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REVIEW ARTICLE

Assessment of patients with a suspected cardioembolic ischemic stroke.
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Helle K. Iversenf, Kasper K. Iverseng, Edith Nielsenh, Niels Risumi, Michael R. Schmidti and
Niels H. Andersenc,j

aDepartment of Cardiology, Bispebjerg University Hospital, Copenhagen, Denmark; bDepartment of Cardiology, Aarhus University Hospital,
Aarhus N, Denmark; cDepartment of Cardiology, Odense University Hospital, Odense, Denmark; dDepartment of Internal Medicine –
Cardiology, University Hospital of Southern Denmark – Esbjerg, Esbjerg, Denmark; eDepartment of Neurology, Aarhus University Hospital,
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iDepartment of Cardiology, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark; jDepartment of Cardiology, Aalborg University
Hospital, Aalborg, Denmark

ABSTRACT
Objectives: Several cardiovascular, structural, and functional abnormalities have been considered as
potential causes of cardioembolic ischemic strokes. Beyond atrial fibrillation, other sources of embolism
clearly exist and may warrant urgent action, but they are only a minor part of the many stroke mecha-
nisms and strokes that seem to be of embolic origin remain without a determined source. The associa-
tions between stroke and findings like atrial fibrillation, valve calcification, or heart failure are
confounded by co-existing risk factors for atherosclerosis and vascular disease. In addition, a patent
foramen ovale which is a common abnormality in the general population is mostly an innocent
bystander in patients with ischemic stroke. For these reasons, experts from the national Danish soci-
eties of cardiology, neurology, stroke, and neuroradiology sought to develop a consensus document
to provide national recommendations on how to manage patients with a suspected cardioembolic
stroke. Design: Comprehensive literature search and analyses were done by a panel of experts and pre-
sented at a consensus meeting. Evidence supporting each subject was vetted by open discussion and
statements were adjusted thereafter.
Results: The most common sources of embolic stroke were identified, and the statement provides
advise on how neurologist can identify cases that need referral, and what is expected by the cardiolo-
gist.
Conclusions: A primary neurological and neuroradiological assessment is mandatory and neurovascu-
lar specialists should manage the initiation of secondary prophylactic treatment. If a cardioembolic
stroke is suspected, a dedicated cardiologist experienced in the management of cardioembolism
should provide a tailored clinical and echocardiographic assessment.
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Preface

Despite an increased focus on cardioembolism being a
potential cause of cryptogenic ischemic stroke, a thorough
work-up rarely identifies a definite cardiac source of embol-
ism. For optimal tailoring of secondary preventive measures
for the individual patient, it is mandatory to recognize a
broad spectrum of cardiovascular substrates and risk factors
that may be associated with an embolic stroke.

Many stroke patients have risk factors or already estab-
lished significant vascular disease. In these patients, it may
be difficult to determine whether a cardiac source of embol-
ism is an additional risk factor.

No guideline has presented an unequivocal classification
of stroke patients. Therefore, a workup to identify the most
likely etiologies requires a multi-disciplinary effort involving

neurologists, neuroradiologists and cardiologists. For this
reason, representatives from the Danish society of
Cardiology, the Danish society of Neurology, the Danish
Stroke Society, and the Danish society of Neuroradiology
have developed a consensus statement providing national
recommendations for the management of patients with a
suspected cardioembolic stroke.

Methods

The statement was written following a consensus meeting
and presents a comprehensive literature search and analysis
of the subject done by a panel of experts from the four dif-
ferent societies. During the first meeting, the panel members
gave presentations on the many subjects, and the evidence
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supporting each subject was then vetted by open discussion.
Statements were thereafter adjusted based on the discussion.
Additional meetings were held in smaller groups when there
were disagreements. Consensus achieved from these add-
itional meetings were then presented for the whole group.
The statement represents the panel’s collective analysis and
final evaluation.

What is a cardioembolic stroke?

A stroke is characterized by focal neurological symptoms
with an acute onset and duration of more than 24 h, which
is caused by ischemia or hemorrhage in the central nervous
system [1]. A transient ischemic attack (TIA) is a brief epi-
sode of similar neurological symptoms that last less than
24 h [1]. However, patients with symptoms that have a simi-
lar time course to a TIA and a positive diffusion-weighted
magnetic resonance imaging (DW-MRI) signal are consid-
ered as stroke patients [1].

The TOAST-classification from 1993 (Trial of Org 10172
in Acute Stroke Treatment (TOAST)) is often used to clas-
sify subtypes of acute ischemic stroke [2]. According to this
classification, a cardioembolic stroke is a cortical, cerebellar,
brain stem or subcortical infarct with a physical extent
>1.5 cm (non-lacunar) and a cardiac source of embolism
[2]. In 2005, an additional subsection of the term stroke of
unknown origin was introduced with the entity called
cryptogenic embolism [3]. This term refers to a stroke in
which there is an abrupt cut-off of a blood vessel within
otherwise normal intracranial arteries or evidence of com-
plete recanalization of an intracranial blood vessel. Multiple
acute infarctions occurring closely related in time, without
obvious abnormalities of the affected blood vessels can be
present [4]. The term “Embolic stroke of undetermined
source” (ESUS) was introduced in 2014 with the aim to
identify a subgroup of stroke patients with a non-lacunar
ischemic stroke and no convincing etiology in which –
assuming a high prevalence of atrial fibrillation – secondary
preventive efficacy of anticoagulative therapy could be pur-
sued [5]. ESUS-patients account for one in six stroke
patients [5]. They are often younger, have milder strokes
and a better survival [6]. Despite this, ESUS patients have
an up to 5% annual risk of recurrent stroke [7,8]. In ESUS
patients, two large trials that tested NOAC treatment com-
pared to aspirin came out neutral with an increased risk of
bleeding associated to NOAC treatment in one of the trials
[7,8]. This could indicate that the ESUS definition is too
wide and covers patients that have the same or better sec-
ondary preventive effect of antiplatelet therapy compared to
oral anticoagulants [9].

Sources of cardioembolism

Cardioembolic stroke may have its origin in the heart itself
or from the arteries. In the following, cardiovascular disor-
ders and risk factors are discussed for causality of their roles
as potential sources of material for embolism to vascular

beds of the central nervous system (Table 1). Figure 1 dis-
plays the most common intracardiac sources of embolism.

Atrial fibrillation

Patients with atrial fibrillation have a 3–5 times increased
risk of stroke [10]. However, 10% of patients with lacunar
infarcts also have atrial fibrillation [11], and atherosclerosis
of the large arteries is twice as common in patients with
atrial fibrillation [12]. Therefore, the average stroke patient
who is diagnosed with atrial fibrillation may have several
risk factors that could have caused the stroke [11,12].
Moreover, if indeed atrial fibrillation was a solitary source
of stroke, maintenance of sinus rhythm should reduce the
risk of stroke. Although the recently published EAST-
AFNET 4 Trial demonstrated a reduction in the risk of
stroke when early rhythm control therapy was pursued in
patients with atrial fibrillation [13], a meta-analysis of previ-
ous studies comparing rate and rhythm control therapy
found no significant effect on the incidence of stroke [14].
This means that other stroke mechanisms should be taken
into account in this subset of patients [15]. Interestingly,
atrial myopathy may actually be an important cause of
increased thrombogenicity and explain the lack of a chrono-
logical association between paroxysms of atrial fibrillation
and stroke [15]. It is likely, that fibrotic atrial myopathy and
reduced left atrial ejection fraction could also be a mediators
of thromboembolism [15]. Excessive atrial ectopic heart
beats are also associated with an increased risk of stroke,
equal to patients with overt atrial fibrillation [16]. This sup-
ports the notion that atrial fibrillation may be regarded as a
marker of increased risk, rather than the cause of thrombo-
embolism itself [17]. Current guidelines have endorsed the
use of the CHA2DS2-VASc score to guide anticoagulant
therapy in patients with documented atrial fibrillation and
increased risk of stroke, which markedly reduces stroke risk
and is indicated in all patients in the absence of contraindi-
cations [17].

Acute STEMI

The use of modern antithrombotic treatment and acute
revascularization by percutaneous coronary intervention for
ST-elevation myocardial infarction (STEMI) has significantly
reduced the risk of a cardioembolic stroke due to a dis-
lodged mural thrombus [18]. Mural thrombi are found in
less than 2% of patients [18], and the risk is highest in
patients with anterior STEMI [19]. Large end-diastolic vol-
umes, low ejection fraction, and resuscitation during the
course of the acute STEMI are all associated with mural
thrombi [19]. If a mural thrombus is found, heparin fol-
lowed by warfarin for at least three months is still recom-
mended as the first-line treatment [19]. Small observational
studies have indicated NOAC treatment to be useful [20],
but a recent non-randomized cohort study with more than
500 patients found NOACs associated with a higher rate of
systemic embolism than with warfarine [21]. Since the com-
bination of two antiplatelet drugs after coronary stenting on
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top of warfarin increases the risk of bleeding [22], it is
important to stop treatment with one of the antithrombotic
drugs at an early stage [22]. There is no evidence supporting
prophylactic treatment with warfarin in any high-risk cases
to prevent mural thrombi [23].

Heart failure

The 5-year risk of stroke in heart failure patients is 3.9% in
a registry based setting, which was more than five times
higher than the general population [24]. However, heart fail-
ure patients also have more atrial fibrillation, more coronary
artery disease and more atherosclerosis [24]. Overall, studies
comparing warfarin with an antithrombotic strategy in heart
failure patients have been neutral [25]. Nevertheless, war-
farin did reduce “overall stroke” in the WATCH-trial [25]

and the incidence of ischemic stroke in the WARCEF-trial
[26]. While there is no general recommendation to treat
heart failure patients with warfarin per se, data from the
WARCEF-trail support warfarin treatment as secondary
prophylaxis in stroke patients with an ejection fraction
below 15% [26]. Very few patients with previous stroke
were included and further studies are needed, preferably
with NOACS.

Hypertrophic cardiomyopathy

Patients with hypertrophic cardiomyopathy have a high risk
of developing atrial fibrillation [27], which is related to
6–24% life-time risk of stroke, of which 11% are fatal [27].
For these reasons, anticoagulation therapy is generally rec-
ommended when atrial fibrillation is identified in these

Table 1. Cardiac and vascular sources of emboli.

High-risk findings Factors of undetermined or low risk

Atrial fibrillation Structural and electrical atrial myopathy
Stenosis of carotid, vertebral and cerebral arteries Atherosclerotic plaques of the aorta or arteries proximal to cerebral ischemia
Intracardiac thrombi

-After myocardial infarction
-In cardiomyopathy or heart failure

Takotsubo cardiomyopathy

Vegetations and thrombi on cardiac valves
-Endocarditis
-Non-bacterial (Marantic) vegetations
-Sessile fibroelastomas
Intracardiac tumors – Myxomas

Large Lambl’s vegetations
Pedunculated fibroelastomas

Mitral valve stenosis
Mechanical heart valves or repairs

Mitral valve calcification
Mitral valve prolapse

Complex congenital heart disease Paradoxical embolism through PFO/ASD
Aneurismatic interatrial septum

Figure 1. Echocardiographic images of intracardiac sources of embolism in stroke patients. Atrial fibrillation patients. Panel (A) shows a large thrombus (�) on the
atrial septum due to slow flow in the atrium. Panel (B) is a close-up of a thrombus (�) in the left atrial appendage. (C) Patient with an anterior myocardial infarction
and a mobile mural thrombus in the apex of the left ventricle (arrows). (D) Left atrial myxoma with an irregular surface (�). (E) Large vegetation in the mitral valve
in a patient with endocarditis (arrows). (F) Stenotic mitral repair with a thrombus on the valve (arrows) and the left atrial appendage filled with spontaneous echo
contrast (�). (G) Large thrombus on a mechanical mitral valve (arrows). (H) Deep venous thrombus in transit through a persistent foramen ovale (arrows).
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patients regardless of their estimated CHA2DS2-VASc risk
score [28]. Patients with mid-ventricular obstruction and
apical aneurisms may develop stroke from a mural throm-
bus in the apex [29] and if present, it should be treated
accordingly. There are no studies that support primary
prophylactic anticoagulation strategy in this patient-group.

Takotsubo cardiomyopathy

Takotsubo cardiomyopathy is a temporary weakening of the
contraction of the left ventricle in which mural thrombi
may develop and embolize to the cerebral vasculature [30].
Mural thrombi can be found in 5% of Takotsubo cases [30],
but the risk of stroke is low (1%) and only significantly
increased during the first year after the incident [31].
Clinicians need to be aware of this potential stroke risk
when managing Takotsubo cardiomyopathy but there are no
general recommendations for anticoagulant therapy in
patients without mural thrombi. However, in patients with
Takotsubo and coincidental stroke without a visible mural
thrombus, anticoagulation is still warranted [30].

Intracardiac tumors

Cardiac tumors are very rare, but carry a high risk of
embolization [32,33]. Myxomas occur more commonly in
women at the age of 30–60 years [33], and generally local-
ized in the left atrium. Multiple myxomas can be found in
approximately 5% of cases and can be caused by the rare
disease Carney Complex (Mutation in the PRKAR1A gene)
[34]. Myxomas can cause stroke due to tumor embolism or
thrombus generated on the surface of the tumor [35]. The
risk is considerable and it is strongly recommended that
left-sided myxomas be surgically removed to reduce the risk
of stroke [35].

Fibroelastomas are common benign neoplasms of the
cardiac valvular structures [36]. The incidence increases
with age and are mainly seen in octogenarians [36]. Most
fibroelastomas are located on the heart valves (80%), espe-
cially on the aortic valve [36]. Pedunculated and very mobile
fibroelastomas are related to embolism whereas sessile and
immobile tumors rarely embolize [36]. Fibroelastomas on
the aortic valve have a higher risk of causing stroke than
fibroelastomas on the mitral valve or in the left ventricle
[36]. In patients with an embolus, surgical removal of the
fibroelastoma is recommended. Valve-sparing surgery is
often possible and the risk of recurrence is low [36]. In add-
ition, very mobile fibroelastomas found by coincidence
should be removed as primary prophylaxis, whereas immo-
bile fibroelastomas should only be followed with echocardi-
ography [32, 36]. Malignant cardiac tumors (sarcomas and
lymphomas) are extremely rare and only related to stroke in
case reports [37]. Treatment of malignant cardiac tumors
requires collaboration between cardiologists, oncologists,
and thoracic surgeons.

Infective endocarditis

The incidence of cerebrovascular complications in patients
with left-sided infective endocarditis is as high as 65–80%
[38] of which 25–40% are symptomatic [39]. The risk of
stroke increases with the size and mobility of the vegetations
[39]. Endocarditis caused by staphylococcus aureus is more
prone to embolize, and vegetations on the mitral valve carry
a higher risk than those affecting the aortic valve [39]. In
approximately 25% of endocarditis patients, stroke is the
first sign of the disease [40] and 50% of all strokes related
to infective endocarditis occur at the time of diagnosis and
before antibiotic treatment is initiated [41]. Relevant anti-
biotic treatment reduces the risk of stroke considerably [41].
Prophylactic surgery should only be considered in cases
with very large vegetations (> 30mm) [40]. However, sur-
gery can be considered, if a patient suffers from a stroke
despite relevant antibiotic treatment and has a remaining
vegetation larger than 10mm [42].

Antiplatelet therapy or anticoagulants are not recom-
mended as adjunctive treatment in patients with infective
endocarditis [42]. In patients with infective endocarditis and
a stroke, and already on oral anticoagulants (e.g. mechanical
valves) the risk intracranial hemorrhage may be increased,
and bridging should be done with great caution [42]. Some
even advocate for discontinuation of all forms of anticoagu-
lation in at least 2 weeks in patients with stroke and mech-
anical valve endocarditis to allow for thrombus
organization [43].

Nonbacterial thrombotic endocarditis

Marantic endocarditis, is characterized by sterile vegetations
on the heart valves and has a high embolic potential [44].
This condition is a thrombotic coagulopathy often associ-
ated with gastrointestinal or pulmonary cancers [45].
Anticoagulation with low molecular weight heparin can be
used to prevent a cardioembolic stroke; although concur-
rently increased risk of bleeding may be a problem for some
patients with cancer-associated coagulopathy [45]. Cardiac
surgery should only be considered in patients with poten-
tially curable malignancies and avoided in those with
advanced, non-curable cancer.

Patients with systemic lupus erythematosus (SLE) who
suffer a stroke should always be suspected of embolism orig-
inating from Libman-Sacks endocarditis [46].
Echocardiographic findings of Libman-Sacks vegetations in
SLE patients with stroke should lead to immediate anti-
coagulant therapy [46]. NOACs should not be considered in
these patients, since many of these patients also have anti-
phospholipid syndrome that requires blocking of the upper
coagulation pathway rather than distal blockade with a
NOAC [47].

Lambl’s excrescences are tiny hypermobile strands that
arise on the line of valve closure, and are rarely a cause of
cardioembolic stroke [48]. Lambl’s excrescences should be a
last consideration in patients with a cryptogenic stroke, and
overall risk profile should be the first priority before
embarking on surgical removal [49].
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Native valve disease

Patients with mitral valve stenosis have a significantly
increased risk of stroke [50], mostly due to the strong asso-
ciation to atrial fibrillation [50], and a stroke or a systemic
embolus in a patient with mitral stenosis indicates warfarin
treatment even though the patient is in sinus rhythm [50].
In patients with moderate to severe mitral stenosis, surgery
should be considered [50]. Stenotic mitral valve repairs may
also be a source of emboli [51]. Mitral annular calcification
is also associated to stroke [52]. However, patients with
mitral valve calcification also have considerably more
comorbidity like diabetes, hypertension, or renal disease
[52]. Therefore, mitral annular calcification should not be
considered a source of embolism, but rather seen as a
marker of a high-risk stroke profile [52]. Even though
embolization from a calcified aortic valve is conceivable,
there is no evidence that clearly indicates an independent
risk ascribable to aortic valve calcification [52]. Aortic valve
stenosis is also associated with smoking, diabetes, hyperten-
sion, hypercholesterolemia, and a higher prevalence of atrial
fibrillation [53].

Mechanical heart valves

Mechanical valves are associated with a high risk of throm-
bosis and embolization, especially when placed in the mitral
position. Suboptimal anticoagulation is a key issue and com-
bination of warfarin and aspirin should be considered if
these patients develop a stroke [54]. Likewise, endocarditis
should always be suspected in patients with mechanical
valves and stroke [55].

Atherosclerosis in the carotid or cerebral arteries

By classification, it has previously been the general percep-
tion that atherosclerosis in the carotid or cerebral arteries
with less than 50% degree of stenosis, could not constitute
sufficient explanation for the patients stroke [5]. However,
observational studies have since shown that non-stenotic
plaques �3mm or carotid intraplaque hemorrhage are sig-
nificantly more prevalent on the ipsilateral side of the stroke
in patients classified as having ESUS [56]. With the current
knowledge, significant atherosclerosis of arteries supplying
the brain should not be dismissed as causally associated
with the thromboembolic event and must be taken into con-
sideration in the full assessment of the patient with a sus-
pected cardio-embolic stroke.

Aortic dissection

Approximately 6% of patients with acute aortic dissection
present with stroke-like symptoms and 1.7% of stroke
patients who are assessed with regard to eligibility for
thrombolysis have aortic dissection [57]. Hypotension and/
or dissection in the head and neck vessels are the most
common causes of these findings and the clinician must be
extra careful in the management of stroke patients with

chest pain or other signs of aortic dissection. Therefore, it is
recommended to include visualization of the aortic arch
before thrombolytic treatment of patients with stroke and
acute chest pain [58].

Paradoxical embolism through a patent foramen ovale
or a shunt

In the normal population 20–34% have a patent foramen
ovale (PFO) identified by autopsies and approximately 12%
identified by echocardiography [59]. Stroke may result from
the formation of an embolus within the peripheral venous
system, which traverses through the foramen ovale to the
systemic arterial circulation [60]. This has been demon-
strated in patients with pulmonary embolisms where the
prevalence of ischemic lesions in the brain was higher in
patients with a symptomatic pulmonary embolisms and a
PFO than in those without PFO [59]. Several studies found
a secondary protective benefit from closing the PFO in
highly selected cases with stroke and suspicion of a paradox-
ically embolic mechanism [61–63]. According to the collect-
ive evidence, PFO closure in patients stroke patients aged
18–60 years with no other identifiable cause, provides an
absolute reduction in recurrent stroke of 3.4% at 5 years fol-
low-up, a periprocedural complication rate of about 4%, and
an absolute increase in the rate of non-periprocedural atrial
fibrillation (0.33% annually) [61–63]. Patients with large
shunts, aneurysmatic interatrial septa, and age < 45 years
are most likely to benefit from PFO closure [61–63]. While
efficacy of PFO closure was demonstrated as an add-on to
life-long antithrombotic or anticoagulant therapy as other-
wise indicated after stroke [61–63], subsequent retrospective
observational reports have indicated that medication may be
individualized and shortened in patients with a very low
cardiovascular risk [64].

Pulmonary arteriovenous fistulas are an exceptionally
rare mechanism of stroke [65]. They are mostly found in
patients with Morbus Osler and can potentially be the
source of paradoxical emboli. In stroke patients, large shunts
should be closed by coiling, but there is no clear evidence of
a stroke prevention benefit [66].

Congenital heart disease

Patients with right to left shunting have a high risk of para-
doxical embolization as well as air embolisms after minimal
intravenous manipulations, such as the insertion of a per-
ipheral intravenous catheter [67]. These patients should be
treated with anticoagulation in case of stroke or if the dis-
ease itself indicates treatment. However, Eisenmenger
patients have an increased risk of hemoptysis and the risk
of bleeding may well exceed the stroke-preventive benefit of
anticoagulation. High hematocrit levels (> 70%) can also be
associated with stroke in cyanosed patients [67] and phle-
botomy should be considered as a primary prevent-
ive treatment.

Subclinical supraventricular arrhythmias are common in
patients with congenital heart disease and should be pursued
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in case a patient suffers from an embolic stroke [68]. Lastly,
any device inserted in the systemic circulation (e.g. an atrial
septal occluder) should be assessed in the case of a stroke.

Diagnostic work-up

Clinical assessment
Cardioembolic stroke cannot be identified solely based on
symptoms or the finding of characteristic patterns of neuro-
logical deficits. On the other hand, several clinical observa-
tions at admission should be noted to support suspicion of
an embolic event. The probability of underlying atrial fibril-
lation increases with age and comorbidity, and some
patients report having palpitations prior to the stroke [10].
Stroke patients with a heart murmur, or either known car-
diac disease (see above) or signs of chest pain or congestion
are highly suspicious of a cardiac origin. For a paradoxical

embolism to occur (e.g. through a PFO), a sudden increase
in right atrial blood pressure is needed and should be sus-
pected if the patient presents signs of a deep venous throm-
bosis or pulmonary embolism in close relation to the stroke.
Likewise, onset of neurological symptoms in relation to a
Valsalva maneuver, heavy lifting, coughing, or elevated
abdominal pressure during defecation, might suggest a PFO-
related mechanism of stroke [60]. PFO-related strokes have
been reported to be larger (>1.5 cm) and more likely soli-
tary cortical strokes without signs of previous strokes or
white matter lesions [69]. Fever or abnormal white blood
cell count, C-reactive protein, and Procalcitonin levels in
patients with an acute stroke should always raise suspicion
of endocarditis. However, fever at a later stage of a stroke is
not unusual. Finally, coincidental findings of a systemic
embolus outside the brain are strongly suspicious of emboli
from a central source [70]. As an example, it is not uncom-
mon to see a visceral infarct in stroke patients with atrial
fibrillation [71].

Biomarkers indicative of a cardioembolic stroke
A few studies have examined whether biomarkers such as
troponins and brain natriuretic peptides could be useful in
the identification of patients with a cardioembolic stroke
[72,73]. Both biomarkers are increased in patients with a
cardioembolic stroke, but the data do not support routine
assessment of troponins or brain natriuretic peptides in the
identification of patients with a cardiac source of embol-
ism [72,73].

Infarct patterns and imaging
We advise that infarct patterns in the hemispheres are clas-
sified according to the anatomy of the cerebral vessels and
findings on MRI/CT (Figure 2) [74]. In a study on patients
with a certain cardioembolic stroke and hemispheric stroke,
92% had cortical or subcortical infarcts >2 cm [74]. No
patients had border zone infarction, 5% had small infarcts
that could be classified as lacunar and 3% had strokes that
could not be classified [74]. In 18% of the cases, the patient
had two or more infarcts [74]. In the brain stem and cere-
bellum, the same observations cannot be found due to a dif-
ferent vascular anatomy [74].

The arbitrary distinction between lacunar and non-lacu-
nar infarcts based on size alone should be done with cau-
tion. A central lacunar infarct due to small vessel disease
may occur without other radiological manifestations of cere-
bral small vessel disease but should still be held suspicious
of a cardioembolic stroke, especially if the stroke is located
in the thalamic region or in the cerebellum [75].

Moreover, a fractionated embolus could result in several
small infarcts in different vascular territories and a distribu-
tion of previous (cortical) infarcts either bilaterally or in
both the anterior and posterior circulation is also suspicious
of a cardioembolic stroke [74].

MRI is superior in the imaging of stroke patients [76,77].
The major advantage is that 95% of ischemic strokes are
detected on MRI even though the scan is performed within

Figure 2. Depiction of common patterns of cerebral ischemia or infarction. (A)
Cortical and cortico-subcortical infarction in territories of large cerebral arteries
indicate possible embolism for a cardiac or proximal vascular source. Several
small infarcts in different vascular territories are also suspicious of a cardioem-
bolic stroke. (B) Large (>2 cm) subcortical or striatocapsular infarctions are also
potentially embolic. (C) Lacunar infarctions are subcortical by definition and
result from small vessel occlusion. They are not considered as an embolic
stroke. A definite lacunar syndrome is a small infarct (<1.5 cm) or multiple
lacunes (including older lesions) localized in basal ganglia, internal capsula, or
the centrum semiovale. (D) Interterritorial infarctions (watershed areas) occur at
the border between cerebral vascular territories where the tissue is furthest
from arterial supply. They may be cortical or subcortical strokes, but do not cor-
relate with occlusion of a single vascular bed. They generally result from sten-
oses of one or more supplying arteries most often due to artery-to-artery
microembolisms and less common due to hypoperfusion. Hypoperfusion could
be secondary to an aortic dissection or a large STEMI. This figure is adapted
from Ringelstein et al. [74] and is based on both CT and MRI derived data.
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the first few hours after the onset of symptoms. On a CT
scan, a stroke is often not detected until 12–24 h after the
first onset of symptoms and small infarcts are not visible on
a CT scan. Moreover, a third of patients with a suspected
TIA will actually have an infarct on an MRI scan [76].
Finally, it is possible to detect hemorrhagic transformation
of the acute infarct by use of T2- or susceptibility weighted
imaging. Chronic ischemic lesions or microbleeds are also
better visualized with MRI. For these reasons, MRI is rec-
ommended as the primary imaging modality of choice for
all stroke patients.

Reporting of MRI findings

The neuroradiological report in a stroke patient should
include:

� Diffusion restrictions (DWI lesions) of acute ischemia
and its location. Assessment of the stroke onset by com-
paring DWI lesions with lesions in fluid attenuated
inversion recovery (FLAIR) sequence [77].

� Presence of intra cerebral bleeds, microbleeds, cortical
superficial siderosis, or hemorrhagic transformation.

� Intravasal thrombi or slow flow and their location.
� Old infarcts, chronic ischemic lesions (WMH) and

enlarged perivascular spaces.
� Coincidental pathology, i.e. tumors.

Clinical considerations before referral to a cardiologist

Optimally, the following aspects should be considered before
referral of patients with a stroke unless there is an acute
indication of echocardiography (Table 2): (1) investigation
with MRI and findings compatible with embolism. (2) The
general risk profile, patient history, and the clinical findings
(e.g. murmurs) are evaluated. (3) Examination of the carotid
and cerebral arteries with imaging to exclude a vascular
source of thrombus. (4) ECG and 72-h monitoring without
atrial fibrillation (see below). We recommend that collective
information should be reviewed and discussed with a
trained specialist in neurovascular diseases before referral. It
is important to acknowledge that stroke mechanisms are
manifold and a cardioembolic stroke can also appear in
patients with small or large vessel atherosclerosis (Figure 3).
This ambiguity necessitates a nuanced approach and only
selected patients with a stroke should be seen by a cardiolo-
gist (Table 2).

Patients with a TIA should always be referred to a neuro-
vascular specialist to verify the diagnosis and initiate workup
to determine causal or predisposing factors.

Diagnostic tools when investigating patients suspected
of a cardioembolic stroke

ECG
A normal 12 lead ECG should be obtained on admission for
stroke and if the patients experiences signs of arrhythmia.
ECG alterations that indicate previous anterior myocardial

infarcts, cardiomyopathies, atrial fibrillation, etc. should lead
to referral to a cardiologist.

Long-term heart rhythm monitoring

The ESC guidelines from 2020 [17] recommend at least 72 h
of continuous heat rate monitoring to detect atrial fibrilla-
tion, which is also the national recommendation at present
time. Long-term heart rhythm monitoring with implantable
devices increases the prevalence of atrial fibrillation among
patients with stroke [78]. However, the clinical consequen-
ces of long-term heart rhythm monitoring compared to the
present recommendations are unsettled. Moreover, implant-
able devices, portable devices, and pacemaker-readouts are
used increasingly implantable devices increase the detection
rate of AF, but no current evidence has shown that this
strategy decreases the risk of a recurrent stroke. Moreover,
there is also a risk of over-diagnosing atrial fibrillation [79].
However, they may be patient categories with a high a priori
risk of atrial fibrillation (e.g. octagorians, heart failure
patients, etc.) where additional long-term monitoring may
make sense but more data on how to address this issue is
warranted [80].

Nevertheless, presence of atrial fibrillation in a clinical
context later on, will obviously warrant anticoagulation in
patients with a previous stroke [17].

Echocardiography

A transthoracic echocardiogram (TTE) is the cornerstone in
the cardiac evaluation of patients with stroke of an embolic
nature. A TTE will visualize the cardiac function, heart
valves, large vegetations, tumors, mural thrombi, and the
majority of fibroelastomas [32]. It is often necessary to
apply customized projections since thrombi can be located
in between standard echocardiographic projections. In
patients with pulmonary disease or obesity, TTE can be
challenging, and the imaging quality can hamper sensitivity.

Endocarditis can be diagnosed with a TTE, but the sensi-
tivity is low. For this reason, a transesophageal echocardio-
gram (TOE) is almost always warranted in patients
suspected of endocarditis [32].

Saline contrast echocardiography can be used to detect
intracardiac shunts or arteriovenous malformation in the
pulmonary circulation. Microbubbles in the left-sided car-
diac chambers or in the aorta are indicative of a shunt and
warrant subsequent visualization of the shunt defect by a
TOE. Saline contrast echocardiography can be challenging
with a high risk of false negative results and should be per-
formed by an experienced observer. According to the evi-
dence on PFO-closure, we recommend that saline contrast
echocardiography should only be done in the following
patient categories:

Stroke patients aged 60 years or younger with absence of:

� Significant head and neck vessel atherosclerosis.
� Atrial fibrillation on at least 72 h of continu-

ous monitoring.
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� Already established indication for lifelong
anticoagulation.

� Another identified cause of stroke.
� A high-risk profile (hypertension, diabetes, hypercholes-

terolemia, smoking, etc.), where secondary preventive
efficacy of PFO-closure is not established.

Transpulmonary echocardiographic contrast agents can
be used to enhance the opacification of the left-sided cardiac
chambers [32]. The primary indication is to visualize mural
thrombi or tumors. Compared to normal TTE, the sensitiv-
ity can be enhanced significantly, when using a contrast
agent and should be used with a low threshold [32]. If con-
trast echocardiography cannot clearly visualize the left ven-
tricular cavity, MRI can be used [32]. The strength of MRI
is the spatial resolution enabling even small thrombi to be
visualized. However, small mural thrombi usually have a
low stroke potential, so MRI is often not necessary. When

to do cardiac MRI in patients with stroke should be decided
by a specialized cardiologist and should be kept for patients
with a high a priori risk of a stroke source in the left-sided
cavities where a TTE or a TOE has not been able to provide
sufficient imaging.

A TOE is indicated when a detailed description of the
cardiac structures or visualization of an intracardiac shunt-
ing defect is needed. The procedure is not standard in the
work-up of cardiac embolism after stroke but should be per-
formed in cases with (1) possible infective endocarditis, (2)
mechanical valves, (3) cardiac tumors, and (4) suspected
intracardiac shunts. Moreover, a TOE is cornerstone in
patients that opt for immediate DC cardioversion without
adequate anticoagulation [32]. As thus explained, echocar-
diographic modalities provide a versatile platform for evalu-
ation of a stroke patient. However, it must be performed,
adjusted, and tailored by a cardiologist with knowledge of
the patient’s history, previous work-up and clear view of
findings, that could have therapeutic importance. It is not
the task of a technician. Table 2 provides an overview of
indications for and timing of echocardiography.

Conclusion

Cardioembolic stroke may arise from a multitude of condi-
tions, many of which are heavily confounded by general risk
factors for atherosclerosis and cardiovascular dysfunction.
Conditions like aortic dissection, myocardial infarction, and
infectious endocarditis may present with signs of stroke and
require acute neuro-cardiological collaboration. However,
for most cases, systematic neurological and radiographic
assessments are required to exclude the more common
micro- and macro-vascular explanation for stroke. It is also
the agreement in Denmark, that initiation of secondary
prophylactic treatment driven by the stroke-diagnosis is
handled by neurovascular specialist departments and does
not require cardiological involvement. On suspicion of car-
dioembolic stroke, individualized clinical and echocardio-
graphic assessment should be provided by a dedicated
cardiologist, who knows what to look for – and when it is

Table 2. Stratification of stroke patients for acute or deferred echocardiographic evaluation by a cardiologist.

Examined during admission

Transthoracic echocardiography
� Patients with moderate to severe symptoms of heart failure
� Acute stroke in several vascular areas in the absence of atrial fibrillation
� ECG abnormalities indicative of a previous anterior STEMIa

� Patients with congenital heart disease
Transesophageal echocardiography
� Suspicion of endocarditis: Fever and elevated infectious parameters at the time of the stroke, or infectious disease treated with antibiotics prior to the

acute stroke
� Patients with mechanical valves or left-sided devices (PFO/ASD-occluders, left atrial appendage occlude, etc.)
� Mitral valve stenosis, previous mitral valve repair
� Patients with concurring pulmonary embolism and stroke
Examined within the first month after the stroke
Transthoracic echocardiography
� Solid suspicion of a cardiac embolism (evaluated by a stroke specialist). Must include saline contrast if the patient is eligible for PFO-closure (see text)
� Patients with newly diagnosed atrial fibrillation to enable heart rate control or to detect structural heart disease
� Patients with a murmur and/or mild cardiac symptoms (angina, dyspnea)
Transesophageal echocardiography
� Positive saline contrast echocardiography
� Findings on a transthoracic echocardiogram suspicious of being a source of embolism (e.g. cardiac tumor)
aUse of transpulmonary contrast may be necessary.

Figure 3. Three main mechanisms behind a stroke. Having one condition does
not exclude the other from developing and in many cases the stroke etiology
can be difficult to determine.
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reasonable to consider specialized treatment (e.g. PFO-clos-
ure). By achieving national Neuro-Cardiological consensus,
we hope to inspire incremental collaboration and research
in the field of cardioembolic stroke.
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