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SUMMARY

A study of nonbacterial thrombotic endocarditis
has been carried out in a series of 3404 autopsies
performed upon A-bomb survivors in Hiroshima in
the period 1953-70. The prevalence of the lesion
was 2.4%, with a greater frequency among the
elderly and among females, and with a significant
relationship to malignant neoplasms. In contrast to
other reported series there was a greater prevalence
among cancers of the colon and rectum and female
genitourinary tract. No relationship was noted
between the presence of nonbacterial thrombotic
endocarditis and exposure to ionizing radiation.

Histologic findings in the heart valve leaflets in
close proximity to the verrucae, like experimental
studies reported by others, suggest that in as-
sociation with severe systemic disease there appears
a process consisting of degenerative changes in
valve collagen and ground substance, with sub-
sequent denudation of endothelium, localized almost
entirely to the apposing leaflet surfaces of the
left-heart valves. The verrucae of nonbacterial
thrombotic endocarditis are then formed upon this
abnormal leaflet surface.
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While the relationship between systemic disease and
the pathologic changes observed in cardiac valve
tissue is unclear, and although it is not known
whether a “‘hypercoagulable state’ may accentuate
the tendency for thrombi to form upon these
abnormal valves, there is no doubt that this lesion
represents a clinically important complication of
severe systemic disease. It also seems likely that in
some cases nonbacterial thrombotic endocarditis
may complicate an illness which may otherwise be
curable.

Increasing awareness of this pathologic entity
among clinicians, coupled with appropriate labo-
ratory technigques, most likely echocardiographic,
will permit more frequent diagnosis in living
patients.

INTRODUCTION

There have been many published reports on the
subject of mnonbacterial thrombotic endocarditis
(NBTE) since this pathologic entity was described
by Ziegler in 1888.!"® Interest in the process “has
continued in part because there remain unanswered
questions surrounding the reported etiologic relation-
ship to wasting disease, primarily cancer, and also
because of the increasing realization that these
valvular verrucae or thrombi may not be merely an
unimportant accompaniment to a terminal illness
but actually the cause of significant clinical signs
and symptoms.

There are several reasons for providing this ad-
ditional retrospective pathologic study on the
subject. First, the ABCC autopsy program provides
computerized information relating to a fixed
sample of A-bomb survivors and controls, with
autopsies sought irrespective of cause of death or
whether death occurred in the home or hospital.
Although the ABCC sample is not completely
representative of the general population in that it is
weighted towards radiation-exposed survivors, it
should be possible nevertheless to discern the
prevalence of NBTE in this autopsy population and
to establish whether it has occurred with excessive
frequency in association with certain underlying
disease processes. Second, this type of analysis of
NBTE among Japanese has not been reported
before, and although there is no reason to suspect
a racial difference in the pathogenesis of NBTE an
opportunity is presented to study the disease
process in a setting of cardiovascular disease quite
different from that of Western countries.’
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MATERIALS AND METHODS

All Hiroshima JNIH-ABCC Life Span Study!®
autopsies in which the postmortem diagnosis of
nonbacterial thrombotic endocarditis was recorded
in the period 1953-70 have been reviewed, with
re-examination of the histologic sections and gross
descriptions in all cases.  Adequate histologic
sections of verrucae and underlying valve tissue
were available for study in 59 autopsies. Special
stains including trichrome, elastic and gram-stain
were used as indicated. Prior medical records were
also reviewed when available but these constituted
such a small group that no statistical use was made
of these clinical data. Cases were entered into the
study as NBTE if they satisfied the generally
accepted criteria for this process, namely signle or
multiple easily detached and friable vegetations
consisting primarily of platelets and fibrin attached
to cardiac valves which themselves did not reveal
evidence of destructive or acute inflammatory
change. There was no evidence of bacterial
invasion of the vegetations or valve leaflet in any
accepted case.

RESULTS

Prevalence, Sex, Age, and Associated Primary
Diseases. Tables 1 and 2 indicate the prevalence of
NBTE by sex and age, with further breakdown
according to the presence or absence of associated
malignant neoplasia. Of 3404 autopsies performed
during the 1953-70 period there were 80 cases in
which NBTE was among the listed postmortem
diagnoses and which satisfied the above criteria.
Table 1 reveals that there was a preponderance of
females among the NBTE group, although the total
autopsy series was almost evenly divided between
the sexes, and this preponderance was evident in
patients with and without malignancy as an under-
lying disease. Although 21% of the autopsy group
were below 60 years of age at the time of death
(Table 2), NBTE was clearly associated with the
older age group (over 60 years) in both the
malignancy and nonmalignancy cases.

It is evident from the tables that NBTE was more
prevalent in the group with malignant neoplasia
than among those without malignancy. Fifty of the
80 cases of NBTE were found in the malignancy
gourp, which amounted to only one-third of the
autopsy population. A highly significant (P<0.001)
relationship with neoplasia was noted in both sexes
and in both age groups (above and below 60 years).
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TABLE 1 PREVALENCE OF NONBACTERIAL THROMBOTIC ENDOCARDITIS AT AUTOPSY, BY SEX
F£1 EURRESIZ 507 5 M0 TE M MR M PIE 2 O R B A s 3

Associated with Malignant Neoplasm*

Total Yes No
Sex
Autopsies NBTE  Prevalence Autopsies NBTE  Prevailence  Autopsies NBTE Prevalence
Male 1739 29 1.7 % 604 20 33% 1135 9 0.8 %
Female 1665 51 31 540 30 5.6 1125 21 1.9
Total 3404 80 2.4 1144 50 4.4 2260 30 153
*8th ICD 140-209
TABLE 2 PREVALENCE OF NONBACTERIAL THROMBOTIC ENDOCARDITIS AT AUTOPSY,
BY AGE AT TIME OF DEATH
# 2 BIFREFIZ do 1 B FR A0 B P L R 0 PR g 0 R LU B SE I B AT 95
Associated with Malignant Neoplasm
Total N
hss Yes No
Autopsies NBTE. Prevalence Autopsies NBTE Prevalence  Autopsies NBTE Prevalence
<60 715 6 0.8% - Z70 4 1.5 % 445 2 0.4 %
60 — 69 915 21 2.3 383 16 4.2 532 5 0.9
70— 179 1099 38 3 356 21 5.9 743 17 2.3
80 + 675 15 2.2 135 9 6.7 540 6 1.1
Total 3404 80 2.4 1144 50 4.4 2260 30 1.3

An analysis of the prevalence of NBTE among
malignancies arising in different primary sites is
presented in Table 3, and this table reveals that
this entity was seen with significantly greater
frequency in cancer of the large intestine and
rectum, and female genital organs (no NBTE cases
were associated with malignancy of the female
bladder, ICD 188). The most common malignancy
in the total series was cancer of the stomach, in
which the NBTE prevalence was 4%. A rather high
prevalence was calculated in cases of malignancy of
the buccal cavity, pharynx, and thyroid, and in
Hodgkin’s disease, but these groups were small
in numbers.

Of interest was the rather large number of cases of
NBTE among patients dying with the principal
autopsy diagnosis of pneumonia, and the possibility
was considered that perhaps acute pneumonia was
the underlying etiologic factor responsible for the
appearance of NBTE even in the malignancy group.
However, when this question was analyzed further
it was found that there were 21 NBTE cases among
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TABLE 3.- PREVALENCE OF NONBACTERIAL THROMBOTIC ENDOCARDITIS
BY UNDERLYING PRINCIPAL DISEASE AT AUTOPSY

3 BIRRIFIZ &5 00 B B R R A T MR O P A o0 A R

8th ICD Underlying Principal Disease at Autopsy Autopsies NBEE
Observed Expected Prevalence O/E

MALIGNANT NEOPLASM
140-149 Buccal cavity & pharynx 10 1 0.4 10.0 % 2.5
150 Esophagus 38 3 1.6 7.9 1.9
151 Stomach 373 15 16.1 4.0 0.9
153-154 Large intestine & rectum 64 7 3.1 10.9 2.3
155-157 Liver, gallbladder, bile ducts, & pancreas 154 5 7.3 3.2 0.7
161-162 Larynx, trachea, bronchus, & lung 178 6 7.9 3.4 0.8
180-183,188 Female genital organ & bladder 96 10 5.2 10.4 1.9
188 Male bladder 12 1 0.5 8.3 2.0
193 Thyroid gland 6 1 0.3 16.7 3.3

Other malignant neoplasms 213 1 7.6 1.9 0.1
NON-NEOPLASTIC DISEASE
011 Pulmonary tuberculosis 159 2 1.6 1.2 1.3
400-414 Heart disease 314 4 4.5 1.3 0.9
430-438 Cerebrovascular disease 645 5 9.3 0.8 0.5
480-486 Pneumonia 99 3 1.3 3.0 2:3
490-493 Bronchitis, emphysema & asthma = b1 2 0.9 5.3 2.2
530-537 Esophagus, stomach, & duodenum 49 2 0.7 4.1 2.9
590 Pyelonephritis 43 1 0.7 2.3 1.4

Other diseases 890 11 11.0 1.2 1.0

Total 3404 80 80.0 2.4 =

423 individuals who died with autopsy evidence of
both malignancy and acute pneumonia (4.9%), and
29 NBTE cases among 694 autopsies (4.2%) in
which malignancy was not associated with pneu-
monia. This would not seem to indicate that acute

pneumonia was a predisposing factor in the appear-
ance of NBTE.

No correlation was found between the prevalence
of NBTE and dose of ionizing radiation among
A-bomb survivors when the group was examined as
a whole or when separated into malignancy and
nonmalignancy subcategories, as indicated in Table 4.

Pathologic Findings. Nonbacterial thrombotic
lesions were located upon the aortic valve in 38
cases, upon the mitral valve alone in 33 cases, and
verrucae were demonstrated on both wvalves in
9 other cases. It is of interest that in this series no
lesions were apparent in relation to tricuspid or
pulmonary valves. The verrucal lesions were often
multiple, and they were always located upon that
surface of the leaflets exposed to the flow of blood
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TABLE 4. PREVALENCE OF NONBACTERIAL THROMBOTIC ENDOCARDITIS AT AUTOPSY, BY DOSE
Fa FURIEIC 0T B IR0 B R AR L PR 5% 00 B R B A 9

Associated with Malignant Neoplasms

Dose Total Yes No
Autopsies NBTE  Prevalence Autopsies NBTE  Prevalence Autopsies NBTE  Prevalence
100+ rad 200 3 1.5 % 89 2 22% 111 1 0.9 %
1-99 1253 32 2.6 393 18 4.6 860 14 1.6
<1 1197 21 1.8 400 13 3.3 797 8 1.0
NIC 710 24 3.4 247 17 6.9 463 7 115
Unknown 44 0 - 15 0 - 29 0 —
Total 3404 80 2.4 1144 50 4.4 2260 30 133

passing through the open valve, namely the atrial
surface of the mitral and ventricular surface of the
aortic leaflets. Measurements were available for 52
verrucae. They varied from 1 to 20 mm in longest
diameter (average 5.8 mm).

RAGLEME LT RBRAEOLOEMICTEEL T
HES2MM Iz oW TFHA s h T i, 20 EFEIR
140 L20mm®EMIZ&H - 72 (*FH 5.8mm) .

The vegetations consisted of amorphous acellular SRS OHREMERE L, KR (H-E)BE >0k 328
masses of light staining (H & E) material which,
with the special stains, resembled a mixture of
fibrin and platelets. No growth of endothelium to
cover the surface of the wverruca could be
demonstrated. No bacterial or inflammatory
cellular reaction or infiltration were seen in either
the vegetations or the underlying valves. Grossly,
valvular thickening was present in 42 of the 59
cases examined. In 23 instances it was described
as nodular, in 15 as irregular thickening and in 4 as
granular. There was no correlation between this
gross description and any particular type of micro-
scopic findings. However, two types of microscopic
change were found in the valves which appeared to
represent stages in the progression and development
of the valvular lesion. In the early stage, there was
degeneration and loss of endothelial cells and
dissociation of collagen fibers in the subendothelial
tissue (Figures 1, 2, and 3). The endothelial cells
varied in size and shape. These changes were seen
in 14 cases. In the later stage there was loss of
endothelial cells, proliferation of subendothelial
connective tissue, and infiltration of fibroblasts into
the vegetation (Figure 4). This change was seen in
22 cases. Both types of change were seen in 15
instances and in 8 cases no valvular lesion of any
type was recognized. In no instance were micro-
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scopic stigmata of rheumatic disease or other
specific endocarditis found.

Severe coronary atherosclerosis or occlusive athero-
sclerotic coronary disease was not encountered in
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FIGURE 1. Early lesion with endothelial cell degeneration and subendothelial dissociation

of collagen fibers. Endothelial cells are irregular in size and shape, and fibrillar fragments
and red blood cells are attached to the surface.

F1. WEMIOEES SN TREREOREEZ R TIEE, MG, TEBTANMELT
SN, FHIZERHEO WP RMEBRAFEHL TS,

FIGURE 2. The endothelial lining is interrupted in three places exposing the underlying
connective tissue. The subendothelial tissue contains proliferating fibroblasts.
EH2.
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FIGURE 3. A focus of fibrin deposition on the valve.
B3, Fr R Bae 3500 3 4L

Fd, MBM~OFEGHBEOMA S50 30T L AHE.



any case, though slight to moderate atherosclerosis
was a frequent finding.

A statistical analysis of thromboembolic sequelae
of NBTE was not thought possible in this retro-
spective study, due to the difficulty in differentiat-
ing embolic lesions from other vascular disease by
routine methods of examination, and because
clinical information concerning the terminal course
was not available in most cases. However, it is of
importance that in at least 17 cases in this series
there was evidence of thromboembolic ischemic
lesions, 3 of these with cerebral infarctions only,
the remainder with demonstrated single or multiple
infarcts in the brain, myocardium, kidney, spleen,
and thyroid gland. There were six cases with
myocardial infarctions, all showing at the most
minimal coronary atherosclerosis. It may also be of
interest that in four cases there were present the
typical miliary lesions of myocytolysis, as described
by Schlesinger and Reiner,“ one without associated
myocardial infarction. In two cases the small
intramural arteries contained multiple thrombo-
emboli. These 4 cases were identified during a
separate search for myocytolysis among the ABCC
autopsy series, and only 13 of the 80 NBTE cases
had been scrutinized carefully for this myocardial
lesion. It is therefore possible that myocytolysis, a
pathologic entity quite suggestive of microscopic
infarction, was underestimated in this study.

DISCUSSION

There have been thorough reviews of the English
literature concerning nonbacterial thrombotic endo-
carditis published in recent years,z_s and we are
aware of four case reports and small series of NBTE
in the Japanese literature.’* ' Much of the data
contained in the present report are in general
agreement with the earlier reported findings from
outside of Japan. The incidence of NBTE among
the entire autopsy series (2.4%) is somewhat higher
than reported by others, but this may perhaps be
explained by the large number of older individuals
in the present series. The greater incidence among
females can be partially explained by the fact
that, in this series at least, there appears to be a
relationship between NBTE and cancer of the
female genital tract.

Relationship to Underlying Disease Processes.
NBTE has been considered by most authors to be
an accompaniment of chronic, wasting fatal illness,
most frequently neoplastic. ~ This concept has
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obvious etiologic, diagnostic, and therapeutic
implications and it therefore justifies closer analysis.

The distribution of accompanying disease processes
in the present study, usually identified as the
underlying cause of death, are listed in Table 3.
Although most authors have in the past noted the
frequency with which certain neoplasms have
occurred in their study groups of NBTE, only
Rosen and Armstrong’ have given data on the
incidence of NBTE among different forms of
cancer. Whereas pancreas and stomach cancer
appeared in greater numbers in earlier studies of
NBTE®''> Rosen and Armstrong supplied the
statistically more significant information that NBTE
appeared with increased frequency among their
patients with bronchiolar carcinoma (7.7%), adeno-
carcinoma of the lung (7.1%), and adenocarcinoma
of the pancreas (3.7%).

It is then surprising to note the contrast with the
present series in which there was a much stronger
association with neoplasms of the lower gastro-
intestinal tract and female genitourinary system
whereas only 6 cases of NBTE were recorded among
178 patients with neoplasms of the respiratory
tract and lung. We have at the present time no
reason to suspect that these contrasting figures
relating NBTE and tumors of certain primary sites
at the Memorial Hospital in New York City and
ABCC in Hiroshima can be explained by differences
in cell types of the cancers of the colon, lung, and
female genitourinary tract, or by differences in
treatment or duration of the terminal illnesses in
the two countries. The contrasting incidences
among neoplasms in the two sites cast doubt upon
the concept that there is any real relationship
between NBTE and specific tumors.

The possibility has been raised that mucin
production by tumors found in excessive frequency
in association with NBTE may be etiologically
related to the formation of verrucae upon valve
surfaces.'® This hypothesis has been related to a
possible *“‘hypercoagulable state” conceived as an
explanation for the general propensity for thrombus
formation reported among cancer patients. While
many tumors found in the cases of the present
study were of the cell types capable of mucin
production, no systematic histologic analysis has
been made which can provide significant information
on this question.

Pathogenesis of NBTE. Any hypothesis concerning
pathogenesis must be consistent with the rarity of
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the process in those dying in the younger age
groups, the evident association with chronic, wast-
ing disease, primarily terminal cancer, and the
distinct predilection of these verrucae for specific
sites on the left-sided heart valves,

One consideration is that NBTE may appear in
relationship to those valve leaflet deformities known
to be associated with aging. Pomerance!” ! has
published several analyses of the anatomy of
cardiac valves in the elderly, and in oné study
pointed out that after childhood a degree of
nodularity appears along the line of closure of the
atrial surface of the mitral valve, almost certainly
related to the impact of repeated closures of the
valve. However, such nodularity is present in all
adult hearts and is no more apparent in the very
elderly. Another involutional change, atheromatosis
of mitral leaflets, while clearly related to aging,
occurs ordinarily on the ventricular surface of the
leaflets and is therefore an unlikely setting for
NBTE.!” Both nodularity and atheromatosis appear
primarily upon the anterior mitral cusp, in contrast
to the equal distribution of NBTE lesions between
the two leaflets. For the above reasons it appears
unlikely that ‘“‘normal” aging changes occurring in
the mitral and aortic valves act as a major contri-
butory factor in the appearance of NBTE in the
elderly, although the absence of involutionary
leaflet changes in children may offer some explana-
tion for the great rarity of NBTE among individuals
of younger age groups dying of neoplastic and
other wasting illnesses.'®

The microscopic appearance of the leaflet tissue
described in this and other studies of NBTE closely
resembles the lesions observed in experimental
preparations of endocarditis following creation of
arteriovenous shunts.?® In such animals the
appearance of edematous valve connective tissue
and loss of endothelial cells along the atrial closure
surfaces of the leaflets is presumably associated in
some way with either or both the operative stress
of the procedure itself and the high cardiac output
state resulting from the shunt. In another experi-
mental study Angrist et al?! demonstrated similar
valve lesions in rats subjected to a variety of stress
procedures. A later publication from the same
laboratory examined further the biochemical
changes associated with edema formation in valve
tissue and indicated again that stress-induced edema
could be responsible for the valve distortion and
exposure of collagen predisposing to thrombotic
vegeta‘sions.22 These lesions occurred to a greater
extent in the left-heart valves, and in some instances
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nonbacterial thrombotic verrucae formed at the
site of these lesions. One cannot be certain that
such histologic leaflet changes precede the appear-
ance of verrucae in humans, though it is our
impression that this is the case. A future analysis of
cardiac valves in patients dying of disseminated
cancer should reveal whether morphologic findings
as described may indeed occur in the absence
of verrucae.

The missing link between the stress of a terminal
illness associated with NBTE and the appearance of
the leaflet tissue abnormalities is coupled with the
absence of an explanation for the leftsided
predominance of the lesions. Whereas Rodbard®
has attempted to explain the left-sided location of
bacterial endocarditis as a result of high velocity
flow and decreased lateral pressure accompanying
pre-existing valvular regurgitation or intravascular
shunts, no such acquired or congenital defects are
required for the appearance of NBTE on the mitral
or aortic valves. The almost complete absence of
aging changes seen in adult tricuspid and pulmonary
valves in contrast to the left-sided valves'® is almost
certainly due to the much lower systolic and
diastolic pressure levels to which the former are
exposed. This factor must also in some way
explain the preponderance of the lesions of acute
rheumatic inflammation, bacterial endocarditis, and
NBTE upon the aortic and mitral valves.

Clinical Implications of NBTE. There is little doubt
that embolization from NBTE can produce clinically
apparent symptoms and signs and can add additional
complications to the course of severe systemic
diseases. MacDonald and Robbins® and other
authors have stressed the evidence of infarctions in
many organs and, in particular, the clinical
syndromes caused by emboli to the cerebral
vasculature. Of the 30 cases of NBTE reported by
Bryan(’ embolism was thought to be present in 22
and contributed to a fatal outcome in 11 instances.
Barron et al®® reported, in an analysis of the
association between NBTE and cerebral emboliza-
tion, that NBTE was present and perhaps the
source of emboli in almost 10% of their general
autopsy series. In a clinical-pathological discus-
sion Adams®® stressed not only that NBTE emboli-
zation may be the first clue to the presence of an
occult carcinoma, but also that in his experience a
cerebrovascular episode in a patient with a
malignant neoplasm may more likely be due to
fragments from NBTE than to tumor embolization
or metastases.
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A second important target organ of emboli from
NBTE is the heart. Coronary embolization, with
myocardial infarction, has been noted in several of
the published series® ®!5 and was seen in six cases
of the present study. It is conceivable htat
preterminal ischemic myocardial disease, arrhyth-
mias, and cardiogenic shock may be the result of
unrecognized coronary embolization from NBTE in
more instances than suspected heretofore. The
appearance of focal myocytolysis in four cases in
the present series, associated in two with small
intramural coronary artery thromboemboli, raises
the possibility that embolic consequences of NBTE
may be more frequently responsible for this
particular form of myocardial lesion than has been
appreciated.

Although one might predict that valvular regurgita-
tion due to leaflet displacement by verruca might
lead to clinical suspicion of NBTE through the
presence of cardiac murmurs, this apparently is a
rare accompaniment of NBTE. Systolic murmurs
are of course common in severe illnesses associated
with anemia and fever, and it would be difficult to
attach greater significance to these auscultatory
findings in such settings. We are aware of only one
reported case in which it seems quite certain that
clinical awareness of a rapidly changing murmur
was related to NBTE verruca preventing apposition
of otherwise normal aortic valve leaflets.?’

Although NBTE may be considered by a physician
when confronted by clinical clues such as described,
a firm diagnosis of NBTE requires supporting
laboratory confirmation. An appropriate laboratory
method may now be available in the form of
echocardiographic techniques, for Dillon et al®®
have recently reported documentation of the
presence of vegetations of bacterial endocarditis
ranging from 2 to 8 mm in size in eight patients
with subacute bacterial endocarditis. It should be
possible to confirm the presence of nonbacterial
vegetations in suspect cases by these same diagnostic
techniques. Such attempts may be aided by the
fact that in at least some instances of NBTE the
clinical picture of embolization and the organiza-
tion of the verrucae noted at autopsy indicate that
the process of NBTE has been a chronic one.®?7

Angrist and Oka®® suggested that bacterial invasion
of NBTE verrucae may produce the typical clinical
and pathologic picture of bacterial endocarditis,
and that NBTE verrucae may actually represent
healed bacterial endocarditis lesions. Although it
has been shown experimentally that bacterial
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infection of sterile valvular vegetations can be
produced,?® MacDonald and Robbins® have given
cogent arguments against such a sequency linking
bacterial and nonbacterial endocarditis in man. In
the present series also, though a bacteriologic study
had not been undertaken in any but a few
instances, the absence of any valvular abnormalities
suggesting rheumatic heart disease, and the minimal
degree of cellular reaction in valve tissue, makes any
association between NBTE and bacterial endo-
carditis seem unlikely.

In conclusion, it is important that the possibility of
NBTE be considered when, in the setting of
serious underlying systemic disease, there is the
sudden appearance of central nervous system signs
or symptoms, or clinical evidence consistent with
embolic infarction of other organs, primarily heart,
spleen, and kidneys. Such suspicion, when coupled
with echocardiographic techniques, may permit
more frequent diagnoses of NBTE in living patients
and thereby permit studies directed at unraveling
the mystery of the pathogenesis of this process.
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