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Objective: The concept of embolic stroke of undetermined source refers to crypto-
genic strokes caused by either major or minor risks. Although antiplatelet treat-
ments are most often used for secondary prevention of embolic stroke of
undetermined source, optimal strategies remain unclear. To determine the ideal
treatment strategy for secondary prevention, we investigated embolic sources
among patients with embolic stroke of undetermined source. Methods: The study
included 292 consecutive patients (135 men, 157 women; mean age: 74.3 + 11.6
years) diagnosed with cerebral infarction, 27 of whom were diagnosed with embolic
stroke of undetermined source (9.2%; 14 men, 13 women; mean age: 70.7 + 11.5
years). These 27 patients were examined using contrast-enhanced whole-body com-
puted tomography, transesophageal echocardiography, and Holter electrocardiog-
raphy. We evaluated whether antiplatelet or anticoagulant treatment was preferred
based on the embolic source. Results: Embolic sources among patients with embolic
stroke of undetermined source included valve calcification (11.1%), left ventricle
diastolic dysfunction (18.5%), cancer-associated stroke (25.9%), covert atrial fibrilla-
tion (7.4%), aortic arch atherosclerotic plaques (11.1%), paradoxical embolism
(3.7%), and sick sinus syndrome (3.7%). Embolic sources remained unidentified in 5
patients (18.5%). Our analysis revealed that 21 of the 27 patients (77.8%) with
embolic stroke of undetermined source required anticoagulant therapy for second-
ary prevention. Conclusion: Although aspirin is the most commonly used antithrom-
botic drug for embolic stroke of undetermined source, our results suggest that some
patients require anticoagulant therapy. Determining embolic sources is important
for selecting the appropriate treatment options for this patient population.
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Introduction antiplatelet treatment is used for secondary prevention in the

The concept of embolic stroke of undetermined source
(ESUS) was first introduced in 2014 and refers to cryptogenic
strokes caused by either major or minor risks. Major risks
include atrial fibrillation (AF) and left ventricular thrombi,
while minor risks include ventricular dysfunction, mitral
annular calcification, and patent foramen ovale.! Although

majority of patients with ESUS, optimal strategies for second-
ary prevention remain unclear.’? According to the literature,
a high proportion of cryptogenic ischemic strokes are caused
by paroxysmal AF (PAF)." Therefore, oral anticoagulants
may be more effective than antiplatelet therapy for the pre-
vention of recurrent stroke in patients with ESUS.'
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The recent ATTICUS randomized trial was designed to
investigate the efficacy of aspirin relative to direct oral
anticoagulants (DOACs).” However, the NAVIGATE and
RESPECT ESUS clinical trials recently demonstrated that
DOAC s are not superior to aspirin for the secondary pre-
vention of ESUS.”®

To determine the most appropriate treatment options
(antiplatelets versus anticoagulants) for ESUS, the present
study aimed to investigate the sources of embolism and
identify stroke mechanisms among this patient population.

Materials and Methods

The present study included 292 consecutive patients
(135 men, 157 women; mean age: + standard deviation
74.3 £ 11.6 years) who had been admitted to the Hospital
of the University of Occupational and Environmental
Health with cerebral infarction between April 2014 and
March 2017. The local Ethics Committee approved the sci-
entific use of the collected data.

Patients were diagnosed with lacunar infarcts (n=>57,
19.5%; 29 men, 28 women), atherosclerotic infarcts
(n=155, 53.1%; 69 men, 86 women), cardiac infarcts
(n=49, 16.8%; 21 men, 28 women), other infarcts (n=4,
1.4%; ie, dissection of vertebral artery), and ESUS (n=27,
9.6%; 14 men, 13 women). Mean ages in patients with
lacunar, atherosclerotic, and cardiac infarcts were 73.1 +
10.6 years, 73.8 £ 11.1 years, 81.3 & 9.6 years, respectively.
The mean age in the ESUS group was 70.7 & 11.5 years.

Lacunar infarcts were defined as subcortical infarcts
<1.5 cm in the largest dimension in the distribution of per-
forating cerebral arteries. Atherosclerotic infarcts were
defined as a stroke associated with main artery stenosis in
the absence of a potential cardiac source. Cardiac embolism
was defined as a stroke resulting from a potential cardiac
source. According to the criteria proposed by the Crypto-
genic Stroke/ESUS International Working Group, ESUS
was defined as a visualized nonlacunar brain infarct in the
absence of: (1) extracranial or intracranial atherosclerosis
causing >50% luminal stenosis in arteries supplying the
area of ischemia, (2) major-risk cardioembolic sources, and
(3) any other specific cause of stroke (eg, arteritis, dissec-
tion, migraine/vasospasm, or drug misuse).

ESUS was differentiated from lacunar infarction via dif-
fusion magnetic resonance imaging (MRI), atherosclerotic
infarction via magnetic resonance angiography and
carotid ultrasound, cardiac embolism via 24-hour electro-
cardiography and transthoracic echocardiography, and
arteritis via blood examination.

Patients with ESUS underwent contrast-enhanced,
whole-body computed tomography (CT) and aortogra-
phy to determine whether strokes were associated with
aortic arch atheroma or cancer. Aortic arch atheroma was
defined as the presence of at least 1 calcium deposit or
clearly visualized hypodensity of >4-mm thickness adja-
cent to the aortic wall at both transverse and longitudinal
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projections. If the cause of embolism was not identified,
we then performed transesophageal echocardiography to
screen for left atrial thrombi, smoke-like echoes in the left
ventricle, mitral annular calcification, or patent foramen
ovale. If the source of the embolism remained undeter-
mined, we performed Holter electrocardiograms (ECGs)
twice to screen for AF or other forms of an irregular pulse.
Continuous ECG was performed using an implantable
loop recorder (Reveal LINQ). If the source of embolism
still remained unidentified following Holter monitoring,
we used the strategy that is outlined in Figure 1.

Results

Among the 27 patients diagnosed with ESUS (14 men
and 13 women; mean age: 70.7 £ 11.5), the embolic source
was identified in 22 individuals (81.5%; Table 1).
Contrast-enhanced CT revealed the embolic source in 10
patients (37.0%), 7 of whom were diagnosed with cancer-
associated stroke (25.9%). All patients exhibited elevated
levels of fibrinogen degradation product and D-dimer,
and all cancers were adenocarcinoma. CT identified can-
cer for the first time in 2 patients, while the remaining
5 patients had been previously diagnosed with cancer.
These 7 patients were treated using the anticoagulant
warfarin for secondary prevention. Among all 10 patients,
3 (11.1%) were diagnosed with embolic stroke due to aor-
tic arch atherosclerosis via aortography, which confirmed
the lack of a cardiac embolic source in all cases.

Nine patients (33.3%) were diagnosed with embolic
stroke via transesophageal echocardiogram. Left ventricu-
lar diastolic dysfunction (ejection fraction (EF) <30%)
caused embolic stroke in 5 patients (18.5%), who also
exhibited smoke-like echoes in the left ventricle. Two of
these patients were treated with aspirin and warfarin due
to coronary artery atherosclerosis, while the remaining
3 were treated with warfarin only. Three patients (11.1%)
were diagnosed with valve calcification (aortic valve,
n =1; mitral valve, n=2) and were subsequently treated
using aspirin only. One patient (3.7%) was diagnosed

~
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Figure 1. Strategy for determining the source of embolism.
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Table 1. Source of embolism and second prevention

Embolic source

Second prevention

Cancer associated stroke
Aortic arch atherosclerosis
Left ventricle diastolic dysfunction

Valve calcification (aortic valve 1, mitral valve 2)
Patent foramen ovale

Paroxysmal atrial fibrillation

Sick sinus syndrome

Unknown

7 (25.9%) Warfarin 7
3(11.1%) Aspirin 3
5 (18.5%) Aspirin and warfarin 2

Warfarin 3
3(11.1%) Aspirin 3
1 (3.7%) DOAC 1
2 (7.4%) DOAC 2
1 (3.7%) Warfarin 1
5 (18.5%) Warfarin 5

with paradoxical cerebral embolism. This patient exhib-
ited a thrombus in the lower limbs, as well as a patent
foramen ovale on transesophageal echocardiography, and
was treated using DOACs.

The embolic source was identified via Holter monitor-
ing in 3 patients (11.1%). Two of these patients (7.4%)
were diagnosed with PAF and were treated using
DOACs. The 1 remaining patient (3.7%) was diagnosed
with sick sinus syndrome and treated with warfarin.

The embolic source could not be identified in 5 patients
(18.5%), even after continuous monitoring using an
implant loop recorder, which revealed a normal pulse in
all patients. Furthermore, they did not have any plaque
that could cause embolic infarction observed in magnetic
resonance angiography, carotid ultrasound, and aortogra-
phy. These patients were still thought to have a possible
cardiogenic infarction caused by covert AF and, thus,
were treated with warfarin for secondary prevention.

Nineteen patients (70.4%) with ESUS were treated using
anticoagulant therapy for secondary prevention, 6 (22.2%)
were treated with antiplatelet therapy, and 2 (7.4%) were
treated with both anticoagulant and antiplatelet therapies.

Illustrative Cases
Left Ventricle Dysfunction

A 59-year-old man with hypertension and a history of
smoking was admitted to our hospital due to aphasia and
right, severe hemiparesis. Diffusion-weighted MRI
revealed a left infarction induced by a middle cerebral
artery embolism (Fig 2, A). He was treated with a tissue
plasminogen activator (tPA) and underwent endovascular
mechanical thrombectomy. Recanalization resulted in
improvements in aphasia and hemiparalysis. ECG (>24
hours) and transthoracic ECG were performed to identify
the source of stroke, although the patient did not exhibit
AF or thrombi in the left atrium. Following a diagnosis of
ESUS, he wunderwent transesophageal ECG, which
revealed smoke-like echoes induced by left ventricular
dysfunction (Fig 2, B). These findings suggested a state of
hypercoagulation in the left ventricle. Thus, the patient
was treated with heparin, although he also required anti-
platelet treatment due to atherosclerotic changes in the

coronary artery; therefore, the heparin was switched to
warfarin. In this case, warfarin and aspirin were used for
secondary prevention.

Paroxysmal Atrial Fibrillation

A 70-year-old man with diabetes mellitus was admitted
to our hospital with left visual field defect, left hemiparaly-
sis, and nausea. CT revealed right occipital hemorrhagic
infarction (Fig 3, A), and he was treated with heparin and
maintained on warfarin. The following year, he presented
with poor coordination on the left side, and diffusion-
weighted MRI revealed a pontine infarction (Fig 3, B). This
second infarction was diagnosed as a lacunar infarction,
and the patient was switched from warfarin to antiplatelet
therapy. Approximately 18 months later, he presented
with sensory aphasia, and diffusion-weighted MRI
revealed a left parietal infarction (Fig 3, C). Following a
diagnosis of atherosclerotic infarction, statin therapy was
added to his treatment regimen. The next year, he pre-
sented with sensory aphasia, and diffusion-weighted MRI
revealed a left temporal lobe infarction (Fig 3, D). He was
diagnosed with embolic infarction and treated using hepa-
rin. Although a >24-hour ECG, transthoracic ECG, and
carotid ultrasound were performed to identify the source
of the stroke, he exhibited no AF or indicative abnormali-
ties and was thus diagnosed with ESUS. Neither whole-
body CT nor transesophageal ECG suggested an embolic
source. However, Holter monitoring revealed PAF as the
embolic source and the patient was subsequently treated
with DOACs. No recurrence has been observed to date.

Discussion

The present study marks the first investigation of embolic
sources in patients with ESUS. While it remains to be deter-
mined whether antiplatelet or anticoagulant therapy should
be used for secondary prevention among patients with
ESUS, embolic sources were confirmed in 22 of the 27
patients (81.5%), most of whom required anticoagulant ther-
apy (16/27, 59.3%). Seven of these 27 patients (25.9%) were
diagnosed with cancer-associated stroke, for which anticoag-
ulant therapy is currently recommended.” Another 5 patients
(18.5%) were diagnosed with left ventricle dysfunction. As
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Figure 2. Illustrative case 1. Diffusion-weighted MRI revealed left infarction induced by middle cerebral artery embolism (A). Transesophageal echocardiogra-

phy revealed smoke-like echoes in the left ventricle (LV) (B).

this causes hypercoagulability in the left ventricle, these
patients should also be treated with anticoagulant agents.
Furthermore, anticoagulant treatment is recommended for
patients with paradoxical cerebral embolism, as well as those
with PAF and sick sinus syndrome, as these also induce
hypercoagulability in the heart.

Embolic sources remained unidentified in 5 patients fol-
lowing our examinations. These patients did not have any
plaque which could have caused the embolic infarction, and
embolic sources were ruled out with continuous monitoring
using an implant recorder. It is difficult to choose between
antiplatelet and anticoagulant for prevention. Anticoagulants
are known to increase the risk for hemorrhage when com-
pared with antiplatelet.w However, this is suggestive of
covert AF, which accounts for most cases of ESUS."* These
patients should be treated with anticoagulant therapy to pre-
vent cardiogenic infarction. Overall, 21 of the 27 patients
with ESUS (77.8%) required treatment with anticoagulant
agents. Cardioembolic stroke was considered to include left
ventricle dysfunction, PAF, paradoxical stroke, and sick sinus
syndrome (n=9, 33.3%). Cardioembolic stroke is the most
severe type of stroke' "> and should be treated with antico-
agulant therapy rather than aspirin.'”'® Considering that

both these patients and those with cancer-associated stroke
should be treated using anticoagulant therapy,” our results
suggest that most patients with ESUS require treatment with
anticoagulant agents. Six patients with aortic arch atheroscle-
rosis and valve calcification required treatment with anti-
platelet agents. These represent rare causes of embolism for
which secondary prevention measures remain unclear.'”'®
Our findings should be interpreted with caution, as
our sample size was too small to determine the ideal
treatment for ESUS. However, due to the likelihood of
cardioembolic stroke, our findings indicate that some
patients with ESUS require anticoagulant treatment.
Based on embolic sources and prognoses observed in the
present study, it remains unclear whether antiplatelet or
anticoagulant treatments should be utilized in these
patients with ESUS. Previous studies have recommended
antiplatelet therapy for these patients.'””’ Therefore,
determining the embolic source is critical for selecting
the ideal treatment strategy, particularly among patients
with cardioembolic stroke who should be treated with
anticoagulant therapy. However, it is difficult to perform
enhanced CT and transesophageal ECG for all patients
with ESUS. In our study, cancer-associated stroke and
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Figure 3. Illustrative case 2. CT revealed right occipital hemorrhagic infarction (A). Diffusion-weighted MRI revealed pontine infarction (B), left parietal infarc-

tion (C), and left temporal lobe infarction (D).

stroke induced by left ventricle dysfunction accounted
for the majority of ESUS cases. Research suggests that
cancer-associated stroke can be easily diagnosed based
on MRI features, such as bilateral cerebral embolism.>!
Stroke induced by left ventricular dysfunction is consid-
ered to occur when the EF is less than 40%.”*” There-
fore, these 2 causes of stroke may be easy to diagnose
without contrast-enhanced CT and transesophageal
ECG, ultimately aiding in the selection of appropriate
treatment strategies.

Several recent studies have investigated the use of
DOACs for ESUS.”” Cerebral embolism induced by
PAF (7.4%) and paradoxical embolism (3.7%) were
treated using DOACs in some patients of our study,
and most required treatment with anticoagulant agents.
We considered that patients with ESUS included those
with cardioembolic stroke induced by left ventricle dys-
function, paroxysmal arterial fibrillation, paradoxical
stroke, or sick sinus syndrome. Taken together, our
findings highlight the need to investigate embolic sour-
ces in patients with ESUS in order to determine the ideal
treatment strategy.

Supplementary materials

Supplementary material associated with this article can
be found in the online version at doi:10.1016/j jstrokecere
brovasdis.2019.04.022.
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