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ABSTRACT
Endocarditis is an important, although less common, cause of cerebral embolism. All forms of endocar-

ditis share an initial common pathophysiologic pathway, best illustrated by the non-bacterial thrombotic 
form, but also a final potential for embolization. Stroke associated with endocarditis has signifficant 
mortality and morbidity rates, especially due to the frequent concomitant multiple sites of brain embo-
lization.

In this article we aim to briefly review endocarditis with a focus on stroke as a complication, while also 
presenting case correlates from our department.
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PREAMBLE

Embolism from any source (cardiac or 
arterial) accounts for 15-70% of isch-
emic strokes. While not as prevalent 
as atrial fibrillation, endocarditis is an 
important source of cardiac emboli-

sm, as it carries a high embolic risk, it is associ-
ated with high morbidity and mortality, and its 
diagnosis is, unfortunately, too often delayed 
(1).

Three main forms of endocarditis have been 
described: infective endocarditis, nonbacterial 
thrombotic endocarditis (NBTE – most commo-
nly associated with malignancy), and Libman-
Sacks endocarditis (LSE – in systemic lupus eri-
thematosus and antiphospholipid syn  drome).

An abnormality of the endocardium or en-
dothelial lesion is needed as an initial step in 
thrombus formation, as it fosters the interaction 
between the subendothelial connective tissue 
and the circulating platelets and fibrin. As a 
continuation of the pathogenic process, an epi-
sode of superimposed bacteremia leads to the 

formation of a vegetation, a variably sized 
amor phous mass of platelets and fibrin with en-
me shed microorganisms and inflammatory 
cells (2-5).

The diagnostic of infective endocarditis is 
based on the modified Duke criteria, published 
in 2000, but theese criteria do not cover NBTE 
or LSE. The clinician requires a high index of 
suspicion to direct diagnostic procedures to-
wards endocarditis in the setting of an ischemic 
stroke. Clinical signs and symptoms, echocar-
diographic findings, laboratory workup and mi-
crobiological data, and possibly other imaging 
techniques such as cerebral MRI need to be 
employed in determining endocarditis as a 
cause of stroke. 

STROKE AS A COMPLICATION OF 
ENDOCARDITIS

The brain is one of the most frequent sites of 
embolization in both left-sided IE and in 

NBTE. Clinically apparent acute brain emboli-
zation is estimated to occur in 10-35% of pa-
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tients with left-sided IE. The majority of the 
cerebral emboli in IE patients are clinically si-
lent, as shown by recent MR imaging studies, 
where up to 80% of IE patients had imagistic 
signs of cerebrovascular involvement; the use 
of MRI is further warranted in identifying pa-
tients at risk for hemorrhagic transformation by 
showing microbleeds suggestive of subacute 
microvascular inflammation associated with 
mycotic aneurysms on T2*-weighted sequen-
ces. Stroke and transient ischemic attacks 
through occlusion of cerebral arteries account 
for 40-50% of neurologic complications in IE, 
surpassing others such as meningitis or menin-
geal reaction (2-20%), brain abscess (12%), my-
cotic aneurysm (9%) and intracranial hemor-
rhage (5%). Septic embolization can also result 
in hemorrhagic stroke (see also Case report 1). 
Three possible mechanisms are involved in the 
pathogenesis of hemorrhagic stroke: bleeding 
into infarcts, rupture of a vessel wall affected by 
septic arteritis, or rupture of a mycotic aneu-
rysm (6-20). 

CASE REPORT 1

A 75 year-old female presented with diffuse 
headache and two episodes of vomiting. 

She had a history of hypertension, diabetes, 

and chronic kidney disease, for which she un-
derwent hemodialysis. Upon examination, she 
had normal blood pressure, sinus rhythm, body 
temperature of 37°C, coarse crackles upon 
auscultation, and no pathological neurological 
signs. A CT-scan was performed, showing corti-
cal atrophy. A chest X-ray was also performed, 
raising the suspicion of a right basal pneumo-
nia, with reactive pleural effusion. Given the 
negative CT scan, the headache and the possi-
ble infection, a lumbar puncture was per-
formed, which showed a clear cerebrospinal 
fluid, with normal WBC, RBC, glucose and pro-
tein count. The patient was referred to an In-
fectious diseases department.

She returned the following day with altered 
general status, left hemiparesis, nuchal rigidity, 
intense headache, and fever. A new CT-scan 
revealed multiple hemorrhagic lesions of the 
same age, and of different sizes, findings which 
were subsequently confirmed by MRI (Figure 
1). Repeated blood cultures were negative, 
while there was an elevated WBC count, as 
well as high ESR and fibrinogen. Transthoracic 
ecocardiography showed a small mass attached 
to the floor of the left atrium in the proximity of 
anterior cuspid of the mitral valve, described as 
a possible atrial myxoma.

The patient’s condition progressively wor-
sened and she subsequently died. Necropsy 
revealed hemorrhagic abscesses with presence 
of blood in the subarachnoid space, infective 
endocarditis with vegetations, and broncho-
pneumonia.

An apparently higher overall rate of emboli-
zation is seen in NBTE (up to 91% of patients), 
with stroke being the most common clinical 
manifestation of NBTE. The high degree of cor-
relation between malignancy, NBTE and stroke 
has been shown in several studies which estab-
lish NBTE as the leading cause of symptomatic 
ischemic stroke in cancer patients (see also 
Case report 2) (2,21,22).

The risk of embolization is difficult to ascer-
tain in LSE, as the neuropsychiatric syndromes 
of SLE occur in about 5-18% of patients, with 
ischemic stroke accounting for about 80% of 
cases. The mechanisms leading to cerebral 
ischemia are diverse, given the broad spectrum 
of changes associated with SLE and APS, and 
while valvular abnormalities, and even vegeta-
tions, can be found in such patients with stroke, 
it is difficult to attribute the cerebrovascular 
event to embolism (23-25). 

FIGURE 1. Imagistic aspects of Case report 1. A: Cerebral CT scan: 
multiple hemorrhages (white areas), of different sizes, same age, in 
both hemispheres. B: Brain MRI, FLAIR sequences, multiple 
hemorrhages (hypointense areas) with surrounding edema 
(hyperintense areas).
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rected towards minimizing the risk of subse-
quent cerebral embolization and, if possible, 
curing the pathology underlying the embolic 
source.

Overall embolic risk in IE is considered to 
be between 10-50%. Initiation of targeted anti-
biotic therapy has shown to lower this risk to 
6-21%, with most events (65%) occuring in the 
first two weeks of treatment (see also Case re-
port 3). Several predictors of embolic risk have 
been identified in various studies, involving 
vegetation characteristics: Staphylococcus spp. 
infection, high mobility, size of >10 mm (mea-
sured by transoesophageal echocardiography), 
which doesn’t decrease under appropriate an-
tibiotic treatment, mitral valve (or multivalvu-
lar) position, and associated embolic events; 
furthermore, elevated C reactive protein levels 
have been linked to an increased risk of embo-
lism from IE (9,26,27). 

CASE REPORT 3

A 51-year old woman, with no prior medical 
history, presented to our hospital’s Emer-

gency Department with motor aphasia, right 
central facial palsy, right-sided predominantly 
brachial hemiparesis, and decresed muscular 
tonus in her right limbs. Admission cerebral CT-
scan showed no recent vascular lesions. Du-
plex ultrasonography revealed only minor ce-
re brovascular atheromatosis, and Holter 
mo ni to ring disclosed sinus rhythm throughout 
the 24-hour recording period.

The patient received antiplatelet therapy 
and statin. In the following week her speech 
improved and she gradually regained strength 
in her right limbs. However, on the seventh 
day, prior to the scheduled transthoracic cardi-
ac ultrasound, the neurologic deficits worsened 
and she developed a 38°C fever. A new cere-
bral CT-scan was performed which showed a 
subacute hipodensity in the right frontal and 
temporal lobes and in the right insula (below).

Emergent cardiac ultrasonography showed 
a mass on the ventricular side of the mitral 
valve. Blood cultures were taken and the pa-
tient received empirical antibiotic therapy with 
ampicillin and vancomycin (she could not re-
ceive gentamycin due to impaired renal func-
tion). Blood cultures came back positive for 
MRSA+ Staphylococcus aureus and the patient 
was subsequently transfered to an infectious 
diseases department, with progressive resolu-

CASE REPORT 2

A 65-year old woman was admitted to our 
clinic following the sudden onset of speech 

impairment. Upon presentation, the patient 
had motor aphasia, but also mild ataxia of the 
right limbs. The patient had been recently diag-
nosed with deep venous thrombosis of her left 
inferior limb, for which she was prescribed low 
molecular weight heparin (LMWH), antibiotics, 
and pain relievers . Also, an abdomen and pel-
vis CT-scan had been performed, which 
showed a 30 mm mass in the cervix, with low 
contrast uptake.

Admission cerebral CT-scan showed a right 
cerebellar hipodensity. Duplex ultrasonogra-
phy was suggestive of thrombosis of the right 
vertebral artery, a finding supported by the 
consequent cerebral contrast CT-scan.

Transthoracic, followed by transoesopha-
geal cardiac ecocardiography showed a 4/4mm 
mass of the atrial side of the mitral valve. Three 
sets of blood cultures were performed, al-
though the patient never presented fever and 
didn’t have leukocytosis or positive inflamma-
tion markers in the serum, all of which were 
negative.

Biopsy of the cervix mass showed endocer-
vical mucinous adenocarcinoma. Taking into 
consideration the patient’s history a chest X-ray 
was also performed, and it showed multiple bi-
lateral disseminated lesions, suggestive of me-
tastases.

Before being able to perform additional 
tests, the patient asked to be discharged. For 
the duration of the stay in our clinic, she re-
ceived LMWH and empirical antibiotic therapy 
with gentamycin and vancomycin.

The patient returned 2 days after discharge 
for right hemiparesis. A repeated cerebral CT 
scan showed acute MCA stroke. A repeated 
tran sthoracic echocardiography showed no 
more vegetations, and blood cultures were 
con sistently negative. Aspirin was added to 
LMWH, but had to be stopped due to persis-
tent metroragia. The right hemiparesis and the 
aphasia gradually improved and the patient 
was discharged being directed to a local onco-
logic service. 

MANAGEMENT OF ENDOCARDITIS IN THE 
SETTING OF STROKE

Once endocarditis has been diagnosed in 
acute stroke patients, efforts should be di-
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rebral hemorrhage, in order to prevent neuro-
logical deterioration. Furthermore, the risks of 
cardiopulmonary bypass have to be taken into 
consideration when deciding whether to per-
form cardiac surgery in IE patients with stroke. 
Nevertheless, early surgery in selected patients 
has been proven effective, with up to 70% of 
survivors achieving full neurological recovery 
after cardiac surgery (17,35).

IE is a contraindication for thrombolysis in 
acute ischemic stroke due to increased hemor-
rhagic risk. However, the suspicion of IE is only 
rarely raised in the acute setting and thrombo-
lysis is often initiated if the patient presents 
within the required therapeutic window, lead-
ing either to thrombus resolution or to multifo-
cal hemorrhage (36,37).

Patients with mycotic aneurysms may be-
nefit from a surgical or endovascular approach. 
Open neurosurgery with proximal ligation ra-
ther than clipping, due to technical difficulties, 
may be employed for ruptured aneurysms; an 
endovascular approach is to be considered for 
patients deemed unfit due to underlying car-
diac disease. For unruptured aneurysms, de-
pending on size, antibiotics alone, for small 
ones, or combined with endovascular treat-
ment, for larger ones, can be used (30,38,39).

There are currently no guidelines for the 
treatment of NBTE. Nevertheless efforts should 
be made in order to decrease embolisation risk 
through anticoagulation with unfractioned 
heparin or low mollecular weight heparin, and 
also to treat the underlying cause of the disease 
(2,4).

Different views exist when addressing the 
management of LSE patients. There is no strong 
evidence that antiplatelet or anticoagulant 
medication stops the progression of valve le-
sions. The role of corticosteroid or immuno-
suppressive therapy is unclear, as it may pre-
vent the development of cardiac lesions in the 
long-term, but may also induce fibrotic chan-
ges on its own, potentially leading to valvular 
dysfunction (23,40,41).

Given the sparse data, cardiac surgery in the 
setting of NBTE or LSE should be considered on 
a case-by-case basis. 

DISCUSSION

Endocarditis is still an underdiagnosed patho-
logy in relation to stroke. A prompt diagnosis 

should be established and an appropriate treat-

tion of the infection and improvement in neu-
rological status.

While the role in embolic risk reduction has 
been demonstrated for prompt and targeted 
antibiotic therapy, the benefit of anticoagula-
tion therapy is debatable. IE is not an indication 
for anticoagulation per se, but this therapeutic 
approach may be necessary when taking into 
consideration special situations such as the 
presence of mechanical prosthetic valves, atrial 
fibrillation or hypercoagulability disorders; fur-
thermore, ongoing previous anticoagulation 
has been suggested, albeit by limited data, to 
be associated with a reduction in vegetation 
size and lower cerebrovascular complications. 
A special consideration must be given to pa-
tients with prosthetic valve endocarditis who 
develop intracranial hemorrhage, as they re-
quire ongoing anticoagulation, and should be 
switched to intravenous heparin at a lower an-
ticoagulation intensity than non-IE patients (27-
30).

Platelets are a constituent of the NBT pre-
ceding the formation of the IE vegetation. 
Therefore antiplatelet treatment could be 
viewed as beneficial in altering part of the 
pathogenic mechanism of IE. However, its po-
tential benefits in IE remain unproven, despite 
data suggesting a lower risk of embolic events, 
decreased rate of acute valve replacement sur-
gery, or mortality, for patients taking chronic 
aspirin therapy prior to developing endocardi-
tis (31-34).

While surgery has certain indications in IE, 
concomitant cerebrovascular pathology forces 
reassessment of the benefit-to-risk ratio when 
undertaking this approach, with the possible 
necessity of postponement for up to 4 weeks in 
the event of large cerebral infarction or intrace-

FIGURE 2.
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different vascular territories, the transient mitral 
valve vegetation (possibly favoured by the 
known friability of NBTE thrombi), the negative 
blo od cultures and the lack of inflammation, 
su p ported the diagnosis of paraneoplastic 
NBTE.

The third patient was a more classical case 
of bacterial IE associated stroke, with cardiac 
ultrasonography, blood cultures and clinical 
presentation being supportive for the diagnosis, 
which was however delayed by the lack of ini-
tial signs of infection. This led to an athero-
thrombotic stroke management approach, and 
the patient initially received no antibiotic the-
rapy which could have prevented the second 
embolic event.

Further research is needed to better diag-
nose endocarditis as a cause of stroke in order 
to offer these patients early adequate treat-
ment. This is particularly the case for infective 
endocarditis, as NBTE and LSE are rare stroke 
etiologies and an even higher index of suspi-
cion is required than for IE. The classic Duke 
criteria are somewhat restrictive. Firstly, specific 
organisms are listed as a major criterion, with 
culture-negative IE seeming a remote possibili-
ty; this can further hinder the diagnosis of IE as 
not all microbiology laboratories can perform 
tests for the more infrequent agents, which are 
increasingly described in relation to IE (such as 
Tropheryma whipplei). Secondly, cardiac ultra-
sonography, initially transthoracic followed by 
transesophageal if the first was negative, is an 
investigation susceptible to personal interpreta-
tion and can be unreliable in some cases (obese 
or poorly compliant patients). A fever of >38°C 
is again restrictive as not all infectious agents 
lead to a high grade fever, and immunologic 
phe nomena (Osler nodes, Roth spots) and 
some of the vascular ones (particularly Janeway 
lesions) are infrequent (<10% of cases) and 
most clinicians are unfamiliar with them, thus 
not being commonly sought. Finally, embolic 
phenomena, particularly in the case of stroke, 
should probably have a more important role in 
the diagnosis of IE, as they may be of more sig-
nifficance to the outcome of the patient and 
warrant specific antibiotic treatment (42,43).
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ment initiated, but the lack of pathognomonic 
signs and symptoms delay both. In general, en-
docarditis is taken into consideration as a pos-
sible cause for stroke after other, more fre-
quent, causes are ruled out, if the patient pre-
sents with fever, sepsis, or in the setting of re-
current embolic events. There is no test that 
can readily and reliably prove endocarditis, ex-
cept perhaps for echocardiography, which is 
however a user-dependent examination and 
thus susceptible to human error.

Endocarditis has a high potential to emboli-
ze, with stroke being one of the major compli-
cations. Cerebrovascular lesions are often bila-
teral, and can be either ischemic or he mo-
 r  rhagic. Aside from supportive stroke care, ef-
forts should be directed towards minimizing 
the embolic risk. While antibiotic therapy is the 
mainstay in IE, less clear indications have been 
defined for NBTE and LSE, although in these 
cases anticoagulation is the main option for 
secondary prevention of thrombotic events; 
surgery is also indicated, in selected cases.

We presented three cases from our clinic 
aiming to highlight the variable clinical presen-
tation and course of cerebral vascular lesions 
caused by endocarditis, as well as the possible 
difficulties in establishing this diagnosis.

The first patient presented with signs of pul-
monary infection and non-specific symptoms 
(headache, vomiting), with a causative CNS in-
fection being ruled out by the lumbar punc-
ture. The subsequent worsening in the patient’s 
neurologic status, the hemorrhagic lesions sho-
wed by the repeated CT scan and the inflam-
matory syndrome raised the suspicion of an 
infective endocarditis. The blood cultures were 
negative and the cardiac ultrasonography in-
conclusive, the diagnosis being established by 
necropsy. Given the patient’s medical history, 
preexisting diffuse endothelial damage might 
have promoted infective thrombus formation 
in the setting of the concurrent pulmonary in-
fection, which afterwards embolized causing 
mycotic aneurysms which ruptured.

The second patient had a previously undi-
agnosed mucin producing cervical cancer and 
had already had a thrombotic episode upon 
admission to our clinic. This fact, as well as the 
consecutive cerebrovascular events involving 
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