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Abstract　
Background: Implantable cardiac monitor （ICM） is an effective tool to detect atrial fibrillation （AF） in patients with 
embolic stroke undetermined sources （ESUS）. We investigated predictive factors for AF detection in ESUS patients 
with ICM implantation.
Methods: A total of 29 ESUS patients who underwent ICM implantation （median 71 ［66-84］ years and 18 males） 
were followed-up for a median of 253 ［44-570］ days.
Results: AF was detected in 10 patients （34.5%）. The median time from ICM implantation to AF detection was 41.5 
［33.25-59.25］ days and that from stroke onset to AF detection was 62.5 ［52.25-71.75］ days. AF was detected within 
90 days after ICM implantation in 90% （9/10） of the study patients. Plasma brain natriuretic peptide level was 
significantly higher in patients with AF detection than in those without it （125 ［49.8-550.8］ versus 18.2 ［14.1-60.0］ pg/
mL, p=0.007）. More frequent supraventricular premature contraction （SVPC） on Holter electrocardiogram （ECG） 
was observed in patients with AF detection than in those without it （1.81 ［0.40-4.80］ versus 0.04 ［0.02-0.13］ %/day, 
p<0.001）. Cox proportional hazards model showed that the frequent SVPCs was a significant factor for AF detection.
Conclusions: The frequent SVPCs on Holter ECG is an independent predictor for covert AF in ESUS patients.
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 　Stroke subtype in patients with ischemic 
stroke is generally determined according to the 
Trial of Org 10172 （TOAST） classification1）, 
which comprises five subtypes of ischemic 
stroke: 1） large-artery atherosclerosis, 2） cardio-
embolism, 3） small-vessel occlusion, 4） stroke of 
other determined etiology, and 5） stroke of unde-
termined etiology （cryptogenic stroke）. Among 
them, cryptogenic stroke is diagnosed when the 
diagnostic evaluation is incomplete, no cause can 

be found despite the adequate evaluation, or 
there are two or more probable causes. Since 
many cases of cryptogenic stroke show embolic 
patterns, Hart et al. introduced the concept of 
embolic stroke undetermined source （ESUS） to 
determine new therapeutic options2）.
　 Atrial fibrillation （AF） was assumed to be a 
potential cause of ESUS, and therefore anticoag-
ulation therapy using direct oral anticoagulant 
（DOAC） was expected to be useful for second-
ary prevention in patients with ESUS. However, 
dabigatran and rivaroxaban, both of which are 
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left shunt （atrial septal defect, and patent foramen 
ovale, etc.） was found on TEE, a lower extremity 
venous ultrasonography was additionally per-
formed to determine the presence of deep vein 
thrombosis （DVT） in order to diagnose paradoxi-
cal cerebral embolism. As a result, 90 （5.4%） pa-
tients were diagnosed with ESUS. Of them, 60 
patients in whom ICM was not proposed based on 
the overall judgment of the attending physician or 
consent was not obtained were excluded. ICM im-
plantation was performed in 30 patients who fi-
nally gave consent, but one patient in whom ICM 
implantation was performed more than 1 year af-
ter onset was excluded from the study. Finally, 29 
patients were followed-up until March 31, 2021. 
　 Stroke severity was assessed based on the 
National Institutes of Health Stroke Scale 
（NIHSS） score on admission. The CHADS2 and 
CHA2DS2-VASc scores for risk stratification of 
thromboembolism before stroke onset were 
determined in each patient , as described 
previously9，10）. The percentage of supraventricu-
lar premature contraction （SVPC） on Holter 
ECG was calculated.
　 This study was approved by the ethics 
committees of the HSRC （20B005, 20B005-1）.

Blood sampling and ICM implantation procedure
 　Blood sampling was performed in all patients 
before  ICM implantat ion .  Revea l  L INQ 
（Medtronic, Minneapolis, MN, USA） was used 
as a monitoring device. It was inserted under 
local anesthesia in a 45-degree direction over the 
left lateral margin of the fourth intercostal space. 
Adequate R-wave height of more than 0.2 mV, 
the recommended value, was observed in all 
cases. When AF was suspected by the RR 
irregularity detection program, automatic data 
transmission was performed through the 
Medtronic’s Care Link network. The transmitted 
data were reviewed by a cardiologist for the 
final diagnosis of AF. Data sent by March 31, 
2021 were used for analysis. 

DOAC, failed to demonstrate their benefit 
compared to aspirin, but rather resulted in more 
adverse events associated with bleeding3，4）. These 
findings indicate that AF is not a common 
source of thrombus in patients with ESUS. The 
left atrium, left ventricle, or atherosclerotic 
plaques in the aorta or carotid artery are consid-
ered to be a potential source of thrombus in 
ESUS patients5）.
　 Implantable cardiac monitor （ICM） was first 
introduced in 1990 and has been gradually 
miniaturized6）. The detection rate of AF using 
this device in patients with cryptogenic stroke 
was reported to be 12.4% at 12 months after 
ICM implantation7）, making it possible to identify 
patients who require anticoagulation therapy. 
Furthermore, covert AF should be found as soon 
as possible in patients with ESUS, because the 
functional prognosis of cardioembolism caused 
by AF is known to be worst8）. In the present 
study, we assessed predictive factors for AF 
detection using ICM in patients with ESUS.

Methods
Study patients and ESUS diagnosis
 　This is an observational study of 1,675 
consecutive ischemic stroke patients admitted to 
the Hirosaki Stroke and Rehabilitation Center 
（HSRC） between September 1, 2018 and 
February 28, 2021. The diagnosis of cerebral 
infarction was made by at least two stroke 
specialists certified by the Japanese Stroke 
Association based on the TOAST classification1）. 
ESUS was diagnosed by the diagnostic criteria 
of Hart et al. 2）, and examinations including 
transthoracic echocardiography, transesophageal 
echocardiography （TEE）, standard 12-lead 
electrocardiogram （ECG）, and 24-hour Holter 
ECG were performed. Atherosclerotic lesions 
were evaluated by carotid echocardiography, 
computed tomography ang iography,  and 
magnetic resonance angiography. When a right-
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Statistical analysis
　 Continuous and ordinal variables were 
presented as median and quartile range （25-75th 
percentiles）. Nominal variables were presented 
as number and percentage. Continuous variables 
were statistically examined using the Mann-
Whitney U test, and nominal variables were 
using the Fisher’s exact test. The Kaplan‒Meier 
estimate was performed to assess AF non-
detection rate. Cox proportional hazards model 
was used to calculate hazard ratio （HR） and 
95% confidence interval （CI） for AF detection 
rate. Receiver operating characteristic curve 
analysis was performed to evaluate cutoff value, 
sensitivity, and specificity for AF detection. 
JMP® 16 （SAS Institute Inc., Cary, NC, USA） 
was used for statistical analysis.

Results
 　Characteristics of the study patients who 
underwent ICM implantation are shown in Table 
1. The median age was 71 ［66-84］ years and 18 
patients were male. The NIHSS score was 2 ［1-
14］, and the CHADS2 score and the CHA2DS2-
VASc score was 3 ［3-4］ and 5 ［3-6］, respectively. 
The left atrial diameter was 34.0 ［30.9-39.0］ mm, 

and the percentage of SVPC detected by the 
Holter ECG was 0.13 ［0.03-0.74］ %. 
　 The median time from admission to ICM 
implantation was 19 ［14.0-31.5］ days, and the 
median observation period was 253 ［44-570］ 
days. AF was detected in 10 patients （10/29, 
34.5%）. The Kaplan-Meier curve for AF non-
detection rate is shown in Figure 1. The median 
time from ICM implantation to AF detection was 
41.5 ［33.25-59.25］ days, and the median time 
from stroke onset to AF detection was 62.5 
［52.25-71.75］ days. AF was detected within 60 
days in 80% （8/10） of the patients and within 90 
days in 90% （9/10） of the patients after ICM 
implantation. All AF was detected within 1 year. 
 　Characteristics between patients with AF 
detection （n=10） and those without it （n=19） 
were compared （Table 1）. There were no 
differences in age, sex, the CHADS2 score, the 
CHA2DS2-VASc score, and the left atrial diame-
ter between the two groups. Brain natriuretic 
peptide （BNP） level and the frequency of SVPC 
were significantly higher in patients with AF 
detection than in those without it （125 ［49.8-
550.8］ versus 18.2 ［14.1-60.0］ pg/mL, p=0.007, 
and 1.81 ［0.40-4.80］ versus 0.04 ［0.02-0.13］ %, 
p<0.001, respectively）. Cox proportional hazards 

Figure 1　Kaplan-Meier estimates for AF non-detection rate. 
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model showed that only the frequency of SVPC 
per 1% increase was a significant factor for AF 
detection （HR 1.68, 95% CI; 1.20-2.46, p=0.003） 
（Table 2）. Using a cutoff value of 0.204% for 
SVPC in ESUS patients, the sensitivity and 

specificity for detecting AF were 100% and 84% 
（Table 3）.
　 Among 10 patients with AF detection by ICM, 
antiplatelet therapy was switched to anticoagula-
tion therapy in 7 patients （70%） within a median 

Table 1.  Clinical characteristics of the study patients

　
Variables

Total
n=29

Patients with AF detection
 n=10

Patients without AF detection
n=19

　
p-value

Basic characteristics 　 　 　 　
  Age （years） 71 ［66-84］ 80.5 ［65.5-87］ 71 ［66-83］ 0.206
  Male 18 （62） 5 （50） 13 （68） 0.432
  BMI （kg/m2） 22.4 ［20.5-25.8］ 21.9 ［16.9-24.1］ 22.6 ［21.2-25.3］ 0.302
  NIHSS 2 ［1-14］ 13 ［1-16］ 2 ［1-9］ 0.102
Risk factors 　 　 　 　
  Congestive heart failure 1 （3） 1 （10） 0 （0） 0.345
  Hypertension 20 （69） 7 （70） 13 （68） 1.000
  Diabetes mellitus 9 （31） 4 （40） 5 （26） 0.675
  Previous stroke or TIA 4 （14） 1 （10） 3 （16） 1.000
  CHADS2 score 3 ［3-4］ 4 ［3-4］ 3 ［2-4］ 0.205
  CHA2DS2-VASc score 5 ［3-6］ 5 ［4-6］ 4 ［3-5］ 0.181
Blood chemistry 　 　 　 　
  LDL （mg/dL） 117 ［89.5-148.5］ 120 ［85.5-140.5］ 112 ［89-150］ 0.795
  CCr （mL/min） 63 ［51.5-84.5］ 57.5 ［47-80.3］ 64 ［58-88］ 0.435
  CRP （mg/dL） 0.12 ［0.055-1.032］ 0.216 ［0.099-1.652］ 0.097 ［0.049-0.946］ 0.169
  D-dimer （µg/mL） 1.2 ［0.60-3.17］ 2.09 ［0.69-4.66］ 1.11 ［0.45-1.90］ 0.162
  BNP （pg/mL） 46.3 ［15.0-136.7］ 125 ［49.8-550.8］ 18.2 ［14.1-60.0］ 0.007
  Plt （104/µL） 22.2 ［19.9-27.1］ 21.8 ［17.8-27.0］ 22.6 ［20.7-27.8］ 0.291
  Fibrinogen （mg/dL） 395 ［290-464］ 400 ［283.7-486.8］ 392 ［296.5-470.5］ 0.934
  HbA1c （%） 5.9 ［5.5-6.3］ 6.0 ［5.6-6.9］ 5.9 ［5.5-6.3］ 0.180
Echocardiography 　 　 　 　
  Left atrial diameter （mm） 34.0 ［30.9-39.0］ 37.3 ［32.4-41.0］ 33.6 ［30.4-37.1］ 0.119
Holter electrocardiogram 　 　 　 　
  SVPC （%） 0.13 ［0.03-0.74］ 1.81 ［0.40-4.80］ 0.04 ［0.02-0.13］ < 0.001
Data are shown as median ［25-75th percentiles］, or n （%）. Creatinine clearance was estimated by the Cockcroft-Gault 
equation. BMI indicates body mass index, TIA; transient ischemic attack, NIHSS; National Institutes of Health Stroke 
Scale, CCr; creatinine clearance, CRP; C-reactive protein, LDL-C; low-density lipoprotein cholesterol, HbA1c; hemoglobin 
A1c, BNP; brain natriuretic peptide, SVPC; supraventricular premature contraction.

Table 2.  Cox proportional hazards model for AF detection in the study patients

　 Hazard ratio 95% CI p-value
Age 1.02 0.95-1.10 0.625
Male sex 0.43 0.11-1.72 0.235
BNP （pg/mL） per 10 pg/mL increase 1.02 0.98-1.05 0.327
SVPC （%） per 1% increase 1.68 1.20-2.46 0.003
Analysis was performed after adjusting for age, sex, and included significant factors shown in 
univariate analysis. CI indicates confidence interval, BNP; brain natriuretic peptide, SVPC; 
supraventricular premature contraction.

Table 3.  Cutoff value, area under the curve, sensitivity, and specificity of SVPC for AF detection

　 Cutoff value AUC Sensitivity Specificity
SVPC 0.204% 0.94 100% 84%
SVPC indicates supraventricular premature contraction, AUC; area under the curve.
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of 1 ［1-10］ days, 2 patients already received 
anticoagulation therapy before ICM implantation, 
and the remaining 1 patient did not receive 
anticoagulation therapy because of severe 
pneumonia. All 19 patients without AF detection 
by ICM continued antiplatelet therapy. On the 
other hand, among 60 patients without ICM im-
plantation, 47 patients （78%） continued antiplate-
let therapy, 8 patients received anticoagulant 
therapy due to DVT, suspected thrombus detect-
ed by TEE in the left atrial appendage, and so 
on. The remaining 5 patients did not receive 
antithrombotic therapy due to severe pneumonia 
or terminal stage of the disease.

Discussion
 　In recent years, there have been several re-
ports on predictors of AF detection in  ESUS pa-
tients, including those related to SVPC, biomark-
ers of the coagulation system, P-wave findings on 
ECG, and left atrial enlargement11-16）. In the 
present study, we found that the frequency of 
SVPC detected by the Holter ECG and BNP 
values were different between patients with AF 
detection and without it, and the frequency of 
SVPC was an independent predictor for AF 
detection in multivariate analysis. 

AF detection rate in ESUS patients
　 In the present study, AF was captured at a 
relatively high rate of 34.5% （10/29 patients） in 
a median observation period of 253 days. A 
recent report in the Japanese cryptogenic stroke 
patients showed that AF detection rate was 
28.8% （19/66 patients） in a median observation 
period of approximately 8 months, which was a 
similar AF detection rate to the present study17）. 
Sanna T et al. reported that AF detection rate 
in patients with cryptogenic stroke （median 61.6 
years old） was 8.9% at 6 months, 12.4% at 12 
months, and 30.0% at 36 months after ICM 
implantation7）. As previous reports have shown 

that age is a predictor for AF detection after 
ESUS16）, the relatively large number of elderly 
patients （median 71 years） in the present study 
may have contributed to the high detection rate 
of AF. In addition, in our hospital, ICM was 
implanted in patients with undetected AF after 
monitoring ECG for 2-3 weeks after stroke onset 
and during acute care. Different time point at 
which ICM was implanted may be related to the 
difference in AF detection rate between the 
previous reports and the present study.
 　Another important finding in the present study 
was that the median time to AF detection was 
41.5 days, which was a relatively early detection 
after ICM implantation. The Kaplan-Meier curve 
of the previous Japanese study also showed a high 
AF detection rate between 2 and 3 months17）, 
similar to the result of the present study. This 
suggests that it may be possible to detect AF 
not only by ICM implantation but also by 
adequate observation period with a wearable or 
patch-type Holter ECG for 2 to 3 months after 
the onset of ischemic stroke. This benefit may be 
particularly applicable to the severely ill patients 
who were excluded in the present study, and 
future studies with focus on these patients are 
awaited.

Association between AF and BNP
　 In the present study, BNP value was signifi-
cantly higher in the AF detection patients than 
in AF non-detection patients. There have been 
numerous reports on the possibility that high 
BNP value may predict the incidence of AF in 
general inhabitants excluding those with heart 
failure18）, and that high preoperative BNP value 
was associated with AF detection and recur-
rence after cardiac surgery and ablat ion 
therapy19，20）. Furthermore, BNP value was report-
ed to be significantly higher in hospitalized isch-
emic stroke patients with newly captured AF on 
7-day Holter ECG21）. Furthermore, we previously 
reported that in 222 hospitalized ischemic stroke 
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patients within 48 hours of onset, BNP value on 
admission is significantly higher in patients with 
paroxysmal AF than in those with sinus 
rhythm22）. Importantly, BNP value is a significant 
factor for predicting paroxysmal AF after hospi-
talization, indicating that BNP may be clinically 
useful for detecting paroxysmal AF in ischemic 
stroke patients. These findings support our 
results of the present study showing that BNP 
value was significantly higher in patients with 
AF detection than in those without it. However, 
multivariate analysis did not show the signifi-
cance of BNP value for AF detection, maybe due 
to a small number of study patients in the 
present study and the difference in the patients’ 
characteristics among these studies. Further 
large-scale studies regarding this point are 
required.

Association between AF and SVPC
　 In the present study, the frequency of SVPC 
on Holter ECG was significantly higher in 
patients with AF detection and the frequent 
SVPCs was a significant predictor for AF 
detection in ESUS patients. The Framingham 
score is known to be a predictive score for 
detection of AF in the general population23）, and 
the addition of SVPC into this scoring system is 
shown to predict AF detection more accurately 
during an observation of 15 years. It is reported 
that the specificity for the development of AF 
exceeds 90% when cut off value of SVPC is 32 
beats/h24）. If we have a daily heart rate of 
100,000 beats/day, 32 beats/h corresponds to 
0.768%/day. In addition, patients with ＞－30 SVPCs 
per hour or any episode of runs of ＞－ 20 SVPCs 
had a higher incidence of hospitalization for 
newly AF detection than those without them, 
with a hazard ratio of 2.78 for up to 7 years of 
follow-up25）. These studies suggest that the 
frequent SVPCs may be a predictor of AF 
detection in a general population. 
　 Recent study reported that AF was detected 

by ICM in cryptogenic stroke patients with 
SVPCs > 222 beats/day during a median observa-
tion of 228 days17）. This frequency of SVPC 
corresponds to 0.222%/day under a daily heart 
rate of 100,000 beats/day. Victor et al. also 
reported that AF in ESUS patients was detected 
with a sensitivity of 89% and specificity of 90%, 
when SVPC on Holter ECG was set at 0.15% as 
a cutoff value26）. The cutoff value of 0.204% in the 
present study is also a similar value to the 
previous reports. All these findings indicate that 
the frequent SVPCs may be related to the 
incidence of AF, and approximately 0.2%/day of 
SVPC may be a significant predictor for AF 
detection in ESUS patients. 

Limitations
 　There are several limitations in the present 
study. First, this is a single-center and small size 
retrospective study, and therefore, generalization 
of results may be limited. Second, since the main 
purpose of ICM implantation was to detect AF 
and to prevent recurrent stroke, ICM was not 
implanted in all patients diagnosed with ESUS. 
Patients with relatively mild severity were 
included, but severely ill patients were not 
included in the present study. Therefore, there 
may be a possibility of bias in patients’ selection. 
Finally, the follow-up period ranged from 2 
months to 2.5 years. It is possible that the 
number of AF events may have been underesti-
mated because the follow-up period was not long 
enough.

Conclusion
　 The frequent SVPCs on Holter ECG is an 
independent predictor for covert AF in ESUS 
patients. Careful monitoring including a long-
term Holter ECG or ICM implantation may be 
useful for detecting AF in ESUS patients to 
receive appropriate secondary prevention, 
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especially in those with frequent SVPCs.
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