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Embolic Stroke of Undetermined Source (ESUS) and Stroke in Atrial Fibrillation
Patients: not so Different after all?

Valeria Cristina Scavasine,” Gustavo da Cunha Ribas,” Rebeca Teixeira Costa,
Ceccato, ™ Viviane de Hiroki Flumignan Zétola,” Marcos Christiano Lange

Guilherme Henrique Weiler

Department of Neurology, Hospital de Clinicas, Universidade Federal do Parand, Curitiba, PR - Brazil

Abstract

Background: Stroke related to atrial fibrillation (AF) is associated with high recurrence and mortality rates. Embolic
Stroke of Undetermined Source (ESUS) is associated with fewer vascular risk factors, less disability, and a high
recurrence rate.

Objective: To compare risk factors, functional outcomes and the occurrence of primary endpoint (a composite of
recurrent stroke, cardiovascular death, and myocardial infarction) between AF stroke and ESUS patients.

Method: A retrospective analysis was conducted including all consecutive patients with first-ever ischemic stroke
admitted to the Hospital de Clinicas (Clinical Hospital) of the Federal University of Parana from October 2012 to
January 2017 (n=554). There were 61 patients with stroke due to AF and 43 due to ESUS. Both groups were compared
for demographic characteristics and vascular risk factors. Logistic regression models were performed to assess the
impact of each variable on the primary endpoint in a 12-month follow-up. Statistical significance was considered
for p-values < 0.05.

Results: ESUS patients, as compared to AF patients, were younger and more likely to be smokers. ESUS patients
presented a mean CHADS2VASc score of 4, while the AF group presented a score of 5 (p <0.001). The primary
endpoint was observed in 9 (20.9%) ESUS and 11 (18.0%) AF patients over a 12-month period (p=0.802). Higher
glucose levels upon hospital admission (p=0.020) and a higher modified Rankin Scale upon hospital discharge
(p=0.020) were predictors of the primary endpoint occurrence.

Conclusion: AF and ESUS stroke patients presented very similar independence rates upon hospital discharge and
outcomes after 12 months, despite some baseline differences, including stroke recurrence, vascular death, and
myocardial infarction.

Keywords: Cerebrovascular Disorders; Stroke; Brain Infarction; Atrial Fibrillation; Embolism, Intracranial;
Brain, Infarction.

Introduction

Embolic Stroke of Undetermined Source (ESUS)
is a non-lacunar infarct without proximal occlusive
atherosclerosis or major-risk cardioembolic sources.
Recent studies have demonstrated a high variability
(ranging from 10-39%) in the proportion of ESUS patients,
who are subsequently diagnosed with atrial fibrillation
(AF) in a long-term follow-up. This result suggests

that some groups of ESUS patients can present AF as
underlying cause of stroke.>® Approximately one-third of
the patients who met the inclusion criteria for ESUS trials
presented AF in continuous heart rhythm monitoring
for up to three years. A higher AF prevalence was also
observed with an increasing number of CHADS, risk
factors. ¢

This definition is important, since AF is the most
common embolic source in the cardioembolic stroke
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mechanism. AF presents the worse functional outcome,
higher recurrence rates, and greater mortality when
compared to strokes resulting from other causes,
including a subgroup of ESUS in this profile.”

The aim of the present study is to compare the
occurrence of recurrent stroke, cardiovascular death, and
myocardial infarction in a composite endpoint between
ESUS and AF stroke patients one year after the first-ever
ischemic stroke (IS).

Methods

This study was a retrospective analysis of a prospective
data bank including all the consecutive patients with
first-ever IS admitted to the Hospital de Clinicas (Clinical
Hospital) of the Federal University of Parana from
October 2012 to January 2017. This study was approved
by the local Ethics Committee.

All the patients with first-ever IS secondary to AF and
ESUS were included, based on the TOAST®and according
to Cryptogenic Stroke/ESUS International-Working-
Group criteria,' respectively. For the stroke diagnosis, all
patients needed to have at least one confirmatory brain
image (CT or MR) confirming a brain lesion consistent
with the clinical syndrome presented during hospital
admission. Patients with AF were submitted to a minimal
investigation, including electrocardiography, extracranial
and intracranial Doppler ultrasound, and transthoracic
echocardiography. For a ESUS diagnosis, besides the
screening reported for AF, patients were submitted to
24-hour Holter monitoring and CT angiography, MR
angiography, or digital angiography in order to exclude
other stroke mechanisms. Although it was not required
by the International Criteria, all ESUS patients were also
submitted to transesophageal echocardiography (TEE).
No patients were submitted to cardiac monitoring for
more than 24 hours, as this resource is not available in
the Brazilian public healthcare system.

The following variables were analyzed: age, sex, CHADS,,
and CHADS, VaS,C. The last two variables included some
of the most significant modifiable risk factors for embolic
stroke, such as hypertension and diabetes, and prevalent
non-modifiable risk factors, like congestive heart failure and
coronary artery disease. The National Institutes of Health
Stroke Scale (NTHSS), systolic blood pressure, and diastolic
blood pressure upon hospital admission were some of the
analyses performed in the hospital. The modified Rankin
score (mRS) was analyzed upon hospital discharge, after

which patients were evaluated to identify the occurrence of: 1)

stroke recurrence (a focal neurological impairment of sudden
onset lasting more than 24 hours and confirmed by a brain
image during the follow-up period); 2) myocardial infarction
(defined as a rise in blood concentrations of cardiac troponins
and/or creatine kinase in the context of spontaneous ischemic
symptoms or coronary intervention); and 3) cardiovascular
death (resulting from an acute myocardial infarction, sudden
cardiac death, heart failure, stroke, cardiovascular procedures,

hemorrhage, or other cardiovascular causes).

Statistical Analysis

Analyses were performed using the IBM SPSS
Statistics v 2.0.0 software. Categorical variables were
presented as frequencies and percentage. Quantitative
variables with normal distribution were described by
mean value and standard deviation (SD). Quantitative
variables without normal distribution were described
by median and interquartile range.

When comparing etiological groups, Fisher’s exact
test was used for categorical variables. For quantitative
variables, an unpaired Student’s t-test was used for those
with normal distribution, while a Mann-Whitney test was
applied for variables without normal distribution and
severity scores. The normality condition of the variables
was assessed by the Kolmogorov-Smirnov test. The
impact of each variable was analyzed by adjusting the
variables for each subgroup (ESUS and AF), using the
logistic regression models and the Wald test. Statistical
significance was accepted for p-values < 0.05.

Results

During the study, from 544 patients with first-ever
IS, 61 (11.2%) presented AF as a stroke mechanism and
43 (7.90%) fulfilled all ESUS criteria. Compared to AF
patients (70.9+11.2 years old), ESUS patients (52.5+15.7
years old) were younger (p<0.001) and presented a
higher frequency of smoking (34.9% for ESUS and
14.8% for AF patients, p=0.020). When analyzing risk
factors through CHADS, and CHADS VASc scores, ESUS
patients exhibited a lower score than did the AF patients,
as presented in Table 1. Upon hospital discharge, only
7% of ESUS patients were submitted to anticoagulation
therapy, as compared to 75.4% of AF patients, p=0.001. All
other hospital admission characteristics were presented
in Table 1.

In ESUS patients, transesophageal echocardiography
demonstrated abnormalities in 22 patients (52.1%), with
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Table 1 — Baseline Characteristics

Variable ESUS (n=43) Atrial Fibrillation (n=61) p value
Age (years) mean +sd 525+15.7 70.9+11.2 <0.001
Female sex n(%) 13 (59.1) 30 (49.2) 0.661
Hypertension n(%) 28 (65.1) 43 (70.5) 0.670
Diabetes n(%) 8 (18.6) 13 (21.3) 0.808
Hypercholesterolemia n(%) 10 (23.3) 12 (19.7) 0.808
Current smoking n(%) 15 (34.9) 9 (14.8) 0.020
Alcohol abuse n(%) 5 (11.6) 6 (9.8) 0.759
Previously known AF n(%) 0(0) 24 (39.3) <0.001
CHADS?2 Score median (Q1 - Q3) 3(2-5) 4 (2-6) <0.001
CHA2DS-VASc Score median (Q1 - Q3) 4 (2-7) 5(2-7) 0.001
NIHSS at admission median (Q1 - Q3) 9 (0-23) 10 (0-26) 0.632
Blood gluose levels (mean) +sd 115+ 68,7 122 +59,2 0.310
IV thrombolysis n(%) 17 (39.5) 30 (49.2) 0.424
Hemorrhagic transformation n(%) 0 (0) 2(3.3) 1
Anticoagulation at discharge n(%) 3(7) 46 (75.4) <0.001
mRS median (Q1 - Q3) 2(0-5) 2 (0-6) 0.420

Note: ESUS: Embolic Stroke of Undetermined Source, AF: atrial fibrillation, NIHSS: National Institute of Health Stroke Scale; IV: intravenous,

mRS: modified Rankin Score.

left atrial enlargement in 14 (32.5%), patent foramen ovale
in 12 (27.9%), septal atrium aneurysm in seven (16.2%),
and ascending aortic ectasia in three (6.9%). Other minor-
risk sources of emboli are listed in Table 2.

At 12 months of follow-up, the primary endpoint
occurred at the same rate in both groups: nine patients
in the ESUS group (20.9%) and 11 patients in the AF
group (18.0%), p=0.408. In the ESUS group, there were
seven stroke recurrences (16%), two cardiovascular
deaths (4.65%), and no myocardial infarction.
Glucose levels upon hospital admission and mRS
upon hospital discharge were the only predictors
of the outcome in a multivariate analysis model, as
presented in Table 3.

Discussion

The current study demonstrated that ESUS patients,
despite being younger and with fewer risk factors when
compared to AF patients, presented a similar outcome in
the first twelve months after the first-ever IS.

In this study, ESUS patients were almost 20 years
younger than patients with AF. This difference is

consistent with a larger study, in which ESUS patients
presented an average age of 68 and cardioembolic stroke
patients of 76.° When the ESUS group was compared
to other cryptogenic stroke patients, they were also
significantly younger.!

A lower prevalence of vascular risk factors has been
previously reported in ESUS patients when compared
to AF patients."! In our cohort, ESUS and AF patients
presented similar risk factors, such as hypertension,
diabetesm and hypercholesterolemia. Current smoking
was the only isolated risk that proved to be more frequent
in ESUS. In a recent study, the authors demonstrated a
strong relation between tobacco use and cryptogenic
stroke in young adults.’? A possible explanation for this
could be an increased risk of AF for current smokers in
a dose dependent manner.”?

If the isolated vascular risk factors were not so
different, except for age and smoking habit, the score
values of CHADS, and CHA DS ,VASc revealed a
more benign profile of ESUS when compared to AF.
Besides being younger, ESUS patients are less likely
to present cardiac failure and peripheral vascular
disease. There are no current studies comparing these
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Table 2 — Possible causes of embolic stroke of undetermined source

Minor-risk embolic sources N %
Left atrial enlargement (> 40mm) 14 32.55
Patent foramen ovale 12 27.90
Cerebral artery non-stenotic plaques 11 25.58
Non-atrial fibrillation atrial dysrhythmias 8 18.60
Septal atrial aneurysm 7 16.27
Moderate systolic of diastolic dysfunction 6 13.90
Ascending aortic ectasia 3 6.97
Calcific aortic valve disease 2 4.65
Atrial appendage stasis with spontaneous echodensities 2 4.65
Aortic arch atherosclerotic plaques 1 2.32
Table 3 — Predictors of the primary endpoint
Variable Outcome Mean (min-max) p Value OR (CI 95%)
No 117.5 (74-319)
Glucose levels 0.017 1.11 (1.02-1.22)
Yes 128 (99-480)
No 2(0-5)
mRS at discharge 0.024 1.38 (1.04-1.83)
Yes 2 (0-6)

OR: odds ratio, CI: confidence interval, mRS: modified Rankin Score.

scores between ESUS and cardioembolic or AF stroke
patients. However, both CHADS, and CHA,DS_,VASc
scores have been associated with a higher recurrence
risk in ESUS.™

There was no difference in the primary endpoint
in the groups. In a 5-year follow-up, Ntaios et al.’
found a cumulative probability of 38.1% of composite
cardiovascular events in an ESUS cohort, which is
almostidentical to cardioembolic stroke patients (38.2%).
However, in a Finnish population, cardioembolic stroke
patients exhibited nearly 4-fold increased risk for
composite vascular events when compared to young-
onset ESUS patients. The difference in secondary
endpoints was mainly due to myocardial infarction
rather than to stroke or TIA; moreover, ESUS patients
were younger in this study.’

During hospital stay, all the ESUS patients were
submitted to a 24-hour cardiac rhythm monitoring to
be classified as ESUS.! None of our 43 ESUS patients
presented any episodes of AF in the 24-hour Holter

monitoring. However, large RCTs have demonstrated
that long-term monitoring increases the chances of
detecting brief paroxysmal AF with an unknown clinical
significance.’*'® In a CRYSTAL-AF trial, only 1.3% of
arrhythmia events were detected with a 24-hour Holter,
compared to a 22.8% detection rate with a 30-day cardiac
monitoring,'” Prolonged monitoring is not available in the
Brazilian public healthcare system, which represents a
limitation of our analysis.

Ntaios reported a cumulative probability of stroke
recurrence similar to cardioembolic strokes, 29% vs
26.8%, respectively.” A systematic review reported an
annual rate of stroke recurrence ranging from 5% to
14.5%. ° In our study, 16% of ESUS patients presented
recurrence in 12 months, which is slightly higher than
that presented in the literature. This probably reflects
the poor risk factor control and low adherence to medical
therapy by Brazilian patients."

Although AF continues to be aleading candidate for an
occult mechanism of ESUS, findings from recent clinical
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trials suggest that about 70% of patients with ESUS have
no AF. However, the same study demonstrated that the
incidence of AF is higher among patients with higher
CHADS, scores.® In our cohort, the median CHADS,
score for the ESUS group was 3, two points higher than
previously demonstrated."* We can thus hypothesize
that, in a Brazilian population, with poor risk factor
control, ESUS patients are more likely to present higher
CHADS, scores and, therefore, are more likely to present
paroxysmal AF. Nevertheless, an important proportion
of these patients may have other mechanisms for
embolic stroke, such as patent foramen ovale or large
aortic arch plaques.”

Even when no AF is detected, ESUS may be associated
with atrial cardiomyopathy. A recent study with late-
gadolium-enhancement MRI demonstrated that ESUS
and AF patients showed similar rates of atrial fibrosis,
supporting the hypothesis that both entities may have
different presentations, but a similar physiopathology.*

For secondary prophylaxis, anticoagulation therapy
was prescribed for 75.4% of the patients in the AF group.
This proportion is higher than that observed in non-
stroke patients with atrial fibrillation in Latin America.?
In the clinical base, patients with large stroke size,
palliative care, and lower independence outcomes are
unlikely to receive OAC. Furthermore, there are safety
concerns regarding OAC prescriptions for fragile patients
and families with cultural and socioeconomic barriers to
adherence. Although a higher number of patients with
OAC could reduce the recurrence rate, the current study
demonstrated similar recurrence rates when compared
to previous studies.’

By contrast, ESUS patients were left with single
antiplatelet therapy, as recommended by 2015 AHA/
ASA Guideline.” None of them presented closed patent
foramen ovale (PFO). Twelve (27.9%) ESUS patients
presented right-to-left shunt, of whcih four (36%)
recurred. It is possible that percutaneous closure of PFO
could have prevented any of these recurrences; however,
a recent meta-analysis comparing percutaneous closure
versus medical therapy for stroke with PFO showed a
number of 39 was needed to properly treat recurrent
stroke.?* Hence, it is unlikely that PFO closure would
change our analysis.

The high outcome rates observed in the ESUS
patients of the present study could be reduced with
a high anticoagulation therapy rate, although the
best treatment choice for ESUS is still controversial.

Rivaroxaban Versus Aspirin in Secondary Prevention
of Stroke and Prevention of Systemic Embolism in
Patients With Recent Embolic Stroke of Undetermined
Source (NAVIGATE-ESUS) trial recently proved
that rivaroxaban was not superior to aspirin in the
prevention of recurrent stroke, with a higher risk
of bleeding.”® In Dabigatran Etexilate for Secondary
Stroke Prevention in Patients With Embolic Stroke
of Undetermined Source (RE-SPECT ESUS) trial,
Dabigatran was no better than aspirin in preventing a
second stroke after ESUS, but the rate of major bleeding
was similar in both arms.”*® Meanwhile, Apixaban for
the Treatment of Embolic Stroke of Undetermined
Source (ATTICUS)?” and Atrial Cardiopathy and
Antithrombotic Drugs In Prevention After Cryptogenic
Stroke (ARCADIA) trials are still ongoing?*

The present study presents several limitations. This
study was conducted in a single center with a retrospective
small sample, which might have underestimated the
differences in outcomes between ESUS and AF stroke
patients. Nevertheless, ESUS and AF populations were
clearly different, considering demographic characteristics
and embolic risk factors demonstrated by CHADS and
CHADS,VASc scores. Furthermore, in a 12-month follow-
up, the outcome was similar. These results could be different
if a non-composite outcome was chosen, in which a larger
sample size would be necessary to access stroke recurrence,
M], and cardiovascular death in an isolated analysis.

Conclusion

ESUS and AF stroke patients presented different
profiles of embolic risk factors, but similar independence
rates and outcomes were observed. Occult paroxysmal
AF and atrial cardiomyopathy are the possible links to
explain the high recurrence rate in ESUS patients.
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