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Abstract

Background and purpose: Identifying embolic strokes of undetermined source (ESUS) patients likely to harbor atrial

fibrillation may have diagnostic and therapeutic implications. Our aim was to examine differences between ESUS and

cardioembolic strokes, to evaluate stroke recurrence rate among ESUS and to identify baseline characteristics of ESUS

patients who were later diagnosed with atrial fibrillation.

Materials and methods: We assessed all ischemic stroke patients admitted between June 2012 and November 2013.

ESUS were compared to cardioembolic strokes at discharge. After at least 12-month follow-up, ESUS patients diagnosed

with atrial fibrillation were compared to those who remained as ESUS.

Results: There were 236 ischemic strokes, 32.6% were ESUS. Compared to cardioembolic strokes, ESUS were younger

(p< 0.0001), had milder strokes (p< 0.05), less prevalence of hypertension (p< 0.05), peripheral vascular disease

(p< 0.05), and previous ischemic stroke (p< 0.05). After follow-up, 15% of ESUS patients had stroke recurrences

and 12% evidenced paroxysmal atrial fibrillation. ESUS patients diagnosed with atrial fibrillation in the follow-up were

older (p< 0.0001), had higher erythrocyte sedimentation rate (p< 0.05), and were more likely to have �2 infarcts in the

same arterial territory in the initial magnetic resonance imaging (p< 0.05).

Conclusions: Older age, small-scattered infarcts on initial magnetic resonance imaging and high erythrocyte sedimen-

tation rate levels appear to identify ESUS patients more likely to be diagnosed of atrial fibrillation during follow-up.
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Introduction

A significant percentage of cryptogenic strokes harbor
covert atrial fibrillation (AF) and may benefit from
anticoagulation.1,2 The Warfarin-Aspirin Recurrent
Stroke Study failed to demonstrate a benefit of warfarin
for stroke recurrence prevention in this population,3 yet
it included a large number subcortical infarcts probably
caused by small vessel disease.

Embolic stroke of undetermined source (ESUS) is a
clinical concept aimed to identify embolic cryptogenic
strokes based on the visualization of embolic infarcts
and the exclusion of major embolic sources.4 Average
ESUS frequency worldwide is 17%, ranging from 1%
to 36% in different cohorts.5,6 The stroke recurrence
among them is similar to cardioembolic strokes7

and can be predicted with the CHADS2 and

CHA2DS2-VASc scores.8 Paroxysmal AF can be diag-
nosed in one third of ESUS patients during follow-up.9

Due to a suspected underlying embolic etiology,4

three clinical trials are testing the efficacy of direct
oral anticoagulants in this population.9–11 Identifying
a subset of patients at highest risk of harboring AF may
have clinical significance.12 Our aim was to examine the
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baseline differences between ESUS and cardioembolic
strokes, to evaluate the stroke recurrence rate
among ESUS, and to identify distinctive characteristics
of ESUS patients who had AF during the follow-up.

Methods

We assessed all ischemic stroke patients admitted to a
referral hospital in Buenos Aires, Argentina, between
June 2012 and November 2013. Data were obtained
from digital hospital records including demographics,
previous disability assessed by the modified Rankin
Scale (mRS), vascular risk factors, prior medications,
stroke severity assessed by the National Institute of
Health Stroke Scale score (NIHSS), laboratory and ima-
ging investigations, and initial and discharge treatments.
Stroke was defined as an episode of neurological dysfunc-
tion based on a new infarct visualized on brain imaging or
symptoms persisting �24h.13 Patients were classified at
hospital discharge using Trial of ORG 10172 in Acute
Stroke Treatment (TOAST)14 and ESUS4 criteria.
Stroke patients without a magnetic resonance imaging
(MRI) of the brain, in whom the computed tomography
(CT) did not show the culprit infarct, were classified as
undetermined non-ESUS. Echocardiographic findings
were defined according to current guidelines.15

We compared the baseline characteristic of ESUS
and cardioembolic strokes. ESUS patients were fol-
lowed for at least 12 months. Stroke recurrence, diag-
nosis of AF, antithrombotic therapy, and residual
disability were evaluated in this group. Patients who
did not return for a one-year follow-up were contacted
by phone. ESUS patients later diagnosed of AF were
compared to those who remained classified as ESUS.

The study was approved by the local ethics
committee.

Statistical analysis

Statistical analysis was performed using STATA ver-
sion 12.1 (Statacorp). The level of two-tailed signifi-
cance was set at p< 0.05 for all statistical procedures.
Normal distribution in continuous variables was
assessed using a Kurtosis test. If variables were not
normally distributed, a non-parametric Mann–
Whitney test was applied. Otherwise, an analysis of
variance was performed with Bonferroni correction to
evaluate differences between groups. Qualitative vari-
ables were analyzed with the �2 test or Fisher’s exact
test depending on the number of observations.

Results

Among 236 ischemic strokes, 86 (36.4%) were classified
as undetermined because of negative evaluation by

TOAST criteria. Most of them (32.6%) met criteria
for ESUS (Figure 1).

All patients had neck and intracranial vessel ima-
ging, cardiac ultrasound, and 24-h cardiac telemetry
with automated AF detection or Holter. Most patients
had brain MRI (96%) and the remainder CT.

Compared with patients with cardioembolic strokes,
ESUS patients were younger (p< 0.0001), had less
prevalence of hypertension (p< 0.05), peripheral vascu-
lar disease (p< 0.05), prior ischemic stroke (p< 0.05),
and lower NIHSS (p< 0.05). Echocardiographic
studies showed less prevalence of aortic valve calcifica-
tion (p< 0.05), systolic dysfunction (p< 0.05), regional
hypokinesis (p< 0.05), and left atrial dilation
(p< 0.0001) in the ESUS group. Patent foramen ovale
(PFO) was more frequent in ESUS patients (p< 0.05).
Large cortical infarcts with subcortical extension pre-
dominated in patients with cardioembolic strokes
(p< 0.05) (Table 1, Supplemental Table 1).

Thirteen patients (16%) were contacted by phone.
After a median follow-up of 17� 7 months, 11 ESUS
patients (15%) had recurrent strokes and 9 (12%) evi-
denced asymptomatic paroxysmal AF (PAF) in stand-
ard 24-h Holter monitoring. All patients were on

Figure 1. Patients’ flowchart. Etiological classification at

hospital discharge according to TOAST and ESUS criteria.

ESUS: embolic stroke of undetermined source; TIA: transient

ischemic attack; TOAST: Trial of ORG 10172 in Acute Stroke

Treatment.

349 patients with acute ischemic events

236 with acute ischemic stroke

86 Undetermined because of negative evaluation (36, 4%)

77 ESUS (32.6%)  

113 patients with TIA (32%)

60 cardio-embolic source (25.4%)  

39 small vessel disease (16.5%)  

23 large vessel disease (9.7%)  

28 other causes (11.9%)  

9 undetermined non-ESUS (3.8%)  
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antiplatelet drugs at the time of recurrence. Older age
(p< 0.0001), the presence of two or more small cortical
infarcts in the same arterial territory (p< 0.05) and
higher erythrocyte sedimentation rates (p< 0.05) were
more frequent in the ESUS-AF group (Table 2,
Supplemental Table 2).

Discussion

In this single-center study, ESUS patients were
younger, had less prevalence of vascular risk factors,
prior strokes, minor-risk cardiac emboli sources, and
higher prevalence of PFO compared to cardioembolic
strokes. During the follow-up, 12% of ESUS patients
were diagnosed of asymptomatic paroxismal atrial

fibrillation (PAF). The ESUS group later found to
have AF was older, had higher erythrocyte sedimenta-
tion rate and small scattered cortical infarcts on the
initial MRI.

Whether these episodes of PAF are the cause of the
index stroke is a matter of debate in the literature. Brief
episodes of asymptomatic PAF have been frequently
detected by prolonged ambulatory cardiac rhythm
monitoring after stroke, regardless of the etiology, rais-
ing questions about their pathogenic role in patients
with cryptogenic strokes.16 However, as PAF predomi-
nated in younger patients with embolic infarct patterns,
likely ESUS, a causative role in this group has been
suggested.16 AF-related strokes are characteristically
more severe than strokes of other etiologies. Thus, the

Table 1. Comparison of between ESUS and cardioembolic strokes on admission

ESUS

(n¼ 77)

Cardioembolic

(n¼ 60)

p value (ESUS vs.

cardioembolic)

Age, years (median, range) 68 (20–88) 76 (52–100) <0.0001

Hypertension (%) 61 83.33 0.004

Peripheral vascular disease (%) 3.7 30.77 0.011

Ischemic stroke (%) 9.21 25.00 0.013

NIHSS on admission (median, range) 2 (0–21) 4 (0–36) 0.0025

Aortic valve calcification (%) 24.68 48.33 0.004

Systolic LV dysfunction (%) 2.6 11.67 0.042

Regional hypokinesis (%) 5.19 23.33 0.002

Patent foramen ovale (%) 16.88 1.67 0.003

Left atrial enlargement (%) 36.36 75.00 <0.0001

Cortico-subcortical infarction (%) 28.57 53.57 0.018

Creatinine level, mg/dl (mean, range) 1 (0.4–1.4) 0.8 (0.3–1.3) 0.0498

NIHSS: National Institute of Health Stroke Scale; LV: left ventricle; ESUS: embolic stroke of undetermined source.

Table 2. Comparison of baseline characteristics of ESUS who had atrial fibrillation in the follow-up and those who remained

as ESUS

ESUS

(n¼ 67)

Cardioembolic

(n¼ 9)

p value (ESUS vs.

cardioembolic)

Age, years (median, range) 67 (20–92) 79 (58–88) 0.0096

�2 Infarcts in the same arterial territory (%) 19 58 0.027

Erythrocyte sedimentation rate, mm/h (median, range) 13 (2–113) 34 (5–92) 0.01

ESUS: embolic stroke of undetermined source.

International Journal of Stroke, 0(0)

Hawkes et al. 3



severity of the index stroke in ESUS patients with and
without diagnosis of AF during follow-up are similar,
the pathogenic role of AF in this setting has also been
questioned.17

Even though the causes of ESUS are heterogeneous
and may include many different etiologies (e.g. non-
stenotic atherosclerotic lesions, PFO, etc.), two facts
suggest that PAF could have a pathogenic role at
least in a selected subgroup of ESUS. First, ESUS
have shown to have maximal intensity of stroke symp-
toms at onset, similar to what is found in AF-related
strokes.7 Second, strokes caused by PAF have lower
severity compared to those caused by persistent or per-
manent forms.18 Furthermore, small scattered cortical
infarcts, characteristically found in the initial MRI of
the ESUS later found to have AF in our study, can be
seen in 30% of AF-related strokes. This pattern is asso-
ciated with lower NIHSS, and it has been linked to
microembolia.19 Also, the frequency of hypertension,
left atrial dilation and stroke recurrence, known pre-
dictors of AF, had trend in those ESUS later diagnosed
with AF.20

Similarly to other ESUS cohorts,5,6 the recurrence
rate of stroke of ESUS in our study was noticeably
higher than what is reported in cryptogenic strokes
(15% vs. 3–6%).4 All the recurrences occurred while
patients were on single antiplatelet treatment.
Likewise, 90% of patients in the ESUS Global Stroke
Registry were on antiplatelet drugs at the moment of
their index event.6 This was recently confirmed in a
recent systematic review,5 raising questions about the
best preventive strategy in this group.

Our study differs from other series in that all patients
had a standardized and complete workup during the
initial hospitalization. In addition to differences in the
characteristics of the population, this could explain
the high frequency of ESUS in our study. Supporting
this, up to 50% of undetermined strokes in previous
reports could not be classified as ESUS because of
incomplete diagnostic testing.6 In this context, the use-
fulness of the MRI to detect the culprit ‘‘embolic
infarct’’ is remarkable, since small scattered cortical
brain infarcts, found in a significant proportion of
ESUS in our study, can be particularly difficult to iden-
tify in a CT scan.

Our study has limitations. The lack of a standar-
dized protocol for AF detection, telephone follow-up
in 16% of patients, and the small ESUS sample could
be potential explanations for the low percentage of
AF detection among ESUS compared to previous stu-
dies (12 vs. 30%).6,12 The small sample size could
also explain the lack of statistical significance in the
frequency of hypertension, left atrial dilation and
stroke recurrence, in the ESUS group later diagnosed
with AF.

Conclusions

With complete workup, most undetermined strokes can
be classified as ESUS. Compared to cardioembolic
strokes, ESUS patients were younger, had less vascular
risk factors and minor-risk potential cardiac emboli
sources, and smaller and milder strokes. The short-
term stroke recurrence of ESUS is high, even while
on antiplatelet treatment. Older age, scattered small
cortical infarcts on imaging and high ERS levels may
help to identify a subgroup of ESUS patients more
likely to have covert AF. Whether these findings may
help to identify a subgroup of ESUS suitable for loop
recorder device implantation or empiric anticoagula-
tion deserves further investigation.
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