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Introduction. Embolic strokes of an undetermined source may be caused by various 
potential embolic sources, which can be better managed by anticoagulant or antiplatelet 
therapy. Identifying these sources may have diagnostic and therapeutic implications. Our 
objectives were to assess the prevalence and overlap of different potential embolic sources 
identified in a population of patients with embolic strokes of undetermined sources, and to 
evaluate the stroke recurrence rate according to the type and number of potential embolic 
sources.

Methods. We used data from consecutive patients with ischemic stroke admitted to the 
department of neurology in Fattouma Bourguiba hospital (Monastir, Tunisia), between 
January 2017 and December 2020. Patients who met the embolic strokes of undetermined 
source diagnostic criteria according to the criteria of the Cryptogenic Stroke “embolic 
strokes of undetermined source” International Working Group were selected. The presence 
of each potential embolic source was assessed, and patients were categorised according to 
the identified potential embolic sources. The main outcome was ischemic stroke recurrence, 
and it was collected prospectively during follow-up after the index stroke.

Results. Among 330 patients admitted between 2017 and 2020, 66 (20.6%) were classified 
as embolic strokes of undetermined source (68.2% were men, mean age 57 ±11 years). The 
three most prevalent potential embolic sources were atrial cardiopathy (N = 47/66; 71.2%), 
arterial atherosclerosis (N = 46/66; 69.7%) and left ventricular disease (N = 26/66; 39.4%). 
Most patients (N = 56/66; 84.8%) had ≥2 potential embolic sources. After 6-month of follow 
up, ischemic stroke recurrence occurred in 18 (27.3%) patients. In survival analysis, the type 
and the number of potential embolic sources were not statistically associated with stroke 
recurrence.

Conclusion. Most patients with embolic strokes of undetermined source had multiple 
potential embolic sources, which overlap considerably. The type and number of potential 
sources were not associated with stroke recurrence. This finding may explain the negative 
results of large trials of secondary prevention in the Embolic strokes of undetermined 
source population.
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1. Introduction
About 10–30% of ischemic strokes have no identifiable 
cause despite a thorough diagnostic evaluation (cryptogenic 
stroke) [1,2]. In 2014, researchers proposed the concept of 
“embolic stroke of undetermined source” (ESUS) [2], which 
is defined as a non-lacunar brain infarct without a signifi-
cant (≥50%) stenosis of extracranial or intracranial arteries, 
major cardio-embolic sources or any other specific cause of 
stroke such as arteritis, dissection, and vasospasm [3].
As its diagnosis is based on an exclusive process, ESUS re-
presents an etiologically heterogeneous group and may be 
caused by various potential sources of thromboembolism, 
which may respond better to anticoagulation or antipla-
telet therapy [4,5]. Despite the increased number of publi-
shed studies focusing on the aetiologies of the ESUS, little is 
known about the prevalence and overlap of potential em-
bolic sources (PES) in north African patients with ESUS [6].
In this study, we, therefore, aimed to assess the prevalence 
and degree of overlap of different PES, and to evaluate the 
stroke recurrence rate by identifying PES among Tunisian 
patients with ESUS.

2. Methods
We assessed all consecutive ischemic stroke patients ad-
mitted to our department of neurology in Fattouma Bour-
guiba hospital (Monastir, Tunisia), between January 2017 
and December 2020.

Abbreviations
ARCADIA: atrial cardiopathy and antithrombotic drugs in 
prevention after cryptogenic stroke
CI: confidence interval
COMPASS: cardiovascular outcomes for people using anti-
coagulation strategies
CT scan: computed tomography scan
ECG: electrocardiogram
EF: ejection fraction
ESUS: embolic stroke of undetermined source
HR: hazard ratios
LV: left ventricle
MRI: magnetic resonance imaging
mRS: modified Rankin scale
NAVIGATE ESUS: rivaroxaban versus aspirin in secondary 
prevention of stroke and prevention of systemic embolism 
in patients with recent embolic stroke of undetermined 
source
NIHSS: National Institute of Health Stroke score
NT Pro-BNP: N-terminal pro-B-type natriuretic peptide
PES: potential embolic source
PFO: patent foramen ovale
RE-SPECT ESUS: dabigatran etexilate for secondary stroke 
prevention in patients with ESUS
SD: standard deviation
TEE: trans-oesophageal echography
TOAST: trial of ORG 10172 in acute stroke treatment
TTE: transthoracic echography

Prévalence et chevauchement des sources emboliques potentielles dans l'AVC embolique de source 
indéterminée : une cohorte rétrospective

Introduction. Les AVC emboliques d'origine indéterminée peuvent être causés par diverses sources emboliques 
potentielles, qui peuvent être mieux gérées par un traitement anticoagulant ou antiplaquettaire. L'identification de 
ces sources peut avoir des implications diagnostiques et thérapeutiques. Nos objectifs étaient d'évaluer la prévalence 
et le chevauchement des différentes sources emboliques potentielles identifiées dans une population de patients 
présentant des AVC emboliques de source indéterminée, et d'évaluer le taux de récidive des AVC en fonction du type 
et du nombre de sources emboliques potentielles.

Méthodes. Nous avons utilisé les données des patients consécutifs présentant un AVC ischémique admis au service 
de neurologie de l'hôpital Fattouma Bourguiba (Monastir, Tunisie), entre janvier 2017 et décembre 2020. Les patients 
qui répondaient aux critères de diagnostic des accidents vasculaires cérébraux emboliques de source indéterminée 
selon les critères du groupe de travail international sur les accidents vasculaires cérébraux cryptogéniques "embolic 
strokes of undetermined source" ont été sélectionnés. La présence de chaque source embolique potentielle a été 
évaluée, et les patients ont été classés en fonction des sources emboliques potentielles identifiées. Le principal 
critère de jugement était la récidive de l'AVC ischémique, et il a été recueilli de manière prospective pendant le suivi 
après l'AVC.

Résultats. Parmi 330 patients admis entre 2017 et 2020, 66 (20,6 %) ont été classés comme des AVC emboliques de 
source indéterminée (68,2 % étaient des hommes, âge moyen 57 ±11 ans). Les trois sources emboliques potentielles 
les plus répandues étaient la cardiopathie auriculaire (N = 47/66 ; 71,2 %), l'athérosclérose artérielle (N = 46/66 ; 
69,7 %) et la maladie ventriculaire gauche (N = 26/66 ; 39,4 %). La plupart des patients (N = 56/66 ; 84,8%) avaient 
≥2 sources emboliques potentielles. Après 6 mois de suivi, une récidive d'AVC ischémique est survenue chez 18 
(27,3 %) patients. Dans l'analyse de survie, le type et le nombre de sources emboliques potentielles n'étaient pas 
statistiquement associés à la récurrence de l'AVC.

Conclusion. La plupart des patients présentant des AVC emboliques de source indéterminée avaient plusieurs 
sources emboliques potentielles, qui se chevauchent considérablement. Le type et le nombre de sources potentielles 
n'étaient pas associés à la récidive de l'AVC. Cette constatation peut expliquer les résultats négatifs des grands essais 
de prévention secondaire dans la population des AVC emboliques de source indéterminée.

Mots-clés : AVC embolique de source indéterminée, AVC ischémique, sources emboliques potentielles, 
chevauchement, récidive d'AVC
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The scientific use of the data collected was approved by the 
local Ethics Committee. Data were prospectively obtained 
from digital hospital records including demographics, me-
dical history and associated vascular risk factors, prior 
medications, time of stroke onset and hospital admission, 
duration of hospitalisation, stroke severity assessed by the 
National Institute of Health Stroke scale score (NIHSS), re-
sults of routine laboratory and imaging investigations, and 
initial and discharge treatments.
Stroke was defined according to the World Health Organisa-
tion criteria as an episode of acute neurological dysfunction 
based on a new infarct visualised in brain imaging or symp-
toms persisting over 24 hours [7]. For ischemic stroke diagno-
sis, work up included cerebral CT and/or MRI if available. In 
search of potential cardio-embolic aetiologies, in addition to 
the electrocardiogram, we performed a first 24-hour rhyth-
mic holter, in the acute phase of the ischemic stroke, then 
we performed a second holter, during follow-up, to identify 
heart rhythm disorders such as atrial fibrillation, atrial flut-
ter, atrial hyperexcitability. We also performed a transthora-
cic echocardiography supplemented by a trans-oesophageal 
echocardiography in search of major or minor cardio-embo-
lic causes (valvular heart disease, atrial cardiopathy, etc.). 
The assay of the NT- pro-BNP was carried out.
In search of stenotic or non-stenotic (<50%) carotid, vertebro-
basilar and aortic arch atheromatous plaques, all patients 
initially had an ultrasound of the supra-aortic trunks, sup-
plemented by angio-CT scan and/or angio-MRI if available.
The aetiologies of ischemic strokes were classified using 
the modified trial of ORG 10172 in acute stroke treatment 
(TOAST) and ESUS criteria [3,8].

2.1. Definition of ESUS and PES
ESUS was defined according to the criteria proposed by the 
Cryptogenic Stroke/ESUS International Working Group [3] 
as a visualised non-lacunar brain infarct with an embolic 
infarct pattern on a brain computed tomography or MRI, in 
the absence of: (1) extracranial or intracranial ipsilateral 
atherosclerosis causing ≥50% luminal stenosis in arteries 
supplying the area of ischemia; (2) major-risk cardio-em-
bolic source, and (3) any other specific cause of stroke (e.g. 
arteritis, dissection, migraine/vasospasm, drug misuse).
Major risk sources of cardiac embolism included per-
manent or paroxysmal AF, sustained atrial flutter, left 
ventricular ejection fraction <30%, intracardiac throm-
bus, prosthetic cardiac valve, mitral stenosis, atrial 
myxoma or other cardiac tumours.
Patients known to have AF, mechanical valves, and intra-
cardiac thrombus were excluded from the ESUS group.
For patients included in the ESUS group, we defined the 
potential embolic sources (PES) as previously reported in 
the literature (Table 1): atrial cardiopathy, atrial fibril-
lation diagnosed during follow-up, left ventricular (LV) 
disease, cardiac valvular disease, patent foramen ovale 
(PFO), arterial atherosclerotic disease and cancer [4,5].
We did not include contralateral carotid atherosclerosis 
in these PES. For each patient, the presence/absence of 
each PES was determined, and patients were categorised 
in ≥1 groups according to the identified PES. The preva-
lence and degree of overlap of PES were determined.

Table 1. Definition of PES: definition is based on a secondary 
analysis of NAVIGATE-ESUS [9] and on the ARCADIA [10] trial 
inclusion criteria.

Cardioembolic sources
(1) Atrial cardiopathy (AD), any of:
- Left atrial diameter > 38 mm female, > 40 mm male
- Left atrial volume/body surface area > 34 mL/m2

- Intra-atrial spontaneous contrast detected on echocardio-
graphy 
- Supraventricular tachycardia on ambulatory ECG 
- Atrial premature beats (>720/24h) on ambulatory ECG  
(≥ 20h duration)
- Atrial fibrillation (AF) (atrial arrhythmias lasting  
≥ 30 seconds) or atrial flutter during follow-up *

- P-wave indices in ECG, any of

•	 PTFV1 ≥ 5000 µV.ms

•	 P-wave dispersion ≥ 40 ms
- Elevated serum NT-pro-BNP > 250 pg/mL
(2) Left ventricular dysfunction, any of:
- Moderately—severely impaired left ventricular global 
contractility 
- Regional wall motion abnormality present
- Diastolic or systolic dysfunction (30 ≤ left ventricular  
ejection fraction < 49%) **
- Left ventricular non compaction

(3) Cardiac valve disease, any of:

- Bioprosthetic heart valve
- Mitral valve abnormalities: moderate-severe mitral annular 
calcification, valve prolapsus
- Aortic valve abnormalities: moderate-severe aortic stenosis, 
valve thickening, bileaflet valve
- Patent foramen ovale detected on TTE or TEE with a high 
risk of embolism (large shunt, atrial septal aneurysm)

Non-cardioembolic sources
(1) Arterial atherosclerosis disease, any of:
- Non stenotic carotid artery plaque (causing < 50% stenosis) 
ipsilateral to qualifying infarct in any of internal carotid, 
middle cerebral, or anterior cerebral territory detected by CT 
or MR angiogram or sonography
- Non stenotic vertebral artery plaque (causing < 50% ste-
nosis) ipsilateral to qualifying infarct in either vertebral or 
posterior cerebral artery territory detected by CT scan or MR 
angiogram
- Aortic arch plaque on TEE or CT angiogram
(2) Cancer
- History of cancer at baseline whether the cancer is active  
or in remission, excluding skin cancer

* Atrial fibrillation not initially present and identified during fol-
low-up is considered the cause of ESUS.

** Patients with left ventricular ejection fraction <30% were 
excluded.

PTFV1= P-wave terminal force in lead V1; NT pro-BNP = N-terminal 
pro-B-type natriuretic peptide; TTE = trans-thoracic echocardiogra-
phy; TEE = trans-esophageal echocardiography; CT= computed to-
mography; mR= Magnetic resonance; Cancer: active or in remission
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2.2. Assessment of outcome
Patients with ESUS underwent a follow-up of at least 6 
months after index stroke. Outcome of interest was ische-
mic stroke recurrence during follow-up. The assessment of 
stroke recurrence was performed by onsite patient visits or 
by contact with the patient and/or his primary physician.
Ischemic stroke recurrence was defined as a sudden focal 
neurological deficit that was due to presumed arterial oc-
clusion lasting over 24 hours and with evidence of ischemic 
stroke on brain imaging. For ESUS group patients, recurrent 
ischemic strokes by number of PES and by the degree of 
overlap of PES were also determined.
The outcome was evaluated in the modified Rankin scale (mRS) 
score at discharge from the hospital, at 3 months and 12 months 
post stroke, respectively. Unfavourable outcome was defined as 
death or dependency (modified Rankin score (mRS) score 3–6).

2.3. Statistical analysis
Continuous data were expressed as means ± standard de-
viation, median and interquartile range (IQR), and nominal 
variables as counts and percentages.
The association between time to stroke recurrence and PES, 
was assessed with a Cox proportional-hazards model. Ad-
justments were realized on demographics (age and sex), me-
dical history (hypertension, dyslipidaemia, diabetes melli-
tus, smoking status, and coronary artery disease) and NIHSS 
score at admission.
For patients lost during follow-up, survival data were cen-
sored at the last time known to be alive. For patients who 
experienced >1 recurrence during the follow-up period, the 
time of the first event was used in the analysis.
Associations are presented as hazard ratios (HRs) with their 
corresponding 95% CIs, and the level of significance was set 

at 5% (p < 0.05). Statistical analyses were performed by a 
certified statistician with the Statistical Package for Social 
Science (SPSS Inc., version 25.0.0 for Windows, Armonk, 
NY).

3. Results
Between January 2017 and December 2020, 330 patients 
with acute first-ever ischemic stroke were included in our 
study. Nine patients were excluded from this analysis be-
cause of missing data (cardiac explorations (n = 5) and su-
pra-aortic vascular imaging (n = 4). Of the remaining 321 
patients, 66 (20.6%) were classified as ESUS (Figure 1).

3.1. Baseline characteristics, prevalence, and 
overlap of PES in ESUS patients
The major baseline characteristics of patients with ESUS ac-
cording to PES are summarised in Table 2. The mean age 
was 57.1 ±11,1 years, and 45 (68.2%) were men. TTE and TEE 
were performed in 66 (100%) and 56 (84.8%) ESUS patients, 
respectively. In addition, 61 (92.4%) patients benefited from 
two 24-hour holter monitoring. Sonography and CT/MRI an-
giogram were performed in 66 (100%) and 59 (89.4%) ESUS 
patients, respectively.
At least one PES was identified in 90.9% of ESUS patients. 
The 3 most prevalent PES were atrial cardiopathy (N = 47/66; 
71.2%), arterial atherosclerotic disease (N = 46/66; 69.7%) 
and left ventricular disease (N =26/66 39.4%) (Table 3).
Patients with PFO were young (49.8y; SD = 11) and had a 
low prevalence of current smoking (N = 2/16; 12.5%), dysli-
pidaemia (N = 0/16; 0%), diabetes mellitus (N = 2/16 12.5%) 
and coronary artery disease (N = 0/16; 0%). ESUS were of 
moderate severity (median NIHSS = 6; IQR (4-8)), NIHSS was 

Figure 1. Flow chart.
CT: Computed tomography; MRI: 
Magnetic resonance imaging; 
ESUS: embolic strokes of unde-
termined source.
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3.2. Recurrent ischemic stroke by individual 
PES and degree of PES overlap
All patients had a 6-month follow-up after the index ESUS 
stroke, the median duration was 16 months (IQR (8-30)). 
A recurrent ischemic stroke during follow-up occurred in 
18 (27.3%) patients with ESUS (Table 4). The prevalence of 
stroke recurrence was high for patients with cancer (N = 1/5; 
20%), and AF (N = 2/16; 16.7%). Whereas the lowest preva-
lence was reported in patients with heart valvular disease 
(N = 1/12; 4.5%) and PFO (N = 1/16; 6.2%). In the survival 
analysis, the different types of PES and the absence of PES 
were not significantly associated with recurrence of stroke 
(Table 5). The rates of ischemic stroke recurrence were simi-
lar between patients with ≤1, 2 and ≥3 PES (Table 6). In the 
survival analysis, the number of PES was not significantly 
associated with recurrence of stroke (Table 6).

4. Discussion
This is the first description of a Tunisian ESUS cohort using 
the criteria proposed by the Cryptogenic Stroke/ESUS In-
ternational Working Group in 2014. In our study, we found 
that approximately 20% of all included ischemic strokes (n 
= 330) were classified as ESUS type and they were more pre-
valent among young adults. Our data are consistent with a 
systematic review of published studies and trials evaluating 
ESUS patients, where frequency of ESUS ranged from 7% to 
42% of all ischemic strokes with an average of 17% and the 
mean age ranged from 53 to 69 years [9,11,12]. Some dis-
crepancies between studies may result from differences in 
methods and frequency in providing diagnostic workup in 
various countries, as well as the heterogeneity of the cha-
racteristics of the patients included in these studies [5,13].
The present study of 66 consecutive patients with ESUS 
shows that the most common potential causes of ESUS were 
atrial cardiopathy (71.2%), arterial atherosclerosis (69.7%) 
and left ventricular disease (39.4%). Added to that, there 
was a major overlap of PES in patients with ESUS: most pa-
tients (84.8%) had ≥ 2 PES, whereas one third of patients had 
at least 3 PES. The identification of many PES in our study 
likely relies on the practice of a panel of investigations that 
are not routinely used in most of our patients with ESUS. 
Added to basic explorations proposed by the Cryptogenic 
Stroke/ESUS International Working Group [3] (standard 
12-lead ECG, transthoracic echocardiogram, extracranial 
vascular imaging, and automated cardiac rhythm moni-
toring), most patients with ESUS were investigated with 
contrast trans-oesophageal echocardiogram for PFO detec-
tion, serum NT-pro-BNP [10,14] and P-wave indices in ECG 
for the assessment of atrial cardiopathy [15,16], intracranial 
and aortic imaging for the assessment of arterial atheroscle-
rosis disease [17-19].
Investigated with such an exhaustive diagnostic work-up, 
which is unrealistic in terms of availability of resources, pa-
tients with ESUS would have much identified PES and most 
included patients would rarely have a single PES [5,20].
In our ESUS cohort, increasing numbers of PES was not sta-
tistically associated with increased risk of recurrent stroke.
Similar to our results, The NAVIGATE ESUS (rivaroxaban 

* Atrial fibrillation not initially present and identified during fol-
low-up is considered the cause of ESUS.

** Patients with left ventricular ejection fraction <30% were excluded.

N = number of patients; EF = ejection fraction

N (%)

Cardioembolic sources 

Atrial cardiopathy 47 (71.2)

Atrial fibrillation * 12 (18.2)

Left ventricular dysfunction 26 (39.4)

Diastolic dysfunction with 
preserved EF 11 (16.7)

Diastolic or systolic dysfunc-
tion with reduced EF (30 ≤ left 
ventricular ejection fraction < 
49%) ** 15 (22.7)

Mitral valve

Mitral annular calcification 6 (9.1)

Valve prolapsus 4 (6.1)

Aortic valve

Aortic valve stenosis 4 (6.1)

Calcific aortic valve 8 (12.1)

Patent Foramen oval 16 (24.2)

+ Atrial septal aneurysm 4 (6.1)

Non cardioembolic sources 

Arterial atherosclerotic disease 46 (69.7)

Non stenotic carotid artery 
plaque for anterior circulation 
stroke 20 (30.3)

Non stenotic vertebral artery 
plaque for posterior circula-
tion stroke 8 (12.1)

Aortic arch plaque 18 (27.3)

Cancer 5 (7.6)

low in the PFO group (median NIHSS = 3; IQR (2-6)) (Table 2). 
Most patients with ESUS had a single ischemic stroke confir-
med with brain imaging, and only 6 (9,1%) patients had a 
multi-territory qualifying stroke (AF = 4; atrial cardiopathy 
without AF = 2). Most patients classified as ESUS had favou-
rable outcomes (mRS = 0, 1 or 2; IQR (1-2)) at discharge from 
hospital (N = 48/66; 72.7%), at 3 months (N = 51/66; 77.3%) 
and 12 months (N = 54/66; 81.8%), respectively.
Most patients (N = 56/66; 84.8%) had ≥2 PES, whereas only 
6.1% and 9.1% of patients had a single or no PES, respec-
tively. There were 20 (30.3%) patients who had 3 or more 
identified PES.

Table 2. Repartition of each PES in the ESUS population.
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* Atrial fibrillation not initially present and identified during follow-up is considered the cause of ESUS.
** Patients with left ventricular ejection fraction <30% were excluded.
N = number of patients; Med = median; NIHSS = National Institute of Health Stroke Scale; mRs= modified Rankin scale; PES= potential embolic 
source; SD= standard deviation

* Atrial fibrillation not initially present and identified during follow-up is considered the cause of ESUS.
** Patients with left ventricular ejection fraction <30% were excluded.
N = number of patients; SD= standard deviation

Age

N
Male N 

(%) Mean SD
Hyperten-
sion N (%)

Smoking N 
(%)

Dyslipide-
mia N (%)

Diabetes 
mellitus N 

(%)

Coronary 
disease N 

(%)

Total 66 45 (68.2) 57.1 11 35 (53) 32 (48.5) 21 (31.8) 26 (39.4) 21 (31.8)

Cardioembolic sources

Atrial cardiopathy 47 32 (68.1) 57 11 23 (48.9) 24 (51.5) 8 (17) 18 (38.3) 7 (14.9)

Atrial fibrillation * 12 5 (41.6) 57.8 11 9 (75) 6 (50) 4 (33.3) 4 (33.3) 3 (25)

Left ventricular 
dysfunction ** 26 18 (69.2) 57.1 12 15 (57.7) 15 (57.7) 8 (30.7) 15 (57.7) 8 (30.7)

Cardiac valvular 
disease 2 2 16 (72.7) 58.6 11 11 (50) 13 (59.1) 9 (13.6) 10 (45.4) 2 (9.1)

Patent Foramen 
ovale 16 11 (68.7) 49.8 11 (18.7) 2 (12.5) 0 (0) 2 (12.5) 0 (0)

Non cardioembolic sources

Arterial disease 46 40 (86.9) 59.9 7 22 (47.8) 26 (56.5) 20 (43.4) 22 (47.8) 18 (39.1)

Cancer 5 3 (60) 59.8 12 1 (20) 4 (80) 1 (20) 1 (20) 1 (20)

Absence of PES 6 3 (50) 58 11 2 (33.3) 2 (33.3) 2 (33.3) 3 (50) 0 (0)

NIHSS mRs (0-2)

N

Prior 
stroke N 

(%)

Multi 
territory 
stroke N 

(%) Med Q1-Q3

at 
discharge 

N (%)
at 3 mon-
ths N (%)

at 12 mon-
ths N (%)

Stroke re-
currence 

during 
follow-up 

N (%)

Total 66 12 (18.2) 6 (9.1) 7 4-13 48 (72.7) 51 (77.3) 54 (81.8) 18 (27.3)

Cardioembolic sources

Atrial cardiopathy 47 4 (8.5) 6 (12.7) 6 4-11 30 (36.8) 31 (65.9) 33 (70.2) 5 (10.6)

Atrial fibrillation * 12 3 (25) 4 (33.3) 8 4-14 6 (50) 6 (50) 7 (58.3) 2 (16.7)

Left ventricular 
dysfunction ** 26 3 (11.5) 0 (0) 6 4-10 19 (73) 22 (84.6) 22 (84.6) 2 (7.7)

Cardiac valvular 
disease 12 0 (0) 0 (0) 5 3-7 18 (81.8) 20 (90.9) 20 (90.9) 1 (4.5)

Patent Foramen 
ovale 16 0 (0) 0 (0) 3 2-6 13 (81.2) 14 (87.5) 14 (87.5) 1 (6.2)

Non cardioembolic sources

Arterial disease 46 4 (8.7) 0 (0) 7 3-12 29 (63) 29 (63) 32 (69.5) 5 (10.8)

Cancer 5 0 (0) 0 (0) 6 3-8 2 (40) 2 (40) 2 (40) 1 (20)

Absence of PES 6 0 (0) 0 (0) 6 3-8 2 (33.3) 3 (50) 3 (50) 1 (16.6)

Table 3. Baseline characteristics and outcomes of patients per PES.

Table 4. Index stroke characteristic and stroke recurrence during follow-up per PES.
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therapeutic trials: The NAVIGATE ESUS and the RE-SPECT 
ESUS trials [9,21,22] showed that anticoagulation is not su-
perior to aspirin to prevent stroke recurrence in patients 
with ESUS, showing that the lumping therapeutic approach 
of oral anticoagulation for the unselected population with 
ESUS was not the optimal strategy and indirectly validating 
the ESUS concept as an etiologically heterogeneous entity 
[5,12].
The heterogeneity of embolic sources and their remarkable 
degree of overlap, as reported in the present study, could 
explain these negative results. Over 40% of patients with 
ESUS have multiple PES, some of which may be associated 
with low-blood flow which predisposes to formation of red 
thrombi that may respond better to anticoagulation, whe-
reas other embolic sources may be associated with atheros-
clerotic plaque ulceration which triggers the formation of 
white thrombi that may have responded better to antiplate-
let therapy [20].
In this context, treating patients with ESUS with anticoagu-
lants rather than antiplatelets may cause simply exchanging 
the type of thrombus, with the overall burden of thrombi 
remaining unchanged and hence, no change in the rate of 
stroke recurrence.
If this hypothesis is correct, it would be rational to expect that 
a combination of anticoagulant and antiplatelet in patients 
with ESUS would be associated with a substantial reduction 
of stroke recurrences in patients with ESUS. These thoughts 
are supported by the results of the COMPASS (cardiovascular 
outcomes for people using anticoagulation strategies) trial 
which showed that a combination of low-dose rivaroxaban 
and aspirin was associated with a large reduction of stroke 
risk compared with aspirin as monotherapy [23,24].
Furthermore, the strategy of combining anticoagulant and 
antiplatelet therapy may not apply to patients with atrial 
cardiopathy. Meanwhile, the ARCADIA (atrial cardiopathy 
and antithrombotic drugs in prevention after cryptogenic 
stroke) trial [10], which is currently investigating whether 
oral anticoagulation with apixaban is a better strategy com-
pared with aspirin in patients with atrial cardiopathy, re-
ports positive results.
We found that the risk of stroke recurrence was similar 
across different PES, which suggest that the thromboembo-
lic risk across these PES is similar. This is in line with the 
concept of ESUS, which considers all these PES as minor-risk 
embolic sources [5,9].

Table 5. Comparison of stroke recurrence according to type 
of PES. Hazard ratios (HR) and 95% confidence intervals (CI) 
computed using a multivariable Cox proportional hazards model. 
Models were adjusted for age, sex, hypertension, dyslipidaemia, 
diabetes mellitus, smoking status, coronary artery disease and 
NIHSS score at admission.

Table 6. Comparison of stroke recurrence according to number of PES. Hazard ratios (HR) and 95% confidence intervals (CI) computed 
using a multivariable Cox proportional hazards model. Models were adjusted for age, sex, hypertension, dyslipidaemia, diabetes mellitus, 
smoking status, coronary artery disease and NIHSS score at admission.

HR (95% CI) P-value

Cardioembolic sources 

Atrial cardiopathy 1.16 (0.78 - 1.6) 0.426

Atrial fibrillation * 1.37 (0.82 - 2.34) 0.242

Left ventricular 
dysfunction ** 0.89 (0.61 - 1.24) 0.530

Cardiac valvular 
disease 0.63 (0.45 - 1.28) 0.083

Patent Foramen 
ovale 0.81 (0.54 - 1.38) 0.385

Non cardioembolic sources 

Arterial disease 1.23 (0.79 - 1.94) 0.373

Cancer 1.6 (0.8 - 2.27) 0.077

Absence of PES 1.49 (0.8 - 2.27) 0.134

Number 
of patients 

N

Stroke recur-
rence during 
follow-up N 

(%) HR (95% CI) P-value

Number 
of PES

≤1 10 3 (30) 1.13 (0.58-2.1) 0.723

2 36 9 (25) 1.25 (0.8-2.04) 0.356

≥3 20 6 (30) 1.22 (0.7-1.96) 0.458

versus aspirin in secondary prevention of stroke and pre-
vention of systemic embolism in patients with recent embo-
lic stroke of undetermined source) [9,21] and the RE-SPECT 
ESUS (dabigatran etexilate for secondary stroke prevention 
in patients with ESUS) trials [22] as well as several observa-
tional studies [4,11], reported that two-thirds of all patients 
with ESUS had at least 2 potential embolic sources, and the 
most common ones were non-stenotic large artery disease, 
left ventricular disease, and atrial cardiopathy. Moreover, 
one-third of the patients had at least 3 such sources (each 
was present in nearly half of the study population) [5,9].
It was also reported that most patients with ESUS have 
multiple PES, which could explain the neutral results of 

* Atrial fibrillation not initially present and identified during fol-
low-up is considered the cause of ESUS.

** Patients with left ventricular ejection fraction <30% were excluded.
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We also found that the risk of stroke recurrence in patients 
with multiple PES was not further increased. Similar stu-
dies with longer follow-up and adequately powered cohort 
studies are needed to show whether these risk differences 
would be larger in the long-term.
This is the first description of a Tunisian ESUS population 
providing detailed data on potential etiologic causes of ESUS 
and the degree of PES overlap. Another strength of this study 
is that the definition of ESUS was based on the criteria pro-
posed by the Cryptogenic Stroke/ESUS International Working 
Group. This may allow future studies to compare other ESUS 
populations to the current one using standardised criteria. 
Another strength of the present study is that the estimated 
degree of PES overlap might be the actual overlap because 
of the extensive panel of diagnostic work-up investigations 
that had been performed for most patients, regardless of 
their ages. Moreover, we used several measurements to de-
fine each PES, especially the atrial cardiopathy [9,10]. In this 
context, our estimates of the prevalence of each PES and of 
prevalence of multiple PES are likely reasonable. Neverthe-
less, our study has certain limitations. It is a single-center 
character rather than a population-based setting, which may 
have introduced selection bias. In addition, a type II error 
due to moderate sample size and limited number of events 
cannot be excluded. Additionally, it is a retrospective analysis 
of prospectively collected data, which may have introduced 
collection and registration bias.
In the present study, we conclude that most ESUS patients 
had multiple PES with a major degree of overlap. Rather, 
prospective data with advanced diagnostic methods are 
warranted to identify the true distribution of the under-
lying stroke aetiology in patients with ESUS. Currently, ESUS 
may be considered as a developing diagnostic concept that 
triggers increased diagnostic studies presumably leads to 
increased detection rates of the underlying stroke cause 
and subsequently reduces the overall rate of undefined or 
cryptogenic strokes.
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