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VALVULAR HEART DISEASES

Non-infective endocarditis

Harriet Hurrell, Ross Roberts-Thomson, Bernard D Prendergast

INTRODUCTION

Endocarditis is defined as inflammation of the
endocardium, the lining of the cardiac chambers
and valves, and characterised by vegetations, most
commonly caused by infection with bacteria or
fungi. Non-infective endocarditis, also known as
non-bacterial thrombotic endocarditis (NBTE)
or aseptic endocarditis, refers to a rare condi-
tion characterised by formation of sterile vegeta-
tions. Without treatment, these can lead to valve
dysfunction, heart failure, systemic embolism
and death. Herein, we review the pathophysi-
ology, clinical features, diagnosis and treatment
of NBTE.

BACKGROUND

The first description of sterile vegetations on the
heart valves was provided by Zeigler in 1888.!
Libman and Sacks then published a case series
of four patients in 1924 which associated these
atypical lesions with systemic lupus erythema-
tosus (SLE).? These vegetations are not associated
with an inflammatory response or bacteraemia
and commonly occur as a result of fibrin deposi-
tion and platelet aggregation. Sterile vegetations
can develop in a number of conditions, including
autoimmune disease, malignancy and hypercoagu-
lable states. Although Libman—-Sacks endocarditis
refers specifically to NBTE seen in patients with
the autoimmune disorders SLE and antiphospho-
lipid syndrome (APLS), other interchangeable
terminology for NBTE includes verrucous endo-
carditis and marantic endocarditis.

A vegetation is defined as an oscillating intra-
cardiac mass on a valve (or its supporting struc-
ture) or implanted material. The rapid evolution
of echocardiographic imaging techniques has
resulted in higher rates of vegetation detection
in more recent studies using these developed
imaging modalities.> *

EPIDEMIOLOGY

NBTE is a rare condition and most commonly
diagnosed at post-mortem. The exact incidence
is unknown but rates of up to 3.7% have been
reported at autopsy.’ © The incidence increases with
age (likely due to the association with malignancy)
with no known gender predominance.’’” NBTE
has a well-known association with autoimmune
conditions and malignancy.®” In the largest study of
culture-negative endocarditis, NBTE accounted for
2.5% of cases.® Patients with definite endocarditis
but no underlying autoimmune or malignant condi-
tion were more likely to have a positive serum rheu-
matoid factor compared with those with confirmed
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aetiology, highlighting the likely under-estimation
of immune-mediated causes.

Echocardiographic studies have found vegeta-
tions in 11% of patients with SLE and no evidence
of infection.” Although uncommon, NBTE has
been reported in rheumatoid arthritis.® ' There are
isolated case reports of NBTE associated with rarer
autoimmune conditions, including granulomatosis
with polyangiitis, Behcet’s disease and adult-onset
Still's disease.'! '* Post-mortem studies have also
identified NBTE in patients with HIV, although the
incidence is lower than initially thought.'

NBTE is common in neoplastic conditions with
one prospective study reporting a prevalence of
19% in patients with underlying malignancy (most
frequently adenocarcinomas, particularly of the
pancreas and lung).® 7 14716

Coagulation abnormalities indicative of dissem-
inated intravascular coagulation (DIC) have also
been found in up to 50% of patients with NBTE,
suggesting a strong relation with hypercoagu-
lable states, including primary APLS, burns and
sepsis.”>™"7

Table 1 summarises the conditions associated
with NBTE and their reported prevalence. Ante-
mortem diagnosis is rare and NBTE is therefore
often underestimated. With improved imaging
modalities, there is significant variability in the
prevalence of NBTE reported in the literature.
Patients often have a combination of conditions
predisposing them to NBTE (such as malignancy
and a hypercoagulable state).

PATHOPHYSIOLOGY

Deposition of sterile fibrin and platelets on the
surface of valve leaflets is the pathological hallmark
of NBTE (figure 1). Vegetations may be microscopic
or large in size with a clustered, wart-like appearance,
although diffuse leaflet thickening may develop in
the chronic, treated phase of the disease.'® They may
occur anywhere on the endocardial surface, with a
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Table 1 Summary of conditions associated with non-bacterial thrombotic
endocarditis and their reported prevalence

Conditions associated with NBTE Prevalence of NBTE

Autoimmune conditions:

Systemic lupus erythematosus 4%—-43%

Antiphospholipid syndrome (primary and 41%

secondary)

Rheumatoid arthritis Unknown

Granulomatous with polyangitis Single case report

Behcet's Single case report

HIV Unknown
Malignancy: 19%

Most frequently adenocarcinomas
Pancreatic cancer most common

62% of patients with malignancy and NBTE
25%-50% of patients with malignancy and NBTE
25%-30% of patients with malignancy and NBTE
Found in up to 50%

Lung caner

Hypercoagulable states:
APLS (primary and secondary APLS)
Malignancy
Disseminated intravascular coagulopathy
Sepsis
Burns

APLS, antiphospholipid syndrome; NBTE, non-bacterial thrombotic endocarditis.

predilection for the left-sided heart valves.’ > Poten-
tial mechanisms include the combination of sheer
stress on the mitral valve arising from turbulent flow
and oxidative stress compared with low pressure flow
of de-oxygenated blood in the right heart. Unlike
conventional infective endocarditis, these vegetations
are not associated with inflammation or bacteraemia.
The valves are usually previously undamaged but
NBTE can also arise in patients with pre-existing
valve disease.”

In infective endocarditis, underlying damage to
the valve endothelium through trauma or other
phenomena is frequent. Bacteria then adhere to
this damaged endothelium and propagate, resulting
in formation of a vegetation that promotes activa-
tion of the clotting cascade with fibrin and platelet
deposition over the clusters of bacteria. In turn, this
often leads to valve destruction and failure, which
is rare in NBTE.

The aetiology of NBTE is poorly understood
and a number of different interacting mechanisms
(including circulating immune complexes, hyper-
coagulable states and carcinomatosis) may play a
role, ultimately resulting in endothelial damage and
exposure of the subendothelial connective tissue to
circulating platelets (figure 2).

Immune mechanisms

Pathophysiological studies in patients with SLE
have demonstrated deposition of immunoglobulins
and complement complexes along the edges of valve
leaflets and within valvular vegetations, suggesting
a major pathogenic role of immune complexes in
mediating valvular tissue injury.*’ *' Patients with
SLE and secondary APLS have a similar prevalence
of valvular involvement to those with SLE alone and
no detectable anticardiolipin antibodies.”” NBTE
may also occur (though less commonly) in patients
with primary APLS. Although it was originally
thought that APLS promoted a hypercoagulable
state with thrombus formation and NBTE, it is now
recognised that it may also mediate valve damage
by direct immune-mediated reactions. Patients with
APLS and valve involvement have higher circulating
levels of anticardiolipin antibodies directed against
negatively charged phospholipids present in endo-
thelial cell membranes.”

Hypercoagulable states

Impaired antithrombotic mechanisms in patients
with APLS, malignancy and hypercoagulable
states are implicated in the pathogenesis of throm-
bosis and subsequent valve lesions. The instigating
factor is unknown but it is likely that endothelial
damage provides the foundation for deposition of
platelets and fibrin in an already prothrombotic
state.

In addition to APLS, there is an association
between patients with coagulation abnormalities
suggestive of DIC and NBTE. In one study, 50%
of patients with DIC were found to have NBTE,
supporting the view that these conditions are
related and result from a hypercoagulable state.'”

- . -
[ L T TONE R

Figure 1

(A) Histological section of the mitral valve showing thrombotic vegetations devoid of inflammation (Brock MA et al*°). (B) Histology of a

vegetation demonstrating a web-like mesh of fibrin and platelets (Llenas-Garcia J et a/™).
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Figure 2 The overlapping causes of non-bacterial thrombotic endocarditis.

Figure 3 Digital infarcts in a patient with NBTE and metastatic colon cancer. NBTE:
non-bacterial thrombotic endocarditis.

Carcinomatosis

The association of NBTE with malignancy (partic-
ularly adenocarcinomas of the pancreas and lung)
is well known.'® Macrophages interact with malig-
nant cells to produce circulating cytokines (such as
tumour necrosis factor and interleukin-1) that cause
endothelial damage with consequent promotion of
sterile thrombi and platelet disposition.”* These
macrophages also stimulate production of clotting
factors to create a hypercoagulable state.?? Patients
with advanced malignancy may also have clotting
abnormalities suggestive of DIC, further promoting
a hypercoagulable state.'” The combination of these
mechanisms results in thrombotic valve lesions in
these patients.

Education in Heart

DIAGNOSIS

Diagnosis requires a low index of clinical suspicion.
Investigations and assessment should be aimed at
differentiating NBTE from infective endocarditis
(including culture-negative infective endocarditis),
identifying systemic embolism, assessing the valve
lesions and defining the underlying cause.

Clinical features
Patients are most commonly asymptomatic and
systemic embolism is the principal clinical mani-
festation. The lack of inflammation at the site of
valve attachment means that vegetations are more
friable than those seen in infective endocarditis,
with a high incidence of embolism, particularly to
the spleen, kidney or digits (figure 3). Cerebral and
coronary emboli are less common but more likely
to manifest with symptoms.®™

Clinical signs and symptoms suggestive of the
underlying condition predisposing to NBTE may
also be apparent (eg, anorexia and cachexia in
advanced malignancy, cutaneous lesions, arthralgia
and synovitis in SLE or other autoimmune condi-
tions). Valve destruction is infrequent. Patients
rarely present with murmurs or signs and symptoms
of valve insufficiency and heart failure. In those
that do, valve regurgitation is more common than
stenosis’ (figure 3).

Laboratory investigations

Blood cultures/microbiology: Diagnostic work-up
for infective endocarditis should be performed to
differentiate infective endocarditis from NBTE.
Three sets of blood cultures should be taken prior
to commencing antibiotic therapy. To differentiate
between NBTE and culture-negative infective endo-
carditis, typical and atypical infective endocarditis
organisms (including fungi, HACEK group, Coxiella
or chlamydia) should be sought using specialised
techniques. PCR may be performed on the tissue
of explanted valves (or blood PCR if available) to
look for fastidious organisms such as Tropheryma
whipplei, Coxiella burnetii and Bartonella species,
where appropriate. Serial negative blood cultures
and atypical serology are required for a diagnosis
of NBTE. However, negative blood cultures can be
misleading and are observed in up to 30% of cases
of infective endocarditis, often as a result of prior
antibiotic therapy.?®

Blood tests: Extended coagulation screening and
clotting factor assay should be performed, including
prothrombin time, partial thromboplastin time,
fibrinogen, thrombin time, D-dimers and cross-
linked fibrin degradation products to assess for
clotting disorders or evidence of a hypercoagulable
state.

Immunological testing: Tumour markers, ANA,
ENA, anti-dsDNA, rheumatoid factor, anticar-
diolipin antibodies and anti-B,-glycoprotein 1
antibodies should be measured to exclude any asso-
ciated underlying autoimmune condition.
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Figure 4 Transthoracic echocardiographic image (parasternal long axis)
demonstrating a vegetation (arrowed) on the mitral valve in a patient with metastatic
lung cancer and associated NBTE. NBTE: non-bacterial thrombotic endocarditis.

Figure 5 MRI brain of the same patient with end stage lung cancer, later diagnosed
with NBTE, demonstrating multiple cerebral infarcts (arrowed). NBTE: non-bacterial

thrombotic endocarditis.

Imaging
Echocardiography: Despite low diagnostic yield, a
transthoracic echocardiogram should be performed
to look for vegetations on the heart valves if NBTE
is suspected. It is important to note that the echo-
cardiogram may be normal if the vegetation has
already embolised. Transoesophageal echocardi-
ography has greater sensitivity than transthoracic
imaging, particularly in patients with small vegeta-
tions (<5 mm) and should be performed in patients
with a normal transthoracic echocardiogram and a
strong suspicion of NBTE.? Vegetations of infective
and non-infective aetiology cannot be differentiated
on echocardiography. However, vegetations seen in
NBTE are usually small (<1cm), broad based and
irregular in shape (figure 4).

Cardiac magnetic resonance (CMR): There are
only limited case reports describing the role of

Education in Heart

CMR in diagnosis of NBTE.”® The higher resolu-
tion of CMR should enable identification of smaller
valve structures and it may well have a diagnostic
role in the future.”

Positron emission tomography (PET): Although
commonly used in the diagnosis of prosthetic valve
infective endocarditis or device-related infection,
CT-PET has low sensitivity in native valve endocar-
ditis and there are limited data concerning its use
in the diagnosis of NBTE.*® A single case report
has demonstrated increased tracer uptake in valve
lesions associated with NBTE.>! *

Whole-body CT and MRI brain imaging should
be performed in patients with suspected NBTE to
look for evidence of systemic embolism (figure 5).

Histology

Imaging tools are unable to distinguish between
sterile vegetations and those of infective origin.
Diagnosis can therefore only be confirmed on histo-
logical assessment.

Vegetations vary in size and are usually located
at sites of turbulent flow along the lines of valve
closure or on the leaflets themselves.'” ' 3 The
valve lesions have similar histological appearances
regardless of the underlying aetiology, consisting
of degenerating platelets interwoven with fibrin
strands, granulomatous tissue and fibrotic foci
(figure 6)."° Y Inflammatory cells and infective
microorganisms are absent.'’** Histopathological
examination also allows the diagnosis of primary
cardiac malignancies, such as angiosarcoma and
myxoma.

In summary, the diagnosis of NBTE can only be
confirmed by demonstration of platelet thrombi at
autopsy or on histological examination of surgical
specimens. A high index of clinical suspicion is
therefore required for diagnosis. Patients with a
high likelihood of the diagnosis of NBTE are those
with a predisposing condition, features of systemic
emboli and valve lesions with no evidence of associ-
ated infection (or valve masses that fail to respond
to antibiotic therapy) (table 2).

TREATMENT

Treatment of NBTE is aimed at identification and
treatment of the underlying condition, and reducing
the risk of systemic embolism. Surgery is rarely indi-
cated, except in those patients with haemodynamic
compromise or refractory heart failure. Unless there
is a contraindication, all patients with a clinical diag-
nosis of NBTE should receive anticoagulant therapy.

Treatment of the underlying disease

Treatment should target the underlying autoim-
mune condition or malignancy, although there are
limited data to demonstrate impact on the valve
lesions.?* Underlying malignancy is often advanced
with poor prognosis and palliative treatment may
be most appropriate.
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Table 2 Clinical features and diagnostic investigations differentiating NBTE from infective endocarditis

NBTE Infective endocarditis
Predisposing conditions: Autoimmune (SLE/APLS) Underlying valve pathology
Malignancy History of intravenous drug use

Clinical features:
Fever
Systemic embolism
Heart failure
Valve dysfunction
Blood cultures/serology
Echocardiographic features:

MRI brain for cerebral emboli

Hypercoagulable states

+++
— (rare)

+

Serial negative blood cultures

Frequent false-negative results: vegetation may have already embolised
Vegetations often small (<1cm), broad based and irregular in shape

Predilection for left-sided heart valves
Multiple, small disseminated infarcts

Central lines/indwelling catheters

++
+++
+ (Negative blood cultures in up to 30% of cases)

Mobile mass of variable location
Valve destruction/dysfunction common
Aortic root abscess often seen

Usually single territory large infarct

NBTE, non-bacterial thrombotic endocarditis.

Patients with SLE should receive immunosup-
pressant therapy under the care of a specialist rheu-
matology team. NBTE associated with SLE may
arise at any stage of the disease process (including
the chronic treatment phase) and appears to be
unrelated to disease activity.'® ** Treatment does not
reduce the incidence of associated valve lesions—
indeed, their incidence appears to have increased
with improved immunological management and
prolonged survival.

Anticoagulation

Systemic embolism from friable vegetations is
common and unless there is a contraindication, all
patients with a diagnosis of NBTE should be anti-
coagulated with low molecular weight heparin,
unfractionated heparin or warfarin.” ¥ Some
studies have suggested that warfarin is less effective
than heparin in preventing thromboembolic events
in patients with malignancy.” ***” There is currently
no evidence supporting the use of non-vitamin
K antagonist oral anticoagulants. A recent trial
comparing warfarin and rivaroxaban in the treat-
ment of thrombotic APLS suggested an increased
risk for recurrent thrombosis in rivaroxaban-treated
patients.®® The risk of recurrent embolism is high

Figure 6 Typical appearances of vegetations (arrowed) on the mitral valve in NBTE
(Asopa S et al*"). NBTE: non-bacterial thrombotic endocarditis.

and anticoagulation should be continued indefi-
nitely unless there are major bleeding complications.

Heparin reduces the incidence of recurrent
cerebral emboli (without promoting brain haem-
orrhage) in patients with NBTE presenting with
ischaemic stroke.’” Management should be under-
taken in conjunction with a Stroke Team, with
cerebral imaging prior to anticoagulation and a low
threshold for repeat imaging if new neurological
signs are detected.

Surgery

Valve surgery is seldom required in the treatment
of NBTE since the valve itself is usually undam-
aged, recurrent vegetations are common and the
risk of surgery often outweighs the potential bene-
fits (particularly in patients with advanced malig-
nancy).” "

There are no current guidelines as to which
patients should undergo surgery, but intervention
may be considered in patients who are haemo-
dynamically unstable and those with acute heart
failure of valvular origin, recurrent thromboem-
bolism despite therapeutic anticoagulation or
large left-sided vegetations with high embolic
potential. Valve sparing surgery is frequently
feasible® (figure 7).

PROGNOSIS

The condition is rare and no formal studies have
examined the prognosis of patients with NBTE.
Clinical experience demonstrates that the prognosis
is usually poor, largely due to the strong association
with advanced malignancy and recurrent systemic
embolism.”™ In one study, the incidence of isch-
aemic cerebral events in Libman-Sachs patients was
15% over 4-year follow-up.’

FOLLOW-UP

There are no current guidelines for the follow-up
of patients with NBTE, although frequent moni-
toring (initially every 2-6 weeks) is important
to exclude recurrent systemic embolism, ensure
adequate anticoagulation and freedom from

Hurrell H, et al. Heart 2020;106:1023-1029. doi:10.1136/heartjnl-2019-315204

1027

1ybuAdoo
Ag pa10a10id "8pnes e| ap selousl) ap sauobely 1su| 1e 0Z0Z ‘TT aunr uo /wod (g uesy//:dny woly pspeojumod "020Z AeN 9 U0 +0ZSTE-6T0Z-uleay/9eTT 0T se paysiand 1sil :uesH


http://heart.bmj.com/

Education in Heart

™ ) )
J " .
' \ il R, 'd B

All patients should be
anticoagulated with low
molecular/unfractionated
heparin or warfarin unless

SLE/autoimmune conditions:

Immunosuppressant therapy
under the care of a specialist

Seldom required since the
valve is usually undamaged.

Advanced malignancy:
palliative treatment may be
appropriate.

with a Stroke Team.

rheumatology team. contraindicated.
. J . J \ J
' N r N s N
Malignancy: Cerebral imaging prior to May be considered in
|| . initiating heparin (with || patients with haemodynamic
Chemotherapy/radiotherapy repeat imaging if new instability or refractory heart
where appropriate. neurological signs). failure.
\ J \ J \ =,
' N e N s =

Management in conjunction

Consider if recurrent
thromboticvalve lesions
despite anticoagulation or
vegetations with high
embolic potential.

Figure 7 Summary of treatment strategies in NBTE. NBTE: non-bacterial thrombotic endocarditis.

bleeding or thrombocytopaenia. Interval echocar-
diography (initially every 2-3 months) should be
undertaken to monitor the progression or regres-
sion of valve lesions.

Key points

>

Non-bacterial thrombotic endocarditis (NBTE) is a rare condition
characterised by the formation of sterile vegetations composed of fibrin and
platelets on heart valves.

These sterile vegetations can develop in a number of conditions, including
autoimmune disease, malignancy and hypercoagulable states.

Investigation involves differentiation of NBTE from infective endocarditis,
definition of the underlying cause and assessment of valve lesions with
echocardiography.

Systemic embolism from friable vegetations is common and all patients
with a diagnosis of NBTE should be anticoagulated unless there is a
contraindication.

Valve destruction is infrequent. Surgery is rarely indicated except in patients
with haemodynamic compromise, valve failure or high risk of embolism.
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CONCLUSION

NBTE is a rare condition associated with autoim-
mune disease, malignancy and hypercoagulable
states, and characterised by sterile friable vegeta-
tions composed of fibrin and platelets with high
risk of systemic embolism. Most patients are asymp-
tomatic and the condition is commonly diagnosed
at post-mortem. A high index of clinical suspicion
is therefore required for diagnosis. Management
requires differentiation of NBTE from infective
endocarditis, definition of the underlying cause,
assessment of valve lesions with echocardiography
and prevention of systemic embolism by means of
anticoagulant treatment. Surgery is rarely indicated,
except in patients with haemodynamic compro-
mise, valve failure or high risk of embolism.

Twitter Ross Roberts-Thomson @robertsthomson

Contributors All the listed authors on this paper fulfil the criteria
of authorship. They have all substantially contributed to the content
of this review article and have approve the final submitted version.

Funding The authors have not declared a specific grant for this
research from any funding agency in the public, commercial or
not-for-profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public
were not involved in the design, or conduct, or reporting, or
dissemination plans of this research.

Patient consent for publication Not required.

Provenance and peer review Commissioned; internally peer
reviewed.

Data availability statement All data relevant to the study are
included in the article or uploaded as supplementary information

Author note References which include a * are considered to be
key references.

1028

Hurrell H, et al. Heart 2020;106:1023-1029. doi:10.1136/heartjnl-2019-315204

1ybuAdoo
Ag pa108101d "8pnes e| ap selousl) ap sauobely 1su| 1e 0Z0Z ‘TT aunr uo /wod (g uesy//:dny woly pspeojumod "020Z AeN 9 U0 +0ZSTE-6T0Z-uleay/9eTT 0T se paysiiand 1sil) :uesH


https://twitter.com/robertsthomson
http://heart.bmj.com/

Education in Heart

ORCID iD
Bernard D Prendergast http://orcid.org/0000-0002-6031-2124

REFERENCES

1

2

3

4

*5

*6

*7

20

21

Zeigler R. Uber den bau die entstehung endocaritischer
efflorescenzen. Werh Dtsch Kong Intern Med 1888;7:399.
Libman E, Sacks B. A hitherto undescribed form of valvular and
mural endocarditis. Arch Intern Med 1924.

Evangelista A, Gonzalez-Alujas MT. Echocardiography in infective
endocarditis. Heart 2004;90:614-7.

Sedgwick JF, Scalia GM. Advanced echocardiography for

the diagnosis and management of infective endocarditis.
Contemporary Challenges in Endocarditis, 2016.

Bussani R, De-Giorgio F, Pesel G, et al. Overview and comparison
of infectious endocarditis and non-infectious endocarditis: A
review of 814 autoptic cases. In: Vivo. Brooklyn, 2019.

Deppisch LM, Fayemi AO, Olusegun Fayemi A. Non-bacterial
thrombotic endocarditis: clinicopathologic correlations. Am Heart J
1976,92:723-9.

Kuramoto K, Matsushita S, Yamanouchi H. Nonbacterial thrombotic
endocarditis as a cause of cerebral and myocardial infarction. Jon
Circ J 1984;48:1000-6.

Fournier P-E, Thuny F, Richet H, et al. Comprehensive diagnostic
strategy for blood culture-negative endocarditis: a prospective
study of 819 new cases. Clin Infect Dis 2010;51:131-40.
Moyssakis |, Tektonidou MG, Vasilliou VA, et a/. Libman-Sacks
endocarditis in systemic lupus erythematosus: prevalence,
associations, and evolution. Am J Med 2007;120:636—42.

Eiken PW, Edwards WD, Tazelaar HD, et al. Surgical pathology of
nonbacterial thrombotic endocarditis in 30 patients, 1985-2000.
Mayo Clin Proc 2001;76:1204-12.

Lee HS, Choi WS, Kim KH, et al. Aseptic endocarditis in Behcet's
disease presenting as tricuspid valve stenosis. Korean Circ J 2011.
Karthikeyan K, Balla S, Alpert MA. Non-infectious aortic

and mitral valve vegetations in a patient with eosinophilic
granulomatosis with polyangiitis. BM/ Case Rep
2019;12:€225947.

Prendergast BD. HIV and cardiovascular medicine. Heart
2003;89:793-800.

Edoute Y, Haim N, Rinkevich D, et al. Cardliac valvular vegetations
in cancer patients: a prospective echocardiographic study of 200
patients. American Journal of Medicine, 1997.

Llenas-Garcia J, Guerra-Vales JM, Montes-Moreno S, et al.
[Nonbacterial thrombotic endocarditis: clinicopathologic study of a
necropsy series]. Rev Espafiola Cardiol 2007;60:493-500.
Gonzalez Quintela A, Candela MJ, Vidal C, et al. Non-bacterial
thrombotic endocarditis in cancer patients. Acta Cardiol
1991;46:1-9.

Kim HS, Suzuki M, Lie JT, et al. Nonbacterial thrombotic
endocarditis (NBTE) and disseminated intravascular coagulation
(DIC): autopsy study of 36 patients. Arch Pathol Lab Med
1977;101:65-8.

Roldan CA, Shively BK, Crawford MH. An echocardiographic
study of valvular heart disease associated with systemic lupus
erythematosus. N £ngl J Med 1996;335:1424-30.

Hojnik M, George J, Ziporen L, et al. Heart valve involvement
(Libman-Sacks endocarditis) in the antiphospholipid syndrome.
Circulation 1996;93:1579-87.

Bidani AK, Roberts JL, Schwartz MM, et al. Inmunopathology of
cardiac lesions in fatal systemic lupus erythematosus. Am J Med
1980,69:849-58.

Shapiro RF, Gamble CN, Wiesner KB, et al. Immunopathogenesis
of Libman-Sacks endocarditis. Assessment by light and

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

M

immunofluorescent microscopy in two patients. Ann Rheum Dis
1977;36:508-16.

Liu J, Frishman WH. Nonbacterial thrombotic endocarditis:
pathogenesis, diagnosis, and management. Cardiol Rev
2016;24:244-7.

Tincani A, Rebaioli CB, Taglietti M, et al. Heart involvement in
systemic lupus erythematosus, anti-phospholipid syndrome and
neonatal lupus. Rheumatology 2006;45:iv8—13.

Bick RL. Cancer-associated thrombosis: focus on extended therapy
with dalteparin. J Support Oncol 2006;4:115-20.

Rosen P, Armstrong D. Nonbacterial thrombotic endocarditis

in patients with malignant neoplastic diseases. Am J Med
1973;54:23-9.

Prendergast BD. Diagnostic criteria and problems in infective
endocarditis. Heart 2004;90:611-3.

Cheng N, Singer S, Merkler A, et al. The yield of echocardiography
in cancer patients with suspected cardioembolic stroke. Stroke
2013.

Elagha A, Mohsen A. Cardiac MRI clinches diagnosis of Libman-
Sacks endocarditis. Lancet 2019;393:e39.

Dursun M, Yilmaz S, Yilmaz E, et a/. The utility of cardiac MRl in
diagnosis of infective endocarditis: preliminary results. Diagn Interv
Radiol 2015;21:28-33.

San S, Ravis E, Tessonier L, et al. Prognostic Value of "®F-
Fluorodeoxyglucose Positron Emission Tomography/Computed
Tomography in Infective Endocarditis. / Am Coll Cardiol
2019;74:1031-40.

Dahl A, Schaadt BK, Santoni-Rugiu E, et a/. Molecular imaging in
Libman-Sacks endocarditis. Infect Dis 2015;47:263-6.

Buteau JP, Morais J, Keu KV. '8F-FDG PET/CT uptake of

a nonbacterial thrombotic endocarditis. / Nuc/ Cardiol
2016;23:1501-3.

Allen AC, Sirota JH. The morphogenesis and significance of
degenerative verrucal endocardiosis (terminal endocarditis,
endocarditis simplex, nonbacterial thrombotic endocarditis). Am J
Pathol 1944;20:1025-55.

Ong ML, Veerapen K, Chambers JB, et a/. Cardiac abnormalities
in systemic lupus erythematosus: prevalence and relationship to
disease activity. Int J Cardliol 1992;34:69-74.

Casalta JP, Del Zotti F, Dulgheru R, et al. ESC guideline for
management of infective endocarditis 2015. Eur Heart J
2015;36:3075-128.

Tonnessen BH, Money SR. Low-molecular-weight heparin versus
coumarin for the prevention of recurrent venous thromboembolism
in patients with cancer. Perspect Vasc Surg Endovasc Ther
2004;16:144-6.

Sack GH, Levin J, Bell WR. Trousseau’s syndrome and other
manifestations of chronic disseminated coagulopathy in patients
with neoplasms: Clinical, pathophysiologic, and therapeutic
features*. Med 1977;56:1-37.

Cohen H, Doré CJ, Clawson S, et a/. Rivaroxaban in
antiphospholipid syndrome (RAPS) protocol: a prospective,
randomized controlled phase II/1ll clinical trial of rivaroxaban
versus warfarin in patients with thrombotic antiphospholipid
syndrome, with or without SLE. Lupus 2015;24:1087-94.
Rogers LR, Cho ES, Kempin S, et al. Cerebral infarction from
non-bacterial thrombotic endocarditis. Clinical and pathological
study including the effects of anticoagulation. Am J Med
1987,83:746-56.

Brock MA, Bleiweis MS, Reid J, et al. Recurrent nonbacterial
thrombotic endocarditis: a novel therapeutic approach. J Cardiol
Cases 2018;17:175-7.

Asopa S, Patel A, Khan OA, et al. Non-bacterial thrombotic
endocarditis. Eur J Cardiothorac Surg 2007;32:696-701.

1ybuAdoo

Hurrell H, et al. Heart 2020;106:1023-1029. doi:10.1136/heartjnl-2019-315204

Aq payosioid apnfes e| op seroual) ap sauobely 1Sl e 0Z0z “TT dunt uo /wod fwg Hesy;/:dny woly papeojumod "020Z ABIN 9 UO $0ZSTE-6T0Z-IUMRaU/9ETT 0T Se paysiand isiy (esH

1029


http://orcid.org/0000-0002-6031-2124
http://dx.doi.org/10.1136/hrt.2003.029868
http://dx.doi.org/10.1016/s0002-8703(76)80008-7
http://dx.doi.org/10.1253/jcj.48.1000
http://dx.doi.org/10.1253/jcj.48.1000
http://dx.doi.org/10.1086/653675
http://dx.doi.org/10.1016/j.amjmed.2007.01.024
http://dx.doi.org/10.4065/76.12.1204
http://dx.doi.org/10.1136/bcr-2018-225947
http://dx.doi.org/10.1136/heart.89.7.793
http://dx.doi.org/10.1016/S1885-5857(07)60190-X
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/1851590
http://www.ncbi.nlm.nih.gov/pubmed/576391
http://dx.doi.org/10.1056/NEJM199611073351903
http://dx.doi.org/10.1161/01.CIR.93.8.1579
http://dx.doi.org/10.1016/S0002-9343(80)80010-6
http://dx.doi.org/10.1136/ard.36.6.508
http://dx.doi.org/10.1097/CRD.0000000000000106
http://dx.doi.org/10.1093/rheumatology/kel308
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/16553136
http://dx.doi.org/10.1016/0002-9343(73)90079-X
http://dx.doi.org/10.1136/hrt.2003.029850
http://dx.doi.org/10.1016/S0140-6736(19)30770-6
http://dx.doi.org/10.5152/dir.2014.14239
http://dx.doi.org/10.5152/dir.2014.14239
http://dx.doi.org/10.1016/j.jacc.2019.06.050
http://dx.doi.org/10.3109/00365548.2014.984323
http://dx.doi.org/10.1007/s12350-016-0459-6
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/19970792
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/19970792
http://dx.doi.org/10.1016/0167-5273(92)90084-G
http://dx.doi.org/10.1177/153100350401600217
http://dx.doi.org/10.1177/0961203315581207
http://dx.doi.org/10.1016/0002-9343(87)90908-9
http://dx.doi.org/10.1016/j.jccase.2018.01.005
http://dx.doi.org/10.1016/j.jccase.2018.01.005
http://dx.doi.org/10.1016/j.ejcts.2007.07.029
http://heart.bmj.com/

	Non-­infective endocarditis
	Introduction﻿﻿
	Background
	Epidemiology
	Pathophysiology
	Immune mechanisms
	Hypercoagulable states
	Carcinomatosis

	Diagnosis
	Clinical features
	Laboratory investigations
	Imaging
	Histology

	Treatment
	Treatment of the underlying disease
	Anticoagulation
	Surgery

	Prognosis
	Follow-up
	Conclusion
	References


