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Cryptogenic stroke comprises about one-quarter of ischemic strokes with high recurrence rate;
however, studies specifically investigating the features and treatment of this stroke subtype
are rare. The concept of ‘embolic stroke of undetermined source’ (ESUS) may facilitate the
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development of a standardized approach to diagnose cryptogenic stroke and improve clinical
trials. Since recent large randomized control trials failed to demonstrate a reduction in stroke
recurrence with anticoagulants, anti-platelet agents remain the first-line treatment for ESUS
patients. Nevertheless, patients with high risk of stroke recurrence (e.g., those with repeated
embolic infarcts despite aspirin treatment) require a more extensive survey of stroke etiology,
including cardiac imaging and prolonged cardiac rhythm monitoring. Anticoagulant treatments
may still benefit some subgroups of high-risk ESUS patients, such as those with multiple infarcts
at different arterial territories without aortic atheroma, the elderly, or patients with high
CHA2D2-VASc or HOVAC scores, atrial cardiopathy or patent foramen ovale. Several important
ESUS clinical trials are ongoing, and the results are anticipated. With rapid progress in our un-
derstanding of ESUS pathophysiology, new subcategorizations of ESUS and assignment of
optimal treatments for each ESUS subgroup are expected in the near future.
Copyright ª 2020, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Ischemic stroke of undetermined etiology, often called
cryptogenic stroke, comprises 20e30% of all ischemic
strokes in Taiwan and worldwide.1,2 Previously, the het-
erogeneous nature of cryptogenic stroke (including both
true cryptogenic stroke and stroke with incomplete inves-
tigation or multiple causes)3 has impeded study of its fea-
tures and optimal therapy. In 2014, Hart et al. proposed the
new clinical entity ‘embolic stroke of undetermined source’
(ESUS), which has a clear diagnostic definition.4 Since then,
the number of published studies focusing on the mecha-
nism, natural history and therapy of ESUS has increased
every year. Recently, the results of two phase 3 clinical
trials failed to support the hypothesis that anticoagulants
are superior to aspirin for prevention of recurrent stroke in
subjects with ESUS.5,6 The results from these trials imply
that patients with ESUS cannot be treated simply as a uni-
fied entity, and more research is needed to determine the
optimal therapy for each ESUS patient subgroup. In order to
standardize the principles of diagnosis and therapy for
ESUS, we brought together experts in neurology and car-
diology to find a consensus for ESUS management based on
currently available evidence. This consensus statement is
written with an emphasis on diagnosis and treatment of
ESUS, especially for those patients with high risk of stroke
recurrence. Cardiac imaging and cardiac rhythm monitoring
are two tools that may potentially be used to improve ESUS
diagnosis and will be discussed in detail. The consensus
used the American College of Cardiology (ACC)/American
Heart Association (AHA) Class of Recommendations (COR)
and Level of Evidence (LOE) format as described
previously.7
Diagnosis of ESUS

ESUS concept

Based on the TOAST classification, ischemic stroke can be
classified into five subtypes,3 including large-artery
atherosclerosis, small-artery disease, cardioembolism,
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stroke of other determined etiologies, and stroke of un-
determined etiology. Among these subtypes, stroke of un-
determined etiology, or cryptogenic stroke, is the least well
investigated. Cryptogenic stroke is a heterogeneous classi-
fication that consists of (1) true cryptogenic stroke with
sufficient survey of etiology, (2) stroke with incomplete
investigation, and (3) stroke with multiple causes, such as
in patients with both carotid stenosis and atrial fibrillation.3

In order to develop a clinical construct that can provide a
basis for future randomized trials of secondary prevention
agents, the ESUS entity was introduced.4 This construct
refines the category of cryptogenic stroke by excluding
those patients with incomplete evaluation or multiple
causes. Because most cryptogenic strokes show clinical and
radiographic appearance of embolic-like stroke of unknown
sources,4 a diagnostic definition of ESUS includes (1) non-
lacunar infarction (small vessel occlusion), (2) no � 50%
large artery atherosclerotic stenosis supplying the ischemic
area, (3) no major-risk cardioembolic sources, and (4) no
other specific causes of stroke.

Accordingly, ESUS diagnosis requires a basic set of as-
sessments, abbreviated as ‘HEAD’: (1) Head imaging by
computerized tomography (CT) or magnetic resonance im-
aging (MRI) to rule out lacunar infarcts (less than 1.5 cm in
diameter by CT or 2 cm by MRI); (2) Electrocardiogram
(ECG) and Echocardiography: 12-lead ECG, 24-hr Holter
monitor and transthoracic echocardiography to rule out
major-risk cardioembolic sources, including atrial fibrilla-
tion (AF), atrial flutter, intracardiac thrombus, valvular
heart diseases, atrial myxoma, recent (<4 weeks)
myocardial infarction (MI), left ventricular ejection fraction
less than 30%, valvular vegetations, infective endocarditis,
etc.; (3) Arterial imaging of cervico-cephalic large arteries
using Doppler ultrasound, CT or MR angiography to rule out
large artery stenosis (>50%); and (4) Differential diagnosis
of other specific causes, such as vasculitis, dissection,
migraine/vasospasm, drug misuse, etc.4

Features and potential etiology of ESUS

Based on meta-analysis, the frequency of ESUS is estimated
to be 17% (ranging from 9 to 25%) of ischemic strokes.8 In a
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global registry study, the frequency of ESUS ranged from 13
to 24% in some Asian countries.9 Patients with ESUS are
relatively young (mean age of 65 years) and typically have
minor strokes (mean initial NIHSS of 5) compared to those
with ischemic strokes of other subtypes. While most ESUS
patients (86%) are treated with antiplatelet therapy during
follow-up, the annual stroke recurrence rate averages
4.5%. Among ischemic stroke subtypes, the distribution of
ischemic lesions from ESUS is more similar to that from
cardioembolism.10 ESUS is associated with a risk of stroke
recurrence that is higher than the recurrence risk for non-
cardioembolic strokes.11 Notably, the long-term mortality
risk for ESUS patients is lower than that for cardioembolic
stroke, despite similar composite cardiovascular endpoints
and recurrence rates. Some clinical characteristics are in-
dependent determinants for recurrent ischemic stroke in
ESUS patients, including prior stroke or transient ischemic
attack (TIA) before ESUS, advanced age, current tobacco
use, multiple acute infarcts on neuroimaging, and dia-
betes.12 Compared with the low-risk CHA2DS2-VASc group
(men, score 0; women, 1), patients in the high-risk group
(men, score � 2; women, � 3) have higher risks of recurrent
ischemic stroke or TIA (w3-fold) and death (w13-fold).13

Table 1 lists some defining etiological features and pro-
posed antithrombotic agents for each ESUS subclass. How-
ever, randomized controlled trials are still needed to test
optimal therapies for each subclass of ESUS. The potential
causes of ESUS include the following. First, paroxysmal AF
may cause cardioembolic stroke and then revert back to
sinus rhythm, with the AF rhythm remaining undetectable
even under prolonged heart rhythm monitoring.14 In addi-
tion, markers of atrial cardiopathy are independently
associated with embolic-appearing strokes, and as such,
atrial cardiopathy is a likely underlying mechanism of
ESUS.15 Furthermore, while MI has recently been consid-
ered a major cardioembolic source, unrecognized subclin-
ical MI comprises at least one-third of all MIs.16 These silent
MIs may be another source of ESUS. The passage of an
embolus from venous circulation to arterial circulation via
the patent foramen ovale (PFO) may also cause embolic
stroke; the clinical benefits seen with specific PFO-targeted
Table 1 Potential embolic sources of ESUS: possible etiologica
drugs.

Classification Likely response to anticoagulant

Cardioembolism Subclinical atrial fibrillation
Atrial cardiopathy
Silent myocardial infarction
Valvular heart disease

Paradoxical embolism Patent foramen ovale
Atrial septal defect
Pulmonary arteriovenous fistula

Large artery atherosclerosis

Other causes Cancer-related hypercoagulabilit
Hypercoagulable disorders: such
antiphospholipid
syndrome, etc.

The optimal treatment for each potential etiology requires confirmat
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treatment support the idea that this process may be a
causal mechanism for ESUS.17 About 50% of cancer-
associated strokes are considered ESUS with subsequent
multiple infarctions in different vascular territories; these
strokes generally result from cancer-related hypercoagu-
lability.18 Patients with ESUS were more likely to experi-
ence non-stenotic (<50%) carotid arterial intraplaque
hemorrhage on the ipsilateral side than the contralateral
side,19 which supports a causal role for unstable non-
stenotic atherosclerotic plaques in ESUS. Artery-to-artery
emboli may originate from aortic arch atherosclerosis,
and embolic signals detected using transcranial duplex on
middle cerebral arteries are associated with large aortic
arch atheroma (>4 mm in thickness).20 Moreover, other
specific causes of ESUS may include nonstenosing arterial
dissection, infectious or autoimmune disease-associated
vasculitis, hypercoagulable disorders (antiphospholipid
syndrome, thrombocytosis, hyperhomocysteinemia),
reversible vasoconstriction syndrome, hereditary cerebral
autosomal dominant arteriopathy with subcortical infarct
and leukoencephalopathy (CADASIL), mitochondrial ence-
phalomyopathy lactic acidosis and stroke-like episodes
(MELAS), and Fabry’s disease, among others.2
Essential and advanced diagnostic methods for
ESUS

In addition to taking a patient’s basic history, physical ex-
amination, and laboratory tests, the essential work-up for
diagnosis of ESUS includes neuroimaging (CT or MRI), vessel
imaging (CT angiography, MR angiography, carotid duplex
sonography, and/or transcranial duplex sonography), 12-
lead ECG, 24-hr Holter monitoring, and transthoracic
echocardiography, according to recent criteria for ESUS.4

However, in clinical practice, more extensive examina-
tions may be useful for precise diagnosis and selection of
preventive treatment strategy for patients with high risk of
stroke recurrence or those with special clinical conditions.

Fig. 1 shows a proposed diagnostic algorithm for patients
with ESUS. After excluding the stroke etiology of large artery
l reclassification and expected responses to antithrombotic

therapy Likely response to antiplatelet therapy

Nonstenosing (<50%) large artery atherosclerosis
Aortic arch atherosclerosis

y Nonatherosclerotic arteriopathies: dissection,
vasculitis, etc.as

ion by randomized trials.
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Figure 1 Diagnostic algorithm for ESUS. * CT angiography, MR angiography, carotid duplex sonography and/or transcranial duplex
sonography. y Atrial fibrillation, sustained atrial flutter, intracardiac thrombus, prosthetic valve, atrial myxoma, mitral stenosis,
recent myocardial infarction, left ventricular ejection fraction <30%, valvular vegetation and infective endocarditis. z Recurrent
stroke despite aspirin usage, multiple infarcts at different arterial territories, young age, etc. CBC, complete blood count; CT,
computerized tomography; ECG, electrocardiogram; ESUS, embolic stroke of undetermined source; INR, international normalized
ratio; MRI, magnetic resonance imaging; PE, physical examination; PTT, partial thromboplastin time.
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atherosclerosis, small artery disease, cardioembolism and
other clear specific causes via the essential work-up, a
diagnosis of ESUS canbemade.Nevertheless,more extensive
examinations are warranted for patients with high risk of
stroke recurrence, such as those with repeated embolic
events despite aspirin treatment, multiple infarcts at
different arterial territories, or young age. These additional
examsmay include transesophageal echocardiography (TEE;
especially for diagnosis of atrial cardiopathy, aortic arch
atheroma and PFO), prolonged cardiac rhythm monitoring
(long-term event recorder or implanted loop recorder, etc)
for paroxysmal AF, immunological studies, and hypercoagu-
lability tests (such as serum levels of anticardiolipin anti-
body, DRVVT, beta-2 glycoprotein 1 antibody, d-dimer and
homocysteine). In addition, patients should be evaluated for
underlying conditions in specific cases, e.g., genetic tests in
those with stroke family history (CADASIL, MELAS, etc.),
cancer work-up in patients with weight loss (tumor markers,
d-dimer, and/orwhole body CT, etc.), and prolonged cardiac
rhythm monitoring in those with intermittent palpitation.
Moreover, for ESUS patients with concomitant fever and
cardiac murmur, testing for infective endocarditis should be
performed by blood culture and/or TEE. In patients with
recent trauma followed by headache or neck pain, high-
resolution vessel wall MRI is helpful for diagnosis of cervico-
cephalic arterial dissection.21 In those with skin rash, fa-
tigue, joint pain and/or low grade fever, immunological
work-up for diagnosis of autoimmune disease (erythrocyte
sedimentation rate, C-reactive protein, anti-nuclear anti-
body, rheumatic factor, and anti-neutrophil cytoplasmic
antibodies, etc.) may be useful.
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Recommendations

� To make a diagnosis of ESUS, essential tests include brain
CT or MRI, vascular imaging (CT angiography, MR angi-
ography, carotid duplex sonography and/or transcranial
duplex sonography), transthoracic echocardiography,
and cardiac rhythm study (12-lead ECG and 24-hr Holter
ECG). (COR I; LOE C-LD)

� For ESUS patients with high risk of stroke recurrence,
TEE (especially for diagnosis of atrial cardiopathy,
aortic arch atheroma and PFO), prolonged cardiac
rhythm monitoring (long-term event recorder or
implanted loop recorder, etc) for paroxysmal AF,
immunological studies, and hypercoagulability tests are
useful to determine stroke etiology. (COR IIa; LOE C-LD)

Cardiac imaging

Atrial cardiopathy, aortic arch atheroma, and ESUS

Left atrium (LA) abnormalities in the absence of AF may
still cause cardioembolic stroke,22 either as a precursor to
AF or as an independent risk factor for the formation of a LA
thrombus. Markers of atrial disease are significant risk
factors for ischemic stroke and have been used to define a
new clinical entity, atrial cardiopathy. Atrial cardiopathy
means “any complex of structural, architectural, contrac-
tile, or electrophysiological changes affecting the atria
with the potential to produce clinically-relevant manifes-
tations”.23 It is usually defined as at least one of the
al Tucheng Hospital from ClinicalKey.com by Elsevier on 
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following: P-wave terminal force velocity in lead V1
(PTFV1) on ECG > 5000 mVms, severe left atrial enlarge-
ment on echocardiogram (�3 cm/m2), or serum levels of N-
terminal probrain natriuretic peptide (NT-
proBNP) > 250 pg/mL.24 Atrial cardiopathy may result from
aging, obesity, diabetes mellitus, hypertension and sleep
apnea, which result in the degeneration and apoptosis of
myocytes, fibroblast proliferation, extracellular matrix
remodeling and atrial fibrosis.25 LA dilatation and
dysfunction may further cause atrial blood stasis, a pro-
thrombotic state and subsequent cardioembolic stroke.
PTFV1 is a marker of LA pathophysiological changes, such as
hypertrophy and elevated filling pressures.26 Studies have
indicated that LA enlargement and increased PTFV1 hold
stronger associations with cryptogenic or cardioembolic
stroke than other stroke types.27,28 These associations
remain unchanged or are even stronger when AF patients
are excluded, indicating that atrial cardiopathy may lead to
thromboembolism without AF and cause a cryptogenic or
cardioembolic stroke.

Cardiac MRI has been used to characterize tissue
changes, such as fibrosis and scarring. Recently, the pres-
ence of late gadolinium enhancement on cardiac MRI has
been shown to be useful for evaluating the severity of
cardiac fibrosis in AF patients.29,30 A study comparing car-
diac MRI and TEE showed atrial fibrosis is independently
associated with LA appendage thrombus and spontaneous
echo contrast on echocardiography,31 which again supports
the idea that atrial cardiopathy may have an independent
role in cardioembolic stroke.

Atheroma in the aortic arch is a major cause of cerebral
embolism, particularly if the thickness of the atheroscle-
rotic plaque is � 4 mm.32,33 The prevalence of large aortic
arch atheroma (�4e5 mm) ranges from 4.6% to 25.2% in
patients with cryptogenic stroke detected by TEE.34,35 In
patients with prior stroke, the risks of recurrent stroke,
long term neurologic events and mortality are consistently
2- to 4-fold higher in patients with large aortic arch plaque
(�4 mm) than those with small (<4 mm) or no plaque.36,37 A
recent study showed that antiplatelet therapy was superior
to anticoagulants for stroke prevention in patients with
cryptogenic stroke and large aortic arch atheroma
(�4 mm).38
Survey of ESUS etiology by TEE

TEE is superior to transthoracic echocardiography in
terms of diagnostic performance for patients with
ischemic stroke of unknown etiology39; a potential car-
diac embolic source was detected by both transthoracic
echocardiography and TEE in 17% of patients and by TEE
alone in 39% of patients. In patients with cryptogenic
stroke, the most common findings by TEE surveys include
PFO/atrial septal defect, atrial septal aneurysm, LA
spontaneous echo contrast or thrombus, valvular vegeta-
tion, mitral valve strands, and aortic arch atheroma.
Notably, in up to one-third of patients with cryptogenic
stroke, TEE results are used to justify anticoagulant
therapy or to guide further treatment.40 A TEE may be
also helpful for evaluating LA appendage morphology.
Patients with chicken wing LA appendage morphology are
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less likely to experience an embolic event than those with
other LA appendage morphologies (cactus, windsock or
cauliflower) after controlling for comorbidities and
CHADS2 score, possibly owing to differences in flow ve-
locity, trabeculae or orifice size of the LA appendage, and
number of appendage lobes.41,42 Severe complications
(e.g., bronchospasm, hypoxia, non-sustained ventricular
tachycardia and transient AF) of TEE occur in less than 1
out of 5000 patients and are rarely fatal.43 Therefore, in
ESUS patients, a TEE study is useful for probing stroke
etiology with an emphasis on examining the potential
presence of right-to-left shunt, LA thrombus/spontaneous
echo contrast, valvular vegetation, and large aortic arch
atheroma, as well as evaluation of morphology and flow
velocity of the LA appendage.

Recommendation

� In patients with ESUS, a TEE study may be utilized to
examine stroke etiology, with an emphasis on deter-
mining the presence of right-to-left shunt, LA thrombus/
spontaneous echo contrast, valvular vegetation, and
large aortic arch atheroma, as well as evaluating
morphology and flow velocity of the LA appendage. (COR
IIa; LOE C-LD)

Cardiac rhythm monitoring

Cardiac arrhythmia and ESUS

An important risk factor for ischemic stroke is AF, which
was associated with a 3.34-fold increase in stroke risk ac-
cording to a study conducted in Taiwan.44 However, AF is
sometimes paroxysmal in nature and therefore difficult to
detect. A sub-analysis of the ACTIVE W trial showed that
the risk of stroke or systemic embolism did not differ
significantly between patients with paroxysmal and sus-
tained AF (annual risk: paroxysmal AF, 2.0%; sustained AF,
2.2%; P Z 0.50).45 In addition, even a short duration of
subclinical AF could be associated with increased risk of
ischemic stroke or systemic embolism. In the ASSERT trial,
subclinical atrial tachyarrhythmias, which are defined as
episodes of atrial rate >190 beats per min for more than
6 min, could be detected by implanted devices in 10.1%
patients without AF.46 Notably, these subclinical atrial
tachyarrhythmias were associated with an increased risk of
ischemic stroke or systemic embolism (hazard ratio, 2.49;
P Z 0.007) during a mean follow-up of 2.5 years. There-
fore, it is important to screen for AF among patients with
ESUS, and long-term oral anticoagulants should be consid-
ered if AF is detected.

Methods for cardiac rhythm monitoring

Generally, tools for cardiac rhythm monitoring are classi-
fied as external or implantable cardiac monitors (ICMs). The
advantages of external cardiac monitors (e.g., 24-hr Holter
ECG) are convenience and non-invasiveness. However,
external cardiac monitors are limited by relatively short
monitoring durations (usually on the order of days). In
contrast, ICMs (e.g., implantable loop recorder) can
icipal Tucheng Hospital from ClinicalKey.com by Elsevier on 
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continuously monitor heart rhythm for years, but their
widespread use is prohibited by cost and the invasiveness of
implantation.

Prior studies have reported a variety of different AF
detection rates, depending on the monitoring modalities
used for screen, selection of patient population and defi-
nition of AF.47 In general, AF detection rates were higher
for longer durations of monitoring, in patients with higher
clinical probability of AF-related stroke, and when shorter
arrhythmic episodes were defined as AF. In a meta-analysis
of 11,658 patients with ischemic stroke or TIA,48 the cardiac
monitoring methods for AF diagnosis could be stratified into
four sequential phases of screening: phase 1 (emergency
room) consisted of 12-lead ECG; phase 2 (in hospital)
included serial ECG, continuous inpatient ECG monitoring
or cardiac telemetry, and in-hospital Holter monitoring;
phase 3 (first ambulatory period) consisted of ambulatory
Holter; and phase 4 (second ambulatory period) consisted
of mobile cardiac outpatient telemetry, external loop
recording, and implantable loop recording. The proportions
of patients diagnosed with post-stroke AF were 7.7%, 5.1%,
10.7%, and 16.9% in phases 1 to 4, respectively, with an
overall AF detection rate of 23.7%.47 In another meta-
analysis, the pooled AF detection rate after cryptogenic
stroke was 10.7% for 24-hr Holter monitoring and 14.7% for
>24 h monitoring.49

Studies that have detected AF using external cardiac
monitors with a longer duration are summarized in Table 2.
Among these investigations, the EMBRACE study was a
randomized trial that included 572 patients without known
AF who had experienced cryptogenic ischemic stroke or TIA
within the previous 6 months. Patients were assigned to
undergo additional noninvasive ambulatory electrocardi-
ography monitoring with either a 30-day event-triggered
recorder (intervention group) or a conventional 24-hr
monitoring protocol (control group).56 After the moni-
toring period, AF (longer than 30 s) was detected in 16.1% of
patients in the intervention group compared to only 3.2% in
the control group.

The studies of AF detection using ICMs are summarized in
Table 3. Although the durations of AF events were defined
at longer than 2 min (sometimes even 6 min) in these
studies, the AF detection rates were generally higher than
those found using external cardiac monitors. Studies using
external cardiac monitors typically defined the durations of
AF events to be more than 30 s. These data nicely illustrate
the importance of continuous and long-term monitoring
after ESUS. In the CRYSTAL trial, 441 patients who experi-
enced cryptogenic stroke were randomized to receive long-
term monitoring with an ICM or conventional follow-up
(control) for detection of AF.62 Patients without evidence
of AF during at least 24 h of ECG monitoring underwent
randomization within 90 days of the index event. By 6
months, AF was detected in 8.9% of patients in the ICM
group, as compared to 1.4% of patients in the control group
(hazard ratio, 6.4; P < 0.001). By 12 months, AF had been
detected in 12.4% of patients in the ICM group, compared to
2.0% in the control group (hazard ratio, 7.3; P < 0.001).62

Notably, among patients in the ICM group with AF detec-
ted, the median value for the mean time of AF per day was
only 4.3 min, which could be difficult to detect without an
ICM. In summary, continuous external cardiac monitoring
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for at least 24 h is crucial for detection of AF and ESUS
diagnosis; external cardiac monitors with a longer duration
(>24 h) or even ICMs may be considered for patients at high
risk of recurrent stroke to maximize the likelihood of
detecting AF.

Recommendations

� Continuous external cardiac monitoring for at least 24 h
is crucial for detection of AF and ESUS diagnosis. (COR I;
LOE B-R)

� External cardiac monitors with a longer duration (>24 h)
or even ICMs may be considered to increase the likeli-
hood of detecting AF in patients at high risk of recurrent
stroke. (COR IIa; LOE B-R)

Treatment of ESUS

Antiplatelet treatments

Before the introduction of ESUS, there were no large
studies specifically focused on optimal treatment of cryp-
togenic stroke. According to the results from a large meta-
analysis of 18,270 patients with prior TIA or stroke of any
kind across 21 trials, patients receiving antiplatelet therapy
had lower risk than untreated controls for recurrent stroke,
myocardial infarction or vascular death within a mean
follow-up duration of 29 months.66 In addition, for patients
with major risk of cardioembolic stroke, such as those with
AF or mechanical valve replacement, further studies
demonstrated that anticoagulants but not antiplatelet
agents significantly reduced the risk of recurrent
stroke.67,68 Together, these studies suggest that patients
with non-cardioembolic stroke (including cryptogenic
stroke) but not cardioembolic stroke should receive anti-
platelet therapy to prevent stroke recurrence.

To compare the effects of warfarin and aspirin on stroke
prevention in patients with non-cardioembolic stroke, the
WARSS trial was conducted on 2206 subjects. The primary
efficacy outcome (recurrent ischemic stroke or death) and
safety outcome (major bleeding) were similar between two
groups.69 However, warfarin treatment significantly
increased the risk of minor bleeding events compared to
aspirin (warfarin, 20.8%; aspirin, 12.9%; P < 0.001). A
Cochrane meta-analysis further showed that warfarin at
any dose was not more efficacious than antiplatelet therapy
in patients with minor stroke or TIA from presumed arterial
origin,70 while high intensity warfarin treatment signifi-
cantly increased the risk of bleeding complications.
Therefore, the American Stroke Association and the Taiwan
Stroke Association both recommend antiplatelet agents
rather than oral anticoagulants to reduce the risk of
recurrent stroke in patients with non-cardioembolic
ischemic stroke (including cryptogenic stroke) or TIA.71,72

Rationale for use of anticoagulants for ESUS

In the cryptogenic stroke subgroup of the WARSS trial,
warfarin was better than aspirin for stroke prevention in
patients without hypertension, with low initial NIHSS, or
who had posterior circulation strokes,73 all of which may be
al Tucheng Hospital from ClinicalKey.com by Elsevier on 
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Table 2 Studies of atrial fibrillation detection using external cardiac monitors.

Authors Year No. of
Patients

Monitoring
Modality

Monitoring
Duration

AF
Definition

AF Detection, % Number
needed
to detect

Other findings

Tayal et al.50 2008 56 Mobile cardiac
outpatient
telemetry

21 d < or >30 s
>30 s

23%
5.3%

4
19

Gaillard et al.51 2010 98 Transtelephonic
ECG monitoring

30 d 32 s 9.2% 11

Bhatt et al.52 2011 62 Mobile cardiac
outpatient
telemetry

28 d 30 s
�5 min

24%
9%

4
11

Flint et al.53

SMART Registry
2012 239 Mobile cardiac

outpatient
telemetry

30 d >5 s
>30 s

12.1%
6.7%

8
15

Only 6 of 98 (6.1%)
of PAF events were
symptomatic

Miller et al.54 2013 156 Mobile cardiac
outpatient
telemetry

Up to 30 d <30 s
>30 s

11.6%
4.5%

9
22

Detection rates
during the first
48 h, 7 d, 14 d and
21 d were 3.9, 9.2,
15.1 and 19.5%,
respectively.

Higgins et al.55* 2013 100 7-day Holter ECG
vs standard care

7 d >20 s After 14 days,
18% vs 2%

6 vs 50

Gladstone
et al.56*

EMBRACE trial

2014 572 30-day event
recorder vs 24-hr
Holter ECG

30 d >30 s
>2.5 min

16.1% vs 3.2%
9.9% vs 2.5%

6 vs 31
10 vs 40

Wachter
et al.57*

Find-AF trial

2017 398 10-day Holter-
ECG-monitoring at
baseline, and at 3
months and 6
months vs
standard care

10 d, 3
times vs
at least
24 h

>30 s 14% vs 5% 7 vs 20

The table was modified from Sanna et al.46

AF, atrial fibrillation; ECG, electrocardiogram; PAF, paroxysmal AF.
*Randomized study.
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features of embolic stroke. One recent pathological study
analyzed 145 thrombus samples collected via endovascular
thrombectomy from patients with acute ischemic stroke,
finding that the portions of thrombus collected from pa-
tients with cardioembolic stroke or cryptogenic stroke were
similar.74 Another study used late-gadolinium-enhancement
MRI to detect atrial fibrosis and showed that patients with
ESUS exhibit similar atrial fibrosis compared with patients
who had AF and more fibrosis than healthy controls.75 In the
Crystal-AF clinical trial, long-term cardiac rhythm moni-
toring in patients with cryptogenic stroke was performed
with implanted loop recorder. During 1-year and 3-year
follow-up periods, AF was detected in 12.4% and 30% of
subjects, respectively.62 Taken together, these studies
indicate a strong association between cardioembolic and
cryptogenic stroke, which suggests anticoagulants might be
effective secondary treatments for both subgroups of
ischemic stroke.

Based on the common potential etiologies of ESUS,4 it
would be reasonable to administer antiplatelet therapy to
patients with arteriogenic emboli resulting from aortic arch
atheroma or cervico-cephalic arterial non-stenotic plaques
for long-term stroke prevention.76 On the other hand,
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anticoagulants might benefit patients with other potential
ESUS etiologies, such as paroxysmal AF, cancer-related
hypercoagulability, PFO associated with paradoxical em-
bolism, or minor embolic risk of heart disease (e.g., non-AF
atrial dysrhythmias and stasis).76 In light of the relatively
low risk of major bleeding when using non-vitamin K
antagonist oral anticoagulants (NOACs) instead of
warfarin,77 NOACs might also be considered as a potential
treatment for future stroke prevention in patients with
ESUS.
Recent phase 3 clinical trials

Two recent phase 3 randomized placebo-control trials
compared the effectiveness and safety of NOACs and
aspirin in patients with ESUS.5,6 The NAVIGATE ESUS trial
included 7213 ESUS patients over 50 years old at 7 days to 6
months post-stroke.5 The primary efficacy outcome
(ischemic and hemorrhagic stroke or systemic embolism)
and primary safety outcome (major bleeding) were
compared between rivaroxaban (15 mg once daily) and
aspirin (100 mg once daily) groups. The trial was terminated
icipal Tucheng Hospital from ClinicalKey.com by Elsevier on 
ermission. Copyright ©2022. Elsevier Inc. All rights reserved.



Table 3 Studies of atrial fibrillation detection using implantable cardiac monitors.

Authors Year No. of
Patients

AF
Definition

Monitoring Duration AF Detection, % Number needed
to detect

Other findings

Ritter et al.58 2013 60 2 min 382 (89e670) d 17% 6
Etgen et al.59 2013 22 6 min 1 year 27.3% 4
Rojo-Martinez et al.60 2013 101 2 min 281 � 212 d 33.7% 3 Frequency of false

positives: 22.8%.
Median time from
implant to
arrhythmia
detection was 102
days (range: 26
e240 days).
The majority of
events (75%) were
detected during
the first six months
of monitoring.

Christensen et al.61

SURPRISE study
2014 85 2 min 569 � 310 d 16.1% 6 The first PAF event

was documented
at a mean of 109
days after stroke
onset. PAF was
asymptomatic in
all cases and
predominantly
lasted between 1
and 4 h.

Sanna et al.62*
ICM vs routine care
CRYSTAL AF

2014 441 2 min 6 months 8.9% vs 1.4% 11 vs 71 By 12 months of
follow-up (for
patients in the ICM
group with AF
detected), the
median value for
the maximum time
in AF in a single
day was 11.2 h
(interquartile
range, 0.7 to
19.6), and the
median value for
the mean time in
AF per day was
4.3 min
(interquartile
range, 0.7 to
34.5).

12 months 12.4% vs 2.0% 8 vs 50
36 months 30.0% vs 3.0% 3 vs 33

Poli et al.63 2015 75 2 min 6 months 28% 4 92% of AF episodes
were
asymptomatic.
Left atrial size
>45 mm and
presence of atrial
runs were
independently
associated with AF
detection.

12 months 33.3% 3

Ziegler et al.64 2017 1247 2 min 579 � 222 d 21.5% 5 Intermittent
monitoring for AF
detection was
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Table 3 (continued )

Authors Year No. of
Patients

AF
Definition

Monitoring Duration AF Detection, % Number needed
to detect

Other findings

inferior to
continuous ICM
monitoring, with
sensitivities
ranging from 2.9%
(annual 24-hr
Holter) to 29.9%
(quarterly 7-d
Holters).
P < 0.001.

Israel et al.65 2017 123 2 min 12.7 � 5.5 months 23.6% 4 Patients with AF
were older, had a
higher CHA2DS2-
VASc score and
more frequent
cerebral
microangiopathy,
on average.

The table was modified from Sanna et al.44

AF, atrial fibrillation; ECG, electrocardiogram; ICM, implantable cardiac monitor; PAF, paroxysmal AF.
*Randomized study.
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early due to lack of benefit with regard to stroke risk and
bleeding associated with rivaroxaban. During a median
follow-up of 11 months, the primary efficacy outcome was
similar between rivaroxaban and aspirin groups (annualized
rate: rivaroxaban, 5.1%; aspirin, 4.8%; P Z 0.52) while
rivaroxaban was associated with a higher risk of major
bleeding (annualized rate: rivaroxaban, 1.8%; aspirin, 0.7%;
P < 0.001).

The RE-SPECT ESUS trial enrolled 5390 ESUS patients
over 18 years old within 6 months post-stroke.6 The trial
compared the efficacy and safety of dabigatran (110 or
150 mg twice daily) with aspirin (100 mg once daily). The
primary outcome was recurrent stroke and the primary
safety outcome was major bleeding. During a median
follow-up of 19 months, both primary efficacy outcome
(annualized rate: dabigatran, 4.1%; aspirin, 4.8%; P Z 0.1)
and safety outcome (annualized rate: dabigatran, 1.7%;
aspirin, 1.4%; P Z 0.3) were similar between groups. Thus,
the two trials both showed that NOACs had similar effect
with aspirin on stroke prevention for patients with ESUS,
but bleeding risk might be increased when compared with
aspirin.
Proposed clinical management

Because recent studies did not confirm the superiority of
NOACs over aspirin in stroke prevention after ESUS, aspirin
is still the first-line treatment for ESUS patients. However,
for those patients with high risk of stroke recurrence (e.g.,
patients with repeated embolic infarcts despite aspirin
usage, multiple infarcts at different arterial territories, or
young age), it is necessary to perform a more extensive
survey for stroke etiology, such as prolonged cardiac
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rhythm monitoring, TEE, and exams for coagulopathy,
immunological disease or malignancy. If a diagnosis of
paroxysmal AF, coagulopathy or cancer-related hyperco-
agulability is made, anticoagulants may be used instead of
anti-platelet agents for long-term stroke prevention.71,78

On the other hand, some subgroups of patients with ESUS
might still benefit from anticoagulant treatment (Fig. 2).
Among different anticoagulants, a NOAC might be a better
choice than warfarin; dabigatran and aspirin treatments
carried similar risks of major bleeding in ESUS patients, and
patients with AF had less major bleeding on NOACs
compared to warfarin.6,77

In ESUS patients with multiple infarcts at different ter-
ritories of cerebral arteries (such as infarcts at bilateral
hemispheres or involving both anterior and posterior cir-
culation), the thromboembolism is likely to have originated
from heart or aortic arch atheroma. Notably, multiple in-
farcts indicate high embolic burden leading to multiple
cerebral embolization. Therefore, for patients with multi-
ple ESUS at different territories of cerebral arteries (after
excluding the presence of large aortic arch atheroma by
TEE), the possibility of cardioembolism is high and the
usage of anticoagulants may thus be reasonable.

The Crystal-AF trial demonstrated that about one-third
of patients with cryptogenic stroke or ESUS have parox-
ysmal AF (detected by ICM) for up to three years.62,79

Moreover, in patients with high CHADS2 score (�4), the AF
detection rate was increased to around 50%.79 Age is an
important risk factor of AF,80 and in the subgroup analysis
of RE-SPECT ESUS trial, patients with ESUS that were older
than 75 years showed a trend toward better outcome with
dabigatran instead of aspirin.6 The HAVOC score has been
developed (1 point each for peripheral vascular disease and
obesity; 2 points each for hypertension, age � 75, valvular
icipal Tucheng Hospital from ClinicalKey.com by Elsevier on 
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Figure 2 Treatment algorithm for ESUS. y Especially for those with recurrent stroke despite usage of antiplatelet agents,
multiple infarcts at different arterial territories, or young age, etc. Studies including transesophageal echocardiography, long-term
rhythm monitoring, or exam for coagulopathy, immunology, cancer, etc. z Elderly, eg. more than 75 years old. x Atrial cardiopathy
is defined as at least one of the following: PTFV1 on ECG >5000 mVms, severe left atrial enlargement on echocardiogram (�3 cm/
m2), or serum levels of NT-proBNP > 250 pg/mL { Patent foramen ovale (PFO) is detected by transthoracic or transesophageal
echocardiography. Anticoagulants may be reasonable to use especially for those with large shunt or atrial septal aneurysm and
unable to receive transcatheter PFO closure. ESUS, embolic stroke of undetermined source; AF, atrial fibrillation.
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heart disease, and coronary artery disease; 4 points for
congestive heart failure) to predict the risk of AF after
cryptogenic stroke or TIA.79 Patients with high HAVOC score
(�4) had higher risk of measurable AF than those with low
score (0e1) during a 1 year follow-up (high score, 32%; low
score, 11%), as indicated by post-hoc analysis of the
Crystal-AF trial.81 In patients participating in NAVIGATE
ESUS trial, detection of AF during follow-up increased along
with increased HAVOC score: 2.3% (score 0e2), 3.0% (score
3), and 5.8% (score >3).82 Taken together, patients with
high CHADS2/CHA2DS2-VASc score, high HAVOC score, and/
or the elderly may benefit from anticoagulant treatment,
considering their high risk for paroxysmal AF.

Atrial cardiography is highly associated with AF, and LA
enlargement is a predisposal factor for AF.83 Increased
PTFV1 on ECG reflects LA abnormalities and has been re-
ported to be associated with ischemic stroke, especially
non-lacunar infarcts.15 The parameters of atrial cardiog-
raphy, such as LA size and PTFV1, are independently asso-
ciated with stroke and AF.84 In subgroup analysis of
NAVIGATE ESUS trial, rivaroxaban treatment was associated
with a reduced risk of recurrent stroke compared to aspirin
(rivaroxaban, 1.7%; aspirin, 6.5% per year; hazard
ratio, 0.26; confidence interval, 0.07e0.94) in patients with
ESUS and moderate or severe LA enlargement.83 Therefore,
for ESUS with high burden of stroke recurrence, the pres-
ence of atrial cardiography by echocardiography (for atrial
size) or 12-lead ECG (for PTFV1) may imply high risk of
cardioembolism. As such, use of anticoagulants may be
preferable for future stroke prevention in these patients.
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The prevalence of PFO in patients with cryptogenic
stroke was reported to be as high as 50%; such a strong
association implies that paradoxical emboli through a PFO
may be an important mechanism of ESUS.85 Transcatheter
closure of the PFO is associated with a significant reduc-
tion in the risk of recurrence following cryptogenic
stroke,86 reflecting the critical role of PFO in car-
dioembolism. The reduction of recurrent stroke risk was
more prominent in patients with atrial septal aneurysms
or with large shunts (hazard ratio: septal aneurysm, 0.2;
large shunt, 0.26; P Z 0.005).87,88 With the novel designs
of improved devices, all-cause serious adverse events
(including major bleeding) were similar between patients
receiving percutaneous PFO closure and those with me-
dicinal therapy. In Taiwan, PFO closure is covered by Na-
tional Health Insurance for patients with right-to-left
shunt and stroke or TIA. On the other hand, subgroup
analysis of the NAVIGATE ESUS trial showed a trend toward
reduced risk of recurrent stroke for rivaroxaban compared
to aspirin in patients with ESUS and PFO.89 Moreover, a
meta-analysis of NAVIGATE ESUS and two PFO trials (PICSS
and CLOSE trials; comparisons were made mainly between
warfarin and aspirin)90,91 further demonstrated that an-
ticoagulants reduced recurrent stroke in patients with PFO
and ESUS by about half (odds ratio, 0.48; confidence in-
terval, 0.24e0.96). Therefore, in ESUS patients with PFO,
especially those having large shunt or atrial septal aneu-
rysm,85 anticoagulants may be a reasonable alternative
for long-term stroke prevention in addition to trans-
catheter PFO closure.
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Recommendations

� In general, anti-platelet agents remain the first-line
treatment for patients with ESUS. (COR I; LOE A)

� Anticoagulant treatment may benefit subgroups of
high-risk patients with ESUS, such as those with multi-
ple infarcts at different arterial territories without
aortic atheroma, the elderly, or patients with high
CHA2D2-VASc score, high HAVOC score, atrial cardiopa-
thy or PFO. (COR IIb; LOE C-EO)

Future perspectives

In light of the overall negative results from the NAVIGATE
and RE-SPECT ESUS trials, the definition of ESUS seems to
be still too broad to guide management with a unified
approach. The embolic stroke of possible source (ESPS)
might be an even more pragmatic construct than ESUS.
Each patient with ESUS should receive appropriate history
taking and work-ups to categorize ESUS into subgroups of
possible etiology, e.g., cardioembolism (atrial cardiopathy,
PFO, etc.), arterial atherosclerosis (aortic arch atheroma
and cervico-cephalic artery non-stenotic plaques, etc.) and
atypical small artery disease (paramedian pontine infarct,
anterior choroidal artery infarct, etc.). Cardiac imaging,
such as TEE and prolonged cardiac rhythm monitoring,
should be investigated thoroughly for practicality of use in
determining potential ESUS etiology. Future clinical trials
may also benefit from enrolling ESUS patients within spe-
cific subgroups to determine optimal therapies.

In accordance with this notion of subcategorizing ESUS
patients, two large ongoing clinical trials are focused on
ESUS patients with high risk of cardioembolism.24,92 The
ATTICUS trial is a prospective, randomized, blinded, open-
label, phase 3 trial on approximately 500 ESUS patients.92

The trial is designed to determine whether a NOAC (apix-
aban) is superior to aspirin for prevention of new MRI-
documented ischemic lesions within 12 months of the
index stroke. A key inclusion criterion in this trial is the
presence of ESUS with at least one of the following non-
major but suggestive risk factors for cardioembolism: LA
size >45 mm, spontaneous echo contrast in LA appendage,
flow velocity in LA appendage �0.2 m/s, atrial high rate
episodes, CHA2DS2-VASc score �4, or presence of PFO. The
ARCADIA trial is a prospective, randomized, double-blind,
phase 3 trial enrolling about 1100 ESUS patients.24 The
aim of this trial is to test the hypothesis that apixaban is
superior to aspirin for the prevention of recurrent stroke in
subjects with ESUS and atrial cardiopathy. The definition of
atrial cardiopathy includes PTFV1 > 5000 mVms, LV diam-
eter index �3 cm/m2 on echocardiogram or serum NT-
proBNP > 250 pg/mL.

Conclusion

Cryptogenic stroke comprises about one-quarter of
ischemic strokes with high recurrence rate1,2; however,
studies specifically investigating the features and treat-
ment of this stroke subtype are rare. The introduction of
the ESUS classification in 2014 has facilitated the develop-
ment of a standardized approach to diagnosing cryptogenic
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stroke and initiating clinical trials for optimal therapy.4

Since neither the NAVIGATE ESUS nor RE-SPECT ESUS trials
demonstrated a reduction in stroke recurrence with anti-
coagulants,5,6 anti-platelet agents remain the first-line
treatment for patients with ESUS. However, the results of
these trials raise two important issues about future ESUS
management: (1) more extensive diagnostic work-ups are
required for ESUS patients, and (2) ESUS should be cate-
gorized into different subgroups. In addition to the essen-
tial diagnostic requirements for ESUS, TEE, prolonged
cardiac rhythm monitoring, and exams for coagulopathy,
immune disease and malignancy can further assign patients
to various subgroups that will not only guide treatment but
also allow better design of clinical trials. Some important
ESUS clinical trials are ongoing, and the results are antici-
pated. With the rapid advancement of our understanding of
ESUS, development of new ESUS subcategories and valida-
tion of optimal treatments for each subgroup are expected
in the near future.
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