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Stroke is a leading cause of mortality and disability, and cardiac embolism accounts for 
one-third of all ischaemic strokes. Thirty per cent of strokes are cryptogenic. In this 
setting, echocardiography is essential in the diagnosis, treatment, and prevention of 
embolic stroke of undetermined source since it is a widely available, safe, and inex
pensive tool. Transthoracic echocardiography and transoesophageal echocardiog
raphy, furthermore, are proven to change therapeutic management leading to 
initiation of anti-coagulation, anti-microbial therapy, patent foramen ovale (PFO) 
closure, or cardiac tumour resection. The most common cardioembolic sources include 
left atrial appendage thrombus, left ventricular thrombus, vegetations in endocardi
tis, paradoxical embolization in PFO, prosthesis thrombosis, and intracardiac tumours. 
Although the presence of a cardioembolic source only represents a risk factor for an 
ischaemic stroke, it could not assure the certain or the unique cause of the event. 
The purpose of this review is to underline the importance of echocardiography and 
overview the main sources of cardiac embolism and the echocardiographic features.
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Introduction

Stroke is a major source of morbidity and mortality, ac
counting for the second cause of death and an important 
cause of adult disability in the European Union. It affects 
around 1.1 million people in Europe every year and causes 
440.000 deaths, with a huge cost of care and loss of prod
uctivity according to epidemiologic data. Cardioembolic 
stroke represents 15–30% of all ischaemic strokes. 
Approximately 30% of strokes are cryptogenic and remain 
without an established cause. Most cryptogenic strokes, 
however, appear to be embolic and are defined as ‘ESUS’ 
(Embolic Strokes of Undetermined Source). Considering 
the clinical importance of a correct aetiological diagnosis, 
the role of transthoracic echocardiography (TTE) and trans
oesophageal echocardiography (TEE) is essential for the 
evaluation of potential causes of cardiac embolism and 
for recurrency prevention addressing, also, a correct thera
peutic management. Taking into account the EACVI recom
mendations on cardiovascular imaging for the detection of 

embolic sources, these can be divided into two categories: 
major cardiac sources of cerebral embolism and minor or 
unclear cardiac sources of cerebral embolism.1

It may be challenging to distinguish cardioembolic 
stroke from other types of ischaemic stroke since there 
is no gold standard for certain diagnosis. Most important 
characteristics to diagnose a cardioembolic stroke are 
the evidence of a potential source of cardiac embolism 
and the absence of arterial disease.

Cardioembolic strokes are usually localized in cortical 
territory and may involve multiple arterial territories. 
Due to the size of the emboli, the area of infarction may 
be very large and is usually located in the middle cerebral 
artery. Lacunar stroke, instead, affects subcortical areas 
and the extension is ≤ 1.5 cm (≤ 2.0 cm on MRI diffusion 
images).

ESUS definition was introduced in 2014 by Hart et al. and 
identified as non-lacunar ischaemic stroke detected by CT 
or MRI in absence of atherosclerosis (extra- or intracranial) 
causing >50% luminal stenosis in arteries supplying the is
chaemic area. In addition, there must not be present a ma
jor risk cardioembolic source and no other specific cause 
of stroke (arteritis, dissection, migrain/vasospasm, drug 
abuse).2
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Based on a systematic review, the reported frequency of 
ESUS ranged from 9% to 25% of ischaemic strokes, aver
aging 17%. Moreover, it was found that patients affected 
by ESUS tend to be younger and present less often cardio
vascular risk factors than non-ESUS patients with ischae
mic stroke. The risk of stroke recurrence after ESUS was 
higher, ∼4.5% per year in patients on anti-platelet ther
apy.3 Importantly, the two randomized trials 
NAVIGATE-ESUS (7213 participants) and RESPECT-ESUS 
(5390 participants) failed to prove benefit of 
anti-thrombotic therapy with rivaroxaban and dabigatran 
over aspirin for the prevention of recurrent stroke in pa
tients with ESUS.4,5

Role of the echocardiography

The main goal of TTE in stroke is the detection of the em
bolic event’s cause. TTE should be preferentially per
formed within the first days after admission in the Stroke 
Unit but can be also done in the Emergency Department, 
in case of strong suspicion of embolic stroke when the 
risk of recurrence is high.

TEE is a semi-invasive exam widely performed in pa
tients with ischaemic stroke. It is consistently superior 
to TTE in terms of imaging detection, especially when 
the patients present without clinical signs suggestive of 
heart disease. TEE superiority seems to be higher in young
er patients. Therefore age, history, the risks of recurrence 
and consequences of treatment must be considered when 
in presence of an embolic event. When a cardioembolic 
cause is suspected, it is recommended to consider both 
TTE and/or TEE according to clinical context: for instance, 
emergent indications of TEE are, usually, limited (e.g. fe
ver, prosthesis).

A systematic review and meta-analysis of 27 studies that 
aimed to assess the clinical utility of routine TEE for pa
tients with unexplained ischaemic stroke found that 
TEE-detected findings let to the introduction of anti- 
coagulant therapy in up to one-third of patients, although 
the examinations were performed mostly not for estab
lished guideline-based indications leading the authors 
concluding that it is unclear whether routine use of TEE 
is indicated or not.6 In a retrospective single-center study 
of 1458 patients hospitalized for stroke or transient 

ischaemic attack with a suspected cardioembolic cause, 
TEE changed the management in 243 patients (16.7%); a 
significant change was evident in patients aged less than 
40 years of age, decreasing in frequency with older age, 
while 71% of patients with change in management under
went PFO closure.7 We will discuss the main cardioembolic 
sources where echocardiography has an undoubted role in 
the identification (major and minor sources of ischaemic 
stroke are listed in Table 1).

Left atrial thrombus

Atrial fibrillation (AF) is the most frequent source of cardi
oembolic stroke. It affects 5% of adults aged 65 and rises to 
10% over 75 years. Of all ischaemic strokes, 20–30% and 
10% of cryptogenic stroke can be attributed to AF. A di
lated left atrium (LA) and reduced LA and left atrial ap
pendage (LAA) blood flow on echocardiogram are 
independent risk factors for thromboembolism and are 
more likely to have stasis of blood as demonstrated by 
the presence of spontaneous echo contrast (SEC) or 
‘smoke’ on trans- oesophageal echocardiography.8 SEC 
has been related to haemodynamic and haemostatic ab
normalities and an increased risk of stroke and thrombo
embolism.9 Nearly all patients with their first episode of 
AF or who are referred for radiofrequency pulmonary 
vein antral isolation will benefit from transthoracic echo
cardiographic evaluation to identify an LA thrombus, 
although sensitivity is low. TEE is much more sensitive 
for identifying the presence of LA thrombi (Figure 1) and 
for quantifying the risk of thrombus formation through 
the study of LAA anatomy and function: the loss of LAA 
contractility in AF and the lower emptying velocity 
(< 20 cm/s) promote thrombus formation; moreover, mul
tilobate anatomy and ‘chicken wing’ shape in this setting 
are also predisposing to cardioembolism.10 Furthermore, 
TEE is considered the gold standard for detection of LA/ 
LAA thrombus in patients with AF who are selected for 
undergoing electrocardioversion or pulmonary vein isola
tion.11 It is important to underline also the clinical rele
vance of TEE, rather than TTE, for accurate detection 
and risk stratification of intracardiac thrombi, confirming 
a different impact of TEE in terms of cumulative mortality 
prevention and recurrent events (thrombus-associated is
chaemic stroke overall risk was high in patients underwent 

Table 1 Major and minor or unclear cardioembolic sources

Major cardioembolic sources Minor or unclear 
cardioembolic sources

• Atrial fibrillation
• Recent or previous 

myocardial infarction
• Cardiomyopathies
• Intracardiac masses 

(thrombus, tumours)
• Mitral stenosis
• Aortich atheromatous 

plagues
• Endocarditis
• Prostethic valve

• Mitral valve prolapse
• Mitral anulus calcification
• Spontaneous echo 

contrast
• Calcified aortic stenosis
• Valvular strands and 

Lambl’s excrescences
• Atrial septal aneurysm
• Patent foramen ovale

Figure 1 LAA thrombosis on TEE.
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to TEE—aHR: 3.13; 95% CI: 1.17–8.35—but not in those who 
performed TTE alone—aHR,:0.89; 95% CI: 0.12–6.51).12

Finally, TEE is also the preferred imaging modality to guide 
transcatheter left atrial appendage closure (LAAC). 
Although several observational studies have shown similar 
success rates and perioperative complications between 
TEE and the less invasive intracardiac echocardiography 
(ICE) for LAAC, a recent retrospective analysis shows that 
the incidence of major adverse events were significantly 
lower for TEE-guided LAAC.13 Lastly, it is known that 3D 
TEE is a useful and reliable tool as proved in experimental 
studies and shows an excellent correlation between full- 
volume or zoom-mode and reference data; indeed, in this 
context, it could be advantageous for some purposes: the 
evaluation of LAA geometry and features such as LAA orifice 
diameters, LAA depth, mean volume and number of lobes 
are surely better characterized with 3D TEE than 2D echo
cardiography also for surgical intentions.14

PFO

It is already known that observational studies and 
meta-analysis show a strong relative association of patent 
foramen ovale (PFO) with cryptogenic stroke in patients 
<55 years old as compared to older patients. In patients 
with otherwise cryptogenic stroke, approximately one-third 
of discovered PFOs are likely to be incidental and hence not 
benefit from closure.15 This probability is sensitive to pa
tient characteristics and to the presence of some echocar
diographic markers, suggesting the importance of patient 
selection in therapeutic decision-making.

The last European position paper on the management of 
patients with PFO explicates an algorithm for the diagnosis 
of PFO, recommending initial execution of saline 
contrast-enhanced TTE or (if negative or equivocal) 
contrast-enhanced transcranial Doppler for the evidence 
of right-to-left shunt and reporting as last step 
contrast-enhanced TEE.16 At present, grounded on the ac
crued low-quality evidence, no technique can be consid
ered a gold standard for diagnosis and, in most cases, a 
precise diagnosis of PFO needs the combined use of differ
ent techniques, prescribed according to their different 
characteristics.16

For our purposes, a low-risk stroke PFO is characterized 
by the absence of aneurysmal changes of the interatrial 
septum with limited motion and separation of the septum 
primum and the secundum, resulting in a small PFO size 
and shunt during the Valsalva manoeuver. High-risk stroke 
PFO is characterized by PFO size of >3 mm or the presence 
of atrial septal aneurysm with hypermobility of the septum 
during the Valsalva manoeuver resulting in a large PFO size. 
In addition, some patients without a characteristic atrial 
septal aneurysm may show exaggerated motion of the atrial 
septum during the Valsalva manoeuver, resulting in septal 
excursion >10 mm and a large PFO size and at high risk 
for cardioembolic stroke.16 The presence of Eustachian 
valve, Chiari network or a long PFO tunnel were suggested 
to be linked to PFO-associated strokes but only in retro
spective studies. Other studies have failed to detect one 
or more of these associations, however, underlining the 
heterogeneity of phenotypes and the need to identify 
them. Hence, it is important to remark that no single clin
ical, anatomical or imaging characteristics are sufficient to 

make a quantitative estimation of the probability of a PFO 
causal role but when a PFO is considered to play a patho
genic role in an embolism, the episode should not be classi
fied as cryptogenic anymore.

Left ventricular thrombus

Left ventricular thrombus (LVT) formation can result from 
several risk factors: recent myocardial infarction, dilated, 
restrictive and hypertrophic cardiomyopathy, Tako-Tsubo 
syndrome, non compaction cardiomyopathy, heart failure. 
Since the introduction of reperfusion therapy after acute 
MI, LVT has significantly reduced. According to data it is 
believed to occur in up to 19.2% of patients with anterior 
STEMI and LVEF < 50%. The role of echocardiography is es
sential as the first imaging modality for detection of LVT 
since it is widely used in all patients with myocardial in
farction. However, sensitivity of TTE is only 29% when 
compared to Cardiac Magnetic Resonance (CMR), whereas 
specificity is 98%. CMR is the optimal or gold standard im
aging modality to detect LVT since the sensitivity ranges 
from 82% to 88% and the specificity is almost 100%. 
Beyond its diagnostic capabilities, CMR has also demon
strated value in identifying structural risk factors for LV 
thrombus formation, particularly myocardial scar burden 
or infarct size. Given the poor sensitivity of TTE in throm
bus detection, it’s already known that the addition of an 
intravenous ultrasound contrast agent improves both the 
specificity (99%) and sensitivity (64%) of TTE, particularly 
in patients with anterior MI, by enhancing the endocardial 
border definition. Recently, some authors proposed an al
gorithmic approach to the diagnosis and management of 
LVT following acute myocardial infarction that begins 
with TTE with contrast within 24 h of index myocardial in
farction.17 TEE has limited added utility to TTE in diagnos
ing LV thrombus because the LV apex, particularly in 
patients with a dilated left ventricle and apical dyskinesis, 
is typically foreshortened and may be poorly visualized 
from either the transoesophageal or transgastric views.

Prosthesis thrombosis

Thrombus formation is the most common cause of obstruc
tion of mechanical prosthesis (0.3% to 8% per patient- 
year). Although less frequent and more insidious, it can 
also be observed in bioprosthesis. The incidence of pannus 
formation causing prosthesis obstruction is, instead, simi
lar in biological and mechanical prosthesis. Mitral and 
tricuspid prosthesis are associated with, respectively, 
7.5- and 11.7-times higher hazard risk of thrombosis and 
the risk of pannus formation is three times larger in the 
mitral position. Large prosthesis size (>27 mm), tilting 
disk, and bileaflet prostheses are associated with, re
spective, 67, 69, and 83% risk reduction of thrombosis.18

Generally, the left/right atrial (LA/RA) side of a prosthetic 
mitral/tricuspid valve is obscured by acoustic shadowing 
from the TTE approach, resulting in a low sensitivity for 
detection of prosthetic mitral or tricuspid regurgitation 
(MR, TR), thrombus, pannus, or vegetation. So, TEE pro
vides superior images of the LA/RA side of the mitral/tri
cuspid prosthesis. Differentiation between thrombosis 
and pannus overgrowth remains challenging. Direct signs 
of prosthesis valve thrombosis include immobility or 
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reduced leaflet mobility and the presence of thrombus on 
either side of the prosthesis, with or without obstruction. 
Pannus formation is more frequent on mitral prostheses 
and is usually annular in location. When observed on mitral 
prosthetic valves, it most often occurs on the atrial side of 
the prosthesis. At echocardiography, the thrombus tends 
to be mobile and globular with a soft echo density (similar 
to that of the myocardium) and may be attached to the 
valve occluder or sewing ring or both. Pannus is firmly 
fixed, has a bright echo density (small dense mass with 
the same echo intensity as the valve housing), and is at
tached to the valve apparatus. Bioprosthetic valve throm
bosis (BPVT) is an important cause of prosthetic valve 
dysfunction (PVD), and guidelines do not recommend rou
tine TTE during the first 5 years after valve implantation.19

Most patients with PVD due to BPVT were asymptomatic at 
initial diagnosis, which was made based on routine surveil
lance TTE, often performed before 5 years. BPVT, an acute 
disease process, requires timely diagnosis because patient 
conditions rapidly deteriorate. Further studies are needed 
to determine whether routine surveillance TTE should be 
considered for patients with bioprosthetic valves to iden
tify pre-symptomatic features of BPVT in order to provide 
effective and appropriate therapy. The presence and lo
calization of thrombus formation, pannus, and prosthetic 
valve dehiscence can be evaluated better by 3D echocar
diography. This is especially useful for the assessment of 
mechanical mitral and aortic valves where 2D images are 
often of poor quality due to acoustic shadowing. With 3D 
imaging, the ventricular side of mitral prosthetic valves, 
which is consistently prevented with 2D imaging, can be 
often visualized.19 No study has reported on the evalu
ation of pannus or thrombus using CMR.

Endocarditis

Currently, the imaging methods used to assess infective 
endocarditis (IE) primarily include echocardiography 
with a growing role of MRI, CT, and PET-CT for undiagnosed 
cases. Prosthetic valves, drug abuse, cardiac implanted 
electronic devices, congenital heart diseases are predis
posing or known risk factors for IE. Embolic events are 
common complications (16–46% of patients in literature— 
25% of patients at time of diagnosis) and are of prognostic 
importance, especially for patients candidates to surgery, 
with a mortality rate of up to 30% at 30 days. The brain is 
the most common site of embolization, followed by solid 
organs, including the spleen, kidney, and lung. Less com
mon sites of embolization included peripheral arteries, 
coronary circulation, and eyes. So, patients with high em
bolic risk (ER) should be identified early to allow for best 
decision-making: the embolic risk French Calculator is 
the most utilized calculator and employs six parameters, 
including age, presence of diabetes, atrial fibrillation, 
previous EE, vegetation length, and S. aureus infection. 
The high-risk designation on the ER French Calculator (de
fined as a probability greater than 8% on the 28th day) pre
dicted EE independently of other candidate predictors in 
patients with IE, as it has been recently remarked.20

Based on existing literature, it is already known that 
Staphylococcus aureus aetiology, a globular shape of vege
tation at echocardiography, its mobility, mitral involvement 
and vegetation size > 10 mm are associated with an 

increased risk of embolism. In left-sided endocarditis 
(Figure 2) it has also been proposed a simple scoring sys
tem, which combines aetiology and vegetation size with 
time on anti-microbials and might contribute to a better as
sessment of the risk of embolism and to a more individua
lized early surgery treatment.21 An underestimated form 
of endocarditis is non-bacterial thrombotic one, sometimes 
referred to as thrombotic, marantic, verrucous, or 
Libman-Sacks endocarditis: a non-infective endocarditis 
that develops in patients (especially females) with auto
immune disorders or malignancies associated with a poor 
prognosis. The true incidence of non-bacterial thrombotic 
endocarditis is still unknown, and much of the available evi
dence regarding its prevalence is derived from case reports 
or autopsy series. Patients with non-bacterial thrombotic 
endocarditis are often asymptomatic but can present with 
systemic cardioembolic stroke as first manifestation, a phe
nomenon that occurs in up to 50% of patients. At our best 
knowledge, only a contemporary 20-year cohort retro
spective study has shown the superior role of TEE in diagno
sis underlying the needing of anti-coagulant therapy and 
confirming the high mortality.22

Intracardiac tumours

Intracardiac tumours may be associated with embolic man
ifestations and stroke. The frequency of primary cardiac tu
mours is 0.02%. Among benign cardiac tumours, myxoma 
and papillary fibroelastoma represent the most frequent, 
accounting for almost 40% of all primary cardiac tumours.

Myxomas are more frequent in young women (30–60 yrs) 
and are located approximately in 75% of cases in the left 
atrium, 23% in right atrium and present in one-third of 
the time with embolism. Symptoms of myxoma depend 
on the localization and morphology and are represented 
by constitutional (fever, arthralgias, weight loss, fatigue), 
obstruction (dyspnoea, orthopnoea, syncope) and arterial 
embolization manifestations.23 In about 25–45% of cases, 
myxomas present with neurological manifestations and 
the more frequent are ischaemic stroke or transient 
ischaemic attack (82%), syncope (28%), psychiatric presen
tations (23%), headache (13%), intracerebral haemorrhage 
(12%) and seizures (12%). Echocardiography is essential in 
detecting the mass that is more frequently located in the 

Figure 2 Aortic endocarditis on 3D TEE.
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left atrium and attached to the fossa ovalis of the interatrial 
septum, though it can be located in any endocardial surface. 
It is usually a single mass and the morphology is round 
or ovoid with smooth or lobular regular borders. 
Pedunculated myxoma tends to be greater in size and cause 
transvalvular obstruction.24 Myxomas have variable mobility 
depending on size and implantation. Transoesophageal 
echocardiography may be needed to visualize the implant
ation site and the potential extension into the pulmonary 
or caval veins. Though imaging suggests the diagnosis, this 
must be confirmed histologically and echocardiographic fol
low up is recommended for a minimum of 4 years after the 
resection.24 Although fibroelastoma are often diagnosed in
cidentally and clinical manifestations are not well de
scribed, embolic events such as stroke, sudden death, 
acute myocardial infarction, pulmonary emboli and retinal 
artery embolism have been reported. In a study, among 45 
patients who had prospectively diagnosed papillary fibroe
lastoma, stroke occurred in one patient and transient is
chaemic attack in two patients in young age and no other 
cardiovascular disease (incidence 6.6%). Papillary fibroelas
toma derives from the endocardium and is more frequently 
located on the surface of cardiac valves (90%) and the aortic 
valve is the most affected. For the aortic tumours, no predi
lection for the aortic or ventricular side has been observed. 
Papillary fibroelastoma typical echocardiographic features 
are round, oval or irregular appearance, well demarcated 
borders and homogenous texture, small dimensions (most
ly < 20 mm), no valvular destruction. Differential diagnosis 
includes valvular calcifications, thrombi, vegetations, 
strands and Lambl’s excrescences and TEE may be an essen
tial examination to lead to the correct diagnosis.25

Conclusions

Cardioembolic stroke is a major cause of disability and mor
tality world-wide. Identifying potential cardiac sources of 
embolism is a fundamental objective, also in terms of treat
ment and medical management: since stroke recurrences 
in patients on anti-aggregation therapy and considering 
that DOAC routinary employment in cardioembolic stroke 
do not reach a superiority evidence, it is mandatory to 
make a correct diagnosis by using echocardiography. 
Transthoracic echocardiography as first line and transoeso
phageal echocardiography may help to recognize the under
lying cause, despite up to 30% of ischaemic strokes 
remaining ‘cryptogenic’. TTE and TEE should be performed 
according to the clinical context, considering CT and MRI as 
complementary techniques or, sometimes, as gold standard 
reference. This review encourages a multi-modality imaging 
approach, also combining 3D reconstruction when feasible, 
for diagnosis and management of cardioembolic stroke.
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