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Abstract

Stroke is one of the leading global causes of death and long-term disability. Approximately 15-40%
of ischaemic strokes have a cardioembolic origin. These are associated with worse prognosis,
higher propensity for early and late recurrences, and increased mortality compared to other types of
ischaemic strokes. The echocardiographic examination is a crucial diagnostic tool for determining
both the aetiology of the stroke and appropriate secondary prevention. Early implementation of
causative treatment reduces the risk of disability and decreases long-term patient care costs. This
article focuses on discussing high-risk heart diseases associated with cardioembolic sources, such as
atrial flutter and fibrillation, coronary artery disease, cardiomyopathies, the presence of artificial
heart valves, infectious endocarditis, intracardiac masses, and aortic atherosclerosis. Transthoracic
and transoesophageal echocardiography play a significant role in diagnosing these conditions. The
aim of this review is to discuss optimal diagnostic methods for potential sources of cardioembolism
and to explore new potential predictive factors for stroke occurrence in echocardiographic studies.
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Introduction

Cerebral strokes, ranking second after ischaemic heart disease, are among the leading causes of
death worldwide and the most common cause of long-term disability [1]. Each year, approximately
17 million people experience a stroke globally, with an estimated 73,900 cases of ischaemic stroke
in Poland. Ischaemic strokes (IS) account for about 80% of all strokes.

Various mechanisms can lead to a cerebral stroke [2]. To determine the probable aetiology of
IS, the TOAST classification (Trial of Org 10172 in Acute Stroke Treatment) is commonly used,
which distinguishes five subtypes of strokes:

e stroke due to large artery atherosclerosis,
¢ stroke due to small artery occlusion,

e cardioembolic stroke,

¢ stroke of other determined aetiology,

e stroke of undetermined aetiology [3, 4].

Approximately 15-40% of IS have a cardioembolic origin, known as cardioembolic
infarctions (CEI) [5]. These strokes typically result from the migration of embolic material
including blood clots, tumour fragments, or vegetation [1].

Cardioembolic strokes have a worse prognosis and a higher risk of early and late recurrence
compared to other stroke types [6]. Early recurrences are typically defined as occurring within 90
days after the last stroke episode [7].

Patients with cardioembolic strokes require statistically longer hospitalization and are more
likely to suffer from permanent disabilities, resulting in increased healthcare costs. The cost of acute
care for cardioembolic stroke patients may be approximately 40% higher than that for patients with
non-cardioembolic stroke [8].

Early recognition of the cardioembolic aetiology and implementing secondary prevention
measures are crucial to minimize the risk of recurrence. Establishing the potential source of
embolism and ruling out possible causes of the stroke are essential in diagnosing cardioembolic
stroke [5, 9]. Echocardiographic evaluation plays a significant role in diagnosing potential embolic

sources, enabling early initiation of preventive measures against recurrent cardioembolic events.

Use of echocardiography
To assess the structural and functional aspects of the heart in the acute phase of an ischaemic stroke
(IS), echocardiographic examinations are recommended, including both transthoracic

echocardiography (TTE) and in specific cases transoesophageal echocardiography (TEE). TTE is



usually the first-line imaging method. However, in cases where there is suspicion of cardioembolic
stroke with an undetermined source or when TTE imaging is inconclusive due to challenging
conditions, TEE is employed. It is considered a semi-invasive procedure, typically well-tolerated
with local anaesthesia of the throat and oesophagus or, alternatively, performed under sedation [10].
TEE is regarded as the gold standard for imaging the interatrial septum and assessing the left atrial
appendage (LAA) for potential embolic material. TEE allows for better visualization of intracardiac
structures, valvular apparatus, and the thoracic aorta compared to TTE. It is particularly useful in
patients suspected of having infective endocarditis or dysfunction of prosthetic heart valves [11,
12]. In daily practice, TTE and TEE should be considered as complementary methods.

The recommendations for performing echocardiographic examinations in patients with IS
are somewhat ambiguous. The 2016 guidelines from the American Society of Echocardiography
suggest routine TTE as a screening method for potential cardiac sources of embolism in all stroke
patients, with TEE reserved for selected cases, such as suspected endocarditis [13].

During the European Stroke Organization Karolinska Stroke Update Conference in 2018,
TTE was recognized as the first-choice imaging method for heart assessment in patients with acute
ischaemic stroke (AIS), with TEE recommended only for patients with embolic strokes of
undetermined source to further evaluate PFO and aortic atherosclerosis [14].

According to the 2021 Guideline for the Prevention of Stroke in Patients with Stroke and
Transistent Ischaemic Attack from the American Heart Association and American Stroke
Association, TTE is the preferred method for searching for embolic material in the left heart
chamber, while TEE is recommended to detect left atrial (LA) thrombus, aortic atheroma, prosthetic
valve abnormalities, native valve abnormalities, atrial septal abnormalities, and cardiac tumours

[15].

Potential sources of embolism detected by echocardiography
Cerebral cardiogenic stroke is characterized by significant heterogeneity. Heart diseases detected
during echocardiographic examination can be classified into high-risk and low-risk factors (Table 1)

[15, 16].

Atrial fibrillation

Unrecognized atrial fibrillation (AF) is the main cause of cardioembolic strokes. The incidence of
this arrhythmia increases with age and reaches 5-15% in patients over 80 years old [18]. In the
NOMED-AF study conducted on the Polish population, the prevalence of AF over 65 years old was
found to be as high as 19.2% [19]. Even a short, five-minute episode of AF (which can be
completely asymptomatic) is estimated to increase the risk of stroke by 2.8 times [20]. In a study

conducted by Nguyen et al. [19], the prevalence of LAA thrombus in TEE in patients after an



ischaemic stroke with sinus rhythm was 6.7%, with the most prevalent aetiology being paroxysmal
AF identified later on in Holter ECG monitoring.

AF is associated with LA enlargement and impaired LA contractility, which leads to blood
flow stasis and facilitates the formation of thrombus (most commonly in the LAA which can cause
embolism). TEE is the gold standard for detecting thrombus located in the LAA. It also can evaluate
LA dysfunction, such as the presence of spontaneous contrast or reduced LAA emptying velocity,

which may accompany or precede thrombi formation [14].

Mitral valve stenosis

Progressive mitral valve stenosis contributes to changes in atrial architecture, leading to increased
pressure in the left atrium, its enlargement, and increased wall tension, which can result in the
development of AF and the formation of thrombi.

The most common type of mitral stenosis is degenerative mitral stenosis (DMS) primarily
caused by mitral annular calcification (MAC) [21, 22] (Figure 1). Excessive tension on the mitral
annulus necessitates higher pressure for valve closure, leading to microtraumas in the valve. Sites of
damage are associated with an increased risk of degenerative calcifications [23, 24]. Numerous
studies have shown that MAC is an independent risk factor associated with a higher risk of stroke
[23].

In patients with rheumatic mitral valve stenosis and sinus rhythm, the risk of stroke is 8%,
but in the presence of AF, increases it to 31.5%. Similarly, for patients with rheumatic heart disease
and mitral regurgitation, the risk of stroke is 7.7% with sinus rhythm and 22% with AF [11, 25].

Echocardiography is the primary diagnostic test for suspected mitral stenosis; the
quantitative and qualitative assessment of the defect is necessary for surgical qualification and in

the choice of appropriate treatment valve repair or replacement.

Intracardiac thrombi associated with local or global myocardial dysfunction
In the context of global or segmental left ventricular (LV) dysfunction, blood flow deceleration may
lead to intraventricular thrombus formation. Furthermore, congestive heart failure, reduced left
ventricular ejection fraction, and a history of myocardial infarction (MI) not only increase the risk
of atrial fibrillation (AF) but also increase the risk of thromboembolism according to the
CHA2DS2-VASc score. The most common cause of impaired contractility is undoubtedly coronary
heart disease, especially MI. Other causes include dilated cardiomyopathies of various aetiologies
(genetic, inflammatory, toxic) (Figure 2).

In cases of MI, blood flow deceleration is related to myocardial damage and the occurrence
of segmental myocardial dysfunction, which can be assessed using echocardiography. In acute

coronary syndrome, the incidence of LV thrombi is approximately 5-15% despite appropriate



treatment [11]. LV thrombi are more common after extensive MI, particularly those involving the
anterior wall of the heart, including the apex. The development of a post-infarction aneurysm
represents the highest risk for thrombus formation. Mobile thrombi are associated with a higher risk
of stroke compared to mural thrombi [11].

It is estimated that approximately 2.5% of patients experience an ischaemic stroke within a
month after MI, and approximately 10% will experience it within the following 6 years [6, 26]. In
dilated cardiomyopathy (DCM), blood stasis also occurs, leading to thrombus formation in 1.7-18%
of patients [27]. However, according to Moulson et al. [28] the routine prophylactic use of warfarin
in addition to dual antiplatelet therapy following an anterior STEMI with a decrease in LVEF and
wall motion abnormalities, appears to result in no mortality benefit or reduction in stroke rates but
may increase the frequency of major bleeding.

Transthoracic echocardiography allows the detection of LV thrombi with a sensitivity of
95% and a specificity of 85-90% [11]. In cases where visualization of the LV apex is limited on
TTE, the use of contrast-enhanced echocardiography is recommended for a more accurate
assessment [11]. In case of further diagnostic uncertainty, cardiac magnetic resonance is perceived

as the gold standard.

Infective endocarditis

Infective endocarditis (IE) is associated with bacteraemia, which leads to endothelial damage of the
endocardium and the formation of bacterial vegetations, most commonly located on heart valves
(Figure 3.). Both the increased coagulability accompanying the inflammation and the detachment of
fragments from the bacterial vegetations can lead to embolic complications.

The risk of IS is highest before antibiotic therapy and during the first two weeks of
treatment, with an incidence of approximately 15-20% in patients with IE [6].

According to the 2023 ESC guidelines for the treatment of infective endocarditis after
ischaemic stroke, immediate surgical intervention is recommended in the presence of indications
such as heart failure, uncontrolled infection, abscess, or persistent high risk of embolism if the
patient is not in a coma and intracranial bleeding has been excluded [29]. Urgent surgery is also
indicated in patients with vegetations > 10 mm on the mitral or aortic valve, who have experienced
at least one embolic event despite appropriate antibiotic therapy [30].

Echocardiography is the method of choice for the diagnosis and monitoring of IE [31].
When suspecting IE, TTE should be performed first, and if the presence of vegetation is not
confirmed, especially under suboptimal imaging conditions, TEE is indicated. The sensitivity of
detecting vegetation on native valves and prosthetic valves is approximately 70% and 50% for TTE,

respectively, and 96% and 92% for TEE, respectively [32].



Marantic endocarditis

Marantic endocarditis is a rare form of non-infective endocarditis manifested by thromboembolic
disease [6]. It is distinguished by the presence of non-infectious vegetations on heart valves, most
commonly involving the mitral and aortic valves, composed of platelet and fibrin deposits [33]. It is
often associated with advanced malignancies, such as pancreatic, lung, and ovarian cancer, as well
as debilitating conditions like autoimmune diseases. Particularly, patients with pancreatic cancer are
at an increased risk of stroke and should be closely monitored, especially within the first 6 months

of diagnosis [34].

Mechanical heart valve thrombosis
The risk of thromboembolism in patients with mechanical valves is associated with infective
endocarditis or thrombosis of the prosthetic valve.

In patients with mechanical valves, the formation of thrombi within the valves should be
suspected in every patient with stroke. The risk of ischaemic stroke in patients with mechanical
heart valve receiving anticoagulation therapy is about 2-4% per year, whereas, without such
treatment, the risk is significantly higher (12-22%) so oral vitamin K antagonists (VKA) for
lifelong anticoagulation therapy in this group is recommended [6, 35].

In cases of suspected valve thrombosis, both TTE and TEE should be performed to assess
valve morphology, the peri-valvular region, and the flow across the valve, as well as to estimate the
transvalvular gradient. The detection of a large thrombus on the prosthetic valve may be an

indication for surgical treatment [36].

Intracardiac Tumours
Primary intracardiac tumours are very rare — based on autopsy studies, their estimated frequency is
about 0.02%. Neurological complications of cardiac tumours, usually embolic stroke or transient
ischaemic attack (TTIA) occur in about 12-45% of patients and are mostly associated with the
presence of LA myxoma. Even in 80% of patients, neurological complications may represent the
initial symptom of a cardiac tumour [37].

Myxomas are considered fragile tumours that tend to fragment easily. Embolic stroke is a
complication of myxoma in about 16.8% of patients. The primary method for detecting myxoma is

echocardiography, and the recommended approach is surgical treatment [38].

Atherosclerosis of the Aorta
The other possible cause of ischaemic stroke described in the literature is atherosclerosis of the

descending aorta. The primary tool for assessing potential atherosclerotic plaques in the aorta is



TEE. TTE can be used as a complementary method, helpful in visualizing the distal part of the
ascending aorta and the proximal part of the aortic arch.

Detected atherosclerotic plaques can be divided into two groups: simple plaques - with a
thickness of the inner aortic wall < 4 mm, and complex plaques, which are larger, calcified with
ulceration and/or mobile elements. It is estimated that atherosclerosis of the aorta increases the risk

of stroke up to four times [11].

Persistent Foramen Ovale (PFO) and Atrial Septal Aneurysms (ASA)
The occurrence of PFO is estimated at approximately 20-25% of the adult population based on
autopsy studies [11]. In the absence of accompanying symptoms, it is not considered a pathology.

In individuals under 55 years with cryptogenic stroke, PFO is found significantly more
frequently than in the general population — up to 61% of patients [6].

PFO is often associated with ASA (approximately 60-70% of ASA cases have PFO), which
are diagnosed when the septum is displaced or deviated towards the right or left atrium by at least
10 mm from the midline. The coexistence of PFO and ASA significantly increases the risk of stroke
[6]. There are a few case reports of acute stroke preceded by documented passage of a thrombus
through a PFO confirming the mechanism of paradoxical embolism.

In cases of suspected PFO, performing a TTE with contrast is recommended, and in negative
or inconclusive results, TEE is advised. The RoPE scale (Risk of Paradoxical Embolism score) is
used for clinical assessment of the likelihood of PFO being the cause of IS. Percutaneous PFO
closure is indicated when the RoPE score is > 7 points [39].

Echocardiography in predicting ischaemic stroke

New predictive factors for IE, especially in the context of paroxysmal AF, are still being sought.
Recently, there has been an increasing number of reports on the use of left atrial enlargement (LAE)
in stratifying the occurrence of ischaemic stroke. Previous studies have shown that atrial
enlargement (> 34 mL/m?) increases the risk of cardioembolic stroke. Several recent studies have
shown that LAE may be associated with recurrent cardioembolic and cryptogenic strokes and be a
significant predictor of recurrent events in patients with cardioembolic stroke [40].

The exact mechanism responsible for the link between LAE and stroke recurrence is not
fully understood, but it is suspected that atrial enlargement increases the risk of thrombus formation
within LAA [41].

Another parameter related to IS is LA strain. Strain is a quantitative parameter using
acoustic marker tracking techniques that describes atrial function in different cycles of its work. LA
strain analysis can predict adverse AF events with greater sensitivity than LA volume [42]. It has
also been observed that LA strain is a better predictor than the volume of adverse clinical events in

individuals with AF [43].



Conclusions

TTE and TEE are integral parts of the diagnostic process in patients after a stroke. TTE is a non-
invasive examination that can be performed at the patient's bedside, allowing for its application in a
wide range of patients. It enables the assessment of heart morphology and function and often helps
to detect the direct source of embolism. In cases where the TTE image is inconclusive, the
evaluation may be expanded with TEE. Since TEE is a semi-invasive procedure that requires local
anaesthesia, it is usually not the first-line examination but rather a complement to TTE in selected
cases.

The echocardiographic examination helps determine the aetiology of stroke and in guiding
appropriate measures for secondary prevention. Due to the high recurrence rate of strokes,
implementing adequate secondary prophylaxis reduces the risk of subsequent incidents, thereby
lowering the costs of long-term patient care.
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Streszczenie

Udary mozgu sq jedna z gltéwnych przyczyn Smierci na catym Swiecie, a takze jednga z wiodacych
przyczyn dlugotrwatej niesprawnosci. Okolo 15-40% udarow niedokrwiennych ma podloze
sercowo-zatorowe. Wiaza sie one z gorszym rokowaniem, wiekszq sklonnosScia do nawrotéw
wczesnych i poéznych oraz wiekszg Smiertelnoscig niz inne typy udaréw niedokrwiennych. Badanie
echokardiograficzne jest waznym elementem diagnostycznym zaréwno w ustaleniu etiologii udaru
jak i wlasciwego postepowania w jego prewencji wtornej. Wdrozenie leczenia przyczynowego na
wczesnym etapie pozwala zmniejszy¢ ryzyko niepelnosprawnosci i zmniejsza koszty dlugotrwalej
opieki nad pacjentem. Ten artykul skupia si¢ na omowieniu choréb serca zwigzanych z duzym
ryzykiem wystapienia zatorowosci sercowopochodnej takich jak: trzepotanie i migotanie
przedsionkow, choroba niedokrwienna serca, kardiomiopatie, obecnos¢ sztucznych zastawek serca,

infekcyjne zapalenia wsierdzia, obecno$¢ mas wewnatrzsercowych oraz miazdzyca aorty. Istotng



role w diagnostyce tych choréb stanowi badanie echokardiograficzne przezklatkowe i
przezprzelykowe. Celem tej pracy przegladowej jest omoOwienie optymalnych metod
diagnostycznych potencjalnych Zrédel zatorowosSci sercopochodnej, a takze omowienie nowych,
potencjalnych  czynnikéw  predykcyjnych  wystgpienia udaru moézgu w  badaniu
echokardiograficznych.

Stowa kluczowe: udar niedokrwienny, echokardiografia, udar kardiogenny, prewencja wtorna
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Figure 1. Transthoracic echocardiographic examination of a female patient with several risk factors
for cardiac embolism (atrial fibrillation, significant mitral stenosis, aortic valve calcifications): A —
Four-chamber apical view, 2D presentation: significantly enlarged atria (LA — left atrium, RA —
right atrium), marked with a red arrow indicating massive calcifications of the mitral valve leaflets.
B — Four-chamber apical view, colour Doppler: "candle flame" sign — typical for stenotic
acceleration of flow across the mitral valve. C — Four-chamber apical view, continuous wave
Doppler: flow spectrum across the valve typical for mitral stenosis in a patient with atrial
fibrillation. D — Short-axis

s parasternal view, 2D presentation: The red arrow indicates calcification within the aortic valve
leaflets, causing an acoustic shadow.

Figure 2. Transthoracic echocardiographic examination in a patient with suspected Transient

Ischaemic Attack (TIA) after a previous heart attack involving the apex, with unknown timing: A —
Four-chamber apical view. A red arrow indicates an additional structure of variable echogenicity
within the area of impaired contractility (apical akinesia with endocardial thinning), corresponding
to a thrombus. B — Short-axis parasternal view at the level of the apex. C — Modified three-

chamber view, 3D presentation.



Figure 3. Transthoracic echocardiographic examination, 2D imaging: A — Long-axis parasternal

view, B — Short-axis parasternal view, C, D — Apical views C — Three-chamber, D — Modified.

A red arrow indicates a structure with variable echogenicity corresponding to bacterial vegetation.



Table 1. Classification of Cardiac Origin Emboli based on the American Society of

Echocardiography 2016 Guidelines .

HIGH RISK LOW RISK
Intracardiac thrombi: Potential intracardiac thrombi precursors:
e Atrial arrhythmias (thrombi in atrial e Spontaneous contrast (without atrial
appendage) fibrillation)
0 Atrial fibrillation (valvular) e Left wventricular aneurysm without
0 Atrial fibrillation (non-valvular) thrombus
o0 Atrial flutter e  Mitral valve prolapse

¢ Ischaemic heart disease
0 Recent MI
0 Chronic myocarditis, especially
with left ventricular aneurysm
¢ Non-ischaemic cardiomyopathies

e Prosthetic heart valves and devices

Intracardiac vegetations: Intracardiac calcifications:
e Infective endocarditis related to native e Mitral annular calcification
valves e (Calcified aortic valve stenosis

e Infective endocarditis related to
prosthetic valves
e Infective endocarditis not associated

with valves



Intracardiac masses: Valvular anomalies:

¢ Myxoma ¢ Chordae tendineae
e Papillary fibroelastoma ¢ Lambl's excrescences
Aortic atherosclerosis: Defects in the septum and their anomalies:
¢ Thromboembolism ¢ Patent foramen ovale (PFO)
e Cholesterol crystal embolization ¢ Aneurysm of the atrial septum (ASA)

¢ Atrial septal defect (ASD)



