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An efficient approach for detecting atrial fibrillation in ischemic stroke patients using a wearable device: a prospective multicenter substudy of the STABLED trial
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Objective: Stroke caused by atrial fibrillation (AF) is associated with high mortality and severe morbidity. Screening patients for AF may facilitate early initiation of anticoagulant therapy and prevent recurrent stroke; therefore, strategies to effectively detect AF in stroke patients are important.

Methods: This prospective multicenter study was conducted between April 27, 2020 and March 31, 2021 at seven sites in Japan, as a substudy of the STABLED trial, a multicenter prospective randomized study to evaluate the efficacy and safety of catheter ablation with anticoagulant therapy using edoxaban in patients with ischemic stroke and AF. This substudy included 241 patients who suffered ischemic stroke but had no diagnosis of AF. Patients were monitored with Duranta, a wearable non-invasive wireless patch ECG system. The primary outcome was the detection rate for AF while wearing Duranta.

Results: Of the 241 patients, 66.8% were men, and the mean age was 71.0 years. AF was detected in 21 of the 241 patients (8.7, 95% CI: 5.4–12.4) during follow-up using the Duranta wearable ECG system. ECG data were recorded for 7 days in all patients. The median number of days from stroke onset to Duranta placement was 2.0, but this duration varied considerably (median; IQR, 0–22.0). An adverse event of dermal pruritus was observed in 1 of the 241 patients (0.4%). Determinants for the detection of AF in patients with no previous history of AF were dyslipidemia and left atrial dimension.

Conclusion: Wearable wireless patch ECG systems such as Duranta are simple and efficient devices for detecting AF. In patients with ischemic stroke and no diagnosis of AF, their use for detecting new AF may provide benefit through early initiation of anticoagulants and prevention of recurrent stroke.
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1 Introduction

Stroke is the fourth leading cause of death and long-term disability in Japan (1). Cardiogenic embolic stroke is mainly caused by atrial fibrillation (AF), which is a primary risk factor for ischemic stroke (2). AF-associated stroke is often severe, and is associated with high mortality and severe morbidity. In addition, because the risk of recurrent cardiogenic embolic stroke caused by AF can be significantly reduced by anticoagulants (3, 4), the detection of AF in patients with acute ischemic stroke is important. However, AF is often absent on admission, as well as being paroxysmal or asymptomatic, making it difficult to detect with symptom-driven monitoring strategies. Therefore, several methods have been used to detect AF. Standard methods include 12-lead electrocardiography (ECG), Holter ECG, and long-term monitoring. However, because AF often still goes undetected, subcutaneous electrocardiographs are sometimes implanted in the patient’s chest, but these subcutaneous implantable devices are invasive, and there is a high demand for non-invasive methods that perform better in the detection of AF than the Holter-type ambulatory ECG. Currently, non-invasive devices, such as the ZIO patch (5), mobiCARE-MC100 TM (6), and AliveCor device (7), can effectively detect AF, although their use is not widespread. In addition, there are a number of non-regulatory consumer-based healthcare products that are capable of detecting AF, such as the Apple Watch series, although these are not certified for medical use, and their accuracy is insufficiently documented (8).

The STroke secondary prevention with catheter ABLation and EDoxaban (STABLED) trial in patients with non-valvular AF is a multicenter prospective randomized ongoing clinical trial to evaluate the efficacy and safety of catheter ablation with anticoagulant therapy using edoxaban in patients with AF and a history of recent ischemic stroke (9). In this substudy to the clinical trial, we took advantage of the data recorded from a particular cohort of patients who had recently suffered ischemic stroke (within 6 months) but had no history of non-valvular AF, and who were monitored for 7 days post-stroke using a relatively new device called Duranta, which is an iPhone-based single-lead electrocardiographic capture system (ZAIKEN, Co. Ltd., Tokyo, Japan). ECG data captured by the system are automatically transmitted to a cloud server via a dedicated iPhone. Duranta is non-invasive and can be easily attached and removed during hospitalization. The primary aim of this study was to evaluate the potential of a wearable ECG device for detecting AF in patients who had recently suffered ischemic stroke, and not to make direct comparisons between different devices.

In this companion study, we evaluated the detection rate of AF during hospitalization and the number of days when AF was most frequently detected by the Duranta system in the STABLED candidate stroke patients without a diagnosis of AF. Moreover, we made further analyses comparing clinical factors in the group in which AF was detected with those in the non-detection group.



2 Materials and methods


2.1 Study design

This multicenter prospective study was conducted between April 27, 2020 and March 31, 2021 at seven sites in Japan. A list of all participating institutions and their investigators is provided in Supplementary Table S1.

The protocol was approved by the Nippon Medical School Certified Clinical Research Review Board (approval no. CRB3180001) and prospectively registered with the Japan Registry of Clinical Trials (registration no. jRCT s032200054; https://jrct.niph.go.jp/latest-detail/jRCTs032200054). The study was conducted in accordance with the Declaration of Helsinki and the Clinical Trials Act in Japan. All study participants provided written informed consent before enrollment. The study design is summarized in Figure 1.

[image: Flowchart outlining a study process: Begins with patient visit, followed by screening and informed consent. 247 adults with ischemic stroke without atrial fibrillation were involved. Six patients were excluded due to major intelligibility issues or consent form unavailability. 241 participants were registered for ITT analysis, leading to the attachment of DURANTA. ITT stands for intention-to-treat.]

FIGURE 1
 Flow chart of patient enrollment and screening.




2.2 Study participants

The eligible patients were candidates for the STABLED trial. The study patients were required to satisfy all of the defined inclusion criteria and none of the exclusion criteria. Briefly, the inclusion criteria were: (1) age ≥20 and ≤85 years at the time of informed consent, (2) no history of non-valvular AF, (3) history of ischemic stroke in the previous 6 months, and (4) a modified Rankin Scale ≤3 or expected to improve to ≤3 with treatment. The major exclusion criteria were: (1) severe renal impairment (creatinine clearance rate <30 mL/min), (2) markedly reduced cardiac function (ejection fraction <35%), (3) atrial septal defect, (4) being unlikely to complete the study because of progressive malignancy, (5) participation or planning to participate in another interventional clinical trial, and (6) otherwise judged as not being suitable for the study by the investigators.



2.3 Duranta: single-lead ECG monitor

The Duranta wireless non-invasive patch ECG monitoring system (Medical Device Certificate Number 226AIBZX00055000) is a small and lightweight device (78.4 mm wide × 35.1 mm deep × 14.7 mm thick, 35 g) with two patch electrodes; the device is placed in a precordial position (Figure 2A). The battery lasts for up to 7 consecutive days without recharging. ECG data are automatically transmitted to a cloud server via a dedicated iPhone (Figure 2B). Medical staff can access the cloud server with a personal ID and password, view the patient’s ECG in real time on an iPad, and download the ECG data to a computer in the hospital. For this study, ECG recording was started immediately after the main switch was turned on, and the recorded waveform data were sent to a nearby iPhone via Bluetooth, and then further relayed to a cloud server via a 3G/4G/LTE/Wi-Fi network. The patients’ personal information was not entered into the ECG devices, and there was therefore no risk of personal data leakage during the data delivery from the ECG devices.
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FIGURE 2
 The Duranta wireless patch-type electrocardiographic monitoring system. The monitor is placed in a precordial position with a pair of electrode patches (A). Recorded waveform data are sent to a bedside iPhone (B) via Bluetooth and then to a cloud server. Real-time ECG data can be checked on the iPhone. Physicians or medical staff can access the data on cloud server from PCs in the hospital for real-time observation.




2.4 Data collection

The following clinical information was obtained from the study data set: age, sex, ethnicity, body mass index, hypertension, dyslipidemia, diabetes, chronic kidney disease, congestive heart failure, and history of stroke or transient ischemic attack. In addition, current smoking, dementia, drinking habits, malignancy (active), modified Rankin Scale score, and National Institutes of Health Stroke Scale (NIHSS) score at baseline were assessed. The cardiothoracic ratio and brain natriuretic peptide (BNP) or N terminal (NT)-proBNP were also measured. Elevated BNP and NT-proBNP levels were defined as BNP > 100 pg./mL and NT-proBNP > 400 pg./mL (10). Transthoracic echocardiography measurements were performed at baseline by sonographers at each medical institution. The left ventricular ejection fraction and left atrial dimension (LAD) were evaluated. This study included patients with symptomatic ischemic stroke identified on magnetic resonance imaging (MRI) and diagnosed by Japanese stroke specialists. Diagnoses of hypertension, dyslipidemia, diabetes, renal dysfunction, and congestive heart failure were made by the responsible physicians at each site based on the results of medications, blood tests, and chest X-rays.



2.5 Outcomes

The primary outcome was the AF detection rate while wearing Duranta. Exploratory outcomes included the number of days from Duranta placement to AF detection, number of days from stroke onset to AF detection, AF duration time, number of days from stroke onset to Duranta placement, number of AF events detected during Duranta placement, and duration of Duranta placement. Safety outcomes included any adverse events due to Duranta placement.



2.6 Statistical analyses

Continuous variables are expressed as median (interquartile range [IQR]), or number (%). Categorical data are expressed as the number of subjects (%). For comparisons of baseline characteristics, clinical characteristics, and examination-related factors between patients in whom Duranta detected AF and those in whom it did not, the chi-squared (χ2) test was used for categorical variables, and the Mann–Whitney test was used for continuous variables. Univariate analysis and multivariate logistic regression analysis were performed to identify factors (demographics, comorbidities, laboratory findings, physical examinations, age, and sex) associated with the detection of AF, with variables demonstrating p < 0.05 in the univariable test being entered into the multivariate logistic regression. Statistical significance was set at p < 0.05. All analyses were performed with SPSS version 27.0 (IBM, Armonk, NY), while the 95% confidence intervals for AF detection rates were calculated using Stata version 17 (StataCorp LLC, College Station, TX).




3 Results


3.1 Baseline characteristics of the patients

A total of 241 patients were enrolled in this study (161 men, 80 women). The median patient age was 71.0 years (IQR: 62.5–78.0) for all patients, 71.0 years (IQR: 62.0–78.0) for patients without AF (AF−), and 73.0 years (IQR: 67.0–79.0) for patients with AF (AF+). The clinical characteristics of the patients are summarized in Table 1. Dyslipidemia (AF−: 120 patients [54.5%], AF+: 17 patients, [81.0%], p = 0.02), cardiothoracic ratio (AF−: 51.0 [IQR 46.9–55.9], AF+: 56.0 [IQR 52.2–57.0], p = 0.003), and LAD (AF−: 34.1 [IQR 31.0–39.0], AF+: 36.1 [IQR 33.8–44.5.], p = 0.032) were significantly different between the groups (Table 1).


TABLE 1 Baseline characteristics of the study subjects (n = 241).


	
	ALL
	AF (−)
	AF (+)
	p value

 

 	Subjects, n 	241 	220 	21 	


 	Age, median (IQR), years 	71.0 (62.5–78.0) 	71.0 (62.0–78.0) 	73.0 (67.0–79.0) 	0.114


 	Sex


 	Male, n (%) 	161 (66.8) 	150 (68.2) 	11 (52.4) 	0.152


 	Body-mass index, median (IQR), kg/m2 	23.0 (21.0–25.5) 	23.0 (21.0–25.4) 	23.8 (22.1–27.0) 	0.126


 	Comorbidities, n (%) 	241 	220 	21 	


 	Hypertension 	167 (69.3) 	153 (69.5) 	14 (66.7) 	0.786


 	Diabetes 	63 (26.1) 	56 (25.5) 	7 (33.3) 	0.443


 	Dyslipidemia 	137 (56.8) 	120 (54.5) 	17 (81.0) 	0.015


 	Chronic kidney disease 	6 (2.5) 	5 (2.3) 	1 (4.8) 	0.425


 	Congestive heart failure 	3 (1.2) 	3 (1.4) 	0 (0) 	1.000


 	Previous stroke/TIA 	50 (20.8) 	46 (20.9) 	4 (19.0) 	0.839


 	Malignant tumor 	9 (3.7) 	8 (3.6) 	1 (4.8) 	0.802


 	Current smoker 	59 (24.5) 	55 (25.0) 	4 (19.0) 	0.577


 	Drinking habit 	63 (26.1) 	58 (26.4) 	5 (23.8) 	0.797


 	Clinical scores and labs, n 	241 	220 	21 	


 	mRS score at admission 	1 (1–3) 	1 (1–3) 	1.5 (1.0–3.0) 	0.867


 	NIHSS score at admission 	2 (1–4) 	2 (1–4) 	3 (1–13) 	0.245


 	CTR (%) 	51.5 (47.0–56.0) 	51.0 (47.0–55.8) 	56.0 (52.3–57.0) 	0.003


 	LVEF (%) 	65.7 (61.0–71.0) 	66.0 (61.0–71.0) 	64.0 (61.6–68.0) 	0.649


 	LAD (mm) 	34.8 (31.0–39.0) 	34.1 (31.0–39.0) 	36.1 (34.0–44.0) 	0.032


 	BNP or NT-proBNP elevated 	40 (16.6) 	36 (16.4) 	4 (19.0) 	0.756


 	Acute revascularization, n (%)


 	tPA 	26 (10.8) 	22 (10.0) 	4 (19.0) 	0.238


 	MT 	31 (12.9) 	26 (11.8) 	5 (23.8) 	0.149


 	Stroke etiology, n (%)


 	Small vessel disease 	57 (23.7) 	52 (23.6) 	5 (23.8) 	0.881


 	Large-artery atherosclerosis 	31 (12.9) 	29 (13.2) 	2 (9.5)


 	Others 	153 (63.5) 	139 (63.2) 	14 (66.7)





AF, atrial fibrillation; BNP, brain natriuretic peptide; CTR, cardiothoracic ratio; IQR, interquartile range; LAD, left atrial dimension; LVEF, left ventricular ejection fraction; MT, mechanical thrombectomy; mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale; NT, N-terminal; tPA, tissue plasminogen activator; TIA, transient ischemic attack.
 



3.2 Primary and exploratory outcomes

AF, the primary outcome for this study, was detected in 21 of the 241 patients (8.7, 95% CI: 5.4–12.4) during follow-up using Duranta. The median number of days from Duranta placement to first AF detection was 2.0 (IQR: 1.0–3.5), the median AF duration time was 59 min (IQR: 7.5–397.5), the median number of AF detections in the AF + group was 2.0 (IQR: 1.0–3.5), the median number of days from stroke onset to AF detection was 4.0 (IQR: 3.0–6.0), and the duration of Duranta placement was 7 days in all patients (Table 2).


TABLE 2 Primary and exploratory outcomes.


	Primary outcomes
	

 

 	Detection rate of AF while wearing Duranta, n, (%) 	21 (8.7, 5.4–12.4)


 	Exploratory outcomes


 	Number of days from stroke onset to Duranta placement, median (IQR) 	2.0 (0–22.0)


 	Number of days of Duranta placement, median (IQR) 	7.0 (7.0–7.0)


 	Number of days from Duranta placement to first AF detection, median (IQR) 	2.0 (1.0–3.5)


 	Number of days from stroke onset to AF detection, median (IQR) 	4.0 (3.0–6.0)


 	AF duration time, median (IQR), minutes 	59 (7.5–397.5)


 	Number of AF events detected, median (IQR) 	2.0 (1.0–3.5)





AF, atrial fibrillation; IQR, interquartile range.
 



3.3 Adverse events

An adverse event occurred in only 1 (0.4%) of the 241 patients during Duranta placement. This was a case of dermal pruritus.



3.4 Time from stroke onset to Duranta placement in 21 patients with AF detected

Patients could be enrolled up to 6 months after stroke onset, and therefore Duranta was not always placed promptly after admission. Among the 21 patients in whom AF was detected, the median number of days from stroke onset to Duranta placement was 2.0 (IQR: 1.0–22.0), with 41.9% being equipped with Duranta 1 day after stroke onset, 47.6% between 2 and 4 days after stroke onset, and 9.5% 5 days or more after stroke onset (Figure 3).
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FIGURE 3
 Time from stroke onset to Duranta was placed within 1 day after stroke onset in 9 patients (42.9%) of 21 patients with AF detected, between 2 and 4 days after stroke onset in 10 patients (47.6%), and 5 days or more after stroke onset in 2 patients (9.5%).




3.5 Probability of new AF within the duration of Duranta placement

According to the Kaplan–Meier curve, the cumulative incidence rates for detection of AF were 0.029, 0.067, 0.084, and 0.88 at days 1, 3, 5, and 7 of Duranta placement, respectively (Figure 4).

[image: Step chart showing cumulative incidence of atrial fibrillation over time from Duranta placement in days. Incidence increases from 0 to 0.088 over 7 days, with specific cumulative incidence values provided for days one, three, five, and seven. Number at risk decreases from 241 to 202 over the same period.]

FIGURE 4
 Kaplan–Meier curve for the cumulative incidence of detection of new atrial fibrillation with Duranta. The cumulative incidence rates at days 3 and 7 were 0.067 and 0.088, respectively. Most cases were detected within 3 days.




3.6 Determinants of AF detection with Duranta

In the univariable analysis, dyslipidemia, NIHSS score at admission, cardiothoracic ratio, and LAD were identified as determinants of AF detection using Duranta. In the multivariable analysis, we adjusted for multiple potential confounders such as age, sex, dyslipidemia, NIHSS score at admission, cardiothoracic ratio, and LAD, and only dyslipidemia (adjusted odds ratio [aOR]: 3.92, 95% CI: 1.17–13.13, p = 0.027) and LAD (aOR: 1.10, 95% CI: 1.01–1.20, p = 0.029) were significantly associated with AF detection by Duranta (Table 3).


TABLE 3 Determinants of atrial fibrillation detection with DURANTA.


	
	Univariable
	
	Multivariable
	



	
	OR (95%CI)
	P value
	OR (95%CI)
	P value

 

 	Age 	1.04 (0.99–1.09) 	0.114 	1.04 (0.96–1.07) 	0.604


 	Sex


 	Female 	Ref 	 	 	


 	Male 	0.51 (0.21–1.27) 	0.147 	0.72 (0.25–2.10) 	0.557


 	Body-mass index 	1.12 (0.99–1.26) 	0.066 	 	


 	Comorbidities


 	Hypertension 	0.88 (0.34–2.27) 	0.785 	 	


 	Diabetes 	1.46 (0.56–3.81) 	0.435 	 	


 	Dyslipidemia 	3.54 (1.15–10.87) 	0.027 	3.92 (1.17–13.13) 	0.027


 	Chronic kidney disease 	2.15 (0.24–19.31) 	0.494 	 	


 	Congestive heart failure 	NA* 	 	 	


 	Previous stroke/TIA 	0.89 (0.29–2.77) 	0.841 	 	


 	Malignant tumor 	1.33 (0.16–11.14) 	0.796 	 	


 	Current smoker 	0.76 (0.42–1.35) 	0.348 	 	


 	Drinking habit 	0.87 (0.31–2.49) 	0.799 	 	


 	Clinical scores and laboratory analyses


 	mRS score at admission 	1.06 (0.74–1.51) 	0.763 	 	


 	NIHSS score at admission 	1.06 (1.01–1.12) 	0.030 	1.05 (0.99–1.12) 	0.107


 	CTR 	1.11 (1.03–1.20) 	0.006 	1.07 (0.97–1.18) 	0.173


 	LVEF 	1.00 (0.95–1.06) 	0.969 	 	


 	LAD 	1.11 (1.02–1.20) 	0.014 	1.10 (1.01–1.20) 	0.029


 	BNP or NT-proBNP elevated 	1.20 (0.38–3.78) 	0.752 	 	


 	Acute revascularization


 	tPA 	2.12 (0.65–6.86) 	0.211 	 	


 	MT 	2.33 (0.79–6.90) 	0.126 	 	





*Not used as an explanatory variable because neither outcome was observed.

Variables of age, sex, and those showing p < 0.05 in the univariable analysis were included in the final multivariable model. BNP, brain natriuretic peptide; CTR, cardiothoracic ratio; LAD, left atrial dimension; LVEF, left ventricular ejection fraction; MT, mechanical thrombectomy; mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale; NT, N-terminal; OR, odds ratio; tPA, tissue plasminogen activator; TIA, transient ischemic attack.
 




4 Discussion

This prospective multicenter study of patients with ischemic stroke in Japan investigated the detection of new atrial fibrillation with a non-invasive device, an iPhone-based single-lead electrocardiographic capture system.

When a patient with AF has a stroke, it is often severe (2) and the recurrence rate is high (11, 12), although anticoagulants are highly effective in preventing recurrence (3, 4). Therefore, when a patient without a history of AF has a stroke, tests to detect AF are routinely performed, usually ECG and Holter ECG (13). Compared with 24-h ECG recordings, 7-day Holter ECG recordings were shown to have better detection of AF (14, 15). Although implantable ECGs have been shown to provide a high level of evidence for the detection of AF after thorough evaluation (16, 17), insertable cardiac monitors are invasive to the patient and can cause adverse events, and early implantation after the onset of stroke is generally not performed. In addition, early rhythm control for AF improves the primary clinical outcome (18). Given the high rate of recurrent strokes in patients with AF, if a patient without a history of AF has a stroke and is subsequently found to have AF, prompt administration of anticoagulation to reduce the risk of recurrence and early intervention for rhythm control of AF are required. These require heart rate monitoring that is as simple and safe as possible for several days or longer, starting as early as possible after stroke onset.

This study enrolled patients without a known history of AF and without AF on the admission 12-lead ECG. If AF was observed on the admission ECG, the patient would have been diagnosed with cardioembolic stroke and excluded. Therefore, the study included patients with lacunar infarction, as well as those with cryptogenic stroke and embolic stroke of undetermined source (ESUS); however, at the time of admission, testing to determine the stroke etiology (e.g., transthoracic echocardiography, Holter ECG, transesophageal echocardiography, lower limb venous ultrasound, cerebral angiography, contrast-enhanced CT) was incomplete, so a definitive diagnosis of cryptogenic stroke or ESUS could not be made at that point. We can therefore only describe the patients as “ischemic stroke cases without AF on admission ECG.” We believe the population likely includes cases that would eventually receive a diagnosis of cryptogenic stroke or ESUS after further testing.

According to the European Society of Cardiology 2020 guidelines (19), single-lead ECG recording using a wearable device can be used to confirm the diagnosis of AF (recommendation: Ia). In addition, a recent systematic review and meta-analysis suggests that non-invasive rhythm monitoring strategies should precede invasive monitoring (20). Detection of AF with wearable electrocardiographs, including patch ECG devices and wristwatch health products, has been reported. Studies such as the Apple Heart Study (21) and SCREEN-AF (SCREENing for Atrial Fibrillation) (22) using a single-lead ECG have recently demonstrated the feasibility and effectiveness of single-lead ECG recorders for detecting AF after stroke. However, the results of these studies were based on data from the general population and were not specific to patients with ischemic stroke or transient ischemic attack (23). Wristwatch devices are simple and have the potential to screen many asymptomatic and symptomatic patients; however, these devices use a photoplethysmograph sensor to detect atrial fibrillation when checking heartbeats in the background (24), and they demonstrate variable sensitivity and specificity and do not have acceptable accuracy compared with prescribed ECG devices. In comparison, a patch ECG device usually uses a single channel of bipolar induction over the heart to record the ECG.

In this study, we used Duranta, a patch-type wireless real-time ECG monitor that is easy to attach to the patient. Duranta is iPhone-based, and one of the features of this system is that it is very easy to attach and remove if the patient has to go for other examinations such as CT, MRI, or echography, as well as to use the restroom or take a bath during their hospital stay.

The AF detection rate of the Duranta system was 8.7%, which is higher than the 4–5% (22, 25) reported in screening studies and the 5–7% (5, 26) in studies with a population of stroke patients. Furthermore, it is higher than the AF detection rate of 6.8% in a study using 7-day Holter monitoring in patients who suffered a recent embolic stroke of undetermined source (26). However, the data used in this study came from a subset of patients recruited to the STABLED trial who underwent monitoring with the Duranta system, and within the scope of this study, it is not possible to accurately compare the performance of the Duranta system in comparison with similar systems; other similar single-lead and patch portable ECG systems would likely provide similar results, with the evidence suggesting that the Duranta system is at least on a par with similar systems.

In this study, LAD and dyslipidemia were found to be associated with detection of AF after adjusting for confounding factors. Left atrial enlargement is well known to be an inducer of AF (27); the larger the left atrial size, the greater the risk of developing AF (28). Recently, prespecified analysis of the STROKE AF randomized clinical trials found that only congestive heart failure and left atrial enlargement were significant predictors of AF (29). Another study reported that not only left atrial enlargement, but also the left atrial volume index (LAVI), calculated by dividing the left atrial volume by the body surface area, was higher in an AF + group than in an AF− group (30). Unfortunately, because this was a multicenter registry study, echocardiography was not performed for all patients and LAVI was thus excluded from the statistical analysis. Therefore, LAD was used as a valuable clinical predictor for the detection of AF.

The finding of the association between dyslipidemia and AF appears to be complex and paradoxical. In a previous study, higher total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) levels were inversely associated with the incidence of AF over a mean follow-up period of 7.12 years (31). Low high-density lipoprotein (HDL) cholesterol was associated with an increased risk of new-onset AF in women, but not in men (32). Low HDL-C levels and high triglyceride (TG) levels, which are markers of metabolic syndrome, are associated with a higher risk of AF (33, 34). Reports of dyslipidemia and AF remain inconclusive, although low HDL-C and high TG levels may be associated with AF because metabolic syndrome is reported to be associated with the risk for AF (35). However, as dyslipidemia was diagnosed by the physicians in this study, it is unclear which lipid fraction was abnormal.

This study has some potential limitations. First, we cannot generalize our findings to non-hospitalized patients because our study included only in-hospital patients with ischemic stroke. Second, this study was conducted only at Japanese sites, and therefore, it is unclear whether the results can be extrapolated to patients from other countries. Third, the number of participants included in the current epidemiological study was small, which may have affected our findings through a lack of statistical power. Fourth, the enrolled patients without a known history of AF and without AF on the admission 12-lead ECG included patients with lacunar infarction, as well as those with cryptogenic stroke and ESUS; however, at the time of admission, testing to determine the stroke etiology was incomplete, so a definitive diagnosis of cryptogenic stroke or ESUS could not be made at that point. Finally, for hypertension, dyslipidemia, diabetes, chronic kidney disease, and medical history, the presence or absence of comorbidities was recorded according to the physician in charge, and therefore information on oral medications and laboratory values was not available.



5 Conclusion

In this prospective multicenter study performed in Japan, we found that a non-invasive wireless patch ECG system, the iPhone-based single-lead electrocardiographic capture system Duranta, found AF in 21 out of 241 ischemic stroke patients without a previous history of AF. The median time from Duranta placement to first AF detection was 2 days. Determinants for AF detection in patients without a history of AF were dyslipidemia and LAD. In ischemic stroke patients with undiagnosed AF, the use of wireless patch ECG systems for detecting new AF may provide benefit in the form of early initiation of anticoagulant administration and prevention of recurrent stroke.
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