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Background: There is increasing debate whether atrial fibrillation (AF) episodes
during follow-up in patients with embolic stroke of undetermined source (ESUS)
are causally associated with the event. AF-related strokes are more severe than
strokes of other etiologies. In this context, we aimed to compare stroke severity
between ESUS patients diagnosed with AF during follow-up and those who were
not. We hypothesized that, if AF episodes detected during follow-up are indeed
causally associated with the index event, stroke severity in the AF group should
be higher than the non-AF group. Methods: Dataset was derived from the Athens
Stroke Registry. ESUS was defined by the Cryptogenic Stroke/ESUS International-
Working-Group criteria. Stroke severity was assessed by the National Institutes
of Health Stroke Scale (NIHSS) score. Cumulative probabilities of recurrent stroke
or peripheral embolism in the AF and non-AF ESUS groups were estimated by
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Kaplan–Meier analyses. Results: Among 275 ESUS patients, AF was detected during
follow-up in 80 (29.1%), either during repeated electrocardiogram monitoring (18.2%)
or during hospitalization for stroke recurrence (10.9%). NIHSS score was similar
between the two groups (5 [2-13] versus 5 [2-14], P = .998). More recurrent strokes
or peripheral embolisms occurred in the AF group compared with the non-AF
group (42.5% versus 13.3%, P = .001). Conclusions: Stroke severity is similar between
ESUS patients who were diagnosed with AF during follow-up and those who were
not. Given that AF-related strokes are more severe than strokes of other etiolo-
gies, this finding challenges the assumption that the association between ESUS
and AF detected during follow-up is as frequently causal as regarded. Key Words:
Stroke—atrial fibrillation—embolism—stroke severity.
© 2016 National Stroke Association. Published by Elsevier Inc. All rights reserved.

Introduction

A new clinical entity termed embolic stroke of undeter-
mined source (ESUS) was recently introduced by the
Cryptogenic Stroke/ESUS International Working Group,
which describes stroke patients for whom the source of
embolism remains undetected despite standard investi-
gation. Potential embolic sources include covert atrial
fibrillation (AF), mitral and aortic valves, the left cardiac
chambers, the proximal cerebral arteries of the aortic arch,
the venous system via paradoxical embolism, artery-to-
artery embolism (even without stenosis), in situ thrombosis,
prothrombotic disorders, and others.1

In a recent analysis of the Athens Stroke Registry,
episodes of AF were detected during follow-up in ap-
proximately one third of ESUS patients, either at repeated
electrocardiogram (ECG) monitoring or during hospital-
ization for a recurrent stroke.2 Although covert AF could
potentially be the causative mechanism in these pa-
tients, there is increasing debate whether episodes of AF
during follow-up of an ischemic stroke patient are caus-
ally associated with the event—especially for AF episodes
detected remotely after the index event—or represent only
a (still) innocent bystander.3

Numerous studies have shown that AF-related strokes
have more severe clinical presentation compared with other
etiologies.4-6 In this context, we aimed to compare stroke
severity between ESUS patients who were diagnosed with
AF during follow-up and those who were not. We hy-
pothesized that if AF episodes detected during follow-
up are indeed causally associated with the index event,
stroke severity in the AF group should be higher than
in the non-AF group. Second, we compared the long-
term risk of stroke recurrence and peripheral embolism
between these two groups.

Methods

The study population was derived from theAthens Stroke
Registry, which includes all consecutive patients with an
acute first-ever ischemic stroke admitted in Alexandra Uni-
versity Hospital, Athens, Greece, between June 1992 and

December 2011.7 The methodology followed to register
data in theAthens Stroke Registry was described elsewhere.2

The scientific use of the data collected in the Athens Stroke
Registry was approved by the local Ethics Committee.

Patients were classified as ESUS when the related di-
agnostic work-up (as described by the Cryptogenic
Stroke/ESUS International-Working-Group criteria) was
completed. In particular, ESUS was defined as a visual-
ized nonlacunar brain infarct in the absence of the
following: (1) extracranial or intracranial atherosclerosis
causing ≥50% luminal stenosis in arteries supplying the
area of ischemia; (2) major-risk cardioembolic source;
and (3) any other specific cause of stroke (e.g. arteritis,
dissection, migraine/vasospasm, drug misuse).1

With regard to AF detection, all patients had a 12-lead
ECG at admission. In patients on sinus rhythm, AF par-
oxysms were sought by (1) repeated ECGs during hospital
stay; (2) continuous ECG monitoring for 1 week or until
discharge for patients treated in the acute stroke unit (ECG
was observed by a trained nurse personnel and intermittently
analyzed by the treating physician); and (3) 24-hour Holter
ambulatory ECG monitoring in cases that AF was strongly
suspected from the clinical presentation and/or brain imaging
findings (e.g. multiterritorial infarcts, strokes presenting with
maximum severity at onset, largely dilated left atrium) and
(1) and (2) were negative.

Stroke severity was evaluated with the National Insti-
tutes of Health Stroke Scale (NIHSS) score.8 For the study
period between 1992 and 1998, NIHSS was calculated from
the Scandinavian Stroke Scale using the following formula:
NIHSS score = 25.68 − (.43*Scandinavian Stroke Scale score).9

Functional outcome was assessed by the modified Rankin
scale score.

Patients were prospectively followed-up at 1, 3, and 6
months after discharge and yearly thereafter. Follow-up
was routinely performed in the outpatient clinic. In case
of patients with severe handicap, clinical follow-up was
assessed at patient’s residence or by telephone interview.
Lost-to-follow-up was defined as inability to reach the
patient or the patient’s proxies at a scheduled time point.

Recurrent stroke was defined as a cerebrovascular event
of sudden onset, lasting >24 hours, subsequent to the initial
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