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Abstract Observation of patients with nonbacterial
thrombotic endocarditis (NBTE) in the setting of hypox-
ia from various lung diseases raised the question of a
possible pathogenetic relationship between hypoxia and
the development of NBTE. We reviewed 50 autopsied
patients with NBTE and compared them with 50
age/race/gender-matched control patients without NBTE.
We noted the lung weight and graded the histopathol ogi-
cal severity of lung involvement by disease, clinical res-
piratory compromise, and the extent of any cancer pres-
ent. Patients with NBTE had heavier lungs (P<0.01) and
histologically and clinically more severe pulmonary dis-
ease (both P<0.005). There was no statistically signifi-
cant difference in the extent of metastatic cancer be-
tween the NBTE patients and the controls (P>0.5). When
patients with cancer were excluded from the group of
NBTE cases, there was still a statistically significant pre-
ponderance in the mean lung injury and clinical compro-
mise scores of the NBTE patients (both P<0.05), but the
difference in lung weight was no longer statistically sig-
nificant (P>0.05). The study suggests that, in some pa-
tients, hypoxia may lead to NBTE, possibly through al-
tered coagulation states.
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Introduction

Nonbacterial thrombotic endocarditis (NBTE), or maran-
tic endocarditis, is a disease characterized by the pres-
ence of vegetations on cardiac valves, which consist of
fibrin and platelet deposits and are devoid of bacteria or
inflammation. First referred to as “thrombo-endocardi-
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tis’ in 1888 by Zeigler [14], it was originally thought to
be an agonal phenomenon in the debilitated, terminal
cancer patient (thus the term “marantic”) [16, 24, 27].
Over the years, however, NBTE has become increasingly
recognized as a condition accompanying numerous dis-
eases and a potentially life-threatening source of
thromboemboli to the brain, kidney, heart, and other im-
portant organs [24, 27, 37].

NBTE has been found in association with malignant
tumors, especially adenocarcinomas [1, 9, 19, 24], bone
marrow transplantation [17, 22, 29], acquired immuno-
deficiency syndrome [4, 15, 18, 31], snake bites [35],
thrombotic thrombocytopenic purpura [36], certain auto-
immune disorders [10, 28], magjor trauma[33], and septi-
cemia and burns [24]. In many cases, disseminated intra-
vascular coagulation (DIC) was present in patients with
NBTE [1, 16, 19, 24].

Damage to the endothelium of the cardiac valves may
play an important role in the pathogenesis of NBTE. For
example, NBTE is associated with indwelling cardiac
catheters [11]. In addition, structural abnormalities of the
valves may be involved, such as in cases of mitral pro-
lapse [6, 12]. There is a report of NBTE in three mem-
bers of the same family, in which a possibility of an in-
herited valvular defect was suggested [23]. Turbulent
flow, to which edges of the valves are exposed, may
cause hemodynamic trauma and lead to local fibrin de-
position [24]. Other causes of NBTE may also exist.

We have observed several autopsy cases in which
NBTE coexisted with severe pulmonary disease in pa-
tients without other obvious predisposing factors, such
as a malignancy. We decided to investigate a possible
correlation between hypoxigenic lung diseases and
NBTE using the autopsy database of The Johns Hopkins
Hospital.

Methods

Between 1979 and 1998, 8042 autopsies were performed at our in-
stitution. We selected 50 cases from among the total of 74 cases of
NBTE encountered during that time (25 consecutive cases, each
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from the beginning and the end of the period). For each of the
cases, the next age/race/gender-matched NBTE-free patient from
the same autopsy pool was identified to serve as a control. We re-
viewed the detailed patient histories recorded in the autopsy files,
the gross organ description protocols, and all available microscop-
ic sections of the lungs. As arule, one section was generated from
each lobe of each lung at the time of autopsy, with additional sec-
tions of any discovered lesions. Since a majority of cases had sig-
nificant lung pathology, most of them had more than the basic five
sections.

From the gross autopsy protocols, we recorded the combined
weight of the lungs in each case. We estimated the degree of im-
pairment of the gas exchange function of the lungs based on our
study of the histologic sections. Each case was graded on a semi-
quantitative scale, the final score being the result of a consensus
between both observers (A.T. and G.H.). The scores were assigned
as follows: 0, no pathologic diagnosis; 1, mild or moderate disease
involving one or two sections; 2, moderate disease involving three
or four sections or severe disease in one section; and 3, moderate
disease in more than four sections or severe disease in two or
more sections.

The degree of clinical impairment of the respiratory function
was graded on a semiquantitative scale as follows: 0, no impair-
ment; 1, mild respiratory problems requiring no treatment or an
occasiona administration of oxygen; 2, moderate dyspnea requir-
ing frequent or constant oxygen supplementation by mask or nasal
cannula; and 3, severe impairment requiring intubation and artifi-
cial ventilation. In addition, the degree of spread of any malignan-
cy anywhere within the body was graded on a semiquantitative
scale as follows: 0, no evidence of malignancy; 1, tumor involving
one organ; 2, regional spread of the tumor with or without lymph
node involvement; and 3, widely metastatic tumor. The differences
between cases and controls were assessed using two-tailed, non-
paired analysis using the Student’s t-test.

Results

The incidence of NBTE in our series, spanning 19 years,
was 0.92%, which is similar to previously reported data
[24]. The mean age of the subjects was 52.5 years
(10-81 years). Of the cases, 56% were white, 42% were
black, and 2% were Asian. In addition, 56% of the cases
were males.

Malignancies among the NBTE subjects included
seven cases of acute myelogenous leukemia (14%), five
cases of non-Hodgkin's lymphoma (10%), four cases of
squamous cell carcinoma (8%), three pancreatic carcino-
mas (6%), two cases of acute lymphoblastic leukemia
(4%), and one case (2%) each of gastric and breast carci-
nomas, rhabdomyosarcoma, Hodgkin's lymphoma, and
undifferentiated carcinoma.

Table 1 summarizes the number of the NBTE lesions
in each heart, the sides of the heart, and the specific
valves affected. The left side of the heart alone was most
frequently involved (58%). The majority of the hearts
had NBTE lesions on one valve only (60%). The mitral
valve was most often affected (50%). The cusps of three
of the aortic valves and of one mitral valve, in addition
to having NBTE, were also found to be thickened. There
was no evidence of rheumatic valvular disease, however.

Pulmonary diseases among the NBTE patients are
summarized in Table 2. In al, only three patients with
NBTE (6%) had no histologic evidence of lung disease.
The patients with NBTE had heavier lungs (mean

Table 1 Location of nonbacterial thrombotic endocarditis (NBTE)
lesions

Side of the heart Incidence (%)
Right 18

Left 58

Right and left 24

Number of valves Incidence (%)
One 60

Two 28

Three 10

Four 2

Valves affected Incidence (%)2
Mitral 50

Aortic 42

Tricuspid 42

Pulmonic 20

aThe sum exceeds 100%, because several lesions can be present in
the same case

Table 2 Incidence of pulmonary lesions in nonbacterial thrombot-
ic endocarditis (NBTE) patients

Pulmonary lesion Incidence (%)2

Organizing diffuse alveolar damage 26
Emphysema 20
Pneumonia 18
Diffuse alveolar damage 16
Interstitial fibrosis 16
Cancer 14
Infarct 10
Hemorrhage 10
Thromboembolism 8
Edema 2

aThe sum exceeds 100%, because severa lesions can be present in
the same case

1758.5 g vs 1409.6 g, P<0.01). The pathological severity
of lung disease was significantly higher among the
NBTE cases (mean score 2.32 vs 1.34, P<0.0001). Like-
wise, the degree of clinical respiratory compromise was
higher among those with NBTE (2.24 vs 1.58, P<0.005).
Of the cases and controls, 52% and 40%, respectively,
had cancer, but there was no statistically significant dif-
ference in the degree of spread of any malignancy be-
tween the two groups (mean score 1.12 vs 1.02, P>0.5).
When all 26 patients with NBTE and cancer, together
with their matched controls, were excluded from the in-
vestigation, the resulting mean lung disease score was
still higher among the NBTE patients (2.25 vs 1.29,
P<0.05). The degree of clinical respiratory impairment
was aso higher in the NBTE group (2.2 vs 1.5, P<0.05).
However, the difference in lung weight was no longer
statistically significant (1540.6 g vs 1227.9 g, P>0.05).



Discussion

Coexistence of NBTE with hypoxigenic lung diseases
has been frequently reported, although not emphasized,
in the medical literature. Horowitz and Ward [16] de-
scribed a case in which NBTE coexisted with diffuse al-
veolar damage and DIC. Krous [21] reported two new-
born infants with respiratory distress syndrome and
NBTE, one of whom suffered from meconium aspira-
tion, pneumothorax, and DIC, and the other had hyaline
membrane disease and atelectasis. Patterson [30] de-
scribed NBTE in a patient with adult respiratory distress
syndrome, diffuse aveolar damage, and DIC resulting
form an overdose of a cold medication. Young and
Zaneraitis [37], in their series of seven children and
young adults with NBTE, found significant hypoxigenic
pulmonary lesions in six, including severe pneumonia,
fat embolization, and a bronchial tear. All of their sub-
jects also had some coagulation defects, including DIC.
Jerman and Fick [17] observed two bone marrow trans-
plant recipients who subsequently developed NBTE.
One of them suffered from Pneumocystis pneumonia and
diffuse alveolar damage, and the other had organizing in-
terstitial pneumonia, pulmonary hyaline membranes,
bacterial and viral pneumonia, and respiratory failure.
Kollef et al. [20] reported a case of NBTE associated
with gold-induced pulmonary disease. Diez-Martin et al.
[7] discovered NBTE in two bone marrow transplant pa-
tients, both of whom also suffered from respiratory fail-
ure. Lastly, Sharma et al. [33] described fatal cerebral
embolization from NBTE in a patient with major trauma,
adult respiratory distress syndrome, sepsis, and DIC.

In a series of 31 patients with NBTE and cancer re-
ported by Bedikian et al. [1], there was a 64.5% inci-
dence of pneumonia. The immediate cause of death was
pneumonia in 34.5% of the cases, and chronic pulmona-
ry failure in 12.9%. There were also cases of lung carci-
noma and pulmonary embolization. The focus of their
work, however, was an association between NBTE and
DIC (see discussion below).

Experimental evidence of an association between
hypoxia and NBTE also exists. Nakanishi et al. [25]
demonstrated a greatly increased incidence of NBTE in
rats subjected to a hypoxic environment simulating high
altitude dwelling (an equivalent of 5500 m elevation).
The incidence of NBTE was 33% at 4 weeks and 100%
at 12 weeks of exposure to hypoxia. In addition, they re-
ported a significant decrease in platelet counts, prolon-
gation of the prothrombin and partial thromboplastin
times, and a decrease in the levels of several individual
coagulation factors. Later, Nakanishi et al. [26] repeated
the experiment, finding the incidence of NBTE of 33,
29, 65, and 100% at 4, 6, 8, and 12 weeks, respectively.
The experimental group showed a significantly higher
level of the plasma tissue factor (TF) activity. An accu-
mulation of TF in macrophages, stromal cells, few en-
docardial cells, the extracellular matrix of the cardiac
valves, and in macrophages within the thrombus was
also noted.
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Our study demonstrates a correlation between the se-
verity of hypoxigenic lung diseases and NBTE. This re-
lationship is evident from the increased lung weight of
the subjects with NBTE, their higher degree of pulmona-
ry histopathology, and a more severe clinical respiratory
impairment. Based on these and the above-cited clinical
and experimental data, one can suggest a causal relation-
ship between hypoxiaand NBTE.

It appears that NBTE results from abnormal interac-
tions between the coagulation system, platelets, and en-
dothelial cells. A systemic release or an increased endo-
thelial expression of TF in response to hypoxia could
lead to activation of the extrinsic pathway of coagula-
tion. There is evidence that hypoxia can also activate
platelets [32, 34]. In other experiments, hypoxia led to
activation of endothelial cells, manifested by an in-
creased expression of adhesion molecules and mgjor his-
tocompatibility complex class Il molecules [8]. Altera
tions in these three systems, i.e., coagulation, platelets,
and endothelium, lead to the formation of NBTE. The lo-
cation of the resulting fibrin-platelet thrombi on the edg-
es of cardiac valves may be caused by a high degree of
hemodynamic stress to which the valvular endocardium
is subjected.

The relationship between NBTE and DIC is still un-
clear. DIC, with its numerous causes, is characterized by
concomitant systemic activation of thrombosis and fi-
brinolysis. The degree of DIC may range from a severe,
life-threatening process to a low-grade, compensated co-
agulopathy. Chronic, low-grade DIC in a setting of can-
cer is called Trousseau’s syndrome [3]. It is thought that
abnormal TF expression is central to the pathogenesis of
DIC [5]. It appears that TF may be secreted into the cir-
culation by promyelocytic leukemia cells [13] and con-
stitutively expressed on the surface of adenocarcinoma
cells [3]. In addition, cytokines (interleukin-1 and tumor
necrosis factor) are reported to enhance the expression of
TF by endothelia cells [5]. The resulting prothrombotic
activity, coupled with activation of fibrinolysis, leads to
the clinical picture of DIC.

NBTE frequently coexists with DIC, and the clinical
spectra of these two disorders appear to overlap. Kim et
al. [19] found histologic evidence of DIC in 50% of pa-
tients with NBTE in their autopsy series. Bedikian et al.
[1] found histologic evidence of DIC in 71% of their pa-
tients with NBTE and cancer. However, a prospective
study of cancer patients by Edoute et a. [9] found no
statistically significant increase in the incidence of D-
dimer elevation among patients with valvular vegetations
compared with those without vegetations. At this time, it
is probably reasonable to assume that frequently the
same conditions that cause DIC can also cause NBTE,
probably through activation of TF. Whether hypoxia-re-
lated NBTE is aways accompanied by DIC remains to
be determined, and experimental animal studies similar
to ones mentioned above [25, 26] would be best suited
for resolving this question.

Interestingly, there was no difference in the degree of
spread of any malignancy between the NBTE cases and
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the controls in our study. According to Bell et a. [2], se-
vere coagulopathies in cancer patients can be produced
by tumors minute in size. Moreover, in our series, even
exclusion of the patients with cancer from the NBTE
group still produced a statistically significant preponder-
ance of the severity scores of lung injury and the degree
of clinical respiratory compromise of the patients with
NBTE over those without cardiac vegetations. This
shows that the presence or absence of cancer is not a
confounding factor for our conclusion.

In a handful of cases from our series, there may have
been an influence of indwelling catheters on the forma-
tion of NBTE. More specificaly, in two of the cases
where NBTE lesions were found on the tricuspid and
pulmonic valves only, the presence of a Swan-Ganz
catheter was documented in the gross protocol. However,
such cases are a distinct minority, because most of the
NBTE lesions were present in the left heart (Table 1),
where one does not expect to find any indwelling lines.
Moreover, not every patient with an intracardiac line de-
velops NBTE, which shows that other factors must be
operating to contribute to the development of these le-
sions.

In summary, we have demonstrated a positive associ-
ation between the severity of hypoxigenic lung diseases
and NBTE. The effect of the former may be mediated by
alterations in the coagul ation system, platelets, and endo-
thelia cells. Further research is needed to delineate the
relationship between NBTE, hypoxia, cancer, and DIC.
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