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ABSTRACT

Background: Nonbacterial thrombotic endocarditis is characterized by the presence 
of organized thrombi on cardiac valves, often associated with hypercoagulable states. 
There is a paucity of data regarding the predictors of mortality in patients with nonbac-
terial thrombotic endocarditis. Our primary aim was to identify predictors of in-hospital 
mortality in patients with nonbacterial thrombotic endocarditis.

Methods: A systematic literature review of all published cases and case series was per-
formed until May 2018 according to Preferred Reporting Items for Systematic Review and 
Meta-analyses statement guidelines. We applied random forest machine learning model 
to identify predictors of in-patient mortality in patients with nonbacterial thrombotic 
endocarditis.

Results: Our search generated a total of 163 patients (mean age, 46 ± 17 years; women, 
69%) with newly diagnosed nonbacterial thrombotic endocarditis. The in-hospital mor-
tality rate in the study cohort was 30%. Among the patients who died in the hospital, ini-
tial presentation of pulmonary embolism (12.2 vs. 2.6%), splenic (38.7 vs. 10.5%), and renal 
(40.8 vs. 9.6%) infarcts were higher compared to patients alive at the time of discharge. 
Higher rates of malignancy (71.4 vs. 39.4%, P  = .0003) and lower rates of antiphospho-
lipid syndrome (8.1 vs. 48.2%, P  = .0001) were noted in deceased patients. Random forest 
machine learning analysis showed that older age, presence of antiphospholipid syn-
drome, splenic infarct, renal infarct, peripheral thromboembolism, pulmonary embolism, 
myocardial infarction, and mitral valve regurgitation were significantly associated with 
increased risk of in-hospital mortality.

Conclusion: Patients admitted with nonbacterial thrombotic endocarditis have a high 
rate of in-hospital mortality. Factors including older age, presence of antiphospho-
lipid syndrome, splenic/renal infarct, lower limb thromboembolism, pulmonary embo-
lism, myocardial infarction, and mitral valve regurgitation were significantly associated 
with increased risk of in-hospital mortality in patients with nonbacterial thrombotic 
endocarditis.

Keywords: Antiphospholipid syndrome, Libman-Sacks endocarditis, marantic endocar-
ditis, nonbacterial thrombotic endocarditis, systemic lupus erythematosus

INTRODUCTION

Nonbacterial thrombotic endocarditis (NBTE) is a rare condition characterized 
by the development of sterile thrombotic vegetation(s) on cardiac valves often 
associated with hypercoagulable states such as malignancy (approximately 80% 
cases) and chronic inflammatory conditions including systemic lupus erythemato-
sus (SLE) and antiphospholipid syndrome and myeloproliferative disorders.1-3

Sterile vegetations of NBTE are formed when there is a valvular endothelial cell 
injury in the setting of hypercoagulable state. The valvular endothelial injury 
results in local aggregation of platelets, migration of inflammatory mononu-
clear cells, and deposition of immune complexes forming a thrombus interwo-
ven with fibrin.4-8 There are unique triggers for endothelial damage, depending 
on the disease state. In malignancy, antigen-presenting cells including mac-
rophages interact with malignant cells to release cytokines including tumor  
necrosis factor and interleukins, which damage the endothelium.9,10 In SLE, 
high blood flow turbulence along with chronic deposition of immunoglobulins 
and complement factors on the endothelial lining of the cardiac valve causes 
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immune-mediated endothelial injury.1,9 In antiphospholipid 
syndrome (APS), endothelial damage occurs due to auto-
antibodies against phospholipids in the endothelial cell  
membrane.1,9,11

Although many cases and case series have been published on 
NBTE, there is a paucity of data on the risk factors associated 
with in-hospital mortality, management, follow-up man-
agement, and prognosis of NBTE. Therefore, we performed 
a systematic review of the existing literature with the aim to 
identify the risk factors of in-patient mortality and provide 
an overview of the use of anticoagulants in NBTE patients.

METHODS

We performed a systematic review of all the case reports and 
case series of NBTE published from January 1975 to May 2018 
in accordance with Preferred Reporting Items for Systematic 
Review and Meta-analyses guidelines (Figure 1). Pubmed, 
Cochrane, Embase, Scopus, and Web of Science databases 
were searched for cases and case series published up to May 
2018 using keywords “nonbacterial thrombotic endocar-
ditis,” “noninfective endocarditis,” “Libman-Sacks endo-
carditis,” “NBTE,” and “anticoagulants.” Additionally, we 
manually searched independent journals for published case 
reports on NBTE. Inclusion criteria were (1) clinically diag-
nosed cases during hospitalization for NBTE-predisposing 
conditions with or without supporting echocardiographic 
evidence. (2) Asymptomatic cases with supportive echocar-
diographic findings and multiple negative blood cultures. 
(3) Cases diagnosed by histological specimens of the throm-
botic valves. (4) Cases diagnosed on autopsy. (5) Among all 
the cases in each case series, only cases diagnosed as NBTE 
clinically with supporting evidence on histological biopsy or 
on autopsy at death were included. The following studies 
were excluded: studies other than case reports, previous lit-
erature reviews or systematic reviews, complications other 

than NBTE, non-English language literature, data that could 
not be extracted, duplicated studies, abstract-only articles 
(conference, letters, commentaries), articles without avail-
able full-text, theses, books, review editorials, and author 
responses.

Data were extracted by 2 authors (NV and PA) and were 
reviewed by a third author (RA) for inclusion or if there were 
any doubts. When disagreement occurred, a consensus deci-
sion was made following discussion with a senior reviewer 
(FM). We extracted all case reports and relevant cases from 
the case series into a dataset. The data extraction form was 
developed by 2 authors (NV and PA) based on a pilot review 
and extraction. The extracted data included the author, 
year of publication, journal, patient demographics, relevant 
medical history, comorbidities, current anticoagulation, ini-
tial presentation and hospital course, relevant laboratory 
studies and diagnostic tests, medications used for treat-
ment, surgical intervention, outcome of each patient, mor-
tality, autopsy findings if available, follow-up tests, embolic 
events, and complications. 

The statistical analyses were performed using several R 
packages under R (v3.5.1). First, the data were summarized 
with package dlookr (v0.3.0), which reports the summary 
and the missing percentage of each variable. Variables 
with greater than 5% missing percentages were excluded. 
Then, similarities between each variable pair were calcu-
lated using Pearson correlation coefficient. A variable was 
excluded when its average similarity was ≥ 95% against all 
other pair-mates. Finally, the remaining variables were sent 
to machine-learning methods, including random forest and 
logistic regression. The random forest model is applied using 
package random Forest (v4.6).

Ethical review and approval were waived for this study, as 
our study is a systematic review of published case reports 
and involves no interaction with human subjects and access 
to any subject identifiers.

RESULTS

Using the retrieval strategy described above, a total of 
141 case reports and 10 case series were included in this sys-
tematic review, generating a total of 163 patients with newly 
diagnosed NBTE (Figure 1). The basic characteristics of these 
patients are described in detail in Table 1. The mean age of 
the patient cohort was 46 ± 17 years, and the majority were 
women (69%). The similarities between each variable pair 
were calculated using Pearson correlation coefficient and 
were shown in Figure 2. The most common presentation was 
stroke (54%). Shortness of breath or symptoms of heart fail-
ure was the initial complaint in 25 patients (15.3%) and chest 
pain in 19 patients (11.7%). Symptoms of acute limb ischemia 
were the reason for initial presentation in 9 patients, followed 
by pulmonary emboli in 6 patients. Nonbacterial thrombotic 
endocarditis was diagnosed in 6 patients who were asymp-
tomatic at presentation and presented to the hospital for 
evaluation of cancer or autoimmune disease. Three patients 
presented with a murmur, 1 each presented with ischemic 
bowel symptoms, seizure, paranoid behavior, hemoptysis, 

HIGHLIGHTS
• In-patient mortality rate in the study cohort due to 

nonbacterial thrombotic endocarditis was 30%. 
• Random forest regression analysis showed that older 

age, presence of antiphospholipid syndrome, splenic 
infarct, renal infarct, peripheral thromboembolism, 
pulmonary embolism, myocardial infarction, and mitral 
valve regurgitation were associated with increased risk 
of in-hospital mortality. 

• The most common clinical presentation was stroke 
(54%). 

• Left-sided cardiac valves were more commonly involved 
than the right. 

• Nonbacterial thrombotic endocarditis vegetations were 
found using transthoracic echocardiography in 44 (27%) 
patients and using transesophageal echocardiography 
in 67 (41.1%) patients and in 24 patients, vegetations 
were found only during autopsy. 

• Among the case reports where anticoagulation use was 
reported (~67%), the most used anticoagulat at time of 
discharge was warfarin.
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and fever. In 2 patients, the reason for initial presentation was 
not mentioned. In our patient cohort, we found past medical 
history significant for malignancy (46.6%), APS (36.2%), and 
SLE (22%). Among patients with malignancy (n = 76), lung 
cancer (23.6%) was the most common, followed by ovarian 
cancer (15.8%) and pancreatic cancer (13.3%). During the 
hospital course, stroke occurred in 70% of patients in the 
cohort, splenic and renal infarcts in 19%, heart failure in 18%, 
and myocardial infarction in 14.7%. Cardiac vegetations were 
found using transthoracic echocardiography (TTE) (42.9%), 
transesophageal echocardiography (TEE) (58.3%), and with 
autopsy (20.2%). The most commonly involved cardiac valves 
were mitral valve (66.7%), followed by aortic valve (35%) and 
tricuspid valve (9.2%), and the least common was pulmonary 
valve.

Among the patients discharged on anticoagulation (n = 118), 
the most used anticoagulant was warfarin (56.8%) followed 
by LMWH (20.3%) and unfractionated heparin (13.5%). 
Factor Xa inhibitor use was reported in 2 case reports and 
direct thrombin inhibitor use was reported in 1 case report. 
Surgical intervention with mechanical valve replacement 
(11.7%) was the most common, followed by bioprosthetic 
valve replacement (8.5%) and surgical resection of vegeta-
tions (7.3%).

The in-hospital mortality rate was 30%. The following diag-
noses were more common among patients who expired in 
the hospital compared to patients who were discharged 
from the hospital: initial presentation of pulmonary embo-
lism (PE) (12.2 vs. 2.6%, P  = .022), splenic infarct (38.7 vs. 10.5%, 
P  = .0001), and renal infarct (40.8 vs. 9.6%, P  = .0001). Although 
a higher percentage of stroke and myocardial infarction (MI) 
was noted in the deceased patient population compared 

to the population alive at discharge, they were statistically 
non-significant: stroke (61% vs. 51%, P  = .24) and MI (12.2% vs. 
8.7%, P  = .57). Higher rates of malignancy (71.4  vs. 39.4%, 
P  = .0003) and lower rates of APS (8.1 vs. 48.2%, P  = .0001) 
were noted in deceased patients. 

Random forest regression analysis showed that the top 10 
predictors of in-hospital mortality were older age, presence 
of APS, splenic infarct, renal infarct, peripheral thromboem-
bolism, PE, MI, and mitral valve regurgitation (Figure 3).

DISCUSSION

This is the first study to look into risk factors associated with 
in-patient mortality in patients with NBTE. Our analysis of 
163 patients with newly diagnosed NBTE revealed the fol-
lowing: (1) inpatient mortality rate was 30%. (2) Random for-
est regression analysis showed that older age, presence of 
APS, splenic infarct, renal infarct, peripheral thromboem-
bolism, PE, MI, and mitral valve regurgitation were associ-
ated with increased risk of in-hospital mortality. (3) The most 
common clinical presentation was stroke (54%). (4) Left-
sided cardiac valves were more commonly involved than the 
right. (5) Nonbacterial thrombotic endocarditis vegetations 
were found using TTE in 44 (27%) patients, TEE in 67 (41.1%) 
patients, and in 24 patients, vegetations were found only 
during autopsy. (6) Among the case reports where anticoag-
ulation use was reported (~67%), most used anticoagulation 
at time of discharge was warfarin.

The mean age of our cohort was 46 ± 17 years affect-
ing patients from the third through eighth decade of life  
which is consistent with previous studies.5,6-13 However, in this 
systematic review, 69% of patients were females, whereas 

Figure 1. Preferred Reporting Items for Systematic Review and Meta-analyses Statement.
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previous studies reported equal proportion of males and 
females.12-20

In our cohort population, malignancy was seen in 46.6%, APS 
in 36.2%, and SLE in 22% of patients. Many prior studies have 
reported the association between NBTE and chronic hyper-
coagulable states such as malignancy, as well as autoimmune 
inflammatory disorders like SLE and APS.1,2,7,17,20-22 Malignancy 
is the most common disease state in which NBTE is seen (80% 
of cases).5,23,24

The incidence of NBTE with concurrent malignant neo-
plasm in our cohort is 46.6% which is close to the incidence 
reported by MacDonald and Robbins12 of 34.6%12 and 42.4% 
reported by Biller et  al.20 Three studies reported an associ-
ated cancer incidence of 75%, 62.5%, and 85%, which could 
be due to differences in patient characteristics.13,19,25 In this 

systematic review, the most common malignancy was lung 
cancer (23.6%) followed by ovarian cancer (15.8%) and pan-
creatic cancer (13.2%) as shown in Table 2. This is similar to 
prior studies which showed lung cancer to be the most com-
mon in NBTE patients with malignancy.13,17,19,20

In our cohort, the most common initial presentation was 
stroke in 88 (54%) patients which is similar to prior stud-
ies.9,22,26,27 Many prior studies have shown that the incidence 
of cerebral ischemia is higher in NBTE patients28,29 and is more 
common in NBTE than with infective endocarditis (33% vs 
19%).3 Twenty-five (15.3%) patients were admitted for short-
ness of breath or symptoms of heart failure and 19  (11.7%) 
patients were admitted for chest pain. Symptoms of acute 
limb ischemia were the reason for initial presentation in 
9 patients and pulmonary emboli in 6 patients. 

Table 1. Demographic and Clinical Characteristics of NBTE Patients

Patients, n 163

Clinical data, n (%)

Gender

 Male 50 (30.7)

 Female 113 (69.3)

Age, years

 Mean ± SD 46 ± 17

 11-20 12 (7.4)

 21-30 25 (15.3)

 31-40 24 (14.7)

 41-50 32 (19.6)

 51-60 30 (18.4)

 61-70 27 (16.6)

 71-80 11 (6.7)

Associated comorbidities: n (%)

 Malignancy 76 (46.6)

 APS 59 (36.2)

 SLE 36 (22)

Past hospitalizations: n (%)

 Pulmonary embolism 36 (22)

 Deep venous thrombosis 24 (14.7)

 Stroke 22 (13.5)

 Valvular disease 14 (8.5)

Clinical presentations at diagnosis, n (%)

 Stroke (including TIA’s) 88 (54)

 Dyspnea 25 (15.3)

 Chest pain 19 (11.6)

 Thromboembolism 16 (9.8)

Hospital course findings: n (%)

 Stroke (including TIA’s) 114 (69.9)

 Splenic infarcts 31 (19)

 Renal infarcts 31 (19)

 Heart failure 30 (18.4)

 Myocardial ischemia/infarction 24 (14.7)

Location of vegetations: n (%)

 Mitral valve alone 92 (56.4)

Patients, n 163

Clinical data, n (%)

 Aortic valve alone 42 (25.8)

 Mitral + aortic 10 (6.1)

 Mitral + aortic + tricuspid 11 (6.7)

 Tricuspid + mitral 4 (2.4)

 Tricuspid + aortic 1 (0.6)

 Tricuspid + pulmonary 1 (0.6)

 Pulmonary + aortic 1 (0.6)

Vegetations found by n (%)

 TTE 44 (27)

 TEE 67 (41.1)

 TTE and TEE (both) 28 (17.2)

 Autopsy alone 24 (14.7)

Associated valve abnormality: n (%)

 MR 55 (33.7)
 AR 28 (17.2)
 MS 09 (5.5)
 AS 07 (4.3)
 TR 07 (4.3)
 TS 01 (0.6)
Surgical procedure: n (%)
 Mechanical valve replacement 19 (11.6)
 Bioprosthetic valve replacement 14 (8.5)
 Surgical resection of vegetations 12 (7.3)
Patients discharged: n (%)
 Warfarin alone 58 (50.9)
 LMWH alone 23 (20.2)
 Heparin alone 16 (14)
Mortality:
 In-hospital mortality 49 (30)
 Deaths during follow-up 08 (7)
SD, standard deviation; NBTE, nonbacterial thrombotic endocarditis; 
APS, antiphospholipid syndrome; TTE, transthoracic echocardiogra-
phy; TEE, transesophageal echocardiography; TIA, transient ischemic 
attack; MR, Mitral Regurgitation; AR, Aortic regurgitation; MS, Mitral 
stenosis; AS, Aortic stenosis; TR, Tricuspid regurgitation; TS, Tricuspid 
stenosis; LMWH, Low molecular weight heparin. 
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During the hospital course, 114 (69.9%) patients devel-
oped stroke episodes, 31 (19%) patients developed splenic 
and renal infarcts, 30 (18.5%) patients developed symp-
toms and signs of heart failure, 24 (15%) patients devel-
oped myocardial infarction, 20 (12%) patients developed 
acute limb ischemia, and 9 patients developed pulmo-
nary emboli. Most of these hospital course findings were 
due to delay in diagnosis and initiation of antithrombotic 
therapy. This data emphasize that high clinical suspicion is 
critical to make the antemortem diagnosis of NBTE, and 
early diagnosis and treatment are essential to prevent 
mortality and morbidity in NBTE patients.

Unlike infective endocarditis, NBTE vegetations are ster-
ile, friable, and more prone to embolization. These patients 
typically present with systemic or pulmonary embolization. 
Nonbacterial thrombotic endocarditis accounts for approxi-
mately 20%-25% of cerebrovascular accidents in cancer 
patients and is discovered on autopsy in 1.2% of patients.21 
High suspicion, early recognition, and appropriate treat-
ment are paramount to prevent valve damage and emboli-
zation complications.

Clinical suspicion of NBTE should be considered in patients 
with embolic phenomena with underlying cancer and con-
nective tissue disease, especially SLE and APS, and in patients 
with presumed infective endocarditis who do not respond 
to antibiotics.28,30 Prior to the use of echocardiography, the 
diagnosis of NBTE was dependent on postmortem findings. 
Echocardiographic identification of thrombotic vegetations 
on the heart valves and negative blood cultures are needed 
for definitive diagnosis of NBTE.9,30

Figure 2. Similarities between each variable pair using pearson correlation coefficient.

Figure  3. Top 10 predictors of in-hospital mortality in NBTE 
patients using random forest regression analysis.

Table 2. Relative Incidence Malignancy Type in NBTE

Lung cancer 18 (23.6%)

Ovarian cancer 12 (15.8%)

Pancreatic cancer 10 (13.1%)

Metastatic cancer of unknown primary site 7 (9.2%)

Endometrial cancer 6 (7.9%)

Gastric cancer 5 (6.6%)
NBTE, nonbacterial thrombotic endocarditis.
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Majority of patients had NBTE vegetations on the mitral 
valve (72.4%, n = 118) followed by the aortic valve (40.5%, 
n = 66). Isolated involvement of the mitral valve was seen 
in 92 (56.5%) patients, and isolated aortic valve involve-
ment was seen in 42 (25.8%) patients. Coexisting mitral and 
aortic valve vegetations were seen in 10 (6.1%) patients and 
4  patients showed coexisting tricuspid and mitral valve 
vegetations. Right-sided NBTE is uncommon and was seen 
in 19  patients (11.6%). One case each of tricuspid and aortic 
valve, tricuspid and pulmonary valve, and pulmonary and 
aortic valve was found. There were 11 (6.75%) cases of tri-
ple valve invol vemen t—tri cuspi d, mitral, and aortic valve. 
One case of 4 valve involvement was reported. In a recent 
systematic review by Patel and Elzweig31 similar findings of 
NBTE most commonly affecting the mitral valve (61%) and 
then aortic valve (36%) were reported. A total of 86% cases 
of isolated valve, 10% cases of 2 valves, and 3% cases of 3 or 
more valve involvement were seen.

In this systematic review, NBTE vegetations were found 
using TTE in 44 (27%) patients, TEE in 67 (41.1%) patients, 
and both TTE and TEE in 28 (17.2%) patients. In 24 patients, 
vegetations were found only at autopsy. In the published 
literature, NBTE vegetations were first reported in 1976—
visualized by M-mode echocardiography.32 Transesophageal 
echocardiography is found to be more sensitive than TTE for 
the detection of valvular lesions, particularly for vegetations 
smaller than 5 mm.30,33,34

In this systematic review, anticoagulation therapy was 
started with warfarin (n = 58), LMWH (n = 23), and hepa-
rin (n = 16). Concurrent antiplatelet therapy was used in 
4  patients treated with warfarin and 1 patient on LMWH. 
Direct oral anticoagulants (DOACs) were rarely used (direct 
thrombin inhibitor, n = 1 and factor Xa inhibitor, n = 1). In 1 
patient, acenocoumarol (a  coumadin derivative) was used. 
The American College of Chest Physician Guidelines recom-
mends the use of long-term anticoagulation regardless of 
evidence of emboli.35 Heparin has been shown to reduce the 
incidence of thromboembolic events in prior studies, espe-
cially in patients with malignancy.36,37

Surgical procedures with mechanical valve replacement were 
done in 19 (11%) cases and bioprosthetic valve replacement in 
14 (8.5%), and surgical resection of vegetations with valve-
sparing was done in 12 (7.5%) cases. A study done in infective 
endocarditis group compared valve repair with valve replace-
ment which showed better 5-year survival estimates com-
pared to valve replacement (91.6% vs. 70%, P  = .08).38 The 2017 
American Heart Association / American College of Cardiology 
(AHA/ACC) focused update of the 2014 guideline for the man-
agement of patients with valvular heart diseases recommends 
operation without delay may be considered in patients who 
have suffered a stroke but have no evidence of intracranial 
hemorrhage or extensive neurological damage.39

Despite therapy, the prognosis of NBTE is poor with morbid-
ity from neurocognitive dysfunction and mortality due to 
either recurrent embolization or from underlying advanced 
malignancy. In this systematic review, we noted an in-patient 
mortality rate of 30%. Among the 49 patients who died in the 

hospital, 28 died before the diagnosis of NBTE. The following 
diagnoses were more common among patients who expired 
in the hospital compared to patients who were discharged 
from the hospital: initial presentation of stroke (61 vs. 50.8%), 
MI (12.2 vs. 8.7%), PE (12.2 vs. 2.6%), splenic infarct (38.7 vs. 
10.5%), and renal infarct (40.8 vs. 9.6%). Higher rates of malig-
nancy (71.4 vs. 39.4%) and lower rates of APS (8.1 vs. 48.2%) 
were noted in deceased patients. Random forest regression 
analysis showed that age, presence of APS, splenic infarct, 
renal infarct, peripheral thromboembolism, PE, MI, and 
mitral valve regurgitation were significantly associated with 
increased risk of in-hospital mortality (Figure 3).

Additional research must be done to understand the pre-
dictors of mortality and evaluate the efficacy of newer 
anticoagulants in reducing the severity of NBTE and its com-
plications. A global registry may be one such mechanism, in 
this uncommon condition, to allow for a better study of much 
larger cohort of patients.

Study Limitations
Our review has certain limitations. First, all inherent limita-
tions of retrospective studies apply to our analysis. Second, 
publication bias might have affected our results since our 
analysis was based on all published case series and case 
reports and we limited this to English literature. Third, we 
excluded few cases as they were lacking comprehensive clin-
ical data further limiting the scope of interpretation.
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