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This paper is concerned with a lesion of the cardiac valves which has
been variously labeled termil endocarditis, marantic thrombosis,
nonbaterial thrombotic endocarditis, endocarditis simplex, thrombo-
endocaiditis ic,etM. The valvular lesion has long been treated
with a diffidence considered appropriate for a condition having no
dinical significance. The alteration has been regarded simply as a
bland thrombus deposit from the blood within a cardiac chamber
onto a normal or thickened valve, the surface of which is either intact
or superfiially degenerated." The cause of the condition has not
been established but investigators have innclusvely implicated a
variety of factors, including toxins, abnormal metabolism and a ter-
minally sluggish circulation.
A minorty point of view opposing the thrombotic concept began to

tke form when Neumann,' in 1896, indicated that the thrombotic
excrescnce was in reality degenerated valvular coIlagen which histo-
logally simulated fibrin. He therefore applied the term "fibrinoid"
to this substance. Several years later (1903), Koniger2 conceded that
the base of these excrescences was probably degenerated collagen but
maintained that their major portion consisted of thrombotic deposits.
Koniger's has remained the prevailing concept.

In 1939, in a discussion incdental to an elucdation of the mechanism
of localization of vegetations of bacterial endocarditis,T attention was
called to the valvular genesis of the verrucae of "terminal endocardi-
tis." Repeated obserions over the past 6 years have fortified the im-
pression that these verrucae are not accretions of thrombotic material
depoited onto valves but rather that they are composed of material
derived from the valve itself. It is our opinion that this material con-

* Rec11e for pubication, January Io, z94.
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sists primarily and predominantly of swollen, degenerated valvular
col with occasonal n admixture of varyig amounts of plasma
and blood-cellular elements which have exuded from the valvular ves-
sels. Furthermore, we submit that the determination of the morpho-
genesis of these lesions is not a mere aademic nicety inasmuch as we
feel that they constitute the first stage in the sequence of events leading
to the development, in many cases, of bacterial endocarditis.' Because
of this concept of the relationship of "terminal" to bacterial endo-
carditis it seems important to try to clarify certain histologic details
and to integrate seemingly discordant facts into a unified, comprehen-
sible picture. It is with this aim that we have undertaken a systematic
study of the basic endocardial lesion generally designated as "terminal
endocarditis."

MATERS AND METODS

There were available for study the clinical histories, gross specimens
and microscopic prearations of 66 cases in which there was no evi-
dence of bacterial endocarditis or of acute rheumati carditis. Of
these, 5o cases had active lesions of "terminal" endocarditis; the re-
mainder were examples of healed lesions. The criteria for evaluating
activity are outlined below. Multiple sections from each heart were
examined and, in certain indicated instances, siX sections were taken
according to the procedure of Gross, Antopol and Sacks.9 However,
in every case, sections of the base of the heart (M.V.P.)* were in-
duded.t
The tissues were fixed in a 20 per cent Formalin (8 per cent formal-

dehyde) solution except for one case in which Zenker's solution was
used. The stains included hematoylin and eosin, the Mallory-Heiden-
hai azocarmine, Mallory's phosphotungstic acid hemvan
Gieson's combined with Weigert's, and the silver stains of Wilder and
of Bielschowsky as modified by Foot. In addition, the lesions of 3
cases were subjected to serial digestion with trypsin following which
they were treated with van Gieson's stain. In three instances, serial
sections 6.u thick were cut.

FINDINGS

Relationskip to Malignant Tumors. "Terminal endocarditis" has
been considered to be associated with patients dying of malignant tu-
mors. In our small series, such neoplasms were present in 28 per cent

* MN.P. = liral valve posterior.
t i this c ion Gross's own inveati' in te ta t of Aschoff

bodies in r hearts could have been dmined from th examination of the two
Sectio from the base of the heart only, im as no addiional cases with Ascboff
bodie were CDivered by the study of the four re secons.
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of So cases (Table I). This incidence appears strikingly high and yet,
i the g al autosy material of the hopital, 23 per cent of 2000
patients died with maligant tumors If there were no of
patients with malignant growths by terminal t cancers
w d be-exeted to occur with the e frequency in our So endo-
crdial cases as in the l post-morte matial, namely, 23 per
cent. This was essentally true iasmuch as the differecLOebetwee 28
and 23 per cent is so small that when subjected to the X2 test of
statistial -sig c , a positive correlati between patits with
malignt tumors and those with "em endocarditis" was not dem-

TAz I
Coms of Deatk as 50 Uxsdecatd Cases of -TeUmxiAl Exdcrditisb (Active)

Cuse of deth No. of cases

Malisgnant tumor ......................4............. I4
Cnlgestive heart faure ...........o................. IO
Major operation ............-.7- ?
PneUmoia ........................................ 4
Acute and subacute gOms.............. 2
PUbaonary emou . .............................. 2
Acute sup ive pyDe itis ....... ............. 2
Congental pOlyposi ............................... 2
Ukertive colitis ......... .......................... 2

Blood dyscraMa .2............................. ..... 2

Coronary coccusion ............... ................. I
Periarteritis ................................ iI
Congenital heart a ............................d I

Total ..................................... so

onstrated. Additional information of the same order would have been
funished by the converse data; namely, the comparative icdence
of "terminal endocarditis" among a large series of patients with cancer,
pneumnonia, glomerulonephritis, and other conditions. Tlese data are
not available at present.

Association with Acute Diseases. Of great sigificance is the fact
that these endocardial lesions are found in persons who have died after
an illness of only a few days' duration; for example, in patients dying
of pneumonia or following a recent operation (Table I). In other
words, the lesion does not require the background of a long, wasting
disease. Furthermore-and this is of great importance-the lesion may
accompany diseases which are by no means always fatal. That
is to say, inasmuch as "terminal endocarditis" occurs in patients with
pneumonia, nephritis, and other diseases which often are not fatal, it
is reasonable to presume that "terminal endocarditis" may occur during
the course of diseases which the patients may survive for years. This
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fact is of prime concern in conection with the subsequent supermposi-
tion of bacterial endocarditis, a point which wfll be elaborated further.8
Age and Sex Incidexce. In thissm series, 70 per cent of the cases

of "terminal endocarditis" occurred in persons above the age of 40
(Table II). This does not idkate a selectivity for the older age
group inasmuch as 67 per cent of all those in the general autopsy
material of the hospital were in the same age group. The difference
between 70 and 67 per cent is not statistically significant. Similarly,
46 per cent of our cases occurred in females and 54 per cent in males.
The corresponding distnbution of sexes in our autopsy population is

Tmu II
Age Dstribtiox of "Teruixel Rudcadis' (Acive)

Decade No. of cam

I-I0 I
11-20 7
21-30 2

31-40 5
41-50 8

Si-.6o II
Above 6o years I6

Total so

4I and 59 per cent respectively. The difference between these sets of
figures, again, is not beyond the range of chance variation as deter-
mined by the X2 test.

In summary, it appears from an analysis of our material that the
lesion of "terminal endocarditis" occurs in random distribution at all
ages and in both sexes as well as in a great variety of diseases, both
acute and chronic, with possibly a very slight tendency to favor those
patients with malignant tunmrs, although statistical proof thereof is
Jac-king.

Distribution of Lesions. In 34 of our 5o active cases (68 per cent),
the lesions occurred on valves that were thickened by chronic rheu-
matic valvulitis. In 12 of the remaining cases the valves were moder-
ately sclerotic but rheumatic cardiac stigmata were absent. IThe valves
of 4 cases were apparently normal except for "terminal endocarditis."
The distribution of the valvular lesions of "terminal endocarditis"

parallels fairly dosely that observed in rheumatic and bacterial endo-
carditis. The mitral valve was involved most frequently and with about
twice the frequency of the aortic valve. The right side of the heart was
rarely the site of a lesion and, in this series, the pulmonic valve was
spared. In instancs, lesions were found on two valves of the same
heart.
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GROSS EXAMINATION

It is generally assumed that the lesion of "terminal endocarditis" is
a single, small verruca. However, the lesions may assume a wide range
of gross patterns, including those of rheumatic and bacterial endo-
carditis, so that differentiation by inspection may be impossible in some
instances. In general, the lesions have one of five patterns:

i. The small univerrucal type. This group consists of lesions that
are barely visible, or measure up to about 3 mm. in height. They are
light gray-brown to dark brown and usually firmly attached to the valve
as if a part thereof rather than a superficial deposit. These are practi-
cally always found on previously thickened fibrotic valves. They are
seen characteristically at the line of closure. On the aortic valves, the
corpora arantii are especially vulnerable, quite as in rheumatic or
bacterial valvulitis. (The term "univerrucal" is applied also to those
valves with two or three verrucae in which the lesions are isolated, as
in Figs. I and 2.)

2. The large Univerrucal type. These are taWny, usually very finely
granular and firmly adherent to the valve proper (Fig. 2). In unusual
instances, they are so decidedly shaggy as to make gross differentiation
from bacterial endocarditis a mere guess. In other instance, the sur-
face may be smooth and the lesion soft and polypoid. This latter form
is found usually to differ histologically from the preeding type.

3. The s multiverrucal type. These lesions are about 3 mm. in
diameter, firmly attached to the valve and arranged in a fairly regular,
beaded ridge along the line of closure. They may be macroscopically
indisinguishable from acute rheumatic verrucal endocarditis. As a
rule, however, they are larger and somewhat more friable than rheu-
matic verrucae. They may, in some cases, suggest bacterial endocar-
ditis but their relative regularity, especially over a large span of the
valve, would militate against this diagnosis.

4. The large multiverrucal type (Figs. 3 and 4). Thi& is a striking
lesion composed of soft, friable masses beaded along the line of closure
for as much as 4 to 5 cm. and measuring up to fully 6 to 7 mm. in
height. The verrucae may be as large as many of the vegetations of
bacterial endocarditis, but, unike them, are characterized by a re-
markable regularity in size, consistency, color and contour. They may
be loosely attached to the valve and when removed may expose an endo-
cardial surface that is only slightly roughened. Such lesions, although
nonbacterial, are prone to produce emboli. They generally show a
characteristic histologic picture to be described as the "exudative" type.

S. Healed type. Inasmuch as "terminal endocarditis" is seen post-
operatively and in cases of pneumonia, glomerulonephritis, etc.; that is,
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in diseas not necessarily fatal, it appears pausible that, if the patient
survives, the verruca formed during the period of illness will either
resolve or become a fibrous tab or nodule, or a focal, sligbtly bulbous
thicening of the edge of the valve. Such changes are found com-
monly near the frae edge of the valves, particularly at the corpora
arantii (Lahlian excrescences*) or along the ad t ridge (Figs. 5
and 6). They are I to 5 mm. in length, are covered by smooth endo-
thelium and have the color and consistency of the valve to which they
are attae Te "healed" lesions in this study occurred on non-
rheumatic valves in ii cases and in 5 instances on valves that showed
evidence of dcronic rheumatic inflammation.

ICROSCOPIC EXAMINATION

The histologic patterns of the active lesons appear to fall into two
principal groups, differentiated primariy by the amount of degener-
ated collagen present in the verrucae:

Degenerative Type
The histologic picture characterizing the degenerative type com-

mnnly corresponds to the sa or the large, granular, densely adherent
univerrucal gross type (Fig. 14). It begins as a focus of granular,
eosinophilic degeneration in the outer layers of the valve, generally
near the free margin (Fig. 13). As a rule, the auricular surfaces of
the A-V valves and the ventricular surfaces of the semilunar valves are
those selected. This alteration may occur without a grossly visible
change in the contour of the valve and hence is often overlooked, as
might have possibly occurred in the lesion ilustrated in Figure 13. As
in any other organ, the altered collagen is appreciably more addo-
philic than the adjacent uninvolved collagen. The original focus en-
larges and the altered fibers swell and become loosened and fragmented
to form a mound of degenerated, soggy appearing collagen. Here and
there, small foci of precipitated serum, fibrin, or platelets are observed,
as if there had occurred a slight seepage from permeable or eroded
valvular vessels. Occasionally, several clumps of red blood cels and
leukocytes of various kinds are present, not only in the verruca, but
near the verrucal base and obviously within the valve proper. In prac-
tically all instances of this type there is no abrupt demarcation of the
verruca from the valve; rather, one observes that the eosinophilic, fi-
brillar, or granular material of the verruca represents the termination of
the valvular fibers which fray out into the lesion. To be sure, the

* Lambi. Papillie Excrecenzen an der Semflunar-Klappe der Aorta. Wien. med.
Wchnsckr., I856, 6, 244.
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lic alteration may occasionally be seen in the fibers of the valve
itself even at a distance from the verruca. With serial sections, it is
found th is alteration may occur in the fibers well within the valve,
which may or may not be in continuty with the surface, so that the
possibility of its representing imbibed thrombotic material from the
cardiac chamber would seem to be most unlikely.

W-ith carefully controlled Mallory-Heidenhain stains, there is ob-
served in some itances ragged, ripped, anudear, collagenous fibers
in all parts of the verruca, icuding its most superficial ioLTne
absene of fibroblasts about such torn, displaced fibers d iishes
them from fibers formed as a result of a reparatory process. However,
fibroblasts and even granuation tissue may be seen in other parts of
the verruca, especially at its base, but such foci are easily distinguish-
able from the degenerated areas. The altered fibers stai various shade
of red, orange, or blue, depending on the degree of degeneration. They
may resemble fibrin tinctorially but they usually can be dinguished
by such structural details as pness of contour, the irregular, torn
ends, and often by continuity with a collagenous fiber of the valve
itself. Indeed, a few foci of fibrin and platelets may be included but
most of the granular, platelet-like or fibrinoid substance appears to be
derived from collagen. This altered collagen differs from platelets and
fibrin, im part by its relative resistance to tryptic digestion, but also by
its relationship to disintegrating collagenous fibers which shade off fi-
nally into the granular platelet-like debris. In other words, the granular
material constitutes an advanced stage of degeneration. One frequently
observes an identical cange in the dermal lesions of granuloma annu-
lare, for example, or in the subcutaneous rheumatic nodules, in which
there is no question that the fibrinoid and platelet-like material are
truly products of altered collagen. This feature is Mustrated in Figure
i5. Additional evidence that this material is not fibrin or platelets is
furnished by silver stains and tryptic digestion.

Silver Stain. With silver stains by either the Wilder or Foot modifica-
tion of the Bielschowsky technic one finds that the quantity of argyro-
philic fibers in the lesions varies considerably. In some lesions, they
are entirely absent; in others, there are so many closely lamelated
argyrophilic fibrils that the verrucae appear almost solidly impregnated.
Usually, one observes foci of irregular, anuclear, fragmented fibers,
some of which are as fine as reticulum and others fully as thick as
ordinary collagenous fibers (Fig. I 7). The fibers to which we are re-
ferring are, of course, entirely removed from the reticulin of the granu-
lation tissue that may be present at the base of the verruca.

Tryptic Digestion. Unfortunately, there is no stain that will un-
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equivocally differentiate all forms of altered collagen from fibrin. We
have therefore made use of the digestion of the lesions with trypsin, a
procedure dependent on the differential digestive properties of trypsin,
which were found informative in previous studies on hyaline material in
tumors,.1 in renal glomeruli " and in the invesion of so-called aortic
thrombiL2 It is known that trypsin digests collagen with difficult
whereas, on the other hand, clots of platelets and fibrin are easily di-
gestible. We, therefore, determined the relative digestibiity of the
substance composing the verrucae. The procedure induded placng a
praffn section (6 , thick) of the verruca and a section of blood dot
on the same slide. Serial sections were placed in a 0.3 per cent solu-
tion of fresh tryin allkalinize with 0.03 per cent Na2CO, to which
chloroform had been added as a preservative. The tissues were then
digested for i hour at 370C., after which a slide was removed approxi-
mately every half hour for a period of about 3 hours and stained with
van Gieson's stain. This time period p itted definite differential
digestion of the fibrin and platelets, the verrucae, and the valvular col-
lagen. The order of the rapidity and ease of digestion was as follows:

i. Fibrin and platelets: early and complete digestion
2: Verruca: digested prtiallyand at a later period
3. Colagen of valve: practically undigsted during the period of ex-

posure Exudative Type

The exudative type of verruca occurs relatively uncommonly, having
been found in about io per cent of our lesions. These verrucae may
vary greatly in size but are especially characteristic of the large multi-
verrucal, soft, friable lesions (Figs. 3 and 4).
They are made up principally of material that superficially seems

indisti ble from serum, platelets and fibrin (Figs. 7 and 8).
With the Mallory-Heidenhain stain, one may observe in most of them
several haphazardly arranged, blue, isolated, collagenous fibers, again
unassocated with fibroblasts and not part of a reparatory process. Simi-
lar fibers may be seen with silver stains. In addition, these lesions may
contain a few red blood cells,an occasional focus of polymorphonuclear
leukocytes, and a few lymphocytes. The components of this type of
verruca are as a rule arranged in a completely irregular pattern of
lumps of varying size and do not suggest successive accretions of de-

posits of thrombi. In each instance there is evidence of fibnrnoid degen-
eration of the valve at the base of the verruca.
No elastic tissue is found in these lesions. The tryptic digestion fails

to reveal any noteworthy difference between this type of verruca and
the fibrin of clots.
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Healed Type

As stated, this lesion consists of a fibrous tab, nodule or focal colla-
genous thickning with rarely a few elastic fibers. Such a lesion may
itself undergo degeeration and become the site of a verruca which is
practically always of the degenerative type (Fig. i9). In valves thkk-
ened by chronic rheumatic inflammation there are no histologic features
that ditinsh the healed verruca of "terminal endocarditis" from
that of acute rhumatic valvulitis.

Cedlluwity of the Verrycae. In the majority of the verrucae no cells,
or merely a few shrnmken degenerated cels and pyknotic nudei, are
present. In most of the remainder, one sees loosely scattered histiocytes
in addition to the degenerating cells, although, occasionally, dumps of
polymorphonuclear leukocytes and isolated ymphocytes are seen. In
many instances a few foam cels, filled apparently with lipoids, are in-
duded in the body of the lesion. In one instance the abundance of these
vacuolated cells well within the verruca presented a striking picture
(Figs. io and ii ). Isolated Anitschkow myocytes (myocardial reticulo-
cytes) were observed in the midst of the fibrinoid material in the body
of two of the verrucae (Fig. 9). As a rule, there is greater cellularity in
the lesion of exudative type than in that of degenerative type (Figs. 7
and 8). The reaction within the portion of the valve forming the base
of the lesion was negligible in about one-half the cases but in the re-
mainder took one of two patterns: (i) In some instances, the normal
fibrocytes of the valve developed swollen, hyperchromatic nudei so as
to resemble newly formed active fibroblasts; (2) in other cases, there
was an actual increase in number of fibrocytes or fibroblasts arranged
vertically or obliquely in the direction of the verruca as if some tropism
were guiding them toward the lesion. Indeed, in several instances, there
was observed actual alisding of the cels in a pattern indistinguishable
from that regarded as characteristic of rheumatic valvulitis (Fig. 8).
In these cases, the reaction was limited strictly to the base of the
verruca and there was no associated inflammation of the valvular ring
or interstitial valvulitis. Furthermore, no Aschoff bodies were found in
any of these cases notwithstanding the use of the method of section
advocated by Gross.9

Changes in the Myocardium and Other Organs. Search was made for
changes in the remainder of the heart and other organs which might
possibly be related to the valvular lesion. We were especially interested
in collagenous alterations, vascular lesions and emboli. Focal collage-
nous granular alterations were found in the walls of small arteries and
arterioles of the myocardium in 5 cases, each in association with granu-

I1033



ALLEN AND SIROTA

lar verrucac in the lumen at the site of alteration. These granular
verrucae or "plugs" project into the lumen as knobs or as rregular
hobulations. They have been variously described as pltet rombi,
as swolen, samated endothela cells and as emboli from verrucae.
Tley may me organized and canalized. These lmin projectios
have been observed frequently and tr occurrence stressed in acute
disseminated lups aythematosus and in the entity described by Gross
and FriedbergI as 'nonbacterial thrombotic endocarditis." Because
of a on with, and apparent ergence from, a site of granu-
lardin the vessel wall, they appear acally to be fibrinoid,
verucal swelings of portions of the vascular walL1

Occasioally, portions of verrucae, particularly of the more friable
exudative type, break off to produce infarcts, and, rarely, even a fatal

In summary, the lesions of "terminal endocarditis" are observed
grossly as single or multiple verrucae, or as healed, smooth, projecting

-. 'N

p. ' ,4\

CVAoW6.. .

Text-fig. I. Schematic drawing of the composte features of nonspedfic verruca:
I = frmted, anulear coUagenous and argyrophilic fibers displaced from the valve
into the Verruca; 2 = foam cell; 3 A= tsow myocyte; 4 = granular
of valvur c us fibers; S = valvuhr endothdium which has been raised and
disrupted by the verruca; 6= reactive histiocytes; 7= arteriole; 8 = eroded arteriole;
9 = granular disintegrAtion of collagen within original limits of valve.
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tabs, nodules, or focal of valves. Microscopically, they may
be divided into three types: the degenerative type, Consisting prepon-
derantly of alterd, swollen valvular colagen; the exudative type,
made up of platets, serum, fibri and usually a few fragments of dis-
rupted a us fibers; and the healed type represting fibrosis of
an active verruca Of these, the type c alt entirely of de-
genrated agen occurs with about ten imes the frequency of the
other form of active verruca.

COMENT

Morpkogexesis
We have thus far prested the histologic details of the nonbacterial

verrucae. It is ou mpression that these observatis die an orig
of the verrucae from the valve. That is to say, we regard the verruca as
a focus of degenerated, loosened, swollen, valvular cagen, occasion-
ally puffed out with more or less exuded plasma from the perble
or eroded vessels of the valve itself. However, those who do not dis-
tinguish the verrucae from simple thrombi deposited by the blood
streaming over the valve, main that the ous and argyroilic
fibers on which we have laid much stress are observed in ordinary
vascular thrombi. They regard the altered verrucal collagen, or fibrin-
oid, as identicl fInctorially with the fibrin of thrombi, and hence
cnclude, in effect, that verrucae and thrombi are not only indistin-
guishable but represent essentially the same pathogenetic process.
Verrucae do often closely resemble thrombi in sections staied merely

with hematoxylin and eosin Furthermore, llagen and ar lic
fibers, and of course platelets and fibrin, are found in vascular thrombi
and obviously are not per se pecular to the verruca. But to conclude
from this fact that the verruca is a thrombotic deposit is to disregard a
fundamental distinction between degeneration and repair. It is to be
emphasized that this distinction may be easily missed in a section
staied with hematoxylin and eosin, and yet it is on just such routine
sections that the general concept of the thrombotic nature of verrucae
is based. The verrucal collagen to which we refer has undergone vari-
ous degrees of degeneration so that with the hematoxylin and eosin
stai it appears deeply eosinophilic, anuclear, and occasionally frag-
mented and granular, thereby closely resembling fibrin and platelets.
However, this same degenerated camouflaged material may retain
sufficient tinctorial properties of collagen to reveal its identity with
appropriate stains. For example, it may show a partial affinity to
aniline blue as well as to silver (Fig. 17). In other words, with a
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differential stai, one may observe a fiber of valvular collagen continue
up into verruca and within the body of the verruca exhibit a gradual
loss of affinit for aneil blue and, pai pasu, a progressively in sed
azocarminophilia, the latter indiating degeneration of the terminal
portion of the fiber. The degenerated anudear fibers may be frag-
mented, disrupted and scattered to various parts of the verrucae.14" 15
This pattern is quite unlke the radiating, more orderly picture of or-
anization within a thrombus, be it in a vein, artery, or cardiac cham-

ber (Fig. I6).
The masking of collagen and its argyrophilic derivatives is a com-

monplace phenomenon which can be observed in a variety of organs;
e.g., in the degenerated foci of granuloma annulare of the skin,insyno-
vial degenerations, in Aschoff nodules, etc. ITe fact is that one could
superimpse many of the verrucae onto the lesions of granuloma an-
nulare, for example, and differentiation of the verrucal material from
the areas of cutaneous fibrinoid alteration would be impossible. It
therefore appears that the fdmental interpretived of
those who believe in the thrombotic nature of the verrucae is that they
ascribe the origin of the collgen in the verrucae-i.e., the fibrinoid
collagen 'ncovered" by special stains-to the process of organization
notwitanding the unquestionable lack of evidence of organization
in the foci in question in sections stained with hematoxylin and eosin.
Some observers, in order to account for the argyrophilic fibers i

fibrinoid material,1 mamintain that serum may seep in through the sur-
face and separte the collagenous fibers into thin fibrils, and that these
fibrils by virtue of their thinness acquire an affinity for silver. The
evidence from the current studies does not support this combination of
assumptions In the first place, serial sections reveal foci of degenerated
collagen with argyrophilic fibers well within the valve and showing no
continuity with the surface. Indeed, occasionally such degenerated
areas are seen in valves with intact endothelium. It is hardly likely that
serum from the cardiac chamber has soaked through an intact valve to
colect as a pool within the body of that valve. Furthermore, there were
found in the verrucae, degenerated collagenous fibers which were
argyrophilic axd yet were distinctly tkicker than the fine coHlagenous
fibers in the same sections that manifested no affinity for silver (Fig.
17). In addition, there can be observed, in some of the verrucae, dense,
compact masses of argyrophilic fibers which were tightly apposed and
obviously not produced by a separation of pre-existing collagenous
fibrils. Therefore, it would appear that the view that the argyrophilic
fibers of verruca arise through cleavage of collagen by serum is not sup-
portable.
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In some cases, the degeneration of valvular collagen was accompanied
by a cellular reaction; in others it was not. We are unable to agree
that the absence of cellular reaction precludes the fibrinoid material
being degenerated collagen.L Witness, for example, the bland degen-
eration of collagen within sclerotic valvular rings, sclerotic arteries, or
within e collagenous capsue of a chronic tuberculous focus. In
each of these sites there is frequently no noteworthy "exudative re-
sponse" to the presence of appreciable degenerated collagen.
The reason for the presence of a cellular response m some of the

verrucae and not in others is not entirely clear. However, it would
appear that some of the basic factors concerned are the degree of valvu-
lar sclerosis, vascularity and cellularity preceding the formation of a
verruca. That is to say, if a valve is thickened by dense nodules of
practically a ular and avascular collagen, significant celular re-
sponse to an irritant is not to be anticipated. In much the same sense,
there is less likely to be an exudative response to an irritant in a torpid,
sclerotic, acllular, and avascular scar anywhere else in the body.

Tihe resistance of most of the verrucae to trypsin is additional evi-
dence that the fibrinoid material of the verrucae is of a composition
different from thrombi. This principle has been confirmed in a study
of so-called mural thrombi of the aorta.2 Of further interest is the
presence ofm s and lipoid histiocytes in the verrucae (Figs. 9 and
io). Anitschkow myocytes "I are easily recognized cells found only in
the heart If myocytes are found within a verruca, it is to be presumed
that the latter arose from the valve since myocytes are not known to
circulate within the blood stream. To be sure, this presumption may be
somewhat countered by the objection that the myocytes may have
migrated into the thrombus from the valve. However, there is no evi-
dence for such migration inasmuch as myocytes have not been found in
mural thrombi located, for example, in aurcular appendages or ven-
tricles. The presence of foam cells within the body of unorganized
verrucae constitutes additional evidence for the valvular genesis of the
lesions. Foam cells are frequently associated with degenerated collagen
in the heart as well as other organs, sometimes in striking concentra-
tions. However, this latter bit of evidence must remain merely pre-
sumptive inasmuch as such cells are found occasionally within vascular
and mural thrombi.
As a final word in the accumulation of evidence against the throm-

botic concept of verrucae, it is to be pointed out again that the velocity
and momentum of the blood in the heart and arteries would seem to
operate against the deposition of thrombi.7 15 The factors of staSiS,
eddy currents, and a sluggish circulation with the pressure of venous
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blood, more or less predispose to the deposition of thrombi Such fac-
tors are of concern m the auricular d fibrillation the
pockets of valves, or in the ventrides following infarction; but it would
appear that they are reduced to relative insignificance along the auricu-
lar surface of the mitral valve and the ventricular surface of the aortic
valve-sites of verrucal formation-as the blood in the chambers cas-
cades past these surfaces

In summary, we submit that the evidence is strongly in favor of the
valvulogenic rather than the thrombogenic nature of the verrucae.
lTis evidence is based on identificatio: (I) by special stains of much
of the fibrinoid material as altered ollagen; (2) by the rlative resis-
tance to typsi of the fibrinoid material as contrasted with fibrin; (3)
by the preence in the verrucae of myoardial Anitschow myocytes
and lipoidma , the former never found in the peripheral blood
or thrombi These various contrasts between verrucae and thrombi
obta irrespectve of their location, be it vein, artery, aorta, or cardiac
chamber. However, there were found a few tances of verrucae com-
posed essentially of serum, plal and fibrin and a few blood cells,
rather than primarily of altered colagen. It is our umproved impres-
sion tat even these are essentially coagula which are derived from
the xudate of permeable or eroded valvular vessels and have clotted
on the surface of the valve very much as plasma dots on abraded skin,
or, to use a homely simile, as albumin tes on and adheres to the
shell of an egg that has been cracked while in boiling water.

Patkogenesis
We are not certai why a portion of a valve undergoes degeneration

and forms a verruca, but in searching for the possible agents we regard
it as likely that several factors may be involved and that the phenome-
non is the product of the effects of one or more of the following: (i)
allergy; (2) Vitam C defidency; (3) hemodynamic trauma to the
valves; and (4) the exitence of abnormally thickened, sderotic valves.

Alkrgy. Many investigators have repeatedly attributed the fibrinoid
degeneration of collagen-especially the collagen of valves and ar-
teries-to the effects of allergy.22 The fibrinoid change in many of
the verrucae in our cases appears to be identical with that attnbuted to
altered tissue reactivity. The nature of the allergens in these cases is
not known, of course, although the possibility of bacterial proteins is a
distnct one. At any rate, at least the adjuvant r6le of allergy in the
production of fibrinoid degeneration is to be considered. This is not to
say that all fibrinoid degeneration of the valves is on the basis of al-
lergy. In many instances, the fibrinoid alteration seems to represent a
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DEGENERATIVE VERRUCAL ENDOCARDIOSIS9

form of degenration of valvular collagen in which allergy plays no
c eivable rile. This is very likely true of the more markedly thick-
ened sderotic valves. Certainly, the following addional factors must
be weighed and placed properly in the scheme as a whole.
Viamin C Deficiency. In recent years, empasis on the relation-

ship of vitamin C depletion to degeneration of colla, i of
the collagen of diac valves, has been revived. Briefly, this associa-
tion is suggested by the following evidence (although isolated data to
the contrary have been recorded): first, the degeneration of collagen
in various organs of scorbutic guinea-pigs; 23 second, the fibrinoid
valvular changes observed in scorbutic gumea-pigs;p third, the
positive relation of ascorbic acid to the formation of col us fibers
ix vitro and in vivo; M28 fourth, the evidence that vitamin C deficency
affects the cohesion of endothelial cells; I fifth, the many observations
that the coagnization of wounds is interfered with in vitamin C-defi-
cient animals; n and finally, the tendency toward depletion of vitamin
C in patients with fevers, intestinal diseases, neoplasms, postoperative
periods, etc.$S In accord with this evidence, many of our patients
might be judged to have been deficient in vitAmin C and to have been
subject to the effect of such depletion as the evidence mentioned above
might idicate. The reason for the absence of generalized collagenous
alteration in our cases may have been due to the relatively minor de-
gree of depletion of vitamins and to the selective predisposition of the
valves to such alteration.! It is conceivable that other dietary defi-
ciencies may play a part, but, as with vtamin C deficiency, it is likely
that their damage is wrought in an important measure by abetting
the degeneration of valvular collagen.
Hemodynamics and Sderotic Valves. Probably a great factor in the

predisposition of the valves to degeneration as compared with collagen
elsewhere lies in their strategic situation which allows concentration of
the continual hemodynamic impact by the blood stream against the
valves. This selective "hemodynamic pounding" constitutes, in our
opinion, the third and, as a rule, the principal factor in the degeneration
of valvular collagen. The details of the dynamics are judged to be
quite the same as those desacrbed previously in the explanation for the
loclization of vegetations of bacterial endocarditis.71 5 In brief, a
"line of dosure" of a previously thickened valve-and the valves on
which verrucae are found are usually thickened by fibrosis-is par-
ticularly predisposed to the systolic impact of the blood stream because
it tends to obstruct rather than to "give way" with the stream. In
addition, this site offers great frictional resistance to the current in
proportion to the degree of stenosis. The contact of the so-called line
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of closure with the current of blood is further enhanced as the regurgi-
tant stream returns through the incompetent valve. The generally ac-
cepted explanation for the loalization of lesions at the '"ine of closure"
is that this site is traumatized as the cusps slap shut. However, it is
germane to point- out that if a valve is stenotic, the cusps are simply
unable to impinge against each other; rather, the blood impinges
against the cusps.7

It is obviously hazardous in a particular case to presume to estimate
which one of the four factors or what combination of factors operated
to produce the lesion. However, it seems not unreasonable that a ver-
ruca which has provoked cellular exudation and proliferation at its
base and occurs in a thin or only slightly thickened valve is more likely
to be the result of a hyperergic reaction than a bland verruca occurrng
in a markedly sclerotic valve. In the latter instance, hemodynanics are
much more apt to have played the principal r6le.

Nomenclature
These verrucae have hitherto been regarded as terminal endocarditis,

nonbacterial thrombotic endocarditis, marantic thrombosis, etc. In the
current study, it has been shown that the lesions occur during acute as
well as chronic illnesses, in the young as well as the aged, in the well
nourished and in the marantic. In other words, the evidence indicates
that the lesion may occur in a variety of illnesses which the patient may
survive for years, presumably with subsequent hling of any verrucae
that may have formed during the illness. Therefore, the designations
"terminal" and "marantic" are unjustified. Furthermore, it appears
quite possible that bacterial proteins may play a r6le in the produc-
tion of the lesion, so that the qualification "nonbacterial" may not be
strictly accurate, although it is understood that the term implies the
absence of bacteria within the verrucae. In addition, evidence against
the thrombotic nature of the lesion has been presented herewith so that,
in our opinion, the desination "thrombotic" is inapplicable. Finally,
because it appears to us that valvular degeneration rather than inflam-
mation is generally the major element in the formation of these ver-
rucae, we should prefer to consider them as primarily degenerative
rather than inflammatory.

Therefore, the term "degenerative verrucal endocardiosis" * is pro-
* Because of the prevalent midrstanding of the complete of the sufEfi

"oss," tie folowing definition is quoted from Websts New Iteratio Dt ry
of tkc English Langge, ed. 2, unabridged. G. and C. Merriam Co., Springfield, Mass.,
1938, p. 1726:

-osis; pL-oses. [fr. Gr.-osis, as in metamorphosis] A suigifyxng:
1. a. Condition, sAte, process, and the like, as in hypnosis, psychosis, osmnosis; Vedf.,
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posed to dsate a nonspecific endocardial alteration, verrucal in ap-
pearance when fully developed, and occu in assoation with a
great variety of diseases, both acute and chronic, including those clini-
cal entities designated by Gross and Friedberg ' as "nonbacterial
thrombotic endocarditis." The verrucae in this latter condition are con-
sidered to be as nonspecific a component of the morphologic picture as
is leukocytosis, for example, in many cinical syndromes.

Differentiation of Degenerative Verrucal Exdocardiosis from Acute,
Recurrent, Rheumatic Valvulitis

It is to be pointed out that inasmuch as the lesions of degenerative
verrucal endocardiosis are prone to occur on valves fibroblastically
thickened by rheumatic infection, the nonspecific verruca may erro-
neously be regarded as evidence of an acute exacerbation of a chronic
rheumatic valvulitis. It may be impossible to establish the diagnosis
by gross inspection. The differential diagnosis may be further compli-
cated by the observation of plisaded histiocytes at the base of the
verruca. This pattern of cellular proliferation is regarded as charac-
teristic of the rheumatic lesion by Leary.'M However, the observations
made in the current study support those of Jaffe 37 who indicated that
palisa of hlitiocytes may occur in nonspecific lesions. The absence
of Aschoff bodies and of a diffuse interstitial valvulitis or, at the least,
of a diffuse celular reaction along much of the valvular surfaces, par-
ticularly the spongiosal surface, serves to differentiate degenerative
verrucal endocardiosis from acute rheumatic valvulitis.

Differextiation of Degenerative Verrucal Exdocardiosis from Bacterial
Endocarditis and Atypical Verrucous Endocarditis

Grossly, a s proportion of the lesions, especially those of the
multiverrucal type (Figs. 3 and 4), may simulate acute or subacute
bacterial endocarditis. A due to the diagnosis may be offered in the
usually greater irregularity of the vegetations of bacterial endocarditis.
The diagnois must not rest on the culture, e.g., of Streptococcus inr-
dans, or of an enterococcus from the lesions, inasmuch as such organ-
isms may be recovered incidentally from cultures of normal valves in
a significantly high percentage of cases.'s The diagnosis must be estab-
lished on the basis of the histologic picture with the weight being given

in toby, abo or diased co , as in melanosis, stenosar, cosis, etc.
b. A phyologia ncrease or formation (of something e , as in chylosis,
kukoqto~s, etc.
2. In plant p athology, a of whkh a (spedied) fungus is the causa agent; a
mycosis; as in chytridiosis.

Hence, a cisea of the endocardium.
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rtlarly to the presence of a destructive or ppurative valvulitis 14
and of colonies of bacteria rather than a isolated bacterium here and
there.
An even more diffiult problem is the differentiation of the few cases

of larg multivercal lsions of degeratived from those
of atypical verrucous endocarditis (Libman-Sacks di , dim
lupus erythematosu). It may be quite msible to elish the
diagnois grossly in these i e Inded, some of the verrucae of
Libman-Sacks di may e ible from those of de-
generative endocardiosis. As a rule, however, the differentiation may
be made by the c e interstitial valvulitis and the asscated,
practically of the
kidney, heart and splee, which have been recently desibed in detail."

Relationship of Degenerative Varucal Endocardiosis to
Bacterial Edocarditis

We regard the lesions of degenerative verrucal valvulosis as one of
the basic morphologic events in the development of bacterial endocardi-
tis. The fibrinoid material, with crtain li iatfons,8 appears to be an
attractive medium for thee and propagation of bacteria pres-
ent in the general circulation. In principle, this is essentially the point
of view of Grant, Wood and Jones,3 who, however, hold the underlying
lesion to be a simple thrombus. We feel that the same hemodynamic
factors, in large measure responsible for the llization of the initial
verruca, operate to bring circulating bacteria in contact with the
verruca.'716 It is our belief that identical principles are concerned in
the superimposition of bacteria onto the verrucae of acute rheumatic
endocarditis as well as atypical endocarditis (Libman-Sacks disease,
disseminated lupus erythematosus). The affinity of the lesions of
atypical verrucous endocarditis for bacteria is stkingly illustrated in
the occurrence of bacterial endocarditis in fully one-third of the 12
cases described by Klemperer, Pollack and Baehr."3 In other words,
the verruca of both the specific and nonspecific variety is prone to be-
come a nidus of bacterial proliferation. The details of the evidence for
this concept are considered separately.8

Healed Lesions of Degenerative Verrucal Endocardiosis
Finally, the evidence indicates that the lesions of degenerative verru-

cal endocardiosis may heal by fibrosis if the patient survives the illness
during which the valvular alteration occurred. As might be expected,
it is impossible to distinguish the healed verruca of acute rheumatic
disease from that of degenerative endocardiosis. In both instances, the
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healed lesion seems to take the form of fibrous tabs such as Lmblian
excrescences attaed to the corpora arantii or the adjacent ridge of
semiunar valves. Similar fibrous prongs may occur on the auriculo-
ventricular valves (Fig. 12), or they may take the form of small,
smooth nodules or bulbous thickening near the edges of these valves.
Such focal fibrous nodules occrring on nonrheumatic valves have been
hitherto regarded generally as "senile" or "tension thickenmgs." It
would seem more reasonable, in the light of findings herein presented,
to dassify them as healed stages of degenerative verrucal endocardiosis.

SUMMAY AND CONCLUSIONS
I. Fifty cases of so-called "terminal endocarditis" or "nonbacterial

thronbotic endocarditis" were studied.
2. The valvular lesons of '"teminal endocarditis" are characteristi-

cally hilocks of degenerated, swollen, lvvulr collagen, occasionally
with an admixture of varying amoutst of serum, fibrin, plateets and
blood cl derived from permeable or eroded vessels of the valves.
They are xot regarded as thrombi deposited onto the valves from the
blood within the cardiac chambers, contrary to the generally held im-
presson.

3. It is believed that the lesions are not necessarily "terminal" and
that they may occur during the course of a variety of acute and chronic
illneses, many of which are survived with consequent healing of the
valvular lesion.

4. The healed lesion, of which the Lamblian excrescence is an ex-
ample, takes the form of a fibrous tab or nodule, or slight bulbous
collagenous thickening near the free edge of the valve (so-called
"senile" or "tension thickening'). The healed lesion, by virtue of its
projection and consequent h mic disadvantages, is, in turn,
prone to undergo recurrent degeneration.

5. The active lesions are, as a rule, primarily degenerative rather
than inflammatory.

6. It is suggested that such names as "terminal endocarditis" or
"nonbacterial thrombotic eindocardi s" are not applicable. The non-
specific term, "degenerative verrucal endocardiosis," is offered as being
more m keeping with the available knowledge of the lesion

7. Allergy, vitamin C deficiency, hemodynamic stresses and valvular
sclerosis, alone or in ombination, may be concerned in the pathogene-
sis of this nonspeific lesion.

8. Differentiation from acute and recurrent rheumatic valvulitis,
bacterial endocarditis, and atypical verrucous endocarditis is usually
possible. Gross and microscopic structure, bacterial content, and the
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couxomitant valvular and extravalvular ardiac lesions must be con-
sidered in estabiertiation

9. The lesios of d nei verrcal enodocadosis nstitute an
important morphologic basis for the development of bacterial endo.
cazditis.

REFNCES
I. Zieger, E. Ueber den Bau und die Etstebung andarditisce Efflorescnen.

Verhaud. d. Koxg. f. m. Mad., I888, 7, 339-343.
2. HoIigar,H H isch UnTerschue iiber Endokarditis. Arb. a. d.

path. ImtS. Lpzcig, 1903, 2, I-I62.
3. Grant, R. T., Wood, J. E, and Jones, T. D. Heart valve ireulaities in re-

lation to s cute bacterial endocadtis. Heart, 1928, 14, 247-26i.
4- Tlnn E. The var Of rditis and teir dinial cance. Tr. A.

Ai. PhYscsw, 1938, 5 345-35I-
S. Gross, L, and Friedberg, C. L Nonbacterial th c doardiis: sifi-

cati and general d ti Arch. t. Med., 936, A8, 62o-4o.
6. Neumann, E. Zur Kenntniss bi n Degratio des Bine ebes bei
Elntz_mcmgen. Vchows Arch. f. Path. Axat., 1896, 144, 201-238.

7. A A,A C. Mecanism of lition of vegetatons of bacterial eorditis.
Arch. Pgat., 1939, 27, 399-411.

8. A Aln,. C. The patof bacterial . (To be )
9. Gross, L, Atpo, W., a Sacks, B. A standardized u suggested

for micscopc sts on the heart. Arck. Path., 1930, 10, 840-852.
I0. A .en,A C. So-called mimed tumors of the mmary gland of dog and man,

with secial reference to the geral p of ge and bone forma-
tion Arch. Pat., 1940299 589-624.

II. Min,A. C. So-called intercaillarysi
wt dibet elli; p and significance. Arch. Path., I94I,
32, 33-5I.

12. ksmann, N. C. F oidm c in a dr . Arch. Path., 1942,
34, 365-374.

I3. K pe, P., Podlack, A. D., and Baehr, G. Pathology of disseminatd lups
thematosus. Arb. Path., 1941, 32, 569-631.

14. An, A. C. Nature of ve s of bacterial e Arch. Pat.,
1939, 27, 66I-671.

IS. Allen, A. C. A cas of erial endocarditis illutting the mehanism of
loalization and the nature of vege Am. Heart 1., 1941, i, 667-675.

I6. a , E., Graef, L, and a, H Thrombosis of the aorta and cormnary
arte with s eence to the "fibrinid ksi.os. Arch. Path, 1936,
22, 183-212.

I7. Eh J. C, and B. The Ani "myocyte." Arch. Path., 1939,
2 36I-370.

I8. Kie, F. Der Rheumatism . Pathoogisch-Anatomisrch und enteli-
Pathogs1 h Tatsacen und iOre Amusertg fir das irtzliche Rheuma-
problem. Ergebu. d. .1g. Path. u. p-AthA-t, 1933, 27, 1-336.

I9. Vwaul E. Die EW it (Gewebshyperergie) des Bind-
e e. Beiti. S. pat. Aat. a. s. aUg. Path., 1932, 8g, 374-418.

20. Gedch, W. Stdien ilber h Ents ug. Vrchows Arc. f. p.
An., 1923, 247, 29436I.

21. a, E., ad Kaan, B. L Endocardial, arterial and other mesenchymal
alterations a d with serum dise m man Arch. Path., 1937, 24,
45-475.



IDG EV V UCAL EN DOCARDIOSIS 104S

22. Rich, A. I Ri&e of hypr stivity in piteritis nodo. Bul. Johns Hop-
ixs OSp., 1942, 7I, 123-140.

23. Hjer, J. A. Scurvy. Acta poediat., I±94, 3 (SUpPL), 8-278.
24. Bessy, 0. A, Met, I., and King, C. G. Pathologic chang in the

orgas of c guinea-pi Proc. Soc. zper. Biol. & Mcd., 1933-34,
31, 455-460.

25. McBroom, J., S nd, D. A, Mote, J. R., and Jome, T. D. Effect of
acute scurvy on the gune-p heart. Arc. Path., U)37, 23 20-32.

26. Rinehart, J. F., and Mettie, S. I The heart valves and mus eximen-
tal scurvy withs if Am. J. Path., I934, zo, 6I-79.

27. Schu ALK P. Cardiovascular and atritic lesin in guinea-pip with chonic
scurvy and heanolytic ste cic ifectio Arch. Path., I936, 21,
472-95

28. Von Jeney, A., and Tor6, E. Die Wirkung der Ascorbisaur auf die Faser-
bildung b astkmtu Virchos Arck. f. path. ARxa., 1936-37, 2
87-97.

29. Wolbach, S. B., and Howe, R. R erceuar sstances in expera
scorbtus. Arch. Path., 1926, I, I--24.

3o. Wodlch, S. B. The pathologic chang resulti from vitamin deficiency.
J. A. M. A., 1937, IO8, 7-13.

31. Lanman, T. H], and Ingals, T. H Vitamin C deficency and wound ing.
Axm. Swrg., 1937, 1oS, 616-625.

32. Lund, C. C, and Crandon, J. H Human e nl scurvy and the relation
of vitamin C deficecy to peumonia and to wound heling.
J. A. M. A., I94I, II6, 663-668.

33. Barl M. K, Jones, C. M, and Ryan, A. E Vitamin C studies on cal
patients. Axm. Swrg., I940, Ixii, -26.

34. Hartzell, J. B., Winfied, J. KL, and Irvin, J. L Plana vitamin C and serum
protein lve in wound d suon. J. A. M. A., I4, IzI6, 669-674.

35. King, C. G. Vitamin C, ascorbicacid Physico. Rev., x936, I6, 238-262.
36. Leary, T. Earl lesion of matic i Arch. Path., 1932, 13, 1-22.
37. Jaff6, R. H Zur is e der H klaend n bei der Endocar-

ditis lenta. Vrchos Arch. f. pak. Axa., 1932-33, 287, 379-392.
38. Etein, E. Z, and Kel, K A. 'The significance of postorte bacteriologi-

cal e ination with special reference to and enterococci
1. IXfea:. DiS., 1929, , 327-334.

[I nuwatwus f1011 ]



DESCRIPTION OF PLATES

PLATE I88

(Fgures I ll s4 te the wide range of patterns assumed by the verrucae
of deger verrcal ad .)

Fnm I. The most cMon form of enerative verrucal endocardio -the "small,
univerrcal" type. The intervening small nodules are posibly the healed, fi-
brous m of verrucae.

FRC 2. he 'ae, n l" type of enerative verrucal endocardiosis occur-
ring in aortic valves ing nce of old rematic inflammation is
lesio is to be differetiated fron bacterial eoditis by histoloc examma-

FmI 3. "Lae, multiverr l" form ofd verrucal endocardiosis. From
the eroded area of enocri a verruca had been reoved manually. (See
FiW 7 for histoic sectio)

Fm. 4. An unusual example of the "large, multiverrucal" type. This and the
preceding form require study of histoogic tios for definite differentation
frm actial rdti.

Fm. S. blian excrscences of aortic vahle. These projections from the region
of the corpor arantui are rded as the heal, fibrous stage of verrucae of
either de rd io s or acute arheumtic valvulitis. The lesions
are particularly prone to recurrent degenerae canges beauise of thei ex-
posure to the impac of the blood stream. Very small dentate verrucae may be
see alog the valvular ridge. Similar exresce s occur on the mitral and tri-
cuspid valves (see Fig. 12).

Fm. 6. Lamblian excresceces of aortic valves.
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PLATE 189

FIG. 7. Section of the "exudative" type of degenerative verrucal endocardiosis
illustrating the moderate increase in swollen, hyperchromatic histiocytes at the
base of the lesion. Section taken from heart illustrated in Figure 3. Hema-
toxylin and eosin stain. X IoO.

FIG. 8. Section of "exudative" type of degenerative verrucal endocardiosis Ilus-
trating the extreme degree of reaction observed. This extensive reaction is
seen rarely and only in the "exudative" type of lesions, as shown in Figures 3
and 4. The lesion simulates rheumatic vvulitis but is di is by the
absence of interstitial vaivulitis and of Aschoff bodies. HematoxylinI and eosin
Stain. X ioO.

FIG. 9. Section of a verruca of degenerative endocardiosis Ilustrating Anitschkow
myocytes (see arrows) in the midst of the fibrinoid material. IlTese cells are
not found in cardiac mural or vascular thrombi. Hematoxylin and eosin stain.
X Son.

FIG. io. Section of a verruca of degenerative endocardiosis illustrating the large
foam cells. Hematoxylin and eosin stain. X 6oo.

FIG' i i. Low-power view of Figure io. Foam cells are seen throughout the verruca.
Hematoxylin and eosin stain. X I6.

FIG. 12. Section of fibrous tabs on mitral valve. ITese are analogous to the
Lamblian excrescences of the aortic valves and are regrded as the healed
lesion of degenerative verrucal endocardiosis. Hematoxylin and eosin stain.
X 30.
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PLATE I90

Fx; I3. Section illustrating the pre-verrucal stage of degenerative endocardiosis.
IThe lesio is obviously a valvular degeneration although the left half of it
superfiialy simulates a thronbotic deposit Hmatoylin and eosin stain.
X I25.

FIG. 14. Sectio ilustrating a more advanced stage of verrucal formation. The al-
tered valvular fibrous tissue has swelled to form the irregular knobs of verrucae.
There is absence of cellular reaction. This is the "degeneative" ype and
represents the usual picture of degenerative endocardiosis. Hematoxylin and
eosi stain. X 'OO.
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PLATE I9I

FIG. IS. Section of granuloma annulare of the skin showing the characteristic
periphery of palisaded histiocytes about a core of fibrinoid material that is,
without question, altered collagen. Hematoxylin and eSi stain X 260.

FIG. I6. Section illustrating reticulin in an organizing, mural thrombus. 'The orderly
tracery of argyrophilic fibers contrasts with the irregular patter in the ver-
ruca shown in Figure 17. Silver stain. X 200.

FIG. 17. Section of a verruca of degenerative endocardiosis. The haphazard ar-
rangement of disrupted, anuclear argyrophilic fibers obviously indicates
destruction of collagen rather than the oranition of a thrombus. lTere is
continuity of the fibers into the homogeneous, platelet-like mass, the latter
representing for the most part the more mardy altered coage The thick-
ness of the argyrophilic fibers contrasts with the fine reticulin of organizng
thrombi (Fig. i6). There is an absence of associated fibroblasts. Silver stain.
X 200.
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FIG. i8. Section of a verruca of acute rheumatic valvulitis to illustrate the simi-
larity in morphogenesis of the verrucae of degenerative endocardiosis and of
acute rheumatic valvulitis. The outpouching of the verruca from the valve is
well shown and is strongly suggestive evidence against the view that verrucae
are thrombotic deposits. X 200.

FIG. 19. Section illustrating recurrent degenerative endocardiosis within a healed
verruca. The darker periphery is degenerated collagen-not a thrombotic de-
posit. Hematoxylin and eosin stain. X ioo.
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