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Abstract
Background Detection of atrial fibrillation (AF) in patients with embolic stroke of undetermined source (ESUS) is 
important for the secondary prevention of stroke. We investigated the factors associated with the detection of newly 
diagnosed AF in ESUS patients during follow-up.

Methods Patients with acute ischemic stroke classified as ESUS were included. All patients underwent transthoracic 
echocardiography and Holter to detect the source of embolism. Structural, electrophysiological markers of left atrial 
cardiopathy (i.e., left atrial enlargement [LAE], non-sustained tachycardia [NSAT]) as well as lesion patterns of ischemic 
stroke were examined. Implantable loop recorder (ILR) was implanted in selective patients. Sensitivity and positive 
predictive value analysis was used to assess the predictive value for AF detection.

Results Among 312 patients with ESUS, AF was detected in 24 (7.7%) patients during follow-up. Patients with 
AF had a higher prevalence of LAE, NSAT, and the imaging pattern of confluent plus additional lesions in a single 
vascular territory. Multivariable analysis showed that ILR implantation (hazards ratio 11.497 [95% confidence interval 
3.795–34.818]), LAE (3.204 [1.096–9.370]), NSAT (4.070 [1.378–12.018]), and confluent plus additional lesions (4.977 
[1.649–15.019]) were independent predictors of AF detection. The sensitivity of detecting AF in those with LAE, NSAT, 
or confluent plus additional lesions pattern was 91.7%. The positive predictive value of detecting AF in those with LAE, 
NSAT and confluent plus additional lesions pattern was 40.0%.

Conclusion In conclusion, patients with LAE, NSAT, or confluent plus additional lesions may benefit from ILR 
monitoring detecting new AF.
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Introduction
In a considerable portion of patients with ischemic 
stroke, the embolic source is not determined after rou-
tine evaluation, and is thus referred to embolic stroke of 
undetermined source (ESUS) [1]. Efforts have been made 
to determine the efficacy of non-vitamin K dependent 
oral anticoagulants for the prevention of stroke in these 
patients, but failed mainly due to the heterogeneous 
nature of ESUS. Therefore, the detection of covert atrial 
fibrillation (AF) is critical for secondary stroke preven-
tion in ESUS patients.

Implantable loop recorder (ILR) is now widely used 
for the detection of AF in patients with ESUS. While ILR 
can significantly improves the detection of covert AF in 
ESUS patients, less than one-third of ESUS patients show 
AF during follow-up [2–4]. Moreover, insertion of ILR 
is invasive and can cause adverse effects such as pain, 
bleeding, and infection, the use of ILR is limited due to 
limitations in resources and patient refusal [5]. Therefore, 
identifying those who may benefit from ILR monitoring 
is important and the strategy for selecting ESUS patients 
who truly need ILR monitoring must be established.

Previous randomized trials have shown that prolonged 
cardiac monitoring increases the detection of AF, but 
the effect on reducing recurrent stroke is unknown [6, 
7]. The ongoing randomized trial to evaluate intensified 
heart rhythm monitoring leads to a reduction of recur-
rent cardioembolism is Find-AF 2 study [8]. Recently, 
many studies have focused on the clinical implications of 
left atrial cardiopathy, in ESUS patients and reported the 
use of various echocardiographic, electrophysiologic, and 
serologic markers of left atrial cardiopathy for predict-
ing the detection of AF after stroke [9–13]. Also, isch-
emic lesion patterns shown in diffusion-weighted images 
(DWIs) are different according to the potential embolic 
source from the heart [14]. 

Here, we comprehensively evaluated the cardiac and 
neuroimaging factors associated with newly diagnosed 
AF in ESUS patients. We also compared the sensitivity 
of these factors and their combinations is detecting AF 
in order to determine which subgroup of ESUS patients 
may benefit from long-term rhythm monitoring using 
ILR.

Materials and methods
Patient selection
We retrospectively screened patients with acute ischemic 
stroke who were admitted to the stroke center at Asan 
Medical Center between January 2017 and May 2021. Of 
them, patients classified as having ESUS according to the 
Cryptogenic stroke/ESUS International Working Group 
criteria were included [15]. Briefly, those who were non-
lacunar stroke patients without (1) a major-risk cardio-
embolic source, (2) significant artery stenosis (> 50%) at 

the corresponding artery proximal to the ischemic lesion, 
or (3) any known embolic source (e.g., dissection, cancer-
associated stroke) were enrolled. Patients without a vis-
ible lesion on DWI were excluded.

The study patients had undergone neuroimaging at the 
emergency center for the diagnosis of ESUS. For those 
who were suspected of embolic stroke but without a 
known cause, extensive work was done to determine the 
embolic source including cardiac work-up (described 
below). The final decision for ESUS was made after all 
the evaluations. Newly diagnosed AF was obtained from 
the follow-up data of outpatient visits. Data was accessed 
during the study period of January 1, 2022 to December 
31, 2022. The Asan Medical Center ethics committee 
approved this study, and patient informed consent was 
not obtained because of the retrospective nature of the 
study. The data that support the findings of this study are 
available from the Asan Medical Center Stroke Registry 
upon reasonable request.

Cardiac evaluation
All patients underwent electrocardiogram, cardiac telem-
etry, 24-hour Holter monitoring, and transthoracic echo-
cardiography during admission. The presence and burden 
of atrial premature complex (APC) and non-sustained 
atrial tachycardia (NSAT) were determined using the 
results of Holter monitoring. NSAT was diagnosed if the 
rhythm occurred in three or more consecutive beats at a 
rate of greater than 100 beats per minute. The number of 
APCs was regarded as significant if it exceeded 100 per 
24 h [16]. Left atrial diameter (LAD) was measured at the 
greatest dimension in the long axis view from transtho-
racic echocardiography. Left atrial enlargement (LAE) 
was defined as LAD of > 38 mm in females and > 40 mm 
in males [17]. 

Brain natriuretic peptide (BNP) was measured on the 
day of admission, and levels higher than 100 pg/ml were 
considered significant [13]. Transesophageal echocar-
diography or chest computed tomography (CT) was addi-
tionally used to evaluate patent foramen ovale (PFO) or 
aorta disease in selected patients [18, 19]. High-risk PFO 
was defined as PFO with atrial septal aneurysm (protru-
sion of septum of at least 15 mm), hypermobile septum 
(septal excursion more than 10 mm), or large-sized PFO 
(maximum separation during Valsalva maneuver of more 
than 2 mm) [18]. Complex aortic atheroma was defined 
as protruding (4 mm thick), ulcerated, or with a mobile 
component in transesophageal echocardiography or CT 
[20]. ILR was additionally performed at the discretion of 
the attending physician and in patients who agreed to its 
insertion during admission.
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Neuroimaging and lesion pattern
Magnetic resonance image including DWI was per-
formed at the emergency medical center on the day of 
admission. The number, location and size of ischemic 
lesions were determined from the DWI.

The number of ischemic lesion on DWI was counted 
and was dichotomized to single and multiple. The loca-
tion of lesions was classified according to the vascular 
territory. Confluent lesion was defined as a lesion with a 
maximum diameter of more than 20 mm from the axial 
image. Based on these factors, the lesion pattern was clas-
sified into (1) single small lesion, (2) single large lesion, 
(3) multiple small lesions in a single vascular territory, 
(4) a confluent plus additional lesions in a single vascular 
territory, and (5) multi-territory lesions [14]. Lesion pat-
terns were analyzed and categorized by two experienced 
stroke neurologists who were blinded to all clinical data. 
If case of discrepancy, the lesion pattern was determined 
in a consensus meeting.

Detection of AF
Detection of AF was determined from the medical 
records and evaluation results obtained at regular out-
patient visits. ILR was implanted during admission for 
acute ischemic stroke based on the decision from the 
multidisciplinary approach of neurologists and cardiolo-
gists. The Reveal LINQ intracardiac monitoring system 
(Medtronic, Minneapolis, MN, USA) was implanted in 
the subcutaneous tissue of the 4th -intercostal space on 
the left hemithorax. According to our center protocol, 
stroke patients were instructed to visit to the outpatient 
clinic at 1 month after discharge and then every 3 to 6 
months. In those who received ILR, monitoring for newly 
detected AF was performed at each visit.

In those who did not receive ILR implantation, EKG, 
cardiac telemetry, or Holter monitoring was repeated at 
each visit at the discretion of the attending stroke neu-
rologist. Any AF detected in routine electrocardiogram 
at follow-up or those lasting more than 30 s in follow-up 
Holter monitoring or ILR monitoring was regarded as 
newly diagnosed AF. Newly diagnosed AF was confirmed 
by an experienced cardiologist.

Statistical analysis
The characteristics of those with newly diagnosed AF and 
those without were compared. Student’s t-test and chi-
squared test were used appropriately. We also performed 
univariable and multivariable analyses to identify the 
predictors of newly diagnosed AF in patients with ESUS. 
Factors with potential association (P < 0.10) were entered 
into the multivariable analysis.

Sensitivity analysis was used to assess the predictive 
value of various factors that were independently associ-
ated newly diagnosed AF in the multivariable analysis 

and their combinations. Kaplan-Meier analysis and log-
rank tests were performed to compare the time from 
stroke to new AF diagnosis between ESUS patients with 
at least one of the factors associated with newly diag-
nosed AF and those without. All statistical analyses 
were performed using IBM SPSS Statistics for Windows, 
version 26.0 (IBM Corp., Armonk, NY, USA) and P val-
ues < 0.05 were considered statistically significant.

Results
Of the 3866 patients with acute ischemic stroke who 
were admitted to our center during the study period, 
312 (8.1%) had ESUS. The mean age of ESUS patients 
was 67.5 ± 13.5 years and 188 (60.3%) were male. Forty-
two (13.5%) patients underwent ILR insertion. Regarding 
the markers of left atrial cardiopathy, LAE was present in 
89 (28.5%) patients, NSAT in 107 (34.3%) patients, and 
BNP > 100 pg/ml in 50 (16.0%) patients. The most com-
mon lesion pattern in ESUS patients were multiple small 
lesions in a single vascular territory (26.3%), followed 
by confluent plus additional lesions (20.2%) and a single 
large lesion (19.6%). During follow-up, AF was detected 
in 24 (7.7%) patients at a median of 235.5 days; AF was 
detected in 12 patients (28.6%) who received ILR and 12 
patients (4.4%) who did not. Among the patients with 
AF detection who did not undergo ILR, 11 patients was 
detected by EKG and 1 patient was detected by cardiac 
telemetry during follow up.

Characteristics of patients with new incident AF
The characteristics of patients according to the pres-
ence of newly diagnosed AF during follow-up are pre-
sented in Table 1. There was no significant difference in 
terms of demographics including age or vascular risk 
factors. Patients with newly diagnosed AF had a higher 
prevalence of abnormal findings of left atrial cardiopa-
thy markers including larger LAD (41.1 mm vs. 36.8 mm, 
P < 0.001), more LAE (54.2% vs. 26.4%, P = 0.004), NSAT 
(62.5% vs. 32.1%, P = 0.003), APC > 100/24 hr (50.0% vs. 
26.7%, P = 0.015), and BNP > 100 pg/ml (45.0% vs. 19.2%, 
P = 0.007).

In terms of lesion patterns, confluent plus additional 
lesions at a single vascular territory (41.7%) was the most 
prevalent lesion pattern in those with newly diagnosed 
AF, followed by multiple small lesions in a single vascular 
territory (29.2%) and a single large lesion (25.0%); none of 
the patients with newly diagnosed AF showed the multi-
territory lesion pattern. In contrast, among those without 
newly diagnosed AF, the most prevalent pattern was mul-
tiple small lesions in a single vascular territory (26%) and 
the multi territory lesion pattern was present in 20.1%.
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Factors associated with AF detection
The presence of ILR implantation was associated with 
the detection of AF at follow-up. Furthermore, all param-
eters associated with left atrial cardiopathy — LAD, 
LAE, NSAT, APC > 100/24 hr and BNP > 100 pg/ml were 
associated with the detection of newly diagnosed AF 
(Table  2). After dichotomizing the lesion pattern into 
confluent plus additional lesions and others, the pattern 
of confluent plus additional lesions in a single vascular 
territory was significantly associated with AF detection.

Multivariable analysis showed that ILR implantation 
(hazards ratio [HR]11.497, 95% confidence interval [CI] 
3.795–34.818; P < 0.001) was the strongest predictor for 
detecting AF. Additionally, the presence of LAE (HR 
3.204, 95% CI 1.096–9.370; P = 0.033), NSAT (HR 4.070, 
95% CI 1.378–12.018; P = 0.011), and confluent plus addi-
tional lesions in a single vascular territory (HR 4.977, 95% 

CI 1.649–15.019; P = 0.004) were independent predictors 
of AF detection at follow-up.

Predictive value for AF detection
Among factors independently associated with newly 
diagnosed AF, presence of NSAT was most sensitive 
for detecting AF (62.5%), followed by LAE (54.0%) and 
confluent plus additional small lesion pattern (41.7%). 
Among the two-factor combinations, the combination of 
the presence of LAE or NSAT showed the highest sensi-
tivity (83.3%) for detecting AF. Finally, the combination of 
the presence of LAE, NSAT, or confluent plus additional 
lesions had a sensitivity of 91.7% in predicting newly 
diagnosed AF. The combination of the presence of LAE, 
NSAT, and confluent plus additional lesions in a single 
vascular territory showed a positive predictive value of 
40.0% in predicting newly diagnosed AF (Table 3).

Table 1 Baseline characteristics of the study population
AF detected
(n = 24)

AF not detected
(n = 288)

P value

Age (years) 69.2 ± 11.4 67.3 ± 13.6 0.524
Age ≥ 75 years 9 (37.5) 95 (33.0) 0.652
Male sex 17 (70.8) 171 (59.4) 0.270
Hypertension 13 (59.1) 174 (60.4) 0.902
Diabetes mellitus 7 (31.8) 95 (33.0) 0.911
Hyperlipidemia 12 (54.5) 132 (45.8) 0.430
CAD 6 (27.3) 52 (18.1) 0.285
History of stroke 6 (27.3) 79 (27.4) 0.987
Current smoker 11 (50.0) 112 (38.9) 0.305
Left atrial cardiopathy markers
LAD (mm) 41.1 ± 6.8 36.8 ± 5.6 < 0.001
LAE 13 (54.2) 76 (26.4) 0.004
NSAT 15 (62.5) 92 (32.1) 0.003
APC (n) 373.4 ± 602.9 543.5 ± 2238.3 0.711
APC > 100/24hr 12 (50.0) 77 (26.7) 0.015
APC ≥ 720/24hr 2 (8.3) 21 (7.3) 0.851
BNP (pg/mL) 224.7 ± 310.7 113.1 ± 319.4 0.127
BNP > 100 9 (45.0) 41 (19.2) 0.007
Insular lesion 5 (20.8) 41 (14.2) 0.381
Neuroimaging markers
Single small lesion 1 (4.2) 46 (16.0) 0.010
Single large lesion 6 (25.0) 56 (19.4)
Multiple small lesions 7 (29.2) 75 (26.0)
Confluent + additional lesions 10 (41.7) 53 (18.4)
Multi-territory lesions 0 (0.0) 58 (20.1)
High risk PFO 4 (17.4) 43 (18.7) 0.878
Complex AAA 4 (18.2) 73 (32.3) 0.172
ILR monitoring 12 (50.0) 30 (10.4) < 0.001
Duration until AF detection (days) 235.5 (58.8–578.5) N/A
Follow-up (days) 764.0 (394.0-1173.5) 577.0 (294.0–1076.0) 0.214
Values are presented as n (%), median (interquartile range), or mean ± standard deviation

AF indicates atrial fibrillation; CAD, coronary artery disease; LAD, left atrial diameter; LAE, left atrial enlargement; NSAT, non-sustained atrial tachycardia; APC, atrial 
premature complex, BNP, brain natriuretic peptide; PFO, patent foramen ovale; AAA, aortic arch atherosclerosis; ILR, implantable loop recorder; Confluent + additional 
lesions, confluent plus additional lesions in a single vascular territory
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The Kaplan-Meier analysis showed that the detection 
rate of newly diagnosed AF was higher in patients with 
LAE, NSAT, or confluent plus additional lesions com-
pared with those who did not have any of these factors 
(log-rank test, P = 0.004; Fig. 1).

Subgroup analysis of ILR inserted patients
The characteristics of patients who received ILR accord-
ing to the presence of newly diagnosed AF during fol-
low-up are described in supplementary Table 1. In terms 
of demographics including age, vascular risk factors 
between the two groups, there was no significant differ-
ence. Patients with newly diagnosed AF showed trend of 

a higher prevalence of confluent plus additional lesions 
at a single vascular territory (41.7% vs. 16.7%, P = 0.086). 
The subgroup analysis on those who received ILR showed 
a similar result that among factors independently asso-
ciated with newly diagnosed AF. The presence of LAE, 
NSAT, or confluent plus additional lesions had a sensitiv-
ity of 91.7% (Supplementary Table 2).

Discussion
In the present study, 7.6% patients with ESUS were diag-
nosed to have AF during follow-up. Implanting ILR 
increased the detection rate of AF by 6.5 times compared 
with routine follow-up of EKG or Holter monitoring. The 

Table 2 Univariable and multivariable logistic regression analysis for factors associated with atrial fibrillation detection
Univariable Multivariable
HR (95% CI) P value HR (95% CI) P value

Age 1.011 (0.978–1.044) 0.523
Male sex 1.662 (0.242–1.497) 0.275
Hypertension 0.946 (0.392–2.286) 0.903
Diabetes mellitus 0.948 (0.374–2.403) 0.911
Hyperlipidemia 1.418 (0.594–3.387) 0.432
CAD 1.702 (0.635–4.558) 0.290
History of stroke 0.992 (0.375–2.626) 0.987
Current smoker 1.571 (0.659–3.746) 0.308
LAD 1.136 (1.055–1.224) 0.001
LAE 3.297 (1.417–7.672) 0.006 3.204 (1.096–9.370) 0.033
NSAT 3.551 (1.498–8.414) 0.004 4.070 (1.378–12.018) 0.011
APC 1.000 (1.000–1.000) 0.714
APC > 100/24 hr 2.740 (1.181–6.358) 0.019
BNP 1.001 (1.000–1.002) 0.175
BNP > 100 3.432 (1.335–8.826) 0.010 - -
Insular lesion 0.631 (0.223–1.783) 0.385
Lesion pattern
Others (reference) 1 1
Confluent + additional lesions 3.167 (1.334–7.518) 0.009 4.977 (1.649–15.019)) 0.004
High-risk PFO 0.916 (0.296–2.829) 0.878
Complex AAA 0.466 (0.152–1.426) 0.181
ILR monitoring 8.600 (3.549–20.837) < 0.001 11.497 (3.795–34.818) < 0.001
Values are presented as n (%), median (interquartile range), or mean (± SD)

AF indicates atrial fibrillation; CAD, coronary artery disease; LAD, left atrial diameter; LAE, left atrial enlargement; NSAT, non-sustained atrial tachycardia; APC, atrial 
premature complex; BNP, brain natriuretic peptide; PFO, patent foramen ovale; AAA, aortic arch atherosclerosis; ILR, implantable loop recorder; Confluent + additional 
lesions, confluent plus additional lesions in a single vascular territory

Table 3 Predictive values of parameters related to atrial cardiopathy for the detection of newly diagnosed AF
Sensitivity Specificity PPV NPV

LAE 54.0% 71.5% 14.6% 95.1%
NSAT 62.5% 67.9% 14.0% 95.6%
Confluent + additional lesions 41.70% 81.60% 15.90% 94.40%
LAE or NSAT 83.3% 52.1% 12.7% 97.4%
LAE or confluent + additional lesion 59.70% 75.00% 13.40% 96.60%
NSAT or confluent + additional lesions 55.20% 75.00% 12.20% 96.40%
LAE or NSAT or confluent + additional lesions 91.70% 41.70% 11.60% 98.40%
LAE and NSAT and Confluent + additional lesions 16.70% 97.90% 40.00% 93.40%
AF indicates atrial fibrillation; APC, atrial premature complex; BNP, brain natriuretic peptide; LAE, left atrial enlargement; NPV, negative predictive value; NSAT, non-
sustained atrial tachycardia; Confluent + additional lesions, confluent plus additional lesions in a single vascular territory; PPV, positive predictive value
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prevalence of new AF detection after ILR was similar to 
that reported in previous studies [21, 22]. The lesion pat-
tern of a confluent plus additional lesions in a single vas-
cular territory and biomarkers of left atrial cardiopathy 
including LAE and NSAT were independently associated 
with newly diagnosed AF in ESUS patients. The sensi-
tivity of diagnosing new AF in ESUS patients with LAE, 
NSAT, or a confluent plus additional lesions pattern was 
91.7%, suggesting that such patients may be the poten-
tial target for ILR implantation. The positive predictive 
value of diagnosing new AF in ESUS patients with LAE, 
NSAT, and a confluent plus additional lesions pattern 
was 40.0%. These patients might particularly benefit from 
ILR implantation.

Most of the existing scoring systems for identifying 
potential ILR recipients focused on conventional risk fac-
tors or cardiac markers [23–25]. However, a more com-
prehensive approach regarding the culprit (i.e., markers 
of left atrial cardiopathy) and its result (i.e., ischemic 
lesions in the brain) may be needed. Ischemic lesion pat-
terns well represent the stroke mechanism, and a recent 
study showed that a large territorial infarction in a single 
vascular territory pattern was associated with AF detec-
tion in ESUS patients receiving ILR [26]. Paroxysmal AF 
related-strokes showed larger lesions and higher NIHSS 
scores than aortic arch atheroma or PFO related strokes, 
explained by the large fibrin containing clot formed from 
the left atrium [27]. In comparison to stoke related to 
PFO, strokes related to AF showed confluent lesion with 

Fig. 1 Kaplan-Meier analysis for the detection of newly diagnosed AF in patients with ESUS. AF indicates atrial fibrillation; LAE, left atrial enlargement; 
NSAT, non-sustained atrial tachycardia
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additional small lesions, as PFOs may work as filters, 
allowing only smaller emboli to pass through the shunt 
[14]. Previous study reported that aortic arch atheroma 
related-stroke group had smaller lesions in multiple vas-
cular territories than AF related stroke group [27]. An 
autopsy study revealed that emboli containing choles-
terol crystals such as emboli from aortic arch or large 
artery atherosclerosis frequently result in small bor-
derzone infarction [28]. In line with these findings, we 
found that the sensitivity and positive predictive value of 
detecting AF among ESUS patients was maximized when 
the imaging pattern of a confluent plus additional lesions 
in a single vascular territory was used together with left 
atrial cardiopathy markers (i.e., LAE and NSAT).

Enlarged left atrium, a structural marker of left atrial 
cardiopathy, is associated with the risk of stroke [29]. It 
is possible that, LAE itself promotes blood stasis, thereby 
leading to the risk of stroke [30]. On the other hand, LAE 
may increase the risk of the development of AF, consider-
ing that LAE was associated with AF detection in patients 
with ESUS [10, 31]. Structural changes in the left atrium 
may have led to electrophysiological abnormalities such 
as AF. While the detection of NSAT from Holter moni-
toring is a potentially useful electrophysiological bio-
marker for left atrial cardiopathy, there are controversies 
on whether NSAT itself can cause stroke or increase the 
risk of stroke by reflecting the presence of hidden parox-
ysmal AF. While the previous studies mostly focused on 
the structural changes of the left atrium or their func-
tions, electrophysiological changes with frequent APCs 
or NSAT may more directly reflect the risk of paroxys-
mal AF [32]. Accordingly, ischemic stroke patients with 
NSAT show similar characteristics to those with cardio-
embolic stroke [33]. 

Studies have shown that the left atrial appendage 
(LAA) accounts for over 90% of thrombi in patients with 
atrial fibrillation. A greater lobe number, a less bent LAA 
ostium, and a greater left atrial wall thickness are asso-
ciated with an increased risk of cryptogenic stroke [34]. 
Additionally, the progression of AF has been linked to 
a 2–3  mm enlargement of the left ostial diameter [35]. 
However, due to the retrospective nature of our study 
and the absence of cardiac computed tomography angi-
ography or transesophageal echocardiography in a sig-
nificant proportion of patients, we were unable to assess 
Left Atrial Appendage morphology.

Though the use of ILR increased the detection of AF, it 
failed to translate to a significant reduction in recurrent 
stroke [6, 7]. This may be explained by the poor correla-
tion between newly detected AF and recurrent stroke. 
However, the effect of anticoagulation may be more effi-
cient in patients with markers of left atrial cardiopathy 
and a newly diagnosed AF. A subgroup analysis of the 
NAVIGATE ESUS trial showed that the use of NOAC 

reduced the risk of recurrent stroke in those with LAE 
[36]. In another observation study, ESUS patients with 
severe LAE showed benefit from anticoagulation treat-
ment [37]. The results of ongoing trials focusing on the 
effect of anticoagulation in ESUS patients with left atrial 
cardiopathy may therefore be of interest [8]. In addition, 
specific lesion patterns may also be considered in future 
clinical trials.

Our study has several limitations. First, as this study 
was performed at a single center, its results have limita-
tions regarding generalizability. However, as all patients 
received cardiac evaluation under a standardized center 
protocol, the heterogeneity could be minimized. Sec-
ond, the data were collected retrospectively and ILR was 
performed only in selected patients. A well-designed 
prospective study focusing on the efficacy of long-term 
monitoring in those with left atrial cardiopathy or spe-
cific imaging patterns may be helpful. Third, there was no 
association between age and the detection of AF in our 
cohort. This lack of association may be due to the small 
sample size. However, based on our findings, the decision 
for long-term monitoring should not be based solely on 
the patient’s age. Lastly, we did not compare our results 
with the previous scoring systems as the purpose of our 
study was not to develop or validate a new scoring sys-
tem. Rather, we tried to identify ESUS patients who may 
particularly benefit from ILR implantation, and the fac-
tors identified in our multivariable analysis had accept-
able sensitivity and positive predictive value for detecting 
AF.

Despite these limitations, our study showed that the 
chance of missing hidden AF during follow-up was par-
ticularly low in ESUS patients with LAE, NSAT, or the 
imaging pattern of confluent plus additional lesions in 
a single vascular territory. In ESUS patients with LAE, 
NSAT, or the imaging pattern of confluent plus addi-
tional lesions in a single vascular territory, the chance 
of detecting newly diagnosed AF during follow-up was 
particularly high. Implanting ILR in this population may 
maximize the sensitivity and positive predictive value for 
AF detection.
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