they are a true copy of the primary diseased condition.

To a moderate degree of catarrhal tumefaction follows a colossal med-

ullary intumescence, which is not far behind the scrofulous in circum-

ference. The anatomical boundary between cortical and medullary

substance becomes impossible to the naked eye. The microscope shows

that the follicles and their prolongations into the medulla (lymph-alve-

oli and lymph-trabeculse) are the principal seats of the changes, while

the lymph-sinus, and especially the connective tissue, only present a

moderate infiltration with typhus-cells. Here, that is to say, in the

lymph-alveoli, of which, as is known, fifteen to twenty are to be counted

upon a longitudinal section of a medium-sized lymph-gland, we in the

first place meet with that enormous ectasy of the capillary net, which

appears to me to be generally characteristic of the medullary condition.

Beside the ectasy, there is not at all infrequently a striking "occlu-

sion" of very many capillary loops, but also of larger vascular trunks,

by a dark granular mass, concerning whose nature I have as yet not

been able to come to any satisfactory conclusion. Furthermore, the

condition of the adenoid trabecular system is exceedingly surprising.

Its collective trabecule are thickened three or fourfold, the nuclear

places peculiarly tumefied, the nuclei vesicular. Evidently the old net

of anastomosing cells has again become alive. The shrivelled cell-bodies

are thickened by intussusception ; the nucleus is ready again to take up

its old role as cytoblast. At many places also the continuity of the
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net is already interrupted, and we see spherical rounded cell-heaps,

which loosely fill out these gaps. The kind of cell-formation is pre-

eminently that of simple division. By the side of this, however, the

endogenous production also very frequently occurs. The edges of the

lymph-trabeculse, therefore the border of the lymph-current, are often

so thickly beset with mother-cells, that more mother-cells may be counted

than ordinary lymph-corpuscles. The ultimate goal of the development,

however, is here also the typhus-cell as numerously developed as pos-

sible. If the.climax has been attained, these structures fill every space

which offers beside the bloodvessels in the interior of the lymph-gland,

among others the lymph-passage itself. It is absolutely impossible, even

with the best injection-fluid, to fill up the lymph passage of the medul-

lary gland, and by the injection we can recognize how far the acme of

the swelling has advanced in a gland. In this connection the proposition

prevails, that here, as in other progressive changes of lymph-glands

(scrofulosis, cancer, &c), the peripheral portion nearest the focus of

disease, from which the infectious lymph comes, begins to swell first of

all, and that from here the process gradually advances over the whole

parenchyma. Decomposition then also proceeds in this sequence. This

is almost always a colliquative relaxation, with complete fatty degene-

ration of the collective typhus-cells. As, however, as we saw, all the

lymph and connective tissue corpuscles, i. e., almost all the normal cells

of the gland have gone over into the " typhus-mass," we comprehend

how almost nothing now remains but the capsule and the bloodvessels.

The highest degree of withered collapse is attained, at the same time

the temporary hypersemia has led, especially in the capsule, to distin-

guishable extravasations, with subsequent formation of pigment, so that

a slaty gray coloring also figures as a characteristic sign of typhus-

glands that have been swollen.

It must be regarded as a very rare result, when here and there a

partial cheesy necrosis takes place in the typhous mesenteric glands.

Virchow has repeatedly called attention to this possibility. The caseous

slough is then separated by a purulent inflammation ; we have a small

abscess, and the question now is, what yet occurs. If the abscess

bursts through into the abdominal cavity, peritonitis at least threatens.

Upon the other hand, the pus may inspissate, afterward calcify. The

calcified node is surrounded as a foreign body by a connective tissue

induration, and the process is thereby concluded.

§ 382. All other tumefactions coinciding with the typhus processes,

new formations, &c, point as the elementary process to the same series

of progressive and retrogressive conditions as those hitherto described.

We possess the least histological detail in relation to the enlarged

spleen. It is not yet decided, in the various stages of the disease, how

large the share of the hyperemia and how large that of the new forma-

tion is. A genuine medullary infiltration is here and there observed



SPECIFIC INFLAMMATION. 365

upon the Malpighian corpuscles. The more rarely occurring typhus-

depots in the various serous membranes, in the liver and kidneys, are

quite analogous to the metamorphosis of the intestinal mucous mem-
brane. Upon the changes of the muscles in typhus (Zenker) we will

report more minutely at another place.

2. Tuberculosis.

§ 383. If one betake himself to the study of tuberculosis of the mu-
cous membrane, one must distinctly distinguish two things, tuberculosis

of the mucous membranes, and the diseases of mucous membranes of

tuberculous persons. In but few cases is the origin and decay of tu-

bercles the only, somewhat more frequently the main affection ; but

ordinarily the tubercle formation proper, beside the non-tuberculous

changes, plays a directly subordinate role, perhaps as the exciting or

continuing cause, as the citadel of specificness and incurableness of the

process.

§ 384. What tuberculosis may do in itself, what disturbances are to

be specially ascribed to it, one best sees in the tuberculosis of the

urino-genital mucous membrane. The tuberculous ulcer of the urinary

bladder is a sharply-circumscribed, roundish loss of substance of the

mucous membrane, with dirty yellow, lardaceously infiltrated edge and

floor. More accurately examined, this lardaceous infiltration exhibits

itself as a layer of "genuine tubercles;" partly gray, partly cheesy

miliary nodules lie densely crowded together, bound, and form upon

the one side the ulcerated surface; upon the other they advance with

the youngest and smallest nodules, placed foremost for some distance,

into the healthy parenchyma of the mucous membrane. In fact, here,

in the place of the plastic inflammatory infiltration, the formation of

miliary tubercles has occurred ; in the place of purulent destruction,

the softening and dissolution of the tubercles which have become

cheesy. As a rule, beside the older, fully formed ulcers, we also find

the beginnings of the process in single gray or cheesy miliary nodules,

which are sprinkled into the most superficial layer of the mucous con-

nective tissue, alongside of others, which, united into small groups,

already exhibit in their centre a slight defect of softening. If the

new formation and softening of the tubercles uniformly progresses

from hence towards all sides, in the next place there will, of necessity,

result a circular deficiency—the tuberculous lenticular ulcer ; by the

confluence, however, of several lenticular ulcers, larger, often very irreg-

ularly-shaped, secondary ulcers are produced. These gradually ex-

tend over a constantly larger section of the mucous surface, until it

finally happens that we have more diseased than healthy surface, and
the relatively intact parts only form narrow borders, which separate the

adjacent ulcers from each other.
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§ 385. What has been said here first of all of tuberculosis of the uri-

nary bladder, obtains likewise of the other sections of the urino-genital

mucous membrane, particularly of the mucous membrane of the ureters.

In the latter, however, the catarrhal element already meets us as a very

essential complication of the anatomical picture. The tuberculous ureter

is in the first place only catarrhal; the swollen mucous membrane yields

a thick, tough, purulent secretion, and both swelling and secretion may
already call forth a very considerable disturbance in the efflux of the

urine, therefore, the clinically most important symptom of tuberculosis

of the ureters, ere yet a single tubercle exists. Tuberculosis of the

uterus is secondarily complicated with often a very considerable hyper-

plasia of connective tissue, partly in the submucosa, partly in the muscu-

lar structure, hence an actual enlargement of the organ, with which pro-

gressive loss of substance at its inner surface is wont to be combined.

Still more peculiar is the complication of tuberculous intestinal ulcers

with a papillary and polypous hypertrophy of the unimplicated portion

of mucous membrane. This may become so considerable, that the dark-

red hypergemic bodies of the polypi up to the size of a pea quite densely

cover the surface, and we must first seek the proper ulcerated surface be-

tween their bases. Meanwhile this is but a rare complication of intes-

tinal tuberculosis. Much more frequently, and much more difficult to

separate from that which actually is tuberculous, just here, is the combi-

nation with that scrofulous hyperplasia of the lymph-follicles which we

have already learned to know in the mode of its appearance upon the

lymph-glands, above (§ 203 et seq.).

§ 386. The same localities of the intestine at which the typhous

changes take place, are also the principal seats of tuberculosis, namely,

the neighborhood of the ileo-csecal valve and the lymphatic glands there,

Peyer's patches, and solitary follicles ; only the process is not confined

after the manner of typhus to the lymphatic glands and their nearest

environs, but only has these for the point of departure, afterwards to

follow a peculiar law of extension. And just these primary affections

of the closed follicles are of non-tuberculous nature. The gray intumes-

cence, which enlarges the individual follicle to perhaps three times its

normal volume, depends upon the same partial new formation of lymph-

corpuscles in the lymph-passages and the reticular parenchyma of the

follicle, which we have learned to know as the cause of scrofulous bubo;

the cheesy metamorphosis, which occurs hereupon, is certainly the same

retrogressive process, to which the genuine tubercles also are subject,

and consequently from this point a distinction is no longer possible. It

is, however, characteristic, that the diseasing of the appertaining mesen-

teric glands also presents entirely the scrofulous character, and is very

well to be distinguished from the quite different anatomical condition

of an actually tuberculous lymph-gland.

The cheesy follicles soften from without inwards, and when all the
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cheesy material is destroyed, in the relatively healthy tissue we have a

sharply circumscribed half spherical loss of substance, the so-called

clean ulcer. At Peyer's patches, because of the great proximity of the

adjacent follicles, it may even now have proceeded to a confluence of

several ulcers of this kind into those larger losses of substance, which

because of being bounded on all their outer sides by convex segments

of a circle, have been designated as racemose.

§ 387. If we make a most minute vertical section through the edge

and floor of one of these ulcers, one perceives everywhere a tolerably

broad zone of cellular infiltrated connective tissue. But neither the

cells nor the manner of their deposition present anything whatever

specifically tuberculous. It also appears that the gradual enlargement

of the loss of substance essentially follows, by the advance, step by step,

of this infiltration into the neighborhood, and the subsequent resolution

of the infiltrate at the surface of the ulcer. The specific tuberculous

element accordingly steps completely into the background in the in-

testinal tuberculosis. We would, however, very much err, if we believed

that it was entirely wanting. By more accurate examination we can

establish, 1, upon all vessels not capillaries, which are in the neighbor-

hood of the ulcer, and indeed, especially upon the arteries, the presence

of a certain amount of miliary nodules in the adventitia ; 2, the eventual

irruptions beyond the intestinal walls in the subserous and serous con-

nective tissue, upon which we can so often perceive the seat of the

changes of the mucous membrane from without, are constantly genuine

tubercles. By the experiences given above (§ 115), derived from a

minute investigation of the subject, I have convinced myself, that here

also they are the lymph-vessels which undergo tuberculous degener-

ation, that consequently the vascular sheaths only form so strikingly

the seats of the tuberculous irruptions, because they at the same time

contain the efferent lymph-vessels of the intestine.

The development of the miliary nodules upon the vascular, particu-

larly the lymph-vessel ramifications, is, however, of peculiar interest,

because by them the direction is determined in which the ulcer of the

intestinal mucous membrane enlarges ; namely, this, in contrast to the

constantly longitudinal configuration of the typhous ulcers, not exceed-

ing the limits of the patches of Peyer, is decidedly transverse. The
tuberculous ulcer of the intestine tends decidedly to the form of a girdle;

it, indeed, arises at Peyer's patches, constantly has here also its greatest

width, but then pushes beyond the lateral bounds of this, until, at a place

on the side opposite to the Peyer's patch of the affected section of intes-

tine, the points furthest advanced, come in contact and flow together.

If with this growth of the ulcer we compare the distribution of the

bloodvessels upon the intestine, a certain conformity is immediately pre-

sented. The arteries and veins enter between the mesenteric duplica-

ture to the intestinal tube at the side situated opposite to the patches
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of Peyer, and from here radiate in short trees, whose trunks and main

branches run obliquely across the intestinal tube, and whose more minute

ramifications from both sides come together where Peyer's patches are

situated, at the outer side of the canal. In conformity to this the

vascular territories of the intestinal wall are transverse, not longitudi-

nal subdivisions, and a diseased condition which keeps within the bounds

of a vascular territory, must eo ipso take a transverse direction of de-

velopment. By finding miliary nodules upon the collective branches of

the afferent vessels it is, moreover, clear, that tuberculosis is such a dis-

eased condition, and we comprehend why, in its progress, it maintains a

transverse and not a longitudinal direction.

§ 388. Concerning the further consecutive conditions of tuberculous

intestinal ulcers, I will only announce, that here hemorrhages and per-

foration of the intestinal wall are produced in the same manner as in

typhus. The tuberculous infiltration of the vascular walls upon the

one hand, the serosa upon the other, and the necrobiotic loosening of

this infiltrate, even of necessity leads to an opening, at one point of the

blood tract, at another of the peritoneal sac. In both cases, however,

the failure of those natural healing arrangements is required, which

are ordinarily wont to prevent extreme accidents, in the one, the season-

able coagulation of the blood in the endangered vessel, in the other, the

seasonable adhesion of the serosa with another part of the peritoneal

surface. I have seen in one case, where five tuberculous ulcers of the

ileum had perforated, but not into the abdominal cavity, but into other

sections of the intestinal tube, which had previously entered into con-

nection from without with the ulcerating places. Naturally at the same

time all peristaltic movement was checked here, and the intestinal con-

tents circulated contrary to rule through numerous false passages in the

abdominal cavity, as the openings of communication were in part greater

than the intestinal lumen itself.

§ 389. If we now pass to tuberculosis of the laryngeal and bronchial

mucous membrane, we enter upon the sphere where the question, how

much of it is actually tuberculous ? is by far the most difficult to an-

swer. Virchow does not hesitate to admit the actual production of the

so-called tuberculous ulcers of the larynx from miliary tubercles, and

for their origin and extension in surface and depth lays down the same

mode which, in § 384, we learned to know upon tuberculous ulcers of

the urino-genital tract. Other authors, of whom I will name Ruble,

entirely deny the occurrence and participation of the miliary irruption

;

and the explanation of Virchow, that the miliary tubercle can so rarely

be demonstrated upon the tuberculous ulcers, only because just here it

is of a peculiarly perishable nature, at least admits the fact that it can

rarely be demonstrated.

If we now seek at the hand of a careful histological analysis, especi-

ally with the aid of vertical sections through the affected parts of the
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laryngeal and tracheal mucous membrane, in the first place, to separate

that which is decidedly non-tuberculous, we must from the very begin-

ning declare as non-tuberculous every affection of the closed follicles.

At the larynx proper, it is true, closed follicles do not occur, but cer-

tainly immediately above the epiglottis, at the base of the tongue,

isthmus of the fauces, and at the upper part of the pharynx ; and the

tuberculous ulceration is very commonly complicated at the larynx

proper, with ulcers, which have their origin in a scrofulous inflamma-

tion, hyperplasia, and disintegration of these pharyngeal follicles.

Furthermore, the ulcerations proceeding from the outlets of the mucous

glands of the larynx and trachea are non-tuberculous. At another

place (§ 356) I have more fully stated how, in long-persistent catarrhal

conditions of mucous membranes, the mucous glands are wont to be

ectatically hyperplastic. Here a second form of the participation of

these organs follows upon the chronic catarrhal changes of the mucous

membrane, which, to be sure, I have as yet only found at this one

place, and in this one case. Hence, for the present, I must regard it

as a peculiarity of the laryngo-tracheal mucous membrane, and spe-

cially as a very important constituent of that anatomical entity, which

we concisely designate as laryngeal phthisis.

If we bend open a trachea, whose mucous membrane is in a condition

of chronic catarrh, and wipe away the mucus from the surface, we per-

ceive very well with the naked eye the numerous outlets of the mucous

glands. They are very densely placed in the interstices between the

rings of cartilage, and are also peculiarly wide here, while upon the

elevations over the cartilaginous rings they are less numerous and

narrow, in some places also they are entirely wanting. If now from

below we exert a slight pressure upon the trachea, at the spot pressed

upon, out of the openings mentioned small quantities of tough mucus

will stand out, which are sharply defined all around, and look like gray

translucent pearls. If now one of these pearls, upon accurate exam-

ination, exhibit at its periphery a narrow yellowish-white border, we
have to do with the beginning of the ulceration now in question. Fo>r

this yellow border is pus, pus which was produced by the subepithelial

connective tissue of the glandular excretory duct concerned, and was

poured out into its lumen. By the emptying of the accumulated glan-

dular contents this drop of pus was first of all pressed out, in order then

to be uniformly distributed at the periphery of the drop of mucus fol-

lowing after.

The formation of pus in the glandular excretory ducts may exist for

a time as a purulent catarrhal secretion, but it certainly very soon goes

over into a formation of pus with loss of substance, — an ulceration. We
get a round, low, funnel-shaped ulcer, with a narrow, but intensely

yellow edge, by which it is sharply defined from the surrounding hyper-

semi c mucous membrane. In the centre of the loss of substance, either

24
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the dilated excretory duct, or the gland itself, or after suppuration of

the glandular body, a correspondingly large, roundish excavation forms

at the same time the deepest point of the floor of the ulcer, so that the

catarrhal ulceration of glandular excretory ducts in fact possesses

peculiarities enough to distinguish it from allied conditions. Only when

in the continued course the ulcer extends as well in surface as in depth,

do its original characters disappear. By the confluence of adjacent

ulcers, for example, arise "racemose" contours, the same which have

generally been regarded as characteristic of the "tuberculous" ulcer,

nay, the cluster form is peculiarly beautiful here, and yet more dis-

tinctly stamped than in the tuberculous ulcers of the intestine. The

advance of the floor of the ulcer in depth is especially favored by the

suppuration of the bodies of the mucous glands. A purulent inflam-

mation of the encapsuling and the interstitial connective tissue of the

gland, leads to the decay and dissolution of the acini, the whole gland

melts away, and if we consider that the mucous glands of the air-pas-

sages do not lie in the mucosa, but in the submucosa, we comprehend

that just these ulcers most rapidly bring about deeply penetrating

destructions. In fact we very soon find the floor of the ulcer reaching

the neighborhood of the cartilaginous rings or the laryngeal cartilage,

and thereby a new field is opened to the destruction.

The cartilage of the larynx and trachea, from its non-vascularity and

its manifestly sluggish nutrition, is more disposed to necrosis than to

a gradual dissolution layer by layer. Hence, if the inflammatory irri-

tation attacks the perichondrium, it not at all infrequently happens that

•ere the cartilage itself has undergone any considerable change in its

form, color, and consistency, a purulent perichondritis has islolated the

whole organ, sequestered it, and placed it ready for being cast out as

soon as the communication of the abscess with the floor of the ulcer is

wide enough to allow of its passing through (arytenoid cartilage). To

be sure, as a rule, this catastrophe is preceded by a stage of the ulcera-

tion proper, in which the cartilage is only laid bare at one side, and

forms by this the base of the ulcer, while otherwise the perichondrium

is yet everywhere firmly connected with the surface of the cartilage.

Upon vertical sections we can then very well perceive the progress of

the destruction, in that the outermost cartilage-cells have been trans-

formed by division into groups of pus-corpuscles, while at the same time

the cartilage-cavities have increased in circumference at the expense

of the basis-substance to such an extent, that immediately before the

opening externally they are in contact by their periphery. Hence the

floor of the ulcer, so far as it lies in the cartilage, is entirely tapestried

with widened and pus-filled cartilage-capsules. Meanwhile, these

changes, though very considerable, are confined to a comparatively

small space. Already the third or fourth row of the contiguous carti-

lage-cells is quite unscathed; at most we may here and there perceive
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the beginning division of the nucleus. At the trachea, in the course of

this ulceration, it may go so far that the majority of the cartilage-rings

are laid bare at their inner surface, whereupon one after the other, in

the next place, is raised at the ends, in order gradually to be entirely

loosened and cast out by an impulse of coughing.

§ 390. Consequently, when we see that the most important and the

severest destructions of the larynx and the trachea are produced alone

by catarrhal inflammation and ulceration, we reasonably ask ourselves

what then remains there for tuberculosis to do ? Are there in gene-

ral tubercles in " phthisis laryngea," and what part do they take? It

is manifest that, according to my experience, I must hesitate to simply

transfer the mode of origin and growth of " tuberculous ulcers" in the

tuberculosis of the urino genital mucous membrane to the laryngeal

mucous membrane. I must much rather maintain that the real de-

struction is not accomplished by the decay of the tuberculous infiltrate,

but by means of an inflammatory new formation. Notwithstanding

this, I believe I may regard myself as convinced that miliary tubercles

may certainly here also come to development, since, in the first place,

I appeal to the authority of Virchow, who has indisputably observed

tuberculous ulcers at the larynx ; upon the other hand, upon certain

occurrences upon the cross-sections of ulcers described above, which I

can provisionally interpret only as irruptions of miliary tubercles

;

thus, especially upon the ulcers of the larynx and epiglottis we very

commonly find at some distance from the surface in the midst of yet

intact connective tissue, roundish depots of cells of the size perhaps of

a glandular acinus, cell-depots, which take the carmine coloring far

more greedily at the edges than at the centre, which points to a

globular grouping, and reminds very much of the behavior of miliary

tubercle. These tubercles certainly lie so individualized and beside

the inflammatory infiltration of the real surface of ulceration, are such

insignificant new formation, that I would only regard them as a pledge

of the connection of this process with constitutional tuberculosis. At
the most, we might ascribe to them the valuation of a permanent in-

flammatory irritation, and to trace back to this the obstinacy and the

tendency to relapse, which is peculiar to these catarrhal inflammatory

conditions.

On the occurrence of genuine miliary tubercles upon the smaller bron-

chi, in the proximity of the so-called tuberculous cavities, we will treat

under the Respiratory Organs.

d. Tumors.

1. Papilloma.

§ 391. The papillomas of the mucous membrane are decidedly to be

distinguished from the tuberous and polypous elevations of the mucous
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surface conditioned by hypertrophy and ectasy of the glands. We
meet with the papilloma in the following various forms and at the fol-

lowing various points.

a. Upon the mucous membrane of the oral cavity, the vagina, the

inner edge of the anus, in short, at those half mucous membranes,

which form the transition from the outer skin, the papillary forms of

the outer skin are again found in but little modified structure. The

ordinary wart is represented by roundish, flatly attached, berry-like

bodies on the gums or the inner surface of the cheeks, which are very

similar to condylomata, and distinguish themselves from them only by

the greater compactness of the epithelial covering. Pointed and broad

condylomata occur in so much purer form, as the quality of the indi-

genous epithelium is originally more similar to the epithelium of these

tumors. Meanwhile, the pointed condylomata keep as rigidly as pos-

sible to the borders of the external skin, while, to be sure, broad con-

dylomata are here and there also found in the oral cavity or the vagina

itself.

b. Upon the mucous membrane of the gall-bladder, the urinary blad-

der, and the external orifice of the uterus, at places, therefore, where

a cylindrical epithelium or a transition epithelium normally exists, the

papillomas are also covered with cylindrical epithelium.

The papilloma of the urinary bladder, also called villous cancer, bet-

ter, villous tumor of the urinary bladder, has its seat constantly in the

trigonum between the outlets of the two ureters. There arises here a

roundish, very soft tumor upon a broad base, an inch high abovethe

level of the mucous membrane. This is clothed by so thick a layer of

cylindrical epithelium that the very wide vessels shine through with a

rosy color, and the whole appears externally not unlike a medullary

cancerv In itself, however, this tumor has nothing whatever to do with

carcinoma ; rather, even a superficial examination proves, that the

tumor may be broken up into richly branched villous trees, and in

general consists of nothing but such villi. It is conformable to this

when we hear of successful extirpations of a papilloma of the urinary

bladder without a relapse. The individual villus is, upon the one hand,

characterized by an enormously wide and thin-walled bloodvessel, which

rises into its centre and towards the apex curves with a varicose dila-

tation ; upon the other hand, by the already mentioned three to four-

fold stratum of cylindrical cells, which are placed so immediately upon

the bloodvessels spoken of, that we cannot properly speak of a real

connective tissue body of the villus.

At the external orifice of the uterus the papillomas are richer in con-

nective tissue, less rich in vessels and epithelium. A simple cylindrical

epithelium covers the tolerably plumply formed terminal club of the

dendritic vegetation, and in no case could an ectasy be demonstrated
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upon the vessels. The explanation concerning papilloma cysticunj

given in § 70, moreover, refers just to these papillomas.

At the gall-bladder in man there occur only extraordinarily small

and insignificant forms of papilloma ; on the contrary, Virchow observed

and described the gall-bladder of a cow, upon whose thickened wall

"so large an amount of partly villous, partly cylindrical, solid out-

growths were seated, that the mucous surface seemed to have quite

vanished at a certain zone."

§ 392. The relation of the mucous membrane papilloma to the epi-

thelial carcinoma of the mucous membrane is interesting and important.

Namely, there not only demonstrably occurs a transition of papilloma

into epithelioma, or of the secondary combination of an epithelioma with

papillary proliferation at the edge and floor of the ulcer, but it is also

frequently asserted, that the mucous membrane over a cancer develop-

ing in the submucosa is disposed to papillary proliferation. For my
own part I have never observed the like, and hence can state nothing

as to the more intimate connection of both these phenomena. Accord-

ing to Virchow's perception, the papilloma formation is, in the first

place, a simple hyperplasia, caused by the irritation of the contiguous

carcinomatous depot ; afterwards the possibility enters of a transforma-

tion into a genuine villous cancer, if the carcinoma advances by the

continuous infiltration from belowr into the connective tissue of the

papillae ; the stomach and urinary bladder are the main seats of this

genuine villous cancer, which meanwhile may be identical with our

cylindrical epithelioma.

2. Carcinoma.

§ 393. The mucous membranes as epithelial-clad outer surfaces of

the organism, are everywhere disposed to the production of epithelial

carcinomas, to the production of glandular carcinomas, naturally only

in so far as they contain open-mouthed glands. The striking dissimi-

larities in the average distribution of carcinoma over the mucous tract

are especially to be traced to the latter circumstance. Furthermore

the transition-place of the individual sections of the mucous tract ap-

pear to be selected with predilection on the part of epithelial carcinoma,

probably because especially at such places, as a rule, there is super-

added some mechanical injury, although physiologically occasioned.

§ 394. If we begin our consideration with the antechambers of the

mucous membrane system, which are situated in the head, we meet,

apart from the cancers of the lips, eyelids, and alse of the nose belong-

ing to the outer skin, with a genuine soft glandular cancer of the mucous
membrane in the nasal cavity. This develops in older individuals

upon the ground of a hypersemic condition of the collective structural

parts of the mucous membrane which has already existed for some
time ; in children it arises without any preliminary stage. The car-
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cinoma has a predilection for advancing into the antrum highmorianum,
swells out the superior maxilla, and appears as one of the various so-

called carcinomas of the superior maxilla. The decline of the patient

by cachexy is so rapid, that we now begin to desist from all operative

attempts ; the tumor consists entirely of incompletely developed glan-

dular tubules, which are produced by an excessive proliferation of the

epithelium of the mucous glands.

§ 395. In the oral cavity the tongue especially presents a favorite

object for the carcinomatous destruction. As a rule, the question is

about a squamous epithelioma, which, however, corresponding to the

greater delicacy of the normal pavement epithelium of the tongue, dis-

tinguishes itself from the harder squamous epitheliomas of the outer

skin by its softness and a rapidly occurring tendency to break down.

The abundance of bloodvessels, loose connective tissue, and above all

of wide lymph-passages in the tongue, make its parenchyma an exceed-

ingly favorable soil for infiltrative new formations. Hence the local

destruction comes decidedly into the foreground of the entire repre-

sentation of the disease. The first nodule is apt to be seated at one of

the edges of the tongue. We say, the irritation of a sharp-edged, be-

cause decayed, tooth may contribute its part to the development of the

cancer. The first nodule is generally extirpated by a V-shaped cut,

but the relapse follows already very soon after the extirpation, and so

after each new extirpation in always a shorter time, until the whole

tongue is destroyed. We have metastases indeed as well in the adja-

cent lymph-glands as in the lungs, but these secondary cancers con-

stantly remain of very subordinate significance.

The so-called soft carcinoma of the tonsils is a soft lymphadenoid

sarcoma, which readily passes from the tonsils to the palatine arches

and the isthmus.

§ 396. At the entrance into the respiratory tract we meet with a

tolerably soft squamous epithelioma, which characterizes itself from

the squamous epithelioma of the tongue b}T its tendency to papillary

proliferations. The new formation finds in the substratum of the laryn-

geal mucous membrane a soil, than which one more unfavorable to the

progress of an infiltrative new formation could scarcely be imagined.

Upon a quite tense fibrous submucosa follows a layer of tendon-like

tissue; under this and throughout the entire submucosa and mucosa are

distributed rich nets of ela.stic fibres. What wonder, if the new forma-

tion takes more of an outer direction, and for years produces long papil-

lary proliferations ere it penetrates into the deeper parts of the neck.

§ 397. At the oesophagus first one hard squamous epithelioma after

another forms a girdle tumor, afterwards a girdle tumor with infiltrated

edges and base ; the tumor enlarges, it may finally happen that the

mucous membrane is deficient all around for the distance of two to

three inches, while the base of the tumor has attacked the adjacent air-
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passages from without and has destroyed them. The opening of the

air-passages through the base of the ulcer is a very critical catastrophe.

The point of this abnormal communication of the oesophagus and the

air-passage is, as a rule, not in the trachea, but in the posterior wall

of the left bronchus. As is known, the left bronchus crosses the

oesophagus in its middle third, and just here the oesophageal cancer is

wont to take its position. It is correctly conjectured, that a mechanical

force co-operates in this localization, and as such the circumstance is

accused, that every large morsel gliding down the oesophagus, presses

the anterior wall of this against the posterior wall of the rigid bronchus.

Naturally the perforation of the air-passages is only one of the numer-

ous dangers which the oesophageal cancroid occasions to its bearer.

The girdle tumor may destroy by stenosis; the transition to the medi-

astinum favors, during the inspiratoi^y decrease of pressure in the cavity

of the chest, the entrance of air from the oesophagus into the loose cel-

lular tissue, and may become the cause of a genuine emphysema of the

whole subcutaneous cellular tissue; the floor of the ulcer may become a

regular ulcerative cavity, in which the food sticks and decomposes, &c.

Alongside of carcinoma of the middle third, carcinoma of the cardia

and other points of the oesophagus are in point of frequency very much
in the background; on the other hand, I was twice in a situation to

observe one quite flat and very many softer cancer-forms which had

extended more diffusely over entire sections of the oesophagus.

§ 398. The stomach is characterized as the peculiarly frequent site

for carcinomas, since here in equal frequency are found a soft, a hard,

and a gelatinous glandular cancer, as well as a cylindrical epithelioma.

The collective glandular carcinomas arise in the mucosa proper, and

then pass over from here to the submucosa. I say this expressly,

because we formerly made an essential difference between " submucous "

and "mucous " cancers of the stomach. It is correct, that, as a rule,

the transition spoken of ensues at a very early period, and that the

cancerous proliferation proceeds much more rapidly in the wide and
numerous nets of lymph-vessels of the submucosa than in the mucosa.

Hence the cancer not at all infrequently imposes as a level infiltration of

the gastric walls, over which the, for the greater part unchanged, or

merely atrophic, mucous membrane passes and is movable upon it, while it

is completely adherent to it at but one point. This one point is the point

of departure, and the oldest part of the entire degeneration. In most
of the cases which are investigated, it is beset with an ulcer, which has

destroyed the place of the first origin of the carcinoma, and therewith

the possibility of passing a valid judgment upon the participation of

the glands of the mucous membrane in the first origin of the cancer.

So much the more valuable, therefore, are the statements of Waldeyer
(Virchow, Archiv, vol. 41) who in spite of these difficulties succeeded
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in establishing the mucous and peptic glands as the developmental foci

of the new formation.

A condition more commonly found in soft carcinoma of the stomach,

therefore, is that of an ulcerating surface of several square inches in

extent, surrounded by a bulwark-like thickened, because already car-

cinomatously infiltrated, edge of mucous membrane. The tumor, as

very frequently occurs, arises at the lesser curvature, and from here

has passed partly to the anterior, partly to the posterior gastric walls.

The ulcerated surface itself is covered with shreds of tissue, which

float when water is poured upon it. They are the remains of the

cancer-stroma, which withstand the destruction somewhat longer than

the cancer-cells. They are now loosened piecemeal, especially under

the action of the gastric juice, and thereby give occasion to those

pathognomonic hemorrhages, in which the blood is poured out in small

portions, immediately coagulates, and assumes a brownish-black color,

so that numberless particles of this coagulated blood give the contents

of the stomach, that is, what is vomited, the appearance of coffee-

grounds, chocolate, &c. If we observe a cross section through the wall

of the ulcer, we perceive, how at the border towards the healthy parts,

the glandular layer of the mucous membrane is raised up by the tumor,

how it is suddenly depressed over the summit of the tumefaction, in

that the glands are uniformly pressed together from both their ends,

and the contiguous ones separated. At last, only an interrupted

chain of atrophic glandular remains points out the place of the

veritable mucosa ; between it and the muscular coat lies the whole

thickness of the cancerous degeneration, which may amount to from

four to six lines. Upon the other side, the transition to ulceration is

brought about by the fatty degeneration of the cancer-cells. Even

the unaided eye recognizes the yellow points and streaks of the retro-

grade cancer, and sees these everywhere surrounding the floor and

the edges of the ulcer. The disintegration itself may here be accele-

rated by the action of the gastric juice upon the necrobiotic tissues, at

least this is wont to be more protracted in the quite analogous diseases

of the uterus, the urinary bladder, &c, and also not to make such

rapid progress.

It is otherwise with scirrhus ventriculi. This much slower growing

carcinoma mostly succeeds, by starting from the lesser curvature,

where also it most readily arises, in surrounding the entire periphery

of the stomach. The submucosa and the mucosa are transformed into

a white, compact induration, of from two to three lines thick, which,

when the circle is completed, for its part bestows upon the central part

of the stomach the form of a rigid tube, between one and two inches in

diameter, at which the fundus hangs like a loose bag. Microscopic in-

vestigations just here shows a very decided analogy to the epithelial

arrangement with glandular epithelium. Not that the cells and cell-
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nests are peculiarly large and numerous; on the contrary, the con-

nective tissue stroma decidedly predominates. But the form of the

cell-nests is relatively regular ; namely, they are lengthy stretched

tubuli, circular upon a cross section, in which the small, but among

themselves of equal size, epithelial cells are arranged almost radiating,

although a central lumen is wanting.

The gelatinous cancer of the stomach also characterizes itself by its

predominant tendency to destruction, in contrast to ulceration, and

constantly attains the condition of a girdle tumor before open ulcera-

tion. In this manner it may bring about very considerable stenoses.

The ulcer is a slower disintegration advancing from within outwards,

without hemorrhage or any great secretion. Were it not for the pos-

sibility of the carcinoma extending to the peritoneum, the gelatinous

cancer, as well as scirrhus, would be characterized from the other car-

cinomas, by a certain absence of danger of the primary changes.

In reference to the texture, the horizontal sections of Koster have

become of importance, in so far as they undoubtedly place the growth

of the infiltration in the lymph-passages of the gastric walls. The

same author is disposed to transfer his acquisitions obtained upon the

cylindroma (§ 173) concerning the participation of the endothelium in

the processes of new formation, also to the gelatinous cancer of the

stomach. That I cannot well raise any fundamental objections against

this, my ideas of hard, glandular carcinoma, laid down in §159, may
prove. I would regard this condition as an original epithelial infection

of the lymph-endothelia proceeding from the glands. Still I beg that

regard may be had to the reserved position which I assumed in the case

of colloid cancer.

§ 399. Of greater clinical importance, and of just as great anatomi-

cal interest, is the extension of the three gastric cancers mentioned, to

the contiguous organs. After the submucosa follows, in the first place,

the muscular coat. In the muscular coat the carcinomatous infiltration

traces out the narrow lines of the interstitial connective tissue. The

muscular bundles undergo therewith—probably in consequence of the

persistent irritative condition in which they exist—a hyperplastic

thickening. At least this is the rule in gelatinous cancer and in scir-

rhus ventriculi. Upon a vertical section through the gastric walls,

even with the unaided eye Ave can trace the gradual increase of thick-

ness of the muscular bundles from the healthy towards the diseased

parts. If to this we reckon the amount of substance which the car-

cinomatous degeneration of the interstitial connective tissue adds, we
comprehend how the muscular coat may be thickened from three to five

times its normal volume.

If the muscular coat is destroyed, the cancer reaches the visceral

peritoneum. The first nodules then arise in the subserous connective

tissue. We often distinctly see how primarily, in their arrangement,
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they are placed in rows dependent upon the run of the muscular bun-

dles, i. e., along the connective tissue septa corresponding to these.

The adjacent ones, however, soon flow together, and we get flat, irreg-

ular nodes, which present to us the peculiarities of the carcinoma con-

cerned, in the purest possible form.

The signal for a general degeneration of the entire sac is almost

always given with this appearance at the peritoneum. Probably by

the mutual displacements of the viscera, portions of these cancerous

nodules are loosened and are pushed to and fro over the smooth sur-

faces, until they remain sticking in a fold, a recess, or such like, and

give occasion here for the development of new cancer-nodules. The

whole impression—to use Virchow's language—is, as though seed had

been sown, which had fallen here and there and had germinated. In

this connection the soft carcinoma and scirrhus behave quite alike.

Only the gelatinous cancer now also assumes a distinct position, since

it pursues the prodigious task of converting the whole peritoneum into

gelatinous carcinoma, entirely by continuous infiltration, without leap-

ing from place to place. The thickness which the single peritoneal

layer attains after complete infiltration is the very considerable one of

from two to three lines ; the omentum, as a duplicature of the peritoneum,

is transformed into a board-like plate of the thickness of a thumb, like-

wise the mesentery, the ligaments. It is manifest that under these

circumstances the most considerable disturbances in the peristalsis are

unavoidable. To all this, however, inflammatory processes are yet

associated, an abundant outpouring of sero-fibrinous exudation, smaller

hemorrhages, adhesions. The same are also found with soft cancers

and with scirrhus. Yet scirrhus, beside this, characterizes itself by an

exceedingly remarkable peculiarity, which, without doubt, depends upon

more minute histological processes, but the principal point of which

has remained up to the present completely unapproachable : I mean

the contraction of the connective tissue in the surroundings of the scir-

rhus nodes. Even the narrowing of the stomach occurring simul-

taneously with the thickening, of which we spoke above, is to be placed

to the account of this retraction. Here, however, there exists no pros-

pect at all of ascertaining anything more special concerning the process.

The relations are much more observable at the peritoneum. Especially

may we expect to obtain disclosures in the transparent structure of the

omentum. In fact the omentum shrinks together into a hard cord

penetrated by cancer-nodes, which omentum, if the ascites permit, is

already to be felt through the abdominal coverings in the region of the

transverse colon. If, however, we spread it out and seek to ascertain

the cause of the shrinking, we get the impression, if we make use of a

low magnifying power, as though we had grasped at one place a flatly

spread-out cloth, and had gathered it together; the folds radiate from

all sides upon this point ; instead of the part gathered together, how-
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ever, the smooth, white scirrhus node appears as the central point pf

these radiating folds. For myself I am now indeed convinced that

actually a certain consumption of pre-existing connective tissue takes

place here, and that the scirrhus node represents this quantity of con-

sumed connective tissue; I am not, however, in a position to give an ex-

planation concerning the " how " of this consumption.

This degeneration of the peritoneal sac naturally also leads to a

rigidity and shortening of the mesentery, consequently to the most

considerable disturbances of the peristalsis; as a rule, however, to this

is added a very intimate adhesion of the abdominal organs to each

other, so that, for example, the small intestine is wont to be converted

into a single globular ball, within which the intestinal lumen has a

perfectly labyrinthine course, that presents almost insurmountable ob-

stacles to its anatomical pursuit.

§ 400. In the place of the various squamous epithelial cancers, which

we have learned to know from the lips down to the cardia, the cylin-

drical epithelioma begins at the cardia. This chooses its seat in the

stomach, by far most frequently in the pyloric region ; it is often seated

exactly upon the fold of mucous membrane which divides the stomach

and the duodenum. Here it successively forms a flat tuberous eleva-

tion, a fungus seated upon a broad base, and, finally, a polyp, often

globular, above the size of a pigeon egg, which is attached by a rela-

tively short pedicle. In the latter form the tumor is particularly

adapted to actually stop up the lumen of the duodenum, and in this

manner, i. e., by mechanical interruption to the taking up of nutriment

and to digestion, to produce conditions of acute marasmus, which be-

come fatal, if a seasonable softening and dissolution of the tumor do

not occur. Thereupon there remains a smooth loss of substance, in

whose edges we can follow the formation of the tumor further. It here

presents itself in that close relation to adenoma of the intestinal tract,

which I have more specially described in § 171.

§ 401. In the lower sections of the digestive tract there yet follows

a soft glandular cancer of the colon, which readily forms girdling ulcers

with strongly contracted, because induratively thickened, bases, and

thereby gives occasion to stenoses of the intestine and their conse-

quences. Just there is found a flat adenoma; one similar occurs at the

rectum. (Klebs, Leyden.) The squamous epithelioma of the rectum,

immediately above the anus, in the form of cauliflower tumor, is wont

to attain a considerable circumference, ere from the mucous glands it

penetrates destructively into the deeper parts (§ 166, note 2).

§ 402. Of the urino-genital tract—if we reckon the cancroid of the

penis to the outer skin— the uterus is undoubtedly the part most

threatened with carcinomas. Fully one-half of all cases of the so fre-

quent uterine cancers are epitheliomas. These either proceed from

the mucous membrane of the cervical canal, or from the vaginal por-
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tion, in such manner, that in both cases the boundary between the

vaginal portion and that of the cervical canal is not overstepped for

some time. The cancroids of the vaginal portion very commonly arise

as soft papillomas or cauliflower growths ; the transition ensues, like as

in the papillomas of the outer skin, by the descent of the epithelial

border into the subepithelial connective tissue. The destructions which

the epithelial carcinoma of the uterus cause are, under the circum-

stances, quite enormous. The muscular structure presents the longest

resistance. If this is destroyed, the loose connective tissue between

the organs of the true pelvis forms a very much more fertile domain

for the luxuriant enlargement of the tumor. A cavity of several inches

in diameter, whose interior is the place of the most offensive, putrefac-

tive products of decomposition, is bounded above by the yet undestroyed

remains of the body of the uterus, anteriorly by the posterior wall of

the bladder, and behind by the anterior wall of the rectum, while below,

the vagina, likewise destroyed at its upper part, forms the way out-

wards. At a later period, perforations follow in the floor of the ulcer;

the opening into the bladder produces a vesico-vaginal fistula, the open-

ing into the rectum a recto-vaginal fistula, the opening into the peri-

toneal sac produces peritonitis. The latter very often forms the close

of the painful condition of the sufferer.

§ 403. The glandular cancers of the womb have their seat in the

body proper of the uterus. They condition a frequently very con-

siderable, more uniform increase of volume of the latter; the cavity of

the true pelvis is filled up, the rectum and the bladder pressed upon

and displaced. If we open the organ, the cavity is seen distorted by

the cushion-like, convexly projecting walls, the wall in its entire thick-

ness (up to three inches) uniformly medullary white; the difference be-

tween mucous membrane and muscular structure has disappeared, since

the proliferated glandular tubuli have penetrated through the entire

thickness of the latter.

§ 404. Of the urinary bladder, the villous cancers, which occur at the

trigonum vesicae, are especially worthy of mention. (See § 392.) Fur-

thermore, there is now and then found a squamous epithelioma in the

calyces and the pelvis of the kidneys. It is wont here, at a tolerably

early period, to pass over to the apices of the adjacent papillae, and to

advance into the renal parenchyma by a milk-white zone of infiltration

from two to three lines thick, a genuine phthisis renum cancrosa.
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§ 405. In all treatises which are concerned with the respiratory

organs, we distinguish between the air-passages on the one hand, and

the parenchyma proper upon the other. This distinction is thoroughly

natural, not only with regard to the function of the parts, but also be-

cause the smallest bronchi do not pass over gradually into the infun-

dibula, but by a very distinctly marked break. Pathological histology,

also, has no cause to set this aside. Hence, if we, in the following

section, intend treating of the pathological histology of the lung, we

understand thereby only the changes of the respiratory parenchyma
;

the changes of the bronchial mucous membrane were already, by im-

plication, treated of in the preceding section, and if, nevertheless, we
will frequently enough be in a situation to mention certain alterations

of the bronchi, which stand in causal connection with alterations of the

parenchyma, we will deal partly with known quantities, partly we will

have several gaps to fill up, which had to be left open there in the in-

terest of the representation.

§ 406. Meanwhile before we subject the pathological changes of the

parenchyma of the lung to a more searching analysis, we must touch

upon a question of the normal histology of the lung ; the positive or

negative answering of which is of the utmost importance to us, but

which, notwithstanding many investigations only lately directed to it,

must yet alwaj^s be regarded as open : Has the inner surface of the

alveoli an epithelium or has it none?

As the function of the lungs depends entirely upon the most inti-

mate possible contact of the blood contained in the capillaries with the

air, from a physiological stnndpoint an epithelial covering appears

rather as an obstacle of the function, and this reflection must neces-

sarily exert a great influence upon our judgment, the instant the an-

atomical proof cannot be exhibited with satisfactory certainty. Upon
the other hand, the history of the development of the lung, which is

thoroughly analogous to the development of all other open-mouthed

glands, and begins by an epithelial proliferation from the intestinal

glandular layer, speaks most decidedly for the acceptation of an epithe-

lial covering, and the latest investigations of Colberg (Germ. Archiv
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of Clin. Med., ii, p. 453) prove with complete evidence, that the human
lung yet retains its epithelium even after birth. Colberg could demon-

strate this, upon the lung of a child almost one year old, as a continuous

covering of cells clothing also the vessels ; these cells appeared spindle-

formed upon a cross section and were easily lifted from their connec-

tion with the substratum. In explanation of their almost regular

absence from the normal lungs of adults, he announces that, in order

to get sufficiently thin sections, every infundibuluui or a part of the

alveoli forming such, must be cut twice, consequently the epithelial

covering likewise twice cut, would remain as a very minute segment at

the inner surface of the alveolus, which, in removing the section from

the razor and in spreading it upon the glass, &c, might easily be lost.

Meanwhile, fortunately, there is no necessity for us to cast the severe

reproach upon the incompleteness of our science, that it directly with-

holds from us an actually existing structural constituent of the lung. An
epithelium can be demonstrated upon every lung ; an epithelium, it is true,

which at the first glance appears to be anything else than a continuous

cell-stratum, which, however, still represents the necessary final product

of that metamorphosis, whose first links we have learned to know in the

embryonal foundation, and in the epithelial formation of the infant lung

described by Colberg. Ttie epithelial lining of the alveoli of an embryo of

four months consists of distinctly distinguishable cells, with large vesicu-

lar nuclei, which are at least just as long as broad, and in their palisade-

like arrangements, side by side, form an uninterrupted band between the

free surface upon the one hand, and the capillaries upon the other. In

embryos of six months, the epithelium of the alveoli may already be

called a single-layered pavement epithelium. The cells are yet dis-

tinguishable as distinct elements, but very much broader than high.

Then in the continued lowering of the cell-body there ensues a fusion

of them at the periphery. Upon the lungs of the'mature child it is no

longer possible to demonstrate cell-boundaries by the nitrate of silver

method. On the other hand, a band supplied with flat nuclei and spin-

dle-formed swellings yet lifts itself, after the first year of life, from the

cross-section of the alveoli. We can no longer see this upon the lungs

of older individuals; on the contrary, we find as well in the juices

scraped off from a cut surface of the lung, as in the sections of the

alveoli, certain exceedingly delicate, veil-like and wrinkled shreds,

that may remain hid for a long time from even a skilled observer, be-

cause one does not at all think of taking the apparently disconnected

fine contours, which are commonly scattered over the greater part of

a field of view, as the boundary lines and the summits of the folds of a

membrane. One rather thinks of small inequalities of the object or

cover glass, and yet», when we have once discovered the connection, we

will find it again everywhere and recognize it for what it really is. In
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these finest membranes, which I have depicted in Fig. 125, one also disr

covers, by carmine coloring, the remains of

nuclei, namely, small crescentic, strongly

refractive bodies, which are arranged in

regular interspaces. These nuclei form

one side of an oval ring, whose other side

is only designated by a dotted line ; the

ring in its contours corresponds to the for-

mer vesicular nucleus, whose proper sub-

stance is shrivelled up to this inconsider- .,., ,. ,
. .

t The normal epithelium of adult lung.

able crescentic remainder. Notwithstand- The most delicate homogeneous mem-
hranes with rudimentary nuclei. 1-500.

ing this, these cells are not to be regarded

as effete. Rather we will see that the nuclei just described, in irritant

conditions, again increase in body ; we will see how they surround them-

selves with protoplasm, divide, &c. In short, the inner surface of the

infundibula and alveoli is lined with a most delicate membrane, which

proves to be the last product of the flattening and fusing of the epithe-

lium of the lungs, already beginning in the earliest phases of life. In

looking at the surface, the membrane withdraws from observation ; at

the most, one observes, after coloring with carmine, the crescentic re-

mainders of nuclei where they lie in the interspaces of the capillary

loops; in profile, on the contrary, we recognize the epithelial membrane
as a sharp, simple contour, which, without being interrupted by a single

capillary loop, passes over to another, and likewise covers the edge

portions of the alveoli, which come into view between them. The mem-
brane adheres pretty closely to the substratum; especially does it not

necessarily loosen, when its nuclei again become active and loosen

themselves as cells from the alveolar wall ; rather, the simple serous

transudation in oedema pulmonum initiates a partial loosening ; at least

in the scraped-off fluid of ©edematous lungs, I met the membrane de-

scribed peculiarly frequent.

§ 407. In returning, after this short digression, to our theme, we
straightway find ourselves face to face with a new difficulty, namely,

the laying down of a classification of lung diseases both conformable to

nature and practically useful. Here also it is necessary to use some-

what more prolixity.

Morbid phenomena are the ordinary vital expressions of the organism

under the influence of any extraordinary, generally injurious or danger-

ous condition, which Ave call the cause of the disease. A sure knowl-

edge of the causes would permit us to treat pathology as a branch of

exact physiology, and to observe the course of a morbid process in the

same manner, to control and to vary it, as the progress of a muscular

contraction or the digestion of fat ; the highest aim of our medical in-

vestigation would be attainable before our eyes. But, unfortunately, we
are yet very far distant from any such certain knowledge. We must
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provisionally satisfy ourselves with several fragments of this etiological

series, and because of large gaps which these also yet present, we will

often enough be in the position of quite renouncing the natural system

and of admitting the technicalities, inflammation, hypertrophy, new

formation, &c, as categories of diseases. We can, least of all, blame

the anatomist for this. Meanwhile, neither must we prevent the latter

from placing himself upon that most general of bases, and I have found

that the anatomical anomalies of the lung are above all suited for being

treated in an etiological series. Only in this way can we in any measure

become masters of the great multiplicity of inflammations, hyperemias,

hemorrhages, pigmentations, &c, while by laying down these condi-

tions as categories of disease we are continually necessitated to separate

what is naturally allied, and vice versa, to treat things side by side which

are not at all related.

1. Diseases of the Lungs, with Inflammation and Catarrh
of the Bronchi.

a. Emphysema.

§ 408. If we spread out upon a dark background the sputum of an in-

dividual affected with catarrh of the larger bronchial branches (tracheo-

bronchitis), we very commonly observe therein globular, white, or gray-

ish accumulations, of the size of a pin's head, which, upon closer obser-

vation, again break up into a number of smaller globules or half globules,

and consist of a tough mucus, with inclosed cellular elements. These

balls are derived from the larger and at the same time ectatic mucous

glands : they are casts of the inner spaces of individual acini, which

must of necessity form from the tough secretion, if this, as frequently

happens here, is retained for a longer time at the place of its formation.

These balls have erroneously been considered as. secretions, that is,

casts of the alveoli of the lung, and the view was deduced therefrom, \

that also the ordinary and slightest bronchial catarrhs extended up to

the parenchyma of the lung. This, however, is not so. Even the

bronchi of the calibre of a crow's quill are wont to be perfectly free in

these catarrhs ; the parenchyma of the lung, however, itself suffers only

by the irregularities of the distribution of air, which must necessarily

be produced by the tumefaction of the mucous membrane, the presence

of the secretion, and the forced movements of respiration, especially

coughing and hawking. Even this affection, the so-called emphysema

pulmonum, is only developed after a longer continuance of the catarrh,

although then so frequently and regularly, that we cannot well doubt

of an intimate causal connection between the two, although the detail
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of the etiology cannot yet be stated with the wished-for precision.* A
few indications in this connection must suffice for our purposes.

§ 409. The expression emphysema really denotes the filling up, the

inflation of the interstitial connective tissue of any organ with air, as

oedema denotes the filling up of just the same with a serous fluid. Now,

although a genuine emphysema also occurs at the lung, we are yet wont

to make an exception of the lung, and to immediately designate as

emphysema a condition in which the pre-existing air-spaces, the infun-

dibula and alveoli are dilated beyond the normal measure, are ectatic.

This ectasy, which sooner or later is followed by an atrophy of the

ectatic parenchyma, is apparently produced by the influence of a cen-

trifugal force, whether it be a pressure from within or a traction from

without. That this traction qualitatively can be no other than the

ordinary traction of inspiration, this pressure no other than the ordi-

nary pressure of expiration, is manifest. The question only is, in how

far by the existence of a bronchial catarrh the one or the other is in-

creased and may be rendered capable of such extreme effects. He who

in this connection carefully observes the mechanism of the respiratory

process, will have to say to himself, that an increase of one or the other,

exceeding the physiological boundaries, can constantly be but a partial

one, since, 1, the effort of inspiration, which acts upon a section of the

lung, can only then exceed the normal bounds when other sections of

the same lung are prevented from the normal dilatation, and in conse-

quence thereof, the relatively healthy remainder is forced to a vicarious

filling up of space ; and, 2, the pressure of expiration can only in so far

exert an ectatic action as there exists in the thorax a yielding place,

towards which a divergence, a kind of hernial protrusion, may be imag-

ined. This place is the upper thoracic aperture, with its large vascu-

lar trunks, subject to great variations of calibre, and its other soft and

movable contents. A uniform emphysema extended over the entire

lung, therefore, could not at all be explained by an increased expira-

tory pressure, and by an increased inspiratory pressure, only by mak-

ing the very plausible supposition that in the originating bronchitis at

one time this, at another, that, bronchial trunk is occluded by secretion,

and. thus now this, now that, section of lung is the point of attack of

an abnormal dilatation. Therewith the predominant affection of the

anterior borders of the lung, lying nearest to the thoracic aperture and

the large vessels, would indicate to us that the increased expiratory

pressure, especially in coughing, also contributes its share to the pro-

duction of the emphysema.

§ 410. That the abnormal conditions of tension of the alveolar paren-

chyma are followed by an atrophy of the same is easily conceivable,

* Compare Biermer, in Vircbow's Handbook of Special Patbology and Thera-

peusis, vol. v, div. 1 ; 5, fascicle.

25
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from the known experiences concerning the action of pressure and trac-

tion upon the tissues, consequently the second cause of the anatomical

changes, the atrophy, could also be derived quite unconstrainedly from

the same causal forces. Yet precaution is necessary here. We ask,

could not also the atrophy be conversely the primary, and the emphy-

sema the consequence, of lowered capacity of resistance of the lung?

The answer, in fact, does not absolutely contradict this. We know of

an atrophy of the lung, without catarrh, as a constituent of the senile

involution of the body, and must confess that the aspect which a cross-

section of these lungs gives, reminds very much of emphysema, and may
also be anatomically considered from the same points of view. In other

respects, however, we will do well to regard the disturbance of nutri-

tion as a secondary result, wherein we, in picturing it to ourselves,

either simply acquiesce in an atrophy from pressure or traction ; or in

the blood-displacing action of the expiratory pressure (which, indeed,

is subject to no doubt in relation to the vascular trunks of the thoracic

aperture, and can also extend to the vessels of the lung itself, and bring

about a deficient filling of these), which, as we will see, plays a promi-

nent role in atrophy.

§ 411. The emphysematous ectasy of the lung-parenchyma regularly

begins with a dilatation of that central cavity, the infundibulum, into

which the laterally attached alveoli open. (Compare Fig. 126 with the

Fig. 126.

Pulmonary emphysema, first stage. Ectasy of the central cavity of the infundibula, a, a, a. 1-100.

explanation.) This cavity, under normal circumstances, exceeds the

alveoli on an average by one-third of its diameter, so that upon every

cross-section of a dried lung, with a strong lens, or at most, by magni-

fying it fifty diameters, we can determine by the larger rings placed
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at regular distances, the number of infundibula cut through. A double

row of small rings is interposed between each of these, which is very

simply explained by this, that each infundibulum possesses its peculiar

wreath of alveoli, consequently from the centre of one to the next in

order, two alveolar wreaths must be measured through. In the first

degree of emphysema, this organization becomes peculiarly distinct,

since those central spaces, which are related to the alveoli as the im-

pluvium of an ancient house to its apartments, gradually becomes wider

and wider. In a degree of emphysema yet moderate, as I have depicted

it in Fig. 126, even with the naked eye we can recognize the large

openings recurring at regular distances.

The increased demand for space, which this first change makes neces-

sary, is covered for the greater part by a persistent increase of volume

of the emphysematous portion of lung. Hence, these lungs appear larger

than the normal ; the anterior borders of both lungs push forward

against the sternum, and touch each other, since they simultaneously

crowd the heart from the anterior thoracic wall backwards. The sharp

edge, which we otherwise find here, is more and more effaced, and gives

place to a roundish roll, which forms the transition from the inner to

the outer surface.

Meanwhile, this external increase of volume is never to be accepted as

a hypertrophy. On the contrary, at an early period, atrophy, in the

form of a depression of the alveolar partition walls, associates itself to

the dilatation of the central infundibular space. The infundibulum is

converted into a larger, but still conical, air-sac, whose inner surface

yet exhibits the former alveolar subdivision by a partition into fields by

projecting ridges. This condition may be compared to what is nor-

mally found in the lung of the frog. In man, it denotes an already

very far gone atrophy, and the destruction of a large part of the re-

spiratory surface.

By the way, I have never, in this first stage of emphysema, observed

a preceding perforation of the thinnest place of the alveolar partition

walls, which certainly would be the case if the atrophy were primary,

but constantly the depression described, which without doubt points to

a mechanical force, which endeavors to convert the space formed of

numerous divisions into a conical vesicle. Compare the far-reaching

analogy to the production of cysts of retention, § 70.

§ 412. The second study of emphysema may properly be described

as a continued simplifying process of the structure of the lung, in which

the pressure exerted by two adjacent air-spaces upon one another is the

most active force. Where two infundibula come into contact, there

occurs a rarefaction of the partition wall ; at a central thin place, an

opening arises, the opening enlarges ; of two separate infundibula one

cavity is produced, which only exhibits as the remains of the destroyed
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arrangement a ring-shaped ridge, which designates the communicating

opening which had continued to enlarge. (Fig. 127, a.) Thus, whole

groups of infundibula fuse together, the new cavities all tend to the

globular form, and there arise, especially at the borders of the lung,

Pulmonary emphysema, later stage. The cavities a, a, have been produced by the complete atrophy
of the alveolar partitions, each of an infundibulum, partly also by the fusion of contiguous infun-
dibula. b. Remains of septa which are characterized by their abounding in smooth muscular fibres.

(Compare Fig. 128.) c. Branches of pulmonary artery. 1-50.

those simple, thin-walled vesicles of the size of a pea to a walnut, which

we concisely call emphysema-vesicles.

In the still higher grades of emphysema, especially in the senile form,

the atrophy of the lung-parenchyma also becomes striking in this, that

upon opening the thoracic cavity, the lungs collapse far beyond the

normal measure ; if we take hold of them and attempt to cut into

them, they collapse yet more, since the remainder of the air is easily ex-

pelled from them. If we pour water over the cut surface, the lung-

parenchyma, again swelled up, thereby affords a picture of the destruc-

tion. The wide cavity which the pleura pulmonalis incloses is only

yet permeated by a few trabecule, which correspond to the principal

ramifications of the bronchi and vessels, as well as several larger inter-

lobular septa. All the more minute detail has been swept away. Here

and there it yet hangs like a torn veil upon the trabeculse, spans over

the angles, and fills out the corners. All appears black from the im-

mensely accumulated pigment, as just those constituents have remained,

which contain the most pigment, especially the vascular sheaths and

the bronchi.

§ 413. After having thus followed the emphysematous destruction
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from its microscopic beginnings to its last consequences, it is in the nex*

place incumbent upon us to consider the peculiar textural disturbances

which accompany, that is, condition, the disorganization. The various

tissues which composed the alveolar parenchyma, by no means behave

therein similarly. The elastic tissue, and what exists of the basis-sub-

stance of the connective tissue, only really falls into a simple atrophy,

a uniform diminution and disappearance. The retrogressive metamor-

phosis of the vessels is already more complicated. In the first place,

the quantity of blood passing through here in a given time evidently

diminishes, and I even allowed myself to point out, that probabty in this

displacement of blood, the connecting medium was to be sought between

the mechanical cause of the emphysema and the disturbance of nutri-

tion. The vessel gradually and uniformly contracts to a smaller calibre

;

the flow of blood may then, at times, finally definitively cease ; the walls

of the vessel are smoothly applied to each other, and there remains but

a narrow string-like stripe, which is recognized as the obliterated vessel

by this, that by transmitted light it appears lighter in the midst of a

dark, often pigmented parenchyma, and by similar stripes unites into the

known anastomotic net. We find the same at the borders of all partition

walls of an emphysematous lung, which are affected with atrophy and

depression. The smaller veins and arteries follow, with inconsiderable

variations of the anatomical picture (contraction of the walls instead of

falling together), the capillaries, of which what has hitherto been said

obtains ; the vascular tree dies at its apex, then the larger branches also

wither. The main branches of the arteria pulmonalis maintain them-

selves the longest. The flow of blood through the capillaries is almost

entirely suspended ; instead several relatively wide anastomoses between

the pulmonary artery on the one hand and the pulmonary and bronchial

veins upon the other are opened, so that, at least in some measure, the

possibility of the efflux of the blood is provided for. These anasto-

moses, when examined in well-injected lungs, form peculiarly long-ex-

tended, vascular loops, without branches, and hence, of uniform thick-

ness throughout their entire course, which stand in the most striking

contrast with a very much larger number of very tortuous and ectatic

arteries, for whose contents a similar supplementary efflux has not been

provided, and which, therefore, furnish us with a visible expression of

the considerable increase of the pressure in the pulmonary artery. (Fig.

127, c.) At a former place (§ 235), this increase of the pressure was
mentioned as a cause of the hypertrophy of the right ventricle.

§ 414. The changes which the epithelium experiences, are the only

ones upon which hitherto any especial attention has been bestowed,

since it was believed that, by their aid, we could prove that the atrophy

was primary ; thus, there constantly occurs a very considerable accu-

mulation of fat-globules about the nuclear remains of the former epi-
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From the inner surface of a larger emphysema vesicle.

Fatty remains of the lung-tissue, containing elastic fibres,

smooth muscular fibres, and covered with fatty degener-
ated epithelia. 1-500. Compare 127. 6,

thelial cells, so that the fatty degenerated elements are, in fact, better

to be seen than the normal.
FlG - 128 - (Fig. 128.) These granular

heaps lie at regular distances,

and can very easily be demon-

strated in all stages of emphy-

sema. Of course we must leave

undecided, whether a portion of

these does not belong to the

connective tissue, or even to the

obliterated vessels. For all

these cells evidently undergo

simultaneous destruction, and

we know of all, that they can

just as well fall into the fatty

metamorphosis as the epithelia.

In addition, the nuclei of the

vessels lie at least so super-

ficial, that it really would not

be quite easy to adduce the

strict proof of the epithelial

nature of these granular cells.

§ 415. The only tissue which does not unconditionally join this

general atrophy, is the tissue of the smooth muscular fibre. That there

are scattered bundles of smooth muscular fibre in the normal lung, and

indeed, in the alveolar walls, has been lately again confirmed by Col-

berg. But I cannot agree with the worthy expert, that these are want-

ing just in emphysema. On the contrary I have found exactly the

thickest bundles in the trabecular work of extremely emphysematous,

already rarefied parts of lung (Fig. 128), and consider myself justified,

from having found this, when I even affirm a certain hypertrophy of these

bundles, inasmuch as one would scarcely meet with such in normal lungs.

Of course, it is not intended to say, thereby, that all muscular bundles

must be hypertrophic. It is very possible, although I have not ob-

served it, that decomposition and destruction of the smooth muscular

fibres occurs at other places, and hypertrophy and excess of formation

only in certain directions, which are probably maintained just on that

account in the remaining parenchyma.

b. Catarrhal-Pneumonia—Broncho-pneumonia.

§ 416. The lung, because of its lobular, if you will, acinous structure,

has just as often been reckoned with the glands with open excretory

ducts, as because of the continuous transition of the respiratory mucous

membrane upon the walls of the alveoli, it has been declared to a

certain extent a strongly distended mucous membrane. Each of these
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two views may be defended and combated upon good grounds, a proof

that the question in itself is one of those "awkward" questions which

nature will not answer. I would certainly also not have touched upon

it here, if the pathological changes -of the lung did not require a cer-

tain, even though but a superficial enunciation of the same; thus,

with reference to these it undoubtedly commends itself to emphasize

the mucous-membranous character of the alveolar walls; for in fact

just the most important and the most frequently occurring morbid

processes of the parenchyma of the lung become very much more

comprehensible and capable of interpretation, by making a parallel

with the corresponding conditions of the mucous membrane tract, than

they would be without this. Before all others, I here have in view

inflammations of the lung, pneumonias ; for, just as upon mucous mem-
branes we distinguish a catarrhal and a croupous form of inflamma-

tion, and therewith consider the alveolar walls as a mucous surface,

upon which in the one case a cellular secretion analogous to epithelial

catarrh takes place, in the.other a fibrinous exudation. The conformity

as to histological detail leaves herein less to be wished for than the

clinical conformity; for whilst the catarrhal inflammation of the mucous

membrane is a far slighter affection than the croupous, it is just the

reverse in the corresponding conditions of the parenchyma of the lung.

The croupous inflammation is the ordinary acute pneumonia, of which

we know that in the great majority of cases it allows of a favorable

prognosis, while catarrhal pneumonia, in its acute as in its chronic

manifestation, forms one of the most dangerous of affections, and among
others the anatomical foundation of phthisis pulmonum.

§ 417. The acute form. If, first of all, we continue with acute catar-

rhal pneumonia, the proof is not difficult, that youth presents a peculiar

predisposition to this affection. In children under five years old, there

generally occurs no other than the catarrhal form of inflammation of

the lung, and the cause of this peculiar behavior appears to me to de-

pend entirely upon the greater irritability of the epithelial elements,

which still adhere to the infant lung from its development. The epi-

thelial cells are far larger, richer in protoplasm, and less firmly con-

nected with the alveolar surface than is afterward the case. To this is

to be added, that mostly a catarrhal irritation of the bronchial mucous

membrane precedes the actual inflammation of the lung, so that, con-

sidered from this side, the latter appears as a transferral of the catarrh

from the smallest bronchi to the alveolar parenchyma, which had been

already prepared for some time before. Several events are possible

here. In the first place, there is the acute bronchitis which accom-

panies measles, characterized by this, that commonly in the stage of

desquamation it passes over from the nasal mucous membrane and from

the trachea to the smaller bronchi (capillary bronchitis), and then calls

forth inflammation of single larger sections of the lung, perhaps half
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a lobe; furthermore, there is the inflammation of the lower and hinder

portions of the lung in croupous laryngitis, which is essentially pro-

duced under the influence of that unequal distribution of blood and air

and bronchial secretion which is characteristic of this form of dyspnoea;

thus, while the air, by preference, accumulates in the upper lobules

and along the anterior borders of both lungs, and produces here acute

forms of emphysema and bronchiectasy, the secretion and blood, partly

giving way to the pressure of air, partly following the law of gravity,

sink downward and backward; we have atelectasy, oedema, and finally

catarrhal inflammation (comp. § 425, et seq.). That series of cases is

also to be mentioned, where a simple bronchitis from the commence-

ment extends into the smallest ramifications of the bronchial tree,

which is the case most frequently in poor, scrofulous children, and

in those reduced by disease. By the side of these, of course, we fre-

quently enough have acute pneumonias of the catarrhal form without

bronchitis.

§ 418. Congestion of blood, and the exudation of an abundant quan-

tity of serum of the blood, everywhere precede the histological changes.

The latter have first commenced when the cut surface, beside a certain

increased consistence, presents a lighter color, passing into a reddish-

white, together with the absolute exclusion of air and greater dryness.

The whole affected portion of the lung is wont to exhibit this condition

at the height of the disease ; if, how-

ever, we surprise the latter in being

formed, in development, we are con-

vinced that at least for a time it is

insular, since, in the first place, the

reddish-white infiltrates form around

the afferent bronchial trunks, while

the interposed parenchyma is indeed

oedematous and void of air, but still

hypersemic (marbled lung).

Colberg has lately described the be-

ginning of the histological changes.

The epithelial cells of the alveoli

swell up and form a thick connected

layer of protoplasm, which elevates

itself upon cross-sections from the

walls of the alveoli as a band with

nuclei. The individual cells then

branch off, their nuclei divide, an

active new formation of cells sets

in; there arise large globular cells

provided with vesicular nuclei, which

cannot be otherwise designated than as epithelial structures, and more

Fig

Catarrhal pneumonia. One and half of an al-

veolus. The tortuous capillaries of the septa in-

jected. Filling of the lumina with epithelial cells

of the walls which multiply hy division. 1-300.
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and more fill up the alveoli, since they are diffused in the fluid of the

oedema there stagnant. (Fig. 129.) The intensity of this cellular form-

ative process, the quantity of the formed epithelial elements, determine

the future course of the inflammation. Without doubt, a complete return

to the normal state is possible. Concerning the histological detail of

this healing, nothing certain is known from proximate grounds; yet we
may accept that in such cases we must have a pre-eminently serous in-

filtrate less rich in cells, as conversely we may defend the position, that

an inflammatory infiltrate so much the less attains to resolution and

resorption, and so much the sooner falls into the second way of decom-

position ; thus, the cheesy metamorphosis, the richer it is in those large,

epithelial protoplasma lumps, which the alveoli of the lung secrete in

catarrhal pneumonia.

Thus, we have a quite direct transition, capable of being followed

through all the stages, from a merely abundant cellular to a purely

cellular, and finally to a caseous infiltrate; this transition, at the same

time, corresponds to the so common transition of acute catarrhal in-

flammation into thechronic form, and maybe regarded as the essential

anatomical foundation of the latter.

§ 419. The chronic form. It is a very difficult task for the patho-

logical anatomist to decide, without the aid of clinical data, whether a

catarrhal pneumonia, in which the infiltrate has passed over into the

condition of the cheesy metamorphosis, and which has thereby received

the stamp of chronicity, whether this originated as acute or chronic.

This difficulty depends on the one hand upon this, that the caseous

infiltrate may for a very long time exist unchanged in the lung ; upon

the other hand upon this, that the conditions which precede the actual

inflammation, and are accordingly found beside the caseous depot as

stages of development and preparation, very frequently present the

same anatomical pictures, without yet possessing the same physiological

dignity. 1 here especially mean hypersemia and oedema, which also

introduce the primarily chronic inflammation, which, however, are here

by no means phenomena of irritation, but must be regarded as the

immediate consequence of the air and blood circulation disturbed by
the bronchitis. We will have to discuss this point more minutely ; it

forms one of the most important and interesting connecting links which

exists in the chronic catarrhal pneumonia between the primary bron-

chitis and the inflammatory processes of the lung; thus, in the etiology

of chronic broncho-pneumonia, the " leaping " of the inflammation from

the bronchial mucous membrane to the parenchyma (just as the imme-

diately primary origin of the parenchymatous changes), does not play

by far as important a r<31e as in the acute ; it is converted into a more
gradual "creeping over" (Hiniiberkriechen). Instead, however, we
can report a greater series of concomitant and intervening phenom-
ena, which impart to the process now this, now that external stamp,,
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and bring about the tolerably considerable variations in the anatomical

picture of pulmonary phthisis. In order to proceed as surely as pos-

sible in this difficult sphere, let us keep separate, 1, the changes in the

lumen and the walls of the bronchi; 2, the changes of the sections of

the parenchyma, to which those bronchi form the access.

§ 420. It is a sufficiently known fact, that in many cases the phthisi-

cal destruction of the lung takes its origin in a catarrhal affection of

the respiratory mucous membrane, most frequently in a catarrh of

those bronchi which ramify in the upper lobes of the lung. This

catarrh distinguishes itself from other catarrhs, partly by its obstinacy

and the tendency to relapse, partly by the never-failing scrofulous in-

tumescence of the retro-bronchial lymph-glands (Virchovv). The secre-

tion is extraordinarily rich in cells, hence tough, concentrated, and is

loosened from the walls of the air-passages with difficulty, on which

account a disproportionately frequent, although fruitless coughing and

hawking take place. In the anatomical examination we find the larger

bronchi abundantly provided with this secretion, whilst a number of

smaller bronchi appear directly and completely filled up with it. If

we examine the latter in cross-sections, we find their walls permeated

with numberless cellular elements, the boundary between epithelium

and connective tissue effaced, and the former replaced by the thick

layer of secreted purulent mucus just mentioned. I found this condi-

tion upon bronchi of 0.5 to 0.3 millimetres in diameter, and place this

in connection with the premature destruction of the basal membrane, so

exceeding delicate (if generally present?) in these small bronchi. The

basal membrane is -a security, exceedingly worthy of notice at the

trachea and the larger bronchi, against the deeply penetrating catarrhal

processes, as upon the other hand, the abundance of elastic fibrous

nets gives a certain counterpoise against the distension of the mucosa

by inflammatory infiltrates. Both arrangements disappear more and

more, as we advance from the trunk of the respiratory tract towards

its branches, and hence it comes that the bronchi, the smaller they are,

have so much more the capability of being occluded by swelling, and

the secretion, in consequence, of simple catarrhal conditions. To this

is to be added, that this occurs almost without exception in such indi-

viduals as are either originally endowed with a delicate respiratory

organ (inheritance of pulmonary phthisis), or who have been reduced

by a febrile or other consuming disease in all their vital energies, con-

sequently, also in their respiratory mechanism. The task which, in the

removal of this tough, adhering secretion, is placed upon expiration,

proves to be too great for the existing energies ; in inspiration, also

because of the imminent and easily possible " compensatory distension

of adjacent parts of the lung," air no longer enters beside the tough

mucus-plug into the parenchyma beyond, the occlusion becomes per-

sistent and finally definitive.
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The further effects of the so persistent, more or less complete brorir

chial occlusion, may be followed in various directions (§ 425) ; for the

present, we will still continue with the primary disease.

§ 421. Provided the muco-purulent secretion actually comes to com-

plete stagnation, it inspissates more and more, the cells die, there arises

a yellowish-white, smeary plug, which upon exerting lateral pressure

upon the cut surface, is pushed out, and thus designates the place where

we must seek the lumen of the bronchus. Afterward, it may possibly

come to a separation of chlolesterin and salts of lime in the interior

of the plug ; this, however, almost only in common with calcareous

impregnations of larger pneumonic depots, which, as we will see, form

round about the occluded bronchi.*

Under these circumstances, the bronchial wall itself cannot remain

indifferent. The stagnant secretion acts as a persistent inflammatory

irritant, more or less intense, according to the forming products of

decomposition. Consequently, those phenomena of anomalous forma-

tive activity in the bronchial wall, of which short mention was made

above, increase in intensity and extent, and there develops in the

common picture of a "reaction against the superficial irritation," a

series of well-marked, pathologico-anatomical conditions.

§422. There is, 1, an inflammatory hyperplasia of all the con-

stituents of the bronchial wall, especially, however, a progressive

indurating thickening of the peribronchial connective tissue, peribron-

chitis chronica (Virchow). If it is ordinarily difficult to follow the finer

ramifications with the knife, we find here that the bronchi, the more

we approximate their terminal ramification and breaking up, become rel-

atively thick. Upon a cross-section, which one is much more apt to see

in cutting into the organ than a longitudinal cut, the thickened bronchi

therefore look strikingly like solid knots ; the lumen, namely, almost

entirely disappears, partly by the thickening itself, partly by the tough

secretion, and thus it happened, that we formerly regarded these things

as tubercles, which is so much the more excusable, as upon the one

hand, a very intimate connection of conditions of this kind to tubercu-

losis cannot be denied ; upon the other hand, however, by the pre-

viously mentioned cross-section of the thickened bronchi, if the section

has passed just through a final tuft-formed breaking up of a bronchus

and the single branches were uniformly diseased, the appearance of a

"nest of miliary tubercles" is certainly presented to the naked eye.

Moreover, we find peribronchitis regularly combined with an indurated

* It has been asserted that the so-called lung-stones (calculi pulmonales) are to be
regarded entirely as inspissated and calcined bronchial secretion ; I must oppose this

view, in so far, that I indeed admit the formation of bronchial stones, but on the other

hand, assert, that very many calculi pulmorium, especially, however, those which are

periodically coughed up in great numbers, and have given phthisis calculosa its

name, represent entire lobules of lung, which after calcification are loosened as

foreign bodies by suppuration in the interstitial connective tissue (see below).
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hyperplasia of the interlobular connective tissue, which may be most

simply explained by the immediate continuity in which the interlobular

connective tissue stands with the peribronchial at the roots of the

lobules of the lung.

§ 423. At a later period, 2, the accumulation of the bronchial secre-

tion may become so considerable, that the lumen of the bronchus

dilates for a short distance, the walls, however, are thinned, conse-

quently a condition arises, which would be analogous to the retentions

of secretion, and the retention-cysts of other organs. Meanwhile, in

this condition it is not to be overlooked, that its etiology may also be

complicated, and in most cases probably will be so. The partial

obstruction of the bronchial branches by secretion, necessarily has as a

consequence an increased pressure of air to the portions of the lung

not obstructed, and this again a persistent ectasy of the latter. We
are reminded, that just the phenomena of vicarious emphysema are

most accessible to a mechanical explanation. In the phthisical lung,

of course, it very rarely comes to a vicarious emphysema, instead,

however, very commonly, to a cylindrical ectasy of the collective smaller

bronchi, especially of those which immediately enter into the alveolar

parenchyma. In cutting open the bronchial lumen from the root of

the lung, we find that the blade of the scissors advances so much the

more easily and surely, the more we approach the periphery ; we can

frequently follow bronchial branches of the width of a crow's quill,

close up to the pleural surface. This bronchiectasy, in contrast to the

ordinary, catarrhal bronchiectasy, in which the bronchial wall appears

hyperplastic in all its constituents, is characterized by a peculiar

thinning of the wall. This may go so far, that the wall entirely loses

its character as such, and only yet appears as a thin, lustrous lining of

a larger cavity. The elastic fibrous nets are dragged asunder therein,

the muscular coat, since it divides into broader and narrower bundles,

and these move asunder, allows corresponding gaps and clefts to

appear ; meanwhile, I have not found the mucosa proper thinner than

it normally is, so that the attenuation is. still more to be placed to the

account of the outer layers of the bronchial wall. The poverty of

vessels in the ectatic bronchi is very striking. The capillary meshes

are very wide ; arteries and veins are stretched, and of limited cali-

bre. In addition, the surface is constantly catarrhal ; a general bron-

chial catarrh forms the basis of the whole group of disturbances in

question, and I would even allow myself to conjecture, that the greater

intrinsic mobility of the inflamed bronchial wall, has a very essential

share in the production of the ectasy. The catarrhal secretion is

extraordinarily rich in cells and poor in water ; it adheres to the bron-

chial wall, and exhibits a tendency to accumulate in larger quantities.

In the face of this fact, however, it is certainly not difficult to compre-

hend once for all, that in the condition above described, of ectatic
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bronchi, filled with secretion, the ectasy is primary, the accumulation

of secretion secondary. Herewith, we at the same time, obtain a

valuable standpoint for judging of the entire process, since its advance

from the parts of lung first attacked to the surrounding parts is some-

what prepared by the mediation of that preceding vicarious ectasy of

the bronchial terminations. For the continued course, especially for

the changes in the parenchyma of the lung, it is a matter of indifference

whether the obstructed bronchus was dilated or not.

§ 424. 8. A third turn, which the processes may at any time take upon

the inflamed bronchial mucous membrane, is the transition into ulceration.

By this we do not understand that simple excoriation, such as we are

wont to term catarrhal ulcer in the oral cavity and upon the outer skin,

but an actually destructive process, which separates the mucous mem-

brane itself, infiltrated with cells, layer by layer, and converts it into

secretion. Concerning the nature of this ulcerating process only this is

to be remarked, that in individual cases it is correctly designated as tu-

berculous. I have the preparation of a phthisical lung, upon whose

dilated bronchi of the second and third order the tuberculous ulceration

is developed in perfectly typical form (§ 384). Moreover, Virchow has

repeatedly pointed to scattered miliary nodules upon such bronchi as

lead to fully formed cavities. It accordingly appears as though the

tuberculosis could play a role in this bronchial ulceration not to be

under-estimated; we are certainly not justified in saying more. Ordi-

narily there are no miliary nodules to be found. The process of de-

struction must then be regarded as a simple ulceration. Under the

influence, be it chemical or mechanical, of the stagnating secretion, the

outermost layer of the infiltrated mucous membrane becomes here and

there necrobiotic. There follows a more or less active reaction in the

deeper layers, which has the loosening of the necrobiotic layer as a

result. We then find a sharply defined shallow loss of substance, fre-

quently only a kind of roughness, from which a whitish-yellow, crumbly

coating cannot be washed, but can only be scraped off with some force.

If the same process is frequently repeated, the material which the infil-

trated bronchial wall presents is soon consumed, the ulceration passes

over to the parenchyma of the lung, which has about this time already

lost its buoyant constitution, and is transformed into a mass which

offers the most favorable chances to the further progress of the destruc-

tion. Of this meanwhile hereafter.

§ 425. As we now turn to the parenchymatous changes, we must, in

the first place, take into consideration, in a well-marked series of phe-

nomena, the effects of the bronchial obstruction upon the parenchyma

of the lung lying beyond the obliterated bronchus. It is in our power

to produce just this series of phenomena artificially. The experiment

of dividing the par vagum on both sides, whereby the deficient closure

of the glottis permits the passage of particles of food from the gullet
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into the air-passages, whereby extensive occlusions of the bronchi are

produced, brings regularly before our eyes its first stages in very preg-

nant pictures. We here first of all touch upon atelectasy, i. e., the

condition of non-inflation of the alveoli. A conical, sharply defined

section of the parenchyma of the lung, whose extent is proportional to

the calibre, of the occluded bronchus, receives in inspiration less and

less air; finally, the access of air ceases entirely; the inspiratory forces

hitherto applied to the inflation of this part of the lung now expend

their energies upon the adjacent parenchyma (vicarious bronchiectasy,

see the preceding paragraph); the part is perfectly left to itself. Con-

formably to this the elastic retraction of the parenchyma prevails, and

the part, by entirely driving out the air yet contained in it, strives to

get its natural size. If it succeed in this, there is no difference between

congenital atelectasy, i. e., of the lung which has not yet breathed, and

this acquired atelectasy. The part is smaller than previously; if it lie,

as is commonly the case, with its base at the surface of the lung, we
perceive a correspondingly large depression of the level, and those flat

elevations so characteristic of foetal atelectasy appear, one for each

lobule of the lung.* The surface, accordingly, is unevenly tuberous.

The color, also, and the amount of blood contained remind, at least in

the first stage, of foetal atelectasy. The wedge under consideration

appears dark flesh-colored ; it shines through the covering pleura with

a bluish tint. But just in the amount of blood contained there soon

sets in a very thoroughgoing difference, and one characteristic of the

further development of the condition, since in acquired atelectasy, the

primarily only apparently greater abundance of blood, by the approxi-

mation of the capillaries forms an actual hyperemia.

§ 426. In the foetal lung no disproportion can properly exist between

the length and width of the capillaries upon the one hand, and the

spaces in which they are imbedded, upon the other. The vessels could

not extend and develop further than the space once given allows. It

is entirely different in acquired atelectasy. Here the non-inflation is

an anomalous condition, whose recurrence at any time in the extra-

uterine metamorphosis of the lung into a respiratory organ—so to say

—

was not taken into consideration, was not calculated upon. This trans-

formation into the respiratory organ, however, requires the most luxu-

riant possible development of the vascular apparatus. If, therefore,

at a time when this development has become an irrevocable fact, a com-

plete contraction of the elastic parts of the lung sets in, this will bring

with it a disproportional injury to the calibre and the length of the ves-

sels. The framework of the elastic fibres becomes a mechanical ob-

stacle, which pushes in between the part of the vascular tract project-

ing free into the lumen of the infundibulum and the alveoli, therefore

* Lobule of the lung, not to be confounded with the infundibulum, of which as

many as twenty go to form a lobule of the lung.
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especially the capillaries, and between the interstitial, respectively the

interlobular afferent and efferent vessels. The blood-current therefore

becomes slower, the blood accumulates in the capillaries, the atelectatic

part becomes hyperemic.

To the hyperemia there sooner or later associates itself an exudation

of serum of the blood into the lumen of the alveoli; the atelectatic

part becomes oedematous. In the measure that this occurs, the part

is again distended ; it moves up to the old level, nay, it projects as a

flat, elastic tumefaction above it. It is now of dough}' consistence; the

touching finger leaves behind a persistent impression ; at the free sur-

face it is bluish, upon the section dark reddish-brown, moist, smooth,

in short, in its outward appearance it resembles the spleen so much,

that the term splenization appears very suitably chosen. Now it is

manifest that the splenization of the parenchyma of the lung does not

presuppose for its production perhaps a preceding atelectasy, but only

a sufficiently strong hyperemia with exudation of serum into the alveoli.

Every static hyperemia, especially, however, the hypostatic hyper-

emias of the lower lobes of the lung (such as the gradual declension of

the heart's power in most death agonies, in disease of the heart, from

typhous and other marasmi, brings with it), can lead to conditions of

splenization by the interposition of an oedema excluding the air. Con-

sequently our process would from this point be robbed of every char-

acteristic anatomical peculiarity ; we would not be able to perceive upon

the splenizated part of lung, whether it had formerly been atelectatic,

if the "circumscribed occurrence of the atelectasy, confined to a wedge-

shaped piece," as well as the circumstance that those hypostatic splen-

izations are only found in the dependent parts of the lung, did not now
guide us. Under the circumstances it would, of course, be impossible

to recognize an atelectatic splenizated wedge within a hypostatic splen-

izated lower lobe of the lung.

§ 427. Splenization quite generally taken, appears to present extra-

ordinarily favorable preliminary conditions for the occurrence of in-

flammatory changes. It may directly represent the initial hyperemia

of acute inflammation, and be followed by lobular and lobar, but con-

stantly catarrhal infiltrates. Such are the relations in the hypostatic

pneumonia of typhous patients and those in marasmi ; so in the bron-

cho-pneumonic conditions of phthisis, to be considered immediately.

If inflammation does not supervene, in the case of diffuse spleniza-

tion of the lower lobes, there occurs either healing or death; in case

of atelectatic or lobular splenization, a series of further changes, which

are consistently developed by the continued action of the forces once

put in motion. From this series we especially render prominent two

conditions, "inveterate oedema" and the " slaty induration."

§428. "Inveterate oedema" distinguishes itself from splenization,

above all by the absence of hyperemia. It appears as though by the
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continued increase of the serous exudation, the access of the blood to

the splenizated depot is rendered the more difficult the longer it con-

tinues, a relation which occurs in all pneumonic infiltrations (compare §

431); the infiltrate, which cannot give way, because it is in an inclosed

and not ad infinitum distensible space, dislodges the blood, which can

give way, i. e., can enter upon other routes than just those leading

through the infiltrated depot. The latter, where it is possible, swells

up somewhat more, while at the same time it becomes paler, and finally

only yet exhibits a few red arterioles in its otherwise quite uniformly

pale yellow color. If we cut into it, there flows from the cut surface

a clear, very concentrated serum, perfectly free of foam, in which the

eye of the observer here and there recognizes yellowish-white, atomic

particles. The cut surface also appears covered with yellow atoms,

which in the microscopic examination immediately prove to be fatty

degenerated cells, the so-called granular globules. The great pallor and

the peculiar brawny constitution of this depot contrasts very strikingly

with the often very lively red of the surrounding parts, which is yet

intensified in the nearest environs by the collateral fluxion, i. e., by the

accumulation of the blood not admitted into the depot.

§ 429. We may also regard the slaty induration, at least what con-

cerns the parenchyma, as the close of a very protracted atelectatic

condition, not as a chronic inflammation. It is true, it is not easy

to maintain a strict separation here; for, the slaty induration is

regularly found in combination with the peribronchitis chronica, de-

scribed in § 422, which for its part is almost as regularly combined

with an inflammatory hyperplasia of the interstitial, i. e., interlobular

connective tissue. The latter, in the form of trabeculse ever becoming

broader, pushes in from all sides between the parenchymatous islands,

partly crowds these asunder, partly constringes them, and generally

occupies more of the foreground of the anatomical picture. Besides

this, however, it is yet important to state, that the alveolar parenchyma

itself does not take an active part in this inflammatory process. The

small portions which we meet with are perfectly devoid of air and

blood ; nevertheless, the individual alveolar septa may be yet right well

demonstrated; only at a quite late period the actual growing together

of the contiguous surfaces, and therewith an obliteration of the lumina,

sets in. In attempts at injecting, the vessels of the interlobular connec-

tive tissue only fill up, while the former parenchyma takes up none of the

injecting fluid. The presence of large amounts of black lung-pigment is

the most characteristic sign of the slaty induration. This is found as

well in the interstitial connective tissue as in the atelectatic parenchyma.

It consists of small black granules, which are mostly united in cells into

small heaps, but are also diffusely scattered in the tissue. At single

places, mostly roundish or elongated, of the size of a lentil, the deposit

is very peculiarly dense, the color an intensely deep black. Hemor-
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rhao-es have at some time occurred here; thej are old hemorrhagic de-

pots. The derivation of the black pigment from the coloring matter

of the blood is principally to be maintained exactly for this slaty in-

duration. Not only does the limitation of the stronger deposit of pig-

ment upon a portion of the lung, excluded at an early period from

the circulation of air, make the contrary opinion, that this black

pigment also had been inhaled, untenable, but we also find, just here

beside the black pigment, numerous transitions of brown and red pig-

ment-bodies, which are more closely related to the coloring matter of

the blood, and represent the earlier stages of the pigment metamor-

phosis. We will yet observe, that the picture, which a portion of lung

affected with peribronchitis, development of interstitial connective tissue,

and with slaty induration presents, is so typical, that it for a long time

was estimated as the picture of healed tuberculosis; "upon the pleura

almost cartilaginous layers of exudation, which permit white bands to

radiate into the lobular interstices ; in the centre a number of trans-

versely divided bronchi, whose lumina are closed by caseous or even

calcified plugs, whose walls are indurated and thickened, and between

the two there is a slaty gray, dry, airless, and very tough parenchyma."

§ 430. Inflammation and cheesy metamorphosis. In what has hith-

erto been said we have throughout conducted our consideration up to

the point where inflammation of the parenchyma of the lung sets in.

We have seen that, upon the one hand, the soil upon which the inflam-

mation appears, as a rule, is already no longer the normal parenchyma

of the lung, but in various degrees a hyperaemic, atelectatic, spleni-

zated or cedematous lung-tissue. We have seen, upon the other hand,

that the inflammatory changes in the bronchi have already attained a

certain height ere they pass over to the surrounding parenchyma. Be-

cause of the latter etiological relation, Virchow has introduced the

name of broncho-pneumonia for the inflammation in question ; from

the same author also the terms cheesy, dry pneumonia are derived,

which refer to the quality of the infiltrate. The term catarrhal in-

flammation, to which we yet add the clinical character of chronicity,

because of the tardiness of its entire course, represents the histological

standpoint.

In the surroundings of the diseased bronchi, the infundibula and the

alveoli fill up with cells. These cells are loosened from the walls ; they

are of an epithelial character, large, globular, or at least obtusely an-

gular, provided with a round, relatively small, but lustrous nucleus.

We therefore have to do with the same histological detail as in the

acute catarrhal inflammation described in § 418. We must even add

that in a recent, i. e., an infiltration not already gone over into the

cheesy metamorphosis, we are quite unable to distinguish between acute

and chronic, and that even when the clinical course proves the chron-

icity of the entire process, even when we find the various stages of devel-

26
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opment of the inflammation side by side in the same lung, nevertheless

the opinion cannot be reduced ad absurdum, that the actual infiltration,

according to the analogy of that formerly considered, is a result run-

ning a rapid course. The correlative to this we find in the possibility

discussed in § 418, that every acute catarrhal pneumonia may pass over

with an ever so sharply marked onset into the chronic form, may be-

come cheesy, and lead to pulmonary phthisis.

§ 431. After all this we must entirely renounce the idea of finding

in the developing series of changes any characteristic token of the

chronic in opposition to the acute inflammation; however, we find such

a one in the declining series, and, indeed, in the cheesy metamorphosis

of the inflammatory infiltrate. The entrance of the cheesy metamor-

phosis, a fatty degeneration modified by the abstraction of water, of

the cellular elementary parts (§ 33), presupposes the meeting of various

favorable conditions. Among these figure foremost, the excessive ac-

cumulation of cells, and their intimate contact, with the exclusion of

all intercellular fluid ; besides this a gradual interruption of the circu-

lation of the blood, which brings about the actual disturbance of nutri-

tion. Now, in the catarrhal inflammation, in the epithelial desquama-

tion continued beyond a certain time, combined with the difficult or,

because of bronchial obstruction, the downright impossibility of removal

of the desquamated epithelia, we have a sufficient cause for the most in-

jurious accumulation of the latter in the alveolar parenchyma, for the

driving out, as well of the intercellular fluid as of the blood, conse-

quently just for the cheesy form of necrobiosis. The fatty-granular

cloudiness of the cells which fill the alveoli already betrays itself to

the unaided eye as a sharply defined yellowish-white opacity in the

centre of the depot, and nothing can be so positively determined,

without the use of the microscope, as the progress at the time of these

changes. Within their sphere the structure of the lung completely

disappears, only the pigment here and there occasions a blackish-gray

marbling of the otherwise quite uniform and homogeneous appearing

cheesy mass. By this it is not intended to say that now already the

collective structural constituents of the lung are actually destroyed,

have disappeared; they are certainly all lost to the organism, but the

more resistant of them, the elastic fibres and the walls of the larger ar-

teries, are yet maintained for a long time, and again become visible in

the probable subsequent softening.

§ 432. If the cheesy metamorphosis has been completed, there is a

condition established thereby which in itself has but little tendency to

further metamorphoses, and, therefore, guarantees a certain durability

of the whole process. From this we derive the justification of claim-

ing just the cheesy metamorphosis as an anatomical token of the chronic

course of the inflammation. In order, however, to connect with the

older teaching, which in power and in spirit has become so effete to us,
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that without a fundamental knowledge of it we can scarcely be intel-

ligible to older experts, Ave will remark here that the cheesy material

in question is exactly the same substance which was formerly termed

crude tubercle, and was regarded as the one and only point of depar-

ture of phthisis. At the present day we must, indeed, reserve the

term "phthisis tuberculosa" for the— otherwise very large—number

of those cases in which we succeed in proving an irruption of miliary

nodules upon the connective tissue and the vessels of the diseased lung;

we may, however, always admit that the older authors have placed a

fundamental truth at the head of their teaching, when they assert that

phthisis pulmonum, at a certain time, makes its further advance from a

yellowish-white crumbly substance : nay, we may go further, Ave may
also uphold the distinction of Laennec, between infiltrated and granu-

lated tuberculosis, in so far as we recognize in it the two most princi-

pal macroscopic modes of appearance of catarrhal broncho-pneumonia.

§ 433, a. The pseudo-tuberculous broncho-pn eumonia, that pre-emi-

nently frequent occurrence, Avhere the inflammatory infiltration of the

alveolar parenchyma first of all strictly confines itself to the circum-

ference of the smaller and the smallest bronchi, corresponds to the

tuberculous granulation of Laennec. Here upon the cut surface, gray-

ish translucent, whitish in the centre, nodules, of the size of a poppy to

a millet-seed, therefore really exceedingly similar to miliary tubercle,

project; they feel compact, seldom stand singly, mostly in groups of

five to ten, in such manner indeed, that the centre of the lobuli are

principally occupied by these groups, Avhile the periphery remains free.

The parenchyma, in which they lie imbedded, is at times of apparently

normal constitution, never actually normal, but either hyperasmic or

atelectatic, splenizated, or only oedematous, seldom pale and emphy-

sematous. The frequent occurrence of a zone immediately surrounding

the nodules, Avhich harbors a grayish-red, clear or slightly clouded,

synovia-like, viscous infiltrate, the "infiltration gelatineuse" of Laennec,

is characteristic, Avhether in other respects the parenchyma have this

or that constitution. The zone denotes a loosening and puffing up of

the tissues immediately preceding the cellular infiltration; it is at one

time merely indicated, at another so Avidely diffused that it forms a com-

mon area for a group of nodules, finally again is diffused over an entire

lobule, nay, over large wedge-shaped portions of lung. If the latter is

the case, it is certainly difficult, nay, almost impossible, to keep sep-

arate any longer the gelatinous infiltration and the inveterate oedema

of an atelectatic portion ; I mean in fact, that both have been frequently

mistaken for each other.

§ 434. I have illustrated in Fig. 130 Avhat is yielded by histological

investigation of the gray nodules. In this preparation, under a Ioav

power, Ave have before us tAvo broncho-pneumonic depots of the size of

a millet seed (pseudo-tubercles). At a, a, therefore, at the two central
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points of the nodules, are found two transversely, that is, obliquely, di-

vided bronchioles ; their lumina are obstructed by a cheesy mass, which,

however, because of their great friability, has partially fallen out in mak-

ing the section, the elastic layers of the walls are pressed asunder, and

Fig 130.

Two smallest broncho-pneumonic depots. Tubercle granulation of Laennec. a, a. The lumina of
two adjacent small bronchi, the caseous secretion* partly fallen out; the walls' infiltrated with cells and
directly going over into the catarrhal infiltration of the surrounding parenchyma. By the course of the
elastic fibres we may recognize everywhere how large the number of infiltrated alveoli is. 6, 6, 6. Blood-
vessels. 1-100 mm.

just like the nearest adjacent alveoli, provided with an earlier cellular,

now already caseous infiltrate. The zone of the cheesy metamorphosis

extends over two to three rows of alveoli, of which we can satisfy our-

selves at the persistently elastic parts of the alveolar frames. Then

follows a zone, within which the infiltration is yet upon the increase;

under higher powers we would get appearances here as in Fig. 129 ; still

farther outwards then follows relatively normal lung-tissue. A suc-

cessful injection of the pulmonary artery shows us, moreover, how far

from without, the blood-passages were yet pervious to blood. One sees,
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that this perviousness nowhere reaches into the cheesy part of the depot,

while in the region of the recent inflammation the vessels have every-

where filled. I repeat, that we must regard this phenomenon as a com-

pression of the bloodvessels by the disproportionately increasing infil-

trate, consequently the cheesy metamorphosis as a self-made necrobiosis

of the latter.

§ 435. The continued advances of the changes may be very well

studied even with the naked eye upon the whole cut surface of the dis-

eased organ. The gray nodules enlarge more and more, the central

opacity develops into a distinctly cheesy spot; the nodules touch one

another and fuse into a larger knot, soon becoming cheesy, upon whose

roundishly incurved contours we can yet for a long time recognize the

construction out of numerous small nodules ; at length the whole lobule

is infiltrated, and sooner or later fuses together, with its likewise infil-

trated neighbors, into a continuous whole ; there arise knots becoming

ever larger and larger, whose fate we will consider further below.

§ 436, b. The diffuse lobular or lobar inflammation, Laennec's tuber-

culous infiltration, forms, a certain, at least anatomical contrast to the

pseudo-tuberculous form. Without the bronchial places being particu-

larly marked, there here presents itself upon a section a uniform infil-

tration of larger or smaller wedge-shaped sections of lung. The latter

have evidently undergone the change simultaneously in all parts ; for

the inflammatory infiltrate is everywhere in the same stage of meta-

morphosis; the whole depot is either reddish-gray, gelatinous, or yellow-

ish-white, cheesy, homogeneous. What therefore is attained in the

pseudo-tuberculous form more gradually, and from certain points (the

bronchi), a larger caseous depot is here produced more after the manner
of acute catarrhal inflammation, less by means of a leaping over of the

inflammatory condition from the bronchi to the entire parenchyma be-

yond.

§ 437. Softening of the caseous knot, formation of a cavity. How
long the caseous knot remains unchanged in the lung depends partly

upon the size, partly upon circumstances which have hitherto entirely

evaded our investigation. We may say, the larger the circumference

of a cheesy knot is, and—probably—also, the more rapidly it -had at-

tained this circumference, so much the more imminent is .the danger of

a central softening and the formation of a cavity. The ordinary case-

ous depot, produced by the confluence of numerous smaller nodules,

mostly attains the size of a hazelnut, ere the first traces of softening

set in ; on the contrary, rapidly produced caseous infiltrations of single

lobuli, or larger connected groups, are wont also to soften comparatively

rapidly, so that we find side by side small and large cheesy depots, which

collectively have progressed equally far into softening.

§ 438. The softening process itself is an act of simple intumescence

by fluid, without any further development of formed constituents. The
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dead, shrivelled cells and the molecular detritus, into which they have

broken down, loosen, and are suspended in a moderate amount of fluid,

which appears in the centre of the knot. It is certainly difficult to

understand the necessity of this so constant phenomenon. I accept,

that a portion of the solid albuminates, by long digesting at 100° F.,

goes over into the soluble modification, and these then attract from their

surroundings as much water as is necessary to their solution.

§ 439. As observed, it is constantly the centre of the caseous depot,

at which the melting down to a flaky, puslike pulp of softening begins.

This circumstance introduces the question, in how far probably, the bron-

chial branches situated just here participate in the formation of cavities.

In them we have preformed cavities. But we have also seen, that as a

rule, they are obstructed by a plug of secretion of older date. Only

when the latter falls into the softening, could we say, that the formation

of the cavity proceeds from the bronchi. This, in fact, mostly appears

to be the case. If we except the multiple lobular infiltration of rapid

course, already cited, in which larger depots of softening occur without

any communication with the bronchi (phthisis. acuta), we may regard it

as an almost constant phenomenon, that the ulceration of the bronchial

walls, more minutely described in § 424, prepares the actual formation

of a cavity, be it, in that before the caseous metamorphosis of the sur-

rounding parenchyma, and before the general rigidity which is brought

about by this, it enlarges the lumen of the bronchus at the expense of

the walls, or be it, that the caseous metamorphosis in general only arises

as a " zone of infiltrated tissue " around the bronchial walls, and thus

the destruction of the parenchyma of the lung immediately joins the

complete destruction of the bronchial walls. The latter is especially

the case in the previously ectatic bronchi, so that in cutting them open

we meet with excavated places in the mucous membrane, through which

we reach with a probe into the softened centre of a small caseous depot.

If the cavity has once attained a certain size, as a rule, the afferent

bronchus opens by a small, as though cut off stump into the lumen of

the cavity, and nothing positive can be said concerning its participation

in the formation of the latter.

§ 440. The most important force of this series, next to softening

itself, in every case, is the establishment of a free communication of the

larger air-passages with the abnormal cavity ; in this connection, how-

ever, against opposing statements I must assert, that the trunk of the

bronchus leading to the cheesy depot is constantly opened, seldom one

passing by it. The appearance of a lateral opening can, however, easily

be suggested by this, that the cavity, after complete destruction of the

bronchus leading to it, has advanced up to a point where the latter

branched off at an angle from a larger bronchus, so that now the open-

ing where the one branched off upon the one hand appears as a hole in
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the wall of the principal bronchus, upon the other forms the direct and

immediate entrance to the interior of the cavity.

After the first evacuation of the accumulated products of softening,

putrefactive transformations are very commonly associated to the pro-

cesses of softening, putrefactive transformations which are meanwhile

constantly confined only to the most superficial layer of the cheesy sub-

stance, and therefore are of lesser importance to the life of the patient.

Small yellowish fragments, which look like remains of food, bread-

crumbs, &c, are continually loosened at the inner surface of the cavity.

If we investigate them more accurately, we find a considerable amount

of elastic parenchyma, involved among shrivelled cells and fatty, stink-

ing, putrefactive detritus. Their occurrence in the sputa is a certain

sign that the affected cavity is still increasing.

§ 441. Let us now place beside the picture of destruction and decay,

which has hitherto been unfolded, those processes and changes, which

are destined by nature to restrain the devastation. These proceed col-

lectively from the interlobular connective tissue and pleura, and in

general, have the character of " a reactive inflammation at the pe-

riphery of the lobules," called forth by the extensive disorganizations in

their interior ; individually, however, they present a variegated multi-

plicity of phenomena, which is directly proportional to the macroscopic

relations of the phthisical lung in the later stages.

Each fragment of cheesy infiltrated lung-parenchyma is a caput mor-

tuum ; the connection in which it stands with the organism, must in

some manner, sooner or later, be completely dissolved ; the organism

must be closed in from this side. This task is most simply fulfilled,

when all around the cheesy infiltrated lobule a separating suppuration

of the interlobular connective tissue sets in, in virtue of which all the

bridges w7hich lead across and back are broken down. I have once

observed this, the first anatomical picture of pulmonary phthisis, in a

scrofulous child of seven years of age;* a lung-lobule of the size of a

walnut had been changed into a cheesy mass, and lay free in a corres-

pondingly large cavity lined with a pyogenic membrane ; the bronchus

leading to it, together with the vessels, formed a pedicle, to which it was

yet provisionally attached. Beside this, a second cheesy mass of the

same size in an earlier stage of separation on all sides.

§ 442. In the second place, the separating suppuration certainly only

develops when the zone of softening of the caseous mass moves nearer

to the periphery of the lobule, so that it appears as though the above-

mentioned slight putrefactive decompositions at the ulcerative surface,

first excited the slumbering formative activity of the connective tissue.

Reddish, vascular granulations then spring up here and there upon the

walls of the cavity, and where all the cheesy material has been removed,

* The preparation exists in the collection of the Patholog. Anat. Institute at Zurich.
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we see that these granulations belong to a pyogenic membrane, which

lines the entire cavity. The latter yields a thickly fluid purulent secre-

tion, and is very frequently the seat of small parenchymatous hemor-

rhages, which may very well be explained by the softness of the gran-

ulation-tissue, by the thin walls of the vessels, and the continual change

in the distribution of the blood [by the formation of new capillary loops

in the granulations.

—

Translators]. The hemorrhages for their part

leave behind brown and black pigment, which imparts frequently a very

foreign appearance to the pyogenic membrane. This, however, cannot

prevent us from attributing to it all the virtues of a new membrane

formed by second intention, for there can be no doubt that by its con-

tinued metamorphoses into a connective tissue induration, the complete

healing of the cavity can be attained, and that, when the individual

was so fortunate as to possess only this one cavity, he is healed. It

is true, as a rule, there are several cavities, and beside them there yet

exist numerous caseous depots, so that the continuance of the trouble

has been more than sufficiently provided for. Herewith the adjacent

production of several cavities not at all infrequently gives occasion to

the formation of a complicated system of cavities, since the dividing

partition-walls are consumed except the larger vascular trunks. The

whole upper lobe of a lung, or at least, the upper half, in very pro-

tracted cases of pulmonary phthisis, is wont to be converted into a single

cavity, through which pass the obliterated main branches of the pul-

monary artery. A gray, pyogenic membrane lines the cavity, clothes

also the vascular trunks mentioned, and is only here and there inter-

rupted by more recent red granulations, or by the last remains of the

cheesy parenchyma.

§ 443. A third, very rare anatomical picture is afforded by pulmo-

nary phthisis, when the reactive inflammation of the interlobular septa

arises at an early period with the character of a hyperplastic connec-

tive tissue proliferation. Broad connective tissue indurations then

penetrate through the entire organ, and are placed in connection on the

one hand with the thickened pleural coverings, upon the other with the

peribronchial and perivascular connective tissue sheaths. Each cavity

remains separate, and if the alveolar parenchyma has been entirely

destroyed, instead, we have a larger number of smaller cavities, each

lined with a smooth, pyogenic membrane, and separated from its neigh-

bor by a thick connective tissue induration. The larger bronchi are

regularly in a condition of dilatation and hypertrophy, so that I. cannot

resist the conjecture, that there is present here the certainly rare case,

where the catarrhal cheesy inflammation has associated with a bronchi-

ectasia hypertrophica.

§ 444. In the fourth place, finally, we must once more go back to

phthisis acuta or florida. The rapid decay of the cheesy depot, which

we observe here, is the consequence of a 'purulent melting doion of the
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entire connective tissue situated within the depot ; a purulent melting

down, which sets in early enough, in order yet before the entrance of

actual necrobiosis to convert the greater part of the alveolar paren-

chyma into a fluid, into pus, and thus to prepare the way for the im-

mediately following softening. Just this form has been designated as

purulent-ulcerative, and an actual formation of abscess recognized in

the melting down of the cheesy depot. The future course is wont to

justify this representation ; not at all infrequently the depots of soften-

ing, when they moreover lie at the surface of the lung, like other

abscesses, break through into the pleural cavity, instead of emptying

their contents through the bronchi leading to them. A diffuse pleuritis

soon arises with a copious purulent exudation, and moreover, if the

bronchus, leading to it is in communication with the interior of the

cavity, the condition of pyopneumothorax is unavoidable. Again, the

rupture into the pleural cavity is also in ordinary lung-cavities a con-

stantly threatening catastrophe, Avhich is only avoided by the preceding

inflammatory adhesion of the pleura pulmonalis to the pleura costalis.

§ 445. Lung-calculi. We have hitherto only spoken of the softening

of the cheesy mass, and have learned to know in it a certainly most

frequent and most important metamorphosis. Next to it the possibility

of calcification appears only as an interesting curiosity. It only occurs

in the small, and the smallest caseous nodules, that by an abundant

deposition of the phosphate and carbonate of lime, by an actual petri-

faction, therefore, a stop is put to all further metamorphoses, especially

softening. Thus arise lung-stones, calculi pulmonales ; hard bodies of

the size of half a pea and under, whose surface is either smooth or

delicately lobulated like a mulberry. There are individuals who are

much troubled with bronchial catarrhs, but who from time to time, under

somewhat severer febrile phenomena, evacuate a larger number of such

lung-stones per sputum. It is manifest that evacuations of this kind

can only depend upon a separating suppuration, which the calculi as

foreign bodies bring about in the adjacent parts. A second presumption,

however, is the simultaneous opening of a correspondingly large bron-

chial tube, for it can be most positively proven by microscopic investi-

gation, that the lung-stones evacuated in phthisis calculosa are caseous

lime-infiltrated lobules of the lung. The elastic tissue, as also the black

pigment, is maintained unchanged in the calcification, so that by mace-

rating in muriatic acid the whole areolar framework of some infun-

dibula besides the alveoli can constantly be demonstrated. Bronchial

stones (see § 421) are much rarer; they are constantly smooth, glob-

ular, or elliptic, and are found in one or more bronchiectatic cavities.

Moreover, encapsulated calculi do not at all infrequently oecur scattered

in the lung, where we may accept, that the irritation exerted by them

was indeed able to call forth a chronic hyperplasia of the connective

tissue in the immediate surroundings, but not a suppuration.
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2. Tuberculosis.

§ 446. As in the present representation of lung diseases we do not

depend so much upon a systematic description as upon a consideration

of the etiology., we will permit ourselves to speak of the genuine tuber-

culosis of the lung in immediate connection with that disease, with

which it has for so long a time been regarded as an affiliated whole, but

with which in fact it has the most intimate points of contact.

We find the miliary tubercle represented in the lung like as in several

other organs in two typical modes of appearance, which we may most

suitably designate as disseminated and localized tuberculosis.

§ 447. Disseminated tuberculosis is constantly the sign of a consti-

tutional disease, for we find yet other organs beside the lungs permeated

or strewn over with miliary tubercles ; thus the liver, the serous sacs,

the pia mater, the choroid. Just this, probably never-failing coinci-

dence, gives us the guarantee that we also have the right of regarding

the miliary nodules of the lung as genuine tubercles, and not perhaps

as accidental connective tissue knots, such as, for example, we can pro-

duce by injecting small, chemically indifferent particles into the arteries

of the lung. It mostly occurs in children from three to seven years,

more seldom in adults. The whole lung, including the pleura, is as a

rule, permeated tolerably uniformly with the miliary nodules ; devia-

tions in the uniformity of the permeation occur less frequently than in

this, that in one case the lungs are more abundantly provided, in an-

other less abundantly ; namely, the density varies between one and

twenty to a square inch of surface, that, is, the cut surface. Touching the

size of the single nodules, in this respect certainly not inconsiderable vari-

ations occur; variations, in the different cases, from the scarcely visible

or macroscopically actually indistinguishable point, up to nodules of the

size of a large pin's head, even of a hemp-seed. The larger a nodule

is, so much the more may we accept, that at the periphery of the real

tubercle there exists a circumscribed zone of catarrhally inflamed paren-

chyma, a circumstance which we will yet have to consider further.

§ 448. The connective tissue of the lungs is the seat of these dis-

seminated tubercles. In individual cases (Deichler) they are exclu-

sively the sheaths of the small arteries and veins within which the

miliary nodules have developed, more frequently the interlobular and

interinfundibular connective tissue. In reference to structure and tex-

ture the nodules are related throughout, like the miliary tubercles of

other organs, perhaps like the simultaneously existing tubercles of the

omentum, or of the pia mater. Upon larger nodules (Fig. 131), as a

rule, we can. demonstrate several centres of development, i. e., points

in the interior, around which a part of the tubercle-cells is concentri-

cally grouped, while the others form bands which pass along between

the nodules. At the periphery of the nodules the swelling of the alveolar
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septa, -which are kiserted here, immediately becomes apparent. It is

evident that the process of new formation, provided it is yet progress-

ing, does not advance by an infiltration of the alveolar lumina, but by

a tumefaction of the alveolar wall itself. The lumina of the alveoli,

Fig. 131.

Miliary tubercle of the lung. A. Part of cross-section of a small vessel in whose walls as well as in
the adjacent connective tissue the cellular new formation has developed, which appears to the naked
eye as white nodules. A, b. Infundibula. 1-100. £. A transition vessel from the neighborhood, show-
ing increase of nuclei. After Colberg. 1-300.

if a catarrhal inflammation is not added, are only distorted and filled

up by the inward projection of the tubercles. In a tubercle as large

as the one here represented, there may always be a number of alveoli

obliterated, but this obliteration and the exclusion of air conditioned

thereby is something accidental, not the principal thing, as in catarrhal

obstruction.

If we investigate the broad junctions of the alveolar septa to the

tubercle, so to say the radicles which the growing nodule sends out, we
constantly find here a decided participation of the perivascular connec-

tive tissue, yes, of the vascular wall itself, in the - proliferative process.

Fig. 131, B, which particularly beautifully shows this relation, I have

borrowed from Colberg. Here all the capillaries proceeding from a
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larger transition vessel are covered with adhering cell-heaps, which

most probably are derivatives of the cells of the vascular walls them-

selves.* The vessel represented has, moreover, been torn away from

its natural connection, which we must likewise imagine in the most lux-

uriant proliferation.

§ 449. A catarrhal co-affection of the adjacent alveoli we do not per-

ceive in our tubercles (Fig. 131, A); still I must point out that this is

quite a common accident, and that by it the miliary tubercle frequently

attains double the circumference. The combination of disseminated

tuberculosis with a diffuse, probably lobar catarrhal pneumonia, like-

wise occurs and allows the construction, that the tuberculosis has acted

here as the predisposing cause.

§ 450. After having given in the preceding a sufficing characteristic of

what we may call tubercle in the lung, we may enter upon the answer

to the question : what share has tuberculosis in phthisis pulmonum ?

It has already been mentioned, that from a too comprehensive defini-

tion of the word tubercle we for a long time identified phthisis and

tuberculosis pulmonum ; now, however, we must also not fall into the

opposite error, in that we too closely prune the domain of tuberculosis.

We must rather most carefully investigate in which of the anatomical

conditions of phthisis pulmonalis, announced above in § 433, et seq., a

simultaneous development of miliary tubercles is observed. The final

result of a large series of investigations directed singly to this point

now is this, that only in a relatively small number of cases the miliary

tuberculosis is actually entirely wanting. I failed to find it in two

cases of rapidily proceeding cheesy infiltration with multiple formation

of depots of softening (phthisis florida) ; I missed it in the few cases of

secondary phthisis after measles, which came under my observation,

especially in one case, in which all the bronchioles of a certain order,

but not the very last, were in ulcerative ectasy with cheesy pneumonia

of the nearest surroundings, and consequently presented the delusive

picture of a uniformly disseminated miliary tuberculosis. For the re-

maining forms, in which the complication with tuberculosis could be

distinctly demonstrated, I feel myself constrained to state a similar

relation of the coexistence of inflammation and tuberculosis, such as we

learned to know in the " tuberculous " ulcerations of mucous membranes.

The tubercles appear there only exceptionally as actually destroying

new formations (urinary passages); we ordinarily observe them in the

nearest surroundings, probably also scattered at the base and edges of

the ulcers named after them (intestine, larynx), and they thus presented

an accident worthy of being inquired into, but not yet well known in

its intimate relation to the destructive processes. In opposition to the

* According to the investigations of Cohnheim ( Virchow's Ar., 40, p. 1), to which

I will return in Croupous Inflammation, the interpretation of these cells as migrated

colorless blood-corpuscles, is also admissible.
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disseminated miliary tuberculosis, such an occurrence deserves the des-

ignation " localized tuberculosis." At the lung, however, we can in

general distinguish two forms of localized tuberculosis.

§ 451. The by far most common occurrence is that of less numerous,

but well-characterized, miliary nodules, beside the broncho-pneumonia

(tubercle-granulation of Laennec), designated in § 433 as pseudo-tubercu-

lous. If we only indefatigably seek, we will meet with the specific new

formation, either in the interstitial or parenchymatous connective tis-

sue, upon the vessels, or at the pleura and its inflammatory efflores-

cences, or finally at the bronchial mucous membrane, probably in all

cases, although not decidedly numerous. For this occurrence the view

appears of late to make headway, that the tubercles are the result of

a local infection through the cheesy material of the inflammatory depot.

Although we do not yet know how perhaps this infection may be

accomplished, and the way of " embolia" is especially to be entirely re-

jected, because vessels, upon which tubercles have formed, have by no

means been found occluded at those places, and because we may be con-

vinced that every injury of the lumen is exclusively the consequence of

a tumefaction, not of a plugging, I say, although we can yet dispute

concerning the wTay of this infection, yet the vieAV in itself appears to

me very probable. Therein I rely, upon the one hand, upon the ex-

periments lately contrived by Hoffman, Lebert, and Wyss, by Klebs,

Cohnheim. and others, by whom at least something tubercle-like was

produced by the inoculation of cheesy detritus; upon the other hand,

upon the frequent observation of miliary nodules in the environs of a

single caseous depot, be it in the lung, or in a cheesy metamorphosed,

mediastinal, or mesenteric gland. Only a short time ago a case came

before me, wherein a child, which otherwise presented no tubercle in

any part of its body, the pleura pulmonalis dextra, and, mark well,

also the opposing place of the pleura costalis, contained miliary nodules

in a tolerable amount. Upon the pleura pulmonalis the nodules were

placed more closely together towards the lower border of the upper

lobe, and finally formed a dense pavement, generally stellated, exactly

above a place where, in the upper lobe, an old cheesy depot, broken

down at the centre, was met with, while the entire remaining respira-

tory organ had remained free. How near the conjecture lies here,

of a secondary origin of tubercle by infection from the side of the

old inflammatory depot, in whose surroundings we so exclusively find

the small nodules. If, however, in these cases, we ask concerning the

"way" by which the infection of the pleura costalis ensued, it will

probably scarcely occur to any one to think here of a transportation

of coarse-bodied particles by way of the blood tract, but every one will

have to concede that the infection was effected by the contact with the

already diseased pleura pulmonalis.
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§ 452. With less assurance, then, we claim as a localized tubercu-

losis, a process, which certainly, according to the macroscopic appear-

ance, appears more than any other as a dense grouping of miliary

nodules, and which at the same time has certainly nothing to do with

catarrhal pneumonia, but in histological relations presents so much of

the non-tuberculous, that a certain reserve in reference to giving it a

name appears to me for the present to be in place.

Commonly, in the neighborhood of a larger cavity, which occupies

the apex of the lung, in a parenchyma otherwise little altered, we meet

with an exceedingly great number of equal-sized, and indeed real mil-

iary nodules of very compact, springy, elastic consistence, and grayish,

translucent coloring, whitish at the centre. If the section is a favor-

able one, we probably also observe that the nodules are not quite

irregularly scattered, but according to a certain plan, for example, in

lines branching tree-like, or arranged radiating around a central point,

peculiarly densely beset. The alveolar spaces of the affected region

are not filled ; the septa partly participate in the new formation, are

destroyed in it; in general, however, the displacement, anaemia, and

devastation of the parenchyma, decidedly predominates over the just-

mentioned states of disorganization ; even the presence of air can be

shown until the deposition of the nodules occupies the entire space.

With this last result there is, then, a condition brought about, which

indeed is not to be called an infiltration in the more contracted sense,

but which appears to condition just as unfavorable relations for nutri-

tion, and therefore to bring about the dissolution and disintegration of

the depot. The formation of a cavity herewith constantly proceeds

from a larger bronchus, in whose walls the nodules have likewise fixed

themselves. It is especially the peribronchial connective tissue in

which they form a connected layer, then they also dip down into the

submucous tissue, less numerously into the mucous membrane itself;

here, however, the destruction begins with the formation of flat lenticu-

lar ulcers, which rapidly enlarge in surface and depth.

§ 453. If we make the microscopic analysis of these nodules, the

fact strikes us at the first sight that these in their principal mass do

not consist of granulation-tissue, but of a very compact, well-joined

connective tissue. A hyaline, translucent, evidently very dense, scle-

rosed basis-substance, is divided by imbedded, stellated, upon a cross-

section, spindle-shaped, anastomosing cells, into a certain number of

layers, which are concentrically grouped around a circular darker

centre. Where the nodules lie closer together, the peripheral layers of

this connective tissue pass over from the one to the other; whole groups

of nodules (5-10) may be united into a larger whole. It forthwith

becomes evident to us that two of the most prominent peculiarities of

our nodules, and at the same time those which contribute the most
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towards regarding them from the very beginning as tubercles, are con-

ditioned by a tissue "which in itself has nothing whatever to do with

tubercles. Our entire attention is now turned to the centre. It may
be that at least here, where the unaided eye perceived a yellowish white

opacity, there is to be found a miliary tubercle, which then is inclosed

in a connective tissue sac, is encapsulated. The best known authors

(among others Rokitansky, Text-book, iii, 87) maintain this view of en-

cysted or encapsulated tubercles already set up by Bayle and Laennec,

against which Virchow (Morbid Tumors, ii, 648) believes that he can-

not with sufficient impressiveness warn off an imminent delusion. The
nodules might be transversely divided bronchi with a 'thickened adven-

titia, bronchi, whose mucous membrane degenerated, by a chronic catar-

rhal or an actually tuberculous process, in which, however, the super-

ficial irritation had led to a reactive inflammation of the deeper layers

of connective tissue, to peribronchitis. The almost constant finding of

a lumen in the otherwise exceedingly dark and opaque centre of the

nodule supports this interpretation. One actually either observes there

an angularly distorted gap, or one sees how a homogeneous, translucent

substance, which cannot be more minutely characterized, forms a closed

ring, which is laid in folds in a similar manner as the intima of a con-

tracted artery. (Fig. 132.) On the other hand it must be observed that

at the larger bronchi the nodules themselves furnish the material for

the peribronchitic thickening, and that we also do not fail to find in

these the central lumina, therefore in the nodules situated in the walls

of the bronchi. Furthermore, these nodules also occur at places where

bronchi do not pass. They are peculiarly frequent in and upon the

connective tissue septa of the lobuli, and just this appearance first

called my attention to the fact that they join themselves to the courses

of the lymph-vessels with surprising uniformity.* In the pleura, at

the connective tissue ensheathings of the primary and secondary lobuli,

upon the sheaths of the vessels and bronchi, finally in the submucosa

and mucosa of the respiratory mucous membrane itself, the nodules are

found, while they are more rare in the parenchyma proper. I succeeded

in gaining one step further towards perceiving that in fact the lymph-

vessels are those preformed canals from whose walls the miliary nodules

are developed. The connection is the following.

§ 454. At a determined point, or better at a short extent of the

lymph-capillaries, the inner (epithelial) as well as the outer (connective

tissue) layer of the walls experiences a progressive metamorphosis,

which gives rise to a considerable thickening of both, principally, how-

* I hereby take up for the second time an hypothesis erected by Virchow, and again

abandoned by him. Meanwhile, especially, Klebs has developed the doctrine of the

lymph-vessel origin of miliary tubercle.
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ever, to a circumscribed knotty distension of the lymph-capillaries. A
proliferative multiplication of the

epithelial cells leads to the forma-

tion of a germinal tissue cushion,

which from all sides swells out

towards the lumen of the lymph-

vessel and closes it, except a

small cleft-like remainder. Upon
a cross-section (Fig. 132) the

cells of this cushion are arranged

radiating ; each radius appears

o§^ to correspond to a pre-existing

mother element
;

genuine lym-

phatic elements alternate therein

with larger epithelioid forms,

rich in protoplasm, as we are

certainly also accustomed to find

Cross-section of a lymph-vessei in tuberculous iym- them in miliary tubercle. From
pnangitis. I. Lumen ot a vessel as yet but little de- J

generated a. Alveolar septa, which proceed from the this radiating Central layer, Or
degenerated lobular septum. ° " '

centre, a circularly arranged

border layer is pretty sharply defined. This is of the same thickness

as the other, but does not consist of cells alone, but beside the cells

contains a quantity at least equally as great of homogeneous basis-sub-

stance. The lamellar arrangement of the latter, combined with a cor-

responding arrangement in rows of the cellular elements, produces the

concentric arrangement mentioned ; here also the small rows of two

to seven cells may represent the derivatives of a pre-existing connective

tissue cell, yet it is conceivable that we cannot judge with certainty

here, as perhaps upon proliferating cartilaginous tissue.

In order to see the changes described well, we must make use of the

thinnest sections (according to method given in note to § 365), and where

it is possible, investigate where the nodules are yet individually dissem-

inated in the connective tissue septa. Here we best succeed in seeing

the connection of the lumen with a still less changed trunk of a lymph-

vessel: here we also are most likely to get a view of the earliest period

of development. The condition, such as I have described it above,

thus, is of but short duration. Very soon a peculiar sclerosis of the

central substance sets in, which begins at one, or simultaneously at

several places, and soon so very much obscures the centre of the

nodule, that the distinction of individual cells becomes quite impossible.

From this time, it is true, the connective tissue cortical substance

comes out so much the more distinct in its texture and structure; con-

cerning these, however, we have never been in doubt. The gray opa-

city at the centre of the nodule gives the decision. But how shall we,
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after having now actually ascertained its nature, name the process ?«

We are only justified to the title of lymphangitis nodosa. Were we to

say "tuberculosa," we would have to pursue the following reasoning:

the miliary tubercle arises in the connective tissue; where, however, the

connective tissue has a free surface that is covered with an endothelium,

it arises by preference through a proliferation of this endothelium.

The miliary tubercle of the omentum (§ 283, Fig. 108) furnishes us the

best proof for this. Now, however, the epithelia of the lymph-vessels,

like those of serous membranes, are to be reckoned with the endothelia,

and, moreover, as the cell forms simulate the tubercle-cells, we can see

in lymphangitis nodosa only a modification of the ordinary tubercle

formation conditioned by the locality.

3. Pleurogenous Pneumonia.

§ 455. In the numerous combinations of pneumonic and pleuritic

conditions, it is not always easy to establish which of the two is primary,

which secondary. For the most part, it is true, we will deal with the

secondary excitement of pleuritic processes through preceding inflam-

matory processes in the contiguous lung-parenchyma. Thus we will

learn to know the pysemic pleuritis as a consequence of embolic pneu-

monia; thus the cheesy pneumonia and tuberculosis, almost without ex-

ception, call forth acute and chronic pleuritic processes; thus croupous

pneumonia obtained its old name of pleuropneumonia, because almost

always, when the disease had attained its acme in yellow hepatization,

a delicate pleuritic exudation sets in upon the surface of the affected

lobe, and the characteristic friction is heard at the walls of the chest.

The reverse case is far more rare. In speaking of inflammations of

serous membranes, I did not at the time mention the unimportant cir-

cumstance, that very commonly in pleuritic processes we find the outer-

most row of infundibula, which lies immediately under the inflamed

pleura, filled with a fibrinous exudation. This infiltration afterwards

again dissolves, and just as little occasions a considerable complica-

tion of the course, as does the supervention of pleuritis in croupous

pneumonia. In fact, in the so-called pneumonia dissecans we also

know an example, it is true, on a large scale, of pleuritic processes

continued to the lung. The pneumonia dissecans occurs but exceed-

ingly seldom in the human being, while it is more frequent among neat-

cattle, and furnishes the pathologico-anatomical foundation of the lung

fever.

§ 456. Pneumonia dissecans is a purulent inflammation, let us say a

suppuration of the connective tissue septa, which connect the larger

lobular subdivisions of the lung. The dissolution of the latter into pus

necessarily leads herein to a breaking down of the lobules of the lung

into smaller subdivisions, and hence is derived the very appropriate name.

27



418 ANOMALIES OF THE LUNGS.

As a rule, we may convince ourselves even by the unassisted eye, that

here the lymph-vessels, which in those connective tissue septa pass from

the pleural surface down to the root of the lung, are answerable for

the conveyance of the inflammatory irritant. If we have cleansed the

surface of the lung from the often great accumulation of purulently

disintegrating pleural exudation, we perceive the net of lymph-vessels

filled with and encapsuled by pus, as they surround the secondary

lobules as yellowish-white varicose cords, and descend upon the lateral

surfaces of the larger lobules already separated from each other. The

division of the lung into lobules may be a more or less complete one;

as a rule, however, the fatal issue occurs so early, that it ends with a

partial separation, or even only with an indication of separation. We
often find only a brawny infiltration of the septa, here and there sup-

plied with purulent stripes ; the septa being thickened to many times

their normal breadth.

4. Diseases from Inhalation of Dust.

§ 457. Only in the course of the last ten years has it been proven

as an incontrovertible fact, that molecular bodies, Avhich are suspended

in the respired air, may penetrate from the bronchi and alveoli into

the lung-parenchyma, to either persistently remain here, or to be con-

veyed onward with the lymph-current to the lymph-glands of the root

of the lung, and then be deposited there. A relation of this kind, it is

true, had been conjectured already for a long time; above all, English

physicians had interpreted in this sense the black lung of their workers

in coal (the coal-miner's lung) ; against this there was opposition raised

in Germany, and this opposition, conducted by Hasse and Virchow, has

at least had this good result, that at present, beside the inhalation of

carbon, we also admit the autochthonous origin of the lung pigment

from transformed coloring matter of the blood, and indeed in extensive

limits, and thereby certainly come nearer to the truth, than if, in an

unjustifiable partiality, we should only recognize the one way as possi-

ble. I was at that time myself present in the Pathological Institute

of Berlin, and actively participated in the histological investigation of

that black lung, which in the year 1860 was furnished to the dissecting-

table from Traube's clinic, and upon which the microscopic forms of

inhaled charcoal-dust could be demonstrated with all certainty. Since

then the question has been more to determine the range of a fact in

itself established, a task, in whose solution Zenker has participated in

a prominent manner. At present we distinguish the following forms

of pneumonokoniosis (diseases from the inhalation of dust).

§ 458. 1. Inhalation of coal-dust, anthracosis. It appears that actu-

ally a large part of the black pigment, which in increasing age accumu-

lates in ever larger quantity in our respiratory organs, is inhaled coal-
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dust. This is commonly derived from the incomplete combustion of

wood, turf, coal, illuminating materials, and other combustible sub-

stances, and was suspended in the atmosphere as soot or smoke, until it

reached the respiratory passages by inspiration, and remained attached

here to the moist walls. The fate of the exceedingly small granules is

various according to the place at which they remain attached. As far

as the bronchial mucous membrane is covered by ciliated epithelium,

the pigment cannot penetrate into its parenchyma. It settles here

upon the mucous covering, and in part gradually by the ciliary motion,

in part suddenly by coughing, is pushed with the mucus towards the

glottis, and forwarded towards the exterior. If we widely open the

throat of a frog and strew its upper covering, which is clad with ciliated

epithelium, with coal-dust, we see with the naked eye how the black

granules move towards the front; just so the transportation may ensue

upon the mucous membrane of the human respiratory tract, and when

the bacchanalian student, upon the morning after a jovial evening, finds-

his sputum " blackish-gray," he may confidently recognize in this black

substance a portion of the previous evening's inhaled lamp- soot, which

during the night was conveyed into the trachea by the ciliary move-

ment, and placed ready for expectoration. If we examine such a

sputum microscopically, we find the small black granules for the. greater

part inclosed in round cells. The membraneless cells of the sputum,

also called mucus-corpuscles, have utilized the time (in analogy with

the colorless blood-corpuscles), to take up into themselves a portion of

the solid particles which existed in the mucus surrounding them.

Those coal particles which reached the alveolar parenchyma, behave

quite otherwise. There can be just as little question here of a mucus-

secretion as of ciliary movement. The particles of coal, therefore, re-

main quiescent for the time being, in order afterward to penetrate into*

the soft tissues. If we ask, how is the latter possible ? where are the-

impelling forces ? I would answer in the first place by pointing to the

difficulty, nay, the impossibility of removing the particles of coal once-

adhering to the alveolar wall. Furthermore, the great hardness and

angularity by which the solid coal is characterized, probably as well in

the minutest atoms as in larger fragments, makes these atoms peculiarly

fitted to penetrate the soft tissues of the body, if but the slightest im-

pulse is given them from any side whatever. Hence, so soon as the-

atoms of coal have entered upon the lung-parenchyma proper, they

will in general follow the current of the extra-vascular fluid, and with

this will finally tend towards the system of lymph-vessels. Upon this

route, however, they here and there meet cellular elements, which have-

the capacity to persistently fix small solid bodies in their protoplasm.

The stellate connective tissue corpuscles come foremost into considera-

tion here ; in the next place also the migrating cells of amoeboid nature

existing in the connective tissue of the lung, which carry along with
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them the black coloring matter taken up, wherever they meet it. That

which remains, which is not retained in cells upon the route to the

lymph-vessels, then flows towards the root of the lung, and reaches the

lymph-glands of the mediastinum. Here an insurmountable obstacle

first opposes their continued advance, since all the numberless lymph-

corpuscles which are here stored up, are ready to feed upon the black

granules, and to take up as many of them as can possibly find place in

their protoplasm.

§ 459. The preceding is, it is true, but a theoretic representation

upon the probable way, which the particles of coal having reached the

lung-parenchyma may enter upon, a representation, however, which

in fact most intimately agrees with the condition found of the anatom-

ical distribution of the pigment in the lung. In the first place, if we
observe the lung of an older individual from its outside, and with the

naked eye, we see the boundaries of the contiguous lobuli marked by
black lines and spots ; by magnifying with a lens at these lines we
can see more minute ramifications penetrating into the interior of the

lobule, and follow them up to the infundibular septa. Upon c<ross-sec-

tions, the accumulation of pigment in the connective tissue, which sur-

rounds the bronchi and the vascular trunks, is the most striking. This in

general corresponds to the arrangement of the lymph-vessel system, whose

radicles lie in the infundibular septa, while the larger branches meet to-

gether in the lobular septa into a network, for whose drainage partly the

pleural, partly the peribronchial and perivascular lymph-passages are em-

ployed. They are, therefore, the borders of this lymph-current, in which

we find the chief places for the deposit of this lung-pigment. In the mi-

croscopic investigation, wherever the pigmentation is less dense and

dark, we can establish the predominant participation of the stellate

connective tissue cells in the pigmentary absorption, while the surround-

ings of the larger lymph-tracts, as a rule, are covered with a perfectly

dense cloud of black granules, making every structure indiscernible.

§ 460. As the pigmentation of the lung advances, the pigmentation

also of the lymph-glands at the root of the lung develops more and more.

Here, also, we can make the observation, that in the first place the bor-

ders themselves of the lymph-current take up the black coloring matter;

thus, there is a stage of pigmentation of the lymph-glands, in which first

of all only the capsule, the lymph-sinus, which surrounds the terminal

alveoli, and the medullary substance are colored. The structure of the

lymph-gland, under these circumstances, becomes most elegantly per-

ceptible even to the unaided eye ; if we investigate more minutely, we

find the black granules partly in the delicate cellular net, which is ex-

panded in the lymph-sinus, partly in a variously broad zone of lymph-

corpuscles, which are the nearest contiguous to the lymph-sinus. Af-

terwards, it is true, the pigment penetrates into all parts of the lymph-

gland, every indication of a structure is effaced, and disappears in a
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uniform deep black coloring, which is connected with a moderate in»-

crease of volume of the organ. In § 461 Ave will speak of a yet further

metamorphosis.

§ 461. From the hitherto considered, I might say, physiological an-

thracosis, it is but a short step to the anthracosis of the coal carriers

and miners. The coal here does not only penetrate into the air-pas-

sages in the form of minutest atoms, but also less minute, and finally

quite coarse particles, discernible even by the naked eye. In the pa-

renchymatous juice of the above-mentioned lung of Traube, I found a

carbonized so-called dotted cell of fir-wood, upon which I counted seven

porous canals, side by side. The particle of coal had half the length

of the alveolar diameter. Such large " atoms," now, it is true, do not

penetrate into the parenchyma of the lung, but are soonor or later

again thrown out with the sputum. Constantly, however, the pene-

trating particles are also considerably larger than in ordinary melanosis,

and we can very distinctly see and admire upon them the sharp edges

and pointed angles, which make them fit for penetrating. The charcoal

splinters especially distinguish themselves by thorn-like prominences,

and furthermore in thin layers by a remarkable ruby-red translucent

color. All parts of the lung-parenchyma are uniformly deluged by

this pigment. Upon every connective tissue septum, alveolar and in-

fundibular as well as lobular, beside a depot of larger particles of coal

at the centre, we find a less dense accumulation round about at the

edges. (Fig. 133.) Whatever cells there are, round as well as spindle-

Fig. 133.

Anthracosis. Coal-dust inhaled into the alveolar septa of the lung. 1-300.

formed and stellate, are overburdened with minute black granules; here

and there we also see larger particles of coal lying in the parenchyma

of a small round cell, which we especially meet with in the sputum.

It is manifest that the intrusion at least of mechanically irritating

bodies in such measure, cannot remain without the most detrimental
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influence upon the respiratory organs. Hence, we find among their

consequences at one time bronchial catarrh with muco-purulent sputum,

in addition to this emphysema, more rarely parenchymatous changes of

an inflammatory kind, which merit a more exact investigation. Ac-

cording to older statements (Thomson, 1826) we have a partial consol-

idation of the lung-tissue and the formation of small cavities, which are

filled with an inky fluid, therefore, in general probably lobular catarrhal

pneumonias with indications of eventuating in phthisis.

In the anthracosis also of coal miners, the bronchial lymph-glands

decidedly participate, and are wont to partake pretty vigorously in the

inflammatory reactions of the parenchyma. In the common physio-

logical anthracosis I twice saw a consecutive suppuration of the glands

and opening of the main bronchi ; in the anthracosis of coal miners this

is said to occur more frequently ; that which we can almost always

observe is a gradual thickening and condensation of the connective

tissue of the melanotic lymph-gland, which slowly but surely produces

the obsolescence of the organ. Not only does the capsule thicken, the

delicate trabeculse especially sclerose, which stretch across the lymph-

sinus and form the connective tissue framework of the lymph-alveoli and

tubules. The lymph-corpuscles disintegrate ; finally, there only remains

yet an abundant fibrillar connective tissue, which by its arrangement

in concentric circles, indicates the former globular structure of the

alveoli.

§ 462. 3. Inhalation of iron-dust, siderosis. First observed by

Zenker in factory hands, who manipulate much with oxide of iron,

—

English red,—therefore, in mirror polishers, dyers, workers of gold

leaf, &c. The inhaled dust is here an extraordinarily fine, light brown-

ish-red powder. Hence, to use Zenker's language, for the description

of the microscopic and macroscopic relations of the "iron lung" (Eisen-

lunge), we need only exchange the word "black" for "red" in the de-

scription of the coal-lung, in the representation (Fig. 133) ; instead of

the coal atoms there existing, we need only insert red, and of course

on an average smaller, especially very uniform particles, in order to

suggest completely a true conception of the condition of the iron-lung.

The consecutive changes consist partly in a catarrhal affection of the

bronchial mucous membrane, partly in certain multiple lobular affections,

which were designated by Zenker as indurating interstitial pneumonias.

A hyperplasia of the interstitial connective tissue, "whilst exempting the

walls of individual vessels, brings about a consumption of the elastic

tissue, at the same time, in a way not yet certainly fixed, leads to the

obliteration of the alveolar spaces, and places in the place of the spongy

lung-tissue, a solid induration." Thus we find the whole lung more or

less thickly permeated by roundish, compact, grayish, transparent nod-

ules of the size of a pin's head to a pea, which evidently present the

beginnings of a simultaneously existing formation of cavities. This con-
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dition has for me too great a resemblance to the form of localized tuber-

culosis of the lung, described in § 452, that I should not think of a

more than accidental coincidence, yet I will by no means hereby in-

fluence the independent judgment of my readers.

Concerning the inhalation of other kinds of dust, particularly silici-

ous dust, there is up to the present but little extant ; Kussmaul and

Schmidt found in the ashes of the lung of a stonecutter three times as

much silicic acid as in other individuals.

5. Croupous Pneumonia.

§ 463. One of the most frequent and, therefore, best known in its symp-

toms, its course and issues, of lung diseases, the croupous pneumonia,

is at the same time less approachable in an etiological relation than all

the others, and even when, based upon some unequivocal observations,

we have proclaimed the taking cold as the common cause, there has

yet by this no insight been obtained into the process of taking cold.

Eor what has the partial refrigeration of the outer skin to do with the

inflammation of an interior organ?

The term croupous pneumonia, which is now generally customary and

has taken the place of the older appellation, for example, peripneumonia,

arises from an intimate resemblance to croup of the larynx and trachea.

In both there is deposited upon the surface a firm, fibrinous exudation;

in the latter, upon the surface of the mucous membrane ; in the former

at the surface of the aveoli and infundibula. The interposed sections

of the respiratory tract, namely, the smaller and larger bronchial tubes,

may participate as well in laryngeal as in parenchymatous croup. The

fibrinous exudation commonly forms here solid, i. e., because of the

narrowness of the tubes, no longer hollow cylinders, which, in con-

formity to the bronchial ramifications, divide forked likewise, and, as a

rule, upon being thrown out, yet present a coagulum branched tree-like.

It is manifest that this bronchitis crouposa is only of high clinical in-

terest in laryngeal croup, while in parenchymatous croup it does not

much matter whether the bronchi, leading to the parenchyma incapable

of respiration in any event, convey air or not. The bronchial ramifi-

cations are very rarely the exclusive seat of croupous exudations; a

young man in the environs of Zurich, for several years in succession,

had a febrile affection with the most extreme dyspnoea, which was wont

to disappear with the evacuation of numerous bronchial coagula. The

coagulum, which was given to me for examination, was derived from a

medium-sized bronchus. The starting-point of the extension of the

process at each time naturally began here (compare Biermer in Vir-

chow's Handbook of Special Pathology and Therapeutics, div. 1, p. 714).

But let us return to our subject.

§ 464. The oldest teaching conceived pneumonia as a parenchyma-
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tous swelling. This, based upon the coarsest perception of changes

that had taken place, was done without a suspicion that it had its seat

much less in the parenchyma than in the hollow spaces of the latter.

Laelius de Fonte compared the inflamed lung, principally because of its

consistence, probably, also, because of its color, to the liver, and called

its condition hepatization. He thus became the founder of our present

nomenclature. We distinguish yet more specially between a red and

a yellow hepatization, and add to these two principal stages of inflam-

mation yet an initiatory stage (engorgement, Anschoppung, engoue-

ment), and a terminal stage (purulent infiltration and resolution).

Croupous pneumonia presents us the best opportunity, the most beau-

tiful and the most exact example, of proving how a histological process,

whose individual members of necessity develop the one from the other,

upon the one hand directly explains the macroscopic changes of an organ,

upon the other elucidates the alterations of its function and the physical

symptoms. We will attempt to prove this step by step, whilst we let

the corresponding phenomena follow the "histological detail" of each

stage, in the sphere which is of secondary importance to us.

§ 465. First stage, engorgement. All the vessels of a larger section

of a lung (mostly an entire lobe), are exuberantly filled with blood. If

we harden small pieces, tied and cut off, in Muller's fluid, then in alco-

hol, and make thin sections, we are surprised at the considerable dila-

tation and coiling which the capillaries have experienced. They arch

forward far into the lumen of the alveoli, and visibly diminish it. The
commencing exudation of a viscid fluid rich in albumen introduces the

coming exudation and extravasation. Here and there, especially in

the connective tissue septa and under the pleura, it has already come

to small punctated extravasations of blood.

For the naked eye the portion of lung distinguishes itself by its red

color, for the sense of touch, the loss of elasticity is especially striking,

also the compactness, density, and weight, beside the scanty amount of

air. The air present may be churned to and fro, because the viscid

fluid mentioned prevents it from escaping. The inspiration and expira-

tion also have to contend with this viscid fluid, as the crackling sound

shows ; for function, however, this portion of the lung is now already

as good as lost, and as the patient is not yet accustomed to the vicari-

ous function of the healthy remainder of his respiratory organ, the dysp-

noea, and what of subjective symptoms are joined to this, are wont

even now to be developed in the highest degree.

§ 466. Second stage. Red hepatization. It comes to the exit of con-

stituents of the blood from the exuberantly filled capillaries. Red
blood-corpuscles, colorless blood-corpuscles, and liquor sanguinis appear

free upon the inner surface of the infundibula and alveoli, and are here

combined, by the fibrin coagulating between them, into a solid body,

filling the lumen, the pneumonic exudation. Since Harvey's great dis-
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covery of the continuity of the vascular walls throughout the whole

body, pathologists have constantly been at some pains to find a suitable

explanation for certain phenomena in the province of hemorrhage and

exudation, which do not so well accord with this principle. The pneu-

monic exudation pre-eminently belongs to these. A recently hepatized

piece of lung is injected from the pulmonary artery with a blue glutin-

ous mass, then hardened, and thin sections are made. Upon these

sections (Fig. 134) we find the alveolar walls exactly constituted as

though we had injected a perfectly healthy lung (a), the same number

Fig. 134.

Recent croupous pneumonia, a. Alveolar septa with injected capillary vessels. 6. The exudation.
1-300.-

of intervascular and vascular nuclei, that most external layer of scat-

tered, rudimentary nuclei, which we regard as the remains of the epithe-

lium, all unchanged. And yet within the lumen there is a finely fila-

mented coagulum (b), which incloses numerous colored and colorless

cells. The cells must therefore proceed directly from the vessels, they

must have passed through, migrated through their walls, although we

cannot discover the slightest abnormal opening upon the walls. We,
in conformity with Virchow, having been at pains to trace back every-

where the plastic exudation of the humoral pathology to a local prolif-

eration of the connective tissue, must in face of this picture be con-

vinced, that our teaching is in want of a very essential limitation and

modification. Cohnheim* also has already obtained a sure foundation

for the new doctrine, by the more exact study of the inflammatory pro-

cesses upon the exposed mesentery of the frog. We know, that there,

in the measure that the circulation of the blood becomes slower in the

dilated veins and capillaries, the colorless cells adhere to the walls of

* Loc. cit.
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the vessels, and thereupon migrate externally through minute preformed

stigmata. This then may also be the process which lies at the founda-

tion of the pneumonic exudation.

The composition of the infiltrate is subjected to very considerable

variations. It is true the red blood-corpuscles are never wanting, yet

in the one case they constitute but a small fragment of the cells present,

while in another they amount to more than double the colorless, in in-

dividual more rare cases, however, are so massively accumulated, that

we with reason ask, whether this must not rather be termed an extrav-

asation than an exudation.

This " hemorrhagic character " of the exudation gives the impress to

the whole second stage of pneumonia. We are reminded of this by

the "prune-juice colored" sputa of the patients, by the term "red"

hepatization. In fact we must ascribe the decidedly red, liver-like

color of the infiltrated portion of lung more to the extoavasated blood than

to that contained in the vessels, as the quantity of the latter stands in

pretty accurate inverse proportion to the quantity of the exudation,

consequently is already less than in the stage of engorgement, for ex-

ample. The greater weight and compactness of the hepatized lung, the

complete exclusion of air depend upon this, that now also the last

remains of the infundibular and alveolar lumen is filled by a solid

mass. If we scrape the cut surface with the edge of the knife, and ob-

serve this in reflected light, we see the

small exudation plugs projecting above

the level in the forms of roundish tu-

berosities, and indeed may also feel them

by touching. We call this the pneu-

monic granulation. (Fig. 135.) In this

dense, actually liver-like parenchyma,

the inspiratory sound, as it arises from

the rushing of the air into the trachea

and the larger bronchi, without its tone

being essentially changed, is transmitted

to the ear of the physician, which is ap-

Fig. 135.

We

Plugs of exudation obtained by scraping
the granular cut surface ofa hepatized lung.
They are specially fitted for studying the
forms of the infundibular spaces of which v\\e& externally at the thorax.
they are casts. Compare # 411. 1-30. J- •>

hear the bronchial respiration at most

mixed with some large vesicular crackling sound, but no longer drowned

and changed by vesicular respiration or the fine crackling sound. The

percussion-sound has become perfectly dull ; we may determine the ex-

tent of the inflammatory depot within half a centimetre.

§ 467. Third stage, yellow hepatization. After the red hepatization,

as we saw, has been acomplished without any assistance of the proper

lung-tissue, the subsequent entrance of parenchymatous textural changes

forms the proper central point of the stage now following. That which

we in vain seek for in Fig. 134, namely, a luxuriant cell-formation in the
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province of the pre-existing connective tissue and epithelium of the

alveolar parenchyma, we find abundantly represented in Fig. 136. In

all the vascular interstices are found heaps of young cells; the whole

inner surface is covered with a compound layer of epithelial elements,

which are abundantly mixed with lymph-corpuscles. We have here,

in fact, the indication of a genuine catarrhal inflammation, and will have

to return to this point more specially. In the first place, now, the pa-

renchymatous infiltration causes a further increase of volume, a still

greater weight, elasticity, and density of the inflamed portion of lung
;

the pneumonic granulation is less decided than formerly, because of the

swelling of the septa. The most striking, however, is the change of

color, which passes over from dark reddish-brown into a reddish-yellow,

and finally, whitish-yellow. As the principal cause of this, the circum-

stance is undoubtedly to be regarded, that by the newly added infiltrate,

the bloodvessels are placed under an external pressure, which interferes

with the influx and the passage of blood. Furthermore, it is owing

to the locality of the infiltrate, close around and between the blood-ves-

sels, that the color of the blood yet present, makes itself less obvious;

finally, in the third place, we have to bring into account the already

commencing decoloration of the extravasated red blood-corpuscles, which

specially effects the paling of the infiltrate, and the prevalence of the

whitish purulent tint determined by the colorless blood-corpuscles.

Moreover, we would seriously err, did we assume that the yellow

hepatized lung already during life presented the same high grade of

anaemia which it presents after death ; for I have constantly suc-

ceeded in injecting completely, and without very considerable pres-

sure, the yellow hepatized lung, although, on taking it out, it contained

no longer any blood. This is as much as to say, the soft, elastic pres-

sure, under which the lung-capillaries are placed on the part of the

exudation, is indeed overcome by the force of the living heart, but if

the heart becomes feeble, and finally, ceases to beat entirely, this pres-

sure suffices to press the blood out of the capillaries, and in the general

equalization after death, to place it, perhaps, in the heart, or in the

large veins of the body.

§ 468. Fourth stage, purulent infiltration, resolution. As the stage

of yellow hepatization is introduced by a change of the parenchyma, so

the final stage of pneumonia is introduced by a metamorphosis of the

exudation ; namely, while the parenchyma for a time yet continues in

its purulent catarrhal cell-production, the connections in which the ex-

udation had hitherto stood with the surface of the alveoli, are every-

where broken up; the fine fibrinous filaments, which we can yet see pass

to and fro, in Fig. 134, melt down with the remaining fibrin to a soft,

amorphous gelatine, which incloses the colorless, and the remains of the

colored, blood-corpuscles, and unites them into a lump, lying loose in the

lumen of the alveolus. (Fig. 136.) That this jelly also takes up numer-
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~@2s

Croupous pneumonia in a later stage of develop-
ment. Melting down of the exudation. Catarrhal
desquamation of the alveolar walls. 1-300.

ous elements derived from the walls, is probable to me, because we

very commonly meet with large
; !

! amounts of black granular pig-

ment in it, which perfectly agrees

with the known lung-pigment.

This pigment (see Fig. 133) form-

erly rested in the interstices and

cells of the connective tissue of

the lungs, and can only have

reached the surface by the black

cells being floated out or migrat-

ing.

Touching the chemical part of

the metamorphosis of fibrin, I

have already, formerly (§ 39), ex-

pressed myself for a transform-

ation of the fibrin into mucus.

This was done in respect to the

changed behavior of the exuda-

tion towards acetic acid. Acetic

acid, which during the red hepa-

tization only serves to clear up

the exudation, and to dissolve the

fibrinous filaments, now effects a distinct precipitation of mucin. Still,

it is well to bear in mind herewith, that this mucin, which we find

in the later stages of inflammation of the lung, may also arise from

another source, that, for example, it may owe its origin to a mucoid

metamorphosis of cellular elements, while upon the other hand the

fibrin may have been converted into a soluble modification, which need

not necessarily be mucus.

Thus, therefore, the rigid masses, which fill up the alveolar paren-

chyma, are gradually dissolved into a slippery, slimy substance, which

becomes continually more thinly fluid in the course of time. If we

now scrape over the grayish-white still anaemic cut surface with the

scalpel, we no longer observe a trace of granulation, while an abun-

dant quantity of purulent fluid runs down the knife-blade. Pieces of

the organ cut off can scarcely be held in the hand because of their great

slipperiness.

The very last stage may be regarded as a preparation for the re-

moval of the pneumonic exudation; thus, the removal is accomplished

in only the smallest part, by the way of fatty degeneration, and the

resorption of the detritus ; the principal mass of the exudation is ex-

pectorated, is cast out per sputum. For this, however, the relations

are, in themselves, as unfavorable as possible. The infundibula only

communicate with the afferent bronchus by a comparatively small open-
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ing. Upon the fibrinous casts, Fig. 135, the pedicle, a, represents the

lymen of the opening through which the entire voluminous fruit, which

hangs from this stem, is to be evacuated. This can evidently only be

possible when it has completely lost its original rigidity, when it has

been converted into a semi-fluid condition. Then a vigorous effort at

expiration may suffice to pass the plug through the narrow opening,

and thus relieve the infundibulum of its abnormal contents. As a rule,

a complete liquefaction of the exudation into " purulent mucus " precedes

the evacuation, as we meet with the casts of the infundibula, but sparsely

upon the whole, in the sputum coctum of pneumonic patients.

§ 469. As the evacuation progresses, the anaemia ceases ; nay, the

blood is wont now to return with relatively greater force, so that, when

everything is again accessible to the air, rather a darker color of the

part that was diseased results. This is derived from a certain relax-

ation, especially of the contractile and elastic parts, in consequence of

the long-continued disturbance of nutrition in so high a degree. This

relaxation may be so considerable, already in the stage of resolution,

that the parenchyma, upon slight pressure under the pleura, breaks in.

The gap thus produced then rapidly fills with pus, and looks like a sub-

pleural abscess. The want of elasticity, moreover, remains behind

for a long time after the healing, and only gradually yields to better

relations for nutrition, a circumstance which the attending physician

should constantly bear in mind.

§ 470. In what has preceded we have pictured the typical course of

inflammation of the lung, as it attacks either, but one lobe, or, as is yet

more frequently the case, as it is wont to attack several lobes in suc-

cession, or even simultaneously. In passing, we merely indicated the

points at which the byways branched off from the main road, and we

will now return to follow up these byways. These are the varieties

and abnormal issues of lung inflammation.

§ 471. a. Issue into gangrene. There are principally two causes,

which predispose the transition of an inflammatory infiltrated section

of lung into gangrene. The one, we find, in the existence of some

bronchiectatic cavities with putrid secretion within the pneumonic lobe.

We may here in the most cases regard the ill-disposed bronchiectasy

itself as the cause of inflammation, and we may conceive, that also the

putrid character of the future metamorphoses of the infiltrate may be

directly transferred from the putrid contents of the bronchiectasy.

The relations are different in those cases of gangrene of the lung in

which the putrid element—so to say—develops autochthonously. The
question here generally, as my own investigations have taught me, is

about a peculiarly decided prominence of the hemorrhagic element in

the stage of exudation. At another place we will learn to know the

circumscribed gangrene of the lung as the typical issue of hemorrhagic

infarction of the lung. In the latter the air-spaces are actually filled
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with coagulated blood, the circulation entirely ceases, and, as it is known
that no body under favorable conditions putrefies so easily as coagulate^,

blood, we may comprehend how, in the hemorrhagic infarction of the

lung, the gangrene must occur of necessity. There are, however, pneu-

monic exudations, which are so rich in red blood-corpuscles and fibrin,

that the difference from hemorrhagic infarction is very slight, and an

unpracticed observer might actually fall into doubt. Then it must,

therefore, not surprise us if similar causes produce similar effects, and

gangrene also sets in here.

In reference to the appearances of gangrene the prominent partici-

pation of vegetable parasites in the processes of decomposition has

lately been announced. According to Leyden and Jaffe the yellowish-

white pulpy plugs, of the size of a millet-seed to a bean, with smooth

surface and a decidedly unpleasant odor, occurring in the sputum in

gangrene of the lung, consist, beside an amount of minute fat-globules,

fat-crystals, pigment-granules, and elastic fibres, of an immense amount

of small granules and short staff-like bodies, which, upon the addition of

some fluid, undergo a lively oscillatory movement. According to the

views of the authors mentioned we have to do here with the roving

spores of a fungus, and, indeed, with derivatives of the leptothrix buc-

calis originating in the mouth. They believe that the germs of this

fungus constantly pass in large amounts into the air-passages, and

reach the lungs, but only come to multiplication and higher develop-

ment when in a putrefactive depot, in a stagnant, putrefactive fluid

(bronchiectasy), they find a soil suited to this. According to the latest

investigations of Joh. Lliders we need not at all recur to the migration

from the air-passages; the germs are everywhere present in the form

of quiescent vibriones, and ready to proceed to further developments,

when the medium in which they exist begins to putrefy. For the blood

the presence of quiescent vibriones has been quite specially demon-

strated, and it has been shown that the quiescent vibriones change into

movable ones as soon as the blood dies.

In other respects the phenomena of gangrene are made up of the

processes in the putrefaction of the blood, the protoplasma cells, the

glue-yielding substances, and of the elastic tissue as we described it

in §§ 11 and 19. In the diffuse gangrene of the lung the parenchyma

to a greater extent has been converted into a grayish-green, exceed-

ingly discolored, and disagreeably smelling pulp, within which the more

resistant structures, especially the vascular walls with the elastic fibrous

bundles attached to them, are maintained, yet recognizable for a long

time while all remaining formed parts are destroyed. Here and there,

by the partial expectoration of the gangrenous ichor, cavities are formed

with torn shreddy walls. At the periphery of the gangrenous depot,

we find a more gradual transition into recently hepatized lung-tissue

;

pneumonic infiltrates of more recent date, and evidently first called
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forth by the existence of the depot of gangrene. Only in very limited

extension of the gangrenous changes, and especially when the gangrene

first set in at a later stage, when already a vigorous reaction of the

lung-tissue had begun, is the healing of conditions of this kind to be

thought of; the healing ensues with the ordinary means. We will

have to mention it on the occasion of circumscribed gangrene.

§ 472. b. Issue into phthisis. In considering the yellow hepatization

we pointed to the decided catarrhal condition upon which the alveolar

wall enters, since it answers the inflammatory irritant by a productive

behavior of its cellular elements. The epithelium behaves therein in

entirely the same manner as in catarrhal pneumonia. It yields larger,

roundish, or roundish-angular cells, richer in protoplasm, which are as-

sociated to the remaining contents of the alveoli. Meanwhile in gen-

eral this homologous epithelial formation is but just indicated, and sub-

sides upon the production of pus-corpuscles, combined with a strong

serous saturation of the whole. There are, however, cases where the

croupous exudation, to a certain extent, only figures as an introduction

to a genuine catarrhal pneumonia ; where the fibrinous exudation pres-

ent is thereafter inclosed in a dry secretion rich in cells of the alveolar

walls, and with it falls into the necrobiosis. In vain then does the phy-

sician await the resolution of the pneumonic depot, and must afterward

convince himself that he has been dealing with a cheesy pneumonia of

certainly acute origin. The future course, then, does not distinguish

itself from the ordinary appearances of phthisis broncho-pneumonica.

§ 473. e. Issue into the formation of abscess. This issue is also

brought about by the behavior, not of the exudation, but of the paren-

chyma. It is threatened when the cell-production in the alveolar walls

does not keep to the ordinary bounds ; when it becomes excessive, and

leads to the solution and liquefaction of the support and form-giving in-

terstitial connective tissue. There are, then, in the first place formed

small cavities filled with pus and the shreds of lung-structure. These

may flow together by the melting down of the parts lying between, and

thus give occasion to the formation of larger abscesses, and finally of

one quite large, perhaps of an abscess occupying a half or a whole lobe.

But the reactive inflammation at the periphery of the depot may also,

at any time, produce a vigorous germinal tissue membrane, one inhib-

iting further progress, which is consequently in relation with the ab-

scess as a granulation surface, continuing yet for a time in forming pus,

and finally contracting more and more, and thereby diminishing the

abscess-cavity itself.

6. Embolic Pneumonia.

§ 474. The kind of conditions which are produced at the lung-paren-

chyma by the intrusion of coarser particles into the lesser circulation,

depends, indeed, as experiment tells us, in every case upon the size of

these particles, and jet more upon their chemico-physical constitution

;
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in human pathology, however, the question is constantly, as far as is

now known, about but one condition. Somewhere in the body there is

established a process of inflammation and suppuration ; the wound of

an operation, the fracture of a bone, parturition, &c, have given occa-

sion to this. The veins which run within this depot are filled with

thrombi. The thrombosis reaches into the larger venous trunks of the

body ; here the coagulum breaks up and softens, the fragments arrive

into the pulmonary artery through the right heart, and wedge them-

selves into a branch corresponding to their size (see § 194 et seq., 196

et seq.). Now these emboli are of a strongly irritant constitution.

Less chemical substances, which may probably form in the decomposi-

tion at other times of albuminates, than certain ferments—probably the

vibriones constantly present in large amount—impress upon the whole

process the stamp of a septic inflammation. While, by the injection of

indifferent bodies, as for example, globules of wax, into the pulmonary

artery, we always only attain a kind of indurating inflammation ; in

the case under consideration, suppuration is an unavoidable, necrosis a

common, phenomenon. Because of this regular "issue into suppura-

tion" upon the one side, because of the secondary production upon the

other, the term embolic pneumonia as " metastatic abscess " has then

also come into use.

§ 475. If we have the opportunity, which is not infrequently the

case, of studying also the first beginnings of this inflammation, beside

the more advanced stages, the deep red coloring, the swelling and the

induration of a sharply circumscribed,

wedge-formed section of the lung-paren-

chyma, especially strike us. The oc-

clusion of the afferent artery (Fig. Ib7,

A) has produced a hyperemia, in the

first place static, of the region of its dis-

tribution, so enormous that the tensely

filled capillaries are here and there

torn, and beside the other transudation,

a great quantity of red blood-corpuscles

has passed out into the alveolar lumina.

This transudation of blood—as I should

like to call the process so as to distin-

guish it from inflammatory exudation

upon the one hand, and from extrava-

sation upon the other—is only the pre-

lude to the actual inflammation, and as

the next consequence of the vascular

occlusion together with this forms the

irritation, towards which the inflamma-

Fig. 137.

VA
Diagrammatic representation of embolic

hyperemia of the lung. A. Small artery
occluded at E by an embolus. V. Small
vein filled even into its trunk by a blood
coagulum The shaded part of the capillary
ni-t is the static hypersemie territory of dis-

tribution of the artery, which thereafter
becomes the seat Of a hemorrhagic exuda-
tion. The arrows indicate the collateral

routes from which the abnormal congestion
is produced. C. 0. Weber has given a simi-
lat diagram. tion behaves as a reaction of the organ-
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ism, or at least as something supervening, something secondary. The

.

more blood actually reaches the surface in this first irritation, the more

an actual stasis develops from the slower current in the capillaries, so

much the more decided will be the gangrenous impulse in the sub-

sequent process ; for stasis is death, and, as already mentioned, the

stagnating blood, when it is in a moist space, and not excluded from

the atmospheric air, is extraordinarily disposed to putrefactive decom-

positions. For inflammation and new formation, however, there is

required the continued renewal of the blood, just as much as in normal

nutrition ; inflammation and new formation will, therefore, under the

circumstances, not at all set in, in certain more central regions of the

depot in general, by which then, the always to be marked multiplicity

of the anatomical picture in the later stages is explained.

§ 476. The inflammation, in itself, presents us the typical picture of

a purulent infiltration, with subsequent formation of abscess. The
place at which the pus-cells form, is undoubtedly to be sought in the

connective tissue of the alveolar and infundibular septa. From here

the pus-corpuscles penetrate, migrating to the free surface, and from

that side fill up the spaces intended for the air more and more. If this

is accomplished, a tolerably rigid hepatization presents itself, upon

whose cut surface the unaided eye perceives, upon a whitish-gray ground,

very elegant red lines and circles. The gray ground is the purulent

infiltrate, the red lines are the alveolar septa, whose bloodvessels are

yet pervious to this point, and are filled with blood. In the expressed

exudation, the microscope shows, beside the ordinary pus-corpuscles,

here mostly englobed and adhering, numerous larger cells, which I

imagine in a more intimate relation to the alveolar epithelia, in the first

place, because they are very similar to the cells of catarrhal pneu-

monia, and again, because they not at all infrequently exhibit endoge-

nous cell-formation.

The formation of abscess follows in the footstep of the infiltration.

By the complete dissolution of the hitherto sustaining and supporting

parenchyma, the entire rigid hepatization melts down into a yellow,

creamy pus, in which but few fragments of the alveolar framework,

especially elastic fibres and arterial walls, float. The affected part of

the parenchyma is thereby actually cast out, destroyed; an abscess

cavity has taken its place.

§ 477. Let us now consider the conditions of various kinds which

are produced, upon the one hand from the combination of hemorrhagic

hyperemia, and of purulent inflammation upon the other. Here we
have, 1, the case, where, by a larger embolus, a larger arterial branch,

perhaps supplying the fifth part of a lobe, is occluded. The collateral

congestion of the region thus supplied is a very complete one, but the

danger of stagnation is also very imminent, hence a condition is devel-

28
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oped, which comes as near as possible to the hemorrhagic infarction.

The inflammation remains limited to the bounds of the depot ; here we

find a zone of a line in breadth, either purulently infiltrated or already

liquefied ; we get the impression of a circumscribed necrosis and a se-

questering suppuration accomplishing the casting out of the necrotic

parts. The diametric contrast to this is, 2, the case, where a very

friable embolus is shattered into numerous fragments at the various

points of division which it has to pass, each of which fragments occludes

only a relatively small vessel. We then find in the affected lobe of

lung a large number of depots of the size of a hemp-seed up to a cherry,

hepatized through and through, or undergoing a purulent fusion. The

stagnation of blood here did not proceed to stasis, but only so far as

perhaps an inflammatory hyperemia would also have gone, so that the

whole process could present itself as a circumscribed purulent inflam-

mation without actual necrosis. Between these two extremes, how-

ever, there yet lie very manifold combinations; thus, for example, we

not infrequently find small thoroughly hemorrhagic depots, which are

surrounded by narrow inflammatory areas ; at another time the exten-

sion of the inflammation stands in no relation whatever to the diminu-

tiveness of the occluded vessel, the hepatization—it is true, then, not

always a purulent, but just as often a croupous infiltration—extends

over a half or a whole lobe, &c.

'

§ 478. The superficial, subpleural position of most metastatic ab-

scesses is characteristic, and as yet not well explained. We rarely

find them in the middle of the organ towards the root of the lung.

Hence, also, the never-failing participation of the pleura in the inflam-

matory process. An originally adhesive inflammation, with abundant

serous transudation, which very soon passes over into the purulent form

(§ 276), is the condition ordinarily found. The infection ensues by means

of the diffusion of putrid fluid from the abscess or gangrenous depot

into the pleural cavity. The continuity of the pleura commonly remains

undisturbed herewith, nay, the striking appearance is not infrequently

seen, that just the spot of the pleura under which the abscess lies,

shows no ostensible change, while all around, everything is covered by

a yellowish-white, tough layer of exudation. We may indeed assume

that here it could not come to an exudation, because the pleural vessels

had from the beginning become impervious through the pressure of the

lobular infiltrate; afterward, however, the entrance of gangrene ex-

cluded the possibility of inflammation. At times a perforation of the

pleura ensues either above the centre of the depot or at the edge; the

macerated, softened, and half-liquefied connective tissue fibres separate

and allow the pus, the ichor and air access to the pleural cavity. It

is manifest that the danger of the condition is immeasurably increased

by this catastrophe. If to this time the pleuritis may have run its

course in moderate intensity, after the perforation it will immediately
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assume the most malignant character, so that in fact all hope of the1

possibility of healing is to be given up.

7. Diseases of the Lung in consequence of Anomalies of the
Heart.

§ 479. In the close relation in which the heart and lung:, heart-fane-

tion and lung-function stand to each other, we cannot be surprised

when, in diseases of the heart, the lungs among all the organs of the

body are the soonest drawn into sympathy. They are especially the

obstacles of circulation in the left heart (insufficiency and stenosis of

the mitral valve and of the aortic valves), which almost without excep-

tion have, as a consequence, an " exaltation of the blood-pressure in

the lesser circulation "
(§ 255), and in connection with this a series of

anomalies of the respiratory apparatus.

§ 480. 1. Bronchial catarrh. The larger bronchi have, indeed, their

peculiar vessels derived from the greater circulation (the bronchial

arteries and veins), which in themselves would be indifferent to an

exaltation of blood-pressure in the lesser circulation; according to the

investigations of Rossignol, however, there occur tolerably wide anas-

tomoses between these and the proper pulmonary vessels, and thus is

explained, why in most individuals who suffer from insufficiency and

stenosis of the mitral valve, in a persistent static hyperemia of the

bronchial mucous membrane, a strong disposition to catarrhal inflam-

mation is given ; why exceedingly obstinate and easily relapsing bron-

chial catarrhs belong to the ordinary symptoms of that affection.

§ 481. 2. The brown induration of the lung. This was formerly

generally conceived as a peculiar form of chronic inflammation. Hoki-

tansky thinks he recognizes in it a hypertrophy of the connective tissue

of the lung, combined with a diffuse, brownish pigmentation, giving the

lung an icterous tint. And in fact such an interpretation must not

surprise us ; for, the lungs, upon taking them out of the thoracic

cavity, appear very heavy, turgid, elastic, and compact, but not infil-

trated, not even oedematous, but everywhere moderately air-containing

;

therewith speckled brownish-yellow, and what is the most important,

in the microscopic examination of a recent segment, a quite decided

thickening of the alveolar and infundibular septa prevails, which we
without doubt must regard as the proximate cause of the whole anomaly.

The interpretation of this thickening as inflammatory induration was
premature. Although a certain increase of the interstitial connective

tissue cannot and shall not be denied, yet we must not lay the main
stress upon this, but upon the condition of the capillaries. These are

elongated and dilated in a high degree. If we inject a brown indurated

lung with a transparent glue (Buhl), or if we place pieces of lung,

naturally well injected, previously tied and cut off. into hydrochloric
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acid, and then in alcohol (Oolberg), in the one as in the other case,

upon moderately thin sections, we can prove the interesting fact, that

the known capillary tendrils, which run over the septa of the alveoli,

arch forward far more into the lumen of the alveoli than under normal

circumstances, are therewith considerably dilated, and often appear

actually varicose at the points of bending. (Fig. 138.) The dilatation

amounts to from 0.01-0.02 mm. of average diameter, while the varia-

tions of diameters in normal capillaries are constantly found to be be-

tween 0.003-0.007 mm. Through the greater prominence on all sides of

Fig. 138.

Brown induration. An alveolus of the lung with ectatic capillary vessels and deposition of pigment,
partly in the connective tissue of the septa, partly in the catarrhal cells which are in the lumen. 1-400.

the capillary loops, the lumen of the alveolus is naturally diminished es-

sentially ; hence the scanty amount of air in these lungs. For explaining

the older view, however, it must be observed that, when the blood is emp-

tied out of the capillary loops, as is always the case in recently taken

sections, we can no longer distinguish the capillary vessel as such, from

the remaining constituents of the walls, and the whole imposes on us as

a simple thickening of the alveolar septa. Even the larger interlobular

vessels, especially the branches of the pulmonary artery, are consider-

ably dilated; yet just here beside the vascular ectasy, a not inconsider-

able hyperplasia of the interlobular connective tissue also obtains, a

phenomenon which we also find in the liver and the kidneys of persons

with diseased heart, as well as wherever long-continued passive hyper-

emias have prevailed.

In consequence of continued hyperemia of the lung-parenchyma,

it here and there comes to minute lacerations of the capillary and trans-

ition vessels. The extravasated blood, accordingly as it becomes free

upon the surface of the alveoli or remains in the parenchyma, will have

a different fate. In the former case it is cast out with the sputum, and
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imparts to this a light yellow color ; in the latter case, it gives the imr

pulse to the oft-mentioned yellowish-brown pigmentation of the lung,

which beside the intrinsic increase of volume, forms the most prominent

macroscopic characteristic. If we examine more accurately, beside the

diffuse imbibition, as well under the pleura as especially upon the cut

surface, we observe brown and yellow points beside recent red depots

of extravasation. The brown and yellow points are derived from de-

posits of granular pigment, which evidently have remained behind at

such places where extravasations had previously taken place. The

pigment in part is free, in part inclosed in cells, like as in the coal- and

iron-lung. (Fig. 138.) It deserves to be mentioned herewith, that the

pigment-granules are also especially found in such cells which lie free

in the lumen of the alveoli, and have by authors been declared as cast-

off epithelial cells. That this "pigment of the epithelial cells" should

first have arisen in the alveoli is very improbable, because the formation

of solid pigment-bodies out of dissolved coloring matter of the blood,

requires at least several weeks, consequently a much longer time than

those so-called epithelial cells are in general maintained in the alveoli.

The pigment-granules, therefore, can only have migrated out of the

connective tissue parenchyma, and as they would scarcely enter of their

own accord the direction towards the free surface, we come to the idea

quite naturally, that they were carried along by the cells in which they

are inclosed, consequently, that these cells themselves are migratory

cells which have passed to the surface, and not actual epithelial cells.

Their diminutiveness also speaks for this, in opposition to those ele-

ments which fill the alveoli in catarrhal pneumonia. The real epithelia

of the alveoli, as far as my observations reach, are quite unchanged;

we must be especially very reserved with the assumption of a desquam-

ative alveolar catarrh, as the lung epithelia of adults are to reckoned

with the less irritable elements of the body.

§ 482. 3. The hemorrhagic infarction and the circumscribed gan-

grene of the lung. By this we understand the complete filling up of

the air-spaces of a circumscribed part of the lung with extravasated

blood. If we remember what was imparted above on the occasion of

the hemorrhagic and gangrenous pneumonia, as well as on the occasion

of the embolic lung processes, we will of our own accord perceive the

great anatomical similarity, which the hemorrhagic infarction must have,

and in fact also has, especially with the first stage of embolic pneumo-

nia. We can actually say, the hemorrhagic infarction may be an em-

bolic process, for we cannot avoid diagnosticating the anatomical con-

dition of the infarction, when in consequence of an embolism of larger

branches of the pulmonary artery we find the hemorrhagic transuda-

tion (see § 474) advanced to actual hemorrhage. Cases of this kind

also occur in individuals with diseased hearts ; namely, when, in conse-

quence of stagnation in the trabecular work of the right auricle or ven-
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tricle, coagula have formed in the shape of the so-called heart polyps

(§ 258), which, being loosened, serve as emboli. Meanwhile, these

embolic infarctions may be distinguished from those produced by the

laceration of a larger vessel, by the transition in them from the in-

farcted parenchyma to the normal surroundings being a very gradual

one, and carried through all the phases of hemorrhagic-hypersemic and

simple-hypereemic infarctions, while in the non-embolic infarction, the

injured part elevates itself immediately from the surrounding healthy

tissue as a firm, everywhere uniformly dense, dark blood-red wedge.

This kind of " blood wedges," as was said, does not arise by embolism,

but by the rupture of a larger vessel, and is found, par excellence,

in individuals with diseased hearts. The increase of the pressure in

the lesser circulation must be regarded as the predisposing cause in

their production. In this connection the infarction presents itself as a

quantitative excess of those capillary hemorrhages which we have

learned to know in the brown induration. As more proximate causes,

especially determining the locality of the vascular laceration, we may
most probably regard, in all cases, the "fatty usure of the medium

and smaller branches of the pulmonary artery." In order to prove this,

a very subtle examination of the ramifications of the pulmonary artery

is certainly indispensable, as in the main trunks we meet with no pos-

sible trace of a process so threatening to the stability of the smaller

vessels (compare § 220). Finally, as an occasional cause, probably in

all cases a temporary fluxion of the lung is to be supposed, in conse-

quence of which the diminished resistance of the vessels comes into col-

lision with the increased demand made upon them.

§ 483. If the laceration has been accomplished, the blood, with all the

force of the abnornal blood-pressure prevailing in the lesser circulation,

forces a way into the nearest bronchus. Here upon the one hand it is

respired, and thus fills the lobule of the lung concerned, completely up

to its terminal vesicles ; upon the other hand it flows forwards into the

widening bronchus, and since in this route it passes by where new bron-

chial lumina are continually given off, it is also drawn into these during

respiration. At length coagulation setting in, makes an end to this

dangerous play. According to the size of the bursted vessel, up to this

point,—up to the occurrence of coagulation,—more or less blood will

have time to leave the vessel, therefore, also a larger or smaller wedge-

shaped section of the lung-parenchyma will be infarcted. We may

also imagine the cessation of the hemorrhage conditioned by this, that

the blood poured out, by tightly filling and distending the elastic paren-

chyma, itself produces the counter-pressure which closes the opening

and prevents further extravasation. This tense repletion is certainly

characteristic, and we must make it quite specially answerable for the

further course of the lung-infarction, since it not only has the most

beneficial effect in compressing the bleeding vessel, but also the most
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injurious, by generally compressing every vessel within the infarction,

thereby directly putting a stop to the circulation and producing the

death, the gangrene of the part.

§ 484. Over against the diffuse gangrene, considered above in § 471,

we therefore at this place bring forward a circumscribed gangrene of the

lung as a regular issue of hemorrhagic infarction. The firm, dark

blood-red mass, elevated bed-like above the level of the surface, or,

the cut surface, necroses all at once in all its parts. The red color

gives place to one dirty green, the coagulated blood putrefies and be-

comes fluid ; with it are dissolved also the soft constituents of the

parenchyma ; only the elastic fibres and the thicker, more compact

accumulations of connective tissue around the vessels and the bronchi

resist solution and form a shreddy tinder, which, being attached at the

points of entrance of the vessels and bronchi, float in the gangrenous

ichor. The masses are of an exceedingly repulsive odor, which makes

itself perceptible to the patient at the moment when the occluding

blood-clot of the bronchus leading to the gangrenous depot is also soft-

ened, and its contents begin to be expectorated. In the sputum we
find elastic fibres in further confirmation of the diagnosis.

Touching the further development of the condition, this is essentially

dependent upon the behavior of the neighborhood of the gangrenous

depot. It is manifest that in the latter an exceedingly intense inflam-

matory irritant is given. Hence, a croupous inflammation of the lobules

of the lung, bounding the gangrenous depot, forms a very common and

mostly also a fatal complication of circumscribed gangrene ; likewise

gangrenous depots, which lie close tothe pleural surface, without ex-

ception, call forth pleurisies with disintegrating ichorous purulent exu-

dations. Beside these larger extensions of the disease we however

have also to report of a more limited inflammatory process, which is

consummated in the immediate neighborhood of the gangrenous depot,

and which, when it is developed at the proper time, has as results a

salutary influence, and the not at all infrequent healing of the gan-

grenous depot ; I mean the bounding inflammation and suppuration

which takes place everywhere at the borders of the gangrenous depot,

and shuts this off from the healthy surroundings. Thanks to the pe-

culiar manner of production of the infarction, more minutely described

above, this most strictly remains within the bounds of the lobules.

Hence, whatever form and size it may have, it will still be surrounded

at its periphery, in the first place, by a layer of interstitial connective

tissue, and this, as is known, is far better suited than the lung-paren-

chyma itself for suppurating in a short time, so that no connection

any longer, exists between the infarction upon the one hand and the

healthy parenchyma upon the other. The complete healing is accom-

plished after the melting down and evacuation of the infarction, by the
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formation of a granulation-membrane and the cicatricial diminution of

the cavity.

8. Tumors of the Lung.

§ 485. The lung is extraordinarily little disposed to primary forma-

tion of tumor. Here and there we are surprised in making examina-

tions by finding a small enchondroma of "hyaline-cartilaginous" con-

stitution and gland-like tuberous contours, at most of the size of a

walnut, and generally situated subpleural. In such cases, however, we

should be well on our guard, whether there is not present, perhaps, a

primary enchondroma at another place, or that one had been extirpated,

for the lung is a preferred organ for the rare metastases of enchon-

dromas.

The same obtains of carcinoma of the lung. Primary carcinomas

occur very rarely, and only in the form of a circumscribed medullary

infiltration, while secondary nodes are found somewhat more frequently.

The epithelial carcinoma only occurs secondarily, and constantly forms

a small nodule of the size of a millet-seed to a pea.

§ 486. Now touching the histological part of the formation of tumor,

herein the stroma of the lung exclusively comes into consideration.

Nevertheless although in the first microscopic investigations it have the

appearance as though we were dealing, beside the swelling of the alveo-

lar septa everywhere, also with a filling up of the alveolar lumina,

yet we must not overlook the fact that the latter is necessarily condi-

tioned by the former. Like the miliary tubercle, which we upon suffi-

cient grounds have previously taken up, § 446, all tumors, at a certain

phase of their production, protrude into the alveolar lumina ; they also

fill these, but are on that account yet by no means to be compared to

an inflammatory exudation, as indeed occurs in the former conceptions

of Rokitansky. 0. Weber has the merit of having lately called attention

to this histologically most important point. Unfortunately, however,

I can only recognize the representation given by him of the production

of epithelial cancer in its general significance for new formations in

general, as the principal case made use of by him, the entire prepara-

tions of which yet exist in Bonn, was indeed originally an epithelial

carcinoma of the tongue, but in its relapses a simple carcinoma. The

description, also, of epithelial cancer of the lung, given by Virchow and

Dupuy, suits at least in a histological relation to ordinary cancer. Now
either there actually prevails here a certain monotony of histological

processes, or the variety has not yet been sufficiently exhibited. I, for

my own part, for the carcinomatous degeneration, only know the one

picture, delineated by the authors mentioned ; the alveolar, meshwork

of the lung produces numerous nests and rows of cancer-cells, which fill

up the lumen laterally. (Fig. 139.) Furthermore, I would like to call

attention to the great frequency of a complicating inflammation of the
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immediately contiguous parenchyma, an inflammation which has points

of comparison with the catarrhal inflammation and leads to filling the

alveoli with a dry infiltrate, rich in cells. There is the utmost difficulty

in separating from each other, in individual cases, these two processes,

Fig. 139.

Cancer of the lung. Filling up of the alveoli. Degeneration of the septa. 1-300.

And yet often only hy such a division can we attain to a correct judg-

ment of the actual size of the cancer nodes. As we see, the histology

of cancer of the lung is yet in its first beginnings, for which the relative

rarity of suitable material for investigation must bear the principal

blame.



VII. ANOMALIES OF THE LIVER.

§ 487. If at one glance we overlook the various morbid forms of the

liver, the observation involuntarily impresses itself that the most of

them have a determined structural constituent of the organ, either the

liver-cells, the interacinous connective tissue, or the vessels, as the point

of departure. Hence, it is very convenient to classify the diseases of

the liver according to these, their histological starting-points ; this should

quite specially recommend itself for a text-book of pathological his-

tology. And, nevertheless, I prefer just in the liver, instead of any
classification, to allow a loose arrangement side by side, because I

regard every anatomical subdivision of diseases, although it appear

ever so inviting, as a mistake which gives occasion to errors in the

clinical sphere. In the liver, under the rubric diseases of the liver-

cells, would appear side by side, the fatty liver, the amyloid liver, and the

liver with inflamed parenchyma, conditions, which in fact, have nothing

at all in common with each other. On the other hand, the parenchym-

atous inflammation would be separated from the other forms of in-

flammation which proceed from the connective tissue, consequently

that would be torn apart, which, according to nature, belongs together.

Hence, of that subdivision I will only borrow so much, that I will begin

with several disturbances proceeding from the liver-cells, because they

at the same time are the more simple and more appreciable; afterward,

however, I will let the pictures of the diseases follow more according

to the clinical relevancy.

1. Fatty Infiltration of the Liver-Cells. Fatty Liver.

I. We have discussed in the General Part (see § 61 et seq.) the

points of view, under which, besides other fatty infiltrations, the fatty

infiltration of the liver-cells is to be considered. We find this just as

well in excessive absorption of fat into the blood, as in incomplete com-

bustion of fat, most frequently, where both causes come together, in

well-nourished individuals, who take little exercise, in nurslings shortly

after taking nutriment, in persons with diseased lungs, especially with

tuberculosis, in persons with diseased hearts, beside the peculiar struc-

tural changes which are produced by the venous stagnation in drunk-
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ards, beside the development of interstitial connective tissue (cirrhosis).

The liver serves in all these cases as the storehouse for a portion of the

serum-fat absorbed in the intestinal canal, but not yet oxidized, because

of the surplus of this article. That the fat from the blood reaches the

liver-cells is expressed with surprising probability in the fact, that the

fatty infiltration constantly takes its beginning in the region of dis-

tribution of the principal afferent vessel, the portal vein.* In slighter

* In the course of the representation we will several times have to return to these

territories of distribution of the various afferent and efferent vessels, and henee, I

will make use of the first opportunity presenting itself, to impart some words of

guidance on this important point.

According to my judgment the structure of the liver may best be clearly and com-

prehensively demonstrated, if we start from the hepatic vein. Since the minutest

ramifications of the hepatic vein, the venulas intralobulares, occupy exactly the

centre, the axis of the structural unities of the organ, the liver acini, they to a certain

extent take the place, which in other glands, appertains to the excretory duct. The

hepatic vein with its smaller and most minute branches forms the central framework,

to which all the other structural constituents are related as an outer investment.

The complete and uniform filling-out, or rather the permeation of the space between

the larger branches, is accomplished by an arrangement, unique of its kind, that these

larger branches, beside the gradual tapering which we perceive in the brandies of

every tree, experience also a sudden diminution in calibre. If we observe the inner

surface of an excised hepatic vein, we can everywhere discover numberless small

openings, which either belong to actual small central veins, or still venous branches,

whose lumen stands in no proportion whatever to the lumen of the main vein.

The venula centralis, as before said, lies in the axis of the elongated ovoid liver

acinus; from all sides the capillary vessels open radiating into its lumen, generally

like as we observe in the bristles of certain round brushes, which are used for cleans-

ing bottles. The capillary net in this direction forms parallelogramic meshes, in

which the liver-cells are imbedded. The sum of these, as the filling-out mass of a

network, presents also on its part a network, the so-called liver-cell net, concerning

whose intrinsic organization the latest time only has diffused a happy light. (Lud-

wig, Hering.) We now know, that this wonderful moulding of the secerning pa-

renchyma into the gaps of a vascular net, that abandonment of an independent

structural unity, as we have it in the terminal vesicles of an acinous gland, or in the

terminal sac of a tubular gland, still presents hut an apparent deviation from the

universal law. Although, a single liver-cell is touched on two sides by capillary

vessels, it yet has—considered as dice—four surfaces for contact with its neighbors,

and at these surfaces of contact the minutest biliary ducts are disposed of as exceed-

ingly minute, but still injectible round intercellular ducts, in such manner, that they

present a most minute network, which everywhere avoids the vascular network, and

everywhere remains separated from it by the entire thickness of a cell. Upon sec-

tions we commonly see a double row of cells between two adjacent capillaries, in

whose centre a bile-duct can be followed up for some distance. The trabecule of the

liver-cell net

—

considered in this manner—appear directly as the tubuli of another

gland, in which a central canal, serving for conducting the secretion, is separated on

all sides by a cellular layer from the membrana propria and the bloodvessels. The
junction of the bile-capillaries into larger biliary ducts ensues at the periphery of

- the acini, where we will find the latter united with the branches of the vena portas

and hepatic artery.

Since we now return to the hepatic vein, whose finest branches are invested all

around by the proper liver-parenchyma just delineated, we must state, that by its

eight to ten main branches the liver is subdivided into as many lobes, which of course

are not prominent upon a quite normal human liver, but indeed, in certain morbid
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degrees of fatty liver, hence we only see the outermost edge portions of

the acini infiltrated and get the impression, as though the acinous sub-

division was rendered somewhat more distinct by yellowish lines, which

correspond to the fatty infiltration. The histological detail is typical

in its course. In this connection I may content myself by pointing to

the discussions and illustrations at § 61 of the General Part. The illus-

tration here adjoining, represents to us a somewhat higher grade of the

fatty infiltration (Fig. 140), as we not infrequently meet with it in

tuberculous individuals and those with heart disease. The portal zone

of the acini is completely impregnated, in the intermediate region the

first beginnings are observable, while the centre has yet remained free.

The unaided eye now takes notice of that peculiar marking of the cut

surface, which has been compared to the cut surface of a nutmeg.

There, the cross-sections of the elegantly folded, light-yellowish coty-

ledons contrast with the dark surroundings ; here, they are the yellowish-

white portal zones of the acini, which are in contrast with the darker

central zone. We find the comparison particularly apt, when we turn

our attention not to the single acinus, but to the ramification of a

smaller portal canal, which, because its branches are on all sides framed

in by the fatty zone, appears not unlike a leaf-formed figure, perhaps,

an oak leaf, if you will, a folded cotyledon of the nutmeg. The term

nutmeg-liver, moreover, denotes only a light periphery, beside a rela-

changes, and especially beautifully in the congenital lobulation of the organ. The

interspaces between the lobes are filled by the so-called portal canals. The trunk of

this second tree entering into the structure of the organ lies, as is known, at the under

surface (porta) and is formed by the united trunks of the hepatic artery, vena porta?

and hepatic duct. An abundant amount of loose connective tissue, which is in unin-

terrupted connection with the subserous connective tissue of the peritoneum (capsule

of Glisson), forms the common bed for all three, and this relation is maintained in

all the further ramifications. If we observe a microscopic section, we can never be

in doubt long, whether a vascular branch, which we hit upon, is a venula centralis,

or an afferent vessel. The venulae. centrales are constantly isolated and separated

from the adjacent vessels by a broad bridge of liver-substance. The arteriole hepat-

ica3 and venula? interlobulares are either joined into parties of three, as in the porta

of the liver, with a correspondingly small biliary duct, and we then have yet a portal

canal of a higher order, or we find them distributed in the interspaces at the periphery

of the acini, but we can prove their belonging together by the last remains of the

common connective tissue capsule, which thread- or membrane-like passes from one

vessel to another ; namely, the portal vessels separate from each other, first at the

periphery of the acini, in such manner, indeed, that the branches of the vense porta?

run where three or more acini meet, and from this point send out their final branches

between each two of them. (Fig. 140, p.) The arteries penetrate halfway into the

interior of the acini, and here first break up into the capillary net.' Consequently,

we may divide the acinus into three concentric zones ;
the nearest surroundings of

the hepatic vein forms the centre, the distribution of the portal vein the periphery,

and the distribution of the hepatic artery an intermediate zone of the acinus. The

question herewith, is naturally not about limited territories of a current ; on the con-

trary, the community of the capillary net makes a stricter division directly impos-

sible
;
yet for judging a series of disturbances, it is of importance to know the inti-

mate relation of these three zones to tho vascular connections.



FATTY INFILTRATION OF THE LIVER, -CELLS. 445

tively dark centre of the acini, wherein it yet remains doubtful whether
the periphery is abnormally light, or the centre abnormally dark. A
nutmeg-liver of the latter kind is especially observed in persons with

Fig. 140.

Fatty liver of moderate degree, semi-diagrammatic. V. Lumina of the central veins, .p. Interlobular
branches of the vena portae. A. Arterial branches. G. Biliary ducts.

heart disease, where an ectasy of the venulse centrales, to be described

farther below, gives occasion beside the formation of pigment to a

deepening of the central tint. If the fatty liver exists at the same time,

the contrast will naturally come out so much the more glaring.

§ 489. If the fatty infiltration advance yet further, so that finally all

the liver-cells without exception contain fat-globules, the bounds of the

acini are effaced, and one can easily mistake between the border and the

centre. The color of the organ is then a quite uniform yellowish-white

or brownish-yellow, the consistence is soft, doughy, the finger leaves a

lasting impression behind, the circumference and the absolute weight

have risen to double the normal, while the specific gravity has decreased

;

all sharper outlines are effaced, the anterior border especially is rounded
off and has come down into the umbilical region. (Fig. 150, vi.) All these

characteristics of the fatty liver are readily explained by the quality

and the quantity of the infiltrate, likewise the excessive anaemia, which we
never fail to find. Still, in the latter connection, we must not believe

that the ansemia, which we find post mortem, was already in as high a

degree during life. The question here is about a pressure and a coun-

terpressure. Without doubt an abnormal pressure, which for the ves-

sels of the liver has the value of an external pressure, grows out of the

tense filling up of the liver-cells. This pressure is, however, elastic, and
is overcome up to a certain point by the counterpressure of the blood,

of which we may convince ourselves by an injection of the portal vein,

which constantly succeeds without any special exertion of force. Only
when the propelling force of the blood ceases entirely, this elastic pres-
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sure of the fat-cells comes fully into play, and presses the blood yet

present out of the parenchyma back into the vascular trunks.

2. Amyloid Infiltration of the Liver-Cells. Lardaceous Liver.

§ 489. The amyloid infiltration of the liver-cells, in very many
points, presents the greatest analogy to the fatty infiltration. If we

cared on\j about an approximate representation of the histological pro-

cesses, we could, almost Avithout more ado, substitute the lardaceous for

the fatty. It is true in thus proceeding we must look away from the

close relationship in which the genuine fat bacon stands to fat. The

substance taken up into the liver-cells is an albuminate, which reminds

of the non-nitrogenous, organic substances, especially starch, only by

its peculiar behavior towards iodine, by the mahogany red color which

it takes on when treated with this reagent. This resemblance mean-

while has been more than sufficiently taken into account, when we re-

tain the name amyloid. In other respects I point to the General Part,

§ 46, where, beside the question as to the origin and the chemical po-

sition of the amyloid substance, the histological detail also of the liver-

cell infiltration was discussed. We there saw how the individual ele-

ment became larger by the intussusception of the amyloid substance,

how it loses its sharp contours, how its contents become uniform, homo-

geneously dull, the nucleus vanishes, and how, finally, a vitreous clod

or lump proceeds from it.

§ 490. If we now follow the course of the changes at the acinus

we cannot fail to find the first deposit of the amyloid substance in the

territory which I designated above (see note) as the region of the out-

let of the hepatic artery. In the annexed illustration (Fig. 141), which

presents a moderate degree of liver-amyloid, one clearly sees how the

vitreous intumescence of the liver-cell net has for the present left the

periphery of the acinus entirely free, begins perhaps half-way from the

periphery towards the centre, and from here reaches to various distances

into the region of the venula centralis. In this fact is expressed a cer-

tain analogy with the amyloid degeneration of other organs, where the

infiltration begins at the small arteries themselves, and is continued

from here to the capillaries. The small arteries are wont also to be

coafFected in the amyloid degeneration of the liver, but instead of ad-

vancing to the capillary walls it advances to the liver-cells, which near-

est surround the arterial capillaries.

In the further course of the disease, in the next place, the region of the

hepatic veins is completely filled, then the infiltration is first continued

to the cells of the region of the portal vein. If this is also complete,

each single hepatic cell, consequently also the entire organ, contains

from one to two times more solid albuminous substances than normal

;

each single liver-cell, consequently also the whole organ, is one to two
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times larger and heavier than normal ; each single liver-cell, conse-

quently also the whole organ, is of a pale gray color, translucent, of

% wax-like consistence. The sharper edges, which the normal liver has,

Amyloid liver. A. Interlobular artery with amyloid walls. G,G. Biliary ducts, p, p. Portal vessels.

V, V. Interlobular veins. The liver-cells in the central zones of the acini are infiltrated with amyloid
substance. 1-300.

have here also, as in the fatty liver, given place to more rounded, swollen

contours ; the delineation in the diagram (Fig. 150, vii) gives an idea of

the colossal enlargement.

The small amount of blood contained in the organ also deserves men-

tion here. This naturally depends in exact proportion upon the in-

creased demand of space which is put forth on the part of the liver-

cells. Hence the greater the infiltration becomes, so much less blood

moves in a given time through the organ, so much the more also from

this side—and quite apart from the direct injury of the liver-cells—will

also the function of the liver suffer. There is only a very scanty and

thinly fluid bile secreted, which, it is true, may suffice in the otherwise

very enfeebled nutrition of the individual. Moreover, the pervious-

ness of the capillaries is maintained to the last. Lardaceous livers of

every degree can be completely injected, and we even have the oppor-

tunity of establishing the seat of the affection in the liver-cells.

§ 491. Beside the diffuse lardaceous infiltration of the liver there is

also yet a deposition into depots, which as yet I have met with but

once, and, indeed, in a case of red atrophy (see below). In a liver

otherwise presenting the amyloid infiltration only by traces, but actually

divided into lobes by the atrophy by congestion mentioned, there were

found, at several places in the lobes, solid knots of the size of a walnut,

each containing a soft spot at its centre. More exact investigation

showed amyloid infiltration of high degree with central suppuration.

The suppuration was evidently secondary, for in the scanty pus coming
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from the connective tissue of the portal canals were floating the isolated

acini, lardaceously infiltrated, and, because of the great chemical indif-

ference of the infiltrate, but little changed.

Combinations of amyloid- and fatty-infiltration are not rare ; mostly

however so constituted, that the fatty-infiltration appears as an occa-

sional accident.

3. Hypertrophic Conditions.

§ 492. As genuine hypertrophy of the liver we can properly only

designate such conditions in which a distinctly demonstrable increase

of volume, of a uniform enlargement, or increase of all the textures

going into the structure of the organ has been produced. Hence, we
recognize and conclude upon hypertrophy of the liver from a decided

and striking enlargement of the acini, which in so far forms a certain

contrast with a completely normal constitution, as in by far the most

cases of similar enlargement we can demonstrate an infiltrate or new
formation as the cause of it. It has been believed that we could spe-

cially distinguish between a hypertrophy and a hyperplasia of the liver,

in the sense that the former was produced by an increase of the size,

the latter by an increase of the number of the liver-cells. I must de-

clare the utility of such a distinction as problematical, because we too

frequently perceive considerable differences of size, and processes of di-

vision in quite healthy livers. The only point of support for our judg-

ment is presented to us by the fact, that a new formation of acini is

not observed under any circumstances, that consequently every hyper-

trophy must in the first place present itself as an enlargement of the

acini. The appreciation of the size, however, is facilitated by this, that

at least hypertrophic conditions of high degree constantly only occur

in circumscribed sections of the organ ; the question is mostly about

vicarious hypertrophies, about a replacement of that which is lost at

other points by atrophy, so that not infrequently beside the normal

acini we see such acini as are too small, and such as are too large.

Here belong the compensatory hypertrophies of single liver-lobules in

cicatricial formation, atrophy by pressure, devastation in other regions,

which are even not infrequently observed. The judgment may be more

difficult in that general hypertrophy, but of lesser degree, which is ob-

served partly in consequence of leukaemia, of diabetes mellitus, partly

from long residence in hot climates. Here it, above all, depends upon

not mistaking genuine and false hypertrophy. This is most imminent

in the leukaemic swelling, which in most cases depends upon an infiltra-

tion with colorless blood-cells ; in diabetes mellitus also I advise pre-

caution. As a rule we can there prove a different relation of the three

vascular distributions in the acinus. The region of the portal vein

shows us the liver-cell net in a condition more swollen by imbibition than

enlarged, the nuclei upon the addition of iodine color wine-red, which
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probably indicates glycogenous substance ; the contours of the cells,

shade into one another, which probably is to be referred to an increase

of volume of the latter. The arterial region, the intermediate region,

is infiltrated with fat, the centre on the other hand almost normal ; the

condition of the liver-cells at the periphery is here exibited only by

indications.

4. Atrophic Conditions.

§ 493. Simple Atrophy. In starved individuals, in stricture of the

oesophagus, in the refusal of nutriment by persons with mental disease,

in marasmus of all kinds, we find the liver strikingly small, brown, the

capsule loose or wrinkled, and as the cause of this general decrease of

volume a diminution of all the liver-cells to a third of their normal ex-

tent, which is connected with a development of yellow and brown pig-

ment granules in the protoplasm. We here evidently have the opposite

conditions to those which lie at the foundation of the production of

hypertrophy ; we observe, however, that defective nutrition, the deficient

functional irritation makes itself felt in an exclusive atrophy of the

liver-cells, while the other portions of the structure yet remain normal.

Now, however, as these remaining structural parts exclusively consist

of connective tissue and vessels, the relative preponderance of this

"fibrous part" causes a tough, leather-like consistence of the organ,

which becomes especially perceptible in cutting it, and which might

easily give occasion to the erroneous conjecture of a cirrhosis.

§ 494. Red Atrophy. A second form of general atrophy develops

in connection with those heart and lung affections which are accom-

panied by a stagnation of blood in the venous system of the body.

The hepatic veins, which open into the vena cava scarcely an inch be-

low the opening of the vena cava itself into the right auricle, must in-

deed be foremost exposed to the effects of the abnormal pressure. A
persistent venous hyperemia of high degree, therefore, forms the proper

foundation of all the anatomical changes. At least one-half of the

space contained in the liver is intended for the blood. Hence it is not

surprising, if even a moderate degree of hyperemia brings about a

very considerable increase of volume of the whole organ. Hence, were

the capillaries also to be distended to only double their normal calibre,

which, as is known, is already the case in moderate hyperemias, an in-

creased demand for space would already arise therefrom, which amounts

to about one-half of the normal volume of the liver. The greater part

of this increased demand is covered by a corresponding increase of

volume of the whole organ ; the remainder is gradually obtained at the

expense of the parenchyma which is inclosed between the vessels.

The parenchyma becomes atrophic, and because ectatic bloodvessels

take the place of the vanishing liver-cells, Virchow has very suitably

termed this the red atrophy.

29
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Red atrophy, a. The lumen of the
vena centralis of an hepatic acinus, d.

Interlobular connectivetissue, increased.

The remainder see in text. 1-200.

§ 495. As is to be expected, the disappearance does not develop uni-

formly in all parts, but it begins in each acinus at the side from which

the abnormal pressure comes, in the region of the vena centralis. What
above all strikes us in a microscopic preparation, which by injection and

suitable hardening has been made fit for investigation by sections (Fig.

142), is the dilatation of the lumen of the

central vein. The vein, however, is not

only dilated, but also in every case some-

what, often very considerably thickened.

At various places we see the communica-

tion with the surrounding capillary system

provided for by larger branches of trans-

ition vessels, which either break through

the walls in a straight line or in a short

spiral. Beyond the walls the spaces in-

tended for the liver-cells are empty for

a considerable distance. Only scattered,

very small elements, moreover filled

with yellowish-brown or black pigment

granules, show the place of the former

liver-cell net. These, however, rarely lie

immediately at the bloodvessels ; they are

rather separated from them by a light interspace, which, with Biesia-

decki, I recognize as the lumina of lymph-vessels, or perivascular

lymph-spaces. As we therefore see, the liver-cells have been destroyed

by the blood and lymph stagnation as though by an external pressure,

and this condition extends variously far from within outwards. In the

direction of the trunks of the main veins as a rule, the destruction has

gone the farthest. It may be that we find, upon the surface of the

liver when taken out, three to five furrows, which extend from the pos-

terior border anteriorly, here become shallow and at the same time break

up into a number of smaller furrows, as the course of a stream near its

head divides into many smaller side streams. Whatever this depres-

sion below the level of the surface of the liver amounts to, so many

liver-cells have been lost here. Thousands of acini are present here,

in which there is not a single cell left; they are partly obliterated,

partly yet may be completely injected. Beside these we find half-

destroyed, and finally acini, which are yet relatively intact. How very

carefully, though, we must here guard against a mistaking for those in-

flammations, which by the development of connective tissue in the portal

canals and the cicatricial contraction of the connective tissue, condition

a quite similar inequality of the surface of the liver, namely lobulation

and granulation. (See Cirrhosis.) We must so much the more guard

against this, as combinations of red atrophy with the development of

connective tissue in the portal canals do not infrequently occur. How
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this combination is to be explained we will not venture once for all.

to decide. We may conceive that the abundance of nutritive mate-

rial in the hypergemic liver causes a predisposition to neoplasia ; we

may, however, also imagine a primary cirrhosis, which is afterward

complicated with atrophy by stagnation.

§ 496. The complication of red atrophy with the fatty liver has

already been mentioned at § 488. Tense fatty infiltration of the

border zones of the acini, depression and deep red or brown coloring

of the centre—we comprehend, how this combination above all others

must bring about the term nutmeg-liver. We will call it the pigmented

nutmeg-liver.

§ 497. The yellow atrophy. (Acute yellow softening.) With the

occurrence of a clinical picture of disease in every way characteristic,

the so-called icterus gravis, corresponds a likewise characteristic ana-

tomical metamorphosis of the liver, which, according to the two most

prominent signs, is wont to be called yellow atrophy. According to

the statements of various authors, the liver dwindles in a manner per-

ceptible even externally within three or four days, nay, in yet a shorter

time, from its normal size to an extraordinarily small volume. At the

post mortem we find it intensely yellow-colored, very ansemic, of smooth

surface, and upon a cross section, so homogeneous, that we cannot distin-

guish the individual acini by the naked eye. The latter observation,

nevertheless, is only correct with certain limitations. Frerichs and R.

Demme have several times found remains of less changed liver-paren-

chyma within the homogeneous substance ; they described larger and

smaller groups of acini, which especially at their borders had so far main-

tained themselves, that individual liver-cells and bloodvessels could yet

be discovered. Where the liver-substance appears homogeneous, the lat-

ter is possible in only a very incomplete manner. A granular mass, most

richly mixed with fat-drops and globules, here and there probably also

with pigment-granules or blood-corpuscles, beside vessels and connective

tissue in a manner macerated, finally crystals of leucin and tyrosin,

this is all that the microscopic investigation of the parenchyma brings

to light. The term softening (biliary colliquation, according to Henoch,

v. Dusch), chosen by several authors, refers also to the finding of these

things ; from general appearances, this is to be rejected, as the liver is

rather hard or leather-like.

§ 498. The process lying at the foundation of the yellow atrophy of

the liver is yet enveloped in obscurity. It is undoubted, that the ques-

tion is about a dissolution of the liver-parenchyma, especially of the

liver-cells. We are almost unanimous upon this, that this dissolution

ensues by fatty degeneration. Here, however, the differences already

begin. Several later investigators (Ph. Munk, Leyden, and others),

wish to consider this fatty degeneration from the point of view of the

fatty degeneration in poisoning by phosphorus ; Munk even permits
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the possibility to peep out, that all cases of acute yellow atrophy are

to be traced back to phosphorus. In the liver trouble, after taking

phosphorus, however, the main stress is laid upon the occurrence of

fat-globules in the liver-cells, though here, also, a preceding paren-

chymatous swelling may not have been wanting. According to a second

view (Frerichs, Demme), this latter forms the essential nature of yel-

low atrophy of the liver. The yellow atrophy of the liver is the issue

of an acute inflammation of the parenchyma. This by preference

resides in the borders of the acinus, and can be demonstrated upon the

remains of the structure mentioned above. The swelling of the border

causes, at the same time, an obstruction of the smallest bile-ducts com-

ing from the acinus, consequently a stagnation of bile in the interior

of the acini, resorption into the blood, and icterus. One sees this view

will at the same time explain the wonderful fact, that the larger bile-

passages are constantly found empty, or filled with a colorless mucus,

and jaundice is nevertheless produced. A third view (Henoch, v. Dusch)

straightway makes the retention of bile in the liver the central point

of the phenomena. The liver-cells are said, according to this, to dissolve

in the retained bile ; the yellow atrophy is a biliary colliquation of the

liver. Nevertheless, liver-cells may be preserved for days in bile with-

out dissolving. Probably we may save ourselves the pains generally

of explaining the icterus gravis as an icterus of resorption. Every-

thing rather indicates that here we have to do with an acute, infectious

disease, in which numerous colored blood-corpusles are dissolved, or at

least washed out, and the coloring matter of the blood having become

free, goes over into biliary coloring matter without the aid of the liver.

This alteration of the blood forms the one principal impulse of the

disease; it furthermore expresses itself in considerable extravasations

of blood, partly parenchymatous (skin, mesentery), partly superficial

(intestine, nose). Whether the severe accidents are produced on the

part of the central nervous apparatus directly by the poison, or whether

they are a result of the blood adulteration, observations are yet want-

ing to decide. Frerichs was of the opinion, that the leucin and tyro-

sin, arising from the disintegration of the liver-cells and reaching the

blooc], brought about the nervous symptoms
;
yet the experiments re-

ferred to have shown, that considerable amounts of these bodies may
be introduced into the circulation without producing coma, delirium,

convulsions, &c. This, also, is not yet decided, whether the liver

destruction is a direct or indirect effect of the poison. We may choose

whether we will suppose the disintegration of the liver-cells, as in the

poisoning by phosphorus, under the immediate influence of the poison,

or whether we will assume that the blood undergoing abnormal pro-

cesses of transformation has given the impulse to the disintegration.

I am inclined to the first view, and place generally all the phenomena
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directly upon the chemical peculiarities of the poison yet to be dis-

covered.

According to a series of good observations (Waldeyer, Klebs), it may
be regarded as certain, that the yellow atrophy of the liver-parenchyma

may also take a more protracted course, and therein pass into a con-

dition, which is designated by Klebs as red atrophy. In such livers

we find, between larger and smaller portions of yellow atrophied paren-

chyma, still more deeply depressed, pale reddish colored parts, whose

microscopic investigation exhibits a wavy, loose connective tissue, which

contains in narrow, cleft-like spaces, fat-globules and granules of biliary

coloring matter, furthermore, however, in regularly branching lines and

apparently blind-ending tubes, cells of the character of the epithelia of

the biliary ducts. Waldeyer perceives in the latter a reparatory epi-

thelial proliferation, proceeding from the biliary ducts, which is in-

tended for replacing the lost tubes of liver- cells, while Klebs declines

this explanation and would regard them only as modified old tubes of

liver-cells.

§ 499. Circumscribed atrophies of the liver-parenchyma, which go

along with a gradual diminution and resorption of the liver-cells, and

with an obliteration of the remaining framework of bloodvessels, are

observed everywhere at such places where the liver is exposed to me-

chanical injuries.

To this place belongs pre-eminently the atrophy of the liver from

lacing. By the compression of the lower circumference of the chest in

lacing, the organ is, in the first place, laterally compressed ; a number
of shallow folds are formed, which run from the posterior part of the

right lobe to the free edge. At the same time the anterior thoracic

wall is pressed against the surface of the liver. The acini situated here

atrophy and are replaced by an indurated connective tissue, which upon

superficial examination presents itself as a thickening of the capsule

penetrating into the liver-parenchyma. The capsule, however, may
also actually be somewhat thickened. Thus arises a furrow ever be-

coming deeper, which cuts off the anterior parts as well of the right as

of the left lobe, and finally, may go so far, that the border and the lobes

are only connected with each other by a thick ligamentous bridge. The
part separated by the constriction is rounded club-shaped, because the col

lective vessels, which are intended to carry off from it the blood and bile,

are compressed in their continuity, and in consequence undergo a corres-

ponding ectasy. We can observe even with the naked eye the swollen

and varicose veins, and alongside of them the biliary ducts, .which are

already no longer filled with bile, but with the secretion of their walls,

a clear mucus. At the right lobe of the liver, the abnormal mobility

of the free border may under circumstances lead to a very considerable

flexion upwards, and to being pinched under the ribs. As the gall-

bladder is attached to it, by the distortion of the ductus cysticus and
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choledochus, the closure of the latter, and icterus may be occasioned.

(Virchow.)

§ 500. In a similar manner, as in the atrophy from lacing, there is

produced by the pressure of exudations, which have been inclosed be-

tween the liver and the diaphragm, also by pleuritic and pericardial

exudations, a partial atrophy of the liver. The same also by pressure

of abdominal tumors. I lately had the opportunity of observing a very

remarkable case in point. The case was a rachitic woman in the puer-

peral state. The gravid uterus had pressed forwards the anterior por-

tion of the liver in such fashion against the curvature of the ribs, that

beside an older furrow from lacing, numerous atrophic places of more

recent date were present. These were sunken, reddish-brown and con-

trasted very strongly with the adjacent healthy parenchyma-; this oc-

curred in curved lines, which presented their concavity outwards ; con-

sequently the places were stellate; they differed in size from the diameter

of one millimetre up to a circumference of several square inches. The

microscopic examination showed an almost entire absence of liver-cells,

while the vascular framework was yet complete and could be well in-

jected. Without doubt, we had here a subacute atrophy, as the uterus

only has during a short time, so considerable' an extent that it can

injure the liver. The fact, however, is worthy of notice, that in such

cases the liver-cells suffer first of all, while the bloodvessels for the

time remain intact. I might believe, that here even a restitutio in in-

tegrum were possible. For this it would be necessary that the empty

spaces between the bloodvessels would be filled anew with liver-cells,

which might be accomplished, either on the part of the few remaining

glandular elements, or on the part of the connective tissue.

5. Inflammation.

§ 501. Parenchymatous inflammation. When we find a liver, which

is moderately enlarged in all its dimensions, therewith yellowish-gray,

anaemic and of a peculiar, inelastic, doughy tightness, smooth upon the

surface, strikingly dry upon cut surfaces, perhaps, like smoked meat,

we have cause to refer all these peculiarities to an alteration of the

liver-cells, which has been designated by Yirchow as the cloudy swell-

ing, and has been recognized as the essential foundation of the paren-

chymatous inflammation. We understand, thereby, an enlargement of

the cell, produced by the appearance of numerous dark (albuminous)

granules .in the protoplasm. As the normal liver-cells also contain

numerous granules in their protoplasm, it is, as may be conceived, very

difficult to determine upon a single element the point where this reple-

tion with granules begins to become pathological. In very well-marked

cases, of course, the amount of granules is so large, that merely because

of the dark points we are no longer able to perceive the nuclei of the
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liver-cells ; but these cases are rare. The increase of volume also esti-

mated by a single cell, is an inadmissible criterion. We advance much
further by the examination of thin sections. Here, above all, the con-

siderable enlargement of the acini and a certain isolated prominence of

them strikes the eye. I believe to have found the cause for the latter

in a strong serous saturation of the interacinous connective tissue. The
liver-cell net is tolerably thickened, but more striking is a certain dis-

turbance of its structural relations. In place of the regular and care-

ful arrangement side by side of the single elements there has entered

a very much looser combination, a disorder difficult to describe; above

all the cells are separated frequently by small interspaces ; many how-

ever, have actually left the rows, so that we can no longer correctly

speak of trabecule of the liver-cell net. The oedema of the portal

canal, perhaps, also extends into the interior of the acini
;
perhaps the

greater rounding of the cells also does its part towards loosening the

connection. What further struck me, and which is of great importance

for interpreting the purulent inflammation, to be considered in the next

place, was that the connective tissue cells of the portal canals as well

as the nuclei of the bloodvessels are in a condition of formative irrita-

tion. The capillary vessels are often covered with long rows or irregu-

lar heaps of nuclei; we also perceive just such heaps of nuclei in the

portal canals, above all, however, in the centre of the substance of the

individual acini. The latter are so large, that I cannot avoid of think-

ing directly of miliary abscesses.

§ 502. The diffuse parenchymatous inflammation in its mildest forms

occurs, so to say, symptomatically in very many infectious diseases

;

we occasionally find it in typhus, in the acute exanthems, especi-

ally variola, in chemical, septic, and animal poisoning, puerperal fever,

&c. There cannot well be a doubt, that a return to the normal con-

dition here everywhere lies within the bounds of possibility. For, not-

withstanding that now already for tens of years the attention of in-

vestigators has been directed to this point, they have not yet succeeded

in furnishing a stringent proof for this, that the acute parenchymatous

inflammation is also capable of another issue. It is true, we saw above,

that several authors regard the acute yellow atrophy as such an issue,

and I myself would incline to the view, that the idiopathic hepatic ab-

scess is the result of a diffuse parenchymatous inflammation, yet, here

as there, sufficient proof is wanting.

§ 503. Purulent inflammation. Hepatic abscess. We distinguish

between idiopathic and deuteropathic or metastatic hepatic abscesses.

The deuteropathic are of an embolic or thrombotic kind. They de-

velop when an inflammatory and suppurative process already exists at

some other point of the organism, especially, of course, in the region of

the radicles of the portal vein, and has led to the coagulation of the

blood in the vessels. The thrombi may then grow out of the region of
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the radicles of the portal vein directly into the trunk and branches of

the portal vein (pylephlebitis in the more contracted sense) ; mostly,

however, here, as wherever the primary focus of disease is not situated

in the region of the portal vein, embolism is the mediator of the sec-

ondary hepatic affection. It was one of the first results of pathological

anatomy to establish the not uncommon occurrence of hepatic abscesses

after injuries to the head. In these and similar cases we must care-

fully see whether, perhaps, a simultaneously injured rib has not wounded

the liver, or whether a succussion has not taken place in the interior.

If we deduct these accidents, there remains a sum of purely metastatic

processes, which may be arranged in three series : 1. Hepatic abscesses

after primary disease in the region of the portal vein ; 2. Hepatic

abscesses after primary disease in the region of the lesser or greater

circulation, the latter along with embolic processes in the lung. In this

case we have ground for assuming that coagula of the pulmonary veins

have passed through the left heart into the hepatic artery ; 3. Hepatic

abscesses after primary disease in the region of the greater circulation

without abscesses of the lung. For this series we must, upon the one

hand, accuse the viability of the pulmonary capillaries and the anasto-

moses between the pulmonary artery and vein for smaller emboli; upon

the other hand, the incompleteness of the investigation. Upon closer

examination, beside the most grave wounds, suppurations, &c, we

probably find yet a less extensive affection, but combined with throm-

bosis, in such regions from which the portal vein may receive an embolus

(at the neck of the bladder, in the region of the hemorrhoidal veins, &c).

§ 504. The anatomical process in the hepatic inflammation forming

abscess in its coarser outlines is, indeed, constantly the same, typically

recurring; the histological detail, however, the dovetailing of the in-

dividual members of the process, adjusts itself in some measure accord-

ing to the manner of production, as will be seen further below. Under

the coarser outlines I understand the occurrence of suppuration in the

portal canals, the growth of the abscesses, the formation of pyogenic

membranes, &c. That the suppuration takes its beginning throughout

in the portal canals, we may refer to the greater accumulation of con-

nective tissue at this place. This was supposed to happen hitherto in

the sense that we regarded the connective tissue actually as the place

of formation of the pus-corpuscles. By the investigations of Cohnheim,

however (see above, § 89), this view has lost its support ; formerly it

appeared surprising to every conscientious histologist, probably, that

in the known picture of the prolifei-ation of connective tissue (Fig. 106),

we had comparatively seldom obtained a view of the actual division of

cells, and had based the theory only upon the presence of smaller and

larger cellular chains at the same place, where we had the right to

expect a simple connective tissue corpuscle ; in the next place the dis-

covery of v. Recklinghausen on the "migrating connective tissue cor-
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puscles" made a modification of our views necessary. The young cells,«

which in local irritations fill the connective tissue interstices, ought and

must for the greater part be regarded as having "migrated" in. But

there still remain provisionally connective tissue cells, and their place

of formation was the surrounding connective tissue. Even to-day yet

we must not look upon the connective tissue as quite unfruitful, be-

cause an experiment of v. Recklinghausen proves that even excised

pieces of the cornea, under proper conditions, are capable of a moderate

cell-production. It is true, however, this source of derivation of the

young cells is placed very much in the background, since we know that

the colorless blood-corpuscles in propria persona migrate from the

vessels and bring about all kinds of plastic infiltrations. These con-

siderations now recur wherever the question is about suppuration and

heterologous new formation in general. We must modify our views

accordingly, and although we hereafter continue to speak of the cellu-

lar infiltration of the connective tissue, we must not forget that we use

the word infiltration more than hitherto in its proper significance, as an

impregnation with the constituents of the blood. The circumstance

that now as ever the connective tissue forms a mantle about the vascular

system, Avhich pushes in between the blood and the parenchyma, and

thereby more than the parenchyma gives room for an infiltrative re-,

pletion, will now explain to us how the connective tissue is so exactly

the chosen seat of pathological new formation.

If now, after this digression, we return to our theme, the hepatic

abscess, here also the regular occurrence of suppuration in the portal

canals may be explained by the presence, more than in the interior

of the acinus, of spaces capable of dilatation. To this is, of course,

to be added that, at least in the thrombotic and embolic abscesses, the

noxious influences of the portal canals pass to the liver. Here, how-

ever, the differences above mentioned, of the histological processes,

already begin.

§ 505. If we are dealing with a thrombosis of the vena portee we
can demonstrate the breaking-down blood-clots in several branches of

the vessel to about the point where the smaller interlobular veins take

their origin. The walls of the vessel are here throughout in the con-

dition which I have delineated above (§ 212) as acute phlebitis. The
capsule of Glisson also is changed for long distances, and we not at all

infrequently find a larger abscess already around the trunk of the

portal vascular tree. Upon the interlobular veins we can no longer

distinguish between lumen and wall. The walls are so completely im-

pregnated with colorless cells, that with the contents of the vessel,

which also consist entirely and altogether of colorless cells, they form

a whole.* These elongated cylindrical, probably also ramified bodies,

* Compare herewith the lately published work of Buhl, on the Origin of the Cells

in the Vascular Lumen, cited farther below, \ 530.
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which we may very well compare to the core of a furuncle, surrounded

by pus, lie in a cavity, which has established itself between the vessel

and its connective tissue sheath. The connective tissue sheath itself is

infiltrated with colorless cells to such an extent, that it forms a cushion

perhaps one quarter line thick, and appearing intensely white to the

naked eye. This cushion pushes in everywhere between the portal

vessels and the liver-parenchyma, and as the former can be observed

far along their ramifications in favorable sections, the thrombotic abscess

at a certain stage of its development presents the appearance of a

branch full of leaves. Each leaflet has perhaps the dimensions of a

normal acinus of the liver, but must on no account be mistaken for

such ; it is composed of a degenerated interlobular vessel as the leaf-

stalk and the connective tissue sheath of both sides cut through as the

leaf expansion. The latter must at the same time be regarded as the

foundation of a pyogenic membrane. Its cells are not furnished perhaps

by the interlobular vessels, but by the surrounding parenchyma. Hence,

it is also in the most intimate organic connection with the latter, and it

maybe demonstrated by injecting, that only its inner surface turned to

the portal vessel continually breaks down purulent or secretes pus, while

the parenchymatous half is formed of vascularized germinal tissue. In

this manner the parenchyma is protected against purulent destruction.

I have never found here a transferral of the pus to the acinus, just as

little a thrombosis of the hepatic vein ; instead, it suffers so much the

more from the mechanical effects which the enormous swelling of the

interlobular spaces brings with it. If we make sections which hit trans-

versely several adjacent portal canals, we may convince ourselves how

the interposed acini are altered by the pressure, first, in their struc-

ture, and finally, destroyed in their textural constituents. The trabec-

ulge of the liver-cell net, which are originally placed radiating like the

bloodvessels towards the vena centralis, are pushed together just in

this direction. The globular surface of the enlarged portal canal gives

the measure for this arrangement of the cell-rows. The latter surround

the portal canal as concentric rings, which are stratified upon each

other so much the more numerous the thicker the portal canal is.

Soon it becomes difficult to find the place of the central vein, and as

this place occupies exactly the central point of the old structure, the

old structure itself is herewith to be regarded as broken up. At a

later period the existence of the cells themselves is threatened ; namely,

the more they are grouped in the mentioned concentric rings, and the

more the pressure acting from within outwTards continually endeavors

to stretch and burst these rings, so much the more also is the originally

cubic form of the cell lost; it becomes narrower, spindle- formed, ribbon-

like, finally so attenuated, that we can only appreciate it as a fibre. I

have never been able to prove that they participate in the new forma-

tion by division and endogenous development. Here and there we see



INFLAMMATION. 459

probably a liver-cell with many nuclei; but what does one cell amount

to ? The most evidently perish atrophic, and when the period of the

complete destruction of the acinus has arrived, the germinal tissue

cushions of the adjacent portal canals come into contact, they flow

together and form a new whole. This whole has again about the size

and shape of an acinus; it is therewith not the same anatomical unity

which we above designated as acinus-like, but it has actually gradually

taken the place of an acinus; but nevertheless, on that account, it is not

a "suppurated acinus," although the appearance of this white lobule,

now floating perfectly free in pus and touching perfectly the outlines

of the abscess cavity, may invite such an interpretation. It is the

greatest mystification which pathological histology here exhibits to the

naked eye, since it awakens the involuntary idea, that in hepatic ab-

scess the question was simply about a maceration of the acini in the

pus of the portal canals, while in the supposed acini only fragments of

pyogenic membrane are presented, the liver parenchyma, however,

having long since perished.

In the continued enlargement of the abscess, one pseudo-lobule after

another melts down, while at the periphery new ones continually form

and are isolated. Only where there are main branches of the hepatic

vein, these for a longer time form a point of support for a larger number

of adhering pyogenic lobules, which contributes not a little to give the

abscess cavity a ragged, irregular appearance.

§ 506. The embolic abscess distinguishes itself only in its first stages

of development from the thrombotic; namely, it begins by a circum-

scribed hypersemia of the region of the liver, in which the occluded

vessel, be it the artery or the vena portas, is distributed. This hyper-

emia is enormous, the capillaries are distended to the utmost, it regu-

larly comes to a complete stasis. We have here the analogous condition,

as in embolism of the lung, yet at the liver it does not come to hemor-

rhage, as is common there. The liver in general, spite of its great

vascularity, perhaps also, because of it, is less disposed to parenchy-

matous hemorrhages than any other organ. If the laceration of a

vessel is to be produced, there must exist a difference between the

blood pressure within and the parenchymatous pressure without ; in the

liver, however, every pressure or excessive pressure prevailing in the

vessels is immediately imparted to the liver-cell net; where then shall

the blood be poured out ? Hence we only see hepatic hemorrhages

produced, when by wounds or disintegration abnormal cavities have

arisen, into which the blood may pour, not otherwise. That enormous

stasis, however, which we designated as the beginning of embolic ab-

scesses, may be regarded as the equivalent of a hemorrhage, a hemor-

rhagic infarction; for it is shown, that here there is just as little

prospect of a re-establishment of the circulation as in the hemorrhagic

infiltrations of other organs, the entire portion of liver affected perishes
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and thus forms a caput mortuum, to which the subsequent inflamma-

tory and suppurative processes are related as secondary, reactive or

sequestering. As we observe in the annexed representation (Fig. 143),

Embolic abscess of liver, after Frerichs* a. Zone of stagnation of the blood, b. Zone of parsnchyma-
tous inflammation, c. Normal parenchyma, v. Hepatic vein.

the zone of the stagnation of blood is sharply defined on all sides by

the bounds of the liver-lobule. Just so the sequestering inflammation

and suppuration, with reference to its development as to space, in the

first place at least, extends to the bounds of the acini. In a circle of

two to three lines the acini are swollen and colored whitish-gray (Fig.

142, b). The most are in the condition of the above-described paren-

chymatous inflammation; oedema and cloudy swelling of the liver-cells

especially characterize the border-zone towards the healthy parts.

The relation is different in those hepatic acini which lie nearest to the

depot of blood. These are permeated by numberless pus-corpuscles,

and are manifestly encountering a complete melting down. We find

the pus-corpuscles between the rows of liver-cells, this side of the mem-

brane of the capillary vessels. According to the manner of repre-

senting this hitherto, we would bave thought of a new formation of

these on the part of the nuclei of the bloodvessels, and I cannot exactly

reconcile myself to the latest interpretation for this case (see above);

the colorless cells thus lie, as we can see in teased-out preparations,

in small alternating heaps upon the vessels, an arrangement which

involuntarily reminds of the alternate position of the capillary nuclei.

I am not in a position to prove an active participation of the liver-cells

in the formation of pus, but it appeared to me, as though in the disin-

tegration the protoplasm vanished and the nuclei became free.

* Frerichs has not comprehended the condition represented by him as "embolic "

depots, as Klebs correctly remarks. Meanwhile his representation agrees so per-

fectly with embolic depots, which I have had the opportunity of examining, that I

believe I can spare myself the trouble of taking up this subject anew.
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Thus far the first stage of embolic inflammation of the liver, so far

also the disagreement with the thrombotic form. From this time a

thrombosis of the vena portas, as far as its branches fall within the sphere

of the abscess, is associated to the inflammation, and the suppuration

concentrates in the manner formerly described, around the portal

canals. Abscesses, which exceed the size of a cubic inch, no longer

exhibit any anatomical differences among each other, provided, of

course, that they are yet progressing, enlarging.

§ 507. I advanced the view above, that the idiopathic, hepatic ab-

scesses represent one mode of issue of acute parenchymatous hepatitis.

I did this, based upon the one hand upon the occurrence of isolated

cellular infiltrations in the parenchymatous hepatitis ; upon the other,

upon this, that the parenchymatous hepatitis appears in embolic ab-

scesses as the initiatory stage. That we can give so few exact state-

ments upon this point, depends upon this, that idiopathic abscesses of

the liver do not occur very frequently in Europe, but in India and the

African coasts. The disease has an acute course, attended by fever,

jaundice, and swelling of the liver. In post mortems, we often find

colossal depots of pus in the thickest parts of the liver, especially in

the posterior part of the right lobe.

§ 508. The traumatic liver abscesses have lately been repeatedly

made the subject of histological investigation. Upon the third or fourth

day, after irritating the liver by red-hot needles, &c, Koster finds in

the interlobular connective tissue around the divided vessels, closely

crowded colorless blood-corpuscles ; the rows of liver-cells separate from

each other and likewise take between- them colorless blood-corpuscles.

Holm also assumes an active participation of the liver-cells in the sup-

puration. Upon the whole, the traumatic suppuration of the liver ap-

pears to develop according to the pattern of the thrombotic.

§ 509. The further course of the hepatic abscess is the same for all

cases. The question arises, will the suppuration by the continued

melting down of the parenchyma attain the surface of the organ at

some point, or yet before this catastrophe will the pyogenic layer have

obtained a sufficient thickness and capacity of resistance against the

chemical actions of the decomposing pus, that it may pass over to the

formation of an encapsuling layer of compact connective tissue? In

the latter, the favorable case, the new formation of pus gradually ceases,

that present inspissates, and is finally resorbed, excepting small cheesy

or calcified remains. The connective tissue capsule contracts into a

radiating cicatrix, which can naturally only incompletely cover the

considerable deficiency. In cases of progressive enlargement the ab-

scess then reaches the capsule of the liver; an inflammatory adhesion

of the latter with the opposing portion of the peritoneum is probably

able to avert perforation into the peritoneal cavity, yet for this it must

have a considerable firmness; it has not infrequently been seen that
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the pus ruptured a too weak adhesion, and thus forced its way into the

abdomen. Otherwise the adhesion transfers the pus, step by step, to

other organs. Most frequently the diaphragm is broken through, the

danger of a perforating pleuritis follows ; if this also has been overcome,

a purulent inflammation of the lung threatens; finally, it comes to

perforation into a bronchial branch, and with this the evacuation of

the hepatic pus through the air-passages. If adhesion of the liver to

the anterior abdominal wall ensues, the pus never pushes forward in a

straight line into the abdominal coverings. It rather evades the bellies

of the muscles, and is evacuated at distant points, perhaps near the

ensiform cartilage, or in the last intercostal space. Perforations into

the stomach, the colon, duodenum, the biliary passages, are very rare.

§ 510. Indicating inflammation. Active hyperemias of the liver,

persisting for a long time, or frequently recurring, form the foundation

of the indurating inflammation. As is known, after each meal, by the

increase of volume of the organ, the known feeling of pressure and ful-

ness in the right hypochondrium, we can establish the participation,

moreover, also proven by vivisections, of our livers in the digestive

hyperemia of the collective abdominal organs. Injurious ingesta,

condiments, above all the abundant use of alcohol, increase this hyper-

emia above the normal medium, and cause, that this ever less com-

pletely declines, and finally becomes habitual. Intermittent fever also

leads to an active hyperemia of the liver, which is characterized by

the very considerable tumefaction, or, as we say, engorgement of the

organ (fever cake).* In both cases it is of the utmost importance to

the physician to bring back the liver to its normal bounds, as long as

the condition of a simple active hyperemia is present without further

complications. Otherwise, both infallibly lead to a persistent, abso-

lutely irreparable organic change, which generally makes itself known

as a hyperplasia of the interlobular connective tissue. Well may also

in this new formation, just as in suppuration, the migration of colorless

blood-corpuscles from the vessels, particularly from the interlobular

branches of the vena porte, play a role. For a long time we contented

ourselves in demonstrating the accumulation of young cells in the im-

mediate neighborhood of the vessels mentioned, as the starting-point of

indurating inflammation. In a preparation given me by Billroth, we

see at those places at which more than two liver-lobules come together,

which therefore, according to position, correspond to the portal branches

of the smaller size, entire depots of germinal tissue, which, accordingly

as the section has hit the portal canal transversely, obliquely, or lon-

gitudinally, either present themselves in circular or elliptical, probably

also as branched figures. (Fig. 144.) Such an early stage of the hyper-

plasia of the interstitial connective tissue is certainly rarely observed.

We mostly find in the course of the portal canals a pre-eminently

[* With us enlargement of spleen is ague-cake.]
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fibrous connective tissue, poor in cells, which in its textural relations,

is allied to the cicatricial tissue. Actual germinal tissue is either no

longer found at all, or can only be demonstrated yet as a narrow zone,

Indurating inflammation of the liver, first stage, a. Lumina of interlobular vessels, in whose en-
virons there is a small-celled infiltration, v. Lumina of intralobular vessels. 1-300.

which pushes in between the cicatricial tissue (a) upon the one side,

and the adjacent parenchyma (b) upon the other. (Fig. 145.) But

Fig. 145.

Indurating inflammation of liver, second stage, a, a. Broad stripes of a fibrous connective tissue,

which is very rich in vessels without walls, and is bounded towards b by an interrupted layer of young
connective tissue. 6. Groups of acini of the liver infiltrated with fat externally. 1-200.

just this latter very common condition allows us an insight into the

way and the manner in which the connective tissue hyperplasia ad-

vances, I might say, into the gradations (Stadiologie) of the process.

The primary infiltrate of the portal canals (Fig. 144) is transformed

into cicatricial tissue. This transformation has first ensued at the

centre of the depot, in the nearest surroundings of the portal vessels,
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and has thereupon gradually advanced outwards. During this, and yet

ere all the germinal tissue present has become cicatricial tissue, the

cellular infiltration has also increased, and forms a seam of germinal

tissue, which everywhere pushes in between the cicatrix on the one

side, and the parenchyma on the other.

§ 511. It is manifest that this new formation must injure the secern-

ing parenchyma of the liver in a great degree. They are principally

two forces, which show themselves active in this sense. In the first

place, the proliferation of the young connective tissue into the sub-

stance of the adjacent acini, a process that we may observe wherever

the several times mentioned zone of infiltration yet has a certain

power. The liver-cells vanish in the measure that the young connective

tissue elements make room for themselves between their rows, and for

their part advance along the capillary vessels. Step by step in this

manner, single acini or whole groups of acini, which lie between each

two or three adjacent portal canals, are destroyed. If the period has

then arrived when they cease to exist, the germinal tissue layers press-

ing forward from all sides touch and fuse, as waves come together

above a drowning man, and at this place there is nothing left of the

whole texture of the liver but connective tissue and vessels.

A second, upon a large scale, probably still more effectual means of

destruction of the secerning substance of the organ, lies in the vigor-

ous traction which the connective tissue exerts in its transformation

into cicatricial tissue. The " cicatricial retraction" (§ 93) prevails just

here in an eminent manner. From the minutest ramifications of the

portal canals, its action becoming ever more vigorous, passes to the

main branches, and finally to the trunk. A decrease of volume of the

whole organ, a shrinking of the liver in all its dimensions, is the un-

avoidable consequence But if we ask, what portion of the liver par-

ticularly becomes smaller in this shrinking? first of all, the cellular

parenchyma of the acini presents itself, because this is least fitted to

offer resistance to mechanical force. The last processes of the portal

canals are laid like so many loops around corresponding portions of

the liver-parenchyma; from their common trunk, however, the traction

is exerted, which continually tends to diminish the loops, and finally to

close them. The proliferation of the connective tissue into the acinus,

which I described above, appears to us from this standpoint as the

means by which the interlobular traction actually extinguishes the

acinous parenchyma
;
perhaps the opinion might even be defended,

that this cellular infiltration advances under the influence of the in-

terlobular pressure, so that the atrophy of the secerning parenchyma

might be considered as the result of a single process connected in its

various members.

§ 512. Thus much of the detail of the histological processes, which

constantly recur in the same manner in the various forms of indurating



INFLAMMATION. 465

inflammation of the liver. Of these we can in general distinguish,

three, the indurated, the granulated, and the lohulated liver. The pro-

duction of the one or other form is determined by the circumstance,

that the connective tissue development takes place, in the one case, in

the minutest ramifications of the portal canals, in the other, in their

medium or in the main branches.

Induration of the liver. A uniform decrease of volume of the organ

in all its diameters, combined with a considerable condensation, with a

board-like rigidity and dryness of the substance, with diminution of the

acini, and the surrounding of each single one by a whitish stripe of

connective tissue—this is the ensemble of changes, which we particu-

larly designate as induration of the liver. Herein the connective tissue

hyperplasia is as uniformly as possible distributed throughout the whole

interlobular tissue ; as was already observed, each single acinus is sep-

arated from its neighbor by a normal connective tissue septum, each

individual one is exposed for itself to the atrophying pressure of the

cicatricial tissue, and this is the reason why we do not observe here, as

in the cirrhosed liver, a greater prominence of the relatively normal

parenchyma above the level of the natural and the cut surface, why

the indurated liver appears but little granulated.

The induration of the liver is most frequently observed after long

continuance of intermittent fever. It is at times associated here with

a second series of anatomical changes, which I spoke of on a former

occasion, namely, with the melanasmic pigment formation and depo-

sition in the liver. (See § 184.) The indurated liver is then of a slate

color, and we can demonstrate that numerous black scales of pigment

lie outside and around the portal vein as well as the capillaries. These

scales of pigment are either the remains of extravasations of a former

stage of development, or they penetrated as such through the Avails of

the vessels. At all events, they must not and cannot be mistaken for

atrophying liver-cells, as they, everywhere in the acini, maintain their

place between the pervious capillaries and the perfectly intact rows of

liver-cells, and hence do not at all appear as something " infiltrated,

penetrated."

§ 513. Granulation of the liver, cirrhosis. If the connective tissue

hyperplasia has its seat only in the larger and medium ramifications of

the portal canals, correspondingly larger portions of the secerning pa-

renchyma will be bound in and strangulated. The whole mechanical

force of the indurating inflammation is then concentrated in certain

directions ; all the acini which lie in these directions are entirely de-

stroyed, the adjacent ones, more or less, completely, while the inter-

posed ones remain indeed relatively intact, but are placed continually

under a so considerable external pressure, that wherever space permits?

they bulge out cushion-like. The entire free surface of the cirrhosed

liver is therefore covered with half-spherical elevations, which, accord-

30
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ing to the size of the strangulated portions of liver, are of the circum-

ference of half a millet-seed up to half a hazelnut and over (see Lobu-

lation of the Liver). Upon every recent cut surface of the organ also,

this "granulation" exhibits itself, although less distinctly. The gran-

ules, therefore, are not, as Laennec erroneously assumed,* the patholog-

ical part, but the connective tissue between the granules is abnormal

;

the granules themselves represent what yet remains of the normal liver-

parenchyma.

When we call the parenchyma of the liver normal, this is certainly

not always to be taken in the strict sense of the word. Very commonly

the liver-cells are collectively infiltrated with fat; where they touch

upon the cicatricial tissue, we very frequently see a very intense pig-

ment-infiltration, which may probably be regarded as the accompani-

ment of the destruction progressing here. Above all, however, a very

considerable disturbance of the structure strikes us, namely, an exten-

sive displacement and distortion of the rows of liver-cells, which makes it

impossible for us to distinguish the bounds of the acini, and perhaps, to

count how many of them are contained in each granule.

The hyperplastic connective tissue also deserves to be yet somewhat

more minutely considered. The above cited analogy with cicatricial

tissue might, perhaps, cause the conjecture, that we were here dealing

with a substance as poor, in vessels as possible. This, however, is not

so; the white cicatricial connective tissue is rather penetrated so richly

with bloodvessels, that upon well-injected preparations we might be in

doubt whether the lumina of the bloodvessels or the connective tissue

takes up the greater part of the space. Proper membranes are not to

be discovered in these bloodvessels ; the uppermost layer of the connec-

tive tissue, covered by a single layer of epithelium, takes their place,

—

a circumstance which imparts to the whole structure a certain resem-

blance to the cavernous tissue. The whole phenomenon is undoubtedly

connected with the great vascularity of the normal liver. Only under

the condition, that at least the greatest portion of the blood continu-

ally flowing to the liver, also finds routes to pass the liver, can exten-

sive cicatricial processes obtain in this organ. Much will, of course,

herein depend upon the pressure of the affluent blood, and as this is

very much greater in the hepatic artery than in the portal vein and its

branches, the peculiar phenomenon is hereby explained, that those

blood-spaces in the cicatricial tissue, according to the proof of injec-

tions, are not supplied by the portal vein, but from the hepatic artery.

We very commonly find the medium-sized branches of the portal vein

obliterated. In one instance, spite of the greatest possible exertion of

pressure, it was not possible for me from the portal vein to fill more

than the trunk and the three or four main branches. These were at

* Laennec identified the granules with cheesy tubercles.
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the same time strongly distended, and more exact investigations showed, ,

that in this case the blood of the portal vein in general did not flow

through the liver, but through a number of very much dilated anasto-

moses of the mesenteric veins with the spermatic veins, and entered di-

rectly into the vena cava inferior. In other cases the blood of the portal

vein went directly into the parenchymatous granules, and then from

here into the vascular system of the cicatrix, while the latter was

filled directly from the artery.

After all this, two things appear to me of importance for the distri-

bution of blood in the cirrhosed liver, 1, that the ramifications of the

portal vein are compressed and obliterated by the cicatricial formation,

while 2, an ever larger region of distribution is provided for the rami-

fications of the hepatic artery. The injury to the branches of the por-

tal vein is the cause of the manifold phenomena of stagnation in the

intestine and spleen, the ascites, &c, and conditions the development

of collateral anastomoses between the portal vein and the inferior vena

cava. The enlargement of the arterial ramifications allows a partial

transfer of the office of the portal vein to this vessel ; the bile is there-

fore principally secreted from arterial blood.

Touching the biliary ducts, these appear to be generally kept open.

We seldom see here and there a dark yellow, brown, or even green

parenchymatous granule, in which the efferent biliary duct had been

compressed by the cicatrix, and consequently an accumulation of bile

must occur. Hence, the tolerably frequent occurrence of jaundice- in

cirrhosis of the liver may only be referred to a closure by swelling of

the outlet of the ductus choledochus with simultaneous catarrh of the

duodenum.

§ 514. Lobulation of the liver, as a rule, is a companion of granula-

tion of the liver. Having proceeded from the same causes and pro-

duced by the same process, it only reminds us, that the most consider-

able deformities must naturally come to pass, when the trunk of the

system of portal canals itself and its main branches are indurated.

Then the division (Gliederung) of the organ, so to say, concealed in

the normal liver, appears more or less distinctly as a number of

lobules, which, as we saw, is conditioned by the grouping of the

parenchyma around the larger and medium venous branches. The
granules either form secondary elevations of the lobulated liver, or we
find a gradual transition from the smallest granules through ever larger

to the portions of parenchyma of the lobulated liver of the size of a

walnut.*

* The pathological lobulation of the liver must of course not be mistaken for the

congenitally lobulated condition of the organ, which is immediately distinguished

from it by the want of all connective tissue vegetation. A second possible mistake
is with the syphilitic new formation, which is the more excusable, because in it an
indurating inflammation and an induration actually comes to pass. (See \ 521.)
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6. Tumors.

§ 515. Cavernous Tumor. The choice and the sequence, in which the

various objects of investigation of pathological histology have been

taken in hand, have not always been directed according to the needs of

the physician. Otherwise, it would be a striking phenomenon that

several exceedingly important questions upon the origin and growth of

cancers in the liver yet await elucidation, while a form of tumor very

unimportant in a clinical relation, the cavernous tumor, already very

early found its elaborators among the strongest minds of our science.

Upon those occasionally occurring, sharply defined gaps of the sub-

stance of the liver, of the size of a pea to a walnut, filled with erectile

tissue, and hence, also, in a half-filled condition appearing dark bluish-

red, we have not only ample histological information, but also a view

put forth by Virchow, upon their origin and growth, which is, probably,

more than a mere hypothesis.

§ 516. A trabecular work of connective tissue, whose interspaces

stand open for the blood to flow through, forms the proper substance

of the tumor. If we subject a single connective tissue trabecula to

microscopic investigation, we distinguish upon it a covering of unilayered

pavement epithelium, under this a striped basis-substance with mod-

erately numerous spindle-formed cells, which have been declared by

several authors as smooth muscular fibres. Elastic fibres, arranged in

nets, partly surrounding, partly penetrating, give the whole a certain

similarity to the alveolar septa of the lung. The average size, also, of

the meshes which they inclose, agrees with those of the pulmonary

alveoli. In other respects we can only establish so much concerning

the structure, that the septa are grouped radiating around one or more

centrally situated points, which are only characterized by a somewhat

larger accumulation of connective substance, but according to their

nature and significance are only intelligible from the mode of develop-

ment of the tumor.

If we pass with the microscope along the periphery of the tumor, we

are very soon convinced that this is everywhere separated from the

adjacent parenchyma of the liver by a moderately broad layer of con-

nective tissue ; here and there we see how this connective tissue sends

in a three-cornered process into the interspace between two acini.

These processes also contain vascular lumina, but less numerous and

separated by broader bridges of connective tissue. But we evidently

have here, if anywhere, before our eyes the mode of development of the

tumor : an interlobular hyperplasia of the connective tissue, which is

followed by a cavernous metamorphosis (§ 180). The tumor, therefore,

connects, upon the one hand, with the interstitial hepatitis formerly

described; upon the other, with the fibroid formation. The cirrhosed

connective tissue also was characterized by vascularity ; we point to
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the possibility that this quality might depend upon a local predisposi-

tion, namely, the enormous vascularity of the liver, and m*ay also lay

claim to this local predisposition in the present case. It furnishes us

here, instead of a simple, a telangiectatic, if you will, a cavernous fibroid.

§ 517. With this insight into the development, the necessity at the

same time disappears for tracing the blood-spaces of our tumor back

to the pre-existing arteries, veins, or capillaries, in the sense that they

are produced by an ectasy of them. The parenchyma of the liver with

all its vessels is destroyed very slowly and without any preceding dis-

tortion, but very completely, by the pressure of the development of the

tumor by lobules advancing in the smallest portal canals. With the

capillary circulation, however, the lumina of the affected hepatic veins

also shrink, the venous walls collapse, and finally form those dense

accumulations of connective substance, from which the septa of the

completed tumor appear to proceed radiated, because the development

of the tumor proceeded from all sides convergent towards them, i. e.,

the points where the veins lie.

Thus it is then also explained, when it was demonstrated by Vir-

chow's injections, that the spaces of the tumor could be injected from

the portal vein and from the artery, but not from the hepatic vein.

For in the portal canals there are only branches of the portal vein or

of the artery, and a tumor which grows in the portal canals will

naturally derive its bloodvessels from these, and not from the veins

situated beyond the liver-parenchyma.

§ 518. There is little to be said of the secondary metamorphoses of

the cavernous tumor. I once saw a partial obliteration of the blood-

spaces, which, without doubt, came from a coagulation. The centre of

the tumor, of perhaps the size of a hazelnut, was occupied by a com-

pact white knot of the size of a pea, while all around there existed a

zone of a line's breadth of open cavernous tissue. A vertical section,

however, showed that the system of septa was continued through this

knot, and that there evidently had been a secondary filling with young

connective tissue masses.

§ 519. Cysts. If we leave out of consideration the echinococcus

vesicles and accidental cysts (softened cancer-nodules, abscesses, &c),

there only remains a small group of hepatic cysts, which are collectively

to be regarded as cysts of retention of the biliary passages. These are

every now and then met with single and of considerable size ; it is much
more rare to find multiple cysts which vary in size, from being scarcely

visible, up to the appreciable circumference of a pigeon's egg. Like

several other authors (Rokitansky, Foerster), I also found this forma-

tion of multiple cysts of the liver, beside cystoid degeneration of higher

degree of both kidneys; namely, the liver in its anterior part was very

rich in cysts, the free border of the left lobe was entirely occupied by

medium-sized vesicles, while more towards the interior and posteriorly
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the vesicles were more individualized, but so much the larger. Here

also the best opportunity offered of following the development of the

cysts.

Now in these studies the great uniformity of the origin of the cysts,

with what Naunyn has lately described as cystosarcoma hepatis, im-

mediately struck me. In the midst of certain white connective tissue

nodules, of the size of a large millet-seed, which are imbedded in the

more minute portal canals, one observes, even with the naked eye, a

dot-like opening, which, upon more accurate examination, proves to be

the dilated lumen of an interlobular biliary duct. This dilatation, of

which the epithelium formed of low cylindrical cells is continuously

extended to the epithelium of the efferent biliary duct, has in the

smallest tumors a simple ellipsoid form, in the larger it bulges out in

various directions, nay, not rarely beset with numerous tubular struc-

tures, which project into the adjacent parenchyma. Naunyn wished

to deduce from this an enlargement of the tumor by epithelial shoots,

and to class the latter on that account with the adenomas (see below).

But they resemble the adenomas only according to the older conception

of Billroth, in which the term adenoma is used for such tumors of the

mamma, in which a progressive superficial increase of the excretory

ducts is brought about by a sarcomatous degeneration of the subepi-

thelial connective tissue. We cannot, therefore, think of anything can-

cerous, as is also shown by the future development. (Compare § 626,

Adenoma.)

In fact, upon the liver mentioned above, I could demonstrate all trans-

itions, from the just described beginnings of tumors to simple globular

cysts. The transition takes place by the depression, probably also the

perforation of those folds, which push in between the single diverticuli

at the walls of the central cavity, and thereby give the whole an appear-

ance of compartments. If these folds have disappeared, the cavity fills

more and more with a thinly fluid secretion, clear as water; we have

from this time before us only simple cysts of retention, with smooth

walls.

§ 520. Syphilis. In reference to the general forms of the syphilitic

new formations, I point to the general part of the text-book. The

syphilis of the liver belongs to those profound disturbances of the later

periods of the disease, which are well designated as tertiary. The

anatomical changes are composed of two impulses combined with each

other in various ways ; of an indurating connective tissue hyperplasia

on the one hand, of the formation of gummata on the other.

§ 521. The by far most common case is, that beside analogous pro-

cesses in other provinces of the organism (at the cranial bones, at the

pharynx and larynx, &c), in the parenchyma of the liver, one or more

depots of compact white connective tissue are formed, which radiate in

various directions into the surrounding parenchyma, and by the retrac-
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tion acting vigorously in these directions, have, as a consequence, a cor-,

responding retraction and lobulation of the surface. (Fig. 146.) As a

rule, these conditions are most marked along the insertion of the sus-

pensory ligament of the liver ; here we occasionally observe three or

more radiating cicatrices, or, the liver in its entire thickness is replaced

Fig. 146.

Syphilis of the liver, a. Left, &, right lobe of the liver, c, c. Connective tissue sheath which pene-

trates the organ in the direction from the porta to the lig. suspensor., and contains gummata.

by a single colossal induration. It is probable that the traction, although

mild, which the ligament exerts upon the organ in gliding to and fro

at the diaphragm, may be regarded as the predisposing cause for this

localization ; that it is not inevitable, the modes of appearance of hepatic

syphilis, to be spoken of further below, will show.

Not always, but still very frequently, gumma nodules, of various age

and size, are found in and beside the cicatricial tissue, more rarely by

themselves in an otherwise intact parenchyma. Yellowish-white,

cheesy, very juiceless nodules, of the size of a cherry-stone, are more

frequent than the younger, still soft formations, upon which the histo-

logical characters of the specific syphilitic texture may be studied.

We there find fatty degenerated, but still remaining in the condition

of granular cells, partly round, partly spindle-formed and stellate ele-

ments, the round ones in the centre, the stellate and spindle-formed

ones at the periphery of the spherical nodule. The basis-substance is

swollen by imbibition, soft, and gives with acetic acid a precipitate of

mucin. The cheesy nodules evidently owe their existence only to a

further metamorphosis of these proper gummata, and must on no account

be regarded as inspissated pus, cancerous nodules having undergone the

cheesy metamorphosis, or the like. They may only in rare cases be

subject to a still further change, perhaps a softening and resorption,
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and hence will constantly be to us a welcome sign, that the radiating

connective tissue cicatrices, which might have originated in another

manner, are of syphilitic origin.

§ 522. Far more rare than the localization in single large depots, is

the localization of syphilis in numerous (thirty to sixty) smaller depots

distributed throughout the entire parenchyma. Let us imagine gumma
nodules, far below the size of a millet-seed, united in groups of five to

ten into a small, roundish tumor, united by compact connective tissue

with cartilaginous transparent basis-substance and beautifully devel-

oped spindle-formed cells; the connective tissue forms an area, which

extends with radiating processes more or less far into the environs,

and gives the whole place a gray translucent appearance. The central

part of each single nodule consists of round cells, even of polynucleated

giant cells, which encounter a fatty disintegration, and a kind of con-

centric stratification can often be demonstrated, as we find it upon the

cross-sections of the degenerated vessels. The question, which vessels,

is, of course, not easy to answer, as the portal canals are the standing

situations of the gummata spoken of, and just here arteries, veins, bil-

iary ducts, and lymph-vessels run side by side. Upon single nodules,

which lay close under the capsule, I believe I have convinced myself

that we are dealing with lymph-vessels ; still, further investigations are

necessary.

§ 523. A third form of hepatic syphilis is the hereditary cirrhosis,

which is observed in new-born children that come from a syphilitic

mother. Whether the enigmatical cases of well-marked, and indeed,

very pregnantly developed cirrhoses of the liver, which we occasionally

find in children of ten to fifteen years, and which, as I found, charac-

terized by a complete obliteration of the branches of the portal vein,

are a further development of that hereditary form, may be difficult to

decide. To this points the exceedingly complete compensatory arrange-

ments, which just here regulate the circulation of the portal vein, and

are only explained by this, that the liver already, during its develop-

ment, had encountered the disturbance.

§ 524. Leukcemic sivelling. In considering leukaemia (§ 177 et seq.),

I have stated the general outlines of all leuksemic infiltrations. The

liver is one of its favorite seats, and at the same time the organ where

it may be best followed histologically.

Since we know that the walls of smaller vessels permit the passage,

under circumstances, of colorless blood-cells, we will have, above all

others, to regard the leukgemic " new formation of lymph-adenoid

tissue" as an infiltration conditioned by the migration of colorless

blood-corpuscles. The increased number of them in the blood brings

this interpretation too close for us to avoid it. To this, however, is

added, that what is found histologically speaks thoroughly for a mi-

gratory theory. Because of the great conformity which the outer form
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of leukemic depots at the kidneys, have with depots of blood at the,

same place, I had long entertained the thought whether it were possible

and in what manner the leuksemic depots could be traced back to

original extravasations. The only thing, however, that I could adduce

in support of this view, was the slight density of the vessels within those

regions, which in injections regularly led to larger extravasations. Now
in the liver we see how the leukemic infiltration everywhere most inti-

mately connects itself with the course of the vessels. Upon every cross-

cut of a material, furthermore well prepared, injected, and hardened,

we see how the colorless cells form rows, which accompany the capillary

vessels through the entire acinus. In spots, the cells are so densely

crowded that they appear like an epithelial stratum, which is seated

externally upon the capillary walls. We find the same particularly in

the border parts of the acini, while the centr.e is less provided for. It

may especially be esteemed as established, that this infiltration—like,

mutatis mutandis, the fatty infiltration—penetrates the acinus from

without inwards. The liver-cells remain passive therein. Crowded off

from the vessels, the source of their life and functional capacity, they

perish atrophic, and we can often perceive, even with the naked eye, a

brown speckling of the liver-substance, which is to be traced back to

heaps of pigment granules, the last remains of liver-cells. This be-

comes so much the more prominent, as the color, which the liver-acinus

acquires in the leuksemic infiltration, is a very pure milky-white. We
can commonly see all stages of the changes side by side in one and the

same liver, as the borders of the acini become by no means indistinct

with the advancing infiltration, but on the contrary become constantly

more sharply defined. Beside the normal acini of the liver, we then

see there, those whose border zone has experienced a slight swelling and

whitish coloring; others again, which are enlarged throughout by per-

haps one- third, and at the same time are colored uniformly brownish-

gray; finally, acini' of monstrous circumference and milk-white color,

therewith peculiarly dry, and projecting cushion-like above the level of

the cut surface. The various degrees of the infiltration are commonly
distributed in such manner, that the portion of the organ most pressed

(under the edges of the ribs, for example), are less changed, the por-

tions more remote from this point are changed in a higher degree, yet

many deviations occur. A rarer form of leukemic affection of the liver

is presented in certain circumscribed grayish-white nodules, which are

in a certain measure similar to the miliary tubercles, but are to be dis-

tinguished from them especially by the slighter consistency. The
nodules have their seat in the portal canals, and are for the most part

found beside the previously described infiltration.

The circumference and weight of the leukgemic liver may become

very considerable, and in this connection become equal to the carcin-
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omatous degeneration. (Fig. 150, VIII.) Leukemic livers have been

observed of fourteen pounds weight.

§ 525. Tubercle. In the general tuberculosis of the serous mem-
branes, the lung, the heart, &c, which we most frequently observe in

children, there are probably also miliary nodules found more or less

abundantly distributed in the liver. They arise here at the smallest

branches of the hepatic artery, and hence are not exclusively found in

the interlobular spaces, but here and there, also, in the middle of the

acini, where they have occupied room by crowding away the paren-

chyma. According to Schuppel (Archiv der Heilkunde, Bd. ix, Hft.

vi), the cellular elements of the tubercles of the liver do not develop

beside, but in the bloodvessels. In this case I would be disposed to let

them proceed from a proliferation of the endothelium, because I could

establish this mode of origin upon the lymph-vessels and the serous

membranes. (See § 115.) Against this Schuppel himself declares the

tubercle-cells as derivatives of the white corpuscles, and will entirely

disregard a proliferation of the endothelia, which is very well known

to him from his studies upon carcinoma.

Even should the tubercles of the liver attain a considerable circum-

ference, which here and there occurs, they are still but a local affection

of very subordinate significance. We then often find a cheesy necrosis

of the central part, which is followed by the imbibition of bile, since

whatever is dead takes up obtruded pigment, which is rejected by the

living.

§ 526. Adenoma. Genuine epithelial cancer of the liver is a very

rare occurrence ; it is constantly metastatic, and arises in the smallest

nodules. On the other hand, adenoma is, indeed, likewise a rare, but

always a primary affection of the organ, and appears to a certain ex-

tent to represent the ordinary epithelial cancer. After Rokitansky had

already formerly called attention to the occurrence of a tumor-like

deposit of liver-tissue of new formation, this interesting species of

hepatic tumors has lately been more frequently met with. If we, ac-

cording to Hoffman's precedent, separate the cases of excessive forma-

tion of genuine hepatic substance in small globular portions, that can

only have a teratological interest, there remains as adenoma hepatis a

form of tumor, which is distinguished by exceedingly pregnant histo-

logical and macroscopic characters. The latter, however, are so easily

explained by their history of origin and growth, that I cannot refuse

to treat of both simultaneously.

If we follow, which was hitherto possible only in one case of multiple

adenoma formation, the nodules to their smallest beginnings, no longer

visible to the naked eye, we discover these in certain places of the

individual acini of the liver, characterized by form and color (Fig.

147). If in the investigation we made use of carmine imbibition, the
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Adenoma ofthe liver. Small-
est nodule produced by the
partial metamorphosis of an
acinus.

morbid parenchyma is marked by a strikingly deep coloring ; anfl

hence it becomes doubly easy to see, that here in place of the anas-

tomosing trabecule of the liver-cell net, have

entered oval cell-cylinders, which manifoldly

curve round each other, and in this manner fill

up a globular space, which at the same time oc-

cupies perhaps the sixth part of an acinus of the

liver, without crowding the adjacent cell-rows,

i. e., replaces it, has taken its place. This first

change is brought about by this, that within the

region alluded to, the trabeculse of the liver-cell

net separated from each other at the points of

connection, and each for itself, assumed the form

of a cellular cylinder ; as we, moreover, only

find it in the production of open- mouthed glands

and in epithelial cancer. With this transforma-

tion is combined a moderate increase of the liver-

cells, the effect of which meanwhile is equalized

for the time by the simultaneous diminution of

the elements.

§ 527. The further growth of the nodule so begun, ensues upon the

one hand, by the excentric extension of the trouble ; upon the other,

by the formation of s7wots on the part of the existing cellular cylinders.

When the tumor has attained the size of a small pin's head, the latter

is the exclusive mode of growth. The tumor already at this time

receives a connective tissue envelope, which excludes it toward the

surrounding hepatic tissue. The latter is entirely crowded out and

stifled, so far as it does not participate by nodules of its own. The
former, however, grows from the point alluded to by its own means.

The peculiar intention, which is expressed in the whole foundation,

advances to a delusive imitation of a tubular gland, perhaps the kidney.

Figs. 148 and 149, which both represent sections taken from a nodule

of perhaps the size of a hemp-seed, show us central lumina of various

width, in most of the existing pseudo-glandular tubules, which are filled

with a yellowish gelatinous substance, or with a thin fluid, clear as

water. Meanwhile, it must be stated, that the acme of development is

nevertheless not frequently attained, and that, as a rule, it stops with

the solid cell-cylinders. In Fig. 149, a part of the connective tissue

capsule is at the same time visible, which limits the nodule externally.

In nodules which have attained the size of a cherry and over, this

connective tissue capsule turns to the nodule a perfectly smooth sur-

face clad with serous epithelium ; there actually ' exists therefore a

serous space at the periphery of the nodule, which is bridged over at

but few points by the afferent and efferent vessels. Experiments by

injection have taught me, that the vascular tracts of the nodules,



476 ANOMALIES OF THE LIVER.

although they originally form a fraction of the acinous capillary net,

and consequently are accessible to each of the three species of vessels

of the liver, are afterwards always exclusively supplied by the hepatic

Adenoma of the liver. Bloodvessels and capsule
of the nodule. 1-300.

Adenoma of the liver. Tu-
bular structure of the tumor.
1-300.

artery. In the larger specimens of adenoma nodules, the injection

could only be forced in from the artery. We will again find some-

thing similar in the genuine cancers.

After all this, the fully developed adenoma nodule is a globular

tumor, invested in a connective tissue membrane ; its consistence is

swellingly soft, elastic ; its color, a light liver-brown, somewhat darker

upon single nodules. The tumor occurs singly and multiple ; in the

latter case, the nodules attain the considerable size of two inches in

diameter. Only by the mutual pressure of growth, does the original

spherical form of the nodule go over into all kind's of crushed and dis-

torted forms. At a later period a softening mostly occurs of single

nodules, the cells undergo fatty degeneration, the serous surface of the

sac produces also a certain quantity of pus, so that finally complete

abscess cavities arise, that may also burst, and then become fatal by

peritonitis. The circumference and the weight of the adenomatous

liver depend upon the number and size of the nodules ; both may be

very considerable, as in hepatic cancer (Fig. 150, VIII)

§ 528. Carcinoma. Carcinoma of the liver is exceedingly various in

its external appearance. We have there, in the first place, milk-white,

tolerably compact nodules protruding at the surface of the organ, as

well as upon every cut surface, from the size of a millet-seed to a fist,

imbedded in moderate numbers in the dark brownish red, atrophic liver

parenchyma (carcinoma simplex). Then there is a liver even mon-

strously developed (Fig. 150, V1I1), which, as the cut surface tells us,
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is composed almost only of soft cancer nodules, of all sizes and phases

of development (carcinoma medullare). There is a moderately en-

larged liver, which, beside some superficially situated nodules of the

Fig. 150.

The volume of the liver in various diseases. 1-10. Kibs. I. Position of the diaphragm in the hi.fhest
degree of tumefaction of the liver (carcinoma). II, II. Normal position of the diaphragm. II, III Rela-
tive dulness. III. Position of the diaphragm at the anterior wall of chest, at the same time the line
of dulness of the normal liver. IV. Edge of liver in cirrhosis. V. In the normal liver. VI. Fatty
liver. VII. Amyloid liver. VIII. Cancer, leukaemia, adenoma. All of proportional size.

size of a fist, provided with a central depression, a cancer-navel, ex-

hibits numberless smaller and most minute nodules (cancer dissemine'e

of the French). Furthermore, the rare form of a true diffuse infiltra-

tion, in which the acini retain their form, but ^become thicker and
broader, as also they assume a more grayish-white, ultimately quite

white color. The radiating cancer, characterized by the arrangement

of the cancer-mass in lines, which extend radiating from the centre of

the nodule towards all points, mostly a pigmented medullary cancer.

Finally, the gelatinous cancer, which is rarely observed, and only in

single nodes as a secondary affection.

§ 529. It is certainly very important to become masters of this great

variety by going back to the source, namely, the histological develop-
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raent of the various cancers, in order, by its aid, first of all, to under-

stand its structure, and in connection therewith the macroscopic pecu-

liarities. This path has, indeed, been already frequently trodden, but

has hitherto only led to a true forest of individualized phenomena,

which will yet afford many an investigator opportunity for further

deeds.

Let us, in the next place, connect it with the fact that more than

three-fourths of all hepatic cancers are metastatic, and of the metastatic

again two-thirds are metastases after primary disease in the region of

the portal vein, one-third metastases after primary disease in other

parts of the body, with and without preceding affection, of the lung.

The predominant occurrence of metastatic cancer might possibly be

traced back to a wandering in of cancerous emboli into the portal vein,

or the hepatic artery. For this speak, 1, a great list of the published ob-

servations of various authors upon cancerous thrombosis of the vena

portse. According to Virchow, there is a quite independent (*. e.,

not imparted by carcinomas of the neighborhood) carcinoma formation

in the lumen of the vena portse. A thrombus, which fills up the ves-

sel from several of its ramifications into the trunk, without breaking

through any place of its walls, consists quite of cancer-mass. This

appearance can probably be only so interpreted that here, in connection

with one or more cancerous emboli, first a thrombosis of the portal vein

had taken place, and then a carcinomatous transformation of the throm-

bus. For this rarity, of course, the far more common case must not

be mistaken, where a hepatic carcinoma passes over to the portal vein,

destroys the walls, and from here grows further into the lumen. On
the other hand, an observation of Naunyn somewhat more correctly

belongs here, where, after primary cancer of the kidney, with cancer-

ous thrombosis of the adjoining veins of the mesocolon, numerous spots

of the liver, of the size of a millet-seed, exhibited everywhere the

transverse or longitudinal cut of a cancerously thrombosed branch of

the portal vein, surrounded by one of the smallest cancer tumors. One

might entertain the meaning that we have here the immediate view of

the cancerous embolus and its pernicious influence upon the surround-

ings. Nevertheless, I believe I must warn against a too extended

application of this explanation, as such conditions are by no means so

frequent as the observer mentioned appears to accept. We can gener-

ally only confirm the fact that in very many cases, where the cancer

occurs with numerous isolated nodules, these nodules have their seat in

the portal canals. This, however, obtains for almost all tumors, and

may be connected with other relations.

§ 530. A very interesting observation, which transfers the cancerous

thrombosis of the larger vessels and the questions connected with it to

the capillaries of the parenchyma, is presented to us in the development

and growth of the pigmented radiating cancer. The peculiar structure
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of this tumor is derived from this, that here the capillaries are occluded

by the black cancer-cells up to the hepatic veins, and in consequence of

this, the known whorl-formation makes its appearance, by which that

side of the vascular apparatus characterizes itself in black stellate struc-

tures of all possible dimensions. Fig. 151 brings to view the border por-

Fig. 151.

Carcinoma hepatis. The production and structure of pigmented radiary cancer. The liver-cell net
forms the first foundation of the stroma, while the cancer-cells are deposited in the lumen of the
vessels. 1-400.

tion of a cancer-nodule ; we distinguish stroma and cell-nests ; the stroma,

however, in its main trabecule, shows liver-cells, which are partly very

much distorted, stretched in length, here and there also richly pig-

mented black and brown, but which yet in part are characterized by

the known peculiarities, in part by their immediate connection with the

contiguous parts of the liver-cell net, as genuine liver-cells. The more

delicate trabeculse'of the stroma are spindle-formed and stellate cells,

which of course have nothing whatever to do with the liver-cells. The

presence of liver-cells in the main trabecule only shows us, that they

are not the liver-cells, which furnish here the cancer-cells (in contrast to

common cancer) ; it, however, at the same time serves us for drawing

a conclusion as to the place where the cancer-cells are deposited. This

is no other than the lumen of the bloodvessels. We may recognize the

double contour of the capillary membrane as it completely surrounds

the smaller cell-nests, the larger, at least partly; there can be no

doubt, therefore, that the cancer-cells actually are placed where the

blood-corpuscles formerly circulated. The question now is, how they

come there, how they originated ? Up to within a short time, I did

not venture to give a positive answer to this. In my own mind, it is

true, I cherished the view, that the cells of the vessels are the producers
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of the cancerous elements ; the pictures, which elucidate to us this pro-

cess—nuclear division and double nuclei in cells, which clinging closely

to the walls of the vessels project crescentically into the lumen, cells

which are attached to the walls of the vessel like a proliferating epi-

thelium—these pictures, I say, we can find at the borders of the cancer-

nodules in abundance ; the adjoining illustration also shows it at several

places. But I still hesitated, until recently the beautiful investigations

of Thiersch and Buhl have made the fruitfulness of the vascular epi-

thelia plausible in the highest degree. Thiersch concedes a prominent

significance to the epithelia of the vessels in the organization of thrombi

;

Buhl proves, that the formation of pus in the branches of the vena

portse in phlebitis thrombotica (see § 505), depends upon a proliferation

of the epithelia of the vessels. After these two observations I no

lono-er hesitate to trace back the origin and accumulation of the cancer-

cells in the lumina of the vessels, in the radiating pigment-cancer, to

a proliferation of the epithelia of the vessels, and I am rejoiced to be

able to report, that the beautiful studies of Schiippel and his scholars,

upon the histogenesis of hepatic cancer (Fetzer, Inaugural Dissert.,

1868), have completely justified this statement. Fetzer is disposed to

claim intravascular origin and growth for the majority of all secondary

hepatic cancers.

§ 531. The observation quoted above forms at the same time the

transition to a second series of studies, which concerns more the growth

of the cancer-nodules. The most comprehensive and simple relations

are presented in this connection by the diffuse hepatic cancer, that

remarkable degeneration of the acini of the liver, in which they, with-

out sacrificing their form and limits in general, are yet gradually con-

verted into cancer-mass. Fig. 152 presents the most instructive part

of a half-degenerated acinus, and I believe, that we may here be con-

vinced without difficulty, that they are the liver-cells themselves which

become cancer-cells by multiple division and transformation, while the

capillary net gives the first foundation of the cancer stroma. At v, is

the centre of the acinus, the venous lumen here very much dilated, from

which, in the manner known, the capillaries radiate. At a, the liver-

cells are normal; at c, quite the same separation and loosening of the

more rounded and enlarged cells, which I have alleged in § 501 as

characteristic of parenchymatous inflammation. Then follow interme-

diate forms, tantil at b very wide meshes of the cancer stroma, here

complete, are filled with the numberless derivatives of the liver-cells.

This transforming process must of course be regarded as valid in

the first place only for the diffuse hepatic cancer, but there can be no

doubt that the nodular hepatic cancers may at least grow in the same

manner. If we examine, to begin at once with the most unfavorable

case, the border of a large and compact carcinoma nodule towards the

contiguous liver parenchyma, we will find, that by the pressure of the
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growing nodule, all the adjacent acini are pressed out of their structure

and converted into fiat discs, which lie parallel to the spherical surface

of the cancer. The liver-cells encircle the cancer by five or more con-

Fig. 152.

Carcinoma hepatis. The production and structure of diffuse medullary cancer. The vascular net-
work forms the first foundation of the stroma, while the liver-cells are converted into cancer-cells, a.

Normal liver-cells, c. Parenchymatous inflammation. 6. Nests of cancer-cells, v. Vena centralis. 1-100.

centric rows. This picture certainly makes the impression, as though

the liver-cells must rather be impeding, than conducive to the further

enlargement of the nodule, and we are but confirmed in this opinion

when we see, that just these nodules present the most admirable exam-

ples of the growth of the tumors by leaps. Beyond this girdle of liver-

cells and nearest to the outer connection with the principal nodule,

there is established a new nodule, which growing independently towards

all sides, finally reaches the principal nodule, and fuses together with

it into a whole. We often see the whole periphery of the principal

nodule beset with additional nodules of this kind, and by its outwardly

bulged out contours we may conclude that these are not the first "adja-

cent depots" which it has annexed. From all this, however, only so

much can be concluded, that the liver-cells by the pressure of the car-

cinoma, perish atrophic, ere yet they are able to prove their vital force

by participating in the metamorphosis. Herewith, however, let the

possibility, that those small nodules formed their cancer-cells from

liver-cells, remain entirely untouched.

A quite different and, for the view alluded to, much more favorable

picture is presented by the investigation of the softer multiple carcino-

ma, which, indeed, we by far most frequently see. For this* Frerichs

especially has adduced the proliferation of the cancer mass from the

31
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portal canals into the contiguous acini. The numerous injections un-

dertaken by this investigator, at the same time, left no doubt in his

mind, that this growth ensues, so to say, under the auspices of the hepatic

artery, as the cancer nodules could be filled only from this constantly

very much dilated vascular trunk, while the branches of the portal vein

were compressed and took up no injection material. His Fig. IV
(Plate VII, Atlas, second fasciculus) is a very instructive picture, where

we see the adjacent acini of a cancer nodule directly fusing into the

new formation. This figure, of whose truthfulness we cannot have the

slightest doubt, gives thoroughly the impression of a transubstantiation

of the liver-parenchyma, of the liver-cells themselves, and speaks a

more intelligible language than all the reasonings based upon deficient

observation.

That which, finally, in our judgment, speaks likewise for the direct

metamorphosis of the liver-cells, is the great vascularity which charac-

terizes all the softer hepatic cancers. The stroma of the smaller nodules

is everywhere formed entirely of wide and thin walled capillary vessels.

Afterward there is added a peculiar growth of the stroma by spindle-

cells and connective tissue (see § 155), the trabeculse of the stroma

become somewhat thicker, but the main framework always contains in

each of its trabeculse a bloodvessel of larger calibre, which I hold for

the derivative of an original hepatic capillary.

§ 532. Herewith, I believe that I have everywhere conducted the

reader to the point where the thread of investigation is cut. It is not

yet possible to give a conclusive judgment upon the origin and growth

of hepatic cancers. It is different with the decomposition of carcinoma,

which, in by far the most cases, is introduced by a fatty degeneration

of the first produced, hence, oldest and most centrally situated cells of

each nodule. We can estimate the extent of this change of a brownish-

yellow or yellowish-white decoloration, already by the naked eye, and

convince ourselves, that just these places are especially soft, pulpy, and

liquefying. The fatty detritus is capable of resorption. But it is only

resorbed, when the nodule lies superficially, in which case the side situ-

ated towards the peritoneum can sink in, which is not the case in nodules

more deeply situated, which have upon all sides equally thick and rigid

tumor-walls. Hence, here we have the formation of actual cancerous

abscesses, while upon the superficial nodules we observe the phenomenon

of a depression or formation of a navel. As cancer-navel we designate

the dish-like depression which forms at the collapsed centre of a cancer-

nodule. If we make a vertical section here, we touch upon, the so-

called cancer-cicatrix, that is, the sum of what yet remains of the

structure of the carcinoma after the loss of the cancer-cells, the stroma,

the obliterated, and the few yet preserved bloodvessels, all united into

a solid cicatricial tissue, which radiates everywhere from the periphery

into the stroma of the yet florid tumor-mass.



VIII. ANOMALIES OF THE KIDNEYS.

§ 538. It is here and there correctly state

histological studies, that up to a certain de-

gree we may learn to judge of the changes

that have taken place by the unassisted

eye. Upon no organ can we go so far in

this connection, as upon the kidneys. To

this end, we must divide the substance of

the kidney into certain anatomical regions,

within which the disturbances partly be-

gin, partly produce groups of anatomical

changes of characteristic appearance. In

the first place we have the principal di-

vision of the kidney into medulla and cor-

tex; these are characterized by the course

of the main branches of the renal artery

and vein upon the one side ; upon the other,

by the exclusive finding of convoluted uri-

nary tubuli and Malpighian corpuscles

in the cortical substance. Further on,

however, we distinguish upon the cortex,

1. The region of the Malpighian cor-

puscles, and the convoluted portions of the

tubuli uriniferi. (Fig. 153, g.) This em-

braces four-fifths of the entire cortex. As
the capsules of the Malpighian corpuscles

are at the same time the beginnings of the

urinary tubules, the convoluted portions of

the urinary tubules, at the same time the

termination of them, therefore, the sub-

stance in question represents the most im-

portant part of the secretory parenchyma.

Furthermore, it contains the collective

arterial and venous trunks of the cortex,

the collective rete mirabile with corres-

ponding vasa afferentia and efferentia, and

•the venous half of the capillary system; 2.

The region of the straight tubuli uriniferi.

I should rather say, the regions, for in

d as an aim of pathologico-

Fia. 153.

Semi-diagramrnatic sketches of the
structure of the kidney in cross and
horizontal sections through the corti-

cal substance, a, a, a. The bases of
renal lobuli which appear as polygonal
figures upon the horizontal section, b.

A main branch of the renal artery,

which divides the medulla and cortex,

and sends up the arteriolar ascendentes
with the Malpighian corpuscles into

the cortical substance, c. Lumina of
renai veins which receive the inter-

fascicular vessels; the latter appear as

stellate figures upon the horizontal
section, d. Vasa recta, e. Surface of

the renal papilla. /. A fasciculus of

straight urinary tubuli, which radiate

into the connective substance as pyra-
mids of Ferrein.
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Fig. 154.

Diagrammatic sketch of the course
and subdivisions of a single urinary
tubulus. a. Vas afferens. v. Vas ef-

ferensofa Malpighian coil (g.) b. Con-
voluted end Of the urinary tubulus,
with the Malpighian capsule, c. Trans-
ition of the convoluted urinary tubu-
lus into the descending branch of the
loop-formed, d. Loop. e. Outlet of
the ascending branch of the loop-
formed urinary tubulus into the sys-
tem of excretory tubules (/, /', J"

1
, j

3
).

<?, c?, e*. Places where other ascending
urinary tubuli empty.

truth, this region is divided into just as

many subdivisions as the kidney has

lobules. Every renal lobulus (Fig. 153,

a, a), consists in its medullary portion

only of straight urinary tubules, and

indeed, upon the one hand, of the compa-

ratively wide discharging tubules, (Fig.

154, /), emptying at the papilla (Fig.

153, e), upon the other of the very nar-

row looped-formed sections of the uri-

nary tubules, which by one radicle come

from a convoluted tubule, and empty by

the other obliquely from below into a dis-

charging tubule. (Fig. 154, c, d, e.) The

thickness of the bundle upon every cross-

section depends upon the number of these

loops. The loops of the most peripher-

ally situatedJ Malpighian corpuscles just

reach into the medullary substance, while

the most central glomeruli, therefore, sit-

uated at the boundary of medulla and

cortex, send down their loops until close

above the papillae ; the intermediate ones,

however, corresponding to their situation,

form loops at all possible distances be-

tween the papillae and the medullary

boundary. Thus it comes, that close to

the limit of the cortex in the medullary

parts of the lobule, the ascending and de-

scending limbs of the collective curved

urinary tubuli are united in one cross-sec-

tion, while towards the papilla the loops

coming from the peripheral capsules, to-

wards the periphery, those coming from

the central capsules disappear more and

more. Conformably, the bundle of straight

urinary tubules of each renal lobule

tapers from the medullary limit towards

both sides. In the cortical substance

it is continued as the so-called pyramid

of Ferrein. Now these pyramids of Fer-

rein are identical with the extent of the

straight urinary tubules in the cortical

substance. The small-meshed capillary

net, which is woven around these tubuli

uriniferi, is at the same time the arterial
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half of the collective capillary system of the kidney; namely, the vasa,

efferentia, after leaving the glomerulus Malpighianus, penetrate di-

rectly into the centre of the pyramids of Ferrein, and here first break

up into capillaries, so that the blood in each renal lobule flows from

within outwards, notwithstanding the afferent vessels, the arteriole as-

cendentes (Fig. 153, b), are situated at the periphery. Upon the medul-

lary substance we distinguish,

3. The region of the straight urinary tubules, i. e., the medullary

portion of the renal lobule. (See under 2, and compare Fig. 153,/.)

4. The region of the vasa recta. From the medullary limit small

bundles of veins and arteries push in between the bundles of straight

urinary tubules, each belonging to a lobule. (Fig. 153, d.) As these

vessels are likewise characterized by their straight course, in an empty

condition they are difficult to distinguish from the adjacent tubuli

uriniferi. The limits of the lobuli, under the circumstances, are indis-

tinct to the naked eye. In reality, however, the vasa recta are almost

always filled, and thus furnish us an exceedingly valuable macroscopic

criterion for distinguishing the adjacent lobuli. They come, as far as

they are arterial, by far the greater part from the glomeruli, situated

most towards the medulla, and are very much elongated vasa efferentia

;

for the smaller part they arise directly from the main branches of the

renal artery, which run between the medulla and cortex. The veins

unite near the medullary limit to short trunks, which open directly into

the main branches of the renal vein. The vasa recta are surrounded

by a moderate quantity of loose connective tissue, the last processes of

the connective tissue sheath, which invests the principal vessels at their

entrance at the hilus of the kidney.

Further consideration will now teach in how far these regional sub-

divisions of the kidney will come to our aid as the most essential guide

in the "microscopy with the unaided eye."

1. Inflammation in General.

§ 534. The pathological anatomy of renal inflammation is, in truth,

the most cherished, and withal the least finished chapter of our entire

teaching; thus, far from being able to delineate an anatomical pic-

ture of disease, divided into stages, under the name of renal inflam-

mation, according to my judgment, we must regard as premature even

the attempts of Rayer, Forster, and others, to draw stricter bounds

between a simple, an albuminous, parenchymatous, interstitial, and a

croupous nephritis. This incompleteness and uncertainty in pathologico-

anatomical spheres is also reflected, especially in the fluctuating state

of clinical diagnosis, where the exceedingly elastic idea of morbus

Brightii (certainly not merely from doing honor to John Bright) yet

enjoys an undiminished consequence. In the face of this, the position
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of pathological histologist may be called a comparatively easy one. We
are at liberty to consider by themselves the changes which are observed

upon the individual structural constituents, the urinary tubules, the

connective tissue and the bloodvessels, and thus at least present the ele-

ments of the anatomical changes in unmixed purity, while it is only

secondarily our office, by the combination of these elements, to group the

principal anatomical pictures of the total disease.

a. Changes in the Tubuli Uriniferi.

§ 535. Desquamative catarrh. If we exert a lateral pressure upon

the papillae of a not quite recent kidney, taken from the corpse, there

regularly flows out of the urinary tubules, there opening, a little whitish,

cloudy urine; the whitish cloudiness is derived from the admixture of

epithelial cells, which, by their partial apposition into tubules, prove to

be the cast off epithelial linings of the tubuli uriniferi. As this appear-

ance is constant, it must appear venturesome to wish to recognize the

existence of a desquamative catarrh of the urinary tubules, from their

increased appearance at any time; from their being more readily

loosened post mortem we cannot once draw the conclusion that during

life, also, the epithelium of the urinary tubules adhered more loosely

to the membrana propria ; on the contrary, we are called upon by this

to be suspicious of the finding of urinary tubules free of epithelium

under all circumstances. In such urinary tubules of the renal papillae,

apparently free of epithelium, upon cross-sections, I have not at all

infrequently found fractional parts of the garland of epithelial cells,

which, in the preparation, had remained isolated, probably only by

chance, but gave so much the more eloquent testimony that the absent

portion of the garland had fallen out just as the epithelial lining of the

perfectly naked tubules.

Accordingly it might almost appear as if I were inclined to deny in

general the existence of a desquamative catarrh of the urinary tubules.

This, however, is by no means so. I refer to but one much used, and

yet quite useless, criterion of its existence. The course of desquama-

tive catarrh of the urinary tubules is on this wise, that in the first place

there occurs a granular cloudiness and a casting off of the existing

epithelial lining, hereupon, however, a more abundant production of

young <iells on the part of the connective tissue in the surroundings of

the urinary tubules, to a more rapid exchange of the epithelial cells,

and to the separation of numerous, but always single, older and younger

cell-forms. Certainly the question recurs here of the place of forma-

tion of the epithelia, and the presence of the membrana propria betAveen

the connective tissue and epithelium, is very well calculated to call forth

doubts and scruples as to the possibility of a restoration of the epithe-

lium on the part of the connective tissue. Meanwhile, by the recent
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discovery of Cohnheim (§ 89), the belief in the absolute homogeneity of

the capillaries has received a heavy blow, which will, without doubt, be

continued to all homogeneous membranes. I described above (§ 367)

the migration of young connective tissue cells through the basement-

membrane of the tracheal mucous membrane in croup of the latter. I,

moreover, cited the investigations of Iwanoff on the migration of corneal

elements through the anterior layer of the cornea into the epithelium in

certain forms of pannus ; the tubules of Bellini also already, years ago,

were investigated by Axel Key for this possibility, and, indeed, not with-

out positive results. In other respects, I refer to the adjoining figures.

Fig. 155 presents transverse and oblique sections of catarrhal urinary

Fig. 155.

-ss^a.

Transverse and oblique sections of catarrhal urinary tubuli. 1-500.

tubules. The central one of the three is entirely deprived of its normal

epithelial lining, and in its stead exhibits young cell-forms without firm

connection. The two others show more or less loosened epithelial linings,

as also younger cells upon and beneath the epithelium. The cellular in-

filtration of the connective tissue is also indicated. I have hitherto only

observed these changes in the system of tubules opening at the papilla,

which we can distinguish within the medullary substance from the loop-

formed urinary tubules by their considerably larger calibre ; in the cor-

tex by their lighter epithelium, and likewise by their calibre, although

but little larger, from the convoluted urinary tubules.

§ 536. Cloudy sivelling. One of the most important affections of

the urinary tubules is the cloudy swelling of the epithelial cells. It is

characterized by the more abundant appearance of minute dark gran-

ules in the protoplasm, and an evident increase of volume of the single

elements conditioned thereby. The greater space which is here re-

quired, is covered, upon the one hand by a considerable increase of

thickness of the whole urinary tubule, upon the other by the cells

swelling towards the interior, and completely filling up also the lumen

of the urinary tubule. They then divide in the existing room at the

expense of their outer form. The one part, with their conical points,

push towards the interior ; the others become more globular, and form

bellied projections at the external contour of the affected urinary

tubules. (Fig. 156, 1.) The nuclei, indeed, become indistinct under the

dense cloud of minute granules which clouds the protoplasm, but even

in cases of very high degree of cloudy swelling, I have always yet
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been able to make them distinct by carmine imbibition and acetic acid.

Herewith it would appear to me as though more frequently than we

ordinarily accept, there occurred a nu-

clear and cellular division, still I will

not allow myself a definitive judgment,

because all histological criteria are so

extraordinarily uncertain, just in the

cloudy swelling of the epithelia; for

this is exclusively observed at the con-

voluted portions of the urinary tubuli,

and we know that just here a finely

granular clouding of the epithelial cells

is found, even under normal circum-

stances, in such manner, that these

cells have a more cubic or cylindrical

form ; the cloudy swelling would con-

sequently appear only as a quantitative,

and therefore very difficult to be esti-

mated excess, if the perverse arrange-

ment of the existing epithelia and the

closure of the lumen by swelling did not

present further points of support. It is

similar with the nuclear and cellular di-

vision, which may also be observed in

the normal kidney. We must undoubtedly lay the most weight upon

the total effect of the changed tubuli upon sections; their decided dila-

tation, the varicosity of the outer contour, finally a certain not incon-

siderable swelling and increase of thickness of the tunica propria (which,

according to my experience, is never wanting), insure the microscopic

recognition of the morbid condition better than the observation of a

single epithelial cell.

What kind of chemical changes take place in the cloudy swelling at

the protoplasm has not yet been ascertained. There probably is an

impregnation with an albuminoid body, as the cloudiness, as we saw

above, can be made to disappear by the addition of acetic acid. In a

general pathological relation we must regard the cloudy swelling as the

consequence of an irritation, which has attacked the cell from the blood.

The question is mostly about poisonings and infections, poisoning by

phosphorus, variola, and other acute exanthems, typhus, puerperal, and

septic fevers, in all of which the poison is taken up at another place,

but is conveyed to the kidneys, as to other organs, by the blood.

§ 537. Fatty degeneration. The future changes of the " cloudy

swelled" epithelial cells are various. Slighter degrees of the affection

appear to be no obstacle to the return of the cells to the normal state.

If we imagine the granular masses as nutritive material, which remains

1. Cloudy swelling and commencing
fatty degeneration of the epithelia of the
convoluted urinary tubuli. 2. Advanced
fatty degeneration. 3. Formation of

fibrinous cylinders, a. Cross-cut of a
urinary tubulus, with a gelatinous cylin-

der filling the lumen, b. Epithelium, c.

Tunica propria, d. Eenewed production
of colloid at the surface of the epithelial

cells, which elevates the older. 1-500.
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in the cell in consequence of disturbance of the exchange of material in.

the cell and separates in a solid form, we may represent to ourselves the

return to the normal as a resolution and consumption of the solid mass.

Direct observations upon this point are quite wanting from apparent

grounds. Upon the other hand, fatty degeneration threatens the

swollen epithelia. Then beside the minute albuminous molecules,

darker and larger granules arise, which by their microchemical reac-

tions (solubility in alcohol and ether) prove to be fat-globules. I have

often wondered at the very various sizes of these fat-globules. Some
are atomically small, others of such an extent that one might almost

think of fatty infiltration (Fig. 156, 2), if the formation of granular

corpuscles and the final disintegration to a fatty detritus did not pro-

nounce too distinctly the destructive tendency of the process. The
fatty metamorphosis, as long as the cells are yet to be distinguished as

particular structures, is connected with a further distension of the

tubulus, which is of course but temporary, and in the next place passes

over into the opposite condition of collapse; thus, one imagines that

the fatty detritus is partly evacuated with the urine pressing from be-

hind, part resorbed, and that then the urinary tubules naturally remain

empty and flaccid. The known finding of fatty globules and granular

corpuscles in the urine speaks for the possibility of the evacuation of

the fatty detritus. The latter still adhere here and there externally

to the fibrinous cylinders (see below), evacuated at the same time, and
thus make known their derivation from the urinary tubuli. Meanwhile
the greater part of the fatty mass is undoubtedly removed by resorp-

tion. Beer found the stroma of the kidney, especially the stellate

gaps for the connective tissue cells, flooded with fat-globules. The
pictures which he gives us of this correspond too nearly with the known
appearance of the intestinal villi during the absorption of fat, that

there should remain a doubt of any weight. The complete deprivation

of the urinary tubuli of epithelium appears to me to be less fully made
out. The complete disappearance of the urinary tubuli in the destruc-

tion of the connective tissue of the organ, therefore, in the later stages

of shrinking of the kidneys, can properly only be adduced for this. A
kidney, hoAvever, whose cortical substance consisted exclusively, or even

only in part of collapsed urinary tubuli, and without epithelium, I have

never seen. Hence it may be probable that the loss in cells, which the

fatty metamorphosis, occurring after the acute cloudy swelling at the

epithelial lining of the convoluted urinary tubules, causes, is provision-

ally covered by a corresponding after-growth and replacement, and that

in this way a complete equalization of the disturbance lies in the bounds-

of possibility. Clinical experience also agrees with this.

It is certainly somewhat different, when the epithelium of a urinary

tubule, strangulated by the interstitial connective tissue development,

or cut off from nutrition, whose complete destruction is only yet a ques-
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tion of time, undergoes fatty degeneration. We meet with conditions of

this kind with extraordinary frequency in such kidneys, upon which the

nephritis, having become chronic, has half completed its work of de-

struction. (See § 562.) Here, however, the fatty degeneration is by

no means a consequence of former cloudy swelling, but entirely the

proof that the affected urinary tubuli are no longer sufficiently pro-

vided with nutritive material, and that in consequence of this the epi-

thelial cells, rich in protoplasm and hence much in need of nutriment,

fall into necrobiosis. The histological detail is, of course, also in this

fatty degeneration the same as in the acute form
;
yet all the cells do

not die at once; we rather find side by side the most various changes

of the process, as also the etiology of the trouble it brings with it.

§ 538. Fibrinous -cylinders. One of the most important signs for

the existence of an affection of the kidneys, falling under the province

of hyperemia and inflammation, the physician finds in the presence of

the so-called fibrinous cylinders in the sediment of urine. We call

fibrinous cylinders certain hyaline, colorless, in fact cylindrical bodies,

which according to their form agree so completely with the dimensions

of the lumina of the urinary tubuli, that it scarcely needs the proof,

at the very spot, to declare them as "casts of the straight urinary

•tubuli." (Fig. 157.) We attain one step further to the conception, that

these casts may have arisen in the same manner as the casts of narrow

bronchial lumina in croupous pneumonia,

and in that this idea was followed up, we

finally came to the assertion of a croup-

ous nephritis with fibrinous secretion of

the surface. To this came the exceed-

ingly plausible explanation of Traube,

according to which the growing height

of the blood-pressure in the cones of the

renal medulla was said to lead to a filtra-

tion of ever thicker constituents of the

blood, first albumen, afterward fibrin, at

length blood-corpuscles ; an explanation

which, from the great popularity of the

investigator mentioned in this sphere,

could not fail to be established in the

imaginations of the medical public.

fat

le

T-5oo
hly °overed With molecu,es of Against this, we can to-day also only

make this one objection, that the so-called

fibrinous cylinders have not yet been recognized by chemists as actual

fibrin. This objection, however, leaves untouched the main point of

Traube's conception, namely, that the albuminuria arises, increases,

and falls with the hyperemia of the renal medullary substance.

It is questionable whether the fibrinous cylinders generally could

Fig. 157.

Fibrinous cylinders, a. Within a uri-

nary tubulus. 6, c. From the urine, more
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arise without an active participation of the urinary tubuli. For some,

time I defended the view, that the epithelial cells of the straight urinary

tubuli prepared in their protoplasm a colloid substance, which they

allow to pass out into the lumen of the tubuli uriniferi. Fig. 156, 3,

appeared to me to be only explained in the sense, that after the con-

solidation of a first fibrinous cylinder a, which occupies the central

lumen of a urinary tubule, a renewed production of colloid substance d

has taken place on the part of the contiguous epithelial cells b. Still

I must concede to Klebs, that here also the interpretation of a simple,

perhaps post-mortem, or caused by the preparation, swelling out from

the protoplasm of the epithelial cells, is not to be excluded. The

matter is consequently by no means ready to be pronounced upon, and

as it has lately been proven (Heynsius), that the blood-corpuscles con-

tain fibrin, the possibility is also to be considered, that the fibrinous

cylinders are a product, washed out of extravasated blood-corpuscles.

We will provisionally maintain, that a fluid albuminate poured out into

the lumen of the urinary tubuLes becomes rigid, and thereby forms the

fibrinous cylinder. If there are cast-off cells in this lumen of the

urinary tubule, as is the case in catarrhal conditions, these are fixed in

the centre of the cylinder. The outer contours of the cylinder are

then more sharply defined, and the onward movement, the evacua-

tion of the structure, begins. This is accomplished by the pressure of

the urine from behind, and meets with no difficulties, because of the

extraordinarily soft, and in every direction pliable, slippery, smooth

constitution of the fibrinous cylinder, notwithstanding the numerous

curves of the route that at least some of them have to pass over. (Fig.

15-1.) The passage from the ascending limb of the loop-formed canals

into the straight tubuli, takes place with peculiar ease because of the

greater width of the latter. The majority of the fibrinous cylinders

are formed in the looped canals; the ordinary thickness of those which

are found in the sediment of urine correspond to their lumen, much
rarer to the greater calibre of the straight tubules. In the convo-

luted portions of the urinary tubuli fibrinous cylinders are probably

only exceptionally formed, and those which we meet with upon sections

of the cortical substance do not lie in the convoluted tubes, but in the

spaces of Schweigger, or in the excretory ducts, which, indeed, accord-

ing to Henle's investigations, are uniformly distributed through the

entire cortical substance and as an independent system of canals, and

may accordingly also be met with between the convoluted urinary

tubuli.

§ 539. Amyloid infiltration. I am convinced that fibrinous cylinders,

which remain sticking at places of the urinary tubuli difficult to be

passed, especially at the curves of the " looped-formed ones," undergo

the vitreous tumefaction in the course of time, and assume the micro-

chemical reactions of amyloid substance, become brownish-red upon
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the addition of iodine. Only in this manner can I explain to myself,

Avhen in kidneys, which are indeed exceedingly altered in their other

structural constituents, but are yet not exactly amyloid infiltrated, at

the mentioned curves, cylinders of amyloid substance are found, which

occlude the urinary tubules for a greater distance. These cylinders

cannot be regarded as metamorphosed epithelia (see below), for the

epithelium lies Avell preserved between them and the membrana propria

of the urinary tubules. The amyloid infiltration of the epithelia is in

general only found in the extremest cases of general renal amyloid, so

that for these amyloid cylinders standing quite alone we must fall back

upon the local production of the amyloid substance from "coagulated

albuminates which have remained lying," more minutely discussed in

§ 50.

Now, touching that general renal amyloid (comp. § 564), the urinary

tubules are wont to be affected only in the second place. The princi-

pal depot is then found in the membranes clear as glass, which swell

up considerably, in sections by transmitted light become clearly trans-

parent, and present the well-known iodine reaction. The epithelial

cells offer a much longer resistance. If they also finally enter upon

the metamorphosis, they swell out, their contours become indistinct,

those contiguous fuse together, and since the central lumen entirely

vanishes, there arises a cylinder of amyloid substance, which still ex-

hibits its composition by cells, by its bulging outlines (Key). The

amyloid infiltration of the urinary tubuli beside that of the blood-

vessels, especially of the vasa recta, is found par excellence at the

renal papillae, extends, however, from here, radiating, probably even

into the pyramids of Ferrein. I have not yet observed it upon the

convoluted urinary tubuli, but I by no means doubt of the possibility of

its occurring there. One will always have difficulty here in distinguish-

ing the diseased tubuli from the simultaneously diseased vessels.

§ 540. The cystoicl degeneration of the urinary tubuli depends either

upon an obstruction, or upon an obliteration of their lumen, and arises

according to the general type of retention cysts, yet the latter under-

goes just here several very essential modifications.

A very common obstruction to the efflux of the urine is presented by

the amyloid cylinders in the curved urinary canals, mentioned in the

preceding paragraph. Beside these we not at all infrequently find

smaller and larger cysts, up to the size of a pea, which are dispersed

through the medullary substance of the kidney ; now there are but few

of them, now they are so densely sown that they touch each other,

perhaps form elegant rows, like strings of pearls, &c. (Fig. 160,/.)

The second fourth of the medullary substance, reckoned from the

apex, is undoubtedly the favorite seat of this kind of renal cysts. From

here towards the cortical substance they gradually lose themselves ; at

the papillae they are just as little found as in the immediate neighbor-
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hood of the medullary limits or of the pyramids of Ferrein. Touching,

the details of their development, in the first stage of the ectasy, a gelat-

inous softening of the obstructing material itself appears to play an

important role. Up to the size of a pin's head, perhaps, the cysts by

no means contain a clear or urinous fluid, but a substance which readily

solidifies in alcohol, chromic acid, &c, and then exhibits a concentric

arrangement upon cross-sections which impregnates with carmine, and

retains this color quite peculiarly ; in short, a half solid, gelatinous

albuminate. Upon single cysts of the calibre just mentioned, there

can be demonstrated neither epithelium nor tunica propria ; and the

transition into the surroundings is so indistinct that for these cases it

is impossible to banish thoughts of a centrifugal process of softening.

For this latter certainly tolerably narrow limits are drawn ; a sharply

limiting seam of connective tissue forms, upon still larger specimens of

these cysts, the boundary towards the surroundings; at the same time

the contents become structureless, clear as water, and thinly fluid.

Meanwhile these more profound changes must not prevent us from

upholding the acceptation already founded by Beckmann and received

by Virchow, according to which the smaller multiple cysts of the

medullary substance, which we find in interstitial nephritis, are cysts

of retention.

§ 541. Cysts by constriction are found in the cortical substance of

such kidneys, in which an inflammatory hyperplasia of the connective

tissue has particula.rly attacked the environs of the larger renal vessels

at the medullary limits. These cysts are either single, or they even,

occur so numerous, that the whole cortical substance is occupied by

them, and but few remains yet exist of relatively intact parenchyma.

In the latter case (cystoid degeneration) we have the best opportunity yet

of following the development of the cysts in all their stages. Virchow

has but recently correctly warned against the assumption that the cysts

arose each from a urinary tubule. The foundation of cysts is rather

formed by a roundish circumscribed spot of perhaps the size of a hemp-

seed, in the region of the convoluted urinary tubules, within which all

the tubuli are considerably dilated ; the walls, however, have fused

together, so that the whole even now makes the impression of a cyst

subdivided by narrow septa. Afterward the partition walls atrophy at

the thinnest places, the ectatic urinary tubuli open into one another,

and finally run together into a single larger cyst. The remains of the

partition walls fall back like a torn spider's web against the walls, and

may yet be demonstrated here even upon larger cysts. The contents

of the cysts is originally a urinous fluid; even in larger specimens,

by evaporating with many times its volume of alcohol, extracting the

remainder with absolute alcohol and some ether, and treating the extract

with nitric acid, I found urea in tolerably large amount, which appears

to me worthy of notice in contrast to the—upon the whole—negative
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results of Beckmann. There is also not infrequently blood found in

the cysts, whereby they get a brownish or ochrous yellow color, finally

albumen, which may be coagulated by boiling.

§ 542. The congenital renal cysts have a quite similar manner of

production as those acquired by interstitial nephritis. A child is

born, but either dies during parturition, or after having several times

vainly attempted to breathe. As the cause of death there is found

a cystoid degeneration of both kidneys, by virtue of which these two

organs have grown into tumors of two inches long and one and a

half thick. The diaphragm is pressed upward, the lower half of the

chest, dilated funnel-shaped, is occupied by the liver, so that no space

exists for the movements of the lungs. If we here trace up the origin

of the cysts, the Malpighian corpuscles- constantly prove to be the points

of departure. Beside quite normal corpuscles, we find such in which

the wall has drawn back from the vascular coil, so that between the two

there gapes a more or less broad crescentic interspace. The larger

the latter becomes, so much the more the Malpighian corpuscle becomes

a projection at the wall, which, however, may yet be found as such in

cysts of the size of a pea. The urinary tubuli may also degenerate in

their continuity, but it is constantly but one urinary tubule; the cysts

here never arise or grow by the confluence of several. The partition

walls rather appear, the larger the cysts become, to become so much

the thicker. The partition walls, moreover, are very rich in lymph

spaces, which may be excellently filled from the perivascular connective

tissue of the hilus. The vascular system is exceedingly deficiently

developed, the renal artery at its origin from the aorta has so narrow

a lumen that we can just enter it with a pin ; the vein is proportionally

wider.

As a proper cause of this congenital cystoid degeneration, Virchow

has announced an intercalation of a mass of connective tissue between

the renal calyces and the renal papillie—a statement to which I also

accede, without allowing myself a certain judgment as to the signifi-

cance of this connective tissue. If it is true that the urinary tubules

and the renal calyces grow towards each other in the development of

the organ in these cases, as it appears, they have not attained the con-

nection.

b. Changes of the Connective Tissue.

§ 543. Before we study the changes proceeding from the connective

tissue of the kidneys, it is necessary in a few words to point out the

nature and the distribution of this substance in the normal condition.

If we tease out a bit of recent kidney upon an object-glass as minutely

as possible, and place the preparation under the microscope, one would

almost doubt whether there was here any connective tissue in general.

Nothing but urinary tubuli and bloodvessels present themselves, appa-
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rently completely naked, to the eye. It requires already a very atten-

tive review of the individual urinary tubules to discover adhering upon

them, here and there, the smallest heaps and shreds of a coagulum-

like, often finely granular substance, which, in fact, is to be interpreted

as connective substance. On the other hand, sections from the various

regions of the organ, which have lain some time in carmine solution,

and then in acetic acid, are much more useful for the investigation.

Upon them we can most certainly be convinced that everywhere, as

well in the medullary as in the cortical substance, the urinary tubuli

upon the one hand, the bloodvessels upon the other, are glued and held

together by an organized cement, which is nothing else than the sought-

for connective substance. A basal substance, which clears with acetic

acid, contains in corresponding spindle-formed and stellate gaps the

known cells of connective tissue. - We mostly find a cellular element

upon each of the small three-cornered s*paces, which, upon cross-sec-

tions, remain between the round contours of the mentioned tubuli. This

is the relation, especially in the region of the convoluted tubuli

;

towards the medullary papillae with the increasing breadth of the three-

cornered interstices, the cells also become somewhat more numerous,

the apex of the papilla is formed by a very compact connective tissue

layer, which in consequence of the numerous perforations on the part

of the urinary tubuli, appears cribriform. Larger accumulations of

connective tissue, even with fibrillar indications in the basal substance,

then occur, as already observed above, in the surroundings of the larger

vessels and of the vasa recta.

§ 544. A formative irritation of the connective tissue of the kidneys

is present more or less expressed, primary or secondary, diffuse or cir-

cumscribed, in all inflammatory conditions of the organ. Since we re-

serve the better part of this variety for the elaboration of the repre-

sentations of " inflamed kidneys " to be given below, it is only necessary

for us here to follow the histological process. This may be accom-

plished in various directions. Beer distinguishes between a simple and

a cellular hyperplasia, and understands by the former a gradual swell-

ing of the interstitial tissue, whereby but the one modification becomes

perceptible in its condition, that the cellular elements easily enlarge

;

their number remains the same. As concerns the intercellular sub-

stance, it appears to be increased in a measure corresponding to the en-

largement of the connective tissue bodies ; the further changes are of a

subordinate kind; it especially appears that the intercellular substance,

the more abundantly it accumulates, so much the more assumes the

"fibrillar" character. In general, this entire series may be regarded

as hyperplasia of the connective tissue in the more contracted sense, as

a uniform increase of all the textural parts present in the connective

tissue. It does not occur as well in the actually inflammatory condi-

tions, as it develops in consequence of persistent venous hyperaernia

;
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still mistakes may be very readily made here, since the active hyperemias

of the kidneys, which are wont to introduce inflammatory conditions, like-

wise go along with a tumefaction of the basis-substance of the connec-

tive tissue cells, and with a strong serous saturation, consequently a

swelling by imbibition of the basis-substance.

§ 545. More important for the doctrine of nephritis is the process

designated by Beer as cellular hyperplasia ; it is the recent inflamma-

tory or plastic infiltration of the connective tissue so often described

by us, the accumulation of young membraneless cells with the character

of colorless blood-corpuscles, the formative cells, &c, wherever space

is found for their accumulation. Whence these cells come, it is diffi-

cult to say. Not because we are in want of a plausible idea as to their

derivation ; on the contrary, we have but too many of them. We must

leave it undecided, in how far the existing cells are migrated colorless

blood-corpuscles, or newly-formed derivatives of the connective tissue

cells of the kidney. In the histological investigation we find upon

transverse sections the connective tissue septa, between the adjacent

urinary tubuli, often thickened to three times their normal extent,

widened. The young cells lie in elegant rows where they are less dense,

in continuous masses where they are most densely crowded. A double

or triple ring of such cells is wont to engirdle the Malpighian corpuscles,

which is of very considerable significance, especially for the following

stage of the degeneration. (Fig. 158.)

Cellular hyperplasia of the interstitial connective tissue. 1-300.

§ 54G. Only in quite definitive cases (see below), does the cell new
formation exceed those limits which are drawn between germinal tissue
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and pus. The pus collects without exception in abscesses, whose form

and size are determined by the cause of the suppuration. There com-

monly follows upon the germinal tissue condition of the interstitial con-

nective tissue, as we have hitherto observed it, a reduction of volume,

which we cannot avoid placing by the side of cicatricial shrinking.

Yet, important objections may be admitted here ; namely, what ac-

tually does occur, and can be everywhere readily demonstrated, is not

a change in the quality of the connective tissue, but a withering and

destruction of the other structural constituents of the kidney imbedded

in the connective tissue, the urinary tubuli, the bloodvessels, the Mal-

pighian corpuscles. Upon all these structures we can perceive a gradual

reduction of volume, combined either with a fatty metamorphosis or

with a compressive condensation of the substance. The Malpighian

corpuscles become obsolete in such manner, that in their stead we find

small globules, which are exceedingly compact, dense, and perfectly

anaemic. These break up into an unstratified nucleus, which corres-

ponds to the compressed vascular coil, and into a thick envelope of con-

nective tissue concentrically stratified around the nucleus in several

lamellae. Now, in the face of these conditions as found, we can, of

course, scarcely resist the thought, that an actual strangulation of the

rete mirabile had occurred here, and that this was to be ascribed en-

tirely to the spontaneous contraction of the connective tissue having be-

come cicatricial. (Fig. 160, d.) But this is also the only fact which

speaks for a qualitative change of the young connective tissue. Further-

more, the simple theory of crowding would also suffice for explaining

the appearances, as already the loss of the urinary tubuli, for example,

would make comprehensible the most considerable decrease of volume

of the whole kidney. Even in shrivelling of the kidney of high degree,

a peculiarly striped or even fibrous nature never becomes evident upon

the crowding connective tissue, and even touching the number of the

cells, which, in the cicatricial formation appear constantly to be reduced

to the utmost, I have never been able to convince myself of any de-

crease of them worthy of mention.

§ 547. Very interesting, and for the histological significance of the

perfectly transparent membranes of the greatest importance, herewith,

is the behavior of the tunicas proprise of the urinary tubuli. That

these in healthy kidneys present a structure in itself, which stands in a

more intimate relation with the epithelial lining of the urinary tubuli

than with the connective tissue around, is undeniable. In the cellular

hyperplasia of the latter, nevertheless, this relation is reversed, and the

true nature of the tunica propria becomes manifest. The latter, so to

say, makes common cause with the young connective tissue of its neigh-

borhood, it fuses with it, and forms after some time only the bound-

ary, marked by a sharp fine line of the connective tissue, towards the

lumen and the epithelium of the urinary tubuli. Simultaneously, we

32
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not at all infrequently observe small contractions, principally irregu-

larities in the rounding of the contour, which correspond to those points

where the net of canals in the interior of the connective tissue opens at

the surface ; at least, just here, we see the young cells coming up close

to the lumen. These stomata are, in my opinion, already present in

the normal urinary tubuli, still they are much narrower, and just as

little to be brought into direct view as the minute stomata of the capil-

laries. Meanwhile, I have only met with all these changes in very

advanced cases of interstitial nephritis, and as yet, only in the medul-

lary substance near the papillae.

c. Changes of the Vessels.

§ 548. In the glomerulus Malpighianus we have a structural element

of the kidney, which is so pre-eminently composed of capillary vessels,

and therewith, is so well separated from the surrounding parts, that we

can comprehend the changes, which exclusively run their course upon

them, as little under the changes of the urinary tubuli as under those

of the connective substance. Klebs (Handbook of Pathological Anat-

omy, iv, 644), has described as glomerulo-nephritis, an inflammatory

hyperplasia of that small amount of connective tissue which cements

the vascular loops of the glomeruli together, and was first seen also in

the normal kidney by Axel Key. In glomerulo-nephritis we find the

Malpighian coil void of blood, but instead "the whole inner space of

the corpuscle is filled by small, somewhat angular nuclei, which lie im-

bedded in a finely granulated mass." Upon more exact investigation

we are convinced that these cell- masses are for the greater part infil-

trated between the capillaries, and have caused a compression of their

lumen. As glomerulo-nephritis has hitherto only been observed in

scarlatina, it at least sufficiently explains the sudden, often total sup-

pression of the secretion of urine, the acute transudations and the

uraemia, at times even causing death in twelve to twenty-four hours, in

this disease.

If we wish to be completely in possession of the anatomical elements

of inflammation of the kidney, we must furthermore not leave unmen-

tioned a histological alteration of the vessels, which, it is true, has

nothing to do with the inflammatory process as such, but evidently

stands in a very close causal relation to it; I mean the amyloid infil-

tration of the walls of the vessels. In § 48, et seq., of the General

Part, the preferred position which the vascular system occupies in the

amyloid disease, was more amply mentioned, and the degeneration of

a Malpighian vascular coil chosen as a paradigm. In fact, they are,

probably without exception, the Malpighian corpuscles in which the

first beginnings of the disease may be demonstrated. The vasa affer-

entia and the arteriolar ascendentes commonly follow, while the vasa
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efferentia and the vasa recta, therefore the vessels on the far side of

the rete mirabile are, for the time being, not attacked. Herewith an

exceedingly unequal participation of the glomeruli becomes very per-

ceptible ; not only that within the same glomerulus there are not at

all infrequently several loops yet completely free, while all the others

have already just as completely degenerated, we also very commonly

find quite healthy and quite degenerated glomeruli side by side, and

one cannot resist the thought that the collateral hyperemia, condi-

tioned by the partial obliteration of the blood-tract, must be the cause

of this longer continuance intact, although it is difficult to give a more

exact account of this conception.

After the degeneration of the cortical substance has advanced to this

point, the process is wont to pass over to the medullary substance;

here, however, as was above shown, they are not the bloodvessels, but

the tunicge proprise of the urinary tubuli, which first become diseased.

If we now take a narrow bit of the cross-cut of the kidney, wash it out,

and then place it for a short time in a diluted watery solution of iodine,

we observe, even with the naked eye, in the cortical substance numer-

ous mahogany-red points and streaks, which correspond to the glomeruli

and to the degenerated arterial vessels, while the medullary substance

presents a just as much colored coronet of minute rays, which is the

most dense a little above the papilla, but towards the medullary limits

rapidly loses in density.

In cases of renal amyloid of very high degree, everything is infiltrated

that possesses homogeneous membranes, vessels, and urinary tubules
;

only the connective tissue and the most of the epithelia have remained

free.

2. Individual Forms of Inflammation.

§ 549. Let us now interest ourselves, by the aid of data hitherto ob-

tained of the pathological histology, to bring forward a series of pecu-

liarly characteristic or frequently recurring anatomical appearances

which are ascribed to the "inflamed kidney." The frequent combina-

tion of doubtless inflammatory and non-inflammatory, for example, re-

trogressive or simple hyperplastic conditions, which we herein meet

with, certainly makes it necessary to mention in this subdivision at the

same time the cyanotic kidney and pure renal amyloid, although they

do not appear to belong here.

a. Hypercemia— Cyanotic Induration— Congestive Nephritis.

§ 550. We may distinguish at the kidney as well as elsewhere be-

tween an active and a passive hyperemia, since we comprehend the

former and others as the initiatory stage of inflammation, the latter as

the result of a mechanical obstacle to the return of the blood. Mean-

while the pathological anatomist has for both forms but one phe-
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nomenon, varying at most according to intensity,—the accumulation of

blood in the venous system, which extends in variable distances into

the arterial side of the capillary tract ; the arteries themselves up to

the glomeruli are constantly but slightly filled. The glomerulus as-

sumes an exceptional position, since only by the direct injury to its

blood-capacity by external pressure does it permit a certain amount of

blood to escape, which otherwise, under all circumstances, permits it to

appear as a red point at the .cut surface.

§ 551. Hyperemia of the highest degree is characterized by a very

considerable, perhaps one-third, intumescence of the entire organ. The

capsule, in consequence of a serous saturation of the parenchyma, may
be easily stripped off. The parenchyma is bluish-red, moist, smooth;

the stellulge Verheynii are very prominent, and may be followed even

wTith the naked eye into their more minute ramifications, the interfas-

cicular veins. Upon a section we find the principal accumulation

of blood in the region of the convoluted tubuli ; the glomeruli are not

always characterized by any particularly strong congestion, and herein,

probably, the possibility would be given to distinguish between active

and passive hyperemia. The medullary substance, especially in the

region of the vasa recta, exhibits a dark red radiating substance, which

is evidently derived from the highly congested veins.

In slighter degrees of hypersemia, the redness and swelling in the

region of the convoluted tubuli are wanting ; on the other hand, the con-

gestion of the venous stars, of the glomeruli, and of the vasa recta is

only quantitatively less; it also obtains in the quite normal kidney, as

already mentioned, and must then not be regarded as something path-

ological.

§ 552. If the hyperemia of the kidney is chronic, a condition brought

about by venous congestion, further changes are associated; above all

the simple hyperplasia of the interstitial connective tissue, more mi-

nutely described above in § 544. This develops quite uniformly in all

regions of the kidney, and thereby distinguishes itself very essentially

from the cellular hyperplasia; the whole organ uniformly increases in

weight, circumference, and consistence. The most striking is the

greater compactness of the tissue, which may so much the more readily

cause a mistaking for the inflammatory renal induration, as we actually

have here a new formation of connective tissue. Several authors have,

therefore, asserted the category, congestive nephritis, although the

connective tissue formation in this case is, probably, only the conse-

quence of a better nutrition, and hence, bears upon itself throughout

the character of an homologous development. The bloodvessels are just

as little altered by this connective tissue as the urinary tubuli; the

secretion of the kidney, nevertheless, is wont every now and then to

contain albumen, which indicates a periodic increase of the hyperemia.
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I saw the. highest degrees of renal hypersemia in recent cases of

Asiatic cholera. It here forms the introduction to a parenchymatous

inflammation, and we may assume that all parenchymatous and catar-

rhal inflammations are introduced in a similar manner. The conges-

tive hypersemia, and the cyanotic induration following it, are constantly

the results of a heart affection, especially of stenosis and insufficiency

of the mitral valve.

b. Acute Parenchymatous Nephritis—Nephritis Alhuminosa.

§ 553. Slighter degrees. The kidney is moderately, yet distinctly,.

enlarged; its consistence is scarcely changed; the capsule is readily

stripped off; at the stripped surface the venous stars are prominent

;

especially does the accumulation of the blood in the veins and the

venous side of the capillaries cause a distinct appearance of the lobular

division of the kidney. The same is shown by the cross-section. The
region of the convoluted urinary tubuli is yellowish-gray, soft, doughy,

and is a little elevated above the level of the cut surface. The Mal-

pighian corpuscles are visible therein as red points. A moderate

degree of cloudy sivelling of the epithelia (§ 536} in the convoluted

urinary tubuli has been associated to the hypersemia and complicated

its series of phenomena. Otherwise, everything is yet normal, espe-

cially the medullary substance.

§ 554. Higher degrees. The kidney is enlarged to almost double its-

normal circumference. Its attenuated capsule is easily taken off. The
stripped surface only shows the larger venous stars, which stand in

glaring contrast to the yellowish-white parenchyma. Next to the

yellowish-white color, the doughy consistence of the parenchyma is the

most striking. Upon a cross-section we immediately recognize, how-

ever, that both of these qualities belong exclusively to that part of the

kidney which lies in the region of the convoluted urinary tubules.

This is of course (excepting the small pyramids of Ferrein), identical

with the cortical substance in general, so that the customary description

of Bright's inflammation, as a yellowish-white, doughy intumescence of

the cortex of the kidney beside a hypersemic, but otherwise less

changed medullary substance, suits very well for acute parenchymatous

nephritis. The glomeruli Malpighiani are no longer recognizable with

the naked eye ; they, just as all the bloodvessels which lie in the region

of the convoluted urinary tubuli, are found upon section perfectly

empty. Without doubt the continued cloudy sivelling of the epithelia

(§ 536) in the convoluted urinary tubules, and the increase of volume

of the latter combined therewith, have led in the first place to the tume-

faction of the whole organ, afterwards, however, in the constantly ex-

hausting distensibility of the renal capsule, to a compression of the

bloodvessels within the changed parenchyma, so that we may actually

term the cortical substance ansemic. The blood then appears to have
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been principally crowded into the veins and capillaries of the medullary

substance. I have already mentioned the striking and most character-

istic circumstance, that the medullary substance of the inflamed kidney

appears to be rich in blood in the same measure as the cortical sub-

stance is poorer in blood. Meanwhile, from this peculiar and certainly

very important anomaly of the distribution of blood, as we find it upon

section, we must only conclude, cum grano salts, upon the distribution

of blood during life. If we attempt, with any injection material, to

fill the organ from the artery, this does not succeed when the vessels

have undergone amyloid degeneration. The amyloid degeneration,

however, is an infrequent complication in parenchymatous nephritis.

If the vessels are as healthy as ordinarily, no capillary of the cortical

substance will remain unfilled. We certainly do experience in inject-

ing, an extraordinary, but still elastic resistance; a resistance that

indeed must have undoubtedly made itself felt during life, which, how-

ever, is not so great, that we might assume it had made the influx of

the blood generally impossible. After death, it is true, as the pro-

pulsive power of the heart ceased, this elastic pressure must have ob-

tained a higher significance, and have pressed the blood present

completely out of the cortical substance into the veins and into the

medullary substance, but I repeat, we must not imagine the blood as

unequally distributed during life as Ave find it post mortem.

To this form of nephritis, in the symptomatology, corresponds the

finding of a very scanty, dark urine, thoroughly albuminous and abun-

dantly loaded with fibrinous cylinders, with or without blood, but con-

stantly without pus. The condition develops very acutely, with severe

pains, and may, because of the cessation of function of the collective

epithelia in the urinary tubuli, which is almost identical with suppres-

sion of urine, very rapidly lead to death. Death ensues under ursemic

and dropsical phenomena. The acute parenchymatous nephritis is prob-

ably constantly the consequence of a poisoning in the widest sense of

the word. Acute exanthems, especially, small-pox and scarlatina,

poisoning by phosphorus, typhus, cholera, pyaemia, and puerperal pro-

cesses, produce it.

§ 555. The cure of the parenchymatous inflammation, in the slighter

grades, ensues by the resolution of the solid albuminates, which fill

the cells of the convoluted tubuli ; in the higher grades, a fatty meta-

morphosis, whose beginning we commonly observe in the fatal cases,

causes a complete solution of the epithelial cells. The loss is covered

by a new formation, for which probably the connective tissue must

without question be looked to. (Compare § 537.)

c. Interstitial Nephritis.

§ 55Q. 1. Circumscribed purulent form. «. Renal abscesses in pye-

litis. The kidney is considerably larger than normal. The capsule
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and the cushion of fat are hypersemic, oedematous. The former can-

Hot always be separated without loss of substance ; rather very com-

monly small shreds of purulently disintegrating parenchyma remain

adhering, which covered one of the abscesses soon to be spoken of.

The remaining under surface of the capsule also, is not so smooth as

ordinarily, but velvety, rough. At various points of the stripped sur-

face of the organ, we see flat, whitish-yellow elevations, which upon

closer examination immediately prove to be depots of pus. They are

upon an average of the size of half a pin's head, and either stand

singly, or united in groups of three to six. If we observe the bounds

of the large Malpighian pyramids, marked by the shallow contraction

of the surface, it is mostly found that all, or still at least the greater

part of the existing abscesses, are united upon the base of a pyramid,

while other pyramids are quite free. Each abscess is surrounded by

an intensely red area. It has been supposed because of the size, that

every abscess corresponded perhaps to a dilated lobulus ; this is, how-

ever, not correct ; the central point of the abscess corresponds, accord-

ing to position, to an interfascicular vein, emerging from the depth, as

is at once seen upon further observation. The other part of the sur-

face shows a moderate hyperemia ; this also prevails upon the whole

cut surface ; still, everything is of a dull gray color, which is the micro-

scopic expression of a limited but uniform cellular hyperplasia of the

connective tissue (§ 546). The cut surface—by this we understand the

main section through the greatest circumference of the organ towards

,
the hilus— is at the same time the place for ascertaining more exactly,

concerning the seat and the distribution of the abscesses. They present

themselves here as long yellow lines of pus, which in the medullary

substance correspond to the surroundings of the vasa recta, in the cor-

tical substance to the interfascicular vessels, or more correctly, to the

connective tissue lines accompanying them. In the medullary sub-

stance they are constantly most densely placed ; most of the abscesses

of the cortical substance appear as an extension upwards of the medul-

lary suppuration into the cortex ; even the points of pus visible at the

surface of the organ are occasionally only the extreme ends of abscesses,

which reach into the neighborhood of the papillae. The urinary tubuli

of the medullary substance are in the condition of desquamative catarrh

(§ 535).

The renal calyces and the pelvis are constantly dilated ; their mucous

membrane purulently catarrhal (pyelitis), in spots diphtheritic ; in their

lumen is found an exceedingly disagreeably smelling urine, in ammo-
niacal decomposition, which yields an abundant deposit of pus corpuscles

and triple phosphates. The same condition of the urinary passages is

found in the ureters, perhaps in the bladder, nay, even in the urethra,

hence the renal affection described is an inflammation conveyed onwards

from the larger urinary passages. Originally a superficial affection, in
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its transfer to the renal parenchyma it has immediately led to a general

participation of the whole renal connective tissue, and this participa-

tion itself has in turn increased at various points up to the production

of pus. The more abundant accumulation of connective tissue in the

environs of the vasa recta and the cortical veins may not have remained

-without influence in the localization of the suppuration.

§ 557. A renal suppuration is in itself an exceedingly dangerous

affection ; still, conceivably much depends upon whether only one kid-

ney or both are diseased. In the latter case death is wont to ensue by

uraemia. In the former, and if the individual lives, a further series of

pathologico-anatomical changes are to be expected. A complete cessa-

tion of the process—inspissation, cheesy metamorphosis, nay, calcifica-

tion of the pus of the abscess and its investment—is only observed in

exceedingly narrow limits. The common course is, that the pus breaks

through at the apex of the papilla into the renal pelvis. If this has

occurred at more than one point, the medullary cone towards the renal

pelvis is limited by an ulcerative surface of an exceedingly irregular

shape, which rapidly enlarges by the necrosis of the most projecting

remains of tissue, and extends deeply into the parenchyma by continued

suppuration. If diphtheritis of the urinary passages was previously

present, this, without exception, extends itself upon the exposed renal

parenchyma. The diphtheritic sloughs are cast off, to be replaced by

new ones. The renal parenchyma is destroyed, except a small layer

lying next to the capsule.

The rupture of the pus through the capsule of the kidney is much

rarer than the rupture towards the hilus. This leads to the formation

of inflammatory depots and excavating abscesses in the loose retroperi-

toneal connective tissue, which may be evacuated externally at various

points, for example, under Poupart's ligament.

§ 558. /?. Embolic renal abscesses. We need make but few altera-

tions in the picture of the pyelitic suppuration delineated in § 556,

to obtain that of the embolic. These changes especially concern the

first stages of the disturbance, in which, upon the part of embolic ab-

scesses, as in the analogous conditions of the lung, the hemorrhagic

element becomes more prominent. The occlusion seldom affects a main

branch of the renal artery ; they are mostly the arteriolse ascendentes,

or even the vasa afferentia, in which we find the emboli. The size of

the depot is naturally determined by the calibre of the occluded vessel.

The disturbance begins with an excessive hypersemia, which increases

up to an extravasation of blood into the urinary tubuli. This latter

occurs, par excellence, at the central point of the depot; hence the

recent depot appears with a deep red centre and faded edges, like a

flea-bite upon the skin (Virchow). Afterward the centre becomes

yellowish-white ; suppuration begins and soon leads to the formation of

an abscess, which may no longer be distinguished from the pyelitic
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forms. Here, also, we often find a perfect host of abscesses united in

one Malpighian pyramid, while the others have remained free. This

is explained by the assumption that a larger embolus was broken up

at the various points of division of the vessels which it had to pass,

whereupon its collective fragments were conveyed into the smaller rami-

fications of the lobe concerned. But, upon the other hand, what also

macroscopically distinguishes the kidney affected by embolism from the

pyelitic is, next to the want of a catarrhal diphtheritic disease of the

renal calyces, the pre-eminent participation of the cortical substance.

There the medullary substance, here the cortical, contains the most of

the abscesses.

§ 559. 2. Diffuse nonpurulent form. 1st stage. The kidney is

considerably enlarged; the capsule separates readily; it is often thick-

ened and juicy, so that its participation in the inflammatory processes

becomes evident. The consistence of the organ is doughy soft, the

color of the surface whitish-pale, excepting some venous stars ; if we
make the principal section, the peculiar contrast which the cortical sub-

stance forms with the medullary immediately strikes the eye. The
changes mentioned, of volume, consistence, and color, refer exclusively

to the cortical substance; this is throughout its entire thickness whitish-

yellow, void of blood, excepting the Malpighian corpuscles, which pre-

sent themselves as red dots, and swell out, cushion-like, at the cut sur-

face, while under some circumstances the medullary cones are very hyper-

Eemic, but otherwise not further changed. The macroscopic part of the

changes, as we see, agrees in a high degree with parenchymatous ne-

phritis. (§ 554.) The volume, it is true, is never so considerable as there,

the consistence never so soft and withered, the color never so yellow, but

goes more into a milk-white, nevertheless it requires some practice to

pass judgment upon such variable criteria. The microscopic investiga-

tion can probably never be dispensed with here. It tells us that the

affection in question is essentially conditioned by a cellular hyperplasia

of the connective tissue in the region of the convoluted urinary tubuli

and the Malpighian corpuscles. (§ 546, Fig. 159.) This hyperplasia

can generally be designated as diffuse, because in fact no larger sec-

tion of the renal cortex is entirely spared by it ; this, however, does

not prevent, that within a microscopic section considerable irregularities

are exhibited in the accumulation of the young connective tissue, that

we here find places where the accumulation has thickened a connective

tissue septum to double and three times its normal dimensions, and

places close by that are yet normal. (Fig. 159.) For the unaided eye

these differences entirely disappear; the numberless young cells here,

as wherever they are accumulated in greater amount, cause a whitish

tint, which comes out so much. the purer, the less blood there is in the

vessels. The angemia of the cortex is produced in quite the same way
as in parenchymatous nephritis ; what is found post mortem here as there
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is not absolute, but only as an indication measuring what the condition

may be during life; this kidney also may be injected completely and

without difficulty from the artery. I will only bring forward one cir-

cumstance, because it has found a direct diagnostic valuation by Traube
;

namely, the circumstance that here the Malpighian corpuscles exist

under external conditions to some extent different from those of the

Cellular hyperplasia of interstitial connective tissue. 1-300.

remaining bloodvessels. They lie in the lumen of the urinary tubuli

;

and although they have apparently experienced a very complete con-

striction (shrivelling of the kidney), yet they are probably primarily

protected from extreme pressure by their intracanalicular position, and

hence remain much longer in the hypersemic condition than in paren-

chymatous nephritis. Their congestion may even lead to extravasa-

tions of blood, and as the track into the larger urinary passages is in

this case barred by no swelling of the epithelia of the urinary tubuli,

the extravasated blood appears in the urine, and can thus find its diag-

nostic valuation.

§ 560. Second stage. Shrivelling of the kidney. The volume of the

kidney is diminished to one-half, nay, below one-half, of the normal ; this

becomes yet more striking, when fhe organ is divided by the customary

main section, and by this the simultaneous enlargement of the space at

the hilus comes into view, which is conditioned by a retraction of the

papillae and the columns of Bertini. If with Henle we imagine the

kidney as a disproportionately thick-walled pocket, then its inner and

outer surfaces have approximated, which is of course only possible by
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a retractive process in the sub-

stance of the pocket itself.

The capsule may only be strip-

ped off with difficulty in spots

;

it is whitish, compact, and pro-

vided with tolerably wide ves-

sels, which anastomose with

those of the layer of fat. The

surface exhibits an irregularly

tuberous appearance. The half-

globular prominences vary in

size from 0.1 to 0.5 centimetre

in diameter; they are colored

yellowish-gray, while the parts

retracted have a pure gray

or reddish appearance. The

leather-like hardness of the

whole organ is very striking.

Here and there we meet with

cysts up to the size of a cherry,

with clear yellowish or puru-

lent gray contents. Upon a

section we see that principally

the cortical substance has lost

its thickness. It may go so

far, that this only yet forms a

covering of a line in thickness

over the medullary cones.

§ 561. In the adjoined illus-

tration (Fig. 160), which ex-

hibits to us, under a low power,

a segment of the principal sec-

tion, embracing perhaps three

lobuli, the length of the arte-

riola ascendens (a) corresponds

at the same time to the thick-

ness of the cortical substance.

The vessel is decidedly tortu-

ous, also dilated, and gives off

Si^me likewise very tortuous

vasa afferentla to the few Mal-

pighian corpuscles yet pervi-

ous, while the greater part of

the blood (here the injection)

has found an outlet in the renal

Fig. 160.

Shrivelling of the kidney. From the section of a shriv-
elled kidney, embracing about three lobuli from the apices
to the brses. a. Arteriola ascendens. 6. Renal capsule
penetrate d by lymph-spaces, c. Boundary of medulla and
cortex, d. Glomeruli, shrivelled, imbedded in connective
tissue, w hich has also crowded out the other structural
constitiu nts of the cortex, except a few urinary tubuli.
e. Portk ns of convoluted urinary tubuli within the med-
ullary s-ubstance, produced by ectasy of the efferent
urinary tubuli. /. Gelatinous cysts of the papillae
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capsule. The lattqr is considerably thickened and entirely permeated

by blood and lymph spaces, which give it a net-like, perforated appear-

ance. (Fig. 160, b.) The cortex in its principal mass consists of con-

nective tissue, represented in the drawing by shaded lines. In this

connective tissue we observe, 1, the stunted remains of a number of

Malpighian corpuscles, which present themselves as larger and smaller

concentrically stratified connective tissue globules (J), (§ 546); 2, here

and there a coil of very much dilated, convoluted urinary tubuli, which

have been spared in the general destruction.

At c is the boundary towards the medullary substance, which con-

sequently takes up five-sixths of the entire thickness of the organ.

The medullary substance, also, is by no means normal. In the first

place, the dilatation of the straight urinary tubuli and their ramifica-

tions strikes us. In the quite peculiar contortions and formation of

coils in places (e, e), I cannot divest myself of the thoughts of a vica-

rious development. At all events, we have here before us the way in

which the known, often very large, amounts of urine, in the second

stage of Bright's disease, may be excreted. Of course the compensa-

tion can always only be an insufficient one ; it depends essentially upon

corresponding amounts of urinary constituents also being evacuated

with an enormous amount of transuding water of the blood, whereby

the simultaneous loss of albumen only weighs not quite so heavy as the

benefit which the removal of the urea, &c, affords to the blood. But

also for this dearly bought vicarious compensation, ways must be pre-

pared, by which the transudation may arrive externally, and these

ways are the tortuous and dilated straight urinary tubuli.

The loop-formed urinary tubuli either exhibit no change, or the

cystoid degeneration of the curves, more minutely described in § 540,

which is introduced by the colloid metamorphosis of fibrinous cylinders,

remain behind. In our illustration (/) we see how numerous cysts of

this kind, partly arranged as strings of pearls, pervade the immediate

neighborhood of the papillae.

d. Combination of Parenchymatous and Interstitial Inflammation.

§ 562. Because of the great conformity of the macroscopic pecu-

liarities which a kidney in the first stage of a pure interstitial nephritis

presents with one parenchymatously inflamed, both have been often

enough thrown together and accepted as a continuous morbid process,

which begins with the parenchymatous swelling, and ends Avith tlfe

shrivelling. It is also by no means my intention to dispute the possi-

bility, nay, the frequency, of a combination of this kind. I only wish

to announce that it is a combination of two conditions, which may

also occur completely separate. As an anatomical picture belonging

to this place, I mention the so-called spotted kidney, which arises by
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the combination of a medium degree of shrivelling of the kidney and a

fatty degeneration of the epithelia of the urinary tubuli.

The kidney is nearly of normal size, rather somewhat under, toler-

ably hard and inelastic to the touch. The capsule strips off with slight

loss of substance. The surface is covered with numberless tuberosities,

which are on an average of a millimetre in height, convex externally,

not always arranged circularly, but in all kinds of elegant scrolls. An
intensely yellow color characterizes them, and distinguishes them very

strikingly from the reddish-gray intermediate parts. As the principal

section shows, this peculiarly glaring alternation of yellow and reddish-

gray is continued throughout the entire cortex. If we place some of

the yellow substance under the microscope, we are soon convinced that

they are urinary tubuli filled with fat, while the reddish-gray inter-

mediate mass consists of tolerably vascular connective tissue, as also of

obliterated urinary tubuli and Malpighian coils.

e. Combination of Renal Amyloid and Interstitial Nephritis.

§ 563. An extraordinarily frequent combination, which may be so

comprehended, that the amyloid infiltration precedes and progresses

perhaps to the degeneration of the Malpighian coils, when the inter-

stitial nephritis is associated. The mechanical obstacle to the circula-

tion in the Malpighian coils causes a gradually increasing collateral

hypersemia of the cortical substance, and thus prepares the soil for the

cellular hyperplasia, which enters upon the scene either without further

change, or is called forth by some other inflammatory irritation.

The anatomical picture distinguishes itself from that of the simple

interstitial nephritis of the first stage, by the treatment with iodine

calling forth in the whitish-yellow swollen cortical substance, the Mal-

pighian coils, the known red color, while beside the renal shrivelling

we can commonly also distinguish an amyloid infiltration of the papillae

of the kidney. (§ 530.)

f. Completed Amyloid Infiltration.

§ 564. This very rarely occurs. I have myself seen it but once; the

preparation exists in the Physiological Institute of Breslau. The kidney

is enlarged to almost double the normal volume, very pale throughout,

waxy, and what appeared to me particularly characteristic, the bases

of the Malpighian pyramids were marked out so sharply from each

other by deeper furrows between them, such as we otherwise only find

in the foetal kidney. Treatment with iodine proved the amyloid infil-

tration of all homogeneous membranes, as well of the capillary mem-
branes as of the tunicse propria of the urinary tubuli.
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3. Tumors.

§ 565. a. Cysts. So organ of the body is so rich in occasional

cystic formations as the kidney. It not at all infrequently occurs here,

that upon making sections, we are surprised by unexpectedly finding

individual cysts, which are characterized by perfectly clear, slightly

yellow, or even quite colorless contents, and very delicate walls. It

is just concerning the origin and nature of these exceedingly simple

vesicles we are the least informed. As the renal substance is perfectly

normal in other respects, and at the most exhibits the consequences of

the mechanical pressure which the cysts exert upon their surroundings,

in certain globular impressions upon their immediate neighborhood, we

must give up the idea of getting an explanation from this side. Micro-

scopic investigation of the walls shows a thin stratum of fibrous con-

nective tissue, which is covered by a beautiful polygonal pavement

epithelium. Chemical investigation of the contents yields no urinary

constituents ; on the other hand, albumen and variable amounts of leu-

cin and tyrosin. All other forms of cysts may be traced back to the

urinary tubuli as the starting-point. They are, with the exception of

the eystoid degeneration of the fcetal kidney, associate phenomena of

inflammatory conditions, and as such were already formerly treated of.

J -540 et seq.)

i 566. b. Cavernous tumor. Analogous to the cavernous tumors of

the liver, there also occur at the kidney, tumors from the size of a

cherry-stone to a walnut, but unimportant in a medical connection,

which are composed of erectile tissue. The seat is principally the

outer surface, close under the capsule.

? 567 . c. Fibroma. In the interior of a quite normal kidney, we

find single lustrous white, very compact and dense connective tissue

nodules, of the size of a pea and under. They almost always have

their seat in the neighborhood of the larger vascular trunks, at the

peripheral parts of the medullary substance. Yirchow ascribes their

origin to a circumscribed interstitial nephritis, as the urinary tubuli

may be traced into the tumor.

§ 568. d. Leukcemic tumors. Lymphoma. In peculiarly highly

developed cases of leukaemia, beside similar changes of other organs,

we also meet in the kidneys, medullary white tumors, which consist of

colorless blood-corpuscles imbedded in a most delicate reticulum. These

are either globular, and then vary in size from a small dot up to a small

cherry ; or, in their outer form they are allied to the structure of the

kidney, in so far as they more uniformly fill out the interstices of the

lobuli, and therefore like these form depots more long-drawn out, also

probably wedge-shaped. The view expressed above (§524). that we

were here dealing with actual extravasations, is particularly confirmed

by this, that at the centre of the small tumors we very commonly also
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met with red blood-corpuscles, en masse (an observation of Vircbow,

which I confirm).

§ 569. e. Tuberculosis. Disseminated form. Miliary, gray, trans-

lucent nodules are uniformly but sparsely distributed through the pa-

renchyma of the kidney. They develop in the sheaths of the small

arterial vessels, probably also elsewhere in the connective tissue, and

only have any significance as a partial phenomenon of a miliary tuber-

culosis extending throughout the bodv.

Localized form. Phthisis renalis. To the morbid picture of "tuber-

culosis of the urino-genital apparatus," belongs also an affection of the

kidneys, which is allied, as well in its more minute productions, as also

in its coarser effects, to the diseases of the mucous membranes already

spoken of (§ 383). The irruption of tubercle begins at the renal

papillae, to which it passes from the mucous membrane of the renal

calyces. The densely placed groups of gray nodules at first form a

continuous infiltrate, then undergo the cheesy metamorphosis, and this

often takes place simultaneously for a greater distance, so that we may

distinguish zones of cheesy material of a line's breadth. With the

softening and casting out of the cheesy masses, a corresponding

quantity of renal substance is softened and cast out with it. There

arises a genuine tuberculous ulcer of putrid character, which advances

its base ever deeper into the organ, first consuming the medullary sub-

stance, then the cortex. In cases of very high degree of phthisis

renalis the kidney forms a thick membranous sac, with half-spher-

ical projections, which each corresponds to a Malpighian pyramid. A
connected ulcer, which occupies the interior of the sac, extends to the

surface of the renal pelvis and the ureters, while the projecting ridges

which divide the individual renal calyces from each other, are partly

destroyed, partly crowded back into the wall of the sac. Of the renal

parenchyma, there only yet remains a scanty portion of the cortical

substance close under the capsule, or there is nothing at all left ; the

ulcerating surface lies in the very much thickened capsule itself, which

is pervaded by tubercles.

§ 570. f. Carcinoma. Cancer exhibits itself at the kidney in all

forms, primary and metastatic. The most important are the primary

soft carcinomas. They are not frequent, but in part their seat, in part

their size, may and must produce the most considerable destruction.

Cancerous kidneys may become one foot long, and one-half foot broad.

In very uniform and diffuse depositions of the carcinomatous mass, the

form of the kidney, at least in approximate outlines, is preserved ; in

other cases we distinguish single colossal masses, each of which sub-

stitutes a Malpighian pyramid, besides smaller ones, which only cor-

respond to groups of lobuli. That the question, however, is about a

substitution, and not about a dispossession, is especially proven by

the circumstance, that within a carcinomatous mass, we may yet recog-
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nize which part of it was formerly medullary substance, and which

cortex. For the histology of the production, this marked substitutive

character of renal cancer is in so far of interest as it supports the

view recently maintained by Waldeyer, according to which the epi-

thelioid elements are said to spring directly from the epithelial cells of

the kidney. Waldeyer isolated fragments of a net of cancer-cells,

which were beset with sprout-like outgrowths, and which he regarded

as thickened cylinders of the epithelia of the urinary tubuli, enlarged

by independent growth. Until recently we also held to the production

of the tumors of renal cancer from the connective tissue, and explained

the retention of the principal forms of the organ by the uniform dis-

tribution of the degenerating substance, the connective tissue. (See

§69, A, I.)

§ 571. Renal cancers, like cancers of the liver and testicle, are char-

acterized by their abundance of wide, thin-walled vessels. These

vessels are occasionally ruptured ; the blood extravasates into larger

and smaller lakes ; a part of the tumor is entirely pervaded by it.

Hence it comes, that just for renal cancers the term " fungus ne-

matodes" is so often used. Furthermore, it is worthy of notice that the

soft renal cancers have a peculiar tendency to grow into the efferent

tubuli, the veins and the renal calyces, a tendency which, under the

circumstances, makes itself perceptible by very important clinical signs
;

thus, if the tumor advances into the renal vein, it finally reaches the

vena cava inferior. It then projects into the lumen of the latter by an

excrescence, which is easily crushed and conveyed onwards by the blood

flowing by. Embolic processes in the lung are the inevitable conse-

quences of this catastrophe. Upon the other hand, if the carcinoma

projects into the larger urinary passages, evacuations of blood with the

urine are wont to occur tolerably constant, which considerably accel-

erate the cachexy and death.
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1. Inflammation.

§ 572. The physiological activity of the mature ovary is connected

with phenomena, which, in other organs, we would not hesitate to place

in the category of "inflammatory." The functional hyperemias, which

we observe in the intestinal mucous membrane, the liver, the kidneys,

&c, cannot commence to be measured in intensity with the congestion

of excitement (Wallungsblutfiille), which the ovaries present during

ovulation. The bursting of the follicle, without which the ovum can-

not be evacuated, is a spontaneous wounding, the exudation of blood is

not wanting, and only by a lengthy process of reparation, which is the

physiological pattern of the healing of a wound by granulation, can

the solution of continuity^be restored. The concomitant processes of

menstruation also bear upon themselves the character of a forcible dis-

turbance of the vegetative equilibrium. From all this, however, it fol-

lows that it is just as materially difficult for the physician as for the

anatomist to determine the limits between the physiological and the

pathological, especially inflammatory, changes of the ovary. The re-

lationship of both is just as well expressed clinically in this, that the

processes in the discharge of an ovum simply assume an inflammatory

character by quantitative excess, as that the actual inflammations

appear as "pseudo-menstrual" conditions. In an anatomical relation

we must beware of misinterpreting perchance hypersemic-hemorrhagic

phenomena at "individual follicles," perchance thickenings of the

albuginea, as also cicatricial retractions of the surface; we must beware

of hastily pronouncing an atrophy or hypertrophy, because these things

occur up to a certain degree in the plane of evolution and involution of

the organ, in conformity to nature.

§ 573. The suppurative ovarites, as they especially occur in connec-

tion with the puerperal state, are of undoubted inflammatory nature.

Meanwhile they have but little histological interest. A strong sero-

fibrinous saturation of the organ leads to often a very considerable

tumefaction ; upon a section, the stroma appears brawny, cedematous.

We observe upon it either streaks of pus, which tend from the hilus,

following the course of the vessels towards the periphery, or it has

33
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already here and there come to an accumulation of pus in depots, that

is, to the formation of abscesses, which threaten, especially when super-

ficially situated, to perforate into the cavity of the belly. In most

cases, moreover, a purulent peritonitis is already present, and has in-

vested the inflamed ovary in a purulent fibrinous mass of exudation.

Touching the follicles, these are occasionally marked by a strong

hypergemia and tumefaction, so that it gives the impression that the in-

flammation had quite specially concentrated itself upon the secretory

substance. Under these circumstances, the contents of the follicles are

clouded by the admixture of cast-off cells of the membrana granulosa,

so that upon the whole the designation of catarrhal inflammation may
properly be chosen just for these cases. At all events for judging

histologically of all these phenomena, the general points of view on

purulent inflammation and that tending to abscess, catarrh, &c, suffice
;

only we must bestow an especial consideration to the consequences

which a happily terminated ovaritis must have for the ovary that had

been diseased.

An inflammatory new formation, if it pass ever so rapidly over a

part, constantly leaves behind a greater vulnerability, which is ex-

pressed in a tendency partly to relapses, partly to more hyperplastic

processes. The old connective tissue stroma of the organ is in places

actually replaced by a young germinal tissue, rich in cells ; Avith the

greater abundance of cells there is in itself a greater irritability of the

organ given, if we add to this that the ovary is exposed to periodically

recurring severe congestions of blood ; if we reflect that its physiologi-

cal changes are, so to say, synonymous with inflammatory conditions, we

will find it comprehensible that just at the ovary upon inflammations of

an acute course, follow all kinds of hyperplastic processes, which, gen-

erally proceeding from the connective tissue constituents, affect indi-

vidually now more the stroma, now more the capsules of the follicles.

§ 574. The hyperplasia of the stroma of the ovary may appear in

the shape of a uniform intumescence, increasing to the size of a man's

fist; cases of this sort have also truly been described as hyperplasia of

the ovary ; a more retractive process diminishing the volume of the

organ in all directions is more common, and may be placed par-

allel to cirrhosis of the liver and granular atrophy. A greater com-

pactness, lustrous white color, and a more or less lobulated surface,

here and there beset, probably, also with small, polypous excrescences,

prove the simultaneous (often predominating) participation of the cor-

tical layer. According to Virchow, the thickening of the albuginea at

the points where the surface is cicatricially contracted, in consequence

of a previous ovulation, passes over to the collapsed theca of the bursted

follicle. Still, as I have already mentioned above, in judging of this

condition the limits between the "normal" and the "inflammatory"

are difficult to draw. That the corpora lutea may become the central
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and starting point of fibroid tumors, was first seen by Rokitansky, and

since frequently confirmed.

§ 575. Hyperplastic conditions in the connective tissue parts, especi-

ally in the capsules of the unbursted follicle, have, indeed, been fre-

quently enough observed and described, but not referred to the preced-

ing ovarites. Nevertheless, in the often quite obvious concentration

of acute ovaritis upon this capsule, it would not be far-fetched to

keep in view the possibility of a causal connection of this sort.

Herein the circumstance, that thickening of the capsule has been ob-

served par excellence in such follicles, which at the same time have

assumed the character of cysts by an abnormal collection of fluid in

their cavities, should rather encourage than deter us ; for the inflam-

matory thickened capsule, undoubtedly, opposes a greater resistance

than the normal to the forces which otherwise produce the bursting

of the follicle. The non-bursting of the follicle is explicable in this

way; subsequently the amount of fluid contained in the follicle may
continually increase ; the increasing pressure in the interior, far from

bursting the follicle, rather produces a further reactive thickening of

the capsule, so that the disturbance enters upon a circulus vitiosus,

whose future effects we most probably may expect to be the ovarian

cystoid of form 1 (§ 579).

2. Cysts.

§ 576. Next to the kidney, the ovary is most frequently visited by

cystic formations of the most various kind. There we have very large

and very small, simple, and composite- cysts; cysts with watery, colloid,

with fatty, bloody, or mixed contents. The impartial judge, in the

presence of this abundance of cysts, will be disposed from the beginning

to bring this into connection with the circumstance that the ovary con-

tains the cystic foundations quasi preformed in its follicles. In fact,

an exact investigation also proves that at least the majority of all ova-

rian cysts proceeds from Graafian follicles ; while, upon the other hand,

until further information, a different mode of origin must be accepted

for a group of cysts, although not so large, yet at the least just as im-

portant. In the preceding paragraph I have attempted to show in

what manner a hyperplasia of the follicular wall, excited by inflamma-

tion, may give the first impulse to the cystic formation, that is, must

give. Nevertheless, I do not ignore that it therein entirely depends

upon an unequal proportion between the forces that should burst the

follicle and the resistance of the capsule. The follicle will then also

remain unbursted and degenerate into a cyst, when those bursting

forces are insufficient, and this case appears to obtain in the hydrops

folliculorum, immediately to be spoken of. What, then, bursts the

theca of the follicle ? Perhaps the transudation from the bloodvessels?

Impossible, at least in the sense, that by a transfer of the blood-
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pressure upon the follicular contents, a direct increase of pressure took

place in them. Ideas of this sort are not compatible with the laws of

osmosis. Probably we may, however, think that at the time of men-

struation, from the cells of the membrana granulosa of the mature fol-

licle, a chemical body capable of swelling up (colloid ?) is produced,

which binds the abundantly present water of transudation in large

amount, swells up, and upon this bursts the capsule, as, perhaps, swell-

ing peas are able to burst a skull. It would then probably be imagina-

ble that in certain individuals sufficient amounts of this body would not

be formed, consequently the active forces, which should burst the folli-

cle, proved too weak.

So much concerning the still very questionable origin of ovarian

cysts from Graafian follicles. Let us now pass to the individual cystic

forms.

§ 577. a. Hydrops folliculorum. Watery contents, in a chemical

relation most closely allied to the serum of the blood, is the most

prominent peculiarity of a certain species of ovarian cysts, which are

undoubtedly found most frequently, but indeed accidentally, because

they do not give occasion to any considerable disturbances and medi-

cal interference. Already, in newly-born children, we find not infre-

quently small examples of these smooth and thin-walled vesicles, poor

in bloodvessels ; in adults we occasionally have one or several. An
ovary so diseased may attain the size of a child's head ; it mostly

remains below the size of a man's fist. That there is here a dropsy of

the Graafian follicles, has been most convincingly proved by Rokitansky,

who in a case could still demonstrate the ovum in all cysts not exceed-

ing the size of a bean.

§ 578. b. Ovarian cystoid. Under "ovarian cystoid" (cystoma

ovarii), we understand tumors entirely composed of cysts, or also con-

sisting of but one cyst, which substitute an ovary, consequently have

arisen by a degeneration, cystic at least in its termination. As these

tumors are wont, in reference to circumference and weight, far to ex-

ceed the ordinary measure of pathological new formations, and to

make medical interference of the most dangerous kind necessary, they

are correctly accounted among the most important diseases of the

ovary. To the anatomist, also, the study of this group of tumors pre-

sents a series of interesting phenomena; to him it appears to be espe-

cially reserved to establish a conformable classification of ovarian cys-

toids upon a histological basis. We formerly took much account,

whether an ovarian cystoid consisted of one or more cysts, whether it

were uni- or multilocular; yet it has been proven that a fundamental

significance cannot be attributed to this distinction, very important as

it is for practice. For, conformably to proof, the simple cysts are not

simple from the beginning, but have arisen only by the continued fusion

of adjacent cysts. All cystoids are multilocular at the commence-
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ment. Hence we will only allow this principle of subdivision a subor-

dinate place, since we admit that the process of unilocularization men-

tioned, certainly occurs with special frequency in that form of ovarian

cystoid which depends upon a colloid degeneration of the Graafian fol-

licles. (Form 1.)

The macroscopic relations of ovarian cystoids are, in the first place,

dependent upon the number and size of the contained cysts. A simple

cyst conditions the globular shape; two or more cysts condition a more

elongated form, and a surface beset with half-spherical tuberosities.

Through the walls of the cysts the contained fluid shines Avith a yellow,

or various shades of broAvn, color ; if we cut or stick it, the originally

tense cystic walls fall together, and, indeed, in consequence of commu-
nications between the cysts having already taken place often in a more

extensive measure than we had expected. The cystic contents ob-

viously are more a subject for chemical than anatomical investigation.

The most prominent chemical constituent is the albuminate, still so

enigmatical, which has been termed colloid, par excellence (see § 44),

and which occurs here in various modifications. The beautiful inves-

tigations of Eichwald have proven that in ovarian cystoids in general,.

two series of chemical transformations go on side by side ; since, upon

the one hand, the colloids formed by the metamorphoses of tissue are

gradually converted into mucus-peptone, upon the other the albumi-

nates transuding from the blood are converted into albuminous peptone.

The persistent action, therefore, of the bodily temperature suffices to

bring about a kind of slow digestion of those, so to say, raw materials.

The larger and older the cysts are, so much the more, therefore,, we

may expect to meet with the mentioned soluble modifications of albu-

men ; consequently, also, a greater fluidity of the contents. The solid

parts, often suspended in the cystic contents in considerable amount, as-

free cells and nuclei, crystals of cholesterin, fat-globules or detritus,,

blood-corpuscles, pigments, are collectively, secretory products of the

cystic walls, and may in all cases be explained partly by the desqua-

mation and fatty metamorphosis of the epithelial structures, partly by
hemorrhages which had taken place.

We must leave all further peculiarities of ovarian cystoids to the

special consideration of the individual forms, of which Ave up to the

present can distinguish three. (Compare Mayweg's Preissehrift on the

Developmental History of Ovarian Cystoids, Bonn, 1868 ; Waldeyer,

Ovarian Cystoma.)

§ 579. 1st form. Multilocular tumors up to the size of a man's

head, or unilocular cysts up to two feet in diameter, with smooth, but

little-adhering surface, and comparatively thick, fibrinous Avails, which

are very commonly covered at their inner side Avith caulifloAver-like, or

more tuberous papillary excrescences. The contents of the smaller

cysts is a very concentrated colloid of yelloAv amber color ; the con-
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tents of the larger cysts are more thinly fluid, and supplied with many
kinds of fatty and cellular secretory products of the walls (see above).

The latter are, without exception, to be placed to account of a simple,

non-stratified, cylindrical epithelium, which lines the walls and all its

protuberances.

If, for the purpose of microscopic analysis, we make a vertical sec-

tion through the entire thickness of the cystic wall, we immediately

recognize that the latter consists almost throughout of a well-developed

connective tissue, stratified in lamellae. The thickness of the lamella?

amounts on an average to 0.003 mm. Only the innermost subepithelial

layer makes an exception to this, at least in all cysts not above the

size of a fist. It is formed of germinal tissue, and beset towards the

cystic lumen at many points with papillary vegetations of the most

various size (Fig. 161). The already mentioned stratum of cylindrical

Fig. 161.

Cross-seefion through the innermost layer of an ovarian cyst as large as a fist, which was produced
"by colloid degeneration of Graafian follicles, a. Papillary excrescence slightly flattened, clad with
cylindrical epithelium, b. Stratum of subepithelial connective tissue also split up by papillae and
pervaded by interpapiilary clefts lined with epithelia, which are not unlike glandular tubules. 1-200.

epithelial cells is not alone continued upon the surface of the papillae,

but is wont to be here even peculiarly luxuriant. Further, however,

there would be but little of special interest to be said of these papillae

if, in their development of form the circumstance did not obtain, that

this proceeds in an inclosed, limited space, consequently analogous rela-

tions exist to those we learned to know above (§ 70) for the papilloma

cysticum. It is manifest that papillae, which proceed from the inner

surface of a spherical cavity, must converge, and hence come into con-

tact upon further growth. This contact will take place so much the

sooner the more the papilla has the tendency to ramify, to spread out

tree-like. Both exist here, and the consequence of this is that the

papillae grow into each other at their apices and lateral surfaces at an

early period and in the most various manner. Hence the larger pedicu-

lated tumors up to the size of a fist, which we occasionally meet with

in the cysts, have not at all infrequently a smooth, scarcely lobulated

surface ; while yet, if we investigate it by sections, we can have no

doubt that we have before us in fact genuine papillomas. But already
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the smaller papillae, scarcely projecting from the walls, also often fuse

together by their ends ; hence upon them also we find a phenomenon,

which we have learned to know (§ 70) as a frequent consequence of

this kind of fusions—I mean the formation of cysts of retention. In

my opinion the epithelial-clad gaps which we find in the neighborhood,

and partly also somewhat further from the inner surface of these cysts,

and which have been already described by Rokitansky, recently espe-

cially by Fox, as foundations of the so-called daughter-cysts, are to

be understood as former interpapillary spaces. The elevation and

thickening of the surface continually advancing towards the interior

has, so to say, overtaken these interpapillary spaces ere a complete

obliteration could take place ; but the small remainder of free epi-

thelial-bearing surface suffices to maintain an independent secretion,

and accordingly, to occasion the cystic formation. This is, then, also

in fact the only way and manner how, in this first form of ovarian col-

loid, new cysts arise beside those existing ; and if we take into account

the very limited occurrence of this kind of daughter-cysts, we will

attribute to the whole appearance a more accidental signification, nay,

we may emphasize concerning these, that the first form of ovarian cys-

toids in contrast to the second, is characterized by a certain limitation

of the number of cysts, and by the abeyance of all such phenomena as

are derived from an increase of this number. The ground for this is

no other than that, in the first form of ovarian colloid, a certain given

number of Graafian follicles forms the starting-point of the disturbance.

§ 580. The best proof for the correctness of this assumption would

undoubtedly be furnished by finding the ovula in the smaller and at the

same time primary cysts ; we have," however, hitherto succeeded but

once in discovering the ovulum in a cyst of perhaps the size of a cherry.

In the post-mortem examination of a woman who had died after the

operation for the removal of the right cystoid degenerated ovary, I

found the left ovary in the early stage of the same disturbance ; from

this latter the cyst in question was taken. The source of indirect proof

is at all events much more abundant. In the first place there is to be

alleged that in the form in question we can never demonstrate such small

cystic beginnings ; that the usual size of the Graafian follicles would

thereby be, so to say, underbid. Furthermore, the circumstance that

even the smallest cysts are provided with a complete epithelial lining,

which, according to the form and stratification of the cells, has the full

dignity of an outer surface or glandular epithelium (in contrast to the

endothelia), and like this undergoes a periodical renewal. Finally, the

far-going analogy with the cysto-sarcomas of certain open-mouthed

glands, particularly with the cysto-sarcoma of the testis and mamma.
The intra-canalicular papilloma formation, which, for example, charac-

terizes the cysto-sarcoma mammae phyllodes, again recurs here, with

the single difference that in the ovary, because of the closure of the
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Graafian follicles, the cystic formation comes more into the foreground

than in the mammary gland. What, therefore, can be more obvious

than that in the ovary also we regard the preformed glandular substance,

therefore the follicles, as the seat and point of departure of the disturb-

ance? We will say, in passing, that the more frequent occurrence of

unilocular cystoids in this first category finds its explanation just in this,

that because of the limited number of follicles, there are from the very

beginning a limited, although often a tolerably considerable number of

cysts, which, when they have attained a certain circumference, flow to-

gether by the atrophy of their partition walls, and repeat this confluence

until the existing stock of cysts is exhausted ; then, however, because of

the want of the subsequent formation of cysts form but one, certainly

often quite colossal sac.

§ 581. It only yet remains to start the question as to the origin of

the colloid substance. Whence comes this material? Is it an excre-

tory product of the epithelial cells ? or is it the product of the involu-

tion of all older epithelial cells, and do these, with their protoplasms

having become colloid, fill up the cavities of the follicles ? I decidedly

incline to the views of those who regard the colloid as a secretion of the

glandular cells similar to mucus. I even believe that the cells of the

membrana granulosa, at the time of bursting of the follicle, normally

secrete a certain amount of this body, because without the presence of

a substance capable of swelling up strongly, the bursting of the follicle

would not be well conceivable. Above all, however, sufficiently fre-

quent observations of colloid degenerated cells (Fig. 12) are wanting,

while we meet with cast off, but otherwise not degenerated epithelial

cells, often in exceedingly great amounts, in the cystic contents.

§ 582. 2d form. At the place of the one ovary (the other, as a rule,

is healthy, while in Form 1 the disease is often of both sides), there lies

a tumor, not infrequently far above the size of a man's head, which is

composed of several large and very many smaller and even the smallest

cysts. The larger cysts are often constricted and exhibit, at these

places, the remains of former partition walls in the form of fenestrated

membranes or ramified vascular strands, which evidently succumb to a

gradual maceration. The surface of the tumor is probably always

connected with the peritoneum by a large number of inflammatory

adhesions upon which larger venous vessels run to and fro. The walls

of the cyst are comparatively thin and easily torn, within smooth, often

pigmented. The smaller cysts, in their gelatinous contents, show here

and there a fibrous something which is expanded in the cavity like a

spider's web; the very smallest are only perceptible under the micro-

scope. Moreover, here also, the contents of the larger cysts is more

thinly fluid than the contents of the smaller, and only the frequent

admixture of blood and blood-pigments has something characteristic

for the second form.
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§ 583. If, for the purpose of microscopic analyses, we make thin

sections at the more compact parts of the tumor, we are soon convinced

that uninterrupted accumulations of fibrous, well-organized connective

tissue are rare, even where a white, moderately firm substance forms

either the outer investment of the tumor, or a broad trabecular work in

the interior. All these parts consist, indeed, of connective tissue, but

the connective tissue is pervaded by the very smallest cysts which may
be traced up to the first beginnings (Fig. 162). The annexed illustra-

tion represents to us the interior condition of a trabecula of the stroma

Colloid degeneration in the stroma of an ovarian cystoid. a, a. Larger cysts whose walls bear an in-
complete epithelium of low cylindrical cells whose contents after hardening is split up radiating. 6.

Younger cysts without epithelium permeated by remains of connective tissue fibres, c. The same with
a wreath of loose epithelia. d. Colloid infiltration of the connective tissue which has not yet attained
any cystoid appearance and inclosure. e. Small-celled infiltration of the stroma. 1-200.

which divides two somewhat larger cysts, a, a. We immediately rec-

ognize that the striped connective tissue, Avhich forms the foundation of

the structure, splits up into numerous small trabeculse, and with these

encompasses and penetrates a group of small cysts. Of course we
must not imagine these trabecule as quite round, they are rather only

apparent trabecule ; in reality, however, the cross-cuts of membranous

partition walls of various thickness. Here and there (e, e) the con-

nective tissue is abundantly infiltrated with young, round cells, a proof

that it is in a condition of formative irritation. One might suppose

that certain larger aggregations of these cells (e) represented the first

stage of the cystic formation, the cystic foundation. For certain of

the smallest cysts (to the left of b) look exactly as if only a certain

amount of colloid substance had arisen between the cells of a small

group of this kind and had crowded these asunder in all directions.
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Such an interpretation has, in fact, been attempted by various authors.

Still I would advise caution here. The knife may very well have cut

the most extreme point of a larger cyst, and in this manner have pro-

duced but the delusive appearance of a very small cyst. Because of

this, I will not deny the possibility of a manner of origin of this kind,

still I would wish to be more explicit in the definition, and, in general,

only speak of a circumscribed colloid softening of the connective tissue

stroma as the starting-point of the cysts ; for it appears to me, that

certain swelled-out and translucent points of the stroma (eZ), which are

not exactly round and sharply defined, are also to be regarded as cystic

foundations. The colloid substance has here been more diffusely poured

out between the fibrous constituents of the stroma ; nevertheless this

exudation, also, by swelling out further, must tend to the globular form,

and the longer this continues, so much the more it is set off from the

surroundings as a roundish space permeated by connective tissue septa.

If, however, we compare this presumptive fate of the place (d) with the

actual condition of the smallest specimen of cyst (b, <?, &c), we must

concede that the former assumption gains in probability. The most of

the smaller cysts are yet permeated by a system of connective tissue

septa, and I can assure, what it is true we do not see in our illustra-

tion, that sometimes even capillaries run right through the cystic space.

Conditions of this kind by no means agree with the hypothesis that these

cysts have also proceeded from Graafian follicles. Only when the

cyst has attained a circumference very considerable, in proportion to

this fundamental formation, could one be reminded of follicles. Wal-

deyer (epithelial ovarian tumors, particularly cystoma, Archive of

Gynaecology, vol. i, No. 2), has therefore given up the Graafian folli-

cles themselves, as the first points of their development, for certain

and small very irregular epithelial sprinklings which he found as well

upon the foetal ovary as in the apparently well preserved remains of a

cystomatous ovary. I would gladly join in this view, if my observa-

tions, imparted above (Fig. 162, d), did not admonish caution ; thus,

in the larger cysts there is an epithelial stratum, although not always

complete, and the colloid substance, without further fibrous admixture

is, in hardened preparations, stratified in a manner which indicates a

secretion from the wall. That the cysts, especially of a certain size, are

to be regarded as secretory cysts, is undoubted also upon other grounds,

else whence is this amount of albumen derived, which is present in

all large cysts, if it does not transude from the vessels, consequently

is secreted at the wall? But in our case, notwithstanding all this,

we are not dealing with the follicles, but that transformation of original

softening cysts into secretory cysts which I have discussed more cir-

cumstantially in § 70.

If finally we sum up the result of our studies it is this, that the second

form of ovarian cystoids, which is characterized by the unlimited forma-
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tion of new cysts, depends upon a colloid degeneration of the stroma

of the ovary, whereby the possibility is to be kept in view that an epi-

thelial proliferation, reminding of embryonal conditions, furnishes the

foundations of the cysts. In this case we might correctly designate

them as a carcinoma colloides cysticum.

§ 584. 3d form. Both ovaries have equally advanced in a certain

form of cysto-colloid degeneration. They have passed beyond the size

of a man's fist, are smooth at the surface, and through the albuginea a

large number of cysts, from the size of a millet-seed to a pea, are seen,

which are all arranged side by side like a mosaic. Upon a section we

perceive that this mosaic of cysts extends throughout the thickness of

the organ in such manner, however, that the largest specimens up to

the size of a cherry, are found at the centre. The whole reminds us of

a honeycomb. The contents of the cyst are throughout a clear jelly, so

that in this ovarian cystoid, also, the name ovarian colloid, which is

particularly customary in Forms 1 and 2, might be not unfittingly ap-

plied. Moreover, Form 3 is very rare, and hence it probably comes,

that nothing certain is known of the origin of the cysts. The single

example, which is at my command, has been macerated in diluted

spirits in such fashion that a reliable investigation is impossible. The

macroscopic impression speaks decidedly in favor of the Graafian fol-

licles ; even the smallest cysts are not smaller than these; moreover,

each cyst has a proper firm membrane, and finally the already men-

tioned arrangement of the cysts, the smaller without, the larger within,

very strikingly reminds of the same arrangement of the Graafian fol-

licles. I would designate the degeneration as struma ovarii (according

to Virchow's acceptation of struma).

§ 585. c. Dermoid cysts of the ovary. By dermoid cysts or dermoids

we understand unilocular cystomas, whose walls repeat the textural

and structural relations of the outer skin. The skin with its appen-

dages, appears as a closed sac with the surface turned within. The most

dermoid cysts which have been observed and described had perhaps the

size of a fist, still they occasionally may attain a colossal volume (size of

a man's head). Their growth only in part depends upon the processes

of new formation, which take place in the cystic walls ; to this is asso-

ciated the accumulation of the secretions of the skin in the interior of

the cyst. Hence, as a rule, as cystic contents we have a smeary pulp,

similar to the vernix caseosa, which consists of cast-off epithelial scales

and sebaceous matter. Beside these lie long, mostly light reddish, and

very thin hairs, curled and coiled up into a ball.

The epidermis shows the typical separation into a horny and mucous

layer ; hair-follicles are scarcely to be recognized. The same of seba-

ceous glands.

Papillae are conceded to the dermoid cutis by some authors, denied

by others ; at all events . they do not appear to occur with the same
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regularity as at the outer skin. On the other hand, an equivalent for

the panniculus adiposus is never wanting, by means of which the der-

moid cyst loses itself in the surrounding connective tissue.

Of the more accidental constituents, teeth are to be mentioned fore-

most, which at times present themselves at the surface of the cutis in

unprecedented numbers. These teeth do not always have a shape so

typical that we might declare them to be molars, incisors, or canine

teeth ; that they, however, are actual teeth, with fang, neck, and crown,

with enamel, cement, and dentine, there is no doubt. Not infrequently

we may be convinced that these teeth stick in bony alveoli. Then
actual bones have formed in the cystic walls, which may be supplied

with a periosteum and vessels, quite like the bones of the skeleton.

Henle found in a dermoid cyst a boneV long, of horseshoe shape, which

had serrated processes, with which again wedge-shaped bodies of the

size of a hemp-seed, supplied with loose articular capsules, articulated.

The higher organized tissues, muscles and nerves, are more rarely

found in the dermoids; yet they have also been repeatedly demon-

strated.

The dermoids occur by far most frequently, namely, up to three-fifths,

in the ovary; in the next place in the testicle. It is possible that the

attributes of the ovaries and testicles as glands of generation play an

assistant role in the production of dermoid cysts ; but it is certainly

unjustifiable to regard them on that account as rudimentary foetuses

;

for dermoids also occur in other organs. Cloetta described, for exam-

ple, a dermoid cyst of the lung.

All other cysts of the ovary are only cysts secondarily, for example,

by the softening of a solid tumor
;
yet carcinoma of the ovary may in

a considerable degree delusively represent an ovarian cystoid.

3. Carcinoma.

§ 586. Other than medullary carcinomas are exceedingly rare at the

ovary. The latter may, although more exact proof of this is still want-

ing, proceed from the follicles or the foundations of the follicles. In

favor of this, the peculiarly adenoid, or let us say at least "regularly

alveolar" structure of the round masses, speaks, of which the tumor

is composed. Fig. 163 presents the border part of a mass of carcinoma

of perhaps the size of a hen's egg. The vessels are filled with a blue

material. The tumor touches the thickened albuginea, which latter is

covered with a number of papillary excrescences. If, in the first place,

yve observe the substance of the tumor, we must admit that there is given

here a tolerable approximation to the section of a tubular gland, for

example, the cortex of the kidney ; the trabecule of the cancer stroma

are collectively vascular and bear the cancer-cells like a low cylindrical

epithelium, so that lumina remain free in the centre of the alveoli, which
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are like glandular canals. The albuginea itself is not permeated by can-

cer-nests, but forms a very compact partition wall between the tumor on

the one hand and the papillae upon

the other. So much the more strik-

ing, and in a certain sense the more

demonstrative, is it that one of these

papillae in its somewhat swollen

body shows a distinct foundation of

new cancer formation. More par-

allel to than immediately beside

the vessels, elongated clefts have

been filled with the same large epi-

thelial cells, which in the completed

tumor we regard as cancer-cells.

It appears to me they are the lymph-

vessels, which here, as in the for-

mation of tubercle (§ 115), take the

initiative of the development, since

their endothelia proliferate to can-

cer-cells. A sprouting of the fol-

licular epithelia, possibly present,

is of course not to be thought of,

because of the broad connective tissue barrier, which separates the pa-

pillge from the ovarian tumor. Hence, if the ovarian carcinoma should

belong to the glandular carcinomas, it is at least able, when it has ex-

ceeded the limits of the organ, to form tumors also in the connective

tissue and its inner spaces.

Glandular carcinoma of the ovary. The thick-
ened peritoneal covering, provided with papillae,

shows in these papillae the commencing carcinosis.
1-300.



X. ANOMALIES OF THE TESTICLES.

1. Inflammation.

§ 587. The acute inflammations of the testicle, by which I allude

principally to the gonorrhoea! and traumatic forms, begin with a very

active serous infiltration of the parenchyma, which is constantly asso-

ciated with a moderate exudation into the sac of the tunica vaginalis

propria. The great abundance of lymph-spaces in the testicle, as also

their width and distensibility, may play a prominent part in this, for the

phenomena are very much the same that can be artificially produced by

ligating the lymph-vessels of the spermatic cord. Only certain issues of

the acute inflammation are of histological interest. As is known, the com-

plete restitution to the normal condition ensues by far most frequently,

more rare are the indurative, most rare the purulent conditions. Both

of the latter take their point of departure in the walls of the lymph-ves-

sels. In the indurative inflammation, a hyperplasia of the connective

tissue stratum upon the one hand narrows the lumen of the lymph-vessels,

upon the other, it more and more thickens the connective tissue tunicse

propria of the seminal tubuli by outer apposition, and thereby injures

also the lumen of the seminal tubuli and the seminal epithelia. A com-

plete destruction of the latter, and a diminution and flattening of the

whole testicle, is therefore the common result of indurative inflamma-

tion. It is otherwise in suppuration. The pus-corpuscles separate

from the inner surface of the lymph-vessels, and are at once in a free

space, which is filled by a continually moving and circulating fluid.

Hence, if the pus formation is not intense, the cells furnished will be

constantly conveyed away to the vascular system, and the whole is,

perhaps, only the quantitative excess of a process, which also occurs

normally, and is then called an afflux of lymph-corpuscles from the

radicles of the lymph-vessels. Hence, collections of pus in the form of

abscesses are rare, and even when it has come to a collection, the re-

sorption of the pus-corpuscles is still to be expected with far greater

probability than the rupture externally. If, however, the rupture has

happened, the fistulous openings are small and readily close, if a cer-

tain proliferation of granulation tissue does not occur about the fistulous

openings, which is frequently observed just here, and occasionally leads
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to the formation of fungous, sarcorna-like growths, which have the struc-

ture of proud flesh.

§ 588. As a chronic inflammation of the testis, Fb'rster correctly re-

gards a condition, which has also been described on the part of others as

atheroma of the testes. The organ is very considerably enlarged herein.

The sac of the tunica vaginalis propria is obliterated by adhesions, the

albuginea decidedly indurated and thickened. In the interior we com-

monly see a large cyst, for example, of the size of the fist, and several

smaller, which are quite filled with a semi-fluid atheroma-pulp. Immense

masses of crystals of cholesterin, fat-globules of all sizes, granular cor-

puscles, here and there some yellow pigment, are suspended therein. If

we wash out these contents, the walls for the greater part present them-

selves covered with a layer of densely packed and very vascular granu-

lations, between which are island-like portions impregnated with the

salts of lime, slightly roughened and white, a dusting of the surface up

to the complete incrustation of a continuous part of the surface, and the

transformation of this into a solid plate of lime of the thickness of half

a line. The vertical section through the granulation-layer is very char-

acteristic, because this indeed, upon the whole, shows throughout the

character of ordinary granulations of wounds, at the most, it is charac-

terized by somewhat larger cellular elements; at the surface, however,

no pus is secreted, but fatty granular corpuscles. We can study here

very beautifully the fatty metamorphosis in all its stages upon those

cells which form the outermost layer of the granulations, and, as it

appears to me, arrive here by continual secretion analogous to suppu-

ration. I have never seen an actual production of pus at the surface

of the closed cyst ; this only occurs where the cavity is opened by the

manipulations of the physician.

The smaller cysts, as a rule, permit a sufficing insight into the

history of production of this interesting new formation ; thus, their

lumen is pervaded by certain remains of the normal structure of the

testicle, in which, we easily recognize larger vascular branches, beside

some connective tissue, therefore, the former lobular septa. The inter-

vening spaces have the elongated conical form of the lobuli of the testis,

and beside large amounts of fatty detritus, often contain longer frag-

ments of the macerated tunicse proprise. Broad masses of very com-

pact, whitely lustrous, poorly vascular connective tissue already invest

these smaller cysts and bound them towards the probable remains of

the more intact parenchyma of the testicle. The principal cysts also

only consist in their innermost parts respectively of granulation-tissue

and calcified plates; the principal mass of their walls, likewise, shows a

tendon-like substance, which is often collected into skins of two to

three lines thick, especially where it passes over continuously into the

thickened albuginea.

The question here is accordingly about an orchitis and periorchitis
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indurativa, which is distinguished from the ordinary induration of the

testicle by its not affecting uniformly the whole testicle, but in the first

place puts several principal septa into a hyperplastic condition, and
thereby constricts larger sections of the parenchyma of the testicle and
compels to fatty degeneration. The abundant cellular production at

the surface of the septa, and the immediate conversion of the secreted

cells into fatty detritus, the remains of the latter, and the atheroma-

tous degeneration conditioned thereby (§ 29), are the causes, why the

parenchymatous spots so constricted subsequently are transformed into

atheroma cysts, and as such attain a frequently very considerable size.

2. Tubercle.

§ 589. By tubercle of the testis we understand a certain kind of

larger caseous nodules of roundish form, of which, as a rule, several

are placed near each other, afterwards run together, and then form a

single nodule of very irregular, tuberous, or ramified shape. The cheesy

substance is characterized by its elastic springy compactness, which it

retains until a central softening leads to the formation of an abscess,

which has the tendency to burst externally, and to occasion that knoAvn

form of fistula of the testicle, which is symptomatically marked by the

tediousness of its course, and the occasional evacuation of macerated

seminal tubuli. The epididymis and vas deferens are likewise exposed

to this kind of disease, nay, the latter is wont to begin by preference

in the parenchyma of the epididymis.

If we ask after the origin and extension of the new formation, the

opportunity is indeed very rarely presented for studying the first begin-

nings of the disturbance ; on the other hand, very frequently and

almost regularly, a histological process is found at the periphery of the

nodule, which is evidently intended for enlarging it. The unaided eye

perceives there a thin layer of reddish-gray, translucent, and slightly

gelatinous substance, which is permeated abundantly by bloodvessels,

and forms a small tumefaction towards the healthy parenchyma of the

testis. In the adjoining illustration of a vertical section under a mag-

nifying power of 300, a represents the relatively normal parenchyma

of the testis ; b, the proliferating layer ; c, the cheesy nodule. As we

perceive, the process has a thoroughly interstitial course. The seminal

tubuli remain passive. At a, they are yet quite normal, the very thick

connective tissue tunicse proprige. which play so great a role in cysto-

sarcoma (§ 592), scarcely show traces of nuclear and cellular formation

in their outermost layers. In the zone 5, they are pressed asunder

more and more by the new formation, without losing their character-

istic form constituents ; in the zone c, they are moved yet somewhat

further apart, and hero then also begins the vitreous swelling of the

tunicic, and a fatty degeneration of the epithelia; these are the only
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changes of the seminal tubuli, which, however, do not lead to a com-

plete destruction ; for, as already observed, the seminal tubuli are again

found after the softening and bursting of the cheesy substance; we must

therefore accept that they are preserved within the cheesy substance,

as we here see them in the illustration.

If we now look at the essential disease, its locality is first of all

worthy of notice ; thus, it is exactly the region, which according to

Ludwig and Tomsa's investigations is pervaded by an exceedingly well-

developed system of lymph-spaces, and, if we take counsel of the more

recent experiences on tubercle formation, which with so agreeable a

uniformity amount to this, that this new formation, so long enigmatical,

is produced by a proliferation of the endothelia of the lymph-vessels,*

the presumption in fact is not far-fetched, that the question here is

also about a process within the lymph-vessels, which is distinguished

from the formation of miliary nodules only by its more diffuse ap-

pearance. Miliary tubercles of the ordinary constitution are certainly

nowhere found here ; meanwhile it is to be borne in mind, that in the

first place, there are also tubercles (especially upon the peritoneum),

which attain the size of a lentil, a flat bean, &c, and that in the second

place, the tuberculosis is observed at other organs (especially in the

brain) in the same manner as here. The last-mentioned uniformity

extends especially also to the further stages of transformation of the

new formation. If we follow the latter from the zone b towards the

zone o (Fig. 164), we indeed for a time yet observe the limits of cells,

but they become indistinct, and instead of round contours, there arise,

as though produced by strong mutual flattening, elongated and many
angular, finally, spindle-formed contours, wrhich latter form the transi-

tion to a purely fibrous texture. This fibrous texture prevails every-

where in the cheesy nodule. The white color is caused by the massy

deposition of dark (highly refracting) fatty granules, the compact,

tough consistence, difficult to tear
;
probably, also, the long persistence

may be placed to the account of the fibrous constitution. I was in

some degree surprised, as I here for the first time (afterwards, how-

ever, in all "solitary" nodular products of tuberculosis) hit upon the.

fibres of Lebert ; I had to confess thereafter, that tubercle need not

everywhere and always directly undergo the cheesy metamorphosis, but

that between the stage of early infiltration, and that of the cheesy

metamorphosis, a third may yet interpose, which expresses the un-

doubted tendency to a higher organization. I regard the fibrous

tubercle as an analogue of the cicatricial, or rather the fibroid tissue,

and will return to this view, especially in speaking of the solitary

tubercles of the brain.

* Compare, beside \ 115 of this work, the more recent works of Langhans and

Klebs. (Klebs, Contributions to the History of Tuberculosis, Virchow's Arch. ,44.)

34
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Tuberculosis in a disseminated, metastatic form, doe? not occur in

the testis.

Fig. 164.

Section through the border of a cheesy tubercle of the testicle, a. Relatively normal substance of
testicle. 6. Small cellular infiltration of the intertubular connective tissue, c. Fibrous and cheesy
metamorphosis. 1-300.

3. Syphilis.

§ 590. The syphilitic affection of the testis, like that of the liver,

permits us to distinguish two principal forms, one simply inflammatory

and one gummous. The former runs its course with a considerable in-

duration, destroying the parenchyma of the testis for a great extent.

The interstitial tissue forms the starting-point of the disturbance ; here

upon a hyperplastic production of young connective tissue follows an

indurative condensation of the same, and we observe, even with the

naked eye, the white fibrous lines, which in proportion to the lobular

subdivisions, form conical depositions, whose bases lie at the likewise

thickened albuginea, while their apices are directed towards the centrum

Highmorianum, and the apices of the adjacent cones are fused together.

Finally, we only see a continuous white induration, within which the

seminal tubuli, and with them every trace of the old subdivision of the

gland, have been destroyed. The testicle is flattened, the tunica vagi-

nalis commonly contains a serous exudation.

The gummous syphilis of the testis, as a rule, already presupposes

the existence of the induration described. The gummous formation is

therefore only' to be regarded as a further increase and specification of

the process. Mostly there are several nodules of about the size of a

cherry-stone, disseminated in the induration. Upon a vertical section,
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which embraces the boundary of the nodules towards the induration,

we can most distinctly perceive, that the specific process begins with'a

multiplication of the connective tissue cells, to which a fatty degenera-

tion of the newly formed cells soon follows. The accumulations of the

fatty corpuscles, however, flow together, without the continuity of the

fibrous intermediate tissue being on that account interrupted, and thus

it happens, that these nodules also, like the yellow tubercles, have a

very compact consistence, and may therefore be easily mistaken for

those.

4. Carcinoma.

§ 591. It is difficult to distinguish, by the naked eye, the soft carci-

noma of the testis from soft sarcoma, the medullary cancer from med-

ullary sarcoma. The same soft, in places dissolving consistence, the

same kind of propagation from the testis to the epididymis, vas deferens,

and retro-peritoneal lymph-glands, the same milk-white color charac-

terize the tumor. In reference to the histological constitution, w7e are

indebted to Birch-Hirschfeld for the proof, that here also, as in cancers

of the kidney, the liver, and the mamma, the cancer-cells are derived

from the epithelial cells of the glandular tubuli. The stroma is, indeed,

richly permeated by young cells, yet the boundary between it and the

epithelioid cell-aggregations appears to be clear and distinct; there may
be less value to be placed upon the similarity of the cancer-cells with

the normal epithelial cells of the testicle ; on the other hand, Birch-

Hirschfeld has succeeded, by means of fifteen per cent, hydrochloric

acid, at the boundary of the new formation towards the healthy parts,

to isolate seminal tubuli, which with a smooth surface showed either

knotty, less apparent tumefactions, or they passed into the tumor itself

with a somewhat more rapid expansion. That we have here the begin-

nings of the new formation, and that consequently these beginnings

consist in a proliferation of the epithelia of the testis, is at least not

improbable to me.

In its further growth, the cancer of the testis not infrequently as-

sumes the character of the fungus haematodes. A peculiarly rich de-

velopment of vessels of the stroma, which I have described at § 156,

brings about this transition.

None but the soft carcinoma occurs primarily at the testicle. The

observations on scirrhus of the testis do not hold good in the face of

the more strict requirements of anatomical proof; pigmented cancers

are said to have been seen as metastases.

The combination of carcinoma with other tumors is treated of at § 593.

5. Sarcoma and other Histioid Tumors.

§ 592. Not all that the surgeon directly calls sarcoma of the testis,

is a sarcoma in the sense of pathological histology. The surgeon
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wishes to designate by the term sarcoma only the contrast of a firm, in

the widest sense flesh-like tumor, and a tumor with fluid contents, espe-

cially hydrocele of the tunica vaginalis. Meanwhile, in point of fact,

the testicle is a favorite seat of sarcoma. Sarcoma occurs at the testicle

in all its principal species, and that which peculiarly characterizes its

occurrence at the testicle, is the combination, almost without exception,

not only of the various principal species in one tumor, but of the col-

lective histioid new formations in the sarcoma. The intimate relation-

ship of all histioid tumors comes out very distinctly just in the testis.

Cartilaginous, mucous, and fatty tissue, muscular fibres of both kinds,

take a more or less important part in the composition of sarcoma of the

testicle. The cartilaginous and muscular tissue also forms independent

and primary tumors
;
yet it commonly is not long before, by a rapid

peripheral proliferation, the transition follows into round and spindle-

celled sarcoma forms.

If already, by these frequent combinations, a great variety is pro-

duced in the structure of sarcoma of the testis, this is increased to a

still higher degree by the very common appearance of cysts. The cysts

are more or less numerous ; all the transitions may be traced from the

size of a poppy-seed up to that of a pigeon's egg and over ; the contents

of the smallest is gelatinous, tough, afterward it becomes more thinly

fluid and clouded by the admixture of blood, of crystals of cholesterin,

and fat-globules. In the large c}^sts, a synovial-like consistence, capa-

ble of being drawn into threads, is also not infrequent, while pure,

watery, serous contents are quite rare. The walls of the cysts, espe-

cially of the smaller ones, are lined constantly with a continuous cylin-

drical epithelium ; very commonly there are papillary excrescences,

which may become so abundant, that they fill up the whole cavity of

the cyst (cysto-sarcoma phyllodes). If we trace the origin of these

cysts, which more rarely and in individual examples are found also in

carcinoma of the testis, we strike upon the seminal tubuli, which,

being compressed at one place by the interstitial new formation, de-

generate at a part lying immediately behind it, and which had remained

free, into a cyst of retention. This is at least the most general view,

which I would only wish to modify by this, that we concede also the

ectasy of an entire convolution of seminal tubuli, so to say, a circum-

scribed portion of the parenchyma of the testis, as the starting-point

of the cysts. I not infrequently found the smallest cysts, which were

penetrated by single strongly macerated connective tissue septa, that I

could only regard as the remains of formerly existing, more firm par-

tition walls.

§ 593. The most frequent forms of simple and compound tumors of

the histioid series are the following

:

a. The soft or medullary sarcoma is similar to the medullary carci-

noma in its outer appearance. This similarity attains the highest degree



SARCOMA AND OTHER HISTIOID TUMORS. 533

in those "very common" cases, where we actually have a combination

with carcinoma. These tumors in their mass are soft, spindle-celled

sarcomas, Avith a broad trabecular work, but in certain small inter-

spaces, which these broad trabeculse of spindle-cells leave between

themselves, or surround, there lie nests of genuine cancer-cells. One

might be thereby reminded of -seminal tubuli with their epithelium

transversely divided, and according to the most recent experiences upon

this point, I do not regard it as improbable that we have here the de-

rivative of a seminal tubulus; but at all events these cells no longer

resemble the ordinary seminal epithelia, but exhibit that suspicious

anomaly of the contours, that multiplicity of shapes, which is peculiar

to cancer only. For at other places, also, we see the actual cancer

come more into the foreground, and then the whole has the appearance

of a carcinoma with a sarcomatous stroma.

Where the medullary sarcoma appears quite complete, or where it is

in combination with cartilaginous and mucous tissue, we rather find a

round-celled parenchyma with a very perfect intercellular network,

also that structure designated as " lymph gland-like," which is dis-

tinguished from the ordinary round-cell sarcoma by greater softness,

and the abundance of cells easily isolated and scraped off from the cut

. surface, so that a mistake for soft carcinoma might very easily be made

just here, without a microscopic examination.

All medullary tumors of the testis are malignant in the highest de-

gree. If they have arisen in the testicle itself, and not in the epididy-

mis, the albuginea forms for some time an obstacle to the growth of the

tumor; but, if the albuginea has been destroyed, the new formation

proliferates exceedingly rapidly along the spermatic cord into the cavity

of the abdomen, attacks the retroperitoneal lymph-glands, &c, and

even after a short time the tumor of the testis itself is the smaller part

of the affection.

b. The cystosarcoma testiculi is always a complicated tumor. The

most constant phenomenon is a relation of the sarcomatous new forma-

tion to the seminal tubuli, as Billroth first described it for his adenoid

sarcoma of the mamma ; namely, the new formation concentrates in the

subepithelial connective tissue, i. e., it appears as an enormous thicken-

ing and a round-celled degeneration of the tunica propria. To this is

joined upon the one hand the ectasy, and upon the other, the phyllodic

proliferation into the lumen (compare § 605). Forster, indeed, described

here also, a bud-like outgrowth of the seminal tubuli, such as is generally

peculiar only to the various species of carcinoma ; meanwhile, for my
own part I would rather regard the pictures referred to as plications of

the enlarged wall. Plications of this sort on the cross-section naturally

appear as villiform projections of the epithelium. Here and there, we

observe cysts without papillae upon the walls. In the cystic fluid swim
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brownish-yellow globular concretions, which are decidedly characteristic

for the mammary glands.

To these changes of the seminal tubuli themselves are associated

histioid new formations between the seminal tubuli. We meet there

smaller depositions, which consist entirely of hyaline cartilage ; the

peculiar garland-like form and the ramification here and there exhibited

remind us, that these enchondroma formations, as Paget and Billroth

saw, correspond to the course of the lymph-vessels and fill their lumen.

Larger depots of mucous tissue, even muscular and adipose tissue have

been observed in single collections. Finally, the transition into carci-

noma threatening at all times, is to be taken into consideration here,

as principally just at the glands and apparatus of procreation, there

appear to occur, more frequently than elsewhere, transitions from simple,

inflammatory irritations, from ulcers, wounds of operations, and catar-

rhal hyperplasias, into sarcomatous, and afterward into carcinomatous,

degenerations. The longer a locality of this kind, for example, the

external os uteri, is the seat of a formative irritation, so much the more

does it show the tendency to ever a more luxuriant proliferation, finally,

to carcinosis.

c. Enchondroma appears as a solitary tumor of the size of a walnut

to a hen's egg, and of hyaline constitution. After having existed for

some time, perhaps for years, as a painless, sharply circumscribed in-

duration, a more rapid, most painful enlargement sets in, and if we

examine anatomically the testicle when extirpated, we find the enchon-

droma tumor imbedded in a mass of sarcoma, which commonly develops

with peculiar abundance towards one direction, and has established large

sarcoma masses beside the old cartilaginous tumor.

d. Myoma occurs as a solitary tumor. Rokitansky has described such

a one of the size of a goose's egg, which was formed of striated mus-

cular fibre. I myself received from Middeldorpf, in the year 1860, a

somewhat smaller tumor, which consisted of smooth muscular fibre and

numerous nerve-fibres. The latter formed plexuses with very abundant

radiations in the muscular substance. The single fibres were charac-

terized by zigzag curves. A more exact appreciation of their course

was not possible to me, because of the unsatisfactory methods of those

days.

6. Atrophy.

§ 594. Apart from the secondary atrophies of the seminal tubuli,

which occur in inflammation and formation of tumor, I will only mention

here the premature occurrence of the senile involution. As is known,

the physiological functions of the testicles cease on the far side of the six-

tieth year. The seminal epithelia then more and more undergo a fatty

metamorphosis. The entire testicle becomes correspondingly smaller,

soft, and upon a section shows a yellowish, dark butter yellow, up to a

brownish coloring.
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1. Inflammation.

§ 595. The tumors of the female mammary gland have been so often,

and at already so early a period, the subject of earnest histological

investigation, that in this sense, we might not improperly call the mam-
mary gland the nurse of pathological histology. In contrast to this the

histology of mastitis is yet as good as unknown. For the time being

we are content to transfer ideas which we have actually obtained from

other similarly constructed glands, for example, of the salivary glands

to the mammary gland, and thereby to explain the various morbid

appearances of mastitis.

The acute inflammations which occur during lactation are either dif-

fused over the entire gland, or they form circumscribed tumors of the

size of a pigeon's egg and over. Certain diffuse inflammations, which

we call mastitis, do not run their course actually in the gland itself, but

in the loose connective tissue which encompasses the gland as well

behind as in front. These very commonly lead to the formation of

abscess, and, in reference to histological processes, fall entirely under

the points of view of phlegmon telse cellulosse (§ 94). Touching the

circumscribed inflammatory depots, here also the interstitial tissue may
predominantly participate. The retention of milk in the excretory

ducts of the glandular lobules concerned, in the cases where it actually

occurs, may be most simply explained by the inflammatory infiltration

of the surrounding connective tissue, in like manner as we have spoken

of it in the formation of cysts of retention (§ 70). As a rule, the

tumor forms abscesses simultaneously at several points
;
perhaps we

may here some time succeed in tracing back the beginning of the puru-

lent fusion to individual glandular lobules. Positive observations are

yet wanting concerning the nature and the manner of participation of

the secerning parenchyma.

Still more obscure than the relations of acute mastitis, are to us the

histological conditions of those painless indurations, which often exist

for years in the form of tumors, larger and smaller than a walnut, and

either at length decompose or also soften, or finally go over into sar-

coma or carcinoma formation. The question here is probably about a

plastic cellular infiltration of the connective tissue, which, indeed, as
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we know, is a neutral preliminary stage of most pathological new forma-

tions.

2. Tumors.

§ 596. When at the start I pointed out that pathological histology

had, to a certain extent, taken its degree upon tumors of the mammary
gland, the reader might accordingly believe himself entitled to encounter

in the following, a representation of the subject unexceptionally me-

thodical. He may, however, find himself deceived if, by a methodical

representation, he should imagine to himself a sharply defined system,

an exceedingly characteristic subdivision, and the minute dissection of

the material. Studies ever becoming more special have led much more

to effacing boundaries than to tracing them. I know of but two prin-

cipal groups of mammary tumors which can be declared, tumors that

proceed from the epithelial structural elements of the gland, and those

that proceed from the subepithelial or interstitial tissue. Each group

extends secondarily over into the developmental province of the other
;

so much the more must we emphasize the starting-point, and seek in it

the proper source of all later peculiarities.

a. Tumors which proceed from the Epithelial Structural Elements of

the Gland.

§ 597. The pervading character of all new formations belonging here,

is a decided projection and pressing forward of the epithelium which

lines the inner surface of the acini. This, as is known from normal

histology, is formed of a simple stratum of small, low, nucleated cells,

which mutually most intimately touch each other, and slightly press

together laterally. During lactation these cells multiply to double and

threefold the number, but do not therein pile up over each other, but

intercalate side by side, so that naturally the surface expansion of the

epithelium, and with it the circumference of the terminal vesicles of

the acinus, grows considerably. The periacinous and interacinous con-

nective tissue, which is characterized about this time by great succu-

lence and increased abundance of migratory cells, gives way to this

active expansion of the acini, and soon the adjacent terminal vesicles

of an acinus touch, excepting a very narrow septum, which, however,

persists. At length the greatest possible expansion is attained. The

epithelia formed thereafter can only find space in that the older cells

are loosened from the walls of the acinus ; the latter arrive in the lumen

of the acinus, and, since they here fall into the fatty metamorphosis,

they give rise to the formation of a fatty detritus, which we call milk.

§ 598. These physiological processes present to us many welcome

points of comparison for understanding the first series of mammary

tumors. The disturbance first coming into consideration, it is true, the

genuine hypertrophy of the mamma, is too little known that we could
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state anything positive about the mode of its origin. According to

Birkett, we have here an abnormal number and abnormal size of glan-

dular lobules with simultaneous hyperplasia of the interacinous con-

nective tissue. The rare disease would, therefore, consist in a colossal

but uniform intumescence of the mamma, which exhibits a normal

texture in all parts.

§ 599. Just as rare, although carefully investigated, is the tumor,

which, according to the definition proposed by me (§§ 148, 152), I would

rather term adenoma of the mamma. A proliferation of the epithelial

structures of the acinus forms the undoubted foundation of the neo-

plasia. This, however, dis-

tinguishes itself from the

physiological in the first

place by this, that the cells

are piled up above each

other, and that a regular

fatty metamorphosis remains

absent. Close at the limits

of the connective tissue is

the germinal place of the

young cells (Fig. 165) ; here

we see quite small cell-forms,

which most intimately ad-

here to the walls, and appear

to be supplied by a very thin, nucleated layer of protoplasm lining the

entire alveolus. The young cells are gradually raised above the level

of this layer, and crowd in between the bases of the lowermost epithe-

lial cells. These are themselves gradually lifted off and pushed towards

the lumen of the alveolus. Layer follows upon layer, until finally the

epithelial masses formed on all sides, touch in the centre of the cavity,

and this is itself filled. In the next place begins an ever-increasing

dilatation of the cavity, which, indeed, is quite analogous to the phy-

siological dilatation in lactation, but is essentially distinguished from it

by not occurring by any means uniformly at all parts of the glandular

substance. Individual vesicles rather expand at the expense of all the

others, and thus is obtained a degenerated acinus ; although we can yet

very well recognize it as such, nevertheless it soon presents a foreign

appearance. The affection of the gland also is not uniform. The tumor

rather forms masses up to the size of a fist, beside which the remainder

of the gland becomes atrophic.

The higher development is characteristic, which the single cell-indi-

viduals experience. This is accomplished in the specific epidermal

direction, although it ceases with the formation of transition epithelia

and serrated cells, and never advances to an actual horny metamor-

phosis.

Adenoma mammae. Genuine epithelial carcinoma (Bill-

roth). See details in text. 1-300.
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Afterward the adjacent cell-nests flow together more and more, a

fatty metamorphosis also begins at the centre of the larger, which ends

in the formation of atheroma-cysts, which may pervade the tumor in

great number and in individual specimens up to the size of a pea. Noth-
ing has been made known of an external rupture of these cysts, forma-

tion of ulcer, &c. ; likewise the future fate of those affected with these

tumors is problematical ; hitherto a metastasis to the lymph-glands of

the axilla has never been observed.

According to all this I see myself obliged to reckon the tumor with

the glandular cancroids or adenomas, and Avould also have no objection

to the name of a "true epithelial glandular carcinoma," introduced by
Billroth and v. Brunn.

§ 600. The soft carcinoma of the mamma follows, in its initiatory

stages, characterized by the swelling of one, or simultaneously, several

glandular lobules, in a short time, to extensive tumors, which occasion

much pain to the patients. The soft carcinoma proceeds no less deci-

dedly from the epithelia than does the form of tumor discussed above.

One essential difference, however, already consists in the manner of pro-

liferation. There, "a pushing forward on the part of the matrix," here,

"division of the existing epithelial cells." Hence the perfectly sharp

boundar}7 is very characteristic which exists between the connective tissue

and the epithelium at an early period. A smooth, beautifully undulating

boundary outline, with a hyaline translucent outermost edge, limits the

connective tissue stroma. It runs exactly parallel to the surface of the

epithelial cell-cylinders without anywhere entering w7ith them into an

intimate relation. At the first glance we see that the proliferation

and the independent growth of the epithelium form here the principal

cause of all the changes. The epithelium first forms a solid strand

which fills the lumen of the acinus up to the terminal vesicles. The cells

herewith assume the stamp of larger cancer-cells, richer in protoplasm,

described in § 154. Upon the youngest cells the protoplasm of the

single cells appears to flow together, but a distinct separation soon sets

in, and therewith occurs the multiplicity of form of the cells caused by

the pressure of growth.

We everywhere perceive nuclear division and constriction. Now
begins an outgrowing of the cylinder of cells in the form of solid epi-

thelial projections, which push towards the connective tissue. The

connective tissue gives back everywhere. The partition walls between

the adjacent alveoli are broken through, and soon of the whole very

thick system of septa of the acinus, there only remains a delicate net-

work, with wide meshes, which carries the vessels. Meanwhile in the

larger accumulations of connective tissue which separate the single

acini of the diseased lobule, an abundant infiltration with small round

cells, has taken place. The connective tissue has become softer thereby,

more yielding, and more capable of participating in the future growth
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of the cancer. The cancer mass now already presents a very exten-

sive tumor, upon which, however, we can yet recognize all parts of the

old lobule, although very much changed. Now, however, follows a

second phase of development.

This is characterized by the ever more numerous springing up of new

tumors in the hitherto yet intact substance of the gland. The new

tumors grow as did the old, partly fuse with them, and thus contribute

to the production of an extensive, irregularly tuberous, and soft tumor,

over which the skin is stretched, in order finally to suppurate, and thus

permit the eruption of the cancer externally.

§ 601. An entirely new kind of production and growth of carcinom-

atous new formations has recently become known by a very good

work of Koster,—I mean the production of cancer-cells from the endo-

thelia of the lymph-vessels, and the advance, rendered possible thereby

and explained, of the cell-cylinders of the cancer into the lymph-vessels

of the adjacent connective tissue. Now there is also a cancer of the

mamma, which after a moderate multiplication and change of type of

the alveolar epithelia, goes over directly into an infiltration of the in-

teracinous and interlobular net of lymph-vessels. In a very compact

but moderately large tumor, appearing to the naked eye more whitish

than gray, the microscope shows the terminal vesicles of the acini, as

also the execretory ducts, dilated up to the larger lactiferous ducts, and

filled with a fatty, granular detritus, with granular corpuscles and cells
;

upon these nests and projections which, as observed, we quite distinctly

recognize as the constituents of former acini, the infiltrated lymph-ves-

sels are placed immediately, with a slightly widened base. The net of

lympl^-vessels is as completely filled with cancer-cells as we only see it

in successful injections. The characteristic outlines, with their incur-

vations, the varicosity, the broad points of intersection of the net, all

come out very distinctly and permit no doubt that the question here

is actually about degenerated lymph-vessels. Billroth has chosen the

suitable name of a tubular carcinoma for this form. Meanwhile I

do not believe that it is admissible to draw a strict limit between the

tubular carcinoma and ordinary scirrhus, as will be shown by the fol-

lowing.

§ 602. The by far most frequent form of carcinomatous disease, the

hard cancer of the mamma, in the most extended sense of the word, de-

pends less upon a "proliferation" of the existing glandular epithelia

than upon an "epithelial infection," which extends from them to the

connective tissue cells and the lymphatic endothelia of their neighbor-

hood. As a rule the proliferation of the glandular epithelia is confined

to this, that the cells moderately increase by division, that they assume

the character of cancer- cells and coalesce into a solid body, which very

soon can be no longer distinguished from the nests of cancer-cells arising

in the neighborhood. As slight in appearance as this metamorphosis is,
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yet, as I believe, there can be no doubt that it gives the first impulse to

all further changes ; upon larger sections, which embrace the most various

stages of the process, we may distinctly see that the cancerous infiltra-

tion takes its beginning from the neighborhood of the acini and extends

concentrically around these. This extension, consequently the actual

growth of the cancer, depends upon a direct transformation of connec-

tive tissue cells, and the lymphatic endothelia into cancer-cells, that is,

nests and lines of cancer-cells.

It is certainly very important, that we as anatomists, strictly sepa-

rate the individual constituents of the nutritive apparatus, the blood-

vessels, lymph-vessels, and the system of " spaces in the connective

tissue lying between the two," because nature itself suggests for this

reliable criteria. We will perhaps observe, that in certain pathological

changes also, the individual divisions demean themselves independently.

On that account, however, we must not ignore the physiological con-

nection of the three parts, which has found its anatomical expression

above all in the uniformity and the equivalence of the cells, which line

the inner surface of the entire system of canals serving for nutrition.

These cells have nucleus and protoplasm ; the latter, however, upon

the blood and lymph-vessels, has become for the greater part, a thin,

homogeneous plate, to which the nucleus, with the still soft, often very

small remains of protoplasm, adheres to the outer, i. e., the side turned

from the lumen of the vessels. Also, upon the juice-cells there occurs

a partial sclerosis of the protoplasm, as is especially visible in the

mucous tissue, in the cornea, in the connective tissue layers of the in-

tima vasorum, yet I would not bind myself to trace up the parallel,

already now, into the smallest details. The essential unity of these

cells comes out much more strikingly and convincingly in pathological

proliferations.

For the present, we will continue with our carcinoma. In the fre-

quently and fundamentally studied microscopic pictures which the hard

carcinoma of the mammary gland presents, there can be no doubt, that

the most of the cell-nests are produced by a direct metamorphosis of

single connective tissue cells ; the doctrine of Virchow remains undis-

puted here, if anywhere. We have committed an undeniable error, in

that we too prematurely generalized the results which cancer of the

mammary gland furnished us ; for it has been shown, that cancer-cells

may also arise in other ways than from connective tissue corpuscles.

For that reason, however, that which we, for example, said above in

§ 158 et seq., concerning carcinoma simplex in general, now, as ever,

retains its complete validity for simple carcinoma of the mamma, from

which also the illustrations given loc. cit. were taken. The metamor-

phosis is introduced by an epithelial infection, to be sure still hypo-

thetical, i. e., an incitation to a synonymous individual development,

which is exercised by the actual epithelium upon the most contiguous
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connective tissue cells. Then follow the abundant accumulations of

protoplasm around the nuclei, the nuclear division, the cellular division/

as was described at the time, and I cannot avoid seeing, even yet to-day,

in the spindle-formed, youngest nests of cancer-cells, a transformed

former connective tissue corpuscle. In renewed examination of the

subject, I have, it is true, convinced myself that the lymph-vessels may
also participate in the cancerous production, still they participate in the

most prominent manner only in the hardest forms of the series, called

scirrhus, par excellence ; we cannot demonstrate their separate par-

ticipation in the softer ones.

§ 603. We therefore distinguish, as is seen, harder and softer forms

in a connected series of hard cancers of the breast. The hardness in

general (in contrast to medullary cancer) is conditioned by this, that

the known very dense and compact fibres of the interstitial connective

tissue are indeed stretched and expanded, perhaps also somewhat

thinned by the cancerous infiltration, but never entirely resorbed, so

that during the collective phases of development of the cancer, they

form a rigid texture, which is expanded throughout the mass of the

tumor. Only by the irresistible demand for space of the groiving can-

cer-cells, is the intimate connection of the fibres loosened. But if the

cancer-cells have passed the zenith of life, the elastic tension of the

connective tissue in turn also predominates, and I believe I do not go

too far in assuming, that this tension accelerates directly the retrogres-

sive metamorphosis of the cancer-cells. From the preceding consider-

ations, the subdivision of hard cancers becomes self-evident. The more

decidedly and the more luxuriantly the cell new formation arises, the

larger, and the more space-requiring the single cell-individual becomes,

the more without exception each connective tissue cell participates in the

degeneration, so much the more will the whole tumor have a softer con-

stitution corresponding to the infiltrate, while, vice versa, a moderate

production of cells, remaining small, and especially the infiltration of

the lymph-vessels, give the connective tissue the predominance, conse-

quently will produce harder forms of cancer.

§ 604. All cancers of the breast are apt to arise in the form of

nodule
; when there once occurs an exception to this rule, when also

diffuse infiltrations of one or several lobules, nay, of the whole gland

occur, these are regularly somewhat softer connective tissue cancers,

which are characterized by large many-formed cells. For the much
more frequent occurrence of this species in the nodular form, what was

said in the General Part on carcinoma simplex, may be brought to

remembrance again at this place.

Let us treat of the genuine scirrhus somewhat more particularly.

Billroth has designated this as the small-celled, tubular connective

tissue cancer. His experienced eye has at once pointed out the two most

important criteria of the new formation ; namely, the cells of scirrhus
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in fact scarcely attain the third part of the size of a common cancer-

cell. But they, nevertheless, have a decidedly epithelial character,

as may best be seen where the interstitial new formation joins the epi-

thelium of the acini and excretory ducts (Fig. 166). What further

Fig. 166.

Scirrhus mamma, a. Lactiferous duct with hyperplastic epithelium. &. Cellular infiltrated clefts

of the connective tissue (lymph-vessels ?) after Waldeyer.

characterizes the cell is its great durability. A retrogressive metamor-

phosis can scarcely be demonstrated upon these cancers. The cut sur-

face of the nodule is compact, white in places, like the sheen of satin,

without the yellow reticulation which the zone of fatty metamorphosis

shows in simple cancer. The second criterion of Billroth, the tubu-

larity, depends in the first place upon the infiltration of the lymph-

vessels, in the second upon this, that the connective tissue cells in their

proliferation and change of type, fill up the clefts of the connective

tissue more uniformly in long rows, instead of concentrating upon more

than one point, as in simple cancer, and forming a nest. The illustra-

tion referring to this (§ 601) belongs to Waldeyer, who has made him-

self meritorious particularly about the proof of the connection of the

interstitial proliferation with the epithelium of the acini. This shows

at b, as appears to me, a fragment of the infiltrated net of lymph-

vessels, yet I have since received pictures, in which the lymphadenoid

character of certain tubular infiltrates came out very much more dis-

tinctly, nay, in which the lymph-vessels were quite exclusively the seat

of the new formation (compare above, § 601). The connective tissue
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cells appear here to participate but little. This, however, is decidedly

not the ordinary case. In order to form a conception of the ordinary

relations, we must imagine all the minute lines, which exist beside the

infiltrates, beset with rows of cells but little interrupted.

The gelatinous cancer also occurs at the mamma, although rarely. I

have seen it as cancer en cuirasse.

In conclusion, I will yet give a table of synonyms, which must cer-

tainly be very desirable to the beginner in the widely expanded litera-

ture of cancer of the breast

:

Simple hypertrophy of the mamma. True adenoma (Billroth).

Adenoma or cancroid hypertrophy according to my terminology.

True glandular epithelial carcinoma (Billroth).

Medullary carcinoma. Soft cancer of the breast, acinous large-

celled glandular carcinoma (Billroth).

Carcinoma simplex (Forster). With the following, designated by prac-

titioners as scirrhus. The most common cancer of the breast. Large-

celled (?) tubular cancer (Billroth). Carcinoma reticulatum (Muller).

Scirrhus. Fibrous cancer. Small-celled tubular cancer (Billroth).

Retracting, atrophying, cicatrizing cancer.

b. Tumors ivhich proceed from the Connective Tissue of the Gland.

§ 605. In this second group of tumors of the mamma, we find the

most representatives of the histioid new formations, the sarcoma, the

fibroma, the myxoma, &c. Tumors which mostly proceed from a cir-

cumscribed part of the gland, and growing in the nodular form often

attain colossal dimensions ; tumors which only exceptionally relapse

and form interior metastases after a fundamental extirpation. The

most important of these tumors, undoubtedly is the cystosarcoma mam-
mos, a tumor which deserves our entire attention, because under an

exceedingly characteristic macroscopic form it brings before us the

various species of the histioid new formation, whether single or com-

bined, and thereby proves their close relationship and intimate con-

nection.

The expression cystosarcoma is hence by no means to be conceived

as the designation of a definite, perhaps round-celled, sarcoma with

cysts, but it only tells us that a new formation with the textural char-

acter of histioid tumors has attacked the mamma and dilated its pre-

formed cavities. The nature and manner of this dilatation, however,

has such prominent peculiarities that there result therefrom an exceed-

ingly strange macroscopic appearance of the tumor. Round cysts filled

with mucus are met with but rarely, and only singly. On the other

hand, we everywhere observe upon the cut surface shallow clefts, which

here and there communicate with one another; upon the whole, how-

ever, are dispersed more parallel or concentric, and thereby impart to

the mass of the tumor a peculiar foliated structure, which Virchow has
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very appropriately compared to the structure of a divided head of cab-

bage (Fig. 167). If we are to speak of cysts here, these—as we must
say to ourselves from the commencement—have either been pressed

Fig. 167.

Usual macroscopic appearance of a cystosarcoma mammae upon section.

Dilated and dis-

torted lactiferous
duet clothed with
cylindrical epithe-
lium. 1-200.

flat or filled up with the constituents of the tumor to such an extent

that the vesicular character is entirely unrecognizable. Both is the

case to a certain degree. In the first place it may be regarded as

settled, that those clefts are the altered excretory ducts

of the gland. Upon a sufficiently thin section (Fig.

168) we observe a continuous covering of multiple strat-

ified cylindrical epithelium, which secretes in the lumen

of the clefts a viscous, clear, synovia-like mucus. The
epithelium accordingly, in contrast to the normal, is in

a luxuriant hyperplastic condition, which is quite con-

formable to the abnormal enlargement of the surface

covered by it. This enlargement of the epithelial-clad

surface, i. e., of the subepithelial and interstitial connec-

tive tissue, is, however, the proper central point of the

process. It either ensues in the manner of a more uni-

form distension and thickening of the tubular walls, or by the growing

in of papillar and dendritic vegetations into the lumen of the tubuli.

More rarely, and mostly only as a complication, there arise solid,

globular tumors, removed from the surface of the tubuli, in the midst

of the broader layers of the interstitial tissue. If to the multiplicity

of the external appearance resulting herefrom, we yet add the multi-

plicity of the material forming the tumor, we cannot wonder that almost

every cystosarcoma mammae has its peculiarities. We here only adduce

the anatomical appearances of those most frequently recurring:

1. Cystosarcoma fibrosum. (Fibroma intracanaliculare papillare

mammae, Virchow.) A roundish, mostly lobular tumefaction of the

mamma, of very considerable hardness. Upon a section, we partly see

larger nodules, up to the size of a hen's egg, of the color and constitu-

tion of genuine fibroids, partly just such leaves and partition walls;
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finally, smaller and larger groups of papillae, which probably have also

at single places broken through the integument and are then exposed

free.

2. Cystosarcoma mucosum. (Myxoma intracanaliculare arborescens

mammae, Virchow. Cystosarcoma proliferum, or phyllodes, Miiller.)

The most frequent form ; it is distinguished from the fibrous by the more
rapid growth and luxuriant proliferation of foliated and papillar excres-

cences into the lactiferous ducts. This relation comes out most clearly,

when beside the distension and distortion of the lactiferous ducts, a col-

lection of a mucoid secretion goes along

with it, and now actual round or half

round sacs arise, into which the papil-

lary proliferations project (Fig. 169).

The material of the tumor is mucoid A

tissue mixed with round-celled sarcoma M

tissue. "H

3. Sarcoma pericanalicular ; ade- m

noides, Billroth. A tumor appearing as Cysto-«cta^c1Ic7ferous duct mied by pap-

roundish nodules, which, upon sections, MecIeiToTHemsbLh.
f the waUs

'

After

exhibits leaf-like sinuosities of a white

or reddish-gray substance, that upon microscopic investigation is recog-

nized as round- or more rarely spindled-celled sarcoma tissue. The
new formation has here been limited to the subepithelial connective

tissue stratum, and as we see is a monstrous copy of the mode of rami-

fication of the normal glandular parenchyma.

4. Sarcoma pericanaliculare diffusum. An entirely uniform, yet

mostly spindle-celled sarcoma mass, within which the lactiferous ducts

are distorted and distended into widely gaping clefts. This tumor also

begins in the surroundings of the ducts, then, however, passes over the

entire interstitial tissue.

§ 606. Beside the cystosarcomas, the remaining histioid tumors of

the mammae form a comparatively small number. Most frequently

there occurs a round-celled sarcoma composed of several nodules ; the

most interesting may be a spindle-celled sarcoma of limited malignity,

which is characterized by its peculiarly radiating structure (carcinoma

fasciculatum Miilleri). Still the tumor is too rare to report more accu-

rately concerning it. Smaller enchondroma nodules have been re-

peatedly found in the mammae, likewise lipomas, yet the latter may
probably always be regarded as degenerated fat-lobules of the neigh-

borhood.

35
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1. Hypertrophy.

§ 607. More recently the view has been advanced, and especially de-

fended in England (Thompson), that the prostate is to be regarded as

the analogue of the female uterus. The great abundance of smooth

muscular fibres, by which the stroma of the gland is distinguished, the

circumstance, that the recognized equivalent of the womb, the so-called

utriculus prostaticus, is sunk pretty accurately into the centre of the

gland, in fact, give this parallelism something attractive, yet, it must

not be overlooked, that upon the one hand the glandulse utriculares,

with which the prostatic tubuli must have been compared, are not im-

bedded in the muscular structure of the uterus, upon the other, the

mentioned utriculus prostaticus not only possesses a cavity, but also, a

proper wall distinctly set apart from the substance of the prostate, which

thus has yet a nearer claim to be compared with the womb. It is

always interesting, that just the most frequent form of disease of the

prostate, the hypertrophy, presents in many points similarities not to

be mistaken with a disease of the womb, likewise very frequent ; namely,

the fibroma formation.

§ 608. We can distinguish two forms of prostatic hypertrophy. In

the one, the rarer form, there is a uniform enlargement of the organ in

all directions, considerable increase of consistence by the arising of a

thoroughly compact, stretched, whitish fibrous tissue, which pervades

the whole gland. The collective muscular bundles here are in the con-

dition of progressive hyperplasia, while the glandular tubuli perish

atrophic. In very marked cases of this degeneration the glandular con-

stituents are completely destroyed ; there is no longer a trace of them

to be demonstrated; the prostate has been converted into a homogeneous

fibro-muscular tumor.

The relations are otherwise in the second, by far more common form

of prostatic hypertrophy, which is characterized even for superficial

observation, by the existence of more distinct nodules. The latter are

of round, or at least, roundish shape, and vary in diameter from 0.5

mm. to 15 mm. ; the smaller are constantly soft, reddish-gray and pro-

ject cushion-like from the cut surface, while the larger for the most part,

although by no means always, are of somewhat harder, more fibrous

constitution, and pass more into a whitish coloring, but in other respects
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likewise form protuberances at the cut surface. Where these nodules

are less numerous, we can say, that they appear set into the paren J

chyma of the prostate ; as a rule, however, they are present in such

large amount, that the gland is actually composed mosaic-like of them,

and the remains of the relatively unchanged glandular parenchyma dis-

appear beside them. The numerous varieties, which are observed in

the external form of the hypertrophic prostate, the circumstance, that

at one time the left, then the right lateral lobe, then again, the superior

portion of the posterior circumference of the gland (the so-called mid-

dle lobe) is attacked, the most manifold distortions and displacements,

which the prostatic portion of the urethra experiences, all is explained

by the varying numbers and the unequally rapid growth of the nodules.

§ 609. Let us, therefore, enter more minutely upon the histological

constitution, and the history of the origin of this so important constit-

uent of the hypertrophic prostate. All nodules, the smallest as well

as the largest, show in their composition glandular and muscular ele-

ments. The former resemble the tubuli of the normal prostate just as

much by their low, more pavement-like cylindrical epithelium, as by
the kind and the manner of ramification, which ensues at almost right

angles. I have been able to discover nothing of a tunica propria in the

ordinary sense, but probably the fibro-muscular tissue, the nearest in-

vestment of the tubuli, is stratified parallel to the surface of the tubuli,

and may thus to a great extent be regarded as a " proper investment
"

of the lumina lined with epithelium. We should do violence to facts,

were we to ignore, that the glandular tubuli, in so far, at least, play the

most important role in the entire new formation, as it is their form and
ramification which lie at the base of the whole structure of the nodule.

Whether a sprouting of the glandular epithelium in the form of solid-

cell-projections, therefore genuine glandular hyperplasia, furnishes the'

first point of departure for the new formation, I have not been able to

decide ; more probable to me is the primary participation of the sub-

epithelial tissue. This becomes hyperplastic, and swells from a scarcely

measurable thickness to a stout layer from 0.05 to 0.2 mm. of young
tissue, consisting entirely of spindle-cells. Most authors regard these

spindle-cells as muscular, and therefore, designate the new formation,

as also the common fibroid of the uterus as fibro-muscular. I have
several objections to this nomenclature, still I would avoid entangling

a thing in itself very simple, by disputes as to its designation (§ 128). A
single glandular tubulus with its terminal ramifications gets, by the en-

largement spoken of, of the subepithelial stratum, the form and size of

a pin's head, and to that extent is elevated from the remaining paren-

chyma as the smallest nodule. The continued enlargement of the nodule

ensues upon the one hand by the participation of the most contiguous

glandular tubuli, upon the other from the interior by the outgrowing of

the existing fibro-tubular elements of the tumor. The more the latter
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mode of growth prevails, so much the more is the nodule isolated when

it becomes larger, and finally, even comes to lie in a special fibrous

envelope.

If we now sum up what has been said, we must designate the ordi-

nary hypertrophy of the prostate as a fibro-muscular hyperplasia of the

peritubular stroma of individual sections of the gland, with the simul-

taneous elongation and multiplication of the tubuli themselves. A
similar aifection has been observed by Billroth in the mammary gland,

and described as an adenoid sarcoma (§ 605, 3).

2. Inflammation.

§ 610. The prostate in respect to acute inflammations, behaves to

some extent like the outer skin. As there the intimate interweaving of

the fibres of the cutis, so here the great compactness of the stroma

forbids the rapid extension of the process. Hence, we find the acute

inflammation in all stages limited to single, although often numerous

small depots. I, of course, do not speak here of traumatic suppura-

tions, which are guided in the extension by the lsesio continui which has

occurred, but of those acute parenchymatous swellings, which in rare

cases are protopathic, but which are mostly produced by the sympathy

of the prostate with the remaining urino-genital system, above all with

catarrhs of the urinary passages.

I consider it proper to distinguish two stages of acute inflammation.

A considerable hyperemia and ©edematous saturation of the entire or-

gan characterizes the beginning of the affection, and continues during

the entire first stage. Unfortunately but little has become known of

the more minute anatomical conditions. Thompson observed " points

of thickish pus, which, however, were not actually small abscesses, but

glandular cysts." According to this, the process appears therefore,

already at an early period to be localized in the tubuli. The second

stage, whose occurrence is mostly prevented by medical skill, is the for-

mation of abscess. There develops a luxuriant secretion of pus-cor-

puscles at the inner surface of the glandular tubuli ; the pus-corpuscles

mix with the normal secretion of the gland, and form with it a glue-

like, greenish-yellow fluid, capable of being drawn out into threads,

which to some extent is distinguished from common pus. The pre-

existing cavities are distended, afterward single ones fuse together, and

we then find the prostate pervaded by a variously large number of

larger and smaller abscesses. Very rarely a single larger abscess

cavity occupies the centre of a lateral lobe. Generally, weeks and

months pass ere the inflammation has advanced to this point, because

the tense fibro-muscular stroma of the gland is not favorable to the prog-

ress of the suppuration. The abscess, as a rule, opens towards the

urethral surface; less frequently the pus bursts through externally and

occasions fistulous openings towards the rectum, the intestine, or penis.
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3. Tuberculosis.

§ 611. At the prostate, tuberculosis only occurs in that form which

leads to phthisis of the organ. The originally gray nodules, afterward

becoming cheesy, are imbedded in the surroundings of the tubuli. Their

softening and breaking down leads to the formation of multiple ab-

scesses, which enlarge by the progressive formation of new tubercles,

and finally perforate towards the bladder. The whole process is anal-

ogous to phthisis renalis and testiculi (§ 569 and § 589).

4. Cancer.

§ 612. Cancer of the prostate is a disease not very frequent, and

constantly protopathic. Medullary cancer forms very extensive knotty

tumors, which mostly protrude towards the lumen of the urethra, after-

wards break through and form ulcers. According to the statement of

Oscar Wyss, carcinoma arises by a primary degeneration of the glan-

dular substance, especially of the tubular epithelium, while the stroma

remains passive. I have no observations of my own to report. To the

melanotic cancer, wdiich likewise has been observed at the prostate, the

medullary form may be annexed.



XIII. ANOMALIES OF THE SALIVARY GLANDS.

1. Inflammation.

§ 613. The advances worthy of recognition which the normal his-

tology of the salivary glands has most recently made, have by no means

yet been turned to profit for the pathological relations. This depends

especially upon this, that the diseases of the salivary glands in gen-

eral are rare, and that inflammations particularly are wont to come

under investigation at too advanced a stage. Experimental study has

hitherto found its greatest difficulties in the insensibility of the sali-

vary glands of animals to traumatic influences, so that it is to some

extent to be excused, if our acquaintance with the histological processes

in inflammation of the salivary glands is as yet based upon a limited

number of better investigated cases of parotitis (Virchow and C. 0.

Weber).. I have myself kept to the very well-preserved material of

the Pathological Institute of Bonn, used by C. 0. Weber.

§ 614. The inflammatory irritant is conveyed to the salivary gland

probably in all cases from the mucous surface upon which its excre-

tor}'' duct opens. Even in the so-called idiopathic parotitis, a perhaps

insignificant stomatitis is wont to be primary; and touching the dys-

crasic forms, the most important among them, the mercurial, has al-

ready shown itself likewise as conveyed onwards from the oral mucous

membrane; only the parotitis of infectious diseases (typhus, pyaemia,

acute exanthems, &c.) has, in our opinion, the right to a direct origin

from the diseased blood which flows through the gland. The anatom-

ical changes correspond to these etiological presumptions, in so far as

they bear in essentials the character of a catarrhal inflammation of the

secerning glandular parenchyma, combined with a catarrh of the sali-

vary ducts.

In the first place, touching the parenchyma, to Virchow is due the

merit of having set aside the formerly generally diffused error, that

parotitis was essentially an inflammation of the glandular connective

tissue. It is true that in acute parotitis, as well the connective tissue

investments of the gland as particularly the connective tissue septa

in the interior, experience a considerable, primarily oedematous, after-

wards perhaps, even a purulent infiltration. Nevertheless, every in-
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flammation of the salivary glands, in the first place, concerns the

secerning parenchyma in the narrowest sense of the word, i. e., the

salivary cells which line the short terminal tubuli of the gland as their

epithelium. The so-called glandular lobules, distinguishable by the

naked eye, which normally have perhaps the size of a large pin's head

and a pale yellowish-gray color, come out upon the inflamed gland as

dark red, tensely swollen bodies, of the size of a lentil. We see that

the inflammatory hyperemia has concentrated quite specially upon

these lobules. Even effusions of blood are observed here and there

upon the surface of the lobules. If Ave then pass to the microscopic

examination of well-hardened preparations, we recognize, only after

some practice certainly, on the tolerably variegated picture the fol-

lowing :

The terminal tubuli have become diseased to various extents group-

wise, according to their combination into single acini. Beside single,

yet fully normal acini, we, find, 1, those whose epithelia are much
enlarged, dark-granularly clouded and loosened in their connection.

The enlarged cells, which here and there exhibit nuclear division,

fill out the entire space; they have widened it comparatively to double

its size, and still more ; Weber has also observed endogenous pus for-

mation in these large cells. 2. Those whose alveoli contain in their

lumen numerous pus-corpuscles, while a continuous epithelium yet lines

the walls. (Fig. 170.) This pus has the significance of a catarrhal super-

ficial secretion, and the question only is, whence is it derived ? Seve-

ral possibilities exist here. In the first place, we

might think of the just mentioned endogenous pus-

formation described by Weber, and see its final re-

sult in the existing pus ; in the second place, we

might think of a migration of young cells from the

subepithelial connective tissue. The existence of a

continuous epithelial layer I would not regard as an

obstacle to the migration; finally, in the third place, From the transverse
. .. ... . . . , i ,i , ,i •
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matrix of the normal epithelial cells, the conjecture

comes of itself, that an excessive participation of the physiological re-

generation may play a role in the inflammation. Upon the acini filled

with recently swollen epithelia, Ave already observe nuclear division in

those cells Avhich are crescentic upon a cross-section, in toto stellated

and anastomosing, and rich in protoplasm, Avhich form a proper layer

between the connective tissue alveolar Avail and the actual and fully

formed salivary cells. According to Pfliiger, these cells stand in the
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most intimate connection with the nervous system. It does not, how-

ever, appear to be incompatible herewith, that they at the same time

provide for the restoration of the epithelial stratum above them, as

Heidenhain particularly has demonstrated. If now we compare the

variously changed acini with one another, we soon arrive at the con-

viction, that they are just these cells which still persist after the loss

of the remainder of the epithelial stratum, at the same time, however,

have fallen into a morbid proliferative process. 3. Those acini, in which

no trace is left of an epithelium, and which only yet resemble connec-

tive tissue meshes filled with pus. These completely purulent acini

flow together into ever larger abscesses, which by degrees occupy en-

tire lobules, nay, entire lobes of the gland. 4. The interstitial connec-

tive tissue is in the beginning oedematously puffed up, and thus serves

the anatomist by distinctly separating from each other, and making

known the individual inflamed lobules. Afterward, at first in the en-

virons of the inflamed acini, there begins* a cellular infiltration, which

the longer it continues so much the more advances, partly towards the

lumen of the acini, partly outwards into the broader connective tissue

septa, giving occasion, on both sides, to suppuration and the formation

of abscess. 5. The salivary ducts, in the entire extent of the inflam-

matory depot, likewise produce pus at their surface, as C. 0. Weber

has demonstrated; still their epithelium remains intact for a very long

time, and only perishes together with the complete suppuration of the

gland.

After all this, we may imagine the inflammatory process of the sali-

vary glands running its course, perhaps, in such manner that in a first

stage, hyperemia of the glandular lobules and cloudy swelling of the

salivary cells go hand in hand with an oedematous saturation of the

connective tissue ; in a second stage, a purulent catarrhal secretion is

maintained, partly by the epithelium of the acini, partly by the sur-

rounding connective tissue, while at the same time a cellular infiltration

of the glandular connective tissue takes place ; in a third stage, which,

however, as a rule, is not attained, the connective tissue pus, upon the

one hand, breaks into the alveoli, upon the other forms abscesses in the

connective tissue, and thus brings about the destruction of the entire

organ. The never-failing active participation of the salivary ducts in

the purulent catarrh suggests the thought, that most of the inflamma-

tions of the parotid are in fact conveyed from the oral cavity through

the excretory ducts. The so decidedly catarrhal character of parotitis

would at the same time find its explanation thereby.

2. Tumors.

§ 615. The soft carcinoma of the parotid, a rare new formation,

according to all that has become known of the histological detail of it,

appears to be a genuine glandular carcinoma, i. e., it appears to pro-
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ceed from the epithelial linings of the glandular acini themselves. A
luxuriant and intractable proliferation of the latter, in the form of solid

cell-cylinders, which incessantly advance in all directions, partly break-

ing through the connective tissue, partly distending it, is the principal

impulse to its growth. The stroma consists of thin and smooth connec-

tive tissue trabeculae, which are expanded between a vascular net, richly

developed in places. The cancer-cells in general only lie loose upon

the stroma, yet an observation of Sick deserves mention, according to

which the cancer-cells are more firmly adherent to the veins and the

venous capillaries, nay, appear to be produced there, by division of the

adventitial cells. C. 0. Weber also emphasizes a more intimate rela-

tion of the connective tissue to the cancer-cell production, since he calls

attention to the not infrequent occurrence of papillary excrescences,

which project into the lumen of the acini. I have also seen something

similar in the soft carcinomas of the mamma. The separation of the

cancer-cells from the connective tissue was indeed generally exceed-

ingly sharply defined, yet single points existed, at which directly the

opposite, namely, a continuous transition of the connective tissue cells

into cancer-cells was visible. They were mostly points of intersection

of the thickest of the trabecule of the stroma, yet I could not ascer-

tain more minutely concerning their position and significance.

The melanotic carcinoma is yet more rare than the simple medullary

cancer ; nothing whatever is known of its histological relations.

§ 616. C. 0. Weber has given some statements on scirrhus of the

parotid. According to them this tumor presents important analogies

to scirrhus of the mamma, yet the participation of the glandular epi-

thelium is still far more decided than there; the small-celled infiltration

of the connective tissue has more the character of a reactive inflamma-

tion and an indurating hyperplasia. The glandular epithelia form

tubes and cylinders, which penetrate the compact white mass of the

tumor in all directions.

§ 617. An adenoma of the salivary glands has as yet not been de-

scribed ; the epithelial carcinoma likewise does not occur primarily, yet

we not infrequently find it as an intruder, when the peripheral prolifera-

tion of a cancroid of the lips or tongue is continued to the parotid or

submaxillary gland. If anywhere the investigations of Koster (§ 167)

have a prominent significance, it is for this intrusion of the cancroid pro-

jections into the structure of a contiguous organ. Just as it prescribes

the course and the mode of ramification of the lymph-vessels, we here

see the cell-cylinders extend in the first place into the connective tissue

investment, then penetrate upon the broader septa into the interior of

the gland, in order finally from this point 'to attack the single lobules

of the secerning parenchyma itself. The single alveolus participates in

such manner, that first of all the spindle or crescentic border cells,

which we have learned to know as the matrix of the salivary cells,
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divide actively and multiply. There arises a cushion of larger epithe-

lial cells, which surrounds the older salivary cells circularly, and ex-

pands the alveolus perhaps to double the normal extent. If the change

has advanced yet somewhat further, we can upon the one hand no

longer recognize the former salivary cells as something peculiar, upon

the other we cannot distinguish the epithelial cells produced by the

alveolus, from the epithelial cells of the adjacent cancroid projections,

with which they now also appear in direct connection. Touching this

latter point, the direct communication of the epithelial production of

both sides, it does seem to me as though the question therein was about

the disclosure and extension of preformed processes. Of another (per-

haps simple atrophic) destruction of the glandular cells, there is nothing

to be seen ; we will only yet mention the enormous small-celled infiltra-

tion of the connective tissue, which everywhere precedes the described

epithelial proliferation, without however having directly participated

in it.

§ 618. Beside the carcinomas proper, we must yet mention the fre-

quent occurrence of a compound epithelial proliferation, which is wont

to be peculiar to certain mixed histioid new formations. The salivary

gland, as was mentioned, is a favorite, next to bone the most favorite

seat of enchondroma. Perfectly pure, nay, I might say, the purest

forms of this tumor are observed just here. Besides this, however, there

are tumors in which the cartilaginous tissue only presents the acme of

the individual development of tissue, while beside it mucous tissue, as

Fig. 171.

From the cut surface of a myxoma of the parotid. The spaces filled with epithelial cells and
pearly globules, are probably lymph-vessels. Compare text. 1-300.

also spindle- and round-celled sarcoma tissue, represent the chief mass

of the tumor (Billroth). These tumors constantly proceed from the

interstitial connective tissue and form nodules, which may attain the

size of a fist, but because of their thoroughly central growth, com-

monly become unbearable to the patient already when they have
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reached the circumference of a walnut. I have very commonly found

upon them a radiating structure, at the centre, a compact fibrous place',

and proceeding from this rays of sarcoma tissue, into which, here and

there, portions of mucous and cartilaginous tissues are inserted. In

other tumors, the mucous tissue has decidedly the predominance, and

these are probably then directly designated as myxoma of the parotid.

Just with these Billroth has observed the above-mentioned compound

epithelial proliferation. Whether they proceed from the glandular

acini, is doubtful ; on the other hand, it is not doubtful that according

to their principal bulk, they are metamorphosed lymph-vessels. A
glance at the beautiful preparations of Billroth, of which one is also

at my disposal, teaches this. The entire net of lymph-vessels, with its

characteristic contours, appears filled with epithelial masses, and even

the small fragment of it which I delineated ere I knew Roster's work

(§ 167), shows the unmistakable contours of three transversely and ob-

liquely divided lymph-vessels. It is striking, that just herewith the

development of pearly nodules is observed, which is not once the case

in secondary cancroid of the salivary glands (§617).



XIV. ANOMALIES OF THE THYROID GLAND.

The searching studies of E. Yirchow (Morbid Tumors, iii, I) have so consid-

erably cleared up and promoted the pathological anatomy of goitre, which

hitherto had labored under a certain want of connection and vagueness, that I

may venture to include the tolerably difficult theme also, in a short and com-

pendious manner.

1. Struma.

§619. The thyroid gland is subjected to but few diseases; the most

important of these is goitre, struma, an enlargement of the organ often

very considerable, which occurs sporadically almost everywhere, but in

several mountainous regions so frequently, that especially among the

female portion of the population, we scarcely meet with a healthy

thyroid gland.

We may indeed set up a whole series of variously modified goitres;

there are cystic, vascular, gelatinous, follicular, amyloid goitres, but they

are all grouped around a common point of departure, the struma hyper-

trophica. In other words, every goitre, though afterwards it bear an

impress ever so deviating or peculiar, begins with a genuine and simple

hypertrophy of the glandular substance, which in itself alone, i. e.,

without the supervention of any other, secondary metamorphoses,

©ccasions the condition of struma hypertrophica. Now what do we

understand by struma hypertrophica ?

§ 620. I will rehearse the structure of the thyroid gland in few

words. Upon it, as upon a gland with open duct, we distinguish two

substances, 1, the glandular follicles, the analogue of the secerning

glandular substances, for example, the tubuli of the kidney, the acini

of the mucous glands, &c, and 2, a framework of connective tissue,

which incloses the follicles, and unites them in smaller groups to

u grains " (Kornern), in larger to lobules and lobes. The follicles are

vesicles closed all around, consisting of a simple pavement epithelium,

and each inclosing a drop of a clear fluid very rich in albumen. The

connective tissue is at the same time the bearer of an exceptionally rich

vascularization, which is supplied by the four large thyroid arteries.

The development of the struma begins in every case by the follicular
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cells multiplying by division. But because this multiplication takes

place more abundantly at individual points of the follicular walls than

at others, the follicles receive villiform projections, which when they

have attained a certain length, ramify, become constricted, and form

new follicles. Billroth succeeded in isolating in connection, follicular

structures thus ramifying and projecting. The whole process, as we

see, is a genuine hyperplasia of the proper glandular substance, and

as long as it continues so exclusively in this sense, we speak of struma

hypertrophica.

The external appearance of a hypertrophic struma, is first of all de-

pendent upon the circumstance, that the hyperplasia very rarely attacks

the gland uniformly and in its entire extent, but that single lobes and

lobules, or even certain sub-lobules, that occur at various points of the

periphery, predominantly participate. Thus arise sharply defined,

round nodules (goitre-nodules), projecting cushion-like at the cut sur-

face, which, when they have their seat at the periphery of the organ,

occasion the most striking deformities. Further distinctions are based

upon the relative participation of the connective tissue and the vessels

in the hyperplastic processes. A very frequent form of struma is pro-

duced by this, that the development of the stroma quite strikingly

remains behind that of the follicles. The goitre-nodules then have a

very soft, almost fluctuating constitution; they are yellowish-gray with

a reddish tinge, and cut off from the surrounding parts by a compact

layer of connective tissue, a so-called capsule, out of which they can

be more or less easily peeled (struma mollis). In other cases, the

development of the vessels predominates, especially of the arteries and

capillaries, to such an extent, that the term struma aneurismatica is

justifiable, which is derived from Philipp von Walther. The arteries

are dilated, tortuous, and thickened up to the smallest ramifications
;

the tumor pulsates, and the increased temperature also tells of the

enormous amount of blood which flows through the gland in a given

time. A third modification of hypertrophic struma is caused by this,

that the connective tissue participates in the hyperplasia in more than

a sufficient manner. Broad, white connective tissue septa, then pene-

trate the entire organ ; in the interior of the nodules are established

depots of compact fibrous tissue, which expand peripherally, and

smother the follicular new formation. Here and there, nodules and

septa come into contact, finally the connective tissue prevails so very

much, that we begin to overlook the hyperplasia of the follicular

structures, which nevertheless was primary (struma fibrosa, fibrous

goitre).

§ 621. When thus, already in the ascending series of development of

struma hyperplastica, we can prove a certain multiplicity of the ana-

tomical picture, this will be yet considerably increased when we con-

sider their later history. Here, in the first place, we hit upon the
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gelatinous goitre (struma gelatinosa or colloides). It is known that the

unenlarged—I do not say the normal—thyroid gland contains certain

amounts of colloid substance. We can occasionally press out from the

cut surface amber-yellow, translucent globules, of compact elastic con-

sistence, or also of more fluid constitution, and easily convince our-

selves that these globules are derived from the interior of the follicles.

Whether they come there by secretion on the part of the walls, or

whether they arise by a chemical metamorphosis of that albuminate

which is contained in the follicular fluid, has indeed not yet been defini-

tively decided, yet the beautiful discussions thereupon by Virchow which

we read, may move many a one to agree more with the latter accepta-

tion. Now the gelatinous formation spoken of, is complicated with very

peculiar readiness with the hyperplastic enlargement of the follicles,

and thus results that well-known form of goitre which is characterized

by the uniform, often colossal, enlargement of the whole gland. The

appearance of the numberless alveoli, filled with a yellowish, viscid

jelly, the peculiarly tense, doughy consistence, are very characteristic.

Of course the more abundant the gelatinous masses become, so much
the more will the pressure exerted from alveolus to alveolus bring about

an atrophy of the connective tissue septa, and thus the confluence of

the follicles, of the lobules and lobes into larger common cavities. In

these, however, the jelly more and more liquefies ; it finally becomes as

thin as an ordinary albuminous solution, and is also not chemically to

be distinguished from such a one. The whole has become a cyst, and

the number and size of the cysts which the struma contains are now

directed according to the number and size of the glandular sections,

which have entered upon the metamorphosis just described. There are

goitres which are altogether composed of larger and smaller cysts

(struma cystica). At this stage, however, the change does not long

continue. What originally was only a softening cyst becomes a secret-

ing cyst, and by this a very vigorous impulse is given to further en-

largement. Blood-serum, even blood is deposited in the interior of the

cysts in considerable quantity; individuals among them attain a colossal

extent (giant goitre). Upon the other hand the increased interior

pressure may lead to further resorption of the partition walls in the

interior, the cystic goitre becomes unilocular ; and the final result, per-

haps, is, instead of the thyroid gland, a simple, moderately large, but

very thick-walled cyst.

§ 622. We finally have yet to mention the struma ossea and struma

amyloides. Each of these represents a peculiar kind of retrogressive

metamorphosis, Avhich in the one case the glandular parenchyma and

the vessels experience; in the other, the connective tissue stroma.

Commonly they are only divisions of larger strumas, which calcify or

are impregnated by the amyloid substance. Yet the petrifaction may
go so far probably, that, after maceration, a completely connected
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skeleton, a cystic wall, as a bony drum and the like, remains behind.

Upon the other hand the amyloid infiltration also of single goitre nodules

may attain so high a degree that a perfectly wax-like constitution re-

sults (§ 48), and the chemist finds the opportunity just here of obtaining

very large quantities of amyloid substance as chemically pure as possible.

2. Cancer.

§ 623. What in its time was called scirrhus thyroidese, is nothing

but the above-described connective tissue induration of the hyperplastic

struma. There accordingly remains only the carcinoma molle as an

occasionally occurring affection of the thyroid gland. This idiopathi-

cally forms tolerably extensive tumors, which have the tendency to

burst towards the oesophagus or the trachea. Metastatic carcinomas

are tolerably rare ; we have no histological data in reference either to

the one or the other form.



XV. ANOMALIES OF THE SUPRARENAL CAPSULES.

§ 624. That the suprarenal capsules also are subject to a series of

pathological changes, has only been more intimately known and appre-

ciated in medical circles for a few years back. In the year 1855

Thomas Addison made the assertion that a certain constitutional affec-

tion, consisting of anaemia, beside a debility proceeding to fatal maras-

mus, and a continually increasing dirty brownish, not quite uniform,

but in spots a darker coloring of the outer skin, was produced by the

complete disorganization of the suprarenal capsules. This -assertion

has in the meantime been pretty much confirmed in its entire extent,

especially, however, has the coloring of the skin, the melasma supra-

renale, acquired an unquestioned standing in science. Upon the details

of the causal connection, the greatest disagreement certainly prevails

among authors ; Virchow, who especially occupied himself with the

question in Germany, after mature reflection has arrived at the opinion

that the destruction of the suprarenal capsules is to be taken as an

injury to the nervous apparatus partly of the suprarenal capsules

themselves, partly of the suprarenal region (for example, of the solar

plexus), and that the remaining symptoms are to be explained from

this basis through the instrumentality of the nervous system. Accord-

ing to this, the nature and the manner in which the suprarenal capsules

are destroyed, would be a matter of indifference. Still conformable to

experience it is certain that in the great majority of cases tuberculosis

of the suprarenal capsules causes Addison's disease.

§ 625. Hence let us in the first place continue with this by far most

frequent affection of the organ. It begins with the irruption of gray

nodules, over the size of a millet-seed, in the medullary substance. The

particulars concerning their seat, whether in the sheaths of vessels, in

those of the nerves or in the lymph-vessels, are not known. The nodules

fuse together, and thus form ever larger tumors, soon becoming caseous,

which finally may grow to the size of a pigeon's egg and over. Herein

a small-celled infiltration of the connective tissue septa, which I regard

as inflammatory, plays a chief role. The medulla and cortex in like

manner perish in the degeneration. Only the capsule bids defiance to

the destruction, nay, it is converted by reactive inflammatory hyper-

plasia into a juicy induration, from one-half to two lines thick, which
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bounds the caseous depot externally. I have several times seen it in

connection with the adjacent surface of the liver, the pancreas, &c.',

and believe that just this continuation of the inflammation to the sur-

roundings of the suprarenal capsules may produce the disturbances of

the nervous plexuses so emphasized by Virchow.

§ 626. Upon the soft carcinoma of the suprarenal capsules, which

occurs even as a primary disease, mostly it is true with simultaneous

carcinoma of the sexual glands, no histological statements have as yet

been made. What was formerly called sarcoma has recently been de-

scribed by Virchow as glioma. Virchow is convinced that the medul-

lary substance of the suprarenal capsules, which is so rich in nerve-fibres

and ganglion-cells, is also not wanting in the nervous cement substance,

the neuroglia, and hence regards certain not very rarely occurring,

roundish, pale reddish, compact tumors of the medullary substance, of

the size of a pea to a cherry, as partial hyperplasias of this neuroglia,

consequently as glioma (compare Tumors of the Nervous System). To be

well distinguished from this is another more uniform hyperplasia of the

entire glandular substance, which Virchow has recently described as

struma suprarenalis. This term is well chosen because of the great

resemblance which the cortex of the suprarenal capsules has in structure

to the tjiyroid gland. We here likewise have closed follicles which are

filled with cells of an epithelial kind ; the follicles in the outermost part

of the cortex are roundish; farther inwards elongated, tubular; at

the limit towards the medulla they are very small, and their follicular

cells filled with black, and brown granular pigment (intermediate pig-

ment layer, Virchow). Struma suprarenalis is produced by a prolife-

ration of the follicular cells, and accordingly as this process extends

over the whole gland or remains confined to individual parts, we have

knotted or more uniform intumescences of the oi^gan. The nodules

may become as large as a walnut, and then show very much elongated

and ramified follicles twisted to and fro, with fatty breaking clown of

the cell-protoplasm. Where the interstitial tissue participates more ac-

tively in the hyperplasia there arise compact, sclerotic places. We
see the analogy with struma thyroidese is certainly \ery profound ; we

may give in our adhesion to the analogy, as brought forward by Vir-

chow, with full conviction.

36



XVI. ANOMALIES OF THE OSSEOUS SYSTEM.

§ 627. As a principal result of the medical investigations of this

period, we have correctly laid clown the axiom of the identity of patho-

logical phenomena with the phenomena of physiological life. The rela-

tion of the various individual sciences to this axiom was, and naturally

is, somewhat different. While it is comparatively easy for a teacher of

clinical medicine to make plausible to his students, that fever is only a

quantitative excess of normal heat, that the most tormenting dyspnoea is

produced by want of oxygen, and an excess of carbonic acid, quite like

the normal need of respiration, on the other hand pathological anatomy

has a much more difficult position, although it only wishes to draw a

parallel with some probability, for example, between the pathological

and physiological new formations (see §§ 60, 67). Under these circum-

stances it is peculiarly pleasant to the pathological anatomist that, in

the diseases of the osseous system, he has at least one paradigm which

is fitted to make this conformity evident also to an unpracticed eye and

to a reluctant mind.

He to whom that interesting series of histological phenomena is fa-

miliar which accompanies the normal growth of the bony system, he

who is exactly informed of what is known concerning the formation of

bone from periosteum, and of the transformation of cartilage into bone,

he knows also the foundation of the pathological histology of the sys-

tem, and will with ease find his way in the slighter qualitative devia-

tions which yet exist as accessories. A large number of diseases of

bone depend upon a simple plus or minus of the normal growth, a far

greater depend upon the excessive prominence of individual anatomical

forces which play a subordinate role in normal growth ; everywhere,

however, we can demonstrate at least an analogy of the pathological

phenomenon with some normal one. We will take these relations into

account as much as possible in our subdivisions.

1. Diseases of Development.

§ 628. Whether it is correct to trace back the general over, or under

development of the whole body, the so-called dwarf and giant growth,
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so exclusively as we are wont to do, to a more or less intense growth

of the skeleton, I will not investigate here, and as a negative answer

to this question will only adduce the one circumstance, that at least the

excessive growth of single members, which is here and there observed,

does not alone proceed from the ossifying skeleton of the part con-

cerned ; thus, if we remove the soft parts of such an extremity,

compare their weight with the weight of the bones which remained

behind in development, and proceed likewise with the other unchanged

extremities, it is shown that the great total weight of the diseased ex-

tremity is by no means exclusively to be placed to the account of the

bones, but that the muscles, skin, vessels, &c, have increased in an

equal measure.

§ 6^9. An actual disturbance of normal growth takes place in the

premature ossification of the sutures and the synchondroses. By the

early ossification of the longitudinal sutures of the skull, those long-

extended forms of the skull, with narrow forehead, arise, which we term

dolichocephalic: by the pre-eminently rapid ossification of the coronary

and lambdoid sutures the brachycephalic round skulls are produced.

Prognathic formation of the face results from the accelerated ossifica-

tion of the cartilaginous joint which exists in the foundation between

the bodies of the occipital and sphenoid bones (in the os tribasilare,

Virchow). Premature ossification in the synchondroses of the pelvis

(synchondrosis sacro-iliaca dextra, sinistra ; symphysis pubis), cause

"permanency of the pelvic curves concerned, at a youthful stand-

point," and consequently obliquely and transversely contracted pelves.

All these things may under proper circumstances have, or occasion-

ally obtain, a pathological significance, yet they still fall so very much
within the bounds of health that among others the forms of skull and

face of the diverse races of men show varieties quite similar to those

above touched upon.

§ 630. Rachitis, English disease. The numerous anomalous condi-

tions of the osseous system, that large number of curvatures and swell-

ings of the bones, which we see arise in the English disease, have their

ultimate ground in a morbid acceleration of the processes, which intro-

duce and prepare the conversion of cartilage into bone, as also the pro-

duction of bone from periosteum. The proper formation of bone ensues

at slower paces, and hence it comes, that the substance accumulates in

disproportional amount, which in normal ossification being scarcely pro-

duced, already advances again to conversion into bony tissue, and hence

is of but very short, temporary continuance. It is this transition

substance, which occasions the mentioned tumefactions, and further-

more, gives occasion to fractures and curvatures. Still I will not an-

ticipate.

§ 631. In the formation of bone from the cartilaginous foundation,
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as is known, the cartilage, immediately before the advancing bony

boundaries, slowly fuses, layer by layer, into a relatively soft material,

consisting of cells ; the cartilage-cells divide, and as a rule, the division

is twice repeated, namely, with the daughter and granddaughter cells,

Fig. 172.

From the proliferating layer of a rachitic cartilage of the epiphysis, a. Several columns of cells

each of which has been produced from one cartilage-cell. 6. Direct ossification of the cartilage. See

§ 631. 1-500.

so that in the place of one original cartilage-cell there are present on

an average eight, which until further change are inclosed by a common

cavity. This cavity is the former cartilage-cavity. The transparent,

tolerably thick membrane, which lines it, is the former cartilage-cap-

sule. Both are distended, dilated, enlarged corresponding to the mul-

tiplication of the occupants, and corresponding to a peculiar puffing up,

which each of the newly formed cells of the third generation experi-

ences. The hyaline basis-substa*nce of the old cartilage is consumed

excepting a small remainder, so that the large ovoid, capsules of the

adjacent cell-groups come immediately into contact. A single, at most,

double, layer of such cell-capsules forms the normal zone of growth of the

cartilage.

Just these first processes, so to say the preparations for the osseous

growth, experience in rachitis a decided disturbance. It must probably

be accepted, that in rachitis the chemical (?) irritant, which induces

the cartilage-cells to division, is present in greater quantity, and con-

sequently causes a more frequent division of the single cells, as also a

more rapid engagement of ever new cell-layers in the proliferative pro-

cess. This assumption corresponds in a high degree with what is found

anatomically. Ten to twenty, and more layers of cartilage-cells have
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entered simultaneously upon the proliferating process. The grand-

daughter cells also have again divided, and thus cell-groups of thirty to

forty elements have arisen, which are placed in long-drawn columns,

somewhat bent and compressed here and

there by the mutual flattening, vertically, fi&. its.

towards the surface of the bone. (Fig. 172,

a.) While upon normal bone we scarcely

observe the proliferating zone of the carti-

lage with the naked eye, as but an exceed-

ingly narrow, reddish-gray stripe, upon the

rachitic bones (Fig. 173) it pushes as a

broad, translucent gray, and very soft

cushion, 6, between the cartilage, a, upon the

one side, and the completed osseous struc-

ture, d, upon the other.

§ 632. That which takes place here in

the cartilage, is repeated in a perfectly an-

alogous manner in the periosteum. The

young, vascular germinal tissue, which is

produced by the periosteum at its surface

lying towards the bone, under normal cir-

cumstances only presents a thin stratum,

which is scarcely perceptible to the un-

aided eye. The rapidity with which, though

just produced, it is transformed into bone,

does not permit a larger accumulation to

take place. It is otherwise in rachitis. J^^^^^RSS*^
Under the influence of this morbid process, ^d -

6
.

*it?S^S^:
this transition substance often accumulates i^^^S^L^t^aiT 4^
in very great layers of a line in height, jfi, ^gf ^ui^cavi"!
Older authors speak of a hemorrhagic ex- ^^5?5£^*^
udation between the periosteum and the

bone, and because of its color compare the deposit with the pulp of

the spleen. More accurately observed, meanwhile, there is here no-

where found an extravasation, but the great abundance of thin-walled

and wide capillaries occasions the pronounced coloring of the young

connective tissue. (Fig. 173, g.) The deposit, as a rule, is drawn' in the

form of broad, flat, bed-like elevations over the surface of the bone.

Upon the flat bones of the cranium these are wont to be sharply cir-

cumscribed, which is not the case to such an extent at the extremities.

§ 633. If we now ask, how the bone itself behaves in presence of

these luxuriant products of the cartilage and periosteum, does it make

use, so to say, of the opportunity presenting itself to more rapid growth,

and does it growT more rapidly or not ? That, in general, it does not

do this, is already proved by the fact of the "accumulation of the
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transition tissue." But in face of the peculiar histological phenomena,

which proceed in just those accumulated transition tissues, we might at

least get the idea, that nature was fully conscious of her duties towards

the bone, that she attempts to accomplish the difficult task at least by

her ossifying powers, and although with her limited stock of lime-salts,

limited vascular and medullary space formation, she is not able to furnish

an actually solid bone, yet she distributes these to the best advantage

over the entire proliferating zone, as though she would remind us, how far

already the bone actually should reach, if all had proceeded correctly.

§ 634. Setting teleology aside, the fact remains, that the process of

ossification is not entirely absent within the proliferating layers, but

that it is at least indicated in its individual anatomical energies. If,

first of all, we continue with cartilage, there the occurrence of well-de-

veloped medullary spaces within the layer b (Fig. 173) is to be registered

in the first place. We know what an important part the formation of

medullary spaces plays in the ossification of cartilage. Those roundish

groups of proliferated cartilage-cells are transformed by a further, and,

as it appears, very suddenly occurring division, each into an equally

large depot of very much smaller, but very much more numerous cells

(medullary cells) ; by the partial melting down of the basis-substance,

this depot enters into connection with the immediately contiguous med-

ullary spaces of the completed bone ; almost simultaneously ensues

the formation of a capillary loop for the annexed territory, and a new

medullary space with all its attributes is complete. In order to make
this transforming process, the only one of its kind, more comprehen-

sible, I cannot resist defining it also as a growing-in of the medulla of

the bone into the cartilage. The medullary tissue perfectly resembles

the tissue of granulation. Therefore, like as the granulations shoot up

from the surface of a healing wound, thus here, vascular proliferations

of the medullary tissue rise up from the surface of the bone, out of the

open standing medullary spaces, which vascular proliferations project

with their clubbed ends into the cartilaginous tissue. If we were not

accustomed to keep in view, in this case, more the production of the

spaces for the young tissue, so to say the negative picture of the whole

phenomenon, we might just as well call the medullary spaces, medullary

papilla?, and with this new conception we would, perhaps, be more fortu-

nate in the interpretation of individual phenomena.

In the normal osseous growth the formation of medullary spaces and the

advance of the medulla of the bone into the cartilage take place simul-

taneously and uniformly upon the whole borders of ossification. Between

the adjacent medullary spaces the cartilage is completely dissolved, the

capillary loops anastomose, and at the limits of the territory of nutrition

(§ 52) begins the development of the first osseous trabecule, sclerosis

of the basis-substance, transformation of the medullary cells into bone-

corpuscles, calcification, &c. A single glance at Fig. 173 shows us that
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we cannot speak of a uniform advance of this sort, of the formation

of medullary spaces in rachitis. We rather see that, while as a
whole the medullary spaces remain in rank and file (at d), individuals

of them have extended their processes far into the proliferated carti-

lage, nay, have advanced up to the border of the unproliferated carti-

lage (a). If we investigate the thing upon a horizontal section (Fig.

17), carried through the cartilage (perhaps at b), we observe that, not-

withstanding this, these sporadic medullary spaces are not distributed

without rule, but that rather each medullary space forms the central

point of a larger territory of cartilage, which is assigned to it with

reference to its nutrition. Consequently, it does not appear improbable

to us, and it is indeed in unison also with the general laws of nutrition

and vascularization, that this entire preliminary formation of medul-

lary spaces has the significance of a vascularization, a nutritive arrange-

ment for the proliferated as for the non-proliferated part of the carti-

lage, which latter is elevated disproportionately far from its nutritive

soil, by the interposition of so mighty a layer of young non-vascular

tissue.

Beside the formation of medullary spaces, a number of calcified

places within the proliferated cartilage reminds us of the processes of

normal ossification. In the latter the calcification shows itself, upon

the one hand, as a provisional incrustation of the cartilage at the osseous

limits, upon the other, as a definitive impregnation of the basis-sub-

stance of the permanent bone. In reference to the provisional calcifi-

cation of cartilage, and the peculiar disturbance which it experiences in

rickets, I may only refer to § 54, where I have made use of the case in

order to demonstrate thereupon the principles of calcification in general.

By far the most of the rough, white disseminations, grating under the

knife, which the rickety proliferated cartilage contains, are provisional

calcified cartilage. Beside these, however, there occurs also a defin-

itive deposition of lime-salts, and indeed in the sense of normal bone-

formation. Kb'llikerwas the first who observed upon rachitic cartilage

the direct transition from cartilage to bone (§ 54). The annexed illus-

tration (Fig. 174) is intended to give the reader an idea of this highly

remarkable cartilaginous bone. As we see, it consists of medullary

spaces, b, b, which are separated by broad bridges of a tissue, which

according to the stellate form of its cells, and according to the completed

lime-iinpregnation of the basis-substance, inclusive of the cell-capsules,

is no longer to be regarded as calcified cartilage, but as osseous tissue.

It is true we cannot doubt that, excepting the impregnation with lime-

salts, only a very moderate change of position of the single cells has

led to the transformation of the proliferated cartilage into the tex-

ture in question. At a, a, the latter passes over uninterruptedly into

the above-mentioned columns of cartilage-cells, and the persistence

of a peculiar zone for the capsule of the cell, spite of the calcification,
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would be something unprecedented for the normal bone. But upon the

other hand, the behavior which nature itself retains towards the carti-

laginous bone, proves that she wishes it regarded as the equivalent of

genuine bone. For as the illustration, Fig. 173, proves, in the gradual

advance of the line of ossification, d, d, the cartilaginous bone is quite

simply included, and taken up into the system of genuine bone. The

homogeneous, limy constitution, and the great abundance of medullary

spaces, make the sharply-circumscribed portion, c, of the proliferated

cartilage known to us as cartilaginous bone. From this portion, also,

our section, Fig. 174, was taken. If, however, we glance at the nearest

Same as Fig. 172. 1-500.

contiguous region of the diaphysis complete up to that point, we ob-

serve a smaller piece constituted quite like this, which is out of con-

tinuity with the former, and already quite surrounded with regular

medullary spaces. Virchow has expressed the conjecture, that pieces

of cartilaginous bone of this kind remaining, may probably in after

years condition a predisposition to enchondromatous degeneration.

§ 635. The "incomplete ossification of the transition tissue" on the

part of the periosteum assumes a much simpler aspect. All compli-

cations which the non-vascularity of cartilage brings with it, the for-

mation of medullary spaces, the provisional calcification, &c, are done

away .with; the question only is, how much of genuine bony tissue is

produced from the young vascular connective tissue. This amount,

which may probably correspond to the normal amount, is distributed

in rachitis over a very much larger space than in normal circum-

stances; hence the individual osseous trabecule are very thin, and the

total result is the transformation of the subperiosteal "exudation,"
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described in § 632, into an exceedingly loose, vascular osteophyte,

which lies upon the bone in an undue thickness, and at the same time'

remains an undue time in the condition of osteophyte, while the appo-

sition of compact bony substance entirely ceases for the time being.

§ 636. Herewith we have throughout accompanied the rachitic pro-

cess up to the acme of the disturbances. Let us now ask, in what

manner the latter are fitted to bring about the various deformities of

the rachitic skeleton. In this connection the circumstance, first of

all, comes into consideration, that the broad layers of proliferated

cartilaginous tissue, which push in between the epiphyses and the dia-

physes of long bones, give way to the mechanical actions to which the

skeleton is at all places exposed, swell out laterally, and form roundish

rolls surrounding the. bone.

The name "Zwiewuchs" (double growth), which rachitis bears in

some regions of Germany, is derived from this, that the tumefactions of

both sides of the epiphysis cartilage belonging to one joint Avere rated

as two joints (articuli duplicati), placed immediately side by side. The

swelling of the collective costal cartilages, at their points of contact

with the bone, is termed "rachitic garland." Naturally, displace-

ments of the bone at the cartilage are not excluded. The well-known

chicken-breast (pectus gallinaceum) arises from this, that the collec-

tive sternal extremities of the ossifying bodies of the ribs are drawn

inwards by the movements of respiration, while the sternum, together

with the costal cartilages, is pressed out of the level of the thoracic

framework. An almost right angle curvature of the costal cartilages

is necessary for this, which only becomes possible by the greater capa-

bility of displacement inwards of the proliferated cartilage. The de-

formities of the pelvis, which are caused by a too great mobility of

the cartilages of the synchondroses sacro-iliacse, are yet more important

to the physician ; namely, as the sacrum under the whole burden of

the trunk, head, and the upper extremities, is naturally pressed down-

wards, and is not sufficiently hindered in the movement by the yield-

ing synchondroses sacro-iliacse, the promontory projects forwards to a

greater or less extent into the pelvic strait, and narrows it from above

and behind in such manner, that in the subsequent fixing of the ab-

normal condition a kidney-shaped configuration of it results.

The disturbance of the periosteal growth is principally answerable

for the manifold curvatures and fractures which the bones of the ex-

tremities experience. We might indeed ask, whether then the super-

position of a new formation upon the surface of the bone must not

rather contribute to give the bone a greater firmness ? This is in

itself unquestionable; wre must, however, reflect that the growth of the

bone in thickness, the continual apposition of compact substance at the

periphery, is constantly and everywhere accompanied by a resorption

of the compact substance at the inner surface towards the medullary
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cavity, a resorption which keeps equal pace with that apposition, and

which also does not stand still during the rachitic process. If now, as

we saw, even this rachitis interrupts the peripheral apposition of com-

pact substance, the necessary consequence is a decrease of thickness of

the bony shell, which cannot be overcome in its consequences even by

the thickest osteophytic layers. Hence the bones bend, 6r, what is

likewise very frequent, they break, like a cracked roll of paper, at one

side, while the other side extends over the place of fracture, and the

medulla at the centre is crushed (infractio). The most typical in this

connection is the behavior of the leg and thigh, which constantly curve

outwards under the burden of the body, while at the same time the tibia

moves inwards at its lower epiphysis (bow-leg, genu varum).

§ 637. The effects of rachitis upon the growth of the occipital bone

deserve an especial consideration. The occipital bone, more than all

the other protecting bones of the cranium, is exposed to mechanical

influences. The pressure from within of the superimposed brain meets

together just at the occiput with the counter pressure of anything sup-

porting the head of the patient, as a pillow or the like. If it now
comes to a luxuriant proliferation upon the part of the periosteum, the

young tissue, but little capable of resistance, must perish atrophically

under this pressure from opposing sides, ere yet it can advance to ossi-

fication ; a thickening of the occipital bone by apposition on the part

of the periosteum is hence not accomplished, while upon the other hand

the resorption of the vitreous table, connected with the growth of the

brain, makes the usual progress. The consequence is, that the shell

of the occipital bone here and there gets thin places, finally actually

holes, which are only closed by the dura mater and the periosteum (soft

occiput, craniotabes).

§ 638. In what degree, in individual cases, the changes of the skel-

eton described eventuate, depends partly upon the intensity, partly

upon the continuance of the rachitic process. If this becomes extinct,

the layers formed in excess subsequently ossify, and in their stead

arises an exceedingly dense, hard, and heavy osseous tissue. The ex-

isting curvatures and swellings are fixed thereby, and are maintained

so much the longer, as the bones after the cessation of the rachitis are

wont to cease in their growth. It is as though the material and the

capacity for the regular formation of bone had been exhausted in the

tempest of the disease. The individual remains small, at least below

the normal medium, and the deformities of the extremities of the chest

cavity and the pelvic ring remaining behind, become to him still con-

tinually a source for many sufferings and discomforts.
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2. Inflammation.

a. General Remarks.

§ 639. If we survey the entire province of the disturbances which

is embraced by the term " inflammation in the osseous system," we will

be disposed just as much to admire the great multiplicity of the morbid

processes in the clinical sense, as the great monotony of them in the

sense of the pathological anatomists. The majority of all osseous in-

flammations run their course after the manner of a partial, acute growth

;

the most striking deformities of the exterior outlines, the most profound

changes in the quality of the bone, are produced by the same anatomi-

cal means which are active in the physiological enlargement, namely,

with the formation of bone by the periosteum and cartilage, with the

formation of medullary spaces and their enlargement in the interior of

the bone. In § 627 I already made a remark alluding to this. Here

is the place to test its bearings. The only, it is true, very important

and pregnant deviation from the physiological type, is the production of

pus. If suppuration ensues, the whole course of the inflammatory dis-

turbance becomes far more complicated ; healing can only be accom-

plished by indirect ways, which, because of the peculiar constitution

of the domain, I mean the osseous structure, leads much less certainly

to the goal than does the second intention of the soft parts.

§ 640. If in the next place we consider the histological apparatus of

the nonsuppurative inflammations, we first of all touch upon a bone-

forming periostitis (periostitis ossificans). The inflammation of the

periosteum discovers itself in an exalted activity of its physiological

function. According to the known scheme of the normal periosteal

growth one layer of bone is superimposed after another ; we have in-

• flammatory hyperostoses, periostoses, and exostoses (see § 673). Here

and there, under normal circumstances, a transitory stage of develop-

ment is maintained an undue length of time : thus, in the healing of

fractures, we will meet with an often very considerable accumulation

of osteoid cartilage, under the name of callus ; the requisite transfor-

mation of the spongy osteophyte into compact substance is also occa-

sionally delayed for a very long time (spina ventosa), yet otherwise

everything proceeds in its usual course as far as concerns the bone

itself. It is somewhat different with the surroundings of the bone.

Virchow's careful studies have established the fact that, in connection

with well-pronounced cases of ossifying periostitis, bone may also form

outside of the periosteum (parostosis). As by a local contagion, the

disposition and the capacity " to form bone " is continued to the con-

nective tissue, which stands in continuous connection with the perios-

teum, to the intermuscular connective tissue, to the sheaths of the nerves

and vessels.
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The objection might be made that we were dealing with exostoses

considerably pushed forward, but still always clothed by the perios-

teum ; but, although the periosteum in such cases passes over uninter-

ruptedly into the parostotic bone, yet, by carefully following its con-

tours from the healthy parts, we can arrive at the sure conviction that

the parostotic bone is actually situated beyond the last lamella of the

periosteum.

I cannot say, from my own observations, in what manner the paros-

teal connective tissue forms bone, yet the conjecture is admissible that

herein exactly the same phenomena are repeated, as they are known
from the periosteal growth.

§ 641. The second factor of non-suppurative inflammation of bone is

the sclerosing ostitis (ostitis ossificans), an excess of the ossifying pro-

cesses, which the growth in length of the long bones condition ; at the

same time, however, shut off their medullary cavity towards the carti-

laginous epiphysis— that is, towards the articular cartilage.

We know that, under normal circumstances, a narrow-meshed, spongy

tissue only is formed at this place ; the sclerosing ostitis yields a com-

pact substance, which is even not infrequently characterized by very

narrow Haversian canals, consequently presents a very dense, ivory

constitution (eburneatio ossium). The histological process is entirely

a further continuation of the deposition of new lamellae of bone at the

inner surface of the medullary spaces ; by this the gradual diminution

of the latter is caused, excepting the lumen of the capillaries.

§ 642. The third very important factor is the rarefying ostitis (0.

•carnosa or fungosa) ; a process which has exactly the opposite effects

of the two preceding, and which, therefore, finds its analogy in that

centrifugal widening of the medullary cavity which follows upon the

footsteps of the periosteal growth as well as the growth of bone from the

epiphysis, and thereby maintains the thickness of the compact part of

the bone and the spongy epiphysis constant, at a determined measure,

corresponding to the size and age of the individual. Inflammatory irri-

tants may partially accelerate this process, destroy this compact sub-

stance, and make the bone to a greater or less extent soft, fragile,

flesh-like.

§ 643. Touching the histological process, the physiological rarefaction

is indeed generally the model of the pathological
;
yet small peculiari-

ties are not to be overlooked, which occur as well upon the part of the

melting-down osseous tissue as upon the part of the enlarging medulla,

and find their interpretation essentially in the greater rapidity of the

pathological process. Under that head belong—1, certain peculiar

clbaviges ofform ivliich the osseous tissue presents immediately before its

resorption. While under normal circumstances the border of resorption

of the disappearing osseous tissue, for example, the contour of a medul-

lary cavity, forms a smooth, uninterrupted line, in rarefying ostitis the
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so-called lacunae of Howship arise ; ?'. e., the border of resorption is

composed of a number of shallow curves or deeper semicircular ex-

cisions which are concave towards without, consequently let the portion

of the edge of the bone situated between each tAvo of them project as

protruding angles (see Fig. 175). A somewhat rarer occurrence is the

Caries fungosa. A fragment of bone with Howship's lacunje and bone-corpuscles infiltrated with fat.
1-300.

preceding canaliculization of the osseous tissue which Yolkmann first

described, and, indeed, as "vascularization." Fig. 176 is a repetition

of the illustration given by Yolkmann. As we see, an osseous trabecula

is here broken through transversely by a canaliculus, which begins at

one side by a somewhat broader lumen ; in the middle of its course,

however, divides into two main branches, while a greater number of

small side branches expands a rich anastomosing net between the two

main branches. The collective canaliculi are provided with serrated

contours, that at certain places correspond too distinctly to the known
contours of bone-corpuscles, that we could even entertain but the

slightest doubt as to the origin of the canaliculi from anastomosing

bone-corpuscles. For the remainder, the distance and arrangement of

the adjacent unchanged bone-corpuscles also declare that just in the

direction which the canaliculus now holds a row of bone-corpuscles has

been abolished. The question only is, whether we actually have to do

with capillary vessels as Yolkmann insists. I doubt it, because I have

not succeeded either in filling the canaliculi from the bloodvessels, nor

in discovering the attribute of a capillary tube—a nucleated membrane

—
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in the interior of the canaliculi. To judge according to the refractive

conditions, the contents of these tubuli are no other than the contents

Rarefying ostitis. Canaliculization of the osseous tissue. After R. Volkmann. 1-500. See text.

of the lacunae of bone ; hence I can only perceive in them a higher un-

folding of the nutritive arrangement put into practice in the system of

anastomosing osseous lacunae.

Both the lacunae of Howship as well as the canaliculization of the

osseous substance, are a consequence of the increased supply of fluid

nutritive material to the bone. We may and must represent to our-

selves, that the normal nutrition of osseous tissue is connected with a

conveyance of fluid, which proceeds from bone-corpuscle to bone-cor-

puscle. If the amount of fluid passing the osseous tissue in a given

time increases, the bone-corpuscles made use of and their anastomosing

connections dilate, and I have grounds for believing that this dilata-

tion depends upon a direct solution of the intercellular substance in the

quantity of fluid itself passing through (see § Q5Q, canaliculization of

cartilage). The solution and dilatation naturally ensue sooner in the

directions of the strongest current than in all the others, and with this

it may then be connected, that upon the one hand, the liquefaction

advances variously rapid at the border of resorption itself, that con-

sequently at one point an inlet is formed, while alongside a point re-
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mains (Howship's lacunae), upon the other hand, however, the bridges

between adjacent medullary canaliculi are broken through in the most

direct and shortest way, which naturally passes transversely through

the layers of the lamellae (canaliculi). I consider it advisable, ere

further investigations afford more positive points of support, to continue

in this general conception of the thing, and hence, agree neither with

Billroth, who traces the production of Howship's lacunae to the com-

pressing granulations and vascular loops, nor do I consider those cor-

rect who would regard the lacunas once for all as enlarged cavities of

bone-corpuscles. Both may be the case under circumstances, but while in

the former case, I keep in view, perhaps, the more abundant secretion of

nutritive fluid just at the apices of the granulations, at the curves of

the capillary vessels, in the other case I consider the cavity of the bone-

corpuscles as a preformed reservoir for the same fluid, and refer to this

the accelerated solution of the nearest lying basis-substance. A How-
ship's lacuna may be filled with cells, it may contain a giant cell, and

it is my firm conviction, that these elements have proceeded from a pre-

existing bone-cell, but also, that these changes could not be thought of

without a more abundant afflux of nutritive fluid ; in short, in all cases

we come back to these latter premises, and are not surprised, if we ever

(in osteomalacia) meet with the lacunae of Howship at that boundary

line of the normal and the already decalcified osseous tissue, or if we

see that even the dead ivory peg, which was driven into the bone for

the cure of pseudarthrosis, presents the same mode of melting down,

since we may everywhere regard the far more rapid progress of a fluid

dissolving either only the lime-salts, or both the lime-salts and the

osseous cartilage, as the cause of the appearance.

§ 644. A second series of peculiarities, which distinguished the path-

ological from the physiological rarefaction, is yielded by the behavior

of the medulla.

According to a very generally received acceptation of Virchow, the

condition of the (non-purulent) inflamed medulla is identical with that

of the foetal, or red marrow of bone ; by this the imaginable great ap-

proximation of what is found pathologically to the physiological model

would be given, for we know, that it is just that species of marrow of

bone, which first of all arises in the physiological enlargement of the

medullary cavity, in order afterwards to be converted, perhaps, into

fatty medulla. The histological constitution in itself is likewise quite cal-

culated to support the comparison. Here, as there, we find a small-celled

tissue of granulation, which is richly permeated by capillary vessels. But,

notwithstanding all this, it appears necessary to me, to place the inflam-

matory character of the whole metamorphosis more in the foreground.

Rarefying ostitis begins, and runs its course from beginning to end,

with a very considerable active hyperaemia of the medulla of the bone.

To this associates itself a new formation on the part of the medullary
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parenchyma, which leads to a direct increase of volume, and indeed, at

the expense of the compact substance. The cells of the fatty medulla

part with their fat ; they divide repeatedly, and just here, the more in-

terior thoroughly heterologous increase of the medulla is palpable.

But the external increase also, the advance of the medullary cylinder

towards the osseous tissue, must be considered more from the positive

than from the negative side. The surface of the medullary cylinder is

beset with fungous granulations, which push forwards in all directions,

grow through the bone, elevate the cartilage, and likewise grow through

it, in order, finally, having reached the surface, to expand as a fungiform

proliferation. This independent, boundless outgrowth of the medulla

occurs in a certain opposition to the modest role of a stop-gap, to which

the medulla is sentenced in the physiological rarefaction, and deserves

to be specially characterized as an "inflammatory" phenomenon.

§ 645. Purulent forms of inflammation are observed partly at the

same points as the non-purulent, partly at those free surfaces which

are inclosed by the articular cavities. At the periosteum and medulla,

suppuration presents a too luxuriant production of young cell-forms,

which in the former case form the inner osteoplastic layer of the peri-

osteum, in the latter, the medullary granulations. The consequence in

both cases is a liquefaction of the tissues mentioned, and a more or less

abundant accumulation of pus. The pus production at the surface of

articular cavities is to be judged of under essentially different points of

view. The articular cavity is an inner space, or one for motion in the

connective tissue (§ 265 et seq.), and as such is closely allied to the serous

sacs ; upon the other hand, the structure of the synovial membrane,

because of its thick stratum of connective tissue and double layer of

epithelium,'reminds of the relations of mucous membranes. The patho-

logical, especially the inflammatory changes, in so far reflect this hybrid

position, as we observe upon the synovial membranes upon the one hand

sero-fibrinous exhalations, like as upon serous membranes, upon the

other purulent catarrhal secretions, as upon mucous membranes. The

serous and sero-fibrinous transudations (hydrarthrus), as also the purely

fibrinous exhalations (arthro meningitis crouposa) present no sort of

histological interest. The purulent inflammation of the synovial mem-

brane (arthro-meningitis purulenta) according to the assumption of R.

Volkmann, to which I incline, is at least in its first stages an acute

purulent catarrh, a blennorrhoea of the joint. After the normal epi-

thelial cells are cast off, the stratum of connective tissue, without the

continuity of the surface being disturbed, produces large amounts of

pus-corpuscles, which cloud the originally clear contents of the articu-

lar cavity and convert it, the longer it continues, the more into a

thickish pus, drawing out into threads because mixed with synovia. In

the further course a turn for the worse sets in, especially by this, that

the articular cartilage is irritated by the stagnating pus, thereby under-
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going a kind of decomposition, and is excited to a kind of superficial

ulceration, which destroys the cartilage layer by layer, and after this-

may pass over to the bone itself. In this case the cartilage perishes by

a process, which begins with cellular division, and ends with the com-

plete dissolution of the cells, as also of the intercellular substance. If

we make a vertical section through the cartilage, we discover the first

nuclear and cellular divisions, perhaps, in the tenth to the twelfth cell-

layer counting from above. These primarily go the way of simple

hyperplasia of cartilage; we see groups of four to ten cells, which yet

distinctly bear the character of cartilage-cells, in a common capsule.

Further towards the surface, the ordinary pus-corpuscle takes the place

of the cartilage-cells, together with very considerable dilatation of the

cartilage cavities, and the capsules gradually becoming indistinct. The

basis-substance has meanwhile become finely granular, cloudy, towards

the surface it more and more disappears, and finally, liquefies in the

contents of the articular cavity. Simultaneously with this complete

liquefaction of the basis-substaince is produced the opening of the most

superficial of the cartilage cavities. The pus-corpuscles, which have

mostly been converted by retrogressive metamorphoses into a fatty or

fatty granular detritus, mingle with the pus in the articular cavity ; a

semicircular erosion of the free edge remains behind yet for a time,

but with it vanishes the last trace of the cartilaginous structure.

We have no grounds for withholding the name of a genuine ulcera-

tion from this kind of destruction. The terms preferred by many au-

thors, "softening of cartilage," or "maceration of cartilage," express

but one part of the change and neglect the evidently active participa-

tion of the cellular elements. The cartilaginous ulcer appeai-s to the

naked eye as a sharp-edged, mostly very shallow deficiency, as a cor-

rosion of the surface which is found by predilection at the points of

mutual contact, but gradually extends over the entire articular head,

and as has already been mentioned, penetrates into the depth, layer by

layer.

§ 646. I said above that the formation of pus introduces a very criti-

cal force into the course of changes in inflammations of the osseous

system. This depends essentially upon the circumstance that the

structure of bones is not favorable to a rapidly occurring expansion.

The suppuration, however, like every excessive cell new formation, in

the first place requires space, under certain circumstances very much
space, and the mechanical force which is developed in the continued

division and multiplication of cells, is one so considerable, that against

it the integrity and turgidity of vessels cannot maintain themselves if

both are to exist side by side in a given but insufficient space, and
one not capable of further expansion. In this manner, i. e., by the-

compression and rupture of vessels, suppuration gives occasion to a

series of the most manifold and profound disturbances of nutrition,

37
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•which, as far as they affect the osseous tissue, fall entirely into the

province of necrosis. The osseous tissue at one time dies in larger, at

another in smaller portions ; the sequestra, as foreign bodies, require

a new process of inflammation and dissolution. This, however, leads,

if at all, but very slowly, to its purpose, because the firmly put together

osseous substance only allows a very gradual separation of its continuity

with the healthy parts. Hence, therefore, the endless course of every

inflammation of bone or joint when it has once come to suppuration.

After this general review of the histologically important phenomena

which accompany the inflammations of bones, we will attempt to trace

their results in several pregnant and frequently recurring morbid ap-

pearances.

b. The Individual Forms of Inflammation.

1. Traumatic Inflammation.

§ 647. The office of the osseous system is to afford protection and

security to the entire organism against external influences. How many
a blow and knock breaks against the bones of the cranium, and of the

extremities, which without their interposition would have destroyed or

injured the most vitally important organs. But on that account

wounds and fractures are also peculiarly frequent in the osseous sys-

tem, and in respect to the great importance which the restoration of

the interrupted connection has, deserve the entire attention of the

physician. Does nature share this attention ? It almost seems so,

when we observe how every injury to bone, in lis, property as an inflam-

matory irritant, conditions a series of histological processes whose

necessary final result is the reunion of the solution of continuity. This

may best be demonstrated by several examples. For this I choose a

case of fracture of the femur, with longitudinal displacement, such as

is presented with peculiar frequency for surgical treatment.

§ 648. Let, therefore, the thigh of a well-nourished adult be ob-

liquely fractured at the middle third. The plane of the fracture runs

from within and below, outwards and upwards. The broken end over-

laps; the lower end, having glided the distance of an inch upwards, the

upper end for the same extent downwards, they are now fixed in this

abnormal position by the contraction of the large muscular bellies

which surround them on all sides.. The medullary cavity is exposed

at both broken ends, numerous vessels, among others a larger branch of

the nutritive artery, are torn, in consequence of this a recent coagulum

fills all spaces which have arisen between the broken surfaces and the

adjacent soft parts. The periosteum and medulla are partly crushed,

partly displaced and loosened. They answer the severe irritation by

an ossifying periostitis and a sclerosing ostitis, setting in at an early

period.
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§ 649. The ossifying periostitis, in the course of a few weeks, yields

a layer of osteoid tissue of 4 to 6 lines thick which is termed callus or'

callous cartilage (§ 139). This proliferation is greatest immediately

at the edges themselves of the fracture, and from here extends two

to three inches on every side, gradually passing over to the level of

the normal bone. As far as the fragments override each other, and

come into contact with their respective periosteum, the periosteal prolif-

eration of both also fuses into a whole, and thereby the principal task

of the cure is undoubtedly accomplished ; for it is only necessary now
that the osteoid tissue be converted into genuine bone to make the very

intimate, but for the time being yet soft connection, a very solid and

lasting one. This ossification is wont to be completed certainly only

after a considerable time (in four or five months). It begins at the

periphery, where the inflammatory irritant has had the least intense

action, and advances towards the fractured surfaces. The osseous

tissue thus produced is primarily very loose and porous ; its bone-cor-

puscles yet resemble the plump cells of the osteoid cartilage ; they are

large, provided with few and short processes, not infrequently the cap-

sular contours which surround the bone-corpuscles like an area, even

remind us of the similarity to cartilage of the basis texture. Only sub-

sequently ensues a deposition by layers of perfectly typical osseous tis-

sue at the inner surface of the medullary spaces ; the medullary spaces

become constantly smaller, finally the Haversian canals only yet re-

main, and a compact substance of faultless texture and faultless hard-

ness has taken the place of the spongy callus.

§ 650. The effects of sclerosing ostitis are less striking, nay, if we
regard the restitution of a nearly normal bone, as the aim of the heal-

ing efforts, it almost appears as though the sclerosing ostitis effected

anything else than what is promotive of this end. To the restoration

of bone finally belongs also the restoration of a proper medullary cylin-

der ; here it is, however, as though each end of the fracture wished to

exclude itself, since on both sides a primarily cartilaginous, afterward

an osseous new formation fills up the medullary cavity, which appears

to be not to the purpose, at least in fractures without displacement.

The filling-up mass in its earlier period of development has been

termed interior callus, which is only to be approved of in face of the

perfect conformity in the histological relation. The transformation

into genuine osseous tissue, finally into compact substance, ensues en-

tirely as we saw it in the outer callus.

§651. The state of the seat of fracture is now the following: A
considerable, upon the whole, spindle-formed, very firm swelling, to be

felt even through the soft parts. Upon cutting in, first of all we touch

upon a juicy, here and there already compact, indurated connective

tissue, which passes over towards the interior into the periosteum.

Then follows the callus, with irregularly tuberous outlines, its ossifica-
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tion more or less completed. The callus fills up both the angles

pointing inwards, which the lower surface of fracture forms with the

upper fragment of the shaft, and the upper surface of fracture with

the lower fragment, so that the transition from the upper to the lower

portion of the epiphysis is accomplished by a closed S-formed osseous

bridge. If wre saw through the seat of fracture, at the plane of this'

S, we distinctly recognize the fractured surfaces of the compact sub-

stance, and this condition is maintained yet for a long time. Only

after some years a rarefying ostitis perforates this double layer of com-

pact substance, which pushes in between the two ends of the inter-

rupted medullary cylinder. The latter is accomplished by this in order

to approximate the united bone as much as possible to the normal.

To this purpose also the peculiar smoothing-off leads which the seat

of fracture experiences when the inflammatory irritation has ceased

and the excess of periosteal proliferation, which has given the seat of

fracture the above-mentioned irregular contour, has fallen into a

secondary resorption.

§ 652. The circumstances naturally prove far simpler, when displace-

ment has either not at all taken place, or when it has been readjusted

by surgical skill at the proper time ; more difficult when the displace-

ment was combined with a separation of the broken ends. In the

latter case, either no union at all takes place (fracture of the patellae),

or a so-called false joint is formed, in that each fragment terminates in

itself, and opposes to the other a rounded end, often even clothed with

a permanent remainder of osteoid cartilage. Only very insignificant

separations do not prevent the accomplishment of a firm union. It was

for a long time believed that this wTas owing to the capacity for organ-

ization of the extravasation of blood, which without doubt exists

immediately after the fracture between the broken surfaces. By Vir-

chow's studies, however, it has been proven, that just here the parosto-

sis ossificans (§ 640) interferes as an auxiliary, and by the independent

new formation of bone from young connective tissue, fills up the gaps

which have arisen.

Wounds of bone also close in a perfectly analogous manner to the

union of fractures. In both cases a profound disturbance of the heal-

ing process is brought about only by this, that larger or smaller frag-

ments of bone become necrosed, whether they were broken off in the

very beginning, or were placed beyond nutrition only in the course of

the inflammation. We will have to mention this case among others in

the next section.

2. Necrosis.

§ 653. The complete cessation of nutrition within a certain, mostly

circumscribed portion of bone, is followed by a series of inflammatory

processes in the neighborhood, whose final result is the loosening and
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separation of the dead from the living parts. The course of these

changes is mostly determined by the particular cause of the necrosis.

In traumatic necroses, under certain circumstances, the loosening of

the dead portion of bone from the living is already effected (commi-

nuted fracture), but the concealed situation makes a rapid extrusion

impossible for the time being. In injuries also, a purulent periostitis

is mostly the force bringing about the necrosis, -as it is present, as the

first and only cause, in by far the most cases of necrosis. The puru-

lent periostitis culminates, as has been mentioned, in a collection of

pus between the periosteum and the bone. A preformed cavity

capable of dilatation does not exist here, but probably the cambium

layer of bone (M. Schultze), especially in youthful still growing bones,

is so soft, that comparatively slight resistance is offered to its loosening.

Only the vessels which pass tolerably numerously from the periosteum

to the cortex of the bone, must be ruptured, and it depends upon the

intensity of the inflammation, that is upon the quantity of the pus, to

what extent this is accomplished. This laceration of the vessels is not

incorrectly looked upon as a principal cause of the frequency of pe-

ripheral necroses after purulent periostitis. It is in fact very obvious,

to designate the direct interruption of the supply of blood to the outer

third of the compact substance, which properly belongs to the perios-

teum, as the cause of the complete cessation of vital processes in just

this third. Nevertheless, although necrosis does not follow upon puru-

lent periostitis, by any means in all cases, this must not determine us

to reject, without more ado, this so evident etiological relation, but

invite us to seek the causes of the exception in peculiar relations, for

example, in a substitution, still possible at the right time, of the

cortical circulation by the vessels of the medulla. Only the pus itself

is to be regarded from the beginning as something excreted from the

organic unity, in this sense "dead." Its presence excites a seques-

tering inflammation as well in the periosteum as in the bone. The

periosteum is very soon converted into a pyogenic membrane, which

protects and excludes the organism against its own secretory product.

In the bone there develops a rarefying ostitis, whose office it is to ex-

clude the organism from this side also, by a layer of granulation-tissue

from the dead part. This rarefying ostitis is nourished from the me-

dulla, and reaches as far into the compact substance as its vascular

tracks have remained open and in circulation. There are cases where

it develops upon the outer surface, where the Haversian canals di-

late, and the tissue of granulation springs up in numberless vascular

villosities, and unite into a continuous layer, which then connects with

the elevated periosteum into an abscess-membrane inclosed all around.

More frequently, it is true, the outer layers of the compact substance

have been too long deprived of circulation and the exchange of mate-

rial, that their re-vitalization could be possible by the medulla, and
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then our rarefying ostitis appears as a sequestering inflammation, which

separates the lamellae that have perished and ends in pus, which fills

the abscess-cavitj. The dead bone is called sequestrum, the rarefying

ostitis, which separates it, demarcation. The demarcation may occupy

months and years. • During this time, the suppuration continues unin-

terruptedly; the elevated periosteum, however, again returns to its ossi-

fying capacity, and forms under the pyogenic surface a layer of new

osseous tissue, which in time may attain a very considerable thickness.

The bony capsule, called coffin (Todtenlade), which is thus produced,

lodges the more or less loosened sequestrum in its interior. The adja-

cent not elevated periosteum also participates by ossifying periostitis.

For a distance of several inches upwards and downwards, osteophytes

and exostoses arise in varying form and number. All these phenomena

of inflammation, extending to some distance, disappear as soon as the

sequestrum is successfully removed. Even the bony capsule diminishes,

and by the obliteration of the cavity of the abscess, is again applied to

the surface of the bone, the exostoses disappear, and the bone again

assumes its normal form.

3. Caries Simplex.

§ 654. Above, at § 645, I took the opportunity to describe the rela-

tions of cartilage in purulent articular inflammations. We saw at length

a genuine cartilaginous ulcer formed, which, penetrating into the depth

layer by layer, threatened to destroy the entire thickness of the articu-

lar covering. When I broke off my description at this point, I did it

because I did not wish to anticipate the description of another process,

which is wont to develop from the primary articular suppurations, but

which could only be indicated in those general preliminaries. This is

simple caries of bones.

There was a time when the conception -of caries was very compre-

hensive. Wherever, by pathological changes a corroded, disorganized

condition of bone had been occasioned, the term caries was applied; in

this sense we might speak of cancerous, syphilitic caries, we might

term the deficiencies of bone caused by aneurisms, carious, &c. At

present we confine ourselves more and more to calling two forms of

actual ulceration of bone, the one simple, the other fungous caries.

Simple caries corresponds to what upon the skin we would call an in-

dolent ulcer. A loss of substance at the surface of a bone, slowly

going deeper, upon the whole, however, shallow, upon whose base small

amounts of pus, together with breaking-down remains of tissue, are con-

tinually separated. The pus, as in general all fluid constituents of the

secretion, is produced by the exposed medullary tissue. This, at a

certain distance from the surface, is in a hypersemic hyperplastic con-

dition, which towards the surface gives place to an extraordinarily

dense cellular infiltration. The cells fill up all the pores of the osseous
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structure completely, they leave no space for blood and bloodvessels

;

the latter are compressed, and then together with the cells themselves,

go over into a molecular detritus. The latter not infrequently forms

an uninterrupted, most superficial layer, which naturally only obtains

support and adheres, because it is penetrated by the trabecule of the

spongy substance, not yet destroyed and connected net-formed. The

interference of the osseous tissue in the inflammatory process has con-

sequently a decidedly injurious influence upon its course. It is the

osseous tissue which, upon the one hand by refusing space, makes im-

possible the free development of a healthy granulation-surface, and lets

the cell-formation smother in its own exuberance ; upon the other hand,

however, by the persistent connection with the healthy bony trabecule

of the deeper layers, holds fast the breaking-down, putrefactive mate-

rial, which had better have been separated and cast off long ago, like a

slough upon the surface of an ulcer, and thereby impresses upon the

entire process the character of an indolent ulceration.

§ 655. As has already been remarked, the articulations are the most

common seats of this simple caries. It sets in as soon as the cartilagin-

ous coverings are definitively destroyed, and the bone now projects un-

covered into the articular cavity filled with pus and communicating

with the air by fistulous passages. Herewith the dependence of the

proper destructive process upon the pressure and the friction, which

the articular surfaces exert upon each other, is characteristic. Not by

an inflammatory sequestration, as in fungous caries, but by mechanical

violence, the smallest fragments of the osseous trabeculse are continu-

ally loosened simultaneously with the detritus which envelops them.

We find and feel them, like grains of sand, in the thin ichorous pus

which the articular cavity secretes. This destruction, to which Volk-

mann very properly applies the term molecular necrosis, advances, in-

deed, slowly, but still in the course of time produces very extensive

deficiencies upon the condyles, the articular cavity, &c, and therewith

considerable shortenings and deformities of limbs. The ulcerating sur-

face is constantly distinguished by its superficial character. It is

sharply circumscribed, relatively smooth, and the infiltration extends

at the most one-half to one line into the substance of the bone. Ac-

cording to R. Volkmann, who, in his excellent work upon Diseases of

Bones, has also had consideration to the histological detail in the most

thorough manner, under the zone of the actual inflammation and sup-

puration, there not infrequently follows even a layer, often of a line in

thickness, of abnormally dense osseous tissue. It is as though the bone

would protect itself by a sclerosing ostitis against the further progress

of the destruction. In truth, the significance of a somewhat less intense

inflammation of the tissue, contiguous to the actual inflammatory depot,

might be ascribed to the sclerosis.

The non-articular forms of simple caries proceed from circumscribed
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purulent periostitis ; the most are of a syphilitic kind, and are apt to

be complicated "with the gumma formation (see below).

4. Caries fungosa.

§ 656. While simple caries is essentially an osseous ulceration and

nothing else, in fungous caries we have presented to us a much more com-

prehensive morbid picture, in which ulceration only plays a secondary

part, while in the first place the question is about a non-purulent inflam-

mation, which either affects one bone in its totality, or what is more fre-

quent, the epiphyses of contiguous bones meeting together in one joint.

Perhaps it is admissible to comprehend caries fungosa in every case

as a periarticular osseous inflammation, in so far as the total diseas-

ing is only observed in the short bones of the carpus and tarsus, as

also in the vertebral column; these, however, are, as a rule, beset on

several sides by joints and semi-joints, and are at the same time too

small to be able to represent more than the epiphyses of these joints.

Upon the basis of this close relation to the articulations, a relation

which, in the course of the process, becomes ever more prominent,

caries fungosa is comprehended by most surgeons as chronic articular

inflammation. With Volkmann I would regard the articulation only as

the local central point of the disturbance, but seek its point of departure,

as before said, not at the surface, but in the deeper situated parenchy-

mas of the individual parts of the joint, especially, however of the

bones.

A rarefying ostitis, as I have delineated it in §§ 642-643 in its his-

tological detail, attacks, for example, simultaneously the lower epiph-

ysis of the femur and the upper epiphysis of the tibia. The hyper-

semic medulla enlarges there, the osseous trabecule of the spongy sub-

stance melt down more and more, while the compact cortical layer

indeed becomes likewise thinner, but yet never so thin that it would be

incapable of preserving the contours of the epiphysis and give it some

external support. The growth of the medulla of the bone is from the

beginning directed more towards the cartilage-bearing surface. The

medullary spaces and the Haversian canals, which lie close under the

cartilage, open, so to say, and the proliferating granulations of the

medulla press forward and soon form a continuous cushion, which is

intercalated between the under surface of the cartilage and the upper

surface of the bone (Fig. 177, b). The cartilage accordingly is some-

what elevated from the bone. The interspace, that is the thickness of

the cushion of granulation, may amount to near a line.

That an inflammatory movement so considerable in the substratum

of the cartilage distributing nourishment must have the greatest influ-

ence upon the nutrition of the bone itself, is manifest. The cartilage

is better nourished, if we will call it a better nutrition, as it is now per-

meated by a larger quantity of the fluid constituents of the blood. In
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this hypernutrition, however, the cartilage itself is in the worst plight,

since it gradually perishes as cartilage, although its cellular elements may
still exist in a numerous, but degenerated progeny. The unaided eye,

in observing the vertical section, has the impression as though the car-

Arthritis fungosa. Vertical section, which reaches from the surface of the joint to the bone. a. The
last remains of articular cartilage. 6. Layer of granulations between the bone and cartilage, c. Kare-
fied osseous structure, d. Superficial granulations proceeding from the border of synovial membrane.
1-300.

tilage were penetrated by the osseous granulations. The microscope

judges somewhat different, since it recognizes an active participation of

the cartilage in the work of its own destruction. Fig. 177 is intended

for elucidating the process. The zone a contains the last remains of a

disappearing articular cartilage. To the left we yet see some ordinary

cartilage-cells distributed in the customary alternating interspaces in

the hyaline basis-substance. Further to the right begins a rarefaction

of the basis-substance in the directions which indicate the straight

way from one cartilage cavity to another. These evidently are the

same routes upon which also physiological nutrition takes place through

the intermediary transportation of fluid. By the increased demand
upon them a kind of washing-out, softening, and rarefaction sets in,
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which finally leads to the formation of a complete network of canals in

the cartilage. The points of intersection of this net are determined in

their position by the former cartilage- cavities. Shortly before the de-

finitive opening of the canals, the cartilage-cavities enlarge in the direc-

tions referred to, and we may very well be convinced that about this

time, therefore, yet before the possibility of a migration of mobile cells

of the granulation-tissue, the cartilage-cells themselves have multiplied

by division. The cells by division are very much smaller than the

mother cells ; the contents of the cartilage-cavities, even before direct

contact with the tissue of granulation, perfectly resembles this in its

histological quality, so that when finally the last remains of the sepa-

rating basis-substance have disappeared, the products of the cartilage-

cells simply unite with the existing amount of granulation-tissue. By
degrees, then, the cartilage-canals widen more and more at the expense

of the basis-substance. Vascular loops arise in them, and seek to accom-

plish union with the bloodvessels penetrating from above.

§ 657. Thus, while in the manner described the cartilage is pene-

trated from within outwards, a perfectly similar destruction in the re-

verse direction from without inwards has been in preparation. I brought

forward.above purposely the participation also of the non-osseous con-

tiguous parts of the joint in the entire inflammatory processes. Hereby

was meant, above all, the synovial membrane, then the subsynovial

connective tissue, then the ligaments of the joint, finally all the con-

nective tissue which is in direct continuity with the parts named, up

to the skin. A general hypersemic and hyperplastic condition of the

synovial membrane, which needs by no means be connected from the.

beginning with suppuration (caries sicca), concentrates upon that deli-

cate, commonly somewhat projecting border, with which the synovial

membrane embraces the cartilage. From this border a young connec-

tive tissue membrane develops, which covers the cartilage from the

edge. In the beginning it lies upon the yet whitish translucent car-

tilage, like a delicate, vascular veil. Gradually, however, the most

superficial layers of the cartilage participate in the inflammation, the

cells multiply, the capsules open, and the young connective tissue, with

its vessels, penetrates everywhere. The dissolution of the cartilaginous

structure ensues upon this side precisely as from the opposite. Finally,

the proliferations of both sides melt down, and the cartilage is broken

through.

As soon as this latter catastrophe has ensued at a sufficient number

of points, the proliferation advancing from the bone gets the upper

hand, and flat, fungiform vegetations spread out unhindered, which

entirely cover over the cartilage and hide it from view, so that the

articular surface is in fact already entirely formed of granulation-

masses, although considerable remains of cartilage yet exist below it.

§ 658. The process may cease with the preceding phenomena, as de-
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scribed. There are cases of fungous articular inflammation—and the

cases, thanks to a seasonable diagnosis and the rational treatment of

modern surgery, become more frequent from year to year—in which it

does not generally proceed to suppuration at all, where the granula-

tions decompose, and the mobility of the joint is retained; for, the

granulations of the bone, even when they form the articular surface,

do not necessarily secrete larger quantities of pus. They also rather

have in their texture a great similarity to the persistent connective tis-

sue formations, especially to the so-called adenoid tissue of the lymph-

follicles and of the intestinal mucous membrane, and their limited dis-

position to secretion from the surface also appears to be connected

herewith. (Compare § 105.)

.As will already have become apparent from this, all depends upon,

when, how, and where suppuration complicates the delineated inflam-

matory phenomena. In general, it must be acknowledged that in all

the parts attacked there exists an extraordinary predisposition to the

formation of pus. In the next place, in all stages of the disease, an

increased production of pus and its accumulation in the articular cavity

may happen. The disease may even begin with a purulent articular

inflammation, and only in the course of time unfold the true character

of the affection in a fungous degeneration of the deeper parts of the

joint. In this case the surface of the synovial membrane is covered

with spongy granulations, which flow together and form a connected

cushion. If the pus bursts externally, these fistulous passages are also

soon covered with the caro luxurians fungosa ; this happens when ab-

scesses form beside the joint, burst, and then continue for some time as

sinuous ulcers. Of the numerous openings which exist in the skin

above the diseased joint, as a rule but the smallest minority actually

lead into the articular cavity, nay, it may happen that not a single one

leads into it, because the articular cavity has not yet been opened.

Moreover, the occurrence of periarticular abscesses presupposes a

preceding inflammatory infiltration of the total connective tissue sur-

rounding the joint, an inflammatory infiltration which probably always

sets in when the affection is of long continuance. It has a peculiarly

hyperplastic character. The connective tissue degenerates to a firm,

white, indurated mass of relatively large, even of colossal extent, a

mass which finally behaves more as an independently growing tumor,

which stretches the skin about the joint and shines through it with a

white color (tumor albus). Here and there the inflammation increases

to a special height, then follows suppuration, and one of the just-men-

tioned abscesses forms, which opens externally, and is wont to delu-

sively represent articular fistula.

Finally, suppuration also with predilection sets in in the boundaries

of the inflamed bone itself. This caries proper, as a rule, begins at the

surface directed towards the joint, with a purulent breaking down of the



588 ANOMALIES OF THE OSSEOUS SYSTEM.

granulations and rapidly extends, penetrating deeper through the entire

thickness of the epiphysis. Upon sections we see irregular yellow

stripes and spots arising in the midst of the hypersemic osseous medulla.

The more luxuriant the previous proliferation, so much the more rapid

and thorough the disorganization. The osseous trabecular work is so

rarefied that we can pass through and through it with the probe without

any considerable resistance. The secretion which flows from the articu-

lar fistulas assumes a more ichorous character, and contains numerous

fragments of the osseous trabecule, upon which we yet distinctly per-

ceive the traces of the preceding rarefaction (Fig. 178). A peculiar

Fig. 178.

Caries fun^osa. Same as Fig. 175.

filling with fat has been repeatedly observed upon the bone-corpuscles

of carious bone. Ranvier (Archives de Physiologie Normale et Patho-

logique, Janvier, 1868, page 69) distinguishes a first and a second

period in the death of osseous tissue. In the first period the bone-

corpuscles show the phenomena of fatty degeneration ; in the second

ensues the actual devitalization of individual osseous trabecule. Why
should we not let this acceptation obtain, although we may not agree

with the valued author in this, that he will have the death of the osseous

tissue to appear as the central point of the entire disturbance, and the

inflammation to appear as something accessory?

It would also lead too far were I to describe here the extensive de-

structions which fungous caries may occasion in the osseous system. Not

infrequently, all the short bones of the carpus or tarsus, including the

contiguous bones of the forearm or leg, are diseased, the tumor albus
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grown to the size of a man's head, and amputation only remains to the

surgeon for saving the life of the person.

§ 659. Touching the cure of the inflammatory process, apart from the

above-mentioned arrest at an early period (§ 658), there is some hope

in such cases where the articular surfaces participate at an early period

in the process, in consequence of which, the articular cavity fills up rela-

tively rapidly with granulations, and we thereupon succeed in moderating

the inflammation in general, especially by derivation to the skin. Under
proper circumstances we hereby attain a complete obliteration of the

articular cavity, since the production of granulation-masses from all

sides fuse together and are converted into fibrous connective tissue

strands. The mobility of the joint is then of course lost, though in

forcible bending we have recently found a means to afterward again

set aside this defect also.

§ 660. I can only regard the so-called scrofulous caries of the vertebral

column as a subdivision of fungous caries. A rarefying ostitis here

as there. The spongy substance of the bodies of the vertebrae forms

its seat ; if we observe this upon sections we see how the net of osseous

trabecule has here and there roundish gaps more or less running into

each other which are filled with a perfectly soft, pale reddish, gelati-

nous substance. This substance also extends into the adjacent medul-

lary spaces, evidently undergoing a progressive enlargement, and may
without more ado be regarded as hyperplastic medullary tissue. Only
the limited development of an actual inflammatory hyperemia is strik-

ing. Is this, in general, never found ? It rather appears to me as

if the early occurrence of an oedematous condition, or of a mucoid

softening of the young connective tissue, compressed its bloodvessels,

and thereby occasioned anaemia and further nutritive disturbances.

These further nutritive disturbances consist in a cheesy metamorphosis,

which sets in in the midst of the depot of granulations, and gradually

extends further. The "crude tubercles" (§ 33) which make their ap-

pearance in this manner within the vertebral column must naturally

have imposed far more upon the unassisted eyes of the older authors,

than the insignificant palish gray infiltration at their periphery, and thus

it has happened that even to the present day the term tuberculous is

given to the process. That it may lead to tuberculosis, I mean to con-

stitutional miliary tuberculosis, may not be doubted, yet it does this

only in its property as cheesy inflammation, upon the whole infre-

quently, and only in children.

The further course of the affection justifies the term caries. The
cheesy depots, which develop at the anterior perimeter of the vertebral

bodies, soften into a pus-like fluid, and this seeks and finds an outlet,

since by stripping off the periosteum, and the longitudinal ligaments of

the vertebral column, it collects and gravitates downwards at their an-

terior surface. Of course all the pus which is afterward evacuated
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externally at some remote point, for example at Poupart's ligament, is

not a product of the vertebral caries, but its principal bulk is yielded by

the inflamed membranes, periosteum, tendons, and fasciae, along 'which

the abscess has made its way outwards.

§ 661. It is striking and appears to speak especially against accept-

ing fungous caries as a primary articular inflammation, that the inter-

vertebral discs, which are regarded correctly as incomplete joints, are

drawn into the inflammatory process, either not at all or at a compar-

atively late period. They are generally destroyed by suppuration

from without, rarely by this, that the fungous proliferations of the

osseous medulla grow into them. It is otherwise with the articula-

tions of the transverse processes and the heads of the ribs, which, if

they have generally become inflamed, participate entirely in the man-

ner of ordinary fungous caries. Moreover the suppurations of the joints

and semi-joints have a high clinical interest, because they destroy the

connections of the vertebrae and make possible those dangerous dis-

placements, of which I will only mention the so-called Pott's curvature,

and the almost always fatal luxation of the atlas, that is of the pro-

cessus dentatus against the spinal cord.

I. APPENDIX.

Arthritis Deformans.

§ 662. What I have designated in the superscription as deforming

articular inflammation, is also known by the name of malum senile ar-

ticulorum, because only older, mostly actually very old persons are wont

to suffer with it. The process, according to its nature, is one of those

lingering inflammations of the period of involution of the body, which

we have also learned to know in atheromatous processes of the inner

arterial tunic. The inflammatory irritant, which affects the articular

surfaces, is not strong enough to call forth a suppuration, but probably

a hyperplastic new formation, in which all the parts forming the joint

participate, the articular cartilage and the synovial membrane in equal

manner. The synovial membrane sends out partly larger, pediculated

adipose and connective tissue polyps, partly more minute dendritic

vegetations, villi and fringes, which impart a peculiar roughness to the

surface, aptly compared by Volkmann to a sheep's hide. The carti-

lage falls into a perfectly homologous proliferation, already known 'to

us in rachitis and from the General Part (§ 79). This affects in the

first place the outermost, most superficial layers of tissue, and succes-

sively penetrates deeper. The cells divide, there arise those groups of

eight to twenty larger cartilage-cells, between which, if nothing pre-

vents the continued formation, the remains of basis-substance become

ever narrower and narrower, until finally, an exceedingly large-celled,

or if you will, large vesicular tissue results, which has only retained
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in simultaneously enlarged cartilage capsules a remainder of support-

giving basis- substance.. We have often already seen (for example, in

rachitis), that this texture is not able to withstand the mechanical in-

fluences to which the osseous system is exposed. Hence, we are not

surprised, if we see it break down and perish at those points of the

articular surface, which, in the movements of the joint, are exposed to

the most rapid displacement, and in repose to the strongest pressure of

the articular condyles acting against each other. The hyperplasia

maintains itself only at the edges of the articular cartilage. Here the

level of the surface is raised, and indeed, not into a uniform swelling,

as we might expect, but in the form of a small tuberous proliferation,

i. e., numberless ecchondroses fusing into a wreath. Concerning the

detail as well of this proliferation, as of the disorganization at the points

of contact (Fig. 179), I beg a reference to the anticipated representa-

Arthritis deformans. Vertical section through an articular body disintegrating superficially. 1-300.

tions in §§ 79 and 41. The further consequences will occupy us here,

to which that peculiar union of formation and destruction, which our

process contains, must of necessity lead.

§ 663. The adjoining illustration (Fig. 180) shows us upon an ideal

section the coarser effects as well of the peripheral hyperplasia (c), as

of the interior softening of the cartilage. The dotted lines (h, b) are in-

tended to denote the normal limits of the latter. The articular head, a, is

according to this, yet covered with a thin layer of superficially fibrillated

cartilage, while upon the opposing articular head the destruction of the

cartilage has already penetrated to the bone, and the latter is exposed
at two places. A caries of the exposed portion of the articulation is

not wont to occur in malum senile. The bone rather shuts out its
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medullary spaces by a sclerosing ostitis against the articular cavity, so

that to the naked eye it appears to be covered with a smooth, very

dense and white plate of bone. In this osseous plate we commonly see

the distinct traces of the mechanical violence to which it was exposed.

Fig. 180.

Semi-diagrammatic section of a knee-joint in malum senile, a. Lower epiphysis of the femur, b. The
former boundary line of the cartilage, c. Border proliferations, d. The smooth surfaces.

The inequalities of the one side engrave corresponding furrows upon

the other (friction surfaces). And it does not only conclude with super-

ficial loss of substance. But here we touch upon a new force, which is

of the greatest importance for the further course of the affection. The

brittle osseous tissue can oppose just as little resistance to the continual

grinding and friction, as perhaps, two pieces of pumice-stone which we

rub together. The bone diminishes more and more, and hereby, the

door is opened to the most profound deformities of the joint. Entire

epiphyses are gradually destroyed, the neck of the head of the thigh

bone disappears, and if we, nevertheless, yet find a head attached to

the femur below the trochanter, this is only apparently the old head

of the femur, in reality, however, a cast of the cotyloid cavity, which

is formed at the centre from the last remains of the neck of the femur,

at the edges, by that intermediate calcified proliferation of the edges of

the articular cartilage. It is interesting, that the latter retains its

originally active role during the whole process, lasting for years. As

we also see this indicated in Fig. 180, it actually swells out beyond the

edges of the articular surface, because there scarce remains space for it

between the hostile vis-4-vis articular heads mutually destroying each

other. It swells out and then proliferates, clown the outer side of the

bone, pressing the capsule before it, and squeezing it between itself and

the periosteum. As, however, it is a plastic material, in cases like the

one previously mentioned, it will easily fill out the ring-formed gap,

which, remains between the evenly cut off neck of the femur and the

spherical surface of the cotyloid cavity. A vertical section instantly

exhibits the true composition of the apparent articular head.
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The hip-joint is the favorite seat of deforming arthritis. Next to it

the sterno-clavicular articulation, the knee-joint, and the phalangeal

joints of the hands and feet are exposed to it.

Fig, 181.

Sw a

II. APPENDIX.

Arthritis Uratica.

§ 664. The presence of a superabundance of uric acid in the blood,

which is the chemical expression of a general disease, gout, still ob-

scure in its nature, leads to abnormal exudations of urates, among

others also, into the articular cavities and into the parenchyma of the

cartilage, bones, and the membranous parts, which bound the joints.

From a histological standpoint Ave may place this uric acid infiltration

of solid parts by the side of the infil-

trations with the salts of lime, amyloid

substance, fat or pigment, but its oc-

currence limited alone to gout deterred

me from considering it more minutely

in the General Part.

Most worthy of notice is the nature

and the manner in which the uric acid

infiltration presents itself in cartilag-

inous tissue. The cartilage-cells here

prove to be the principal depositories

of the urates of lime and soda. They

regularly form the central point of the

stellate tufts of crystals, which per-

vade the cartilage. I am not, indeed,

of the opinion, that there is herein an

active participation of the cells, but

the deposition ensues the soonest just

where there is the most room for it, in

the cartilage cavities, at all events,

the microscopic appearance is very

characteristic (Fig. 181). In the mem-
branous parts of the joints, as also in the medulla of the bone, the

crystalline tufts are distributed without respect to the texture. They

here form regular knots up to the size of a pea and over, at the sight

of which we involuntarily ask, whence the space was obtained for so

voluminous a deposition.

The uric acid infiltration is self-evidently a considerably mechanico-

chemical irritant to the affected parts. Tedious hyperemias of the

synovial membrane and of the periarticular connective tissue, now and

then acute inflammatory cedemas, finally, partly superficial, partly

deeper going actual suppurations, leading to caries, are the ordinary

consequences.

38

Arthritis uratica. Vertical seetioD through
a superficial articular body infiltrated -with

urate of lime. a. The surface. 6. Cartilage
cavities with tufts of crystals, c. Cartilage
cells not yet infiltrated, in division, d. Iso-

lated needles of crystals in the basis-sub-
stance. After Corneil et Ranvier.
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III. APPENDIX.

Osteomalacia.

§ 665. The expression, softening of bone, is very indicative of a

morbid process, whose principal and almost only anatomical sign con-

sists in an abstraction of lime and gradual liquefaction of the osseous

tissue, therefore precisely of that which is solid in bone. Softening

of bone has been regarded at one time quite generally as a chemical

disturbance of nutrition, at another as an inflammation ; we could per-

haps still more correctly accuse a venous hypersemia as the cause, or

speak of a premature senescence of the bones—in one word, the etiology

of osseous softening is yet unknown to us, on which account we would

do well, in the first place, to go through the anatomical changes as free

as possible of prejudice, and only subsequently seek out leading points

for the classification of the disease in that system.

§'666. As was just observed, the softening of bone is essentially a

softening of the osseous tissue. If we break off with the forceps one of

the smallest of the osseous trabecule from the spongy substance of an

osteomalacic bone, treat it with carmine, and then place it under the

microscope, with a power of three hundred, there is presented to us a

highly characteristic picture (Fig. 182). The osseous trabecula con-

Fig. 182.

Softening of bone Spieula of bone from the spongy substance of an osteomalacic rib. a. Normal
osseous tissue, h. Decalcified osseous tissue, c. Haversian canal, d. Medullary spaces, d*. A medul-
lary space filled with red medulla. The luinina of the capillaries open. 1-300.

sists of two kinds of substances, and accordingly shows two distinct and

sharply defined zones, an exterior one lying next to the medullary

spaces (d), and to the Haversian canals (c), and an inner one, which

follows the axis of the osseous trabecula. The inner one (a), contains
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a perfectly normal osseous tissue; the bone-corpuscles, with their num-

berless anastomosing processes, and the strongly refractive, thoroughly

colorless basis-substance are intact. The outer one, on the other hand

(b), shows us a minutely striated basis-substance, colored deep red by

the carmine, which only here and there exhibits small shaded lines

as the last remains of formerly existing bone-corpuscles. We can no

longer speak of processes of these bone-corpuscles ; it rather appears

that a certain swelling out of the intercellular substance is taking place,

to cause the collective lacunas of the bone and their processes to disap-

pear. The change which we here see before us, reminds us too much of

the known changes which osseous tissue undergoes in removing the lime

by means of hydrochloric acid, that we could for one moment doubt

that here also a decalcification of the osseous tissue (halisteresis, Frey),

had taken place. This decalcification progresses upon every osseous

trabecula from, without inwards ; we may observe its progress at the

time upon the sharp line which separates the decalcified osseous tissue

from the normal. Herewith it is interesting to see that this line does

not run perhaps parallel to the outer contour of the osseous trabecula,

but in just such indented curves, such as we otherwise only perceive

upon the line of resorption of the osseous tissue in inflammations,

caries, &c. (Howship's lacuna). From this we conclude that the de-

calcification advances more rapidly in certain directions, and at certain

points than at others, and that the lacunae of Howship owe their pro-

duction to this unequally rapid progress of the decalcification. But,

if in the face of all these impressions and considerations, we ask after

an explanation of the process, many a one will probably agree with

me, when I defend the opinion, that'an acid proceeding from the med-

ullary spaces and the Haversian canals, robs the bone-tissue of its

salts of lime. The great confqrmity of the outer zone of the osseous

trabecula with a bone-tissue artificially decalcified by acid, speaks most

convincingly for this assumption ; but to this yet belongs, that we can

particularly well imagine, how an acid proceeding from the medullary

canals advances more rapidly or more slowly in places, in a territory

not uniformly and everywhere pervious, but only perforated by canals,

always according to the width and number of the canals.

§ 667. The decalcification is the first act of the bone softening.

Some time afterward follows the second act, the dissolution of the de-

calcified bone-tissue. This also advances from the medullary spaces

towards the axis of the osseous trabeculee. The latter, for some time,

consist only of bone-cartilage, then they become more and more thin

at the centre, finally melt down and disappear from view. The product

of their solution, a slimy, not more intimately known material, mingles

with the contents of the medullary spaces, and may in part yet play a

further role as intercellular substance of the enlarged medullary tissue.

§ 668. To what extent the process delineated is fitted, by the gradual
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enlargement of the Haversian canals, to form out of the compact sub-

stance of bone a spongy substance, and out of the spongy substance a-

cavity without ouseous trabecule, is manifest. In order, however, to ob-

tain a correct conception of the coarser phenomena of osteomalacia, it is

to be remembered that the melting down of the bone advances constantly

from within outwards. Accordingly, first of all, the medullary cavity

enlarges ; upon the long bones it encroaches from the diaphysis to both

the epiphyses, while in the interior of such bones as originally possess

no medullary cavity, generally only medullary spaces form ; thereupon

the compact cortex diminishes in thickness to that of an ordinary play-

ing card ; certainly not below it. I have not seen that this last re-

mainder had also disappeared, which is probably connected with the

circumstance, that the outermost layer of the bone is not nourished

from the medullary cavity, but from the periosteum, and consequently

also participates less in a disturbance of nutrition which so evidently

proceeds from the medullary cavity.

I purposely say " from the medullary cavity," because it would al-

ready be a step beyond the matter of fact were I to say, " from the

medulla." The medulla of the bone has, it is true, been often enough

proclaimed as the focus of the whole disturbance, yet its changes are

so ambiguous that we have never yet succeeded in basing thereupon a

unanimous acceptation of the process of bone-softening. The medulla

is found very vascular in all recent forms of bone-softening. Where
there are larger accumulations of fat, the fat gradually disappears, so

that finally a dark brownish-red and thinly pulpy mass, very like the

pulp of the spleen, fills up everything that is called medullary cavity

and spaces, or Haversian canals. Virchow was wont, at least formerly,

to emphasize the identity of this red pulp with the foetal medulla of

bone. Upon the ground of my own investigations, I must turn against

this acceptation. I have met with a medullary tissue extraordinarily

rich in cells, like that of the foetus, only in a certainly exceedingly

interesting case of softening of all the bodies of the vertebrae in a child

of five years. The medulla here presented an appearance, which im-

mediately reminded of the genuine splenic pulp (Fig. 182, d). The

medullary cells densely crowded and imbedded in a stroma, which was

woven out of the most delicate trabecule of connective tissue; between

them red blood-corpuscles, and various yellow and brown pigments.

The bloodvessels only contrasted with the parenchyma by a sharply

defined contour ; hence almost without proper walls, gaping, comparable

to bored holes and canals, reminded of the pulp-tubes of the spleen.

Yet I sought in vain for more close analogies. In all other cases of

osteomalacia the medulla is to be called directly poor in young medul-

lary cells. Extravasated blood-corpuscles are often present in large

amount, and are apt to cover up the tissue into which they have pene-

trated contrary to rule. But where they are wanting, we find a gelat-
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inous, transparent basis-substance, with few, but tolerably large, round-

ish-cornered cells, which, if we saw without previous knowledge, must

impose on us as small epithelial cells. These cells are either former fat-

cells, as we perceive by the occasional occurrence in them of a larger fat-

globule, or they are actually younger elements, concerning whose origin

nothing is at present known. Their limited number, however, in con-

trast to the abundant basis-substance, by no means admits of conclud-

ing upon an active, perhaps even inflammatory process of proliferation.

Much more striking than the behavior of the parenchyma is the very

considerable dilatation and congestion of the medullary vessels. I have

already mentioned that parenchymatous hemorrhages are constantly

found. Now this extravasated blood and the congested capillaries are

they which impart to the medulla its dark color. But I cannot con-

clude to regard this hyperemia as an active congestion. The atrophic

constitution of the medulla denies this, as also the want of all inflam-

matory infiltration or new formation. The anatomical condition found,

agrees much better with the acceptation of a congestion by stagnation,

which goes to the border of a stasis, and hence with all the surplus of

blood occasions want of nutrition, and afterward retrogressive meta-

morphoses. I might even represent to myself, that a more abundant

development of carbonic acid ensued in the stagnating blood of the me-

dulla of the bone, and that this carbonic acid perhaps served to dis-

solve the salts of lime of the bone. Perhaps just here a bridge were

possible between the conditions of the medulla, upon the one hand, and

softening of the bone-tissue upon the other. But even granted that

the causal connection between the stagnating congestion and the soft-

ening of the bone were to be sought in the direction indicated, whence

the passive congestion itself? We are yet by no means sufficiently

acquainted with the relations of the circulation in the interior of bone.

Are, perhaps, certain anomalies of the periosteum able to alter the

circulation in the medulla ; are the vasomotor nerves implicated? It

has been observed that the periosteum thickens in older persons, that it

becomes more vascular, and that especially the vessels which pass from

the periosteum to the surface of the bone, become hypersemic. With
these changes, a peripheral (so-called concentric) liquefaction and re-

sorption of the cortex of the bone goes hand in hand. The whole

would be a useful pendant to the resorption of bone from within, which

takes place in osteomalacia; this comparison moreover is so much
the more permissible, as we in fact know of an osteomalacia senilis,

which distinguishes itself not essentially from the ordinary form.

Shall we now from this standpoint define the osteomalacia of younger

individuals as a premature senescence of the osseous system? I ven-

ture to answer this question just as little affirmatively as negatively,

and will agree with the reader to wait for the results of further investi-

gations. Let us only yet mention, that lactic acid has several times
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recently been successfully demonstrated (Weber, Mors) in the urine

and bones of osteomalacic persons. An older investigation, also, of

C. Schmidt found the contents of fully formed softening cysts of the

bones acid. Nothing is established concerning the place where this

acid is produced; perhaps, however, we here stand at the commence-

ment of a solution of the difficult problem.

§ 669. Let us now consider, in a short review, the manifold curva-

tures and fractures which the osteomalacic skeleton is wont to expe-

rience. The favorite seat of osteomalacia is the vertebral column, and

the bones of the pelvis and thoracic cavity. The vertebral column,

under the burden of the body, curves S-formed, in such manner, indeed,

that a kypho-scoliosis [convex curvature] of the dorsal portion corres-

ponds with a lordo-scoliosis [concave curvature] of the lumbar portion,

while the cervical portion presents itself concave at the junction with the

dorsal region. The ribs curve and break partly by the tractions of the

respiratory organs, partly under the burden of the upper extremities,

in such manner, that a line of fractured places directed outwards runs

down not far from the heads of the ribs; a second series of points of

fracture is turned inwards in the axillary line ; a third series of points

of fracture again, turned outwards, is situated in the parasternal line.

Thus tray-like gutters (upon the walls of the chest) are produced for

the arms ; the entire thoracic cavity, however, is pushed forwards, the

sternum, often itself fractured several times, stands in a line with the

chin, to which under certain circumstances it may be so approximated

as to touch. The pelvis alters its shape under the threefold actions of

both the heads of the femurs from below, and the sacrum from above.

Consequently, the promontory and the points of the linea innominata

corresponding to the acetabula approximate, while at the same time

the symphysis and the points corresponding to the greatest curvature

of the ossa ilia are pushed outwards, that is, anteriorly. The pelvic

outlet becomes trefoil-shaped, thereby beaked anteriorly. If the change

is of very high degree, the true pelvis scarcely offers room enough for

the^ undisturbed passage of the intestinal and urinary evacuations, to

say nothing of the passage of a child's head.

The bones of the extremities are wont to exhibit numerous fractures,

which only heal slowly and incompletely by callus-masses. Simple

curvatures, such as so frequently occur in rickets, are rare in osteo-

malacia ; where a bone appears angular, the angular position is regu-

larly the consequence of a complete or half fracture, an infraction

(§ 636) such as also occurs in rickets.

§ 670. The cure of osteomalacia is so rare that we can only enter-

tain conjectures concerning the anatomical process of cure. That we

would be justified in regarding the so-called cystic degeneration of bones

as such a one, I would not like, indeed, to assert positively, but prob-

ably point out, that in the first place the production of cystic cavities
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in the medullary cavity represents a more advanced stage of develop-

ment of the osteomalacia, and secondly, that with this stage of develop-

ment an arrest of the morbid process is also attained. In relation

to the first, we will mention that the total liquefaction of the red pulp

of softening in depots, which is the first factor of the cystic formation,

may very well be regarded as a further consequence of the deep dis-

turbance of nutrition of the diseased bone. The detail of the process,

it is true, is not known ; there is finally produced a fluid, clear as water

and rich in albumen, and only the yellow and red pigment-bodies, which

are abundantly present especially in the smaller cysts, remind one of the

vascularity of the former stage of softening. The second factor is the

formation of a compact white connective tissue membrane, which in-

closes the fluid mentioned, and bounds it towards the adjacent bone.

I have shown above (§ 41) that the osseous tissue itself is capable of a

fibrous metamorphosis, and I do not hesitate to lay claim to this capacity

in the present case. The cystic membrane is provided only with very

few and small vessels, hence these cysts never assume the character of

secreting cysts, but continue in this state unchanged for years.

The cystic degeneration, as a rule, affects all the bones of the body

which, were previously osteomalacic. What the osteomalacia for its

part has spared, for example, that last subperiosteal remainder of com-

pact substance (which is wont to maintain at least the contours of the

bone by a layer thin as paper), beside this, however, many of the short

bones of the hand and foot, the entire cranium, also remain untouched

by the cystic degeneration. The cysts themselves, however, are no

longer progressive, consequently, with the development of a certain

number of cysts, an actual cessation of the process is reached.

•

3. Tumors.

§ 671. In accordance with our programme (§ 609), for the subdivision

of the very numerous tumors of the osseous system, we use the greater

or lesser deviation of the neoplastic process from the normal growth of

bone. Accordingly the various osseous and cartilaginous outgrowths,,

the exostoses and ecchondroses will have to be placed at the head, next

to them we would range the histioid growths, the syphilitic new forma-

tion, and finally, the carcinomas.

§ 672. The hyperplasias of the fully grown, so-called permanent car-

tilage are constantly partial. They mostly proceed from a small cir-

cumscribed spot of the surface, and push above the level as warty,

afterwards fungous or polypous formations (ecchondrosis). Thus we
occasionally find them upon the costal cartilages of older individuals,,

where meantime they never attain any considerable size. To these

joins a group of outgrowths of various synchondroses, and of the inter-

vertebral discs, especially studied by Virchow, of which the ecchondrosis-
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spheno-occipitalis is especially interesting, partly because of its seat

upon the centre of the clivus Blumenbachii, partly because of its his-

tological constitution. The tumor seldom attains the size of a small

cherry, and consists of a soft, trembling jelly, which by microscopic

investigation, proves to be a cartilaginous tissue, whose basis-substance

is softened mucoid, and whose cells are degenerated into large vesicular

cavities (physalides).

More important is the occurrence of ecchondrosis upon the cartilagin-

ous coverings of the articulations. At a former place we have learned

to know the marginal outgrowths of articular cartilage in arthritis

deformans.

In most intimate connection with this cartilaginous hyperplasia in

arthritis deformans stands, upon the one hand, the formation of car-

tilaginous free bodies in the articulations, upon the other, the exostosis

cartilaginea. The former are constricted, warty outgrowths of the

articular cartilage (more rarely of the synovial membrane), of the size

of a pea and over; they arise at the same place, and are formed of the

same large-celled cartilaginous tissue as the senile ecchondroses. They

readily calcify, and thereby become arthrolithes, which may cause the

individual affected the greatest inconveniences.

Somewhat more complicated is the production of exostosis cartilaginea

;

we thus name certain tuberous outgrowths of the long bones in the

neighborhood of the joints, which are osseous in their principal bulk,

but are provided with a more or less complete cartilaginous covering

and occasionally with a proper synovial membrane. According to the

precedent of Virchow they are derived from a disturbance of the de-

velopment of the bone. Here also an ecchondrosis forms the point of

denarture, but a tolerably large ecchondrosis, which arises either from

the edge of the articular surface, or from the cartilaginous stripes be-

tween the epiphysis and the diaphysis, is not loosened, but continues to

grow in permanent connection with the bone, and thereby determines

the latter to enlarge not only in the normal chief direction, but also in

the lateral direction -given off from it. It is easy to comprehend how

.^uch an ecchondrosis, provided it proceeds from the articular surface

and -not from the under edge of the epiphysis, primarily lies in the

articular cavity itself, by a further removal from the joint comes to lie

in the first place in an excavation, then in a recess of the synovial

membrane, and finally in a proper synovial sac (exostosis bursata).

§ 673. The example of exostosis cartilaginea shows us how impracti-

cable it would be to divide the hyperplasias of the osseous system into

hyperplasias of the cartilaginous and osseous tissue. The bone only

enlarges, in that it follows its mother structure in its proliferations.

These are the actually producing parts, this the seat of the pathologi-

cal irritation, not the bone itself. In the exostoses, also in the more

contracted sense, i. e., in the circumscribed osseous outgrowths of the
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bony system, we must maintain this standpoint unmoved. The ques-

tion therewith is throughout about excesses of the periosteal growth of

bone, and if this relation remains unconsidered in the nomenclature, it

only comes^from this, that the periosteum, in comparison to its almost

unlimited osteoplastic capacity, is a very thin, delicate membrane, which

attracts but little attention and is easily stripped off.

The histological processes, excepting several subordinate variations,

are the same as in the normal and in the inflammatory periosteal

growth of bone. The innermost layer of the periosteum yields a vas-

cular germinal tissue. Upon another occasion (§ 52) we have already

amply discussed how genuine bone is formed from this germinal tissue

by the deposition of a homogeneous, dense, strongly refractive basis-

substance, calcification, &c. The newly formed bone consists primarily

of an exceedingly porous mass, which adheres but loosely to the old

surface of the old bone, and is designated as osteophyte (Fig. 183);

Fm. 183.

Osteophyte. Formation of bone from the periosteum in the primary spongy stage.

afterward this connection becomes firmer, and then by the concentric

apposition of new bony lamellae to the trabecule of the osteophyte, ensues

the transition into compact osseous substance. It must meanwhile be

observed that the latter metamorphosis may set in very late under cer-

tain circumstances ; indeed, it need not occur at all.

Finally, quite as in the normal growth of bone, upon the compact

stage, a porous, or, as we now say, a spongy stage is wont to follow

anew, nay, after some time it follows so regularly and so frequently,

that we might almost believe the compact substance, like cartilage, can

generally only exist in a certain thickness of deposition, if the history

of exostosis eburnea did not prove the contrary. This exostosis is so
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remarkable a phenomenon, just because, quite divergent from the usual

schema, namely, without regard to the vessels and their course, the

osseous tissue is deposited layer by layer, about one of the smallest

of tubers as a nucleus. This gradually becomes a warty, polypous,

cauliflower-like, therewith lustrous white formation, which may attain

the size of a man's fist, and nevertheless consist throughout of compact

bony substance (Fig. 184).

This entire kind of growth undoubtedly reminds us of the formation

of dentine, and that this comparison is not inapt is shown yet more

From an exostosis eburnea of the shoulder-blade.

strikingly by those peculiar, small, flatly-roundish outgrowths of the

roof of the cranium, which look like ivory shirt-buttons, and hence

have been designated by Virchow, as button exostoses. A vertical cut

through the centre of such a new formation (Fig. 185) shows us as the

Fig. 185.

Exostosis eburnea clavata from cranial walls.

foundation of the design, an exceedingly finely striated substance, in

which a bone-corpuscle is only here and there set in, which has devel-

oped its very long processes only in one direction, namely, towards the
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exterior and vertical to the line of striation. Is a greater similarity

necessary to declare as dentine, this basis-substance of the exostosis,

which is evidently only subsequently interrupted by the formation of

medullary spaces ?

§ 674. Under the etiological forces of periosteal osseous hyperplasia,

the inflammatory irritation comes more decidedly into the foreground

beside the simple, i. e., hitherto inexplicable anomaly of growth. It

is correct, that the growing bone is also peculiarly disposed to these

changes, but a greater age and hereditary influences also bring with

them a like predisposition, and in but few cases of exostosis eburnea is

this force the only one which we can adduce in explanation. Mostly

general diseases, especially syphilis, rheumatism, and rachitis, are im-

plicated, and if it is already known of these that they easily excite

inflammations of the periosteum, we can still less exclude this accepta-

tion, where we see an external, mechanical irritant causing the hyper-

plasia. Frequently enough a knock, a blow, is stated as the first cause

of a formation of exostosis ; more than once (the last by Virchow, 1. c.

ii, 84) has the case of the formation of multiple exostoses been observed

at the points of insertion of the muscles. But this latter case also

teaches us, how closely here the inflammatory growth from external

irritations and the non-inflammatory normal growth are related. For
even the normal skeleton shows at the points of insertion of many
muscles, rough elevations, which are known in descriptive anatomy as

crests, tubercles, eminences.

§ 675. Whilst now, as we have seen, the exostoses and ecchondroses

only present unessential deviations from the normal growth of bone

and cartilage, in the histioid tumors of the osseous system we must

already be satisfied with bare analogies. We may adduce, that these,

corresponding to the two physiological places of growth, proceed either

from the periosteum, or from the medulla of bones, and therefore dis-

tinguish between central and peripheral sarcomas, enchondromas, &c.

Moreover, upon all the peripheral, we can establish an initiatory stage,

while the pathological proliferation of these does not distinguish itself

externally from the periosteal proliferation introducing the formation

of bone; in the decided tendency of just these tumors to ossification,

we can also recognize a correspondence to the physiological function of

the periosteum. Finally, the above-described chondroma osteoides

(§ 139), evidently comes very near the physiological paradigm. In

other respects, however, we must let the entire stress rest upon the

heterology of the new formation, and regard all sarcomas, enchon-

dromas, myxomas, &c, occurring upon bone, as qualitative deviations

in the functions of the vascular connective' tissue system.

§ 676. In the next place, we consider the peripheral osteosarcoma,

then that soft layer of the periosteum turned towards the bone, which

Max Schultze has so aptly designated as the cambium layer of bone,
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undoubtedly participates primarily in the production of this tumor.

We may even represent to ourselves, that a quantitative excess of the

normal phenomena of growth, which proceed at this place, especially

the production of a larger amount of embryonal formative tissue, in-

troduces the sarcoma formation at a circumscribed spot of the surface

of the bone. In all later stages, the peripheral osteosarcoma is nothing

else than a sarcoma placed between the periosteum and the bone.

Apart from the clinical course, the formation of metastases and repro-

duction which are observed, off and on, in a vivid manner, the most

superficial histological analysis already suffices to reveal to us the sar-

comatous nature of the tumor. As a rule, every species of sarcoma-

tissue is found side by side, yet in most of the tumors the spindle-cell

tissue predominates. This especially obtains of those colossal tumors

Avhich develop at the ends of the large bones of the extremities (femur,

tibia, humerus, &c), and are characterized by an incomplete radiated

structure. These lift off the periosteum, grow around the contiguous

cartilage, and but slightly penetrate into the compact cortex. After-

ward they pass over to those structures which are in continuous

connection with the bone, muscles, parosteal connective tissue, articular

capsules, ligaments, &c. ; while the more loosely superimposed parts,

for example, muscular bellies and tendons passing over, occasion cor-

responding impressions.

In all sarcomas of the osseous system, whether they proceed from

the medulla or the periosteum, we occasionally find larger or smaller

portions of bony substance of secondary formation ; as a permanent

sign, however, ossification is only found in a portion of the peripheral

osteosarcomas, which on that account have been designated by Joh.

Muller, as osteoid. Joh. Muller distinguishes a benignant and malig-

nant osteoid. The latter is identical

with the cancer of bone to be spoken

of by us in the next place. The

former will now occupy us. The

benignant osteoid, which is probably

most frequently observed upon the

bones of the face, shows, as a rule,

a most remarkably radiating struc-

ture. From a point, or rather from

a relatively small surface, fibrous

lines, which we may perceive even

with the naked eye, proceed uni-

formly and in straight lines towards

.-. i. ,

the periphery; the tumor is also more
ossifying sarcoma of the periosteum of the lower rpnrni v tnrn in rhi<? rlirpptinn than
maxilla. Round-celled sarcoma, the basis-sub-

readily 101 n in tniS direction man
stance calcified in places The calcified places

Jn any ther. The Cause of this lies
form elongated spiculse, which stand vertical to J
the surface of the bone, but are cut across here.

jn an actual papillary organization

Fig. 186.
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of the tumor; long, thin papillae, ramifying at very acute angles com-

pose it. In Fig. 186, a cut surface shows us, that the papillae are, taken

altogether, roundish, and formed throughout of germinal tissue with

little intercellular substance. Lines of loose connective tissue per-

vade the interspaces between the papillae and fill them up. It is inter-

esting, that cleft-like gaps are visible here and there between the con-

nective tissue sheaths and the surfaces of the papillae. The connective

tissue sheaths here present smooth surfaces to the papillae, and the

papillae to the connective tissue sheaths ; these gaps may readily be

filled by injection and are connected with adjacent lymph-vessels.

§ 677. Touching now the ossification, this is nothing else than a cal-

cification of the scanty intercellular substance. For every cell there

remains a circular, not always radiating cleft (Fig. 186) ; merely from

the texture I would be but little disposed to speak of an actual ossifi-

cation, if beside this the circumstance did not remind us of true ossifica-

tion, that the deposition of the salts of lime within the papillae occurred

in zones, which surround the vessels mantle-like, and thus betray their

analogy to osteophytes. After maceration the ossified parts present

themselves as a radiating framework, which is loosely put together by

delicate osseous trabeculae.

In a typical case, whose preparation is preserved in the collection at

Zurich, I sawT a peripheral osteosarcoma, round-celled throughout and

nowhere ossified. At the most various points of the osseous system,

especially however at the sternum, at the inner surface of the skull,

and at all openings of the skull and cavity of the vertebral column,

through which nerves passed in and out, the periosteum was lifted off

by a flat layer, mostly of a line in height, but at the sternum of the

thickness of a finger, of a substance like the roe of fishes. The super-

ficial expansion of this multiple sarcoma was very various, fluctuating

between the size of a lentil and that of a silver dollar; at the openings

for the nerves the sarcoma formed a ring-shaped cushion, especially at

the foramina intervertebral.

The polyps of the nasal cavities, proceeding from the anterior sur-

faces of the bodies of the upper vertebrae and the os tribasilare, are to

be regarded as thoroughly fibrous sarcomas of the periosteum. (Com-

pare Virchow, Tumors, i, p. 354.)

Whether the giant-celled sarcoma may also proceed from the perios-

teum of bones, is, according to my judgment, yet an undecided ques-

tion. Virchow has recently designated that compact-elastic, more

rarely soft sarcoma of the alveolar processes, attached by a broad base,

and protruding with roundish contours, which in former times was called

epulis, as peripheral osteosarcoma in the sense of periosteal prolifera-

tion. He did this in opposition to Nelaton, who indeed also places over

against each other two groups of myeloplaxic tumors (giant-celled sar-

comas), the epulides periosseuses and the epulides intra-osseuses, but



606 ANOMALIES OF THE OSSEOUS SYSTEM.

does not let the former proceed directly from the periosteum, but from

the perivascular medullary cells of the dilated Haversian canals, which

open at the surface of the bone. Ndlaton, namely, would like to see

the giant-cells universally recognized as medullary cells. Yirchow

replies to this, that many of the epulides periosseuses are attached to

a bony elevation, according to his opinion a preceding periosteal pro-

liferation of the bone, which pushes in between the soft parts of the

tumor with its giant-cells and the bone. It is true he, upon the other

hand, acknowledges even the great tendency and capacity of the epu-

lides to penetrate destructively into the bone, and I would like to ask

whether this osseous base might not be regarded as an ossified part of

the tumor itself. It would then bring about more the continuity than

the division of the tumor and the bone, and might serve for supporting

the views of Ne'laton. I am cautious on this account, because, in re-

spect to the giant- celled sarcoma proceeding from the medulla, I have

convinced myself that the giant-cells are bone-cells, which have become

free in the resorption of the bone, and have thereupon gone over into

the peculiar hypertrophic state. Of course it is not intended to say

by this, that giant-cells in general can only be produced in this manner.

(Compare § 67.)

The sarcomatous epulis contains giant-cells of quite colossal dimen-

sions. If these fall out of thin sections, which were made parallel

to the border of the jaw, there arise gaps, which are not unlike the

alveoli of cancer. The quasi stroma consists of the various species of

sarcoma tissue ; and, accordingly, as one or the other predominates,

the tumor is softer or harder. The firmest ones contain predominantly

connective tissue fibres, the softest round cells, the intermediate ones,

and at the same time the most common, spindle-cells.

§ 678. The central osteosarcoma (myelogenes osteosarcoma, Virchow)

is observed in three different species. The most frequent are the giant-

celled sarcomas of the lower jaw, designated by Nelaton as epulides

intra-osseuses, the more infrequent of the upper jaw. These proceed

from the red medulla of the spongy substance, and by continued cen-

tral growth form irregularly roundish knobs, up to the size of a child's

head. It is manifest that therewith they must come in conflict with

the compact osseous cortex. The osseous cortex is—as we say, and as

also the first glance seems to confirm

—

puffed up by the central tumor.

It is as though the bone possessed none at all of the hardness and firm-

ness peculiar to it, and must adapt itself unresistingly to the central

distension. This is a phenomenon which recurs everywhere Avhen a

slowly-growing tumefaction has its seat in the interior of bone; it not

only recurs in all sarcomas myelogenes, but also in the central enchon-

dromas and myxomas. Volkmann has attempted to prove that an in-

terstitial displacement of the osseous substance actually takes place

herein, but as sagacious as are his reflections, and as readily as I ad-
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mit that every individual case of distension of bone touched upon by

him must first be thoroughly investigated ere we can speak of a final

judgment, so certainly does at least the distension of the cortex of the

bone by central osteosarcoma depend upon apposition and resorption.

Apposition externally, by the continual apposition of bone on the part

of the periosteum ; resorption within, by the continual melting down of

the osseous tissue at the surface of the growing tumor. Fig. 187 was

From the border of a spindle- and giant-celled sarcoma of the lower maxilla, of the size of a fist.

Osseous trabecula which disappears at the one side by resorption, and grows at the other by apposi-
tion. See details in text. 1-500.

taken from the vertical section of a myeloid of the size of a fist. It

embraces the edge of the tumor and an osseous trabecula, which,

together with three or four others just so constituted, presents the last

remains of the osseous cortex of the lower jaw. Upon these trabecule

we see both the processes in action. The periosteal side is beset almost

entirely with the known osteoblasts of Gegenbaur. We here probably

have the most favorable opportunity of seeing osseous tissue produced;

each individual force of the process is presented with unsurpassable clear-

ness. (Compare § 52.) Upon the opposite side resorption is in progress.

A sharp, tortuous line bounds the bone towards the tumor. At several

places we see polynucleated giant-cells imbedded in the contours of

Howship's lacunae ; we distinguish larger and smaller elements, the

smallest are but little larger than the adjacent bone-corpuscles, and

would not deserve the name of polynucleated giant-cells, if they were

not characterized by the same finely granular quality of the protoplasm

and the gradual transitions as the future myeloplaxes. The situation

of the youngest myeloplaxes is so constantly at the inner edge of the
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bone, that we cannot avoid thinking that the myeloplaxes may have

their original seat just here; are perhaps produced by a metamorphosis

of the bone-corpuscles, which become free from time to time, in the pro-

gressing solution of the osseous basis-substance. If thereupon I con-

sider the distribution of the giant-cells in the sarcoma and compare it

"with the position of bone-corpuscles in bone, I cannot exclude the per-

ception that they are placed in both tissues in certain alternating in-

terspaces. This uniformity however might, in my opinion, be very un-

forcedly explained by accepting, that in the growth of the tumor, the

bone-corpuscles becoming free and immediately degenerating to myelo-

plaxes, are crowded off from the bone with a certain uniformity by

layers of cells, and are incorporated into the tumor. The strict proof

that the giant-cells of central osteosarcoma are former bone-cells, is

thereby certainly not yet furnished. Meanwhile I am glad to be able

to state, that recently the physiological occurrence also of giant-cells

has been explained in the same manner. (Bredichin, Centralblatt, 1867,

563.)

Thus far the histological processes in the swelling of bone. It is

manifest that, although apposition and resorption keep even pace, yet

in time an attenuation of the cortex of -the bone must be produced.

There must be more added than resorbed, if the bone is to suffice to

clothe the tumor becoming ever larger with a layer of compact sub-

stance of always the same thickness. Now, inasmuch, however, as the

contrary rather occurs, i. e., less is added than resorbed, we cannot be

surprised, if finally, the shell becomes defective at individual places,

the tumor therefore breaks through the bone.

The intra-osseous epulides of the jaw, of which we have been hitherto

speaking, consist mostly of spindle- cell tissue. The tendency of re-

cently cut surfaces in lying exposed to the air is remarkable for as-

suming a reddish-yellow tinge, even merging into greenish.

§ 679. The second species of central osteosarcoma is observed par

excellence at the lower end of the femur, at the upper end of the tibia,

and at the upper end of the humerus. It is characterized by great soft-

ness and vascularity. The tissue is originally round-celled, but goes

over at one point into mucoid tissue, at another into adipose tissue, at

a third spindle-celled and fibrous, so that we can here speak of a mixed

tumor (sarcoma mixtum). The vascularity generally leads to hemor-

rhages, and the partly recent pools of blood filled with clots, partly

older depots of softening stuffed out with reddish-brown pigment, may
so predominate at the first glance, as to cause the impression of

aneurism of the bone, or of fungus nematodes. Of course, only the

latter term is to be used, and indeed with circumspection. The amount

of poly-nucleated giant-cells contained here is also characteristic; the

tumor likewise belongs among the giant-cell sarcomas.

§ 680. Thirdly, there is a central osteofibroma, which proves its close
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relationship to the epulides intraosseuses by its favorite seat, the max-

illary bones, and the completely analogous distension of the cortex of

the bone. Giant-cells cannot be demonstrated in it. On the other

hand there is shown a decided tendency to ossification, either by find-

ing therein numerous, but small spiculse of bone, "which in passing the

finger over the cut surface feel like a sandy roughness, or more exten-

sive ossifications gradually convert the tumor into an osteoma.

§ 681. The pure myxoma of bone is described by Virchow as a tumor

proceeding from the medulla, distending the bone, and finally breaking

through it, which in its substance, resembles the flesh of oysters, or the

gelatinous disc of sea-nettles. Because of the near relationship of

enchondroma with myxoma, it is difficult to draw a strict boundary

between the two. The most of gelatinous, soft osseous tumors are

enchondromas.

§ 682. That the osseous system is the main seat of cartilaginous

growths, was already mentioned when we were occupied with its histo-

logical relations in general (§ 135). We will yet state, that of the

various parts of the skeleton, the phalanges of the fingers and toes, then

the upper arm, femur, and tibia, then the maxilla, the bones of the

pelvis and the scapula are most frequently attacked, the ribs and the

•bones of the base of the skull more rarely, the vertebral column, clavicle

and sternum most rarely. Joh. Miiller first made a distinction into

external enchondromas, proceeding from the periosteum, and internal

ones proceeding from the medulla. It is here, however, as with the

epulides, the internal are unquestioned; in reference to the external we

cannot very positively say, in how far the compact substance, how far

the periosteum participate in their formation. Even Virchow is doubt-

ful. The whole affair becomes still more questionable by this, that

recently the direct transition of osseous into cartilaginous tissue has

been several times asserted. (Weber.)* In consequence of this, the

compact substance would deserve a greater consideration, and especially

if it should be confirmed, what Virchow, it is true, has expressed more

by way of conjecture, that in the compact substance, remains of carti-

laginous tissue may give the impulse to enchondromatous degeneration.

The internal enchondroma behaves like the central osteosarcoma, and

myxoma only in so far, that it distends the bone to a shell, and only

* This process can only be studied upon very thin lamella? of bone, which are

taken from the border of the bone and the tumor. The osseous texture experiences

a kind of uniform fusion ; the basis-substance becomes translucent from the edges,

while the cells lose their processes and come to lie in a roundish cavity, which ap-

pears to be caused only by a softening of the basis-substance proceeding from the

lacuna? of the bone, and atfecting their immediate surroundings. To an osseous tissue

which has attained this stage of metamorphosis, we cannot deny a great similarity

with cartilaginous tissue, still the whole process does not give the impression of a

proliferating new formation, but of an organic metamorphosis, which, of course, is

not yet synonymous with disorganization.

39
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after longer growth breaks through at single places. In other respects,

the growth of the enchondroma by adjacent foci, is the cause of several

peculiarities worthy of note. To this place belongs especially the

stronger inflammatory irritation, which is produced by the occurrence

of disseminated nodules in the environs of the tumor. Beside an

often very considerable ossifying periostitis, we find a genuine sclerosing

osteomyelitis especially frequent. The medullary cavity in the neigh-

borhood of the enchondroma is at times as though closed by an ex-

ceedingly hard, minutely porous, compact substance. The periostitis

ossificans ever yields new lamellae of bone, and therewith, as well build-

ing material for the tumor, as also a bony capsule, which remains com-

plete longer in enchondroma than in any other central osseous tumor.

The enchondromas of bone are maintained longer and become larger

with an unchanged internal constitution than the enchondromas of soft

parts. Afterward they show those secondary metamorphoses, which

have been mentioned (§ 137), calcification, ossification, conversion into

mucoid tissue, mucoid softening, and cystic degeneration. It only yet

remains for us to mention here several varieties of enchondroma, which,

up to the present time have been observed only upon bone. a. The

enchondroma nematodes. Upon the right fibula of a boy, who had

been under treatment in the surgical clinic at Bonn, I found a tumor of

twice the size of the fist, which was undoubtedly cartilaginous in its

border portions, and by its lobular structure betrayed throughout the

structure of enchondroma. The internal lobules, however, showed a

gelatinous swelling-out of the basis-substance, and were pervaded by

quite peculiar blood-conveying canals, of which only so much could

with certainty be said, that they had been produced by the anastomoses

of adjacent cartilage-cavities. Together they formed a network with

strongly projecting, concavely contoured points of intersection. But

whether they actually were bloodvessels, or whether these were only

extravasations modified by the structure, we were not able to decide.

The softening went hand in hand with a simultaneous sarcomatous de-

generation of the connective tissue framework. (C. Hosterman, In-

augural Dissertation. Bonn, 1868.) b. The enchondroma pseudopapil-

losum. A peripheral enchondroma of the upper maxilla, which like-

wise was obtained from the surgical clinic of Dr. Busch, had a distinctly

papillary, cauliflower-like surface. The massy proliferations, after

having filled the cavity of the upper maxilla, broke through the bone

at the anterior surface. The tumor owed its singular structure to the

peculiarly central growth which characterized it, quite contrary to the

manner of enchondromas. The smallest nodules always again origi-

nated in the connective tissue of the larger. Finally, the independent

growth of the latter caused a partial loosening from the neighborhood.

Cleft-like and shallow expanded gaps accordingly subdivided the tumor

and split it up into groups of nodules, which were very similar to the
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ramified papillae of a cauliflower growth. (C. Hopmann, Inaugural Dis-

sertation. Bonn, 1867.)

§ 683. Cancer of the osseous system will become in the next few

years an absorbing question of pathological histology. If it is true,

what according to Thiersch's precedent has recently found such ardent

defenders, that all genuine cancers proceed from external or glandular

epithelia, all osseous cancers could be produced only by contiguous

infiltration from adjacent cutaneous-, mucous membrane-, or glandular

cancers. That this is actually so, in fact, cannot be doubted in cer-

tain cases. If, for example, we see an epithelial cancer of the face

pass over to the maxillary bone, or just such a cancer of the leg pass

to the tibia, and a kind of cancerous caries produced there, then we

have here an advance of the cancerous cell-cylinders into the vascular

pores of the osseous substance, which in correspondence with this, en-

large and cause the intervening nutritive territories of the osseous

tissue to disappear. Also when in the diploe of the cranial bones or in

the spongy substance of the ribs or elsewhere in the medulla of bones,

metastatic nodules arise and flourish, we might at least admit the pos-

sibility of an "epithelial infection" of the medullary cells there exist-

ing, although in this case I, as an anatomist, would have simply to

prove the fact of the transformation of connective tissue cells into

epithelial cells, and with the possibility of this transformation, there-

fore to concede the development of cancer from connective tissue.

What excuse, however, could we devise when we must acknowledge that

there are also primary cancers of bone, which in addition recur with a cer-

tain predilection at the same place and in the same histological species?

First we have there those soft, rapidly growing cancers which so readily

proceed from the upper ends, as well of the humerus as of the femur,

and occasionally flourish to quite an extensive circumference. These,

at one time, develop predominantly from the medulla, then predomi-

nantly from the periosteum ; as soon as the periosteum has been drawn

into the affection, upon the one hand the growth of the tumor advances

more rapidly, upon the other ossification sets in in the form of an ex-

ceedingly delicate framework, either spongy or more radiating. They

are everywhere the thicker trabecule of the cancer-stroma which calcify

and thus furnish a kind of spurious osseous tissue (carcinoma osteoides).

A second, likewise frequent seat of development of primary osseous

cancers are the bones of the head. Soft, rapidly growing nodules

arise in the diploe, and in a short time perforate the cortex of the bone

towards both sides. Or the central tumor grows somewhat slower and

the periosteum has time to introduce at least the peripheral formation

of a shell. This we occasionally see upon the upper maxilla. A third

more rare, but so much the more characteristic form, is the diffuse

carcinosis of the pelvic and the adjacent vertebral bones, which presents

itself clinically as an osteomalacia. The question here also is about a
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soft carcinoma, which is characterized by a degeneration of the medulla,

dispersed in numberless small depots. In all these primary osseous

cancers we cannot speak of an epithelial starting-point, and yet our

entire definition of what comprehends cancer would have to be over-

thrown if we did not regard these things as genuine cancers.*

Exact statements are indeed yet wanting at this time, upon the origin

of the first cancer- cells ; still the analogy with the other myelogenous

osseous tumors aids us in thinking of a metamorphosis of the medullary

cells. I, however, add with emphasis, also of the adventitial vascular

cells. The osseous tissue melts down without resistance before the ad-

vancing new formation. A decalcification is wont to precede resorption,

as in osteomalacia. The osseous trabecule are, therefore, up to a certain

time, elastic, pliable, cartilaginous. The bone-corpuscles, probably, do

not behave the same in all cases. It is, indeed, comparatively easy to

break a spicula of bone out of the centre of a carcinoma, and to exam-

ine upon this point, wherefore I can point to a tolerable series of such

investigations. The result is that a more active participation of the

bone-cells, in the new formation, is only exceptionally to be established.

The adjoining illustration (Fig. 188), presents to view the mode of

participation. We have here the border of a soft cancer of the ribs.

Fig. 188.

Osseous trabecula in cancerous degeneration. 1-500.

An osseous trabecula, which bounds the tumor, has been involved in

the disease, and is already completely dissolved upon one side, while

upon the other it still shows smooth contours. The bone-corpuscles,

which are yet normal at the side turned away from the tumor, succes-

sively increase in size, while the basis-substance loses its salts of lime

and decreases in inverse proportion to the enlargement of the bone-cor-

puscles. At this edge of the osseous trabecula we only yet observe

scanty remains of it. The cells, on the other hand, by division of the

nuclei and enlargement of the protoplasm, have been converted into

larger, more nucleated elements, which thereupon immediately break up

* According to a very recent publication of Billroth's, in Langenbeck's Archives,

certain soft carcinomas are not to be regarded as such, but as "alveolar" sarcomas,

produced by a higher development of the lymphadenoid type of tissue ; an accepta-

tion which would please me extraordinarily, especially for the sarcomas of bones and

nerves.
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into an amount of smaller cells corresponding to the number of the

nuclei. Whether these cells afterward go over into cancer-cells, of

whether their whole production is only a concomitant consequence of

the intense irritation of the tissue, I must leave undecided. At all

events it is not constant.

The gelatinous cancer also has been repeatedly, although always only

secondarily, observed upon bone. Still we have no histological state-

ments concerning the manner of their origin and diffusion.

§ 684. The syphilitic gumrnous tumor appears in the so-called ter-

tiary period of the disease upon the osseous system. The term gumma
is probably derived from the peculiarly elastic resistance which the

palpating finger encounters upon investigating the flat, circumscribed

tumefactions of the cranial bones through the integuments. The soft,

rapidly proliferating tissue, which composes this tumor is primarily

furnished by the inner layer of the periosteum
;
yet once again we are

here reminded of the physiological growth, but already the finer struc-

ture of the product next furnished is thoroughly heterologous. A
delicate, gelatinous, in places fibrous basis-substance contains numer-

ous round and spindle-cells, arranged in elegant concentric rings around

the vessels, which penetrate the ne"w formation in all directions. I re-

gard these vessels as the periosteal vessels of the bone, as those which

normally pass over between the periosteum and the bone, and go to the

surface of the latter. The adventitia of these vessels is the proper

matrix of the syphiloma. Here arise cells and basis-substance in

repeated layers, of which the younger press before them the older, and

thus produce a concentric arrangement of the entire new formation.

The mucoid swelling up of the basis-substance develops mechanical

forces which neither the periosteum nor the bone are able to encounter.

The formeiys lifted off from the bone, the latter disappears under the

tumor,, becomes rough, and finally extensively defective (caries syphil-

itica). The syphilitic infiltration herein creeps along the Haversian

vessels into the compact osseous substance and causes the osseous tissue

to disappear in territories, as also occurs in like manner, in rarefying

ostitis, on the part of the medullary granulations. If then all the osse-

ous tissue between each two vessels has been destroyed, the syphiloma-

mass from both sides fuses together, and only the concentric grouping

yet reminds one of the primary participation of the vascular sheaths.

We see exactly the same relations recur upon gumma cerebri.

The syphiloma of bone is, upon the one hand, itself to be regarded

as a heterologous, syphilitic inflammation of bone; upon the other, it

excites in its surroundings all kinds of ostitis and periostitis, by which

then the bone becomes more distorted and destroyed than by the tumor

itself. The syphilitic inflammations, caries, necrosis, &c, are not his-

tologically distinguished from the simple affections bearing these names.
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Syphiloma is subject to a metamorphosis peculiar to it (caseous meta-

morphosis) ; moreover, a direct liquefaction into pus is observed. Under

the effects of antisyphilitic medicaments, the mucus of the basis-sub-

stance experiences a further chemical metamorphosis, which makes it

capable of resorption : the cells are converted into a detritus likewise

capable of resorption.

§ 685. If from tuberculosis of bone we exclude the formerly men-

tioned cases of cheesy ostitis, there only remains as genuine miliary

irruption an occasional, but tolerably rare occurrence of them in the

environs of the caseous depots. The tubercles, according to Virchow,

arise from the red medulla, and behave as the ordinary miliary nodules.

I myself have not yet had the opportunity of seeing genuine osseous

tubercles.
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§ 686. One of the most striking of the phenomena in the province

of the pathological histology of the nervous system, is the limited, and

constantly but passive participation of the special nervous elementary

parts, in all the changes which affect the brain, spinal marrow, or the

peripheral nerves. The more we were formerly at pains to trace back

to anomalies of the ganglion-cells and nerve-fibres, particularly the

mental disturbances and other essential neuroses, so much the more surely

may we now assert the thesis, based upon the negative results of all

these investigations, that the causes of, " perhaps," all nervous diseases

are to be sought in anatomical disturbances of the non-nervous con-

stituents of the system. With reference to this, however, it appears to

me advisable to make introductory reflections upon the diverse ways

and modes, in which the nervous and non-nervous elements participate

in the composition of the various sections of the nervous apparatus.

§ 687. We may start from this, that the minutest ramifications of the

peripheral nervous system, the nerve-fibres running isolated, are im-

planted in that continuity of connective substance, which fills out all

interspaces between the organs, and constituents of organs, of the body.

The first unions, also, of nerve-fibres up to groups of perhaps twenty,

yet exhibit no perceptible modifications in the quality of the connective

tissue. To this corresponds the unconstrained course of the individual

fibres, the numerous curves to and fro, the peculiar slackness which

characterizes the structure of these smallest nerve-bundles. As soon,

however, as we pass to the larger branches and trunks, we find a dis-

tinct differentiation of the connective tissue between the nerve-fibres,

and of that around the nerve-fibres. The softer and the more delicate

the former, the so-called perineurium, becomes, so much the more does

the latter condense into a compact sheath, which is well fitted to protect

the nerves against mechanical violence. The perineurium contains no

proper connective tissue fibrils, its intercellular substance is homoge-

neous, and without the addition of the cells would be invisible. The

cells have elongated nuclei, and beside these a very small amount of

finely granular protoplasm. Whether the sheaths of Schwann of the

medulla- containing nerve-tubes are to be reckoned with this latter or

with the perineurium, I will leave undecided, at all events the struc-
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tures, occasionally designated as nuclei of the sheaths of Schwann, are

identical with the cells of the perineurium, as they participate in every

pathological proliferation of the interstitial connective tissue, and con-

sequently identify themselves with the connective tissue.

The outer sheath of the peripheral nerves is, at the same time, the

bearer of the larger vascular branches intended for the nerves, and

sends inward a certain number of fibrous connective tissue processes,

which subdivide the nerve-fibres into larger and smaller bundles, and

at the same time serve the smallest arteries and veins as bridges, while

the long-meshed capillary net expands in the perineurium.

In the central organs we meet with a yet more profound specializa-

tion of the non-nervous structural constituents. In the brain and

spinal marrow, upon the one hand, the perineurium assumes a pecu-

liarly delicate constitution; upon the other hand, in the connective

tissue investment, a new separation takes place, namely, into an outer,

peculiarly dense, thick, and compact membrane (dura mater), which only

contains a few small vessels, on that account, however, can serve so much
the more as a protection of the central organs, and into a very delicate

sheathing of loose connective tissue (pia mater), which is to be exclu-

sively regarded as the conductor of the larger vascular branches.

The connective tissue processes, conveying the smaller vessels inwards,

only exist in the spinal marrow, as generally the white substance

of the spinal cord distinguishes itself qualitatively but little from a

peripheral nerve. In the brain, on the other hand, the smallest arteries

and veins, as we commonly say, pass naked into the most sacred parts

of the nervous system. This "naked" is, of course, to be taken cum
grano salts, and least of all has an expert in the pathological conditions

of the brain, occasion for overlooking the mantle of connective tissue,

though ever so delicate, which surrounds these vessels. This same

thing has been designated here, at one time, as connective tissue ad-

ventitial at another, as a perivascular lymph-vessel. Kolliker was the

first to strip off a homogeneous membrane with inward-lying nuclei

from the vessels of the brain; afterward, the injections of His taught,

that between this membrane and the brain there existed a space, which

is connected with the larger perivascular spaces of the pia mater. His

regards this space, and those spaces as lymph-passages. I let this hy-

pothesis hold good, but with the expressed reservation, that these lymph-

passages want many things pertaining to genuine "lymph-vessels."

The endothelium is, at the least,, incomplete, the inclosure as to space

imperfect; we can in general only speak of gaps in the connective

tissue, and could scarcely go amiss, if we classified the whole arrange-

ment more with those cells of authors, on whose account we formerly

designated the intermuscular and subcutaneous connective tissue as

cellular tissue. The connection with the system of lymph-vessels, of

course not yet fully proven, would then only be peculiar.
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In conclusion, one word concerning the perineurium of the brain, the

neuroglia Virchovi. As well the quality, as especially the quantity,

of this substance have not yet been sufficiently ascertained. Touch-

ing the quality, we are wont to make a distinction between the neuro-

glia of the white medullary layer, and that of the gray nuclear, and

cortical layers. Of the neuroglia of the medulla we can assert with

certainty, that to it everything is to be reckoned which is found here

beside the nerve-fibres and vessels; on that account all granules and

nuclei of the white substance are neuroglia-cells and nuclei ; on that

account that soft-, finely granular and spongy material, in which the

nerve-fibres are imbedded, is basis-substance of the neuroglia. The

estimation of the relations in the cortex of the brain is much more diffi-

cult. At the border towards the medulla, in the cerebellum, less pro-

nounced also in the brain, we touch upon a packed accumulation of the

so-called "granules," i. e., small, pale, round and homogeneous nuclear

bodies, which, according to more recent investigations, have collectively

the value of small cells, because they are collectively provided with

protoplasmatic appendices, which were formerly overlooked. Upon

this, that these appendices occasionally run out into minute fibrils, is

based the assumption that the granules are connected with the nerve-

fibres, consequently are themselves nervous. These granules farther

outwards decrease in numbers, although they always yet remain fre-

quent, and are wont to lie together in small groups of three to five;

beside them arise the known pyramidal ganglion-cells ; the principal

bulk, however, of the gray cortex is formed by a continuity of very

finely granular and—as is noAV, according to M. Schultze's precedent,

generally accepted—also sponge-like, finely reticulated substance. This

substance, Avhich evidently functions as the supporter of the nervous ele-

mentary parts, is the basis-substance of the neuroglia, and the question

only is, which of the coexisting cellular elements we shall regard as cells

of the neuroglia. If it were permitted to transfer without more ado the

experiences of the white substance, the granules could at least in part

be approximated to it. In fact, I know no difference between the " con-

nective tissue" granules of the white substance and those of the gray

substance. Here, however, the above-mentioned convictions of important

authorities oppress us, who regard the granules of the cortex of the

brain as small nerve-cells. The pathological facts, likewise, do not

satisfactorily solve the riddle for us, for although we can demonstrate,

that certain tumors arise and grow by a hyperplasia of these cells (the

gliomas), yet these also are only such tumors as do not occur in other

localities, excepting the allied retina. All the other new formations,

carcinoma, sarcoma, tubercle, even pus, arise in other places, and can

be adduced in only a subordinate manner for deciding what is connec-

tive tissue, and what is nervous in the brain. In other respects, I

believe that every one who views the processes of the formation of
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glioma, yellow softening, and some others, with unprejudiced eyes, will

incline more to the conviction that the collective granules of the brain

have the same significance, and, indeed, the significance of connective

tissue cells.

1. Hyperemia and Inflammation.

§ 688. Inasmuch as we have seen that every larger section of the

nervous system possesses its peculiar vascular arrangement, it cannot

surprise us if just in the province of hypersemia, hemorrhage, and in-

flammation, we meet with a large number of individual pictures of dis-

ease in themselves peculiar. Dura mater, pia mater, brain and spinal

marrow, peripheral nerves, all have their peculiar forms of hypersemia

and inflammation. Nay, these peculiarities are so great that we do

not succeed satisfactorily in explaining them by the mere differences of

vascular distribution and of vascularity. The whole relation of paren-

chyma to vessel, their significance for each other, is a different one in

the dura mater from what it is in the pia mater, different in the pia

mater from what it is in the brain. The ordinary schema, that every

organ receives its corresponding amount of arteries and veins, which

ramify in it into capillaries, suits properly only to the peripheral nerves.

In the spinal cord, but still more in the brain, it appears to be the in-

tention that only the smallest vessels, actually serving for nutrition and

subject to no variations of calibre, penetrate into the nervous substance.

Accordingly there exist in the brain and spinal marrow everywhere

only small nutritive territories, from which results, for the hyperaemias

and inflammations of the proper central organs, the double peculiarity

that from local causes (for example, traumatic) they have a tendency to

limit themselves to a small space, and that they are produced in a cer-

tain diffusion, generally only in consequence of intense functional irri-

tations (psychoses). On the contrary, in the pia mater we have an

enormous amount of large vessels, beside a parenchyma scarcely need-

ing nutrition, which, however, possesses wide spaces, which present the

most favorable opportunities for taking up inflammatory products and

for extending an inflammation. Hence, just here the tendency of all

hyperaemias and inflammatory processes to diffuse extension, which in

acute cases are only checked by the limited space of the cranial capsule,

to which in chronic cases, however, and in the still open cranial cover-

ing, an almost unlimited field is opened (hydrocephalus externus). The

dura mater, because of its disproportional compactness and the intimate

interweaving of its connective tissue bundles, cannot satisfy its con-

tingent inflammatory desires in its parenchyma, hence hypersemia and

exudation appear at its inner surface, and here lead to one of the most

interesting sequences of histological phenomena, with which we at the

same time will begin our more special considerations.
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a. Pachymeningitis.

§ 689. The acute circumscribed suppurations of the dura mater, which

occur upon the occasion of penetrating wounds of the head and erysipe-

las, in caries of the petrous portion of the temporal bone, as also in the

environs of softened thrombi of the venous sinus, are but little produc-.

tive for histological studies, and only this one fact is to be brought for-

ward, that the changes easily assume a gangrenous character, which is

probably connected with this, that the narrow and few vasa propria of

the dura mater easily become thrombotic, and thereby disproportionately

large parenchymatous islands are placed beyond nutrition.

§ 690. The non-purulent, internal, also hemorrhagic pachymeningitis

begins with a hyperemia, which, according to a classification of Kremi-

ansky, embraces in by far the most cases, in the first place, the terri-

tory of distribution of the arteria meningea media, the regio bregmatica,

and from here gradually extends anteriorly, posteriorly, and downwards.

The arteries are dilated, more tortuous than normal, and surrounded by an

exceptionally thick, felty adventitia. The hypersemia of the capillaries

is expressed by a scarcely perceptible rosy tinge of the formerly so

white and smooth inner surface, continues also during the continuance

of the entire process at this inconsiderable acme of development. So

much the more worthy of notice is that which is developed upon the

basis of this hyperaemia, in and upon the surface of the dura mater.

For the naked eye this, in the first place, is a loose, veil-like, yellowish

coating, which is sown broadcast with numberless blood points and

dots. This can be torn off with the forceps without difficulty ; and if

in doing this we carefully direct our view to the line of the separation,

we here and there perceive red threads, which stretch between the dura

mater and the pseudo-membrane; these immediately afterwards tear.

These threads are nothing but vessels, which pass out of the dura mater

into the pseudo-membrane and here ramify stellate. If we examine

the membrane under the microscope, we are astonished especially at its

great richness in very wide and thin-walled vessels. The walls of these

vessels, scarcely to be called capillaries, appear with a simple, further-

more very delicate contour ; the calibre however is, upon an average,

three to four times as large as the calibre of ordinary capillaries, there-

with irregularly curved out and distorted now to this side, now to that

(Fig. 189, c). The substance in which the vessels are imbedded, and

which forms a continuity throughout the whole pseudo-membrane, I

would most prefer to call mucoid tissue. It is true, because of the

various other depositions, there is no correct judgment to be had as to

its quality, but I believe I have recognized this with certainty, that

the cellular elements of the substance are spindle -formed and stellated,

and are in connection by means of anastomosing processes of proto-

plasm, that the number of the cells is, upon the whole, limited, and the
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basis-substance perfectly homogeneous and transparent, but is clouded

by acetic acid.

Touching the production of the so constituted neomembrane, probably

no one will require of 'me, that I at this place expressly reject the views

of Lancereaux, so meritorious in regard to this disease, who assumes,

that a generatio sequivoca of cells takes place here
;
just as little can I

approve of the older conceptions of German authors, according to which

a superficial effusion of blood forms the first given substratum, conse-

quently the neomembrane would be an organized extravasation. I

rather place myself upon the standpoint first introduced by Virchow,

and since then almost universally accepted, who regards the neomem-
brane as an efflorescence of the dura mater, and every hemorrhage, which

happens in the course of the process, as conditioned by the peculiar

constitution of this neomembrane. The latest investigations of Kremi-

ansky have taught, that the epithelium of the dura mater readily

thickens at the borders of the neomembrane, and then passes over con-

tinuously into the substance of the membrane. Kremiansky believes,

that according to this condition, we must accept a participation, though

ever so limited, of the epithelium in the formation of the membrane.

Should this acceptation be confirmed, it would come into consideration

at all events only for the very first beginning of the process. In other

respects the subepithelial layer of the dura mater is undoubtedly to be

regarded as the main source of the new formation. Out of the vascu-

lar pores, which open, first of all the formative cells (perhaps migratory

colorless blood-cells ?) press forward, then vessels ; the former furnish

the loose connective tissue parenchyma, the latter are themselves the

vessels of the new membrane. The main stress consequently falls upon

the development and dilatation of the vessels, for we may correctly

imagine, that the newly developed capillary net acts like a valve to-

wards the blood pressure, increased by the active hyperemia, in the

interior of the dura mater. The less here the unyieldingness of the

fibrous tissue allows of a persistent enlargement of the calibre of the

vessels, and the deposition of young tissue beside the vessels, so much
the more marked becomes the ectasy of the newly formed vessels, which

is only opposed by the general intracranial pressure.

§ 691. Before we speak of the hemorrhages, which are wont to com-

plicate the further course of the process, I will bring the history of the

pseudo-membrane by itself, to a conclusion. If Ave come to view the dis-

ease at a later stage, we find the membrane composed of several dis-

tinctly discriminable layers (Fig. 189). The one situated most inward

(c), if moreover the process has not ceased, has the characters of the

" first tinge," delineated in the preceding §§. It is at the same time

the youngest, last produced layer. The next following (b) is dis-

tinguished from it by the far greater richness in cells of the paren-

chyma, and somewhat narrower vessels; the third («), and all the follow-
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ing, are woven of compact, lustrous connective tissue fibres, almost as

densely as the dura mater itself, so that with the naked eye we cannot

distinguish it from this. As we see, the question here is about a true

analogy with the processes of organization, as we principally know

Fig. 1S9.

Pachymeningitis chronica hseniorrhagica. Vertical section through the dura mater, and an efflor-
escence' of the same of several layers. The dura mater, which contains a venous vessel without proper
walls and an artery, is not more minutely designated. It is intimately connected with the oldest layer
of new membrane a. The latter simulates it even histologically. 6. Next oldest layer consisting of
spindle-celled and round-celled tissue, separated from a by a stripe of pigment /. c. Most recent ef-
florescence very vascular, separated from 6 by a thin layer of blood-corpuscles. 1-300.

them from the inflammatory new formation, about young, older, and the

oldest connective tissue. Interesting and full of significance only is

the circumstance, that here the cicatricial formation furnishes ever

anew the same favorable soil for the superficial efflorescence that the

structure of the dura mater presents from the beginning. It appears

to me, that in this, there lies a ground as well for the rare cure, as es-

pecially for the desultory progress of the disease. As soon as the

organization has brought about a certain measure of diminution of the

vessels, the blood pressure in the inflamed membrane requires a new
valve, which is thereupon provided for it by the efflorescence of a new
membrane, furnished with wide bloodvessels.

§ 692. We come now to the intercurrent hemorrhages already several

times mentioned, which play so prominent a role in the clinical and
anatomical disease-pictures of pachymeningitis. That a vascular ar-

rangement, as is presented in the pachymeningitic neomembrane, must
almost necessarily give occasion to rupture of the vessels, is manifest.

Hence, already the most delicate pseudo-membranous incipience is regu-

larly pervaded with points of blood up to the size of a small lentil. The
thicker the pseudo-membranes become, so much the larger also do the ef-

fusions of blood become ; finally, we meet with pools of blood as thick and

broad as the hand, Avhich were formerly designated as hematoma of the

dura mater. All these hemorrhages, the hsematoma not excepted, are

interstitial. The smaller blood points have their seat in the tissue of
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the neomembrane itself, the larger constantly ensue between the

youngest telangiectatic layer of the neomembrane upon the one hand,

and the older layers of the neomembrane, or, if these are yet wanting,

the surface of the dura mater on the other. The telangiectatic layer

is lifted up by the effused blood and forms a sac, which in larger he-

matomas is expanded like a delicate cobweb over the coagulum of blood.

This was once regarded as a peripheral, encapsuling coagulation of

fibrin. Here and there, we probably also find some blood in the arach-

noidal sac, which has then oozed through the delicate connective tissue

membrane.

§ 693. Larger hematomas easily become fatal by pressure upon the

brain. A more rare occurrence is diffuse suppuration of the whole

neomembrane as a reactive inflammation against the hemorrhagic effu-

sion, as in wounds. I have seen this once. On the other hand, we

very frequently have the opportunity of seeing the decomposition of the

effused blood, and the formation of numerous pigment bodies in the

interior of the neomembranes. For these things, the most instructive

are the older pseudo-membranes no longer developing, which we oc-

casionally, although rarely find beside recent irruptions, and which are

characterized by their peculiar brick-red, or light rust color. The

vessels are completely obliterated in these membranes ; we can, how-

ever, distinctly recognize and follow their ramifications by tracing up

the accumulations of pigment, which accompany them on both sides.

The pigment appears here in red and reddish-yellow granules, of which

three to seven are united in large round cells. Pigment-cell lies close

to pigment-cell, only the width of the vessel itself and the centre of the

parenchymatous island remains free, so that an elegant picture results.

b. Leptomeningitis (meningitis, arachnitis, hydrocephalus).

§ 694. The anatomical substratum, whose hypergemic inflammatory

condition will occupy us in the following, forms indeed a connected

whole, but its individual parts, arachnoidea, properly pia mater, net-

works of vessels, and the ependyma of the ventricles, have so pro-

nounced an anatomical individuality, that we must not be surprised if

each of them takes part in the disturbances of the whole, in its own

manner. To this is to be added, that seldom or never is the entire

system simultaneously diseased, but at one time it is the pia mater over

the convexity of the hemispheres of the brain (meningitis convexa,

hydrocephalus externus), at another time it is the pia mater of the

base and of the Sylvian fissure (meningitis basilaris), the third time

they are the plexus choroidei and the ependyma of the ventricles

(meningitis ventricularis, hydrocephalus internus), and as these localiza-

tions also about correspond to the mentioned subdivisions of the system,

the peculiarities of the latter give at the same time occasion to charac-
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teristic local modifications, which characterize each of the different

morbid pictures which we have to specify here.

§ 695. Meanwhile, ere we penetrate further into the subject itself,

it appears to me judicious to assert several more general considerations

concerning the changes in the amount of blood contained in the brain,

and its vascular membrane. In this connection we encounter, above

all others, the effects of the firm limitation of the organ as to space by
the bony cranial capsule. " For every quantity of fluid which enters

this space, a like quantity of fluid must leave the space, and vice versa"

This necessity would form the basis for a very uniform circulation within

the cranial cavity. As the blood-pressure in the vessels would be di-

rectly transferred upon the parenchyma by the continuity of the sur-

rounding fluid, the parenchyma, however, finding a support in the firm

cranial capsule, the interior of the cranium (including the blood) would

necessarily stand everywhere under the same pressure, and the circula-

tion would be entirely maintained by the difference of pressure in the

carotids, and the vertebral arteries before their entrance into the cranial

cavity, and in the internal jugular vein. The flowing of the Mood
within the cranium would thereby be identical with the flowing of fluids in

unyielding tubes ; nothing whatever could be said of variations of calibre
•;

the significance of the walls of the vessels as an elastic membrane would

be done away ; a somewhat larger part of the propulsive force would
have to be converted by friction into heat ; a variation of pressure,

especially an increase at any one place, a hyperemia, not to say a hemor-

rhage, would be not at all possible, &c. All these consequences are,

in fact, realized up to a certain degree ; it is known that the walls of
the arteries in the brain are exceptionally thin in comparison to their

lumen (the lumen of the basilar artery, for the sake of example, is not

smaller than the lumen of the brachial, while its walls are scarcely one-

third part as thick) ; the larger cerebral veins, the' sinuses of the dura

mater are actually rigid tubes. If, nevertheless, the realization of our

consequences is not complete, this can only have its cause in this, that

the closure of the cranial capsule is not complete ; and this, in fact, it

is not. The spinal marrow fills up the foramen magnum somewhat
more than one-half, and in this interspace the liquor cerebro-spinalis can

freely interchange; it may pass out of the cranial cavity when a greater

filling of the cerebral vessels requires it; it may return thither in the

contrary case; in short, we have here a* valve with some play, and
we must also from this point of view admit the possibility of variations

of pressure in the interior of the cranial cavity. Of course, increases

of pressure by hyperemia and exudation can occur constantly only in

a limited region, and only up to a certain point. If the play of the

valve is exhausted, no increase of pressure can now any longer be

reached by the further supply of blood ; this is possible now only bj
the irresistible pressure of a firm newr-formation, and takes place con-
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stantly at the expense of the vascularity of the brain. The blood is

then pressed out, or not at all admitted; and in the latter instance the

death of the individual is brought about thereby. In very many cere-

bral diseases we will have occasion to remember these circumstances.

For the hypersemias and inflammations of the pia mater system there

results meanwhile only an explanation of that limitation to certain sec-

tions, which I stated as characteristic in the preceding paragraph.

§ 696. The acute hyperemia and purulent infiltration of the pia

mater over the convexity of the cerebral hemispheres, will be the next

object of our studies. This is at the same time the non-specific, very

commonly traumatic, more rarely spontaneous, the so-called by the laity,

inflammation of the brain; a tolerably decided congestion of the collec-

tive vessels coursing in the pia mater, with purulent infiltration of the

subarachnoid lymph-spaces. The most striking phenomenon herewith

is, that the purulent exudation is strictly confined to the parenchyma

of the pia mater, and nowhere passes beyond its outer limits, the arach-

noid. The formerly so favorite drawing of an analogy between the

arachnoidal sac and a serous sac, which received a heavy blow already

by Luschka's studies* upon the parietal layer of the arachnoid, appears

to have lost even its last adherents by this glaring deviation from the

superficial character of serous inflammations. It does appear to me,

as though the deviation has its cause simply in the presence of cavi-

ties very capable of dilatation in the nearest surroundings of the ves-

sels. If anywhere, then, will the theory of inflammatory exudation set

up by Cohnheim (§ 89) find its application in this case. For even with

the naked eye we can establish, that the production of pus everywhere

follows the course of the vessels. The pus accompanies the outer sur-

face of the vessels, and indeed quite peculiarly the large and small venous

trunks, which empty in the region of the vertex into the longitudinal

sinus, as a yellowish-white, primarily narrow double band, afterward

becoming ever broader. The longer the process continues, so much

the more do the stripes of pus of adjacent vessels come in contact with

each other, the pia mater swells up in toto, not infrequently attains a

peculiar rigidity, which is derived from the tense expansion of its fibres,

perhaps also from the coagulation of lymphatic constituents of the exuda-

tion, and may then, inclusive of the processes which fill the sulci, be

lifted "off" from the compressed and ansemic, rarely somewhat softened

brain- surface, of which it presents a solid cast.

If we place a still transparent bit of the pia mater, which contains a

small vein, under the microscope, we see, especially after previous color-

ing with carmine, the picture of inflammation, which Cohnheim learned

to know from the peritoneum of the frog, in the most pregnant manner.

The paving of the intima with colorless blood-corpuscles may be best

* Luschka has proven that the so-called parietal layer of the arachnoid is only the

epithelium of the dura mater.
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seen upon cross-sections of hardened preparations, likewise the con-

stantly very moderate infiltration of the tunica media ; but what makes

the superficial picture quite specially valuable to us, is the conviction

we get here, that each pus-corpuscle infiltrated into the pia mater

has actually migrated from the vessels. Close to the media the cells

lie densely packed, the further removed from the vessel so much the

fewer do the pus-corpuscles become, until we finally meet with connec-

tive tissue meshes, in which only one pus-corpuscle or so swims, or which

are yet entirely free. After this the explanation of the total picture

can scarcely be doubtful. The pus-corpuscles are migrated colorless

blood-corpuscles.

.§ 697. A morbid picture, different in many respects, is presented to

us by the acute basilar meningitis, which, because of the never-failing

complication with miliary tuberculosis, is also termed tuberculous me-

ningitis. The proper central point here is, in fact, not formed by the

inflammation of the pia mater, however this may also be replaced by a

multiple hemorrhage and red softening of the cerebral cortex ; this is the

fatal force of the entire process, yet only a secondary one. As the most

essential phenomenon, we must rather regard the development of numer-

ous tubercles in those parts of the pia mater which line the furrows

and sulci of the base of the brain. The nodules are most abundantly

found in the region of the fissure of Sylvius, and here again the sheaths

of the arteries are the preferred seats of development. This was already

minutely explained in § 115, together with the whole history of de-

velopment of tubercle. The injury to the lumen

of vessels by the miliary tubercles was less em-

phasized there. (See Fig. 190.) The latter pro-

trude as round, or at least roundish tumors, not

only outwards, but also push the media and intima

inwards, so that at the place where a tubercle is

situated, a projection is formed into the vessel.

Afterward, both tunics are directly broken through

by the tuberculous proliferation. If we cut open

a tuberculous vessel longitudinally, and observe

the inner surface, at the point where a perforat-

ing tubercle is seated, instead of the known
longitudinal folds of the intima and the trans-

verse striae which are produced by the muscular

fibres, we observe a sharply-circumscribed cleft,

through which the small-celled tissue of the tu-

bercle projects. Consequently, by the tubercu-

losis not only is the lumen of the vessel nar-

rowed, but its durability is also directly changed

and brought in question. We may imagine that

by this alone are already brought about the most
40

Tuberculous degeneration
of a branch of the artery of
the Sylvian fissure, with" its

ramifications. The miliary
nodules which have devel-
oped in the adventitia partly
compress the lumen of the
vessel.
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considerable local disturbances of the circulation. The increase of the

blood-pressure before the narrowed spot may give occasion to diffused

collateral congestions, and currents, the destruction of the intima and

media to hemorrhages; all this, however, in a higher degree, if an acute

active congestion is added. I, therefore, so comprehend the course of

the inflammation, that I assume a longer stage, in which the tubercles

gradually come to development, and in this manner a best possibly pre-

pared soil is produced for the inflammation, while, in a second stage,

the addition of an active hypereemia brings about in a short time the

total picture of basilar meningitis.

§ 698. In taking out the brain, we almost regularly find free fluid

in the cranial cavity, which has run out of the system of ventricles.

The collective ventricles of the brain, especially, however, the two

lateral ventricles, participate in the disease by a serous effusion (hydro-

cephalus acutus), and small sugillations in the epenclyma. The de-

pressions at the base of the brain are covered with a gelatinous exuda-

tion, which fills and distends the meshes of the pia mater ; here and

there we probably also find a yellowish coagulum free upon the surface.

The sero-fibrinous infiltration is continued to the Sylvian fissure, here

Vertical section through the pia mater and the contiguous portion of the cortex of brain in tuber-

cular meningitis, a, a. A larger vessel of the pia mater whose entire sheath is inflammatorily infil-

trated. &, 6. Lymph-spaces of the pia mater with commencing tubercular proliferation of the endo-
thelia. c. Miliary tubercle of the pia mater, d. Outermost layer of cortex of brain infiltrated with
round cells, e. Normal brain-substance. /, /. Proper cerebral vessels in a state of tuberculous degen-
eration.

assumes "in spots" a purulent character, without, however, at any

time a pregnant picture of purulent meningitis being developed. The

pus only appears in narrow yellowish stripes, which accompany the

vessels, and for the naked eye flow together with the much more strik-

ing tuberculous proliferations. The latter, upon the artery of the

Sylvian fissure, are often a line in height and breadth, caseous, friable;

while upon the smaller ramifications they are commonly grayish,

translucent, and less striking. We find a special peculiarity of tuber-
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culous meningitis in the participation of the cerebral cortex. This is

brought about, upon the one hand, by the irruption of tubercles upon

all those vessels which penetrate "naked " from the pia mater into the

cerebral cortex ; upon the other hand, there is a continuous transition

of the inflammatory infiltration of the pia mater to the surface which

it covers. The most external, white layer, or poor-in-cells of the gray

cortex is in spots most densely infiltrated with cells that have pene-

trated (?). If we strip off the pia mater, these infiltrates remain ad-

hering to it, and the surface appears rough, as though corroded. The

tuberculous degenerations of the vasa propria of the brain are at all

events much more important. These advance up to the borders of the

centre of Vieussens, and not only by the puffing up of the vessel, but

especially by the numerous hemorrhages which they oceasion, lead to

the mechanical injury and destruction of the cerebral cortex.

An observation is at my command, where the cerebral cortex, all

around the fissure of Sylvius, was in the condition of red softening,

which could without difficulty be traced back to numberless dotted

ecchymoses of tuberculous cerebral vessels. Rokitansky also speaks of

hemorrhages which were occasioned by the tubercle-formation.

§ 699. Venous hyperemia and oedema of the pia mater. Hydro-

cephalus externus. In consequence of long-continued or of frequently

recurring irritative hypersemias of the brain (psychoses, alcoholism),

the veins of the pia mater fall into a persistent relaxation and disten-

sion, which with all its phenomena and consequences falls under the cate-

gory of stagnant hyperemia and of phlebectasy. That this is actually

so, proceeds from the perfectly analogous development of the morbid

pictures in mechanical obstacles to the efflux of blood from the cranial

cavity, in thrombosis of the sinuses, &c. The seat of this disease,

therefore, is the region of the cerebral veins, the region of the vertex

along the longitudinal sinus. The longitudinal sinus is either not ca-

pable of dilatation, or the pressure from both sides of the softer edges

of brain capable of tumefying, prevents this dilatation; in short, the

longitudinal sinus itself shows anything else than an abnormally large

calibre. So much the more does the ectasy occur in those well-known

six to eight pairs of large veins, which collect the blood at the whole

surface of the great hemispheres, and convey it to the longitudinal

sinus. These become both wider and longer. The elongation shows

itself in a greater, and often very great, expression of the spiral and

zigzag turns, which their course at least indicates already under normal

circumstances. Upon the small branches, the most wonderful convo-

lutions, curves backward and the like, occasionally occur probably under

the co-operating influence of the compression between the brain and

the arachnoid. The next consequence of the venous dilatation is the

effusion of serous fluid, the oedema of the pia mater. This fluid is per-

fectly clear as water, but little albuminous. It collects in the meshes
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of the pia mater, and pours out freely and completely as soon as we

split the arachnoid by a cut at a dependent place. The great amount

of fluid often surprises, particularly if we reflect that the space which

it occupies is properly taken up by quite different things, and that this

can only be accomplished by the crowding aside and compression of the

brain. Herewith everything depends upon the length of time; we also

know of sudden effusions of serum into the meshes of the pia mater, an.

acute oedema of the pia mater, which either again rapidly recedes, in

that the fluid returns to the veins, or proves fatal by compression of the

brain. It is different when the accumulation of water slowly increases,

when the brain has time to accommodate itself to the abnormal con-

dition. It is astonishing to what degree of compression, as to space,

the accommodative capacity of this highly organized structure may go.

Not only that the gyri are gradually pressed asunder, the sulci dilated

tray-like, a quite uniform decrease of thickness of the hemispheres also

takes place in the direction from the surface of the ventricle to the sur-

face of the cortex of the brain. The hemispheres lose up to one-third,

nay, up to one-half of their normal volume, and as it was not easy for

the older authors to believe in so extensive a diminution of the brain,

they discovered an explanation of hydrocephalus from vacuum, i. e.,

they took the atrophy of the brain as the primary, and let the effusion

of water appear for the purpose of filling the vacancy.

Only one, and indeed, never very important phenomenon of hydro-

cephalus externus is properly of histological interest. I mean the so-

called milky clouding, which the tissue of the pia mater experiences in

the immediate surroundings of the vessels. This milky clouding has

not incorrectly been regarded as an induration of the connective tissue.

It begins with an infiltration of colorless cells, and in so far, has some-

thing analogous with purulent arachnitis. The degree of the milky

clouding also, depends in the later stages directly upon the amount of

infiltrated round cells, although, besides, or rather after this infiltration

a fibrous transformation, consequently a new formation, takes place of

connective tissue. Finally, the outer layer of the pia mater, inclu-

sive of the arachnoid, is converted into a tolerably compact film, from

whose under surface the vessels penetrating into the brain proceed and

leap over the often tolerably broad space up to the surface of the brain,

either naked, or only accompanied by some connective tissue adhering

to them. The brain-substance itself is leather-like, compact, dry, here

and there also macerated, i. e., softened without any development of

pus or other formed constituents.

§ 700. Hydrocephalus interims. Upon the occasion of tuberculous

basilar meningitis we mentioned quite transitorily the participation of

the ventricles of the brain in this process. Almost constantly we find

a moderate dilatation of the lateral ventricles, produced by an evidently

acute effusion of pure, slightly yellowish serum of the blood into them
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(hydrocephalus acutus). For this effusion the immediate connection of

the pia mater basalis with the choroid plexus must be made answerable.

I find in many cases of this sort the branches of the choroid artery

beset with tubercles. The tubercles will just as well lead to circulatory

disturbances, hemorrhages and serous effusions here, as they do upon

the other branches of the internal carotid, especially upon the artery of

the Sylvian fissure (§ 697) ; it only remains for us to comprehend, how

the exclusion as to space of the pia mater towards the brain has the

consequence, that the effusion is not poured out into the parenchyma,

but upon the free surface of the choroid plexus, i. e., into the ventricle.

§ 701. Far greater difficulties present themselves for understanding

chronic hydrocephalus. A slowly increasing collection of water in the

ventricular spaces of the brain (and " of the spinal marrow " we must

add in reference to the analogous conditions of hydrorhachis, spina

bifida, &c), leads to a corresponding dilatation of them, and to a cen-

trifugal decrease of thickness of the cerebral hemispheres, as also the

other cerebral parts immediately bounding the ventricles. The swell-

ing out of the central nervous organs is also imparted to the osseous

envelope, naturally, only so long and in so far as no osseous connec-

tions by suture, yet exist between the cranial parts. In the latter

case—the acquired hydrocephalus—the substance of the brain, indeed,

suffers a greater centrifugal pressure, the decrease of thickness, how-

ever, proves to be of less degree than in congenital hydrocephalus. In

congenital hydrocephalus there are then again two cases to be distin-

guished, accordingly as the hydrocephalic effusion sets in in the very

earliest periods of development of the foetus, when it bursts the cere-

bral vesicles and generally lets neither brain nor cranium come to de-

velopment (anencephalus, hemicephalic abortion), or accordingly as

the effusion is first produced towards the end of pregnancy, where we

then have—a happily terminated labor presupposed—the compara-

tively most favorable chances for the continuance of the life of the in-

dividual, since the yet unclosed sutural connections of the cranium give

way to the dilatation of the brain without a too great and injurious

counter pressure, while upon the other hand the great accommodative

capacity of the brain to abnormal positions makes possible the psychical

functions.

Into the province of hydrocephalus fall also those partial projections

of the ventricular spaces of the brain and of the central canal of the

spinal marrow, directed to one point, which are known as hydrorhachis,

spina bifida, encephalocele, myelocele, encephalo-myelocele.

§ 702. If we now ask : whence these effusions ? What is the nature

of hydrocephalus? we must unfortunately acknowledge, that we are'

yet far removed from a generally sufficient explanation. Virchow would

like to maintain, based upon the relations of the ependyma ventricu-

lorum, an inflammatory process ; in the same sense we might find a
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parallel with acute hydrocephalus. For my own part I would likewise

appeal to acute hydrocephalus, but only generally to obtain a basis for

the investigation. We have seen, that there, anomalies of the distribu-

tion of blood in the choroid plexus occasion the effusion. It was a

matter of indifference how these anomalies of the distribution of the

blood were produced, they sufficed for explaining the exudation, and

our next duty is, therefore, to examine the choroid plexuses also in

chronic hydrocephalus, in order, perhaps, there to make the source and

the seat of the disease discoverable. Now, in fact, the plexuses are

constantly hyperaemic, and if we place parts of them under the micro-

scope, we furthermore find that the surface is beset with numberless,

small and unbranched, but very vascular papillae. Each of these pa-

pillae consists of a thick mantle of epithelial cells and a central part,

which is occupied almost only by lumina of vessels. The epithelium in

all its two to three layers shows the known forms described by Henle,

roundish polygonal cells with manifold, prickly processes, which ex-

tend into the interspaces of the nearest contiguous cells and reach down

to the connective tissue of the papillae. I should, perhaps, only say, to

the vessels of the papillae, for the vascular membrane appears, in fact,

to be the only connective tissue that generally exists in these papillae
;

I have nowhere seen the picture of epithelial-bearing vessels so

beautifully as here. Farther below we will be aware, that the pro-

duction of epithelial-bearing vessels is a characteristic peculiarity of

the locality, i. e., not so much of the choroid plexus, as principally of

the " brain-surface of the pia mater," of which the surface of the

plexus is only a part. Exceedingly interesting tumors, which will be

more minutely spoken of under the myxomas and psammomas, depend

upon this, and the history of cerebral cancer will teach us, that the

heterologous production also of epithelial cells is confined to the same

situations, consequently is not heterologous to that degree that it might

appear at first sight.

If Ave now return to our theme, the finding of papillae of the kind

described, especially at certain places of the choroid plexus, is also so

constant in healthy individuals, that we can only place a value upon the

quantitative excess of this proliferation, and we can only afar off

imagine the increased secretion of the liquor cerebro-spinalis in con-

nection with the increase of these papillae. I would at all events place

a greater value upon each, even the smallest active or passive hyperae-

mia of the plexus, and especially direct attention to this, that just these

hyperaemias and exudations, because of their direct relation to the

liquor cerebro-spinalis, to the valve of intracranial pressure, might more

easily carry the clay than the hyperaemias in other regions of the cranial

contents.

In my opinion an exaggerated value has been placed upon the

changes which the ependyma of the ventricle experiences. The epen-
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dyma becomes thicker and denser in certain regions, for example, above

the optic thalamus; at the fornix and at the stria cornea, moreover, par-

tial thickenings are raised up in the form of small translucent nodules

like beads of dew above the level of the surface. But as well the gen-

eral as the partial thickening ensues without any participation of the

vessels ; the ependyma—taken apart from the epithelium as the boun-

dary layer of the neuroglia—lets indeed the vessels of the contiguous

parts of the brain with their main ramifications shine through, but it

itself never contains vessels, and hence must be regarded as a partition

wall ever becoming thicker between the free surface and the cerebral

vessels. In much thickened ependymas we find the most beautiful nets

of stellate cells ; the single cells often with double nucleus, longitudi-

nally ramified, and especially in the longitudinal direction ; the inter-

mediate substance is finely fibrous and stratified in numerous layers, so

that upon a cross-section, the fibres of the deeper layer meet the fibres

of the upper at acute angles. The thickenings also, like beads of dew,

which are observed at the fourth ventricle even without hydrocephalus

in very varying clinical morbid pictures (epilepsy, masticatory facial

convulsions, disturbances of speech), consist entirely of fibrous connec-

tive tissue with very few cellular elements.

§ 703. In conjunction with hydrocephalus internus, we must mention

the so-called white softening, since it has by no means yet been estab-

lished that this is to be exclusively regarded as "a post mortem"
maceration of the cerebral substance in the hydrocephalic fluid. In

the thing itself there is, of course, but little changed thereby, only the

occasional punctiform hemorrhages could scarcely be explained with-

out a vis a tergo, i. e., without circulation and life. Moreover, the

question is about a softening and dissolution, which, in the first place,

the neuroglia, afterward also the nerve-fibres, fall into. Thus arise at

various points of the surface of the ventricles, by preference in the pos-

terior horn, superficial cleavings of the white substance, which extend

to the depth of one to two lines into the walls of the ventricle. Formed
constituents, pus, &c, are not developed therewith.

c. Hemorrhage.

§ 704. Ere we take into consideration the hypersemic inflammatory

conditions of the cerebral substance itself, we will yet continue upon the

bridge which leads over from the pia mater to the brain, i. e., we will

discuss several changes of the cerebral vessels and the various cerebral

hemorrhages, since these stand in manifold and very close relation to

those inflammatory processes ; a knowledge of them, indeed, precedes

the study of cerebral inflammations proper.

Apart from traumatic hemorrhages into the so-called arachnoidal

sac, which are produced by the tearing of the veins of the pia mater

from the longitudinal sinus, and apart from those more rare cases,
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where aneurisms of the basilar arteries rupture, intracranial hemor-

rhages are accomplished only by the bursting of proper vessels, i. e.,

running in the cerebral substance.

Pathological anatomy is wont in general to distinguish a hemorrhage

in bulk, from the punctated form, according to the quantity of the ex-

travasated blood. This distinction, however, is also etiological and,

indeed, in so far justified, as the bulky hemorrhage is probably exclu-

sively produced upon the basis of a preceding diseased condition of

the vessels, while the punctated hemorrhage owes its occurrence to a

greater number of etiological causes. The extravasation of blood in

small punctiform portions is in the first place observed m every acute

inflammation of the brain ; we have, indeed, hemorrhagic hyperemias

and inflammations also in other organs, upon the serous membranes,

mucous membranes, &c, but nowhere is the sugillation so constant an

accessory as just here. Furthermore, the embolic occlusion of a small

cerebral artery, together with a hyperemia proceeding even to a stasis,

brings about punctiform hemorrhages in the territory of the ramifica-

tions affected. Thirdly, the endoarteritic process (§ 215) next to the

large arterial trunks of the base, attacks also the medium and smallest

ramifications of them. By the fatty usure (§ 220) of these medium

sized branches of the artery of the Sylvian fissure, which run through

the substantia perforata lateralis to the corpora striata, the majority of

large hemorrhages are brought about. But punctated hemorrhages

may also be conditioned by endoarteritis, of course in a somewhat dif-

ferent manner. The hemorrhage occurs here from the arterial transi-

tion vessels. These are considerably dilated, so that they present

actually spindle-formed aneurisms. Herewith I naturally do not think

of those dissecting aneurisms, which are themselves a frequent form of

punctated hemorrhage (see psychoses), but of a distension affecting the

total walls, which is analogous to the aneurisma verum of large arteries.

The vessels are converted into wide, slack, thin-walled tubes; there is

scarcely yet an indication existing of the histological elementary parts

of the walls and their arrangement into three tunics. Instead of the

inner and middle tunic we observe a number, not large, of flat nuclei,

which permit us to conclude upon a process of division taking place, by

the duplicity of the nucleoli, and the known indentations and constric-

tions. The endothelium, intima, and media have also been destroyed by

a demonstrable process of proliferation, with them, however, and espe-

cially with the media, just that constituent of the walls of the vessels,

which guarantees above all their capacity of passing from distension to

contraction, and thus to render resistance to the pressure of the blood.

The walls of the vessels, distended beyond the normal measure, finally

give way at places and the extravasation of blood follows. Finally,

in the fourth place, the morbus maculosus Werlhofii* also occurs in the

[* Purpura hemorrhagica.]
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brain in the form of numerous punctiform hemorrhages. As the cause,

therefore, of the bulky hemorrhage, we have to adduce the atheromatous

process ; as the cause of the punctated hemorrhage, beside that, also the

simple inflammatory hypersemia, embolism and the morbus maculosus.

§ 705. The histological changes, which come into question in cere-

bral hemorrhage, can be far better studied in the punctated hemorrhage

than in the bulky. We continue, therefore, in the first place, with the

former. In the punctated hemorrhage there always appears but a

small quantity of blood at the outer surface of the vessel, which collects

in the form of a globular drop. The cause of this is to be sought in

the rapidly occurring equalization of the intravascular blood-pressure

and the resistance, increased by the extravasation itself, which the sur-

rounding nerve-tissue opposes to the effusion of the blood. This ex-

planation applies still more closely to those punctiform extravasations

occurring especially in psychoses, in which the blood does not at all

reach the outer surface of the vessel, but, being held back by the ele-

vated and bellied adventitia, forms a so-called dissecting aneurism (see

§ 714). That herewith the counter-pressure of the extravasated blood,

supported by the tension of the adventitia, furnishes the principal force

for stopping the hemorrhage, can scarcely be doubted. But also in

the free hemorrhages the small opening which the vessel had received by

the momentaneous giving way of its walls, again closes immediately.

It is that form of hemorrhage which was formerly called diapedesis.

The view which the constantly multiple punctated hemorrhage affords

the naked eye is partly characterized by the name, is partly dependent

upon the etiological causes. In morbus maculosus and the diffuse in-

flammations of the cortex of the brain (psychoses) we see the blood-

points uniformly distributed over the whole brain-substance—that is,

the cortex of the brain ; in all other cases we have depot-like affec-

tions. Upon the central region, diseased in the highest degree, we can

distinguish a zone from one surrounding it, in which the disturbance

decreases in intensity from within outwards. Therewith the singular

mystification rules, that the very first morbid picture, the condition

immediately after the occurrence of the hemorrhage, is the same,

whether the question be about a circumscribed inflammation, about an

embolus, or a degeneration of the vessels. We find the substance of

the brain pervaded with blood-points in a circle of J-J-l square inch

and more, which blood-points vary little among themselves in size ;.

increase, however, in number towards the centre, till finally the centre

itself is composed of exceedingly numerous, densely crowded blood-

points. The partly pressed aside, partly compressed brain-substance,

in the immediate surroundings of each individual blood point, shows a

slightly reddish discoloration ; where the blood-points are quite densely

crowded, these reddish areas run into each other, so that for the most
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superficial observation the entire depot presents itself as a reddish-yel-

low- spot beset with a large number of intensely red blood-points.

§ 706. If we now occupy ourselves with the further fate of the effused

blood, we first of all touch upon distinguishable phenomena of coagula-

tion. In the first place, in the interior of each blood-drop we find the

known minutely filamented net of rigid fibrin, in whose meshes the

blood-corpuscles lie ; furthermore, however, our interest is excited by

the formation of a membrane inclosing, encapsuling the drop of blood.

This is of various, never very considerable thickness, and consists of a

soft, originally homogeneous, clearly translucent substance. We are

evidently dealing with a secondary excretion of an albuminate at the

periphery of the extravasation, which has nothing to do with the coagu-

lation of the fibrin primarily present; and the question only is, how
this is to be accepted and explained. Now, in this connection, the

simple application recommends itself, as I think, of that experience

made by Alexander Schmidt upon the formation and separation of

fibrin, which I have already imparted (§ 186). According to that, the

encapsuling of the extravasated blood would have to be regarded as a

separation of fibrin, for which the fibrinogenous substance of the circum-

fluent nutritive fluid, the fibrino-plastic substance of the blood-corpus-

cles is furnished. This fibrinous capsule is a quite constant phenome-

non, but I lay especial stress upon it on this account, because I believe

that it has frequently experienced misinterpretation ; thus, if we make

sections through the hardened substance of a punctated apoplectic

depot, we might readily feel ealled upon to regard the capsules as the

walls of a transversely divided vessel filled with blood, and thereupon

especially to extend the region of the interparietal hemorrhage unduly.

Hence it is necessary to convince ourselves by teased out preparations,

which are treated with glycerine, that the blood-points may actually be

isolated in the form of globules, each of which is surrounded by a cap-

sule closed all around. By moderate pressure upon the covering glass

we may burst the capsule and press out the contained blood-corpuscles.

The empty capsule then remains behind, in whose centre we now recog-

nize the minutely filamented framework of the primary fibrin.

§ 707. Up to this point the course of the changes in all cases of

punctated hemorrhage is the same. Now, however, the way separates

and deviates in three directions'—to yellow softening, to suppuration,

and to the direct organization of the apoplectic depot. For this variety

is answerable, partly the etiological cause, partly the behavior of the

cerebral substance. Of the new morbid pictures, hoAvever, which meet

us upon this occasion for the first time, the cicatricial formation only is

exclusively the consequence of the apoplexy ; the others, because they

may be occasioned also in other ways, stand upon a broader base, and

are hence treated of, partly in the inflammation of the brain (red soften-

ing and suppuration), partly by themselves (yellow softening). Con-
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sequently there only remains for us to mention yet at this place the

direct organization of the apoplectic depot. This divides at each single

blood-point into the organization of the capsule and that of its contents.

If, in the first place, we continue with the latter, I made at the

proper time the statement, that colorless blood-corpuscles gradually

take the place of the red ones. This occurs without the capsule being

opened at any place ; hence it appears as though the red corpuscles

were converted into colorless ones. I must yet hold fast to this state-

ment, which I have proved experimentally, although I admit that, by
the meanwhile established migratory capacity of amoeboid cells, the

possibility of the migration of the cells mentioned through the fibrinous

capsule, lies close to our thoughts, and is to be further considered. If

all the red blood-corpuscles are replaced by colorless cells, there is

nothing to oppose a direct transformation of this germinal tissue into

fibrinous connective tissue; this is then also accomplished, and indeed

in such manner, that a concentric stratification of the fibres is produced.

Meantime the capsule has also organized ; we see cleft-spaces which

run parallel to the surface, and divide the capsule into multiple layers

or lamellae ; in these cleft-spaces connective tissue corpuscles (probably

migrated cells) become visible: finally, the inner connective tissue fuses

with the outer completely to a relatively small compact nodule.

A modification of this process only occurs where the blood-points are

so densely seated, that the adjacent ones touch with their capsules. In

this case I have observed an intimate growing together and adhesion of

the capsules; as a final result, however, a kind of cavernous tissue, whose

meshes were filled with clear serum. . As these meshes previously con-

tained the extravasated blood, the question is, What has become of it?

Upon this I can impart no definite information.

§ 708. Thus far the metamorphoses of the punctated hemorrhagic

depots. Let us now attempt to apply the experiences just obtained to

the phenomena of the hulky hemorrhage. Let us assume that one of the

larger branches of the artery of the Sylvian fissure, which advances from

below towards the corpus striatum, is torn; the blood has been effused

in a large body, and has disrupted the substance of the brain in all direc-

tions. It has advanced outwards as far as the centre of Vieussens. It

has pushed the thalamus opticus inwards, first lifted up the corpus

striatum itself, then however broken through it at various points, in

order to be poured free into the lumen of the lateral ventricle. A lake

of blood, two inches long, and half an inch wide and deep, has been

established in the region of the extra ventricular portion of the corpus

striatum (Linsenkern). The considerable demand for space which such

a condition brings with it, is satisfied partly by the complete displace-

ment of the cerebro-spinal fluid, partly by the emptying of the cerebral

vessels; in case we make a post mortem, if the dura mater is lifted from

the surface of the brain, we find the sulci effaced, the gyri flattened,
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and all the veins of the vertex so completely emptied, that we cannot

recognize their smaller branches with the naked eye. The question

certainly is, whether in extravasations of so high a degree, death must

not inevitably occur. Still I would have it considered, that just in the

bulky hemorrhages, the curability of the individual affections has very

wide limits. If once the first injury has been happily withstood, the

occurring coagulation of the extravasated blood already brings about a

direct relief to the brain ; the blood clot contracts vigorously and from

all sides, and although the functional disturbances, which the tearing

of so many important connections between the centre and the periphery

has brought with it, last yet for a long time, still the blood relatively

soon again finds access to the vessels, and thereby the danger of death,

threatened by the want of nutrition of the organ, is turned aside. The

cure of the condition thereupon immediately begins. Here, also, it

comes, in the next place, to the separation of a fibrinous capsule at the

whole periphery of the blood-clot, which, of course, turns out thicker

in the measure that a larger amount of fibrinogenous and fibrino-plastic

substance is at disposal. This capsule is confirmed by all authors.

Originally it has the thickness of a line and more, is gelatinously soft

and yellowish translucent. Afterward it passes through a metamorpho-

sis analogous to that of the capsules of the punctiform depots ; it becomes

a far thinner, but also more compact layer of fibrillar connective tissue,

which separates the apoplectic depot towards all sides from the sur-

rounding parenchyma of the brain. Upon the whole, but little is known

of the changes which the effused blood undergoes. The hasmatin is

dissolved in a diffuse manner, and often permeates the surroundings of

the depot for a considerable distance, until it is absorbed by the vessels

and removed. A part of it goes through the pigment-metamorphosis,

and becomes the occasion of the deposition of yellow pigment granules

and hgematoidin crystals into the cicatrix. In other respects the

blood undergoes a connective tissue metamorphosis, whose result, of

course, as in arterial thrombus, is a diminishing small quantity of con-

nective tissue. This small quantity always suffices to seal the walls of

the capsule, and to produce from the entire depot a simple connective

tissue stripe, therefore a cicatrix in the ordinary sense. Meanwhile

this happens only in the rarest cases. The ordinary result is not a

connective tissue stripe, but a so-called "apoplectic cyst," i. e., the walls

of the secondary connective tissue capsule do not collapse, but the space

between them fills with a clear, slightly yellowish, or quite colorless

fluid, in which the connective tissue production, of the organization of the

blood, floats as a delicate, loose texture. For explaining this peculiarity

we must probably point out the necessity, that the large gap of the

brain-substance be compensated by a corresponding filling up of the

space, with which then it also agrees, when these cysts are only found

in the interior of the hemispheres, where any other mode of filling the
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space is not possible, while the rare apoplectic depots of the surface

form simple cicatrices, and the depression of the level arising therefrom

is filled up with a little meningeal serum.

Touching the changes which the cerebral substance contiguous to the

apoplectic depots experiences, that part of it which is actually broken

up and torn, is liquefied by fatty metamorphosis and removed, and we

will have to recur to this in yellow softening. It would be interesting

to learn the process of sequestration, the separation of what has re-

mained intact from what was destroyed, more accurately, yet for the

present all statements are wanting hereupon.

d. Encephalitis—Myelitis.

§ 709. At another place I have already adduced the grounds, which

are fitted in some measure to explain to us the peculiar phenomenon,

that the inflammations of the substance of the central organs, with the

exception of those which are conditioned by functional irritation, have

a tendency to limit themselves to as small a space as possible (§ 688).

Here I may content myself with once more stating the fact, and there-

with to announce the glaring contrast, in relation to extension, acute-

ness, and symptomatology of the aiFection, which exists between what

is popularly called "inflammation of the brain" (meningitis), and

that which actually is inflammation of the brain. Cerebral inflamma-

tion proper owes its origin to traumatic influences in the most ex-

tended sense of the word, that is to say, to a local irritation attacking

the brain from without. Either a stroke or a blow has actually en-

countered the cranium, a stab or cut perforated it and injured the

brain, or a depot of inflammation and suppuration, which originally lay

beside the brain, has infected the brain at the point of contact, or

finally, the occlusion of a vessel, atheromatous inflammation, &c, have

led to a circumscribed punctated hemorrhage, which then brings after

it the inflammation as a secondary production.

§ 710. The main stress in encephalitis and myelitis rests upon the

behavior of the parenchyma of the brain proper ; we commonly say,

this experiences a purulent melting down, and thereby, probably also

not tell an untruth, for the result is : a depot of pus in place of the

cerebral substance. But, unfortunately, by this the mode of this melt-

ing down is not by any means yet established. In the present state of

the teachings on suppuration also, we can probably least of all expect

an exhaustive detail just here. Only "conjectures can be expressed, and

individual points for guides may be maintained. To these latter I

reckon the non-active participation of the nervous elements in the pro-

duction of pus, and the intense participation of the vascular system in

the entire process. The nerve fibres in the territory of the inflamma-

tory depot are partly suspended as disconnected fragments in the pus,

they partly adhere to the walls of the depot in a condition of advancing



638 ANOMALIES OF THE NERVOUS SYSTEM.

maceration and dissolution. I could demonstrate in them, neither fatty,

nor granular degeneration ; the white substance separates at their sur-

face in drops, the axis-cylinders may gradually become finer and then

break down. The ganglion cells "in the depot " become darkly granular

and experience a kind of crushing ; I could several times demonstrate

very characteristic fragments of them. Of the behavior of the ganglion-

cells of the immediate neighborhood of the depot we will speak farther

below.

Of the greatest importance for the macroscopic portion of the mor-

bid picture, but probably also for the more minute appearances, is the

manner in which the vascular apparatus participates. The intense

hypergemia, which opens the circle of disturbances, has without excep-

tion numerous small hemorrhages as a consequence, and these, indeed,

are not wanting where the hemorrhage is the primary, and the inflam-

mation secondary. If subsequently, it comes to softening and puru-

lent melting down of the depot, the extravasated blood mingles with

the pulp of softening, and imparts to it a more or less intense red color.

Hence, the name " red softening,'' which is so apt to be employed for

the encephalitic and myelitic depots, but which would naturally recur

wherever the same result, although from varying conditions, has been

arrived at. The purulent substratum is characteristic of the inflamma-

tory form of red softening, and the circumstance, that the depot of

softening is surrounded by an area of one, to one and a half, to two lines

broad, within which the parenchyma is pervaded by numerous blood-

points, and swelled up by commencing purulent infiltration.

The most important of all questions, which interest us in encepha-

litis, the question, whence the pus itself? has not yet been satisfactorily

answered. Meynert assumes, based upon his microscopic investiga-

tions, a suppuration of the ganglion-cells by division, and the formation

of a brood by their nuclei. My own investigations have taught me, that

the accumulation of pus first ensues about the same vessels, which had

bled. Upon transverse sections of hardened encephalitic depots (red

softening) we find these surrounded by a comparatively broad area of

pus-corpuscles ; we may also succeed, with some care, in drawing out

vessels covered with pus provided with actually purulent sheaths, from

recent preparations. Finally, upon cross-sections we likewise see, that

these masses of pus have pressed asunder, and away from the vessels

the extravasated, but still fluid blood, so that instead of a drop it forms

a ring, which surrounds the pus. According to this, therefore, the pus

would be yielded by the adventitia of the vessels; we might also think

of migratory colorless blood-corpuscles. Notwithstanding all this I

would not like to deny to the neuroglia entirely, the capacity of pro-

ducing pus ; that it is generally able to produce cells is indubitable to

me (solitary tubercles, glioma), and I regard my own just communi-

cated results as indeed certain, but not as exhaustive.
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Beyond the proper depot of pus, although not always, we meet with

a zone of oedematous saturation, in which, according to the investiga-

tions of Meynert, the nervous, as well as the non-nervous elementary

parts experience a series of changes, which lay claim to a heightened

interest, since Meynert does not seem indisposed to ascribe to them an

important role also in chronic cerebral inflammations, as which he cor-

rectly accepts the psychoses. Meynert describes upon these ganglion-

cells a vesicular transformation of the nucleus, a simple and multiple

nuclear division, a dropsical swelling up and a sclerosis, finally a mo-

lecular disintegration, and an obsolescence of the cell-body. Of these

metamorphoses, the dropsical swelling up of the nucleus and the cell,

may probably exclusively pertain to the red softening ; the sclerosis was

already described by Rokitansky by the name of colloid transformation.

The protoplasm is considerably increased, and of a homogeneous,

strongly refractive constitution ; the entire cell appears of a very plump

contour, the processes knottily tumefied. The nucleus has become in-

visible, before that the nucleolus. Meynert thinks to explain the con-

dition as an infiltration with protagon, the principal constituent of the

white substance of the nerves discovered by Liebreich. Moreover, all

these changes, with the exception of the nuclear division in the gan-

glion-cells, which I could never establish with certainty, are of a retro-

gressive kind ; the calcification and excessive pigmentary infiltration

described by Forster might yet be added, of which the former is like-

wise found around old encephalitic depots ; it is, however, here also

confirmed that the nervous elements participate only passively in the

disturbances.

§ 711. We have no positive observations upon the possibility, and

the nature and manner, of healing of a recent encephalitic depot.

Meanwhile I regard it as probable that certain forms as well of yellow

softening as also of the so-called apoplectic cysts, may appear as pro-

ductions of encephalitis. The yellow softening would then indicate a

cessation of the process, the apoplectic cyst a cicatrization, both, how-

ever, would have to be regarded as healings in contrast to the much
commoner continued development of the inflammatory depot into a

cerebral abscess. How this further development is accomplished, we
have received some hints in the preceding paragraph ; if, however, I

left the question as to the participation of the neuroglia open, it was

done principally with reference to the cerebral abscess. The most

essential part in the production of that which is called cerebral abscess,

namely, is a compact connective tissue capsule which incloses the pus

upon all sides from the cerebral substance. This capsule, which may at-

tain one-half line in thickness, passes over so uninterruptedly upon the

surrounding nervous parts that the thought of a spontaneous production

of the connective tissue on the part of the nerve-substance is brought

very close. The definitive answer of the interesting question we will
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have to leave to experimental investigation, which has already been

active in this province (Leidesdorf and Strieker), up to the present

time, however, has not yet touched the kernel of the affair ; namely,

the derivation of the inflammatory cells. For my own part I can ac-

curately state, what in an older abscess is seen upon cross-sections,

which embrace the abscess-membrane and the nearest adjacent nervous

parenchyma even into the healthy parts, and therein I will proceed

from within outwards. The cerebral pus has a greenish-yellow color,

synovia-like consistence, reacts mostly acid, is odorless, and evidently

of a very bland nature, without tendency to decomposition. The pus-

corpuscles are mostly polynucleated, which is perhaps, a consequence

of the continued maceration in a slightly acid medium. The surface

of the abscess-membrane is smooth. An uninterrupted, tolerably thick

layer of fatty-degenerated cells gives it a yellowish-white, opaque ap-

pearance. Upon the latter follows a layer of regular germinal tissue,

which by its irregular thickness causes wave-like inequalities of the

surface. The germinal tissue towards the exterior goes over into a

very loose spindle-cell tissue which is stratified distinctly parallel to

the surface, and only here and there sends up a fibrous line obliquely

into the apices of the villosities of the germinal tissue. We see here

everywhere the most beautiful spindle-cells; each apparently simple

fibre upon more accurate observation may be recognized as a fibre-cell,

so that here the appearance actually is as though all the connective

tissue fibres following in the nearest outer layer were produced from

spindle-cells. Little is to be said of the proper fibrous layer of the

connective tissue capsule which conditions the varying thickness of

the entire membrane. Beside the fibres it yet always contains numer-

ous partly round, partly caudate cells. The latter always become more

numerous towards the outer surface ; at the. surface itself they get the

upper hand of the fibrous parts, and at the same time assume for the

greater part the character of fatty-granular cells, so that here, for the

second time, there follows a zone of fatty degeneration, which denotes

the boundary of the abscess-membrane towards the nerve-tissue. I

imagine that the pressure of the growing depot of pus, upon the one

hand, as an inflammatory irritant, brings about a certain reaction of

the surroundings, which makes itself known in the proliferation of nu-

merous young cells, that however upon the other hand, the same pres-

sure interferes with the normal fulness of the vessels, which is very

possible in the peculiar relations of the intracranial circulation. The

result is a fatty degeneration of the newly formed cells, i. e., a zone of

yellow softening at the boundary of the abscess-membrane towards the

brain. Of course the softening is never a complete liquefaction of the

parts, but we are soon convinced that through the depot of softening a

network of coarse fibres is expanded, which is connected with the abscess-

membrane upon the one hand, and with the nerve-substance upon the
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other. These fibrous lines are bundles of primitive nerve-tubes, which

also inclose ganglion-cells, where the question is about gray sub-

stance ; they run in a compressed condition parallel to the surface of

the depot, and can only have been placed in this situation by the pres-

sure of growth of the abscess itself. Only when we lift off the abscess-

membrane from the brain-substance do they expand as a network.

The maceration in the fluid of softening has moreover most beautifully

isolated the individual fibrils, the ganglion-cells are pressed flat, here

and there converted into long spindles and bands ; the process of the

axis cylinder is mostly maintained ; I could recognize a process of

atrophy only in the gradual decrease of volume (obsolescence, Mey-

nert), not in a fatty, colloid, or other metamorphosis. The neuroglia

in its old form has disappeared, since it is just it which has been con-

verted into the young cells and their equivalent, the fluid of softening.

If we attempt to follow the beginnings of the disturbance farther yet

into the nerve-substance, we will seek in vain at most of the points of the

surface ; only here and there I was fortunate enough to observe the

first divisions of the neuroglia nuclei hereupon, and upon the ground of

analogous experiences in other processes, I do not hesitate, until fur-

ther information, to believe that the entire connective tissue production

separating the depot of pus, inclusive of the fatty degenerated transi-

tion cells, proceeds from the neuroglia.

The phenomena of acute and abscess-forming myelitis are perfectly

analogous to those of encephalitis. The form of the depots is deter-

mined by the kind of injury. Fractures of the vertebral column are

wont to produce, in the first place, contusions and then demarcating

inflammation and suppuration of the surroundings of the contused

spot, &c.

e. Hypercemia and Inflammation in Psychical Disturbances.

§ 712. The studies of Meynert,* which have attracted attention, upon

the pathological histology of the psychoses, vindicate for the nervous

elements of the cortex of the brain a prominent role in the anatomical

course of the morbid processes. Meynert is at pains to prove that the

various forms of excitement correspond to demonstrable alterations of

definite groups of ganglion-cells, and we can only wish that in this

track ever more certain data will be found again and again.

f

* Dr. Theodore Meynert: The structure of the cerebral cortex and its local dif-

ferences, together with a pathologico-anatomical corollary. Vierteljahrsschrift der

Psychiatrie, 1867, I Heft, page 77 ff.

| Meynert places at the foundation of his observations a certain number of ex-

ceedingly valuable data upon the structure of the gray substance of the cerebrum.

He shows that the involuted edge of the cerebral cortex, which is enveloped on both

sides in white substance, and forms the corpus fimbriatum and the hippocampus major,

contains only multiple pyramidal so-called motor ganglion-cells, that the olfactory

bulbs (very much less developed in man than in many mammals) contain only round-

41
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No one will a priori dispute the physiological title of the nervous

substance to appear pre-eminently as the material substratum of the

psychoses. But, unfortunately, all that pathological anatomy has col-

lected in experience yet amounts to this, that the essential anatomical

foundation of all psychical disturbances are to be sought in an anom-
aly of the distribution of blood and its consequences. Only that the

individual authors, who have applied their activity to this province,

have at one time particularly brought forward this, at another time

that point of the anatomical picture of the. disease, and hence the en-

semble, and the reciprocity of the single forces does not yet appear

with sufficient clearness.

§ 713. Hence, the almost exclusive object of our considerations is a

persistent hyperemia of the cerebral cortex, which forms the general

basis of the disturbances. In most cases, and from a certain period in

all, we may regard this hypereemia as functional, accordingly, as identi-

cal with that active hypergemia of the glands and the membranes which

characterizes these at the time of their heightened activity. For every

functional hypersemia, is characteristic its seat in the capillaries which

immediately surround the functioning elements, and its periodicity
;

in the latter is reflected the functional exhaustion of the organs, the

decrease of their susceptibility to irritation, their need of rest and rep-

aration. But how, if an artificial or violent excitement does not

permit the apparatus to attain rest ? There is an over-excitement of

the organs, to which the central nervous system also is quite peculiarly

exposed. Who does not know in his own person the process, that is

popularly called "passing away of sleep, to get beyond sleep " (Ueber-

springen des Schlafes, Uber den Schlaf wegkommen). This may recur

several times at shorter intervals. The question here therefore is about

a super-excitation of the brain, which is produced at one time by emo-

tions, at another by overworking the intellect or the imagination, then

by corporeal irritant means. Without doubt a likewise prolonged

ish and smaller, so-called sensitive ganglion-cells, that the medullary capsule of the

nucleus tseniaaformis, the amygdalum and the walls of the Sylvian fissure especially,

have spindle-formed nerve-cells connected with the bow-shaped fibres of Arnold, &c.

He refers these local differences, in which every one will agree with him, to differ-

ences of function, and gives expectation of important elucidations which the patho-

logical anatomy of the psychoses has to look for, from this direction. Unfortunately,

the first step which Meynert himself has made, can scarcely be called a happy one.

He starts from this, that in a normal ganglion-cell the nucleus is to a certain extent

continued into the processes and is contained by these, that consequently by nature

it is not round, but must be supposed angular and with points. That the round form

is already something pathological and forms the first link of a chain of changes,

which afterwards leads to the division of the nucleolus and of the nucleus, &c.

Against this it is to bo objected that in the most recent possible ganglion-cells, the

nuclei are all found round, that hence, if after hardening preparations in chromic

acid, the nuclei are generally not round, but spindle-formed or pyramidal, this change

of form is probably to be explained entirely by the shrinking of the surrounding pro-

toplasm, i. e., of the fibrous substance (Schultze) of the ganglion-cells.
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hyperemia of the cortex of the brain corresponds to the condition of

over-excitement; here now the point appears, from which we may gam
an insight into the etiology of the psychoses.

It is customary to divide hyperemias into active and passive. Both

forms have numerous points of contact however, they often directly

pass over into each other, as for example we saw in § 510, or they at

least interfere incidentally, the one in the course of the other. This

latter occurs among others, when an ordinary fluxion has attained

its culminating point by a considerable and uniform congestion of

the capillaries. The absolute excess of blood, which now exists in

the capillary territory concerned, is an obstacle to its own movement

by its iveight, and if on the other hand, we invoke the strengthening

of the vis a tergo by the dilatation of the arteries, the unhindered

efflux through the easily dilatable veins, the means are thereby proba-

bly given whereby this obstacle is, as a rule, removed. Nothing, how-

ever, is changed in the fact itself, that in the course of the active

congestion, a static force is developed, which opposes the readjustment

of the disturbance. This will fall into the scale so much the heavier,

the stronger and more persistent the hyperemia is, the more exclusively

it concentrates upon the capillaries, finally, the more delicate and yield-

ing the walls of the capillaries are. Now the capillaries of the cerebral

cortex, like all intracranial vessels (§ 695), are of a quite dispropor-

tional delicacy; just in the cranial cavity also, because of the peculiar

relations of pressure and counter-pressure (§ 695), we can very well

confide in the thought of an exclusive, or at least very predominant

concentration of the congestion upon a definite section of the vascu-

lar system, here, therefore, where the question is about a functional

irritation of the cerebral cortex, upon the capillaries and transition

vessels of the cerebral cortex.

Hence we are not surprised, if in the hyperemias of the cerebral

cortex, an influence as detrimental as possible of the static tendency

spoken of becomes perceptible. A long-continued or frequently re-

curring, or finally, a very severe hyperemia will produce just here

a kind of stasis, which upon its part brings forth in the first place

an excessive distension; in the second place, a relaxation of the vas-

cular walls. As a strip of India-rubber, which has been too strongly

stretched, regains its old form but slowly and incompletely, thus it"

occurs here also with the elastic and contractile elements of the small

vessels. If the distension has once become the habitual state, corres-

ponding organic changes take place in the vascular walls, which make
the return to the normal calibre, which in the beginning is only a ques-

tion of time, an impossibility, and thereby the first step is accomplished

towards the incurability of the disturbance.

This is my conception of the origin of the acute psychoses as it is

unfolded to me in the histological investigation of the cerebral cortex.
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Naturally I must leave it to the clinical teachers to trace back the

remaining known etiological causes, as age, hereditary influences, cranial

formation, and variations of calibre of the emissory veins, constitution,

acute diseases, dipsomania, immorality, need, and poverty, tumors in

the brain, injuries to the head and the like, either to an exalted irrita-

bility of the cerebral cortex, or to an exalted irritation of it, or finally

to a more limited capacity of resistance of the vascular walls. I now
turn to the statement of the histological changes themselves, and will

here maintain the customary two stages of acute and chronic insanity.

§ 714. I. Acute Conditions. These are either to be recognized at

the first glance, or they are comparatively difficult, but they may still

be demonstrated. It is at the present time yet a thoroughly unexplained

fact that the capillaries of the brain post mortem, are found to be emptier

of blood than the capillaries of any other organ. Even hypersemic

congestions may entirely disappear after death. Hence from the very

beginning we must not place too much weight upon the direct demonstra-

tion of hyperemias. Slight rosy coloring of the white substance, a slight

red tinge, which is mingled with the usual gray of the cerebral cortex,

must be esteemed here already as very significant symptoms ; where,

however, they are wanting, it is not to be concluded that they were

also wanting during life. Hence we must keep to the indirect means

of proof. Herewith above all the circumstance assists us that the

cerebral vessels bleed easily. Hence the principal task of the histol-

ogist would be to demonstrate whether the vessels had bled. Now
there are cases of acute insanity, especially cases of mania, where the

cerebral cortex is pervaded with numerous punctated hemorrhages, in

spots, has even passed over into red softening already. Under these

circumstances it is of course not difficult to establish the hemorrhage,

and to conclude upon a hyperemia having existed during life, although

no trace of this itself has remained behind, as is quite usual, and the

vessels are found as empty as though a drop of blood had never circu-

lated in them. As I have already extensively treated of punctated

hemorrhage and red softening, I will at this place only mention some

peculiarities which are characteris-

tic of their occurrence in the psy-

choses. In the first place touching

punctated hemorrhage, this mostly

appears here as dissecting aneur-

ism of the smallest veins (Fig. 192),

i. e., the blood, after rupturing the

inner and middle tunics of the ves-

sel, has made room for itself between

the latter and the uninjured adven-
Dissecting aneurism of a small vein just before »««* ""v. j

its braking up into capillaries. Theadventitia,
t j t j a anJ now presents a spindle-

provided with nuclei and designated by a simple
uiui "'? «*"« ..w ^ t

sharp contour, is lifted up by an effusion of blood formed, dark blood-red tumefaction
from the inner vascular tunics. 1-300. '

Fig. 192.
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of the vessel. Upon a cross-section this depot of blood likewise appears

as a round drop ; and, as the elevated adventitia may very well be Re-

garded as a peripherally encapsuling coagulation of fibrin, the proof of

the central vessel is unconditionally necessary to assure us from mistak-

ing it for a free hemorrhage. It is true much does not depend upon it

;

free and interparietal hemorrhages mostly occur intermingled, only

that, as pointed out in circumscribed encephalitis, the free, hemorrhages

predominate; in diifuse encephalitis, as which we will for the present re-

gard the psychoses, the interparietal predominate.

In reference to the red softening of the cerebral cortex which occurs

in maniacal patients, the peculiarly stratified appearance is to be em-

phasized. Most frequently the middle layer of the cerebral cortex is

softened ; hence, in attempting to strip off the pia mater from the sur-

face of the brain, the outer layer is wont to come away with it; more

rarely the softening affects the outer layer itself, where then in tearing

off the pia mater the surface remains rough, as though ulcerated

;

most rarely a layer of softening forms at the boundary of the cortex

of the brain with the white substance. I believe that this peculiar

localization is connected with the manner of ramification of the vessels

of the cerebral cortex in three tiers, one above the other, discovered

by Arnclt, a mode of ramification which corresponds to the phases of

growth of the brain ; at the same time, however, it probably stands in

closer relation to the distribution of function to the various layers of

the cerebral cortex thus definitely characterized, as we meet it, as is

known, in a similar manner in the most complicated organs. Were the

conjecture correct, the place of the softening might at the same time

be regarded as the place of the highest functional irritation. Still this

can only serve as a guide for further investigations.

§ 715. If we pass to the usual forms in which the hemorrhagic con-

dition is less pronounced, I repeat, that less pronounced is not yet

synonymous with wanting. Let us only attempt to isolate the vascular

trees of the cerebral cortex not by simply tearing them out, but by

carefully stripping off the pia mater under a very gentle stream of

water, and we will be frequently astonished at how many dissecting

aneurisms are overlooked, when we are con-

tented with merely vertical sections, but still

more at how many less extended, but still

surely hemorrhagic infiltrations of the walls

occur. Horizontal sections through the gray

substance are likewise to be recommended.

The red blood-corpuscles actually extravasated

penetrate directly, but to various depths, into
* " ' L Numerous dissecting aneurisms

the adiacent brain-substance, and thus form upon the ramifications of a small
° ' cerebral vein.

small red areas around the vascular gaps, which

terminate towards the exterior with indistinct limits. Upon the cortex
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of a brain which presented absolutely nothing to a superficial exami-

nation, I found many single blood-corpuscles lying free in the paren-

chyma, and I thereby first had my attention called to the great diffusion

of minute hemorrhages.

§ 716. Moreover yet during the acute stage, the transformation of

the extravasated blood-corpuscles, that is of their hsematin into pig-

ment and some connective tissue, begins. The pigment appears in

variously sized round or elliptic lumps, which are found in small groups

of two, four or more, in the adventitia of the vessels (Fig. 194). Free

Small vein and capillaries from the brain of an imbecile. The vein shows the remains of former
adventitial hemorrhage, pigment bodies, &c. Concerning the capillaries, see the text of Fig. 195.

1-300.

in the parenchyma of the brain, we also find individual pigment-corpus-

cles, yet this is a rarity, while again a stronger pigmentation of the

ganglion-cells occurs often enough. Thus then we find in many acute

cases of insanity, recent hemorrhagic processes, beside traces of hemor-

rhages which took place formerly, side by side in variegated change.

§717. Extravasated blood and blood-pigment are criteria of hyper-

emias which had taken place, fortunately difficult to be effaced, but

therefore so much the more credible. That they are not the only ones,

I indicated already above, since I hinted, that certain disorganizations

of the vascular walls occurring in the course of time, rendered the

return to the normal state difficult. Only one of these disorganizations

of the vascular walls yet belongs to the province of acute conditions.

This is that so-called " fatty degeneration " of the capillary vessels,

which moreover is by no means constant in psychoses, but is further-

more yet found after other severe and persistent agitations of the cere-

bral substance, for example, after typhus, small-pox, &c. It is an

accumulation of fat-globules in the immediate surroundings of the

nuclei. A small remainder of softer protoplasm yet constantly continues

here, this lets the fat-globules arise in its interior, and thus are pro-

duced at the outer side of the vessels, small three-cornered tumefac-

tions, which lodge the dark fat-globules, and each a nucleus, and give

the vessel a very elegant appearance (Fig. 194, Fig. 196). The

question only is, whether we are correct in interpreting this condition
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as a retrogressive metamorphosis. Just here the possibility is so great,

that the fat-globules are taken up from another place, for example, out

of the cerebral substance itself, into the protoplasm; the immediate

contact of the fat-containing cells with the nutritive fluid moreover,

permits us to think of a disturbance of nutrition ; finally Leidesdorf

and Strieker have proved with great certainty in traumatic inflamma-

tions, that the fatty degeneration mentioned agrees very well with an

active behavior of the cellular parts, with nuclear division and cell-forma-

tion, so that they immediately struck upon the thought of placing the

granular cells upon a parallel with the cells of the formative yelk.

Against this, I have only to make the objection, that the fatty meta-

morphosis is a recognized more frequent mode of decomposition of

senescent or badly nourished cells, or of those cast out of the organic

union ; that even the most abundantly presented nourishment, alone

cannot prevent the disorganization, as the fate of many colorless blood-

cells and the fatty usure of the vessels (§ 220) proves, and that the

same fatty metamorphosis of the vessels is an essential constituent of

yellow softening, which usually arises by the direct stoppage of the

circulation and nutrition in a circumscribed section of the brain. Let

now the signification of the fat in the present case be what it will, in

this the conditions found by me at all events agree with those of Lei-

desdorf and Strieker, that, nevertheless, in all fat-infiltrations, the

question may be about a progressive process. For what is the more

built up at the outer surface of the vessels the longer it continues, and

what contributes the most to the permanent disorganization of the

latter, is an effective new formation of connective tissue cells and

fibres, as a glance at the second stage of the disturbance will prove.

§ 718. II. Chronic Conditions. The later phases of the anatomical

disturbances accompanying the psychoses, are very much better known
than the earlier, probably principally because they are more obvious.

They may be traced in two directions ; namely, upon the one hand, the

hyperemia of the brain having become chronic, causes that venous

stagnation in the pia mater, which I described in § 699 et seq., as hy-

drocephalus externus. The dilatation and undulations of the veins,

the cellular infiltration of the arachnoid, the oedema of the pia mater,

the atrophy of the brain, unite into highly characteristic morbid pic-

tures. Upon the other hand, to the hyperemia of the cerebral vessels,

there is associated a perivascular development of connective tissue,

which extends to the brain itself, and in the latter instance also causes

thereby a disappearance of the nervous elementary parts.

§ 719. Let us in the next place view the vessels. Strieker assumes,

that at the outer surface of the capillary vessels there exists a con-

tinuous layer of protoplasm, which among other things is answerable for

the development of the vascular system, furthermore, however, for other

new formations also proceeding from the vessels. The behavior of the
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capillaries in acute and chronic inflammations of the brain, agrees

strikingly with this assumption. I refer partly to the already men-

tioned purulent encephalitis, partly to the scleroses of the brain to be

spoken of hereafter, and the gray degeneration of the spinal marrow.

In the psychoses also, a moderate increase of the perivascular proto-

plasm shows itself; new nuclei are shown, which have been produced

by the division of the old, somewhat enlarged capillary nuclei, finally

the thickening of the walls, and the greater abundance of cells becomes

distinct even to the unpracticed eye. What, however, above all assures

the diagnosis, is the springing up of numerous minute, slightly refrac-

tive processes of protoplasm, which impart to the vessel, a strange,

prickly appearance (Fig. 195). These processes are in connection with

Fig. 195.

Small vein and capillaries from the cerebral cortex of an imbecile. The capillaries have thickened
walls provided with processes radiating towards all sides. The processes mostly proceed from the
nuclear places. 1-300.

a system of juice-cells, which has formed in the meantime in the cere-

bral substance itself, and upon vertical sections is recognized especially

when the preparations are recently taken from the brain. Treating

with Canada balsam, turpentine, even glycerine, mostly makes the net-

work invisible; what we still see thereafter of it, are sclerotic, and

therefore more strongly refractive fragments, which occur tolerably

frequent. This net of juice-cells in its diffusion, i.e., in the number of

stellate cells pertaining to a vascular territory, corresponds so very much

to the usual relations in other vascular connective substances, that we

unwillingly cast aside the thought, that a physiologically preformed

arrangement might lie at the foundation here ; still up to the present

time, this proof has not been attained. Hence I believe, that an actual

outgrowth on the part of the surface of the vessels has taken place

here, for which indeed a so useful point of support is at our command

also in the vascular new formation by processes (§ 71). L. Meyer, who

has acquired the greatest merit for his study of these changes, even

speaks of an actually occurring vascular new formation in the cerebral

cortex. The vascular new formation would then be a step further

upon the path that is trodden by the sprouting of protoplasmatic pro-

cesses at the surface of the capillaries, nuclear formation, and the
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development of an anastomosing net of connective tissue cells. The

essential part of the affair is the exclusive participation of the vascular

connective tissue, in contrast to the neuroglia, which remains un-

changed. We will have occasion to return to quite similar relations in

tumors of the brain.

The changes which the ganglion-cells and the nerve-fibres experience,

in contrast with the process upon the vascular apparatus hitherto de-

scribed, are only of a secondary and passive nature. The most fre-

quent is a certain atrophy of the ganglion-cells, connected with the

already mentioned brownish-coloring, which is probably caused by at-

tracted hsematin. The definitive granular disintegration, the dropsy

and sclerosis, especially, however, the nuclear division which Meynert

has taught us (see § 712), according to my experience occur only in a

very limited extent. More frequently there is a division of the neu-

roglia granules ; still this appears to be without further consequences.

We only see somewhat numerous granules where we normally expect

but few; here and there also small chains and nests of granules. They

are guiltless of the formation of the net of connective tissue cells

mentioned.

Touching the macroscopic relations, the most of them are explained

by the outer pressure, which is exerted on the part of the oedematous pia

mater upon the surface of the brain. The leather-like consistence, and

the whitish decoloration of the cerebral cortex, where they exist, may
also be placed to the account of the intergrowing of connective tissue.

I need scarcely add, that the latter is regarded by me as the proper

disorganizing disturbance, making the machinery of thought useless.

2. Yellow Softening.

§ 720. By yellow softening we understand the complete solution and

liquefaction of circumscribed parts of the central nervous system in the

way of fatty degeneration. For the production of yellow softening the

injury and suppression of the circulation is the most important prelim-

inary condition ; hence we principally meet with it in consequence of

acute inflammatory, embolic, and hemorrhagic conditions, as we learned

in the previous section. That embolism can directly, i. e., without the

middle link of a punctated hemorrhage, produce yellow softening, is,

according to my judgment, not yet sufficiently proven, still for the time

being we may admit the possibility. Yellow softening everywhere pre-

sents the final result, whether the sequence of the preceding disturbances

have shown themselves in this or that manner. The following series

are the most frequent: 1. Embolism, punctated hemorrhage, yellow

softening. 2. Punctated hemorrhage, thrombosis of the capillaries,

yellow softening. 3. Punctated hemorrhage, inflammation (red soften-

ing), yellow softening. 4. Encephalitis, punctated hemorrhage, red,
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then yellow softening. Yellow softening only tells us so much, that,

in the present stage of the process, regular nutrition has been per-

manently interrupted. Hence we also find it upon quite a number of

other occasions. It has appeared to me, that the white substance in

the anterior lobe of the right cerebral hemisphere was completely soft-

ened yellow, because the gray substance was degenerated gliomatous

all around, and consequently the circulation of blood through the cortex

was impeded. Around most tumors of central growth we find a zone

of yellow softening, produced by the pressure of the tumor upon the

bloodvessels of the neighborhood ; it is absolutely impossible to give an

exhaustive summary of these cases ; it is rather left to the sagacity of

the individual to explain the production of yellow softening in each

single case.

§ 721. If we now pass to the histological detail of yellow softening,

this is composed of two factors, of the solution and liquefaction of the

nervous parts, and of that of the connective tissue and the vessels.

The former takes place without the development of new-formed ele-

ments; the behavior of the white substance therein only is character-

istic. This first of all coagulates about the axis cylinders (§ 32) ; it

then extravasates, and is yet maintained for a time in certain drops

and fragments, which are sufficiently characterized by the variety

and the oddity of their outer shape. Some are knobbed, club-shaped,

others lobulated, rolled up coil-like, or drawn out in a great number of

knobbed processes. By moderately warming the object-glass, globular

drops are formed; by the addition of water peculiar phenomena of swell-

ing and cleaving are exhibited upon them, which can again be checked

by a solution of salt. Finally, however, these things also disappear,

and we get a homogeneous albuminous fluid; perhaps the white sub-

stance decomposes into fat and albumen, and the fat-granules, which

become free therein, in the next place come together with the other

fatty detritus.

The connective tissue and vessels behave differently in their liquefac-

tion. Here the fatty degeneration plays a principal r61e, here it be-

comes an actually destroying process. The collective cells of the

neuroglia are transformed into granular corpuscles. Upon vertical sec-

tions, through the border of the depot of softening (Fig. 196), we can

follow the accumulation of the smallest aggregations of fatty granules

between the nerve-fibres up to the formation of quite colossal granular

corpuscles. The latter are suspended in the fluid of softening, and

impart to it the peculiar coloring from which the process has received

its name. Over a black ground we can see the granular corpuscles,

even with the naked eye, swimming as small atoms. The vessels also

perish by the fatty metamorphosis. We see spindle-formed heaps of

fatty granules at the nuclear places of the capillaries, larger confluent

masses of fat-granules under the adventitia of larger vessels. I found
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the latter (Fig. 196, D) universally lifted off, as though an interparietal

lymph-space had made its appearance. The homogeneous tunics of the

vessels and the basis-substance of the neuroglia are, without doubt,

Fig. 196.

Yellow softening of the white substance of the brain. A. Border of the depot of softening, B, and
of the brain-substance, C, not yet softened. D. A fatty degenerated vessel. 1-300.

really dissolved, although quite gradually, so that only the fatty gran-

ules and the fatty granular corpuscles are found in the fluid of softening.

§ 722. Thus far the histological detail. The macroscopic effect will

naturally prove different, according as the situation of the depot is

favorable or not to a resorption of the products of softening. Depots

of softening, which lie within the hemispheres, cannot be obliterated

because their walls cannot collapse; the fatty granules are, perhaps,

resorbed afterward, the fluid clears up, there arises a cyst, but there

the process also ceases. If the depot, as occurs frequently in the

corpus striatum, lies near the surface of the ventricle, there is produced

probably a slight depression of the separating layer, and the layer of

softening is completely obliterated. This depression, however, presents

itself more pregnantly, when the destructive process affected the cere-

bral cortex itself. We find cases, not very infrequent, of extensive,

usually multiple deficiencies of the surface, above which the pia mater

is either collapsed or filled with a simple oedematous fluid, or finally

with yellow fat emulsion. The brownish coloring, which the nearest

contiguous cerebral substance presents, in general points to hyperaemic-

hemorrhagic conditions as the cause of the deficiency, though the pri-

mary affection has up to the present not yet been ascertained with

certainty. Only that the final removal of the destroyed parts of the

cerebral cortex is due to yellow softening appears certain; likewise

that the quite superficial situation of the depot of softening has made
the traceless resorption of the fluid of softening possible.
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§ 723. In our representation of the inflammatory affection of the

central nervous system, indications have here and there occurred which

made us believe that we must concede to fatty degeneration, especially

to the fatty granular corpuscles, a position beyond the province of the

retrogressive metamorphoses. To this place belong the numerously

adduced experiments of Leidesdorf and Strieker upon traumatic in-

flammations of the brain ; here would also belong a fatty metamorphosis

of the neuroglia-cells diffused through the entire white substance of the

brain, which Virchow has recently described as encephalitis of a newly-

born syphilitic child. To the same place Ave will have to reckon the

finding of granular corpuscles in certain parts of the spinal marrow in

paralytic insane persons (Westphal), and the fatty degeneration of single

fibres of the spinal marrow, which Turk has described as a consequence

of central disease in depots. At all events we must maintain so much,

that fatty degeneration formation of granular corpuscles is not identi-

cal, without further ceremony, with yellow softening.

3. Gray Degeneration.

§ 724. The white substance of the brain, of the spinal marrow and of

several peripheral nervous trunks, corresponding to certain typically re-

curring clinical morbid pictures, is found in circumscribed depots, stripes

or spots, not white but gray, similar to the gray of the cerebral cortex,

and this is the reason why all these cases have been comprehended

under the common name of gray degeneration. In this we have been

guided by an instinct correct in itself. For if we consider the gray

discoloration alone, this certainly everywhere, and in the first place,

owes its production to one and the same anatomical force, namely, to

the loss of the sheath of white substance of Schwann on the part of the

nerve-fibres. Nerve-fibres containing white substance look white en

masse, those without white substance look gray. Rarely, however, is

the loss of white substance the only and the primary affection. The

loss of white substance is a secondary phenomenon ; it is the first step

towards atrophy, nay, towards the complete destruction of the nerve-

fibres, and is wont to precede this latter in the same manner as, per-

haps, the resorption of the lime-salts precedes the dissolution of the

osseous tissue.

§ 725. Since the gray degeneration has most recently been the sub-

ject of repeated scientific investigation, I name particularly the. works

of Leyden, Frommann, and Charcot; it has been shown that we must

strictly separate two forms of gray degeneration, which we may desig-

nate as the simple non-inflammatory, and as the indurating-inflamma-

tory, or plainly as gray degeneration and sclerosis.

The simple gray degeneration is especially observed in the spinal

marrow. Here they are principally the posterior columns, more rarely



GRAY DEGENERATION. 65^

Fig. 197.

the lateral and anterior columns, which are affected. (Fig. 197.) If, in

the post mortem, the spinal marrow has been

taken out of the sac of the dura mater and

washed off, we see—to use Leyden's language

—

already shining through the pia mater, in place

of the posterior columns, " a band of gray or

grayish-white color, which mostly extends

throughout the whole length of the spinal

cord." Upon a cross-section we perceive that

the gray discoloration of the surface depends

upon a transformation of the white substance

extending deeply. Usually the entire poste-

rior columns have been converted into a reddish-

gray, somewhat brawny mass. If there yet

exists an unchanged remainder of normal tis-

sue, this is sharply defined from the degenerated

portion ; the latter also sinks a little below the

level of the cut surface, and upon pressure a Unusual localization of sim-
1 l pie gray degeneration. In the

small amount of clear fluid appears. The de- cervical and lumbar portion of
i c the spinal marrow (the upi^er

generation generallv progresses from the cauda a"d lower figures), the lateral
o o J r o columns particularly are af-

equina upwards, and extends—as seen upon a fected; in the dorsal portion
1 i r (the central figure), the entire

cross-section—from the periphery and the pos- medulla. AfterFrommann. Na-
,

" tural size. Cross-sections.

terior fissure towards the axis and the lateral

portion, so that in incomplete degeneration the remains of white sub-

stance forms a lamella, which is closely joined to the posterior com-

missure, and from thence extends along the posterior horns towards

the periphery. The posterior roots of the nerves of the spinal marrow

probably always participate in the degeneration, though this appears

to be overlooked in many carefully described cases.

§ 726. In the histological process which lies at the foundation of the

simple gray degeneration, an increase of the interfibrillar connective

substance of the white fibres plays the principal part. Whether this

substance, under normal circumstances is finely granular, or finely

fibrillar has, up to the present time, not been quite established. Both

the one and the other are asserted with great confidence. Granted

now that those are correct, who like myself, hold a finely granular,

protoplasm-like constitution as normal, then a transformation of the

amorphous cement into a fine-meshed fibrous network would, at least,

be the first step to gray degeneration. This fibrous network is, it is

true, not so finely spongy as the reticulum normally assumed by

Schultze. It rather is brought about by this, that as in treatment by

reagents, the originally uniformly distributed cement draws together

into certain branching lines. In the three-cornered prismatic interval,

between each three contiguous nerve-fibres, there forms a stouter rod

running parallel to the nerve-fibres : from this, however, numberless
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smaller processes proceed, which, penetrating transversely and obliquely

between the fibres, enter into connection with each other, so that an

exceedingly elegant plaited work is produced.* After this first, so to

say preparatory stage, there ensues a peculiar outgrowing of the fibrils;

according to Frommann small protuberances spring up here and there

which elongate and again ramify. The process makes the impression

of a crystallization, at least of a coagulation, and can only be compre-

hended by our accepting at the same time a continual separation of

the coagulating substance, I mean a soft preliminary stage. Thus are

probably explained the observations of older authors who found here

and there larger quantities of amorphous interstitial substance. If we

tease out small portions of the gray degenerated parenchyma with

needles, the fibrous felt breaks up without remainder into a number of

roundish balls, which upon more accurate examination exhibit at their

centre, a more solid nucleated spot, from which all the numberless fibres

appear to proceed (Fig. 198). Each of these spots corresponds to one

of those branched and anastomosing connective tissue cells which are

FlG 198
distributed at certain interspaces through

the nervous substance. We know that

these cells are placed most densely at the

periphery, and that they decrease in num-

ber the deeper we penetrate into the pa-

renchyma of the cord. With this agrees

the condition found upon the cross-section

of the gray degenerated cord in so far as

after lengthened moving about of the thin

glass cover we can, without using needles,

achieve a certain disengagement of single

Nucleated connective tissue cells be- balls from each other, whereupon these
set all around with fibrous tufts ob- .1 n . ij_i 1

tamed by teasing out gray degenerated appear to be smaller towards the periph-
spinal marrow. 1-300. -i • i , 1

ery, more voluminous towards the centre

of the spinal cord. Those cells are connected at the periphery with

the innermost layer of the pia mater, and may be regarded as a kind

of radiation of supporting fibres into the nervous substance (Henle and

Merkel). The gray degeneration also proceeds demonstrably from the

periphery as a basis, and gradually advances from here towards the

centre. According to all this the conjecture forces itself upon us that

the most important part of the morbid process develops in close con-

nection to this preformed system of fibrous connective tissue, proceeds

from it. The fibrous metamorphosis of the nervous connective substance

appears as a chemical and morphological identification of the formless

intermediate substance with the fibrous; the physiological relationship

* Frommann first demonstrated this elegant network. He also finds it in the

normal spinal marrow, but I regard it here as the consequence of a reactional

shrinking.
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of both is confirmed hereby, and the conviction grounded that the neu-

roglia is a connective substance, and not, as is always yet asserted

from several sides, of a nervous nature.

§ 727. If we now pass to the second factor of the simple gray degen-

eration, the disappearance of the nerve-fibres in the attacked columns

of the cord, then the fact proves that this stands in exact relation to

the progressive diffusion of the interstitial tissue, indeed to the causa-

tive connection of both phenomena ; for the time, however, it continues

doubtful whether the disappearance of the nerve-fibres brings after

it the hyperplasia of the nerve-connecting substance, or vice versa,

whether the hyperplasia of the nerve-connecting substance causes

the disappearance. I confess that I cannot well imagine the decompo-

sition of the nerve-fibres as primary ; in peripheral nerves, artificially

produced atrophies of the nerve-tubules never exert a similar effect

upon the perineurium ; on the contrary, however, we are acquainted

with very much as to how an external pressure induces atrophy of the

nerve-fibres. According to Frommann, whom I indorse here with full

conviction, the growing connective tissue network penetrates into the

space which is destined for the nerve-tubules, narrows it, and finally

brings the nerve-tubules themselves to disintegration. By this it

would appear to me as though the neurolemma identified itself at an

early period with the advancing connective substance, the sheath of

white substance of Schwann crumbled, and only the axis cylinder

resisted for a longer time. The thicker axis cylinders are maintained

remarkably long, and may often be demonstrated yet in such parts as

according to all appearances have already been degenerated for a very

long time (Fig. 199).

General view of gray degeneration. In part after Frommann. 1-50. a. Normal parenchyma of the
spinal marrow. The light figures are the cross-sections of nerve-fibres, b. The territory of the gray
degeneration, e. A vascular cleft with a vessel, d. Boundary towards the gray substance (posterior

horn), e. Periphery of the column of the spinal cord richly infiltrated with amyloid corpuscles.

§ 728. The behavior of the vessels is of subordinate significance in

simple gray degeneration. They are, indeed, never normal, but the

changes which they show are neither considerable nor constant. Most
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usually there is upon the larger vessels a very much extended adven-

titia, consisting of wavy and stratified connective tissue ; in this case

the adventitia has participated in the hyperplasia of the neuroglia ; here

and there is observed a superposition also of fatty and pigmentary

granules upon the smaller vessels ; at the same place a peculiar scle-

rotic, homogeneously lustrous constitution of the vascular walls, similar

to the amyloid infiltration, hut without the iodine reaction.

The longest known, hut in its histological significance yet quite

obscure phenomenon, in simple gray degeneration, is the never-failing,

often massy deposition of corpora amylacea, into the degenerated parts.

These lie most densely in the longest degenerated border parts (Fig. 1U9)

and along the larger vascular branches ; but they also are not entirely

wanting at such places where the degeneration is just beginning. Roki-

tansky derived the corpora amylacea from the fragments of disintegrated

sheaths of white substance ; the view also recently communicated by
me, that the corpora amylacea are degenerated cells, ha,s gained ground.

The uniform size and the occasional perception of an unchanged nucleus,

the entire distribution of the corpora amylacea, lets it almost certainly

appear that they are formed by an amyloid infiltration of the round

neuroglia-cells, of the granules of the normal medulla.

§ 729. The second form of gray degeneration, which we named above

the indurating inflammatory, has a far greater extent of diffusion than

the first. The total white substance of the central organs, therefore,

not alone the white columns of the medulla, but also the centre of

Vieussens of the brain, the corpus callosum, the fornix, and the fimbria,

the septum lucidum, the optic tract, the corpora geniculata, the pedun-

cles of the brain, the pons and medulla oblongata, are exposed to it.

It appears in numerous depots of disease, of which the smallest are per-

haps the size of a pin's head, while the larger extend over whole sections

of white substance ; for example, over the entire fornix or over a piece

of the lateral columns of an inch long, nay, over the entire spinal cord.

As the process which lies at the foundation here has in the second place

constantly a considerable reduction of volume, as a consequence, the

strata of white substance of the central organs are deformed in a cor-

responding manner ; by depots of disease of the lateral columns, which

are situated alternately right and left, the spinal marrow receives a

series of outward curves and retractions, which actually cause it to

appear tortuous ; if the process extends through the whole thickness

of the organ it appears contracted at this place, which then especially

produces the impression of a considerable deformity, when there is a

perfectly normal part close beside it (compare the beautiful illustrations

by Oruveilhier).

§ 730. If we attentively consider the smaller and smallest of the

gray depots, we are certainly struck with the peculiar phenomenon that

in the midst of each of them there is a red point or streak, the trans-
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versely or obliquely divided lumen of a vascular branch filled with

blood. The microscopic investigation of these vessels shows that they

together with all their more minute ramifications are in a condition,

which at every other place we would designate as chronic inflammatory.

The adventitia consists of an often fivefold layer of round cells strati-

fied above each other. Therewith the lumen of the vessel is not per-

haps contracted, but considerably dilated, which is partly to be referred

to an alteration of the media. I have several times convinced myself

upon vessels of this kind that the smooth, muscular fibres of this mem-
brane, no longer existed in the characteristic form and arrangement.

Changes of a progressive kind are also perceptible upon the capillaries.

Their walls are beset all around with cells, which are either migratory,

or have originated by division of the cells of the vessels.

In these changes of individual vascular trees I perceive the first

link of the anatomical process. The second is a fibrous metamor-

phosis and hyperplasia of the neuroglia, which is perfectly analogous

to that described in § 726, and only differs from it in this, that here

the cellular elements of the connective substance play a more important

part. The stellated supporting cells, which here also show themselves

as the central point, so to say, as the centres of crystallization of the

formation of fibres, assume the form of polynucleated giant cells, while

the numberless, often very long and shining fibres, which proceed from

their periphery, impart to them an exceedingly strange, monstrous

appearance. The round cells of the neuroglia also multiply, and at

the border of the depot form a more dense infiltration. Their future

fate, however, is destruction by the fatty metamorphosis. They swell

up into tolerably extensive granular' corpuscles, are found distributed

as such in large amount in the fibrous felt of the depot ; finally, they

break down into fatty detritus, which is resorbed. The destruction of

the nerve-fibres ensues in a manner similar to that in the simple gray

degeneration. Corpora amylacea are either not at all formed, or still

only in inconsiderable number. The final result is a fibrous felt, which

is saturated like a sponge with a slimy fluid, containing but few free

nuclei and small uninucleated cells. This fluid appears upon every

recently cut surface, upon making lateral pressure ; if subsequently the

fibrils of the fibrous felt contract continually, the fluid disappears, the

fibres draw closer together, until they finally touch immediately and

without any intervals, and form that exceedingly unyielding, compact,

dry tissue, that composes the cicatrices or indurations, which remain

behind after the cessation of the process.

§ 731. At the conclusion of this section I cannot avoid stating that

there is also yet a simple, not fatty atrophy of the peripheral nerves,

which depends entirely upon a loss of the medullary sheath of Schwann,

and hence likewise brings after it a gray discoloration. We observe

this, for example, upon the optic nerve, after disease of the retina,

42
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after extirpation of the globe of the eye, upon the optic tract in glio-

mas of the thalamus, and other cerebral tumors, which compress the

tract, &c.

The gray degenerations which we perceive in all kinds of disturbances

in the territories of distribution of the cerebral nerves in the medulla

oblongata, have not yet been sufficiently investigated. In a case of

masticatory facial convulsions I found a sclerosing development of con-

nective tissue, which proceeded from the floor of the fourth ventricle;

in several cases of epilepsy I proved an indurating thickening of the

pia mater at the anterior circumference of the medulla oblongata, which,

however, had not penetrated into its substance. There was at the same

time present a strong brownish pigmentation.

4. Tumors.

§ 732. Throughout the Oncology of Virchow, that imperishable monu-

ment of German science, the effort of the author shows itself now more,

now less prominently, to accustom his scholars to a less abstract con-

ception of the individual species of tumor, and to show us what an im-

portant influence upon the anatomical and physiological quality of a

new formation, its seat, i. e., the tissue from which it proceeds, has.

Every one, who does not only care for a superficial definition and nom-

enclature, but who has accustomed himself to test tumors thoroughly

as to their structure and texture, and to compare these with their vital

properties, will, with Virchow, hope the best from this point, for the

"final adjustment of that pitiable disunion, which yet exists at the present

time, between the justifiable demands of practice, and the limited knowl-

edge of pathological anatomy. Medical instinct itself points us to this

route, since it bases its prognosis just as much upon the seat of the

new formation as upon its histological quality and habits. Meanwhile

it would be foolish, for the sake of a knowledge which yet beckons to

ms from the distance in uncertain outlines, and which must be gained

only by laborious investigations for years, to give up the possession

which we have in hand. Be it now permitted me to make an attempt

in the present chapter in the direction indicated, in that I divide the

tumors of the nervous system, according to their starting-points, into

the three following groups : a, tumors, which proceed from the free

surfaces of the envelopes and interior cavities of the system ; b, tumors,

which proceed from the sheaths of vessels; c, tumors, which proceed

from the neuroglia (perineurium).

a. Tumors at the Free Surfaces of the Interior Cavities of the Nervous

System.

§ 733. The sac of the arachnoid, the dura mater spinalis, and the

cavities of the brain, present expanded surfaces, upon which a series of
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histioid tumors occur under the general form of flat, roundish protu-

berances. The conformity in the external form is explained by the

uniform mode of development of all these new formations. They are

collectively efflorescences, in the more contracted sense of the word.

Only the most superficial layers of the wall participate in their produc-

tion. For some time even the endothelium only may be affected by

the morbid irritant ; thus, we find its cells in the environs of all these

tumors in active nuclear and cellular division. The actually effective

force, however, of the new formation, is an " exudation of germinal

tissue from the pores of the surface." I intentionally choose this

somewhat ancient-sounding term, because it characterizes the deriva-

tion in actually a pregnant manner. The cells arising at the surface,

which immediately come together to small elevations of germinal tis-

sue, are migratory. We have no right to assume that they have been

formed by a formative irritation of the connective tissue cells upon the

spot. Against this speaks, apart from the deficient proof of a divi-

sion of the connective tissue cells, the entire behavior of the connec-

tive tissue, whose fibrous lines remain quite intact for a long time

where the new formation is seated, and only when the tumor attains a

more considerable volume do they begin to separate and loosen. The
latter takes place through an infiltration with the substance of the tumor,

penetrating from without ; it is as though the tumor, whose growth in

the beginning is only directed outwards, afterwards grew inwards. The
true relation of things may be this, that the cell-masses intended for

exudation, upon their way to the surface, therefore, in the interstices

of the connective tissue, are held back, because the adjacent organs

present a too considerable resistance to the growth of the tumor. The

adjacent organs can only gradually accommodate themselves to the

altered condition, which takes place, especially by this, that at the place

of the greatest pressure they become atrophic, and present deficiencies,

which correspond to the form and size of the tumor. The more time

allowed them for this, so much the more completely will they accom-

modate themselves. Hence the infiltration constantly turns out so

much the larger, the more rapidly the tumor grows (spindle-celled sar-

coma), so much the smaller, the slower it grows (Pacchionian granula-

tions, lipoma, &c). It would be entirely wanting, if the tumor met

with no resistance from the adjacent organs, if it grew up into the open

air ; it is, in fact, wanting in tumors which project into the cerebral

cavities.

§ 734. The Pacchionian granulations of the arachnoid, to a certain ex-

tent, form the physiological model of the entire group of tumors. Accord-

ing to L. Meyer, the development of these small, but numerous, milk-

white protuberances, which develop by preference along the longitu-

dinal sinus, over the edges of both hemispheres, stands in direct relation

to the so-called respiratory movement of the brain. The hemispheres
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are displaced in being more copiously filled with blood [at each pulsa-

tion of the heart], like the lungs upon being filled with air. The dis-

placement is zero at the base, because the brain is fastened here ; it is

greatest at the edges of the brain, because these are furthest removed

from the place of fastening. Under a low magnifying power now, the

Pacchionian granulations present themselves as groups of papillae, which

are either simple or branched once or twice, which become pediculated

in continued growth, without ever being entirely dissevered from their

mother soil. They are absolutely non-vascular, and in their chief bulk

consist of a striped connective tissue, poor in cells, which proceeds

directly from a thin, but continually renewing layer of subepithelial

germinal tissue. The epithelium, which covers them, appears in con-

trast to the normal epithelium of the arachnoid to be several times

stratified; Meyer even discovered actual epithelial granulations in the

environs of these tumors, so that the active participation of this struc-

tural element is without doubt, although the connective tissue occupies

the dominant position in the entire production.

Far more multifarious are the superficial tumors of the dura mater.

In the first place, we must mention here a spindle-celled sarcoma, which

proceeds by predilection from the dura mater of the base, forms in the

neighborhood of the clivus and of the sella turcica, tuberculated-tuber-

ous, often right extensive protuberances directly compressing the nerves

passing out, and the contiguous parts of the brain, thereby first irri-

tating, then paralyzing, and finally destroying them. The same form

of sarcoma is found upon the dura mater spinalis. It is characterized

by very large, beautifully developed and nucleated spindle-cells, which

lie together in bundles; upon teasing them out, however, easily sep-

arate. To this tolerably rapid-growing sarcoma, two other slower-

growing forms of tumors are closely allied, which were first known in

their peculiarity through Virchow's Treatise on Tumors, the myxoma
and the psammoma of the dura mater. The myxoma, especially upon

the spinal portion of the dura mater, is of eminent clinical significance,

because, upon the one hand, it most frequently occurs here ; upon

the other, becomes dangerous by pressure upon the spinal marrow;

while at the brain it mostly proceeds from the convexity, and hence

belongs to those tumors to whose presence the brain accommodates

itself in a great degree. The psammoma is a tumor with a connective

tissue, or even with a mucoid tissue substratum, which distinguishes

itself by its contents of globular lime-concretions. At the pineal gland,

where these lime-concretions are almost physiological, we are accus-

tomed to call them brain sand, hence the name (psammos, sand). Ac-

cording to Virchow, in the grains of sand of the psammoma, the ques-

tion is about a concentrically stratified, non-cellular, organic founda-

tion, into which the lime-salts are precipitated, at first into the centre,

and then progressing ever further outwards. We would consequently
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have to reckon a series of quite similar tumors, in which the sand-for-

mation depends upon cell-incrustation (Fig. 200), not among the psam-

momas. ,

Finally, in rare cases, small lipomas have heen observed upon the

inner surface of the dura mater and upon the ependyma of the ven-

tricles, which from the beginning protrude above the level, and never

penetrate deeper into the cerebral substance.

b. Tumors which proceed from the Sheaths of the Vessels.

§ 735. Let us next consider somewhat more accurately the soil upon

which the development of this large and important group of tumors

takes place. In the inflammatory processes and in miliary tuber-

culosis (§ 115), we have already learned to know the sheaths of vessels

as the favorite germinal places of the pathological neoplasia. We saw

as well pus-corpuscles, as tubercle-cells arise upon the surface of the ves-

sels and form tumefactions. Therewith the possibility that the question

might be about migratory colorless blood-corpuscles, made us careful

in our judgment, and we decided to regard the pus-corpuscles in gen-

eral actually as emigrants, the tubercle cells, however, as autoch-

thonous elements. The latter was done upon the ground of direct

observation. We could prove, that in the formation of miliary tubercles

the adventitial cells multiplied by division, and that in this manner the

substance of the tubercle is formed. The adventitial cells of the ves-

sels are, therefore, the proper supporters of the neoplastic function.

What exac'tly are these adventitial cells ?

The adventitia of the cerebral vessels is a homogeneous membrane

with nuclei placed alternately. By treating with nitrate of silver we

can demonstrate upon it the known lines of Recklinghausen, which

subdivide it into lozenge-shaped fields, in whose centres the nuclei are

situated. The outside of the cerebral vessels is, therefore, clothed with

an endothelium which corresponds to the epithelium of the lymph-ves-

sels. Were the opposing cerebral substance likewise clothed Avith such

an epithelium, there could be no doubt whatever in the correctness of

the assumption of His, that the cerebral vessels were contained in lymph-

spaces. Notwithstanding this want, I regard the doubt unjustifiable,

because I find that in the pathological new formations the adventitial

epithelia unfold all those peculiarities in a high measure, which we

lately learned in the epithelia of the lymph- vessels ; namely, after

having multiplied by division, they furnish a ready formative material

for the various tumors. Herewith the tendency is certainly predomi-

nant, to the formation of a contrast between epithelium and connective

substance ; we will see how benignant and malignant epithelial tumors,

cancers, and papillomas of the most various kind, form upon this base

;

beside these, however, the gumma syphiliticum and sarcoma occur as

perivascular tumors, although in my opinion the proof for the latter is

not yet furnished.
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The outer surface of the cerebral vessels passes over at the periphery

into the under surface of the pia mater, at the ventricles into the sur-

face of the choroid plexus. The under surface of the pia mater is clad

with the same lymph-vessel epithelium as the vessels, hence it falls

completely under the same category as they. The surface of the

plexus bears a well-developed and characteristic epithelium, which I

have already spoken of in § 702. In the epithelium of the plexus we
manifestly meet with the tendency to the production of higher forms

of epithelium. I can add, that the forms which we see here serve in a

certain measure as the type in all epithelial tumors, which proceed

from the under surface of the pia mater, or the surface of the cerebral

vessels.

The dura mater only shows analogous relations at its side turned to

the cranium, since from this numerous vessels leap over the boundary

line between the dura mater and the cranium, and sink into the Haver-

sian canals of the surface of the bone. Will we ever discover lymph-

spaces here also ? For the present I can only state the great con-

formity in the behavior of these and the cerebral vessels in the forma-

tion of cancer and syphiloma, of which we will treat variously in the

following.

The mode of growth of this group of tumors now is generally this, that

at the surfaces mentioned the new formation establishes itself in its

characteristic way, and then spreads out along the surface in a uniform

manner; the growth in thickness is exhausted by the complete filling

up of the space which exists between the producing points of the nume-

rously and in all directions curved surface. This space is originally

filled by the parenchyma of the nervous organs ; for example, by the

parenchyma of the brain. The parenchyma of the brain, however, does

not participate in the new formation, but perishes atrophic, so that the

tumors constantly appear as something foreign, separate, set into the

nervous system. They cause death either by the destruction of parts

of the central nervous system important to life or by this, that they

excite inflammation and hemorrhage in their neighborhood. Meantime

they may attain a very considerable size without proving fatal, Avhich

is not surprising in the great accommodative capacity of the brain for

slowly growing local atrophies.

§ 736. The first tumor belonging here is the carcinoma cerebri sim-

plex. This most frequently proceeds from the under surface of the pia

mater. Such tumors, also, as appear to be isolated in the centre of

Vieussens, are wont to be in connection at some place with the pia

mater lining of an adjacent sulcus
;
yet quite isolated tumors only

adhering to the vessels, also occur, which of course are but small, and

constantly of a metastatic kind. The production of the cancer from the

cells of the producing surface can be best traced at the borders of the

nodule, especially there Avhere the tumor, following the vessels, pene-
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trates into the brain-substance. The zone of growth is about a line

broad. Outwardly it borders upon the normal brain, inwardly upon

the tumor as far as completely formed, and appears to the unaided eye

as a zone of liquefaction, because a greater part of the cerebral sub-

stance is destroyed by fatty metamorphosis. By treating with chromic

acid, as is known, we can make the parenchyma of the brain retract

from the vessels, and the vascular openings appear larger than they

are. Hence this metnod best accomplishes our purpose here, where

all depends upon distinguishing the vessels and their belongings from

the parenchyma of the brain. By means of it we can follow the changes

of the vessels step by step.

The formation of larger cell-heaps out of each adventitial cell may
be the first link of the process. The newly-formed cells are large, rich

in protoplasm, have a nucleus and nucleoli, and bear an unmistakable

resemblance to the epithelial cells of the choroid plexus. They are less

stratified than conglobate ; at the centre of the ball they are globular,

at the surface spindle-formed. The spindles of adjacent cell-heaps come

together into incomplete fibrous lines, and thus form those finer septa

which are wont to subdivide the larger alveoli of every carcinoma. The

trabecule of the stroma of the first order are formed here as every-

where by the remaining portion of the parenchyma which is destroyed

by the cancer. It has been already mentioned that a greater part of

the brain-substance perishes by fatty metamorphosis. What remains

is, between each two considerably widened openings for vessels, a nar-

row bridge of fine and parallel fibrous tissue, which contains a mode-

rate number of smooth nuclei. Whether in the round, shining fibrils,

we have before us axis cylinders that have remained over, or metamor-

phosed neuroglia, I will not decide, though I believe I ought to assume

the latter. If we trace up these fibre-lines deeper into the cancerous

tumor, we observe how they always become homogeneous, finally to

pass directly over into the principal trabecular network of the stroma.

In the further increase of volume of the tumor, the cell-proliferation

predominates. The stroma disappears, in places, into very delicate

threads and lamellae, while the cells, rounded into colossal nests, fill

the intervals. It is interesting, that the vessels, from which the new
formation proceeds, are for the greater part corroded; always only the

larger of them may be injected, while the others are obliterated to thin

lines of connective tissue. The vessels, moreover, if they are not com-

pletely dissolved, form a second trabecular work, which interweaves in

the characteristic manner, with the system of stroma-trabeculse, without

entering into connection with it. Any one, who has ever occupied

himself in brushing out preparations of cerebral cancer, must have been

struck by this, so to say, double stroma, although I do not find it even

casually mentioned anywhere.

§ 737. We might call the cerebral carcinoma, as it presents itself as
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a primary tumor, a fungus of the pia mater, and be reminded hereby of

the completely analogous production of the fungus of the dura mater.

Both tumors are alike not only in their histological constitution, but

they also occur side by side, nay, in direct continuity with each other,

so that every doubt of their relationship must vanish. The fungus of

the dura mater arises at the side of this membrane turned to the bone,

penetrates with the vessels into the compact substance, destroys the

vitreous table, thereupon spreads out somewhat more easily in the

diploe; finally, however, also breaks through the external compact la-

mella of the cranial bones, to lift up the integuments of the cranium

as a fungoid proliferation. The dura mater is likewise not infre-

quently penetrated towards the interior, whereupon, after the pre-

cedino- fusion of the arachnoidal lamellae to the fungus of the dura

mater, there is added a fungus of the pia mater.

§ 738. Nearest to genuine carcinoma there stands one of those onco-

logical curiosities, in which the brain is so rich, a tumor which unites

the structure of an epithelial carcinoma with the innocuity of a wart or

an induration : the cholesteatoma of authors, or the pearl-cancer. This

is a pavement epithelium, whose cell-cylinders have been entirely con-

verted into a mass of pearly globules, shining like satin, and is most

frequently found at the base of the brain, where it pushes forward out of

the depressions between the more central parts of the brain (pons, me-

dulla oblongata) and the lateral parts (the hemispheres of the cerebellum,

the lower lobes, &c), and occasionally forms a tumor above the size of

a walnut. It is covered upon its surface by the arachnoid, while upon

the opposite side it directly touches the cerebral substance, according to

which its origin would have to be sought in or under the pia mater. The

more rare occurrence of the pearly cancer in the midst of the cerebral

substance indicates that its base of development is the same as in simple

carcinoma, namely, the lymph-spaces and the sheaths of the vessels. In

reference to the more minute detail of the development, Virchow speaks

of blunt-ended, outgrowing cell-cylinders, of a deposition of epidermis

globules into the meshes of the pia mater, &c. ; both of which very well

agrees with the assumption that the inner surface of the lymph-spaces,

referring to their epithelium, produces the cells of the nodules of the

tumor.

Closely related to the pearly cancer there is a rare tumor of the third

ventricle, which contains the epithelial cell-cylinders and the nodules

imbedded in a very voluminous stroma of mucoid tissue. (Fig. 200.)

The tumor, at first sight, makes the impression of a thoroughly soft

myxoma, which is only characterized by the amount contained of milk

white, very hard atoms and granules. The milk-white granules are

calcified pearly globules. If we place them under the microscope, and

exert a moderate pressure upon the covering glass, they burst into scaly

pieces, which correspond to the calcified cells. In their surroundings
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Epithelioma myxomalodes psammo-
sum. See details in text. 1-300.

we see then the more recent epithelial proliferations forming tubules

and nests, as in all genuine cancers.

Only it is striking, that all these cancers

have only a local significance, and that even

the fungus of the pia mater seldom or never

forms metastases.

§ 739. In the series of tumors now follow-

ing, the most prominent phenomenon is an

"outgrowing of the producing surface in the

form of genuine papillae." I met with the

papilloma of the pia mater and of the ves-

sels, for the first time, upon the cerebellum.

A roundish tumor, of the size of a pigeon's

egg, had insinuated itself between the pia

mater and the left hemisphere, and had

caused in the latter a deficiency correspond-

ing to its form and size. The substance of

the tumor was reddish-gray, translucent, tremblingly soft. Upon teas-

ing it out it broke up, without remainder, into an enormous mass of richly

branched papillae, each of which had a central vessel, very little con-

nective tissue, and a doubly stratified epithelial mantle. The outer

cell-layer consisted of short and thick cylindrical cells. If we followed

the stroma of the papillae, we at last touched upon the bloodvessels,

which pass from the pia mater into the cerebellum, so that no doubt

could arise as to the origin of the tumor.

Another closely allied papilloma appears to have been held by most

authors as a myxoma. It is far more frequent than the simple papil-

loma, and is distinguished from this only by the abundant production of

mucus at the surface of the papillae. The epithelium (Fig. 201) con-

sists of very long, well-formed cylindrical cells, and these are they

which secrete here, as at the surface of a mucous membrane, layer upon

layer of a tough, vitreous mucus. As mucus is a substance very

capable of swelling up, it demands a proportionally large space. Thus,

it is explained, why these tumors, in their principal bulk, in fact con-

sist of mucus, wherefore, the papillary excrescences of the vascular

walls standing almost individualized in the mucus might actually be

overlooked. This form of tumor, which we may call papilloma myx-

omatous, mostly occurs multiple upon the brain. In a case under my
observation, a tumor of the size of a hen's egg was seated in the region

of the pes hippocampi, where it had developed from the vessels of the

choroid plexus here penetrating into the substance of the brain, and

had filled up the entire cavity of the middle cornu. Several smaller

ones were distributed over the entire surface of the hemispheres, and

were imbedded in the cerebral cortex in the same manner, as I described

above of simple papilloma.
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§ 740. The gelatinous degeneration of the cortex of the cerebellum,

described by Billroth, is to be regarded as a pure myxoma of the sheaths

of the vessels. What is macroscopically found has the greatest resem-

blance to the cerebral papillomas described in the preceding paragraph.

Microscopically there is a simple degeneration of the adventitia, the for-

Fig. 201.

Papilloma rnyxoniatodes proceeding from the vessels of the cortex of the brain. The vascular pa-
pillae are separated by broad, interposed bands of stratified mucus. 1-300. (Compare with this and the
preceding illustration the dissertation of Le Blanc: Contributions to Pathological Anatomy of Cerebral
Tumors. Bonn, 1868.)

mation of a relatively thick sheath of mucoid tissue around all of the

vessels entering into the brain from the pia mater. The nervous pa-

renchyma lying between the vessels is destroyed. But after all this

has happened, the thickened vessels flow together into a common,

vitreously transparent, slightly reddish-gray body of a tumor, which

therefore, fits into a deficiency of the surface corresponding to its size.

§ 741. Whether this gelatinous degeneration of the vascular sheaths

stood in relation to a constitutional syphilis, may, according to what

was found in this one case, be answered neither affirmatively nor nega-

tively. This much, however, is certain, that the genuine syphiloma of

the central nervous system histologically stands so near to no tumor-

formation as to this. The composition of the gumma syphiliticum, out

of a germinal tissue rich in cells with abundant mucoid basis-substance,

has been so frequently spoken of, that I need not again return to it

here. It is less known, that the cerebral syphiloma develops from the

sheaths of the vessels exactly according to the type of the group of

tumors here in question. We see the gummata most frequently at the

circumference, especially at the base of the brain, more rarely in the

interior. They reach the size of a walnut, even of a hen's egg. While

as a rule, they contain in the interior a caseous spot, the periphery

shows a soft, gelatinous tissue, which is richly pervaded by blood-con-
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veying vessels. Sections of hardened preparations show, that the

parenchyma of the tumor rich in cells is arranged in concentric layers

around the vessels ; Virchow could even yet demonstrate this arrange-

ment in the caseous parts. Upon the other side, where the new for-

mation advances towards the brain or its membranes, we may convince

ourselves, that this advance takes place along the sheaths of the vessels,

into the spaces for the vessels, without the neighboring parts actively

participating in the process. It is true, we rarely have the opportunity

of studying the process in perfectly unequivocal pictures, because al-

most always all kinds of inflammatory, apoplectic, and softening pro-

cesses exist in the neighborhood of the gummata, which disturb the

investigation.

c. Tumors which "proceed from the Neuroglia.

§ 742. As I fully expressed myself at another place (§ 687) upon

the histological peculiarities of the neuroglia, I can at present content

myself with the statement, that the tumors of the neuroglia proceed

essentially from its cells. Those small, round, and still enigmatical

elements, which we shortly call the granules of the nervous cement, are

able by continued division to produce larger connected cell-masses,

which present themselves to us under the form of tumors.

§ 743. Of these tumors let us first consider that called glioma by

Virchow. Glioma formerly went under the designation of sarcoma, and

at the present day I would not hesitate to continue the old name, if the

influences of locality and of the mother tissue did not make itself felt

just in these sarcomas in so prominent a manner, that a particular name

appears in fact justifiable. In order to characterize at once one of the

most striking peculiarities of glioma, we might rather call the glioma a

gliomatous degeneration of individual parts of the brain. If we have a

glioma before us, we can at least quite accurately say, that this or that

section of the brain, for example, the optic thalamus, the corpus striatum,

the anterior part of the centre of Vieussens, or a larger portion of the

cerebral cortex, has been converted into the glioma. The forms of these

parts have been altogether and entirely maintained, although nothing of

the histological peculiarities has been maintained, rather everything has

been substituted by the glioma-tissue. Simple round, perhaps, knotted

gliomas do not occur; moreover, it is often very difficult to establish the

form of the glioma, because upon the one hand it'can be distinguished

by its consistence, and color, almost not at all from the consistence and

color of the parts which it substituted, upon the other hand, because it

passes over very gradually into the healthy neighborhood. The first of

these two points is straightway enigmatical to me. I have a glioma,

which occupies the left optic thalamus and corpus striatum, which con-

sists throughout of genuine glioma-tissue (round cells arranged in

bundles and fibre-lines), and which macroscopically still only makes the
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impression of a genuine hypertrophy of the optic thalamus and corpus

striatum. Gray and white substance recur in the usual alternation, and
still I cannot find nerve-fibres either with, nor without the white sub-

stance of Schwann, nor ganglion-cells, &c. In a glioma, also of the

cerebral cortex of the right anterior lobe, which exists in the collection

at Zurich, the conformity of the color of the diseased and the healthy

parts is striking, although the former consists entirely of small spindle

and round cells. We have here only the one point of support, that the

growth of the glioma depends essentially upon infiltration, and that

consequently the normal structure gives the proportions also for the

pathological. The vessels appear for the greater part to be maintained.

Hence the tumor, if we examine it upon a section, gives quite the im-

pression of a sarcoma. Only that the cells are in general very small,

and similar to the common granules of the neuroglia, which would be

a curiosity at least, for an ordinary round or spindle-celled sarcoma.

Moreover, the glioma and the sarcoma are very nearly related ; in cer-

tain gliomas we find places, which are larger celled than usual; by way
of exception I have even met with spindle-cells of 0.4 mm. in length and

of corresponding thickness (glioma sarcomatodes). The relationship,

however, is expressed especially also in the varieties. Virchow has

taught us of a glioma myxomatodes, which varies in all shades up to a

pure myxoma. I have myself several times had the opportunity of in-

vestigating the hemorrhagic glioma. It is characterized by compara-

tively wride bloodvessels and the tendency to effusions of blood, which

constantly occur into the centre of the tumor. The bulk of the effused

blood may be so great, that the case, not only clinically, but at the first

glance, also anatomically, presents itself as an apoplexia sanguinea.

The tumor is often crushed, excepting a narrow border, which sur-

rounds the pool of blood ; still, this naturally suffices to betray to us

the original nature of the affection.

The gliomas belong to the slowest growing tumors, therefore, occa-

sionally attain a considerable size. That they, at least in part, may
also decompose, is proven by the frequent occurrence of fatty meta-

morphosed portions in the interior of the tumor, though it would be

more correct in these decompositions to think less of a possible cure

than of the danger of an apoplexy, which threatens, when the resorp-

tion of the fatty detritus brings about a diminution of pressure and a

disburdening of the vessels in the interior.

§ 744. The myxoma of the nerve-substance is to be judged of from

almost the same points of view as the glioma. The myxoma just con-

trary to the glioma, occurs more frequently in the spinal marrow than

in the brain, and more frequently upon the peripheral nerves than in

the spinal marrow. Perhaps the different nature of the neuroglia, the

slight modification of the mother soil therefore, explains this fact. The

myxoma represents the glioma at the peripheral parts of the nervous
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system. Origin and growth are the same. The myxoma proceeds

from a hyperplasia of the nerve-connective substance, the perineurium,

and uniformly extends by infiltration in all directions. The fibres of

the spinal maiTOW, or of the peripheral nerves, are crowded asunder

and partially perish. Upon the nerves, myxoma presents itself as a

spindle-formed tumefaction, as a neuroma in the widest sense of the

word.

According to Virchow's precedent, we must make a strict distinction

between genuine and false neuroma. Only the outer form is every-

where the same knotted spindle-formed swelling of the peripheral ner-

vous trunks. The genuine neuroma, however, contains predominantly

newly-formed nerve-fibres, while the false neuroma is produced by a

local new formation from the interstitial connective tissue. This in-

terstitial proliferation most frequently has the fibroid character, more

rarely that of myxoma, or the softer forms of lipomatous sarcoma.

§ 745. Finally, the so-called solitary tubercle of the brain, must also

be regarded as a production of the neuroglia cerebri. More frequent

than all the previously named neuroglia-tumors, are these yellowish-

white, exceedingly compact and dry caseous nodules, which are found

in all parts of the brain and spinal cord, either actually single, and

then usually in specimens which are characterized by considerable cir-

cumference, or in such wise, that several smaller nodules are distributed

throughout the organ. In the cortex of the cerebrum and cerebellum,

their favorite seat, the tumors develop close to, the boundary of the

gray and white substance ; they are characterized by a very regular

growth advancing with equal rapidity towards all sides, and hence, as

long as no obstacles to growth are encountered from any one side, have

a globular shape. Already, after they reach a very moderate size, the

cheesy metamorphosis begins at their centre. As the smallest tubercles

I have constantly found an aggregation of three to six nodules of the

size of a pin's head, but already caseated. Whatever has once under-

gone the caseous metamorphosis, remains either entirely unchanged or

there subsequently, although rarely, occurs a deposition of lime-salts,

which, for its part, naturally excludes all further metamorphosis. This

hardening of what has been formed, stands in abrupt contrast to the un-

wearied progress of the growth at the periphery. But few nodules have

apparently completed their course. The nodule is usually surrounded

by a soft, reddish-gray layer, permeated by bloodvessels, which contains

the formative material of the tumor in the form of a germinal tissue, rich

in nucleated round cells. The thickness of this layer stands in inverse

proportion to the size of the tubercle. Upon tubercles of the size of

a pea, it measures nearly a line ; upon tubercles of the size of a pigeon's

egg, scarcely half a line. Moreover, its tissue passes over continuously

upon the one hand into the caseous tumor, upon the other, into the

normal brain-substance. In order, therefore, to get an insight into the
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more minute relations of the growth and the secondary metamorphoses

of the tumor, we must prepare vertical sections, which side by side,

contain the unchanged brain-substance, the layer of gray germinal

tissue and the caseous substance. This we succeed in only after care-

fully hardening the material in Miiller's fluid and alcohol. But what
do these sections teach us? They teach us, that we are not justified in

regarding without more ado, all solitary tubercles as being identical,

that we are rather necessitated to concede two different tumors, which

certainly present themselves under a surprisingly similar macroscopic

picture, namely, an actually tuberculous and a non-tuberculous species

of the caseous solitary nodule.

§ 746. Let us next consider a vertical section through the border of

a non-tuberculous nodule from the cerebellum, of the size of a walnut

(Fig. 202). At b is the layer of round-celled germinal tissue, at the

Solitary caseous nodule, so-called tubercle of the brain, a Normal white brain-substance. 6. Pro-
liferating layer of germinal tissue of the tubercle, inclosing a thickened vessel, c, d, e. Fibroid meta-
morphosis of the germinal tissue, at the same time the border zone of the caseous tumor. 1-300.

same time the matrix of the tumor (e, d, e), and the product of the cere-

bral substance (a). It contains the cross-section of a larger vascular

branch; its lumen has collapsed, the walls, especially the adventitia

richly infiltrated with cells. In other respects no sort of specific pecu-

liarities, particularly nothing specifically tuberculous can be seen upon

the germinal tissue. If we now turn our glance first to the left side,

to follow up the origin of the germinal tissue, nothing further can be

established here than that the number of cellular elements in the ner-

vous substance always increases the nearer we approach the zone of

proliferation. We see them in small groups, lying together by twos,

by fours, and more, which would formerly have sufficed to explain it as

a proliferation of the neuroglia-cells. This easy mode of explanation

has, it is true, been taken from us by the migratory theory of Cohn-

heim, and we must ask, especially in the face of the walls of the vessel

so richly infiltrated with round cells, whether a transmigration from

the blood is not here the source of all the new formation?

Upon the other side, the relations are less doubtful. At c begins
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the transformation of germinal tissue into the caseous tubercle. But

how? May we, in the face of this picture, even but remotely think -of

retaining here our usual conception of the caseous metamorphosis (§ 33).

We seek in vain after a fatty granular metamorphosis of the germinal

tissue, in vain after the shrivelled cells, the tubercle-corpuscles of

Lebert. We are reminded of fatty metamorphosis, principally by a

tolerably dense, finely granular dust, which obscures the oldest parts

of the tumor (e), without, however, leaving us in doubt for a moment,

that the question here everywhere is not of cells, but only of fibres.

The fibre-formation between the cells of the germinal tissue (c) is evi-

dently that histological metamorphosis, which converts the soft germi-

nal tissue into the firm tubercle. The fibre-formation and condensation,

however, already immediately becomes so very predominant at the

border of the tumor (d), over the cellular parts, that without hesitation,

we may apply the term fibroma to this tissue. The intimate inter-

weaving also of the fibres, which, where it occurs physiologically (cutis),

we regard as the expression of intended greater durability, and which

is so peculiar just to the fibroma, again recurs. What can we adduce

in opposition to this, for the tuberculous nature of the tumor ? That

it is occasionally associated with miliary tuberculosis ? This it has in

common with all caseous masses. Or may we regard the formative

material, the layer b, as a layer of miliary tubercles ? Certainly not,

without taking into consideration, that then these tubercles would have

only apparently undergone a caseous, in reality a fibrous, degeneration.

According to all this it appears to me that there are solitary tuber-

cles of the brain and spinal cord which rather deserve the name of

fibroids. But if this is so there arises an agreeable uniformity of the

neuroglia tumors with the sarcomas in general ; we could recognize in

them the known fibrous and cellular forms of sarcoma, modified by the

place of development and the mother tissue.

§ 747. Upon the other hand there are caseous nodules, mostly mul-

tiple and smaller, which upon more accurate test, prove their more

minute histological relations as in fact tuberculous. We can see in the

gray proliferative layer of these nodules, even with the naked eye, that

they are not homogeneous, but that they are composed of round portions

which agree in form and size with miliary tubercles. If we pick out

the central caseous nucleus here, this also shows upon its entire sur-

face, round and roundish tuberosities. The caseous nodule conse-

quently contains dead, the gray proliferating zone still living miliary

tubercles ; this explanation is confirmed throughout by the microscopic

analysis. The process is a phthisis tuberculosa of the brain, and per-

fectly analogous to the destruction of the kidneys by localized miliary

tuberculosis, &c.

The disseminated tuberculosis of the nervous system was treated of in-

cidentally with leptomeningitis (§ 697).
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§ 748. The two principal structural constituents of the voluntary

muscles, the striated muscular fibres and the connective tissue, also

divide between them the prerogative of being the starting-points of

the various pathological changes which may affect the muscle. I say

starting-point, because, in fact, they are often only the beginnings of

the processes Avhich exclusively affect the muscular fibres or exclusively

the connective tissue, and the disturbances are wont very soon to pass

over to the other structural parts. In individual cases it will even be

impossible for us to say whether the process begins in the connective

tissue or in the primitive fibres ; hence I regard it as appropriate to

form the division not according to this, but according to the usual

clinical points of view.

Fig. 203.

1. Atrophy and Hypertrophy.

§ 749. The brown atrophy which we have learned to know in the

heart-muscle as the effect of a decreasing nutrition in toto (senile and

cachectic marasmus), does not occur in muscle subject to the will. The

fatty degeneration also (Fig. 203) arises only exceptionally, otherwise

than after preceding parenchymatous swelling (see

§ 36). The progressive muscular atrophy which grad-

ually extends over a smaller or greater part of the

muscular system of the body is traced back by Fors-

ter to fatty metamorphosis. A greater significance

for the voluntary muscles has the simple atrophy com-

plicated with the interstitial formation of fat, a dis-

turbance which almost always develops in such mus-

cles as have been sentenced to a long-continued,

involuntary rest, as muscles which should flex and

extend an immovable joint, paralyzed muscles, &c.

Simple atrophy manifests itself in a decrease of vol-

ume of the muscular fibres. If we make a cross-sec-

tion through the atrophic muscle we will, perhaps,

observe not a single muscular fibre which yet fills out

muSuiSbrfs^i-so? the space intended for it. The contractile substance
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Fig. 204.

Simple atrophy of muscle, a. In-
terstitial connective tissue with large
cells. 6. Muscular fibres in various
stages of decreasing volume, g. Fill-

ed capillary. 1-300.

Fig. 205.

herewith loosens from the sarcolemma which remains in connection

with the interstitial connective tissue. It forms a loosely fitting sac,

that however, the longer the condition has

endured, is so much the. more difficult to

present isolated, because the connective tis-

sue completely incorporates it, and thereby

itself experiences a certain thickening.

The cells also of the interstitial connective

tissue (Fig. 204), appear richer in proto-

plasm than usual, and may serve excel-

lently for convincing, perhaps an unbe-

liever, of the existence and vitality of

intermuscular connective tissue cells. In

the great majority of cases these cells be-

come the seat of a complementary fat-infiltration, they are converted

into fat-cells. A very elegant histological picture arises by this com-

bination of atrophy of the muscular fibre and fat-

infiltration of the connective tissue. Fig. 205

again presents this in a longitudinal view. The

fat-cells, on an average of the same size, lie in lon-

gitudinal rows, which, directed parallel to the yet

existing muscular fibres, appear to have each re-

placed a vanished muscular fibre. That this is but

apparent is self-evident. In our illustration we can

also see a muscular fibre whose contractile sab-

stance has already been interrupted in places ; at

such places where therefore the contractile sub-

stance has entirely disappeared, we see how the

sarcolemma extends as an empty tube from one

fragment to the other ; there is not a trace, how-

ever, to be seen of a formation of fat in the sarco-

lemma tube.

A quite analogous substitution of perishing

muscular fibres by adipose tissue is found in the

fattening of muscles, though here the formation

of fat in the interstitial connective tissue is the

primary, the disappearance of the muscle, although it may be founded

upon insufficient movement, is secondary.

§ 750. From here, however, it is but one step to the recently several

times observed pseudo hypertrophy of the muscles. Single muscles

or entire groups of muscles swell up in the course of several months
;

but uniformly, so that the anatomical form, although in enlarged out-

lines, is preserved. This apparent hypertrophy, however, by no means

conditions an exalted capacity of function; on the contrary, the mus-

cles ever become weaker, finally as though paralyzed. Anatomically

43

Simple atrophy with in-
terstitial formation of fat.

a. Atrophic muscular fihres.

6. Rows of interstitial fat-

cells running parallel to the
muscular fibres. 1-300.
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Fig. 206.

we find a complete permeation of the muscles with fat, in which, how-

ever, the muscular fibres do not appear di-

minished, but only forced apart ; none touches

its neighbor, because it is separated from it by

a row of interstitial fat-cells (Fig. 206).

§ 751. Genuine hypertrophy occurs in a

marked manner only in the heart-muscle, and

was spoken of more in detail at another place

(§ 235). There is no doubt, whatever, that

the voluntary muscles also of the trunk, and

the extremities, may become larger and more

vigorous by exercise, yet to demonstrate these

hypertrophies anatomically can scarcely be possible at present.

Cross-section through a mus-
cle in the state of pseudo hy-
pertrophy. The well-preserved
muscular fibres separated by the
interstitial formation of fat-cells.
1-300.

2. Inflammation.

§ 752. The inflammation of muscle (myositis), may be acute or

chronic. The acute begins with a parenchymatous swelling and pro-

ceeds to the formation of abscess : the chronic is a consequence of fre-

quently recurring or long-continued hyperemias (rheumatism, habitual

mechanical irritations), and proceeds to hyperplasia of the interstitial

connective tissue, the formation of indurations and bone. We find

here a similar contrast as in the inflammations of the liver, and as, ap-

parently (!), in all inflammations of parenchymatous organs.

§ 753. Acute myositis is most appropriately investigated in the first

stage of its course in embolic, thrombotic, and apoplectic conditions of

the larger muscular bellies. The parenchymatous swelling of the mus-

cular fibres appears herewith as the first and most important factor.

I have described this in § 240 of the heart-muscle, but find that the

'bounds there laid down are too narrow for the multiplicity of the

•phenomena in the voluntary muscles. In many cases the granular

clouding is placed very much in the background over against a peculiar

production of homogeneity and considerable tumefaction of the con-

tractile substance. The nuclei are occasionally no longer to be seen;

even the transverse striation disappears. All this, however, does not

always happen uniformly in the entire length of the fibres, but in sec-

tions, so that places unstriated, tumefied even vitreously, alternate with

those relatively normal. The dividing into fragments of the muscular

fibre by transverse rents, so often seen and described, which is repeated

at short distances, makes these differences peculiarly prominent. The

whole phenomenon makes the impression as though the difference of

the stronger and less refractive of the denser and less dense substance,

were removed, as though the " sarcous elements" were swelled out,

dissolved, fused with the connective substances to a homogeneous,

shining mass.
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In the typhous myositis, where the parenchymatous swelling of the

muscular bundles likewise plays a part, we will have the opportunity

of learning a further metamorphosis, designated by Zenker as "wax-

like," as the synonymous continuation of this initiatory stage; in the

ordinary acute inflammation the early occurring suppuration of the

interstitial connective tissue makes the further tracing up of the

changes difficult. I have most frequently seen fatty degeneration of

the inflamed muscular bundles ; occasionally, however, it appeared to

me as though the rapid decrease of volume stood in relation to the

production of the intrasarcolemmatous pus-corpuscles as if the ma-

terial of the muscular fibres were consumed by the pus-corpuscles in

their abundant formation. We cannot, indeed, directly see the like, but

just as little can we, in view of this mutual relation of increasing pus-

corpuscles and decreasing muscular substance, get rid of the instinctive

conjecture which I indicate, and I do not conceive why we should not

express it as such.

The pus-corpuscles, which soon collect in large quantity and form as

an abscess, are derived, according to the assumption hitherto, from the

cells of the interstitial connective tissue ; they are partly the progeny

of the so-called muscular corpuscles, i. e., those few nucleated remains

of the muscular formative cells situated at the inner surface of the

sarcolemma (C. 0. Weber). Entire muscular bellies, for example the

psoas, may suppurate, more frequently the abscess-formation is limited

to a place of the size of a pea to that of a walnut, according to the in-

ducing cause. In embolic inflammations the depot will not essentially

exceed the territory of the occluded artery. The sequestration of pus,

the casting out and healing, likewise the resolution of the whole pro-

cess, should such occur, ensue by the known means of second intention.

§ 754. Chronic myositis runs its course Avithout suppuration, if this

does not interfere as a casual accident. While in acute myositis a cer-

tain anaemia goes hand in hand, at least with the parenchymatous

swelling, is perhaps entirely caused by it, in chronic myositis the hyper-

emia demands exclusively for itself a longer prodromatous stage. The

rheumatic muscular inflammations are wont to leave behind permanent

traces only, after having through years always again attacked the same

muscle
;
just so in the production of the so-called riding, and drill bones,

it is always, only the traumatic hyperemia excited anew, which finally

leads to the formation of the ossifying blastema.

Chronic myositis, when it passes beyond the stage of hyperemia,

next manifests itself in the formation of an interstitial germinal tissue.

Herein the muscular fibres are perfectly non-participative, and the

question only is, whether we may yet hold to the connective tissue

cells of the interstitial tissue as the cell-producers, or whether we

must think of migration of colorless blood-corpuscles from the vessels.

The fact that the bloodvessels have extraordinarily thickened sheaths,
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and that this thickening depends upon an infiltration with round cells,

can be established here as in so many other chronic inflammations.

Touching this interstitial germinal tissue itself, the exudation of

authors, this distinguishes itself in nothing from the ordinary type; it

is reddish-gray, permeated by newly-formed capillaries, and in itself

disposed to all kinds of further metamorphoses. The direct organiza-

tion into a compact, dense connective tissue, is most common. The

formation of a so-called "induration" is characteristic particularly of

the rheumatic inflammation. The muscular fibres perish entirely in

this induration, and there finally remains only a narrow, ribbon-like

stripe, where there was originally a full muscular belly.

The same developments of form, as I will observe here by the way,

serve for the reunion of the divided surfaces in wounds which have

affected the muscle in its continuity. In vain have we sought for a

regeneration of the muscular fibres in muscular cicatrices, and have

been repeatedly deceived by the naturally intervening spindle-cells.

§ 755. The ossifying muscular inflammation is a peculiar variety of

chronic myositis. This, upon the one hand, lies at the foundation of

both the already mentioned curiosities, the drill-bone of the deltoid and

the riding-bone of the adductors; upon the other hand, it occurs as a

constitutional disease simultaneously in several muscles, in the first

.place, of the back, afterward of other regions. The germinal tissue

here passes directly over into compact osseous tissue. The drill-bone

is usually a three-cornered piece of bone, which! arises in the left deltoid

muscle near its tendinous insertion, and attains by concentric growth

an average length of three to five inches, a breadth of one to two inches,

and a circumference of four to five inches. In the former Prussian drill

regulations, there was a very favorite position, in which the tube of the

musket was struck with great force against the place in question. The

same with the riding-bone of the adductors. We have recently had an

interesting paper, by Munchmeyer, upon Myositis Ossificans Multiplex

Progressiva, which in a histological relation establishes the fact, that

the question here is about an actual ossification of the interstitial

exudation.

There is also a simple deposition of lime into the primitive bundles

of the voluntary muscles, which must not be mistaken for the myositis

ossificans. The latter is an actual rarity, and plays only a very modest

part, beside the frightful deformities of the muscular system, which

are produced by the ossifying myositis.

3. Typhus.

§ 756. It has already been known for a long time, that in typhus

abdominalis muscular abscesses occur ; but that the typhus myositis,

which also lies at the foundation of those abscesses, is an absolutely
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frequent process we only know by the beautiful and, in this direction,

pioneer researches of Zenker. The typhous myositis attacks by pref-

erence the groups of the adductors of the thigh. We there find, in

the midst of the remaining healthy muscle, a circumscribed part of

one to three inches diameter, which is characterized either only by a

moderate swelling, and pale, wax-like constitution of the coarser mus-

cular bundles, or by a pulpy softening, shading more into reddish, which

latter imparts to the whole depot a superficial resemblance to a mus-

cular abscess.

The histological changes which bring about these palpable anomalies

belong among the most interesting that the entire pathological histology

has to exhibit. We may distinguish three processes proceeding side

by side, which each start from one of the various structural constituents

of muscle, confine themselves to these, and complete themselves in it.

Each of them forms a series exclusive in itself, but at the same time

assumes thereby a part in the work of destruction and of building up,

which here completes itself.

§ 757. Let us next touch upon the cause, which may soonest be,

and in my opinion also, must be, regarded as specifically "typhous."

This is the cellular infiltration of the interstitial connective tissue. In

the consideration of typhus abdominalis (§ 112, et seq.) I could not

avoid designating as the acme of the process the production of a cell-

form, which, in individual formation, decidedly exceeds the common pus-

corpuscles. The typhus-cells are, indeed, likewise relatively small, uni-

nucleated elements, yet they are richer in protoplasm, and in so far also

larger than the lymph- and pus-corpuscles, colorless blood-cells, &c. By
the crowded juxtaposition in a limited space, they assume irregular,

often directly polygonal forms, and commence to remind us of epithelial

cells. Then, however, the retrogressive metamorphosis enters, and they

break down mostly by fatty degeneration into a detritus capable of

being resorbed. Now, the same cell again recurs also in the medullary

infiltrations which typhus produces in organs not primarily partici-

pative ; for example, upon the surface of the pleura it is also de-

cidedly not wanting in the interstitial infiltration of muscles. Hence

it is by no means to be conceived as an error of drawing if in the ad-

joining illustrations I have pictured the "pus-corpuscles" between the

muscular fibres (Fig- 208, c) strikingly large and many formed. I

rather hold the interstitial new formation, whether this proceed from

the cells of the connective tissue, or whether the question is about

accumulated migratory cells, as identical with the medullary infiltra-

tion, although the macroscopic effect is not the same, because of the

concurrent parenchymatous parts.

§ 758. We cannot at present say with certainty in what relation the

infiltration of the connective tissue stands to the processes in the mus-

cular fibres. Waldeyer has directed our attention to such fibres as are
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entirely covered with young cells, nay, even appear to be changed into

them. According to this we ought to imagine either that these cells

have migrated into the sarcolemma tube, or that the muscular corpuscles

at the inner surface of the sarcolemma had partly entered upon a pro-

liferation identical with that of the connective tissue process. I say

partly, for just upon them devolves yet a principal part in the entire

process, that of the regeneration of the muscular fibres, after these in

their principal bulk, namely, the contractile substance, have been

gradually but completely destroyed.

§ 759. We consequently come to the phenomena in the muscular

fibres themselves. In what has been just said is implied that we must

well distinguish upon them the behavior of the contractile substance

from that of the muscular corpuscles. The contractile substance passes

over directly from the condition of parenchymatous swelling into that

of a wax-like metamorphosis (Zenker). In fact the single, parallelo-

grammatic fragments, into which the contractile substance breaks up,

is characterized by a quite striking, therewith soft, wax-like lustre

;

and, what especially yet recommends the comparison, is the visible

melting down of the same at the edges, this rounding off of the corners,

this accommodation to the formed constituents, which, beside the frag-

ments, demand an independent place (Fig. 207, a). A fatty, granular

Fig. 207.

Myositis typhosa. Cross-section. 1-500. a. Wax-like degeneration of contractile substance. Beside
it the cells with crescentic cross-section intended for its regeneration, b. A sarcolemma-tubule with a
young muscular fibre which is round upon the cross-section, c. A similar one with a young muscular
fibre which is yet crescentic in the cross-section, and incloses a gap in which the last remains of the
degenerating substance may have lain. d. One of the same with numerous typhus-cells beside the
remains of the old muscular fibre, e. Interstitial connective tissue infiltrated with typhus-cells. 1-500

clouding of the muscular substance, has hitherto usually not been

seen; the mentioned fragments become rather smaller and smaller,

they finally disappear, without having up to the last lost their lustre or

wax-like constitution. An agreeable uniformity also prevails among

observers upon this part of the process. Not so upon the third part,

the regeneration.

I am conscious of not treating the subject in every sense, and espe-

cially not in the sense of the meritorious Zenker, when I ascribe the

regeneration of the affected muscular fibres to the cells pre-existing in
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the interior of the sarcolemma tubes. Meanwhile this is done with the

firmest conviction. We can convince ourselves better upon cross-sec-

tions (Fig. 207) than upon longitudinal sections and teased-out prepara-

tions, that the young muscular fibres are formed in the interior of the

sarcolemma tubes, not beside them. The young muscular fibres here

present themselves, as also in the normal development, as elongated,

spindle or ribbon-like elements, which possess a very finely granular pro-

toplasm, and numerous small, vesicular nuclei, which latter are arranged

in from two to twenty in elegant longitudinal rows (Fig. 208, b). The

Myositis typhosa. Longitudinal view, a section partly teased out. a. The wax-like, degenerating,

contractile substance of the old muscular fibres. 6. The young muscular fibres. (The transverse shad-

ing only represents the punctation for the sake of distinctness, and is not intended to denote striation.)

c. Sarcolemma tube with very many typhus-cells, beside small remains of the contractile substance.

The connective tissue richly infiltrated with cells. 1-500.

outer form of these cells adapts itself to the given relations of space ;
in

the first place they form narrow ribbons, crescentic upon a cross-section

(Fig. 207), which connect themselves most intimately to the, as yet

little destroyed, cylinder of contractile substance ; if, then, the muscular

cylinder crumbles, and gaps occur between the melting fragments, the

protoplasm of the growing muscular fibres also forces itself into these

gaps, Avhereby the latter receive incurved conical serrations projecting

inwards. The cross-section also shows how the decreasing old muscular

fibres and the increasing young muscular fibres, divide in the existing
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cylindrical inner-space of the sarcolemma tube. The former appear

as roundish lumps, the latter as crescents, which embrace the lumps,

and finally inclose them. We usually observe one, at times, however,

also several, young muscle-cells in one sarcolemma tube. If there are

several, upon further, growth they run together just as well in the

transverse direction as they enter into connection with each other in

the longitudinal direction. Finally, the last remains of the old muscu-

lar tissue has been removed, and a single muscular fibre, produced by

the confluence of many formative cells, occupies their space. This yet

enlarges considerably, and assumes the transverse striation, the nuclei

are uniformly distributed upon its surface, whereby then the new

muscular fibre is completed.

Meanwhile, nay, yet ere the restitution of the muscular fibre is com-

plete, the infiltrated round cells have also been decomposed by fatty

metamorphosis. The myositis typhosa, like the medullary infiltration

of all parts not superficial, heals without leaving behind a remainder.

4. Carcinoma.

§ 760. The primary occurrence of very soft medullary sarcomas

(§ 761) in muscles, has probably been the occasion for mistaking it for

soft carcinoma; in general, the metastatic carcinoma only occurs in

muscular tissue as an independent tumor, and forms in it smaller and

larger nodules. The muscular tissue is naturally, also, not spared by

cancers, which extend in continuity. The epithelial cancer of the lip

goes over to the muscles of the lip, the cancer of the tongue to the

muscles of the tongue, cancers of the optic bulb also infiltrate the mus-

cles of the orbit. In all these cases we have been convinced of the

pre-eminently passive behavior of the muscular fibres. Muscular cancer

is essentially an interstitial infiltration, by which the muscular fibres

are forced asunder, thereupon ever becoming narrower, to disappear.

This obtains without restriction of the contractile cylinder. The ques-

tion only is, in how far the muscular corpuscles, or the sarcolemma-

cells, participate in the new formation. That they are able to do this,

and indeed in all forms of carcinoma, can scarcely be doubted after the

illustration which C. 0. Weber has given in Virchow's Archives, vol.

xxxix, plate v. According to Weber, whole nests of cells form in the

interior of the muscular fibres, where the question is about the advance

of the epithelial cancer into the muscles of the lip, or about the advance

of scirrhus mammae into the pectoralis major. Upon the other hand,

however, Ave must hold fast to this, that this participation is no con-

stant appearance. In all the cases investigated by me of soft carci-

noma of muscles, I could not surely convince myself of the inactivity

of the muscular corpuscles in the disappearing muscular fibres. It
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accordingly remains for us to leave to the future, for the time being,

the correct limitation of the experience gained by Weber.

5. Sarcoma.

§ 761. The sarcoma of muscles, also, is an interstitial new forma-

tion. This Avas yet recently confirmed by CO. Weber for a glio-

sarcoma of the crural nerve, which had grown into the sartorius muscle.

For the soft sarcomas, which occur primarily in muscles, I would fur-

thermore yet call attention to the behavior of the sheaths of vessels
;

not that the tumor proceeds from these, but within them and in their

nearest surroundings, it shows a certain tendency to variation. In an

otherwise round-celled sarcoma of the deltoid, I saw around the vessels

sharply contrasted areas, within which the sarcoma exhibited a large-

celled nature, was even provided here and there with giant-cells. The

sarcoma returned years after extirpation, and produced death by

metastases.

That the cavernous tumor also occasionally visits the muscles, was

, discussed in § 129 et seq., with all histological detail. All other his-

tioid tumors, fibroids, lipomas, myxomas, enchondromus, are rare

guests in muscles, and then also do not belong to the muscular tissue

as such, but to the intra-fascicular strata of connective tissue.
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neuil, Bulletin de la soc. anat., Fev.,

1857. Kirsch,- Prager Viert. jahrsch.

Billroth, Ueber Cancroide und Schleim

cysten, V. A., 1860, xviii, p. 99. Fors-

ter, Canstatt's Jahresb., 1856. Volk-

mann, V. A., 1857, xvi, 293. E. Wag-
ner, Archiv. f. phys. Heilk., ii, 2, 1860.

Ibid., 1858, p. 153; Ibid., 1859, p. 306.

Arch. d. Heilk. i, p. 157; iii, p. 143;

Der Gebarmutterkrebs, 1858. Demme,
Schweiz. Monatschr., 1858, iii. Fors-

ter, V. A., 1858, xiv, p. 91; Wiirzb.

Ztschr., iv, p. 317. Billroth, Arch. f.
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klin. chirur., vii, p. 860. Eiselt, Prager
Viertjahrsc, 1862, lxx und lxxvi. Thi-

ersch, Der epithelialkrebs, nament. der

Haut., 1865. Waldeyer, V. A., 1867,

xli, p. 470. Klebs, V. A., xxxviii, p.

212. Cornil, Journ. de 1'anat. et de la

Phys., 1864, 1865. Cornil et Kanvier,
meme journ., 1866, 3. Demonehy,l'epi-
theliome pavimenteux. ; Paris, 1867.

v. Kecklinghausen, Grafe's Archiv. f.

Ophthalm., 1864, Bd. xii, p 70. Koster,

Entw. der Carcinom., 1869. Langhans,
V. A., xxxviii. Cohnheim, V. A.,
xxxviii, I. Birch-Hirschfeld, Arch. d.

Heilk. ix, Jahrg., p. 537.

Cancer juice, \ 154.

Cancer cicatrix, \ 160.

Canalization of osseous tissue, \ 643.

Cardiac abscess, \ 243 et seq.; see inf. of

heart muscle.

Cardiac polyps, \ 258.

Cardiac induration, \ 256.

Cardiac aneurism, § 257, partial.

Caries fungosa, \ 656.

Caries simplex, | 654.

Caro luxurians, \ 105.

Carcinoma reticu latum, § 158.

Caseous inflammation of bone, \ 660.

Caseous pneumonia, \ 430. •

Catarrhal hyperemia, \ 348.

Catarrhal pneumonia, \ 416.

Catarrh in general, \ 349; of skin, \ 292

et seq ; of mucous membrane, $ 349 et

seq.; of bronchi, \ 408; of lung paren-

chyma, \ 416 et seq.; of urinary tubuli,

\ 535; of Graaf. follicle, § 573; of

paren. of salivary glands, \ 614. Blb-

liog.: Guterbock De pure et granula-

tione; Berolini, 1837. J. Vogel, Uber
eiterung und eiter ; Erlangen, 1838.

Forster, Wiirzb. Med. Zeitschr, 1 Bd.,

2 Hft. Buhl, V. A , xvi, p. 168. Ke-
mak, V. A., xx, p. 198. Eberth, V. A

,

p. 106. Pvindfleisch, V. A., xxi, 406.

Compare further the citations under
epithelial formation.

Cauliflower growth, \ 309.

Cavernous formation, \ 437.

Cavernous fibroid, \ 132.

Cavernous tumor, § 129; Comp. telangi-

ectasy.

Cavernous tumor of muscle, $ 761.

Cavernous tumor of kidney, | 566.

Cavernous tumor of liver, \ 515.

Cavernous metamorphosis, \ 122, 193.

Central osteosarcoma, \ 678.

Cell division, \ 68.

Cerebral abscess, \ 711.

Change of position of enlarged hair-folli-

cles, \ 334. Blbliog. : Werthheim, Sitzs

b. d. Kais-Acad., Bd. i, April.

Cicatricial formation after catarrh of

skin, \ 294.

Chlorosis, \ 176. Blbliog. : Vogel, Storun-
gen der Blutmischung, in Virchow's
Handbuch der spec. Path. u. Ther., Bd.
i, 1854.

Cholesterin, \ 29; see Blbliog. at loe. cit.

Cholesteatoma, \ 738.

Chronic catarrh of mucous membrane, §
355.

Cirrhosis, § 510.

Circumscribed atrophy of liver, \ 499.

Circumscribed gangrene of lunn, \ 484.

Clavus, I 302.

Cloudy swelling, \ 36 et seq. ; Virchow,
Y. A., iv, p. 261 ; Klebs, Handbuch der
path. Anat. i, Lief. p. 174.

Colloid degeneration, \ 44; of nucleated
cells, § 44 ; of renal epithelia, \ 538.

Blbliog. : Schrant, Archiv. f. phys.
Heilk, ix, Archiv. f. d. holland.

Beitr. z. jSTatur u. Heilk., 1858, i, p.

169. Luschka, Arch, fur phys., Heilk.,

1854, p. 9. Virchow, Wiirzb. Verh.,
ii, Untersuchungen uebcr die Entw.
des Schadelgrundes, 1857. Oncology,
iii, p. 2. E. Wagner, Archiv. f. phvs.
Heilk., 1856, xv, p. 106. Haeckel, V.
A , 1859, xvi, p. 253. F. E. Schultze,

Schultze's Arch., Bd. i. Koster, V. A.,
xi, p. 502.

Colloid degeneration of ovary, \ 578 et

seq.; of Graafian follic.
, § 579; of stro-

ma, $ 582. Blbliog. : see Cyst of ovary.

Colloid cancer, Gelatinous, alveolar can-

cer, $ 162; of stomach and rectum, §

398; of mamma is rare. Blbliog.: J.

Miiller, Geschwiilste, p. 8, 16. Lebert,

V. A., 1852, iv, p. 192-259. Frerichs,

Ueber Colloid, und Gallertgeschw.,
1847. Broca, Mem. de TAcad. nat. cle

mid., i, 16; Paris, 1852. Virchow, V.
A., i, p. 201. Wiirzb. Verh., ii, p. 318.

E. Wagner, Arch, fiir phys. Heilk.,

1856, p. 106. Archiv. d. Heilk., i, p.
• 157; ii, p. 143 F. E. Schultze,

Schultze's Archiv., Bd. i. Koster, Die
Entw. der Carcinome und Sarcome, 1

Ab. Wurtzburg, 1869, p. 70.

Colloid goitre of thyroid gland, $ 621.

Blbliog.: Tourtual, Miiller's Archiv.,

1840, p. 240. Albers, Erlauterungen
zum Atlas, p. 376. Virchow, Verh.
der geburts bulfl. Gesell. zu Berlin,

1848, iii, 197, 213. Engel, Spec. path.

Anat.; Wien, 1856, p. 779.

Congenital renal cysts, $ 542.

Congestive nephritis, \ 550.

Connective tissue formation in cortex of

brain, \ 719.

Connective tissue, young, as germ of new
formation, \ 73 et seq. Blbliog.: Vir-
chow, Ueber parenchym. Entziind., V.
A., 1852, p. 261; V A., 1853, p. 217;
V. A., Ueber Perlgeschwiilste, 1855.

Gaz. hebd., 1855; Fevr. 7, V. A , 1855,

p.,415. Cellular pathol., 3 Auf., p. 374.

Pohl, V. A., 1855, p. 348. Forster, V.
A., xiv, p. 120. C. O. Weber, Chir.

Erfahr., 1859, p. 269; and in all his

later publications, in V. A. and in

Pitha und Billroth's Hdbuch. d. Chir.

Corn (clavus), \ 302.
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Combination or mixed tumor, § 146.

Comedo, \ 329. Bibliog.: Virchow, Arch.,

vi, p. 552; Bd., viii, p. 413.

Corn a human um, \ 305.

Craniotabes, \ 637.

Croup of larynx and trachea, \ 367.

Croup of pharynx, falsely so-called diph-

theritis, \ 364.

Croupous pneumonia, \ 463.

Croupous inflammation, \ 362 et seq. Bib-

liog.: E. Wagner, Arch. d. Heilk,
1866, vii, p. 481; viii, p. 449. O.

Bayer, Ibid., viii, p. 546; ix, p. 136.

Consult Inflammation.

Cutaneous horn, § 305.

Cylindroma, \ 173.

Cysts, general remarks on their origin, \

70 et seq. Bibliog. : The best classifica-

tion in Virchow's Oncology. Hodg-
kin,Med. Chir. Trans., 1829, xv, p. 265.

Kohlrausch, Miiller's Archiv., 1843, p.

365. Frerichs, Ueber Gallertund Col-
loidgeschwiilste, 1847 (compare Bibliog.

under Colloid metamorph.). Bruch,
Ztschr. f. rat Med., 1849, viii, p. 91

Eokitansky, Denkschr. d. Wien. Acad.,

1849, i ; Wochenblatt der Ztschr. d.

"Wien. Aerzte, 1855. Mettenheimer,
Miiller's Arch., 1850. Virchow, Ztschr.

f. wissenschaft Zool., 1850; Wiirzb.
Verh., v, p. 461; Verh. der Berl. Ge-
sell. fur Geburtsh , iii, p. 224. Wern-
her, V. A., 1855, viii, 221. Beckmann,
V. A., 1856, ix, p. 221. Meckel, Illustr.

med. Zeit. , 1852. Giraldes, Mem. de la

soc. de. chir., 1854. Heschl, Prag.
Vjschr., 1860, ix, p. 36 Fox. Med.
Chir. Trans., 1864, xlvii, p. 227.

Cysts of the ovary, \ 576. Bibliog : Be-
side the works of Hodgkin, Frerichs,

Wottenheimer, Eokitansky, Virchow,
and Fox, cited under Cj^sts : Cruveil-
hier, Path. anat. Liv., xxv, B. i, p. 2.

Biermann, De hydrope ovarii; Inaug.
dissert. Gottingen. Fiihrer, Umrisse
u. Eemerk., &c , Deut. Klin., 1852.

Pfliiger, Ueber den Eierstock des Men.
und der Siiugethiere. Spen. Wells,
Diseases of Ovaries, 1864. Eichwald,
Colloidentartung der Eierstoeke.

Wiirzb. Ztschr., B. v. Mayweg, Die
Entwickelungsgesch.derCystengeschw.
des Eierstocks. Inaug. Dissert, und
gekr. Preisschr. ; Bonn, 1868.

Cysts of the liver, \ 519.

Cysts of kidney, \ 540, 565. Bibliog. : Be-
side the works of Meckel, Virchow,
Beckmann, cited under Cysts: Beck-
mann, V. A., xi, p. 121, 1857. Eayer,
Tr. des mal. des reins. Abeille, Traite

des Hydrop. et des Kystcs, p. 562.

Sangalli, Dei tumori, ii, p 107. Cor-
mack, The Lancet, vol. ii, p. 2, 1845.

O. Heusinger, Ein fall von angebor.
Blasenniere. ; Marburg, 1862 (enhall

eine sorgfaltige Casuistik der fotalen

Cystennieren). Klein, V. A., xxxiv,
p. 504.

Cystic tubercle, § 453.

Cystic degeneration of bone, \ 670.

Cystoid degeneration of mucous mem-
brane, \ 357.

Cystosarcoma fibrosum (Fibroma intra-

canaliculare papillare mammae), § 602,

Cystosarcoma mamma?, \ 602.

Cystosarcoma mucosum (Myxoma intra-

canaliculare arborescens), \ 662, 2.

Cystosarcoma testiculi, \ 593, b.

D.

Dendritic vegetation, § 69, B. 9.

Dermoid of the ovary, \ 585, c. Bibliog.:

see Cysts of ovary.
Desmoid, \ 128.

Desquamation, \ 69, B. 4.

Desquamative catarrh of urinary tubuli,

\ 535.

Differentiation, embryonal, \ 71.

Diffuse osseous cancer, \ 683.

Diphtheritis of skin, \ 298; of mucous
membrane, \ 370 ;

of urinary passages,

§371,556." Bibliog.: Virchow, Hand-
buch der spec. Path. u. Ther., i, p. 292.

Deut. Klin., 1869, Nr. 4. Buhl, Ztschr.

f. Biol., 1868, iii, p. 341. E. Wagner,
Archiv. d Heilk., 1866, vii, p. 481.

Diseases of bone, §'627. Bibliog. : Maison-
neuve, Le perioste et ses malad. Paris,

1839; Musee Dupuytren, Paris, 1842,

PI. 16. Stanley, On Diseases of Bones;
Lond., 1849. Stromeyer, Handbuch
der Chir., Freiburg in Br., 1851.

Gerdy, De la periostite et de la medul-
lite. Argener., 1854. Billroth, Langen-
beck's Archiv, Bd. vi, p. 712. Eoser,

Arch. f. Heilk., vi, p. 136. Howship,
Med. Chir. Trans , x, p 190. Beobacht,
iiber den gesunden und krankhaften
Bau der Knochen ; Leipzig, 1822.

Scarpa, Ueber die expansion der

Knochen ; Weimar, 1828. Miescher,
De inflammatione ossium, 1836. Nela-
ton, Elem. de path, chir.; Paris, 1844.

Virchow, Arch., iv, p. 301. Billroth,

Beitr. zur path. Hist.; Berlin, 1858.

Langenb Arch., Bd. iv. K. Volk-
mann, Zur Hist, der Caries u. Ostitis;

Langenbeck's Arch., Bd. iv. Hand-
buch der Chirurg'ie von Pitha und
Billroth, Bd. ii, 1 Abth., 1 Lief. See
furthermore: New Formations, Sarco-

ma, Cancer, &c., Eachitis, Osteoma-
lacia, &c.

Diseases of thyroid gland, \ 619.

Diseases of mamma, \ 595 et seq. Bibliog.

:

Langer, Ueber den Bau und die Entw.
der Milchdriisen, Denkschr. der Wiener
Acad., Bd. iii, 1851. Velpeau, Tr. des

malad. du soin ; Paris, 1858, 2d edition.

J. Birkett, On the Diseases of the Breast
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and their Treatment; London, 1850.

Reinhardt, Path. anat. Untersuch.
;

Berlin, 1852, p. 125. H. Meckel, II-

lustr. med. Zeit. Miinehen, 1852, Hft.

3, p. 141. Busch, Chir. Beobacht. ; Ber-
lin, 1854. Th. Billroth, Untersuch.
iiber den feineren Ban und die Entw.
der Brustdr. geschw., V. A., xviii

;

Krankheiten der Brust, in Pitha und
Billroth, Hdbuch der Chirurg. iii Bd

,

2 Ahth., 1 Lief.

Diseases of ovary, £ 572. Bibliog. : Stein-

lin, Ueber die Entw. der Graaf. Pol.

Mitth der Ziiricher naturf. Gesellsch
,

1847, Bd. i,p 156. Pfliiger, Allg. med.
Centralz., 1861 ; Die Eierstocke der
Sau»;ethiere und des Menschen. ; Leip-
zig, 1863. Grohe, V. A., xxvi, p. 271,
1863. Chereau, Malad. de l'ovaire;

Paris, 1844. Kiwisch, Klin. Vortrage.
Prag., 1849, ii. Henkel, Wien med
Wochenschr., 1856, No. 12. Racibor-
ski, Gaz. des Hop., 1856, Nov. Scan-
zoni, Gynaeol. Wien, 1857. Mosler,
Monatschr. f. Geburtskunde, 1860, xvi
2. Klob, Path. Anat. der Weibl. Sex-
ual organe. 1864, 309. See, moreover,
Cysts, Carcinoma, &c.

Diseases of nervous system, \ 686. Bib-
liog.: a. Inflam. hemorrhage, softening.

Abercrombie, Pathological and Prac-
tical Researches on Diseases of the
Brain, 1827. Carswell, Cyclopaedia of
Practical Medicine, iv; Art. Softening,
in Illust. Pasc. v, pi. 3, 4, viii 1, xii 4.

Durard-Pardel, Hdbuch d. Krankheit.
des Greisenalters, a. d. P. Wiirzburg,
1856. Glue;e, Atlas d. Path, anat

, 7
Lief. T. 1, 2. Ecker, Deut. Klin, 26,

1863. Leubuscher, Ibid. 10, 1855.
Traube, Med. Centralz. 91, 1854. Cal-
meil, Tr. des Mai. inflam. du cerveau

;

Paris, 1859. Bamberger, Wurzb.Verh.
vi, p. 306. Ducheck, Prag. Viertjahr-
schr., Bd 37, 1853. b. Gray degener.,
Frerichs, Haeser's Archiv, Bd. x, H. 3.

Valentiner, Deiit. Klin. 14-16, 1856.
Schnepf, Gaz. MeU, 30, 1854. Robin,
Gaz. Med. de Paris, 5, 1856. Lebert,
V. A., x, p. 78; Tr. d'Anat. Path., ii,

pp. 43, 45, 51, pi. 97, 98. . Rindfleisch,

V. A., xxvi. Leyden, Deut. Klin.,
1863, No. 13. Zenker, Zeitschr. f. rat.

Med. xxiv, 2 u. 3 Hft. Leyden, Die
Graue Degen. der hinteren Riicken-
markstriinge ; Berlin, 1863. Feltz,
Gaz. Med. de Strasb., 1869. Fried-
reich, V. A., xxvi, xxvii. Westphal.,
Tabes dorsalis, Allg. Zeitschr. f. Psych.,
Bd. xx, xxi. Charcot und Vulpian,
Gaz. hebd., 18i2. Virchow, V. A.,
1855, Bd. viii. Rokitansky, Sitzungsb.
der Acad, der Wiss. zu Wien, 1856,
1857, Bd. xxiv. Bourdon, Arch, gener.,

Nov., 1861. Frommann, Unters. ueber
die normale und path. Anat. des Ruck-
enmarkes, 1867, Jena. Henle und Mer-

kel,in Henle u. Pfenfen's Zeitschr. f. rat.

Med., 1869. c. Tumors, beside the works
cited under New Formations, Sar-
coma, Cancsr, &c, especially Virchow's
Oncology, cap. Psammom, Gliom.

Diseases of muscles, \ 748 et seq.

Diseases of suprarenal capsules, \ 624 et

seq.

Double aorta, \ 261.

Dwarf and giant growth, \ 628.

Drill bone, \ 755.

E.

Ecchondrosis, \ 672.

Ectasy of smaller bronchi, \ 423.

Elephantiasis, \ 319. Bibliog. : Hecker,
Die Elephant, oder Lepra arabica,
Lahr., 1858. Fuchs, Die krankhaften
Verand. der Haut, 1840, pp. 656, 702.
Virchow, Handb. der spec. Path., Bd.
i, p. 218. Teichmann, Das Saugader-
system ; Leipzig, 1861, p. 62, Taf. 6,

Fig. 4. Rob Frankel, De Arabum ele-

phanti. Diss, inaug. ; Breslau, 1857.
Rasmussen, Sclerodermia, Hospital-
Tidende, 1867, May and June ; trans.
by Daniel Moore; Edin., 1867.

Embolism, I 196.

Embolic processes in general, \ 197; of
the lung, \ 474 et seq. ; of the liver, $
506 ; of the kidney, g 558 ; of the nerv-
ous system, $ 704, | 720. Bibliog.: see
under Thrombosis.

Emphysema of the lung, § 408 et seq.

Encephalitis, § 709.

Enchondroma in general, \ 135 et seq. ;

of testicle, § 598, c. ; of salivarv glands,

§ 618; of bone, \ 682. Bibliog. .- J

.

Miiller, parti}' in his works cited under
New Formations, partly Miiller's Ar-
chiv., 1843. C. O. Weber, Die Exos-
tosen und Enchondrome, Bonn, 1856;
V. A., xxxv, p. 501. Volkmann, in

Billroth und Pitha's Hdbuch, Bd ii,

Abth. 2, Lief. i. Birch-Hirschfeld, Zur
Casuistik der Geschw. embolie, Archiv.
d Heilk, 10 Jahrg.

Enchondroma haematodes, § 682.

Enchondroma papillosum, $ 682.

Endoarteritis chr. deformans, \ 214. See
Inflammation.

Endogenous cell formation, \ 68.

Epithelial formation in general, $ 82 et

seq.; in epithel. catarrhs, \ 352; in hy-
pertrophy of skin, \ 307 et seq ; in heal-
ing of wounds, | 104; in carcinomas in

gen., \ 148. In addition, principally
only the most recent literature: Burk-
hard, V. A., xvii, p. 94. Rindfleisch,

V. A., xxi, p. 486 Thiersch, Der Epi-
thelial krebs, namentlich der haut

;

Leipzig, 1865, und Pitha, Billroth i,

2 abth., p. 532. Schron, Contributione
alia anat. fisiol. e patholog. della cute

humana, 1865. J. Arnold, V. A., xlvi,
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p. 168. Yoigt, Archiv. der Heilk, 1869,

p. 420.

Epithelial villi. \ 168.

Erythema, \ 288'

Etat mamelonne, \ 357.

. Exanthems, \ 287 et seq. Bibliog.: The
large monographs on skin diseases of

Willan, Alibert, Bateman, Baumes,
Fuchs, Green, Plumbl, Cazenave, and
Schedel, Rayer, in general consider the

histological standpoint but little or not

at all. Among Germans, the father of

patliol. histology is Gustav Simon, Die
Hautkrankheiten, 1848. Then follow

Hebra, in Vircbow's Spec. Path. u.

Therap. iii, Bd. v. Barensprung, Die
Hautkrankh. ;

Erlangen, 1859, i lief.

Auspitz u. Basch, V. A., xxviii, p. 207,

contains, among other things, a peculiar

view, quite different from mine, on the

formation of the umbilicus of the pock.

Ebstein, V. A., xxxiv, p. 598. Kobner,
V. A., xxii, p. 372. Biesiadecki, Sitz-

ungsb. d. k. k. Acad., lvii, 1868; lvi,

1867. Haight, loc. cit., 23 Apr., 1868.

Neumann, loc. cit., 18 Juni, 186*. Pa-
sjenstecher, loc. cit., 23 Apr., 1868.

Kohn, loc. cit. 8 Oct., 1868.

Excoriation, § 354.

Exostosis, # 673 et seq. Bibliog.: C. 0.

Weber, Die Exostosen und Enchon-
drome, Bonn, 1856. Rindfleisch,

Sohweiz. Zeitschr. fur Heilk., iii, p.

310. Genczik, Ueber Exostosen und
Osteophyten ; Erlangen, 1846.

Exostosis eburnea, \ 673 Bibliog. : Yolk-
mann, Die Krankheiten der Bewegungs
organe in Billroth u. Pitha's Hdbuch
der Chirurgie.

Exostosis clavata, $ 673.

Exostosis multiplex, \ 74.

Extravasation cysts, \ 70, e.

Exudation, fibrin, g 269, b.

Exudation cysts, \ 70, b.

False ligaments, $ 275.

False hypertrophy of muscles, \ 750.

Fibrous sarcoma, \ 128.

Fat dyscrasia, \ 63.

Fatty tumors, g 133.

Fatty heart, \ 239.

Fatty degeneration, \ 25 et seq. Occur-
rence and causes of, \ 35 ; of nucleated
cells, \ 26 et seq. ; of connective tissue

corpuscles, § 30; of striated muscular
fibre, I 30, \ 238, \ 749

;
physico-chem-

istry of, \ 31 ; of nerve-fibres after di-

vision, \ 32. Bibliog.: Reinhardt, V.
A., i, p. 20. Virchow, Archiv., 1847,

i, p. 94; viii, p. 537; x, p. 407; xiii,

pp. 266, 288
; VViirzb. Verh., iii, p. 349.

Barlow, On fatty degen., 1853. Buhl,
Ztschr. f. rat. nied., 1856, viii, p, 1.

lloppe, V. A., 1855, viii, p. 127; xvii,

p. 417. Oppenbeimer, TJeb. progr. fet-

tige Muskelentart, 1855. Wundt,V. A.,
1856, x, p. 404. O. Weber, V. A., 1858,
xiii, p. 74 ; xv, p. 4C0. Bottcher, V. A.,
1858, xiii, pp. 227, 392. Rokitansky,
Ztschr der. Ges. der Wien. Aerzte,
1859. Walter, Y. A., 1861, xx, p. 426.

Mettenheimer, Archiv. f. wiss. Heilk, i.

Hertz, Ueber Degenor. und Regen.
durchschnit. Nerven., V. A., 46.

Fatty degener. of heart muscle, \ 238.

Bibliog. : Bizot, Mem. de la Soc. de
l'obs. Paget, Lond. Med. Gaz. ii, 1847.

E. L. Ormerod, Lond. Gaz
,
Nov., 1849.

R Quain,Med Chir. Trans., xxiii. Rok-
itansky, Oest Jahrb, xxiv, 1 St. 1840;
Weber, V. A., xii, p. 326. Virchow,
V. A., xiii, p. 266. Gerhardt, Wiirzb.
Ver., 9 Bd., Aran. Med. Chir. Rev.,
Aug., 1855. Kennedy, Edin. Med.
Journ.,in Canst. Jahresber., iii, p. 233.

Senfth'ben, Ctrlblatt, 1865, No. 58.

Fatty degeneration of liver, \ 498; of kid-

ney, \ 537, \ 555. Bibliog. : Apart from
the literat. on acute yellow atrophy of
liver (which see) : G. Lewin, Studien
ub. Phosphor vergift., V. A., 21, p. 506.

Wunderlich, Arch. d. Heilk., iv, 145-
160. Leyden u. Munk, Ueber die Wir-
kungen der Phosphorsaure, Centblt.,

1864, p. 659; Ueber Albuminur. und
fettige Deg., &c, Berl. Klin. Wochen-
schr., 1864, Nr. 49, 50. Leisering, V.
A , xxx, p; 478. Saikowsky, Centralbl.,

1865, Nr. 23. Senftleben, Centrlbl.,

1865, Nr. 58. Saikowsky, V. A., xxxiv,

p. 73-80. Groheu. Mosler.V. A., xxxiv,

p. 208-225. Nothnagel. Berl. Klin. Wo-
chensch., 1866, 4. Siek, Wiirtb. Med.
Corr. Bl., 1865 (Centralblatt, 1866, 26).

Fatty degeneration of intima of vessels, \

30, I 217, I 220. (See Endoarter. ehr.)

Fatty detritus, \ 28.

Fatty usure, \ 220.

Fat-infiltration, $ 61 etseq.; of heart-mus-
cle, I 239; of striated muscle, \ 749 et

seq. Bibliog.: See under Fatty Degene-
ration, as both metamorphoses are con-
sidered together by most authors.

Fat-infiltration of liver, fatty liver, \ 488.

Fat metastases, \ 63.

Fibrinous cylinders, \ 538.

Fibrinous degeneration of epithelia, \ 365.

Fibrous lipoma, \ 134.

Fibroid, fibroma, \ 128.

Fibroma molluscum, $ 316.

Fibroma of kidney, \ 567, c.

Flat swelling, \ 69, B. 5.

Follicular suppuration of gastric and in-

testinal mucous membrane, \ 350.

Formation of skin, \ 104,

Formation of vessels, \ 71. See New For-
mation.

Fractures, \ 647.

Free articular bodies, \ 672.

Fish-roe tumors, \ 124, # 677.

Fungous ostitis, \ 642.
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Fungus, \ 69, B. 7.

Fungus of dura mater, \ 731

Fungus hseinatodes, \ 156.

Furuncle, 2 337.

G.

Gangrene corpuscles, \ 23.

Gastric ulcer, simple, \ 373.

Genuine hypertrophy of mamma, \ 598.

Genuine neuroma, \ 744.

Giant-cells, \ 67, 5. Centr. osteosarcoma.

Glioma, \ 743. Hoffman, E. K., Zeit-

schrift f. r. med., Bd. 34.

Glioma of suprarenal cap., § 626.

Granulations, \ 100.

Granulation- or granular-corpuscles, syno-
nyms ; inflammation globules, fatty

granular corpuscles, \ 27.

Gray degeneration, \ 724 et seq.

Growth, normal growth as type of patho-

logical, g 71 ; of vessels, \ 72. His, Ueber
die erste Anlage des Wirbelthierleibes,

Schultze's Archiv, ii ; Monograph, mit
12 Tf. ; Leipzig, 1868. Billroth, Unter-
such. iiber die Entw. der Blutgefasse;
Berlin, 1856. Eberth, Hist, des Gefass
sys., in Strieker's Lehrbuch Lief, ii; of
lymph-glands, \ 76. Sertoly, Sitzungs-
ber. der Wien Acad., liv, 1866 ; of epi-

thelia, \ 83. Arnold, V. A., Bd. 46.

Biesiadetzki u. Pagenstecher, Wien.
Sitzu. ber, vom 21 Juni, 1867 (Bd.
lvi) ; 23 Apr., 1868 (Bd. lvii) ; 19 Marz,
1868 (Bd. lvii).

Grutum, \ 330.

H.

Hemorrhage in bulk, of the brain, \ 708.

Hematoma dura? matris, \ 692.

Hrematoidin, \ 56.

Hard warts, \ 308.

Healing of wounds, § 93 et seq. Bibliog.

:

Redfern, Abnorm. nutrition in articular

cartilages and the healing of wounds in

articular cartilage, Month. Journ. Med.
Scien., Sept., 1851. Beiz, Sitzungsber.
der Wien. Acad. d. Naturw. CI. lv, 3,

1867, p. 501. His (see New Formations).
Langhans Zeitschr. f. rat. med., 3 R.,
12 Bd., 1861. v. Recklinghausen, V.
A., xxviii, p. 157, Centralblatt, 1867, 31.

Cohnheim (see New Formation) ; Wy-
wodzoff, Experim. Studien, &c, Med.
Jahrb. Zeitschr. d. Ges. d. Aerzte in
Wien, 1867, xiii, Bd. Paget, Lect. of
Surg. Pathol., 1853, vol. i, p. 191.

Thiersch, Die feineren anat. Verander-
ungen nach Verwund. der Weichtbeile.
Billroth, u. Pitha, Hdb. der Chir., 1 B.,
2A.,c.

Hemorrhagic cysts of brain, \ 708.

Hemorrhagic erosion, \ 372.

Hemorrhagic cicatrix of brain, \ 708.

Hemorrhagic infarction, \ 482.

Hemorrhoidal condition, \ 230.
Hernia cerebri, \ 700.

Howship's lacuna?, \ 643.

Hydrocephalus acutus, \ 700.

Hydrocephalus internus, \ 700.

Hydrocephalus externus, \ 699.

Hydrocephalus ex vacuo, | 699.

Hydrorhachis, \ 701.

Hyperplasia and heteroplasia, \ 85.

Hyperplasia of hair, \ 339.

Hyperplasia of striated muscle of heart,

\ 235. Bibliog. : Hepp, die path. Ve-
rand. d. Muskels. Diss. Zurich, 1853.

Wedl, 1 c, p. 227. Lebert, Tr. dAnat.
path. 1, p. 448. Forster, 1. c, p. 659.

Hyperplasia of sebaceous glands, \ 340.

Hypertrophy of epidermis and of papillary

layer of skin, \ 300 et seq. Bibliog.

:

See monographs partly under Exan-
thems, partly under Papilloma, part

under Keratoses.

Hypertrophy of open-mouthed glands, \

356, c.

Hypertrophy of tonsils, § 360.

I.

Ichthyosis, \ 304.

Induration, \ 301.

Indurating inflammation of liver, \ 510

et seq.

Infiltration, § 69, A. 3.

Inflammation in general, \ 88 et seq. Bib-

liog.: On histology of inflammation,

apart from the writinsrs of J. Hunter,
Virchow, Remak, Billroth, C. O. We-
ber, v. Recklinghausen, Cohnheim,
Strieker, and others, cited under New
Formations. Wharton Jones, On the

State of the Blood and the Bloodvessels

in Inflammation, Guy's Hospital Re-
ports, vol. vii, 1850; Canst. Jahresb.,

1850, i, p. 21. Virchow, Ueber parenchy-

matose Entziindung, V. A., iv, p. 261.

Lister, On the Early Stages of Inflam-

mation, Edin. Med. Journ., 1858, Jan.

John Simon, on Inflammation, Holmes's
Syst. of Surg., vol. i, 1860. Redfern,

Anomal. Nutrition in Cartilages, Edin.

Month. Journ., 1849, p. 50. O. Weber,
Ueber den Bau des Glaskorpers und die

Entziind. Verander. desselben., V. A.,

xix. Mors, De lentis inflam. purul.

Diss. ; Bonn, 1864. C. O.Weber, in Bill-

roth and Pitha's Hdbuch. der Chir., ii,

p. 362. Buhl, Sitzungeber. der Bayer,

Acad. ,1863, p. 59. E. Wagner, Archiv.

der Heilk., 1866, vii, p. 481. Billroth,

Archiv. d. chir., 1866, vi, p. 373. Lei-

desdorf und Strieker, Sitzungsber. d.

Wien. Acad , 1866 (17 Nov., 65). Kre-
miansky, Wien. med. Wochenschr.,

1868, 1-6. Billroth, Medic. Jahrbuch.

der Gesell. d. Aerz. zu Wien, xviii.

Cohnheim, V. A., 45, p. 333. Heller,

44
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Untersuch. ii. die feineren Vor. bei d.

Entzund. Habilitationsschr. Erlangen,

1869. Key, Hygeia. Bd. 30.

Inflammation, acute of arteries and veins,

I 212. Bibiiog. : Virchow, Ges. Ab., p.

458
Inflammation, chronic, of arteries, § 214

(Endoarteritis deformans, Atheroma,
process). Bibiiog.: Lobstein, Anat.
path., ii, p. 550. Andral, Anat. path.

Brux., 1837, ii, p. 63. Gulliver, Med.
Chir. Trans., v. 26, p. 86. Donders u.

Janse'n, Archiv. f. phys. Heilk., vii.

Fuhrer, Deut. Klin., 1854. Deschamps,
Gaz. med. de Paris, 1853. Virchow,
Ges. Abhl.,p. 496. Wien. Wochensch.,
51, 1856. Lebert, Tr. d'Anat. path, i,

pi. 70-74. Buhl, Ztschr. f. rat. med.,
viii, 1, 1857. Borel, De Patherom. ar-

teriel. These; Strasb., 1859. Bandon.
De Path. art. ; Ibid. Rokitansky, Denk-
schr. d. Wien. Acad. ; Sitzbe'r., 1854,

Juli.

Inflammation of the cerium and the sub-

cutaneous cellular tissue, \ 318,

Inflammation of serous membrane, \ 268.

Bibiiog. .-Hodgkin, Lect on Morb. Anat.
of Serous and Mucous Membranes, vol.

ii; London, 1836-40. Of the other

works cited under " Inflammation," be-

longing here, those of Buhl and Cohn-
heim are especially to be cited. J.

Meyer has treated of the vascular for-

mation in adhesions (see Vascular For-
mation). Neumann, Arch. d. Heilk.,

1868, p. 600.

Inflammation of prostate, \ 592.

Inflammation of endocardium, acute, \

249 et seq. (Endocarditis); chronic, |

•253 (Val v. insuflac. , cardiac induration).

Bibiiog. : Beside the monographs of

Bamberger, Friedreich, Ducheck, &c,
on Cardiac Dis., Virchow, Ges. Abhl. p.

508. Luschka, V. A., iv, p. 183. West-
phal, V. A., sx, p. 542. Reyher, V. A.,

xxi, p. 85. Heschl, Oestr. Ztschr. f.

pract. Heilk., viii, p. 12, 13, 1862.

Moreover, the bibiiog. under " Inflam.

chr. of arter." is to be reviewed for chr.

endocarditis and valvular insufliciency.

Inflammation of heart-muscle, \ 240 (my-
ocarditis, cardiac abscess, cardiac indu-

ration). Bibiiog.: The works on heart

dis. by Laennec, Bamberger, Ducheck,
&c. Carswell, Illustrations, Fasc. 8,

pi. 1. Craigie, Edinb. Med. and Surg.

Journ., Jan., 1848. Virchow, Archiv,
iv, p. 266. Dittrich, Prag.Viert. Jahr-
schr., 9 Jahrg., 1 Bd., p 58. Skoda,
Wien.Wochenb. 9, 10, 1856. Burrows
and Kirk's Med. Times, Dec, 1853. E.

Wagner, Arch. d. Heilk., ii, 1, p. 92.

Hcrzfelder,Wien. Ztschr., 1860. Mer-
cier, Gaz Med. de Paris, Nr. 32-40,

1857. Stein, Untersuch. tiber die My-
ocarditis. Munch. , 1861. Demme,
Schweiz. Ztschr , 1862.

Inflammation of testicle, \ 587. Bibiiog :

A. Cooper, The Formation and Diseases

of Testes. Virchow, V. A., xv, p. 263.

Curling, A Practical Treatise on Dis-
eases of Testes, 2d edit., 1856.

Interstitial nephritis, \ 556.

Intima vasorum, \ 211.

Inveterate oedema, \ 428.

Irritable granulations, \ 106.

Keloid, \ 315. Bibiiog.: Collins Warren,
Sitzungsber. d. k. k. Acad., lvii, 1868.

Keratoses, \ 303. Bibiiog. : Lebert, Ueber
Keratosen, 1864; Breslau. Harpeck,
Beichert u. Dubois, Arch., 1852, iii,

p. 393.

Lardaceous liver, \ 489.

Left arteria innominata, \ 261.

Lepra of skin, \ 325. Our knowledge of
the histological relations essentially de-

pend upon R. Virchow's researches, and
are to be found in his Oncology, together
with an exhaustive representation of
the whole subject.

Leucin, \ 23. Bibiiog.: Virchow, Arch.,
viii, 337.

Leukaemia, $ 177 et seq. Bibiiog.: Vir-
chow, Frorieps neue Notizen, 1845.

Nov. no., 780. Ges. Abh., p. 149.

Bennet, Edinburgh Medical and Surgi-
cal Journal, 1845, Vol. lxv, 413. Jul.

Vogel, V. A., iii, 570. Virchow's
Handbuch,"d. spec. Path. u. Ther., Bd.
1854. Die Casuistik, see in Virchow's
Oncology, ii, 565. The most complete
statement of the whole subject, loc. eit.

Neumann, Ueber path., Verand, des

Knochenmarks. Centralblt. , 1868, No.
13.

Leuksemic spleen, \ 178 et seq.

Lymph-glands, \ 181 etseq.; liver, \ 524;
kidney, \ 568. Bibiiog. : see under Leu-
kaemia.

Lipoma, \ 133.

Lipoma arborescens, \ 282.

Lipomatous sarcoma, \ 125.

Lipoma of dura mater, \ 734.

Lung-stones, $ 445.

Lupus, \ 342. Bibiiog. : Berger, Diss, de
lupo.

;
Greifswald, 1849. Martin, 111.

Med. Zeit., 1852; Pohl, V. A., 1854,

vi, 174. Mohs, De lupi forma et struc.

nonnulla, Lips., 1855. Auspitz, Oestr.

Med. Jahrb., 1864. Geddings, Zur
Anat. des Lupus, erythematous., Sitzb.

der k. k., Acad., lvii, Bd., 1868.

Lymphangitis tuberculosa, \ 454.

Lymph glands, acute inf., \ 200; chronic

inf. of, \ 202; genuine hyperplasia of,

I 202 ; scrofulous tumefaction of, \ 203
;
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typhous tumefaction of, \ 207 ; syph-
ilis, \ 207 ; sarcoma of, \ 208 ; car-

cinoma of, \ 209.

M.

Macroscopic forms of the pathological

new formation, \ 69.

Malignancy, \ 117.

Malum senile articulorum, § 662.

Margarin, \ 23.

Mastitis, \ 595.

Medullary papillae, $ 634.

Medullary spaces in cartilage, \ 634.

Medullary sarcoma of testicle, \ 593.

Melansemia, \ 183 et seq. ; spleen, brain,

kidney in melansemia, \ 184; of liver,

§512. Bibliog.: H. Meckel, in Dame-
row. Zeitschr., iv, 2, 1847 ; Deut. Klin.

1850, 50. Virchow, V. A., Bd. ii.

;

Heschl, Ztschr. d. Ges. d. Aerzte
Juli, 1850. Planer, Ibid., Febr. Apr.,
1854. Vogel, in Virchow's Handbuch
d. spec. Path. u. Ther., 1854. Frerichs.

Leberkrankheiten, i, 327. Grohe, V. A.,

xx, 306; xxii, 437. Eberth, xl, Bd.,

von Y. A.
Meliceris, \ 331.

Meningitis suppurativa, \ 696.

Meningitis tubercu. basilaris, \ 697.

Metastatic formation, \ 120.

Milky clouding of serous membrane,
| 281.

Milium, I 330.

Molluscum contagiosum, \ 331.

Morbus macnlosus of brain, \ 704.

Mucoid softening, \ 38 et seq.; chemistry
of, § 39 ; morphology of, \ 40 et seq. ; of

bone, g 41 ; of cartilage, \ 41. Bibliog. :

Virchow, Handbuch, der Spec. Path. u.

Ther., Bd. i. " Erweichung."
Mucoid tissue, \ 42, 141, 125, 137, 134.

Mucoid sarcoma, \ 125.

Mucus, \ 38 et seq.

Myelitis, \ 709.

Myeloid, f 678.

Myocarditis, see Inflammation of Heart.
Myoma, \ 144.

Myoma of testicle, \ 593 d.

Myositis, \ 752.

Myositis ossificans, \ 755. Bibliog. : Zen-
ker, TJeber die Verand. der willkiirl.

Muskeln in Typh. abd. ; Leipzig, 1864.

"Waldeyer, V. A., xxxiv, 473. Hoff-
mann, V. A., xl, 505.

Myxoma in gen., \ 141; of skin, \ 309;
of nervous system, \ 721.; of mamma,
I 605, 2 ; of salivary glands, \ 610.
Bibliog. : Joh. Miiller, in seinem Archiv
f. Anat. and Phys., 1836, ccxix. Vir-
chow, V. A., 1857, xi, 286. Billroth,
Arch. d. Heilk., iii, p. 47. Further-
more in Virchow's Oncologic

N.

Nsevus spilus, \ 339.

Necrosis, \ 7 et seq.; mortification, gan-
grene, causes of, \ 9 ; macroscopic phe-
nomena of, $10; of blood, \ 11 ; of
nucleated cells, \ 12, 13 ; of smooth
muscular fibre, \ 14; of striated mus-
cular fibre, § 15; of nerve-cells and
fibres, \ 16 ; of adipose tissue, \ 17 ; of
loose connective tissue, \ 18 ; of elastic

fibres, \ 19; of tendons, $ 19; of carti-

lage, \ 20; of osseous tissue in gen.,

\ 21
;
products of, \ 22, et seq.; living

organisms in \ 24. Bibliog. : Carswell,
Art. Mortification in HI. of the Elem.
Forms of Disease, 1834. Hecker, U nter-

such. uber die brandige Zerstor. durch
Behind, der Circul., 1841. Virchow,
Wiirzb. Verh. I, iii, Archiv, I, p.

272, V. p. 275; Wien. Wochenschr.,
1851; Handbuch d. spec. Path. u. Ther.,

I, p. 278; Verh. der. Berl. Med. Ges.,

1865, I. Hartmann, V. A., 1855, viii,

114. Demme, H., Ueber die Verand.
der Gewebe durch Brand., 1857. Kuss-
maul, V. A., xiii, p. 289. Bryck,
V A., 1860, xviii, p. 377. O. Weber,
Handbuch d. Chir. von Pitha und Bill-

roth, I, p. 106 u. 548. Pasteur, Comp-
tes Bend , lvi, 1189-1194. Hallier, Jen.
Ztschr., 1865, .,p. 231 ;

Die pflanzl. Par-
asiten, 1866. Lemaire, Comptes Bend.,
lvii, 625-628. Joh. Liiders, Ueber Ab-
stam. und Entw. des Bacterium termo,

Schultze's Archiv, iii, 318. Falk.

Zur Histol. verwesender Organe. Cent-
bltt., 1866, No. 28.

Necrosis of Bone, \ 653 et seq. Bibliog.:

Hunter, Experiments of the Growth of

Bone and Ex. Works, vol. 4. Gulli-

ver, Exper. Inquiry on Necrosis, Med.
Chir. Trans., vol. 21. Miescher, De in-

flam. ossium ; Berlin, 1836. B. Heine,

Ueber die Wiedererzeugung neuer
Xnochenmassen, u. d. Bildung neuer

Knochen in Graefe's und Walther's
Arch., Bd. 24. Stanley, On Diseases

of Bones, London, 1849. Mayor, Gaz.

Med., 1850, 13; Revue Med. Chir. 1855

Gerdy, Gaz. hebd., 1854, I. Hamilton,
Dubl. Quart. Journ., 1854., Aug. R.

Volkmann, Deut. Klin., 1857. O. Hey-
felder, Lehrbuch der Resectionen, 1863.

V. Pitha, Allg. Wien. Med. Zeitung.,

1853,10 R. Volkmann, Langenbeck's
Arch. f. Chir. Bd. iv, u. Knochen-
krank. in Billroth-Pitha's Handbuch,
II, 2, 284. Senftleben, V. A., Bd.

xxi, p. 280.

Necrosis of Lung. Pulmonary gangrene,

\ 471; vibriones in, \ 471 ; circum-

scribed, \ 482. Bibliog.: Cruveilhier,

Anat. Path. Livr. 11, PI. 4, gives a

good illustration of the diffuse, Livr. 3

pi. 2, of the circumscribed gangrene of

lung. Schrod. van der Koik, Obs.

Anat. Path., T. I, p. 202. Laenncc,

Trait, d'auscult. Med. Andral, Anat.

Path., ii, 138. Hasse, Path. Anat., i,
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p. 300. Skoda, Wien. Woehensehr.,
1852, 15. Traube, Deut. Klin., 37,

1853. Heuchel, De la Gangrene du
Poumon. ; Strasb., 1856. Weinberger,
Oestr. Ztschr. f. Praet. Heilk., 1, 45,

46, 1855. Lebert, Traite d'Anat. Path.,

1, p. 655, PI. 88 Dittrich, Ueber Lun-
genbrand in Folge von Bronchiectasie

;

Erlangen, 1850. Virehow, Wurzb.
Verh.^ 1851, ii, 2. Wunderlich, Hand-
buch, iii, 2, p. 208. Leyden u. Jaffe,

Deut. Archiv, ii, 488.

Neuroglia Virchovii, \ 687.

Neuroma, \ 145.

New formation, pathol. in general, \ 64

et seq. Bibliog. : John Hunter, Exp. on
Blood, Inflam.,and Gunshot Wounds.
Prochaska, Bemerk. liber den Organis-
mus dcs mensch. Kb'rpers nebst Theorie
der Ernahrung, Wien, 1810. Trevira-

nus, G. R., Biologie ; Gotting , 1805. Die
Erschein. und Gesetze des organ. Le-.

bens. ;
Bremen, 1831, 1 Bd. Andral,

Grundr. der Path. Anat. ubers. v.

Becker; Leipzig, 1829. Lebert, Phys.
Pathol.; Paris, 1845; Traite ddnat.

Pathol.; Paris, 1857. Virehow, V. A.,
Reizung u. Reizbarkeit, xiv, p. 1

;

Handbueh der spec. Bath, und Ther.

Bd. 1, p. 271. Paget, Lect. on Surg.
Path,; London, 1853. J.Miiller, Ueber
den feineren Bau u. die Eormen der
krank., Geschw. ; Berlin, 1838. John
Simon, Gen. Pathol.; London, 1850.

Remak, Ueber extra cellulare ensteh.

microsc. Zellen, Muller's Archiv.,

1852, p. 47. Schultz, Path. u. Ther.
der Pseudoplasmen, 1854. Billroth,

Ueber den Bau der Schleimpolypen,
1855; Untersuch. iiber die Entw. der
Blutgefass, Berlin, 1856; Beitrage zur
Path. Histol.; Berlin, 1858 ; His, Beitr.

zur normalen u. Path. Histologie der
Cornea ; Basel, 1856. O. Weber, Ueber
die Verand. der Knorpel bei Gelenk-
krank., V. A., xiii

;
Die Entw. des

Eiters, xv ; Ueber die Betheiligung der
Geiasse, bes. der. Capillar, au den Neu-
bildungen, xxix. Rindfleisch, V. A.,
xvii, p 239; xxi, p. 480. Exper. stu-

dien Ueber die Histol. des Blutes, 1863.

v. Recklinghausen, V. A., xxviii, p.

157. Thiersch, Der Epithelkrebs, nam.
der Haut, 1865. Cohnheim, Ueber
Entzund und Eiterung, V A., xl, p. 1.

Klebs, Beitrage zur Geschichte der Tu-
berku lose, V. A., xliv. Kb'ster, Die
Entw. der Carcinome

;
Wiirzb., 1869.

Cohnheim, V. A., Bd. xlv, p 333.

Strieker, Stud, aus dem Institute fur
Exper. Pathol. ; Wien, 1870. Special
Bibliog. : see under Inflam. , Cancer, Sar-
coma, Tubercle, &c, &c. General con-
siderations on Tumors by Liicke in
Billroth u. Pitha's Handbueh der Chir.
ii Bd., 1 Abth., 1 Heft.

Normal structure of kidney, \ 533.

Nucleated protoplasm,
Nuclear division, \ 66.

Node, I 69, A 2.

68.

Obstructing thrombi, \ 188.

Occlusion of descending aorta, \ 261.

Onycho-gryphosis, \ 306. Bibliog. : Vir-

ehow, Wiirzb. Verh., v, p. 88.

Organization, \ 93.

Organization of thrombi, \ 190.

Osteoid chondroma, \ 139.

Osteoid sarcoma, \ 676.

Osteoma, g 144.

Osteomalacia, \ 665 et seq.

P.

Pacchionian granulations, \ 732. Bibliog.

:

L. Meyer, V. A., xix, 288.

Pachymeningitis hemorrhagica, $ 690.

Pachymeningitis suppurativa, \ 689.

Papilloma cysticum, \ 70.

Papilloma destruens, Eorsteri, \ 171.

Papilloma myxomatodes, \ 739.

Papilloma of serous membranes, \ 280 ; of

skin, \ 307 etseq. ; of mucous membrane,
| 391 et seq. ; of nervous system, \ 739.

Bibliog. : Ecker, Arch, fiir phys. Heilk
,

1844, p. 380. Billroth, V. A., xvii, p.

357. Virehow, Verh. der Berlin, Ges.

f. Geburtshiilfe, iv, Wiirz. Verh. i.

Fuchs, Die krankh. Verand. der Haut.
i, 45.

Paputa. I 289.

Parenchymatous (albuminous) nephritis

I 553.

Parenchvmatous inflammation of liver, $

501 ; of muscles, \ 753 ; Erb. A. f. kl.

med., Bd. vi.

Parostitis, \ 640.

Parotitis, \ 614.

Peribronchitis chronica, \ 422.

Periostitis ossificans, \ 646.

Peripheral osteosarcoma, \ 676.

Pearl cancer, $ 738.

Pearly globules, \ 168.

Phlebectasy, \ 228.

Phlebitis thrombotic^, \ 212.

Pigmented nutmeg liver, £ 496.

Pigmentation, \ 56 etseq. Bibliog.: Bruch,

Untersuch. zur Kenntniss des kornig.

Pigmentesder Wirbelthiere, 1844. H.
Meckel, Ztschr. f. Psychol., 1847 ; Deut.

Klin., 1850. Virehow, V. A., i, p. 379;

ii, p. 587; iv, p. 515; vi, p. 259. Fors-

ter, V. A., xii, p. 197. Jaffe, V. A.,

xiii, p. 192. Zenker, Jahres. Ber. der

Ges. f. Nat. und Heilk., in Dresden,

1858, p. 53. Valentiner, Giinsb. Ztschr.

f. Klin, med., 1859, i, p. 46. Grohe,

V. A., 1861, xx, p. 306. Heschl, Ztschr.

d. Wien. Aerzte, vi, Oestr. Ztschr. f. pr.

Heilk., 1862, No. 40, 42, 44. Valenti-
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ner, Reichert u. Dubois' Archiv., 1862,

778-777. Kussmaul, Wiirzb. med.
Ztschr., iv, Abschmitt, vi. Hoppe-
Seyler, V. A. , xxix, p. 597. Langhans,
V. A., 49.

Pigment of lung. See Anthracosis and
Siderosis.

Pigmentation of skin, \ 126.

Pigment granules in gangrene, \ 23.

Pigment sarcoma, \ 126.

Pneumonia dissecans, \ 456.

Pneumonokoniosis, \ 457.

Pock, \ 295.

Pointed condyloma, \ 310.

Portal canals, § 488. Annotation.'

Polyp, \ 69, B. 8.

Premature ossification of sutures and syn-

chondroses, \ 629.

Prima intentio, \ 93
Progressive muse, atrophy, § 749. Bib-

liog. : L. Meyer, V. A., xxvli, 414.

Prostatic diseases, \ 607. Bibliog. : Thomp-
son, Erken. undBehandl. der Prostata-

krank. ; Erlangen, 1867. 0. Wyss, V.
A., xxxv, p. 378. Pauli, V. A , xxvii,

p. 27.

Psammoma, \ 734.

Pseudotuberculous bronchopneumonia, \
433.

Psoriasis, \ 299.

Psychoses, \ 712 et seq. Bibliog. : Con-
cerning the Histol. Changes of Brain
L. Meyer, V. A., xvii, p. 206. Besser
Ueber die Verwachsung der Gefasshaut
&c , Allg. Ztschr. f. Psychiatr., xxiii

331. Chirke, Lancet, 1, Sept., 1866
Meynert, Wien. med. Zeit., 1866, 22
28; Viertjahrschr. f. Psychiatr., 1867

1, p. 77, ii; 198, ii ; Jahrg. 1, 88-113
Lowenhart, Allg. Ztschr. f. Psychiat.
24. p. 798. Ekker, De cerebro et med
spin, system. va§. Traject, 1853. Vop-
pel, Giinsb. Ztschr., 1856, vii, p. 161
Ztschr. f. Psych., xiv, 1857, p. 175
Arch, der s;er. Psvchiat., i, a, 1858, p
49; Wiener Bericht, 1858. Calmeil
Des malad. inflamm. du cerveau, 1859
Baillarger, Recherch. sur laconche cor-

ticule, &c, Mem. de l'acad. de Med6-
cins., viii, 1849, 172. Pinel, Path, cer-

ebr. Parchappe, Becherch. sur l'en-

ceph. 2me Mem., 1838. Westphal, V.
A., xxxix, 90.

Punctated hemorrhage of brain, § 704.
Pul monary diseases, \ 405 et seq. Bibliog. :

Principally in reference to histology.
Gairdner, On the Pathological States of
the Lung connected with Bronchit. and
Bron. Obstruct., Edinb. Monthly Jour-
nal, vols, xii and xiii, 1850-1851. Block,
On the Pathol, of the Bronch. Pulm.
Muc. Mem., Edinb. Monthly Journal,
Jan.-June, 1853. Copland, The Forms,
&c, of Consumption and Bronchitis;
London, 1861. Barthels.V. A.,xxi,Hft.,
1, 2 ; Beobach.ueber die bautige Braune.
Deut. Archiv, ii, 867. Colberg, Deut.

Arch., ii, 453. Zenker, Deut. Arch., ii,

116. Biermer, Die Lehre vom Aiis-

wurf.; Wiirzb., 1855. Mendelssohn, Der
Mechanismusder Resp. und Circ.,Berl.,

1845. Bossignol, Becherch. anat. sur
l'emphyseme; Brux , 1849. Donders,
Ztschr. f. rat. Med. Bd. iii, 1, 3, 1853.

Zeimssen, Deut. Klin. No. 16, 1858.

Traube, Beitr'age 1 Heft., p. 189 et seq.;

Berl., 1846. Biermer, Virchow's Hdbh.
der spec. Path. u. Ther. v, Bd. I. Abth.
Die Krankheiten der Bronchien und
des Lungenparen, contains, among
others, a completely exhaustive state-

ment of the Bibliog. of the individual

chapters of lung diseases. Eor the doc-

trine of cheesy pneumonia: Carswell,

Path, anat., art. Tubercle, PI. 1, fig. 1-3.

Virchow, Wien. Med. Wochenschr.,
1856, No. 25.

Pus, \ 94 et seq.

Pustule, I 292.

Pylephlebitis, \ 505.

R.

Rarefying ostitis, \ 642.

Bed atrophy of liver, \ 494.

Red hepatization, \ 466.

Recurrence, capacity for, \ 118. ..

Red softening, \ 710.

Renal abscess, \ 556 et seq.

Renal diseases, | 533. Bibliog. : Rayer,
Krank. der Nieren. Deutsch von Land-
mann; Erlangen, 1844. Bright, Repts.

of Med. Cases, London, 1827, vol. i, T.

1 to 4; Guy's Hosp. Bep., 1836, 1840.

Johnson, Die Krankh. der Nieren. Aus
dem Eng. v. Schiitze, 1854. Prerichs,

Die Bright'sche Nieren. krankh., 1851.

Lebert, Tr. d'anat. path., ii, p. 831, PI.

139-141. Graves, Dubl. Journ., Jan.
1852. Leudet, Mem de la soc. de biol.

T. iv, p. 129, 1853. Bence Jones, Med.
Times, 97, 1852; Nov., 1853. Johnson,
Ibid., 90, 92, 95, 100, 1852; 392-400,

1857; 2-6, 1858. Becquerel, Archiv.
gen., Avril, 1855. Union med. 63, 1855.

Clin, europeenne, 6-27, 1859. R. B.

Todd, Clin. Lect. on Cert. Dis. of Urin.

Org., Lond., 1857. Buhl, Ztschr. f. rat.

Med. N. F. s. Bd. 1, Hft. 1856. Beck-
mann, V. A., xi, 53. Beer, Die Binde-

substanz der menschl. Niere. ;
Berl.,

1859. Axel Key, Hygeia, xxii, p. 681,

1862.

Betention cysts, \ 70, a.

Bhachitis, \ 630. G. Glissonius, Tract, de

Rhachitide, &c; London, 1650. Kolli-

ker, Microscop. Anat., ii, p. 360, 385.

H. Meyer, Henle's u. Pfeufer's Ztschr.

N. F.,'Bd. iii, vi. R. Virchow, V. A.,

Bd. v. H. Miiller, Ueber die Entw.
der Knochensubstanz., 1858. Tsehos-

chin, Petersburger Med. Ztschr., xvi,

Hft. iv.
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Eiding tone, \ 755.

Bound-celled sarcoma, \ 124,

Salt rheum, \ 293.

Sarcoma pericanalicular (adenoides, Bill-

roth), | 605, 3.

Sarcoma in general, § 123 etseq.; of skin,

\ 315; of testicle, \ 592; of mamma,
| 605; of salivary glands, \ 618 ;

of

bone, \ 676; of muscle, \ 761. Bibliog. :

Beside those cited under New Forma-
tion : Virchow, Arch., 1848, 1, p. 195,

u. 470. In his Oncology, ii, p. 383,

Virchow says correctly, that "previous
to him the representation of sarcomas
was never given in such extent and ex-

actness." Hence I refer in respect also

to the Bibliog. to this. Bernhardt,

Path. Anat., Untersuch, 1852, p. 122.

Paget, Lect. Surg. Path., 1853, ii,

p. 151, 155, 212 Billroth, V. A., 1856,

ix, 172 ; xviii, p. 82. Volkmann, V. A.,

1857, xii, p. 27. Billroth, Arch f. Klin.

Chir., Bd. xi ; Derselbe und Vincenz
Czerny, ibid., p. 230.

Salivaiy glands, diseases of, § 613. Bib-

liog. : Pfliiger, Die yEndigungen der Ab-
sonder; nerven in den Speich. driis.

;

Bonn, 1866. Virchow, Ueber Paroti-

tis, Char. Annalen, 458, viii, 3, 1; Ges.

Abh., i, 620 and 690. Bamberger in

Virchow's Handbuch, d. spec. Path, und
Ther., 1855, vi, 1. Binz, Beobach. zur
inn. Klin.; Bonn, 1864. Billroth, Beo-
bach. iib. Geschw. der Speich. driis.,

V. A., xvii, 357; Aphor. iib. Adenom.
und Epithelial-krebs; Arch. f. Klin.

Chir., vii, p. 860. C. O. Weber, Hand-
buch d. chir. von Pitha u. Billroth, iii

Bd., 1 Ab, 2 Lief.

Scaling, see Desquamation.
Second intention, \ 99.

Serrated cells, \ 168.

Sclerosis, simple and cartilaginous of se-

rous membranes, \ 281.

Sclerosis of ganglion cells, \ 710.

Sclerosing ostitis. O. ossific, \ 641.

Siderosis pulm., \ 462.

Situs viscerum perversus, \ 262.

Soda-albuminate, \ 39.

Softening cysts, \ 70, d.

Softening of thrombi, \ 194.

Soft warts, §311.
Solitary tubercle of brain, \ 745.

Spina bifida, \ 701.

Spindle-cell tissue, § 93.

Spindle-cell sarcoma, § 126.

Splenization, \ 426.

Spondylasthrocase, \ 660.

Spotted kidney, \ 562.

Spurious bone-tissue, \ 634.

Squamous exanthem, \ 299.

Steatoma Mulleri, g 134.

Stenosis of right heart, \ 264.

Stenosis and insufficiency of cardiac val.,

I 255.

Stratified thrombi, § 189.

Struma, \ 619.

Struma suprarenalis, \ 626.

Sycosis, \ 336. Bibliog.: Kobner, V. A.,

xxii, p. 372.

Syphilitic new formation in general,

| 110; of heart, \ 247; of skin, \ 324
et seq. ; of liver, \ 520 ; of testes, \ 590

;

of bones, \ 684; of nervous system,

\ 741. Bibliog.: of gumma syph. as

far as of interest for path, histol.

v. Barensprung, Deut. Klin., 1858, No.
17. Virchow, V. A., xv, 221, 325.

The instructive discussion between Ba-
rensprung and Virchow is found in

Deut. Klin., No. 21-27, 1858. Bobin
H. van Oordt Des tumeur-gommeuses.
These de Paris, 1859, p. 30. E. Wag-
ner, Archiv. der. Heilk., 1863.; Jahrg.
iv, p. 1, has introduced the term syphil-

oma. Virchow, Oncology, ii, 387 et seq.

Telangiectasy, \ 232. United by Virchow
to the cavernous tumor by the name
angioma, and treated in a very exhaust-

ive manner. Befer to works cited un-

der New Formations.
Thrombosis, \ 185 et seq.; in aneurisms,

\ 227 ; of heart, \ 258. Bibliog. : At
same time for embolism and embolic

processes. Hodgson, A Treat, on Dis. of

Art. and Veins; London, 1815. Cru-
veilhier, anat. path. Liv. iv, xi. Ball-

ing,Venenenziind. ;
Wiirzb., 1829. Ali-

bert, Bech. sur une occlus. peu connue
des vais. arte"r. consid. comme cause de

gangrene, 1828. Stilling, Die Bildung

and Metamorph. des Blutpfropfes, &c
,

1834. Stannius, Ueber die krank.

Verchliess. gross. Venenstam, 1839.

Zwicky, Die' Metamorph. des Throm-
bus. Hasse, Ueber die Verschliess. der

Hirnarter. als nachste Ursache einer

Form der Hirnerweich. Ztschr. f. rat.

Med., 1846, 91. Tiedemann, Von der

Vereng. und Schliess. der Pulsadern in

Krankheiten, 1843. Paget, London
Med. Gaz., 1844. Porta, ^Delle altera-

tione path, delle art., &e., 1845. Vir-

chow, Ztschr. f. rat. Med., 1846; V.
Froriep's Notizen, 1846; Traube's

Beitr., 1846; ii, p 1, V. A., 1847; i, p.

272; v, p 275; ix, p. 307; x, 179; Ges.

Abh., p. 57, 219; Hdbuch. der Spec.

Path. u. Ther., i, p. 156. Meinel, Arch,

f. phys. Heilk., 1848. Bennet, Month.
Journ., 1850. Senh. Kirkes, Med. Chir.

Trans., 1852. Bilhle, V. A., 1853, v.

189. Tuffnel, Dubl. Quart. Journ., 1853.

Klinger, Arch. f. phys. Heilk., 1855.

Cohn, Klin, der embol. Gefasskrankh..*
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Dusch. Ztsch. f. rat. Med. C, vii. Lee,

Med. Times and Gaz., Feb., 1855. Pa-
nnm, Giinsburg Ztschr., 1856, vii; V.
A. xxv, 308, 433. Wernher, Hdbuch.
d. Chir., i, 498; Giess., 1862. Savory,
Med. Chir. Trans , 1856, vol 39. Es-
march, V. A , xi, 5. Legroux, Des po-

lypes arter. Gaz. hebd., 1857, 1858.

Wallmann, V. A., xiii, 550. Meckel,
Char. Annal , v., 276. Beckmann, Fall

v. capill. Emb., V. A., xii, 59. Lebert,

V. A., xiii R. Volkmann, emb. Knoch.
necr. Lang. Arch., v, 330. Langenbeck,
in Arch., l. C. O. Weber, in P. u. Bill-

roth's Hdbuch. Waldeyer, V. A., xl,

1867. Bubnoff, TJeb. die Organ, des

Thrombus. Vorl. Mit. Centralb., No.
48.

Thrombus, upon wall, \ 188.

Tubercle in general, \ 113 et seq. ; of heart,

| 246; of serous mem. andoment., $ 284;
of mucous mem., $ 383 et seq.; of lung,

§ 446 et seq.; of liver, \ 525; of kidney,

| 569; of testicle, § 589; of prostate, \

611 ; of sup. ren. caps., \ 624 et seq. ; of

pia mater, $ 697; of brain, § 745. Blb-

liog. : Beside older works, in which the

cheesy condition is mostly confounded
with miliary tubercle. Bernhardt, Char.
Ann., 1850, i. Virchow, Wiirz. Verh

,

1850 ; Wien. Wochenschr., 1856 ; Deut.
Klin., 1852, V. A., xxxiv, 11. Lebert,

Lehrbuch d. Skrophel u. Tuberkelkr.
Bull, de l'acad., xxxii, V. A., xl.

Schrant, Nederl. Weekbl., 1854. Kiiss,

Gaz. Med. d. Strassbourg, 1855. Heschl,
Prag. Viert. Jahrschr., 1856. Buhl,
Ztschr. f. rat. Med., viii. W. Miiller,

Ueber Struct, u. Entw. der Tub. in den
Nieren, 1857. Demme, V. A., xxii.

Forster, Wiirzb., Med. Ztschr., 1861.

Bindfleisch, V. A., 1862, xxiv. Col-
berg, Obs. de penitiori pulm. struct.,

1863. Villemin, Gaz. MeU, 1865; Gaz.
hebd., 1866 ; Etudes sur la tuberculose,

1868. Neimeyer-Ott, Klin Vort., 1866.

Hoffmann, Arch. f. Klin. Med., 1867.

Herard and Cornil, La phthisie pulm.,
1867. Cohnheim, V. A., xxxix. Pa-
num, V. A., xxv. Lebert und Wyss,
V. A

,
xl, I 578. Waldeyer, V. A.,

xxv, 218. Knauff, Centralblatt, 1867.

Bakody, V. A.,xli, p. 155. Langhans,
V. A., xiii, p. 382. Klebs u. Valentin,
V. A., xliv.

Tubercle granulations, so-called, § 433.

Bib-

Jul.

Tuberculous infiltration, so-called, $ 436.

Tubercle-cells, \ 114.

Tumor albus, \ 658.

Typhus abdominalis, $ 376 et seq.

Hog.: Virchow, Ges. Abh., g 204.

Vogel, Path. anat. des mensch. Korp.,
1845. Virchow, Wiirz. Verh., 1850;
Wien. Med. Wochenschr., 1856. L6-
per, Beitr. Zur path. Anat. der Lymph
dr. In. Dis. Wiirzb , 1856. Grohe,
V. A., xx. Billroth, V. A., xxi. Wilks,
Guy's Hosp. Rep., 1856. Friedreich, V.
A., xii. E. Wagner, Arch. d. Heilk.,

1860. C. E. Emil Hoffmann, Unter-
such. iiber die path. anat. Verand. der
Organe beim Abdom. typhus ; Leip.,

1869.

Tyrosine, \ 23.

Tuber, § 69, B. 6.

U.

Ulcus simplex, \ 372.

Unstratified thrombi, .

Umbilicus, \ 296.

Uniform enlargement,

189.

8 69, A. 1.

Vascularization of thrombi, \ 191.

Vascular formation, \ 71, s. New Form.
Valvular aneurism, \ 251.

Valvular insuffic, \ 225. See Endocar.
Valves, fenestration of, | 252.

Venous hypersemia of pia mater, \ 699.

Vibriones, \ 24, \ 245, \ 471. Bibliog. :

Pasteur, Conip. rendus, Ivii, 1189. Joh.

Liiders, Schultze's Arch., iii, 318.

Viscosity of colorless blood-corpuscles, \

189.

Villous cancer, § 392.

W.

Wheal, I 290.

Yellow atrophy of liver, \ 497.

Yellow atrophy of heart, \ 238.

Yellow hepatization, \ 467.
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