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Abstract
The present study aimed to investigate the predictive value of free fatty acid (FFA) in embolic stroke of undetermined source (ESUS)
according to the presence of potential embolic sources (PES) after extensive etiologic evaluation.
This was a retrospective observational study based on a single-center registry from January 2011 to July 2017. Stroke subtypes

were determined through laboratory findings, brain, and angiographic imaging, carotid ultrasonography, transthoracic
echocardiography, and 24-hour Holter monitoring. If ESUS was suspected, transesophageal echocardiography was additionally
performed. Patients were classified into ESUSwith PES and ESUSwithout PES. PES includedmitral annular calcification, mitral valve
prolapse, patent foramen ovale, atrial septal aneurysm, spontaneous echo contrast, ventricular aneurysm, and high-risk plaques of
aortic arch, or carotid bulb. We compared clinical and laboratory findings between the two groups.
Of a total of 110 ESUS patients, 61 patients (55.5%) had no PES. Patients with ESUS without PES had higher levels of serum FFA,

systolic blood pressure, diastolic blood pressure (DBP), and left atrial (LA) enlargement compared with those of ESUS with PES.
Multivariable analysis demonstrated that the FFA level, DBP, and LA volume index were associated with ESUS without PES [odds
ratio (OR) 1.038, 95% confidence interval (CI) 1.019–1.058 for FFA/10mEq/L, OR 1.414, 95% CI 1.037–1.928 for DBP/10 mm Hg,
and OR 1.073, 95% CI 1.009–1.141 for LA volume index].
Higher levels of FFA, DBP, and LA volume index are associated with ESUS without PES, highlighting the need to identify the role of

these markers in ESUS through further large-scale, multi-center and prospective studies.

Abbreviations: AF = atrial fibrillation, CI = confidence interval, DBP = diastolic blood pressure, ESUS = embolic stroke of
undetermined source, FFA = free fatty acid, LA = left atrial, LAVI = left atrial volume index, LV = left ventricular, MR = magnetic
resonance, OR = odds ratio, PES = potential embolic sources, PFO = patent foramen ovale, SBP = systolic blood pressure, TEE =
transesophageal echocardiography, TOAST = Trial of Org 10,172 in Acute Stroke Treatment.
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1. Introduction

Approximately one-fourth of all ischemic strokes remain
undetermined etiology, and stroke without identified cause even
after the thorough diagnostic evaluation is classified into the
cryptogenic stroke.[1,2] However, the definition of cryptogenic
stroke varies according to the studies. As most cryptogenic
strokes are presumed to have a thromboembolic mechanism, the
terms of “embolic stroke of undetermined source (ESUS)” were
introduced.[3] ESUS may be originated from various potential
embolic sources (PES) including minor-risk cardiac sources,
arterial plaques or paradoxical emboli. In addition, covert
paroxysmal atrial fibrillation (AF) and atrial cardiopathy may be
conceived as one of the important causes of ESUS without other
embolic sources.[3]

Identifying etiology in patients with ESUS is important for
therapeutic implications. Recent randomized controlled trials
failed to prove the superiority of direct oral anticoagulants
compared with aspirin for preventing recurrent stroke in patients
with ESUS.[4,5] The crucial reason is the heterogeneity of embolic
sources (arterial, cardiogenic, or paradoxical) leading to ESUS.
Themost compelling case of anticoagulationmay be that of ESUS
related to covert AF. In recent studies, prolonged cardiac rhythm
monitoring could identify more paroxysmal AF than standard
monitoring in patients with stroke.[6,7] However, it is challenging
for applying all patients with ESUS in real-world practice due to
great expense and inadequate patient’s compliance. Moreover,
the detection rate for covert AF did not exceed 30% even after
extended monitoring.[8] Therefore, it may be beneficial to have a
biomarker for covert AF in patients with ESUS. A recent study
suggested some coagulation markers and left atrial volume index
(LAVI) could predict AF in cryptogenic stroke.[9] In addition, free
fatty acid (FFA) is an emerging candidate in AF-related stroke.[10–
12] FFA is important energy substrates for heart, and increased
FFA levels contribute to myocardial dysfunction and arrhyth-
mia.[13] However, the clinical implication of FFA have not been
evaluated in patients presented with ESUS.
In the present study, we investigated the association between

FFA levels and ESUS according to the presence of PES. We also
compared the FFA level of patients with ESUS with those of other
stroke subtypes including AF-related stroke.
2. Materials and methods

2.1. Study design and population

This was a retrospective observational study to assess the clinical
implication of FFA on ESUS based on a hospital-based stroke
registry. Patients with acute ischemic stroke who were consecu-
tively admitted to Korea University AnsanHospital from January
2011 to July 2017 were enrolled. The inclusion criteria were as
follows:
1)
 a diagnosis of acute ischemic stroke within 7 days of symptom
onset,
2)
 relevant ischemic lesions on diffusion weighted magnetic
resonance (MR) imaging, and
3)
 presumed ESUS. ESUS was defined as non-lacunar stroke
without relevant intracranial or extracranial arterial stenosis
(≥ 50%), major cardioembolic sources, and other etiology
according to the proposed criteria by the Cryptogenic Stroke/
ESUS International Working Group.[3] Those who did not
undergo transesophageal echocardiography (TEE) nor had
2

FFA data, were excluded. Included patients were further
grouped into ESUS with PES and ESUS without PES.

This study was approved by the Institutional Review Board
(AS0685). The need for written informed consent waswaived due
to the retrospective design and the minimal risk to patients.
2.2. Data collection and etiologic evaluation

Information on demographic data, characteristics of stroke
(severity and etiology), medical history of risk factors (hyperten-
sion, diabetes mellitus, coronary artery disease, and current
smoking) was obtained. We performed brain imaging including
diffusion-weighted MR imaging, intracranial and extracranial
arterial imaging using MR angiography and duplex ultrasound
imaging, laboratory tests, and cardiac workup as routine
evaluation in all of the included patients. Routine laboratory
examinations included complete blood count, electrolyte,
glucose, renal function test, liver function test, lipid profile (total
cholesterol, low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, and triglyceride), and FFA. Blood
samples were acquired after at least 8 hour-fasts the morning
after admission. Level of serum FFA was measured by the
enzymatic colorimetric method, using the NEFA-HR (2) reagent
kit (Wako Pure Chemical Industries, Ltd., Osaka, Japan).[14] In
patients<45 years old with unknown etiology, we performed
laboratory assessments for pro-thrombotic state including
coagulation factors and anti-phospholipid antibodies.
In principle, stroke subtypes were categorized according to the

Trial of Org 10,172 in Acute Stroke Treatment (TOAST)
classification.[15] However, cardioembolic stroke was determined
as a case accompanied by high-risk cardioembolic sources. For
determination and risk stratification of cardioembolic sources,
we adopted and modified a list from TOAST and Stop Stroke
Study TOAST.[16] Consequently, we defined high-risk cardi-
oembolic sources as follows: bioprosthetic and mechanical valve,
rheumatoid mitral, or aortic valve disease, AF (other than loan
AF), sustained atrial flutter, sick sinus syndrome, left atrial (LA)/
atrial appendage thrombus, left ventricle thrombus, recent
myocardial infarction (< 4 weeks), chronic myocardial infarction
together with low ejection fraction less than 28%, symptomatic
congestive heart failure with ejection fraction less than 30%,
dilated cardiomyopathy, akinetic left ventricular (LV) segment,
nonbacterial thrombotic endocarditis, infective endocarditis,
atrial myxoma, and papillary fibroelastoma.[15,16] Stroke of
undetermined etiology with negative evaluation results or
cardioembolic stroke with low or uncertain risk embolic sources
were classified as ESUS based on the thorough etiological
evaluation.
2.3. Cardiac workup and parameters

We conducted electrocardiography, 24-hour Holter monitoring,
and transthoracic echocardiography in every patient with
ischemic stroke. Besides, at least 48-hour electrocardiography
monitoring in stroke unit was applied to identify paroxysmal AF
or other arrhythmias since September 2014. If patients were
categorized into undetermined etiology, TEE was performed and
interpreted by certified echocardiography cardiologists (YHK
and SWK) for detection of complex aortic arch atheroma and
hidden cardioembolic sources. The type of AF was defined as
paroxysmal versus sustained (persistent or permanent).[17] The
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echocardiographic data were reviewed by using a viewer
program (Centricity Enterprise Web, GE Medical Systems).
Echocardiographic parameters of interest were LA anterior-
posterior diameter, LAVI, ejection fraction, LV diastolic
function, inward and outward flow velocities in the LA
appendage.
2.4. Lesion pattern

Ischemic lesions were divided into embolic versus non-embolic
patterns based on initial diffusion weighted imaging. Imaging
criteria for embolic stroke patterns referred to at least one of the
following; multiple acute infarcts, simultaneous involvement of
different circulations (both right and left anterior circulations or
both anterior and posterior circulations), multiple infarcts of
different ages, or isolated cortical ischemic lesions.[14,18]
2.5. PES

PES include mitral annular calcification, mitral valve prolapse,
patent foramen ovale (PFO), atrial septal aneurysm, spontaneous
echo contrast, ventricular aneurysm, complex aortic arch
atheroma, and high-risk carotid plaques. Spontaneous echo
contrast was diagnosed in cases of an echogenic swirling pattern
in the left atrium or LA appendage.[19] Complex aortic arch
atheromas were diagnosed when their thickness was over 4mm
or complex plaque (mobile or ulcerated) was found.[20] High-risk
carotid plaques were defined as non-stenotic carotid plaques with
surface ulceration.[21]
2.6. Statistical analysis

Continuous variables were reported as mean± standard devia-
tion or median and interquartile range. Simple comparisons of
the 2 groups were performed using the x2 test for categorical
variables and Student’s t-test or Mann–Whitney U test for
6,278 patients 
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Figure 1. Flowchart of included patients. CE=cardioembolism, ESUS=embolic
cause, PES=potential embolic sources, SVO=small vessel occlusion, UC=und
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continuous variables after assessing normality of each of them.
The association between the FFA level and ESUS without PES
was investigated using univariate and multivariable logistic
regression analyses. Multivariable logistic regression models
were developed by inputting variables with P value< .1 in
univariate analyses and performed using backward elimination.
All of the analyses were conducted using SPSS 20.0 for Windows
(IBM Corporation, Armonk, NY). A 2-sided P value< .05 was
considered statistically significant.
3. Results

Of 2,004 patients, 213 were classified as ESUS. Excluding 96
patients who did not undergo TEE due to noncooperation or
refusal and 7 patients without FFA levels or with non-fasting FFA
levels, a total of 110 patients were finally included (Fig. 1). There
was no missing value in the baseline characteristics in included
patients. Among them, 49 patients (44.5%) have PES. Identified
PES were PFO (34, 30.9%), complex aortic arch atheroma (16,
14.5%), atrial septal aneurysm (2, 1.8%), mitral annular
calcification (2, 1.8%) and high-risk carotid plaques (2,
1.8%). Otherwise, spontaneous echo contrast, mitral valve
prolapse, and ventricular aneurysm were absent. The 4 patients
(3.6%) have 2 or more PES. Patients without PES were
characterized by higher systolic blood pressure, diastolic blood
pressure (DBP), and fasting blood glucose compared to those
with PES. The FFA level was significantly higher in patients
without PES (762mEq/L, 618.5–1008.5) than patients with PES
(532mEq/L, 351–735.5) (Table 1). LA volume and LAVI tended
to be higher in patients with ESUS without PES, but it was not
statistically significant. Vascular risk factors, use of antiplatelet
agents and statins, and stroke severity were not different between
groups.
A total of 92 patients (83.6%) had embolic lesion pattern (51

patients without PES and 41 with PES). Among them, 26 had
multiple lesions in multiple territories, 37 patients had multiple
in KUSR  

chemic  stroke 
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stroke of undetermined source, LAA= large artery atherosclerosis, OC=other
etermined cause.
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Table 1

Baseline characteristics of included patients.

PES (–) N=61 PES (+) N=49 P value

Age, yr 55 (50,70) 59 (48.5, 76) .188
Female 22 (36.1%) 12 (24.5%) .192
Body mass index, kg/m2 24.1±3.7 23.5±2.8 .550
First-ever stroke 52 (85.2%) 41 (83.7%) .821
Vascular risk factors
DM 20 (32.8%) 9 (18.4%) .088
HTN 35 (57.4%) 22 (44.9%) .193
Coronary artery disease 5 (8.2%) 2 (4.1%) .380
Current smoking 22 (36.1%) 22 (44.9%) .347

Pre-admission medication
Anti-platelet agents 18 (29.5%) 10 (20.4%) .276
Statins 8 (13.1%) 8 (16.3%) .635

Systolic BP, mm Hg 152 (136.5, 182.5) 145 (130, 161.3) .040
Diastolic BP, mm Hg 92 (84.5, 100) 83.5 (77.8, 95.3) .007
Onset to arrival time, hr 6 (1.8, 45.2) 8 (1, 37.5) .838
Initial NIHSS 2 (1, 5) 2 (1, 4) .798
Echocardiographic findings
LA AP diameter, mm 37.1±4.8 36.6±4.6 .415
LA volume, mL 48.2 (37.6, 55.0) 42.2 (38, 48.9) .083
LAVI, mL/m2 27.4 (22.7, 33.4) 24.9 (21.7, 29.7) .088
EF, % 62.5 (60, 66) 62.5 (61, 63) .215
LV diastolic dysfunction 33 (54.1%) 31 (63.3%) .333
LAA inward flow velocity, cm/s 63.5 (50.3, 73.5) 60.7 (51.8, 69.4) .992
LAA outward flow velocity, cm/s 63.1 (50.2, 76.6) 63.5 (47.9, 78) .921

24-h Holter monitoring
NAT 17 (27.9%) 11 (22.4%) .517
Beats of NAT, /min 0 (0, 3) 0 (0, 0) .385

Initial laboratory findings
WBC, x103/mL 8.4 (7.0, 9.6) 7.8 (6.4, 9.8) .630
Fasting blood glucose, mg/dL 100 (94, 127.5) 94 (88, 105) .021
Total cholesterol, mg/dL 173.8±37.8 165.2±40.7 .309
HDL, mg/dL 41 (35, 49.5) 41 (33, 47.5) .541
LDL, mg/dL 107.2±32.4 104.3±37.8 .756
TG, mg/dL 110 (87.5, 170) 107 (78.5, 158) .382
Homocysteine, mmol/L 11 (7.7, 13.8) 10.4 (8.7, 14.7) .667
hs-CRP, mg/dL 0.12 (0.05, 0.45) 0.12 (0.06, 0.22) .663
FFA, mEq/L 762 (618.5, 1008.5) 532 (351, 735.5) <.001

MRI findings
Maximal AP diameter, mm 20 (10, 36) 16 (10, 37.5) .861
Number of infarction 2 (1, 4) 3 (1, 4) .371
Embolic lesion pattern 51 (83.6%) 41 (83.7%) .992

Results are expressed as number (column %) for categorical variables. For continuous variables, mean±SD and median (IQR) were used whether they followed normal distribution or not. AP= anteroposterior,
BP=blood pressure, DM=diabetes mellitus, EF= ejection fraction, FFA= free fatty acid, HDL=high-density lipoprotein, hs-CRP=high sensitivity C-reactive protein, HTN=hypertension, LA= left atrial, LAA=
left atrial appendage, LAVI= left atrial volume index, LDL= low-density lipoprotein, LV= left ventriclular, NAT=non-sustained atrial tachycardia, NIHSS=National Institutes of Health Stroke Scale, PES=potential
embolic sources, TG= triglyceride, WBC=white blood cell.
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lesions in single territory, and 29 single cortical lesion. With
regards to non-embolic lesion pattern, single, and non-lacunar
infarction was found in 18 patients.
3.1. FFA level predicting for ESUS without PES

Variables for multivariable analysis were selected after univari-
able analyses (all P-values< .1). Multivariable analysis demon-
strated that the FFA level, DBP, and LAVI were associated with
ESUS without PES (Table 2). The FFA level (/10mEq/L) was
associated with ESUS without PES [odds ratio (OR), 1.038; 95%
confidence interval (CI), 1.019–1.058]. The relationship between
the FFA level and ESUS without PES showed a level-response
relationship. The highest tertile of FFA levels (OR, 11.131; 95%
CI, 3.581–34.602) andmiddle tertile of FFA (OR 4.814; 95%CI,
4

1.665–13.915) were independently associated with ESUS
without PES compared with the lowest tertile.
In addition, multivariable analyses demonstrated that the FFA

level (OR 1.032, 95% CI 1.013–1.052 for FFA/10mEq/L) and
LAVI (OR 1.07, 95% CI 1.003–1.142 for LAVI) are related to
ESUS without PES in 92 patients with embolic lesion patterns.
3.2. Comparison of the FFA level of ESUS with those of
other stroke subtypes

Of 2004 whole population, FFA levels were extracted according
to stroke subtypes (large artery occlusion and small vessel
occlusion) and type of AF in cardioembolic stroke. Table 3
demonstrated the comparison between these groups. The level of
FFA in patients with sustained AF was the highest, and that of



Table 2

Effects of free fatty acid on predicting embolic stroke of
undetermined source without potential embolic sources.

OR (95% CI) P value

Model 1 (FFA as a continuous variable)
FFA (/10mEq/L) 1.038 (1.019–1.058) <.001
DBP (/10mm Hg) 1.414 (1.037–1.928) .028
LAVI 1.073 (1.009–1.141) .024

Model 2 (FFA as a categorical variable)
FFA
Lowest tertile Reference
Middle tertile 4.814 (1.665–13.915) .004
Highest tertile 11.131 (3.581–34.602) <.001
DBP (/10mm Hg) 1.464 (1.071–2.001) .017
LAVI 1.063 (1.002–1.128) .043

Hosmer and Lemeshow’s test: P= .684 for Model 1 and 0.381 for Model 2.
Variables in univariable analyses (P< .1) such as DM, SBP, DBP, LAVI, and FFA were selected for
multivariable analysis. LAVI was adjusted instead of LA volume due to appropriateness of LAVI as
parameter.
CI= confidence interval, DBP=diastolic blood pressure, FFA= free fatty acid, LAVI= left atrial volume
index, OR= odds ratio.
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paroxysmal AF was next. Interestingly, the FFA level in the ESUS
without PES was similar to that of the paroxysmal AF-related
stroke group and higher than stroke of large artery atherosclero-
sis and small vessel occlusion. The FFA level of the ESUSwith PES
was lower than that of ESUS without PES.
4. Discussion

In our study, PES were not found in approximately half (55.5%)
of patients with ESUS, even after extensive etiologic evaluation
including TEE. High levels of FFA, LAVI, and diastolic BP were
associated with ESUS without PES after adjusting other
confounding factors including clinical, laboratory, and echocar-
diographic findings. The relationship strengthened proportional-
ly with increases of the FFA level. Furthermore, FFA was more
elevated in ESUS without PES than ESUS with PES and stroke of
large artery atherosclerosis and small artery occlusion. Interest-
ingly, the level of FFA in ESUS without PES were similar to those
of stroke with paroxysmal AF.
Biomarkers can be useful for predicting etiology and prognosis

in acute ischemic stroke.[9,22] Our study demonstrated that the
level of FFA predicted ESUS without PES. Recently, there is
growing evidence that FFA is an emerging biomarker of stroke
with embolic sources of cardiac origin. Elevated FFA induces
Table 3

Comparison of free fatty acid levels according to stroke subtypes.

Median (IQR), mEq/L

ESUS without PES 762 (618.5, 1008.5)
ESUS with PES 532 (351, 735.5)
CE with sustained AF 950 (697, 1349)
CE with paroxysmal AF 772 (524.5. 1075.5)
LAA 661 (468, 859)
SVO 577 (405.8, 747.5)
OC 645.5 (374.5, 869.3)

†Mann–Whitney U test to compare ESUS without PES to each of group.
‡ Comparison of ESUS without PES to each of groups.
AF= atrial fibrillation, CE=cardioembolism, CI= confidence interval, ESUS= embolic stroke of undeterm
potential embolic sources, SVO= small vessel occlusion.
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inflammation[23] and several inflammatory markers were related
to cardioembolic stroke mainly composed of AF.[24,25] Further-
more, recent observational studies have shown that the FFA level
was associated with ischemic stroke attributed to AF.[11,12,14]

Although we did not corroborate the direct evidence of covert AF
in these patients through prolonged monitoring, the increased
FFA levels in those may imply the presence of covert AF.
In particular, the similar level of FFA in ESUS without PES and

ischemic stroke with paroxysmal AF supported reasonable
suspicion about this inference. Another possibility was that the
level of FFAmight be related to novel cardioembolic sources such
as atrial cardiopathy. Finally, FFA may constitute one of the risk
factors for ESUS without PES via platelet aggregation and
hypercoagulability.[26,27]

If the elevated level of FFA were suggestive of covert AF in
patients with ESUS without PES, the level of FFA in patients with
ESUSwithout PES could reflect the future risk of recurrent stroke.
Previous observational study demonstrated that FFA levels could
predict recurrent stroke in patients with AF-related stroke after
adjustment for established risk scoring system.[10] One of the
plausible mechanisms of the predictive value of FFA on the
outcome of AF-related stroke is ascribed to the thrombotic effect
of FFA. The other explanation was based on the results of our
study. Patients with sustained AF had higher levels of FFA than
those with paroxysmal AF. In other words, FFA levels seemed to
reflect the AF burden. Several clinical trials have shown that AF
burden was related to the risk of stroke.[28,29]

Interestingly, the FFA level of ESUS without PES were higher
than those of ESUS with PES. Some embolic sources were related
to FFA. Seo et al reported the relationship between the FFA level
and cardioembolic sources such as AF, valvular heart disease,
congestive heart failure with low ejection fraction, LV thrombus,
LA thrombus, and LV wall motion abnormality.[14] However,
FFA did not predict the low-risk cardioembolic sources of PFO
and mitral annular calcification. Besides, only AF showed the
definite level-response relationship to FFA. Thus, the heteroge-
neous impact of FFA on embolic sources and the strongest
association with AF can account for this finding.
In addition to FFA, LAVI was independently associated with

ESUS without PES. LA enlargement interplays with AF, as a
potent risk factor and the consequence.[30,31] On the other hand,
moderate to severe LA enlargement was an independent risk
factor for recurrent cardioembolic or cryptogenic stroke,
suggesting that LA enlargement may be the common pathome-
chanism in these stroke subtype.[32] Atrial dysfunction repre-
sented by LA enlargement could lead to stasis, endothelial
P value† Difference of mean (95% CI)‡

Reference
<.001 –314.9 (–446.1, –183.7)
<.001 210.2 (101.2, 319.1)
.942 47.6 (–71.9, 167.1)
<.001 –183.0 (–283.0, –83.0)
<.001 –263.4 (–363.7, –163.1)
.002 –184.8 (–303.2, –66.4)

ined source, IOR= interquartile range, LAA= large artery atherosclerosis, OC= other cause, PES=

http://www.md-journal.com
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dysfunction, and thromboembolism even in the absence of AF.
Considering the reciprocal association between AF and LA
enlargement, a major culprit in ESUS without PES may be a
covert paroxysmal AF and atrial cardiopathy.
We found that DBP also predicted independently ESUS

without PES. Elevated blood pressure is one of the most
powerful risk factors for stroke. Although several observational
studies demonstrate that DBP was related to peri-procedural
stroke, systolic blood pressure usually has a greater effect on the
risk of stroke.[33,34] The role of DBP in ESUS without PES needs
to be elucidated.
Our study has strengths of extensive evaluation including TEE,

24-hour Holter monitoring, and laboratory evaluation for
thrombophilia especially in stroke at young age. The extent of
mandatory workup in patients with ESUS is not fixed. However,
several organizations recommend TEE for cardiac sources of
embolism in patients with no identified embolic sources or highly
suspected.[35,36] TEE is the gold standard of identifying some of
the embolic sources (e.g., PFO, aortic arch atheroma) and may
decisively affect the etiologic classification and therapeutic
strategies.[37] Therefore, our results could precisely demonstrate
the association with FFA and ESUS according to the presence of
PES.
We have to mention some limitations of our study. First, the

results of the current study may not be generalizable because they
are findings from a small number of retrospective registry of a
single center in Korea. However, we can perform more extensive
evaluations in all patients under the same conditions. Second,
there might be a selection bias because we included only patients
who underwent TEE. TEE was performed in a small number of
patients who agreed and were able to cooperate. Third, we did
not acquire further information about atrial cardiopathy, such as
atrial morphology through cardiac MR, various inflammatory
cytokines, or LA dysfunction. Finally, we did not conduct
prolonged and/or invasive cardiac monitoring to confirm that the
higher level of FFA in ESUS without PES were correlated with
detection of covert AF. However, prolonged monitoring is not
practical in the field of real-world clinical practice, and also there
is no consensus on the duration of monitoring. Therefore, our
results should be interpreted cautiously.
In conclusion, the level of FFA and DBP, and LAVI are

associated with ESUS without PES, highlighting that further
large-scale, multi-center and prospective studies are warranted to
affirm the role of these markers in ESUS.
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