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A B S T R A C T   

Background: This multicenter prospective observational study examined the impact of additionally using a home 
electrocardiograph (ECG) to detect atrial fibrillation (AF) recurrence after ablation. 
Methods: Between May 2019 and December 2020, 128 patients undergoing ablation were enrolled in the study. 
After performing ablation, they were instructed to measure their ECGs at home using Complete (ECG paired with 
a blood pressure monitor; Omron Healthcare, Japan) every day and to visit the hospital every 3 months until 
after 12 months for 24-hour Holter ECG and 12-lead ECG as usual care (UC). 
Results: After ablation, 94 patients were followed up, and AF recurrence at 12 months was detected more 
commonly in adjudicators-interpreted Complete (31 [33 %]) than in UC (18 [9 %]) (hazard ratio 1.95, 95 % 
confidence interval [95 %CI] 1.35–2.81, P < 0.001). In patients with recurrent AF found via both modalities (n 
= 16), the time to first AF detection by Complete was 40.9 ± 73.9 days faster than that in UC (P = 0.04). 
Notably, when the adherence to Complete measurement was divided by 80 %, the add-on effect of Complete on 
the detection of recurrent AF in UC indicated the hazard ratio (HR) of 1.71 (95 %CI 0.92–3.18, P = 0.09) for the 
low adherence (<80 %) group, but it was significant for the high adherence (≥80 %) group, with HR of 2.19 (95 
%CI 1.43–3.36, P < 0.001). 
Conclusions: Despite a shorter measurement time, Complete detected recurrent AF more frequently and faster 
compared with UC after AF ablation. A significant adherence-dependent difference of Complete was found in 
detecting AF recurrence.   

1. Introduction 

Catheter ablation (CA) is a popular clinical treatment for symptom-
atic atrial fibrillation (AF). However, it is known that the percentage of 
patients in sinus rhythm after a single ablation procedure decreases over 

time: 72 % after 1 year, 65 % after 3 years, and approximately 59 % after 
5 years [1]. Managing and identifying AF can be difficult for both pa-
tients and healthcare providers because many patients with AF are un-
able to recognize and distinguish symptoms associated with AF from 
other conditions, which can impede timely treatment and put them at 
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risk for complications [2]. 
Electrocardiogram (ECG) monitoring is critical in post-ablation 

follow-up. Arrhythmia monitoring, for example, can help determine 
whether the patient’s “palpitations” are caused by recurrent AF. Several 
studies have shown that “palpitations” are frequently caused by pre-
mature atrial or ventricular beating and are not reliable predictors of AF 
recurrence [3,4]. Monitoring for arrhythmias has also been shown to be 
beneficial in asymptomatic patients. Asymptomatic AF is common in 
post-CA patients, according to multiple studies [4–7]. 

Various e-health tools have recently entered routine clinical use, and 
systematic evaluation has demonstrated the utility of e-health tools in 
identifying AF [8,9]. Although these techniques may have a positive 
impact on post-ablation monitoring, few studies have demonstrated 
their efficacy [10]. However, it is known that adherence to the use of 
digital tools declines over time because it depends on the individual’s 
willingness to use the device [11]. Therefore, despite its clinical signif-
icance, there are no reports on the add-on effect of home ECG mea-
surement adherence on AF detection in usual care (UC). 

Thus, this prospective multicenter observational study was designed 
to investigate the impact of add-on effect of an at-home ECG device on 
the detection rate in patients with post-ablation AF. For ECG measure-
ments, an ECG was used in conjunction with a blood pressure (BP) 
monitor (The Complete; Omron Healthcare Co., ltd., Kyoto, Japan). The 
device was approved by the Food and Drug Administration (FDA) in 
2020 and has been shown to accurately distinguish between AF and 
normal sinus rhythm [12,13]. 

2. Methods 

2.1. Study population 

The Institutional Review Board at each participating center approved 
this multicenter prospective observational study. All study participants 
provided written informed consent. Patients were selected from six 
cardiovascular centers in Japan’s Kansai region. Patients with persistent 
AF who were at least 20 years old, had access to a smart phone, and were 
scheduled for ablation were eligible for study participation. Exclusion 
criteria included (1) patients currently participating or planning to 
participate in an interventional trial, (2) patients with a confirmed 
diagnosis of mitral stenosis, (3) patients with an implanted pacemaker or 
defibrillator, and (4) patients deemed inappropriate to enroll in the 
study by the attending physician. Between May 2019 and December 
2020, a total of 128 patients were registered. Fig. 1 depicts a patient flow 

chart. 

2.2. Procedures and data collection 

All patients had extensive encircling pulmonary vein isolation (PVI), 
isolating ipsilateral superior and inferior pulmonary veins (PVs) at the 
same time. The electrophysiological endpoint of PVI was a bidirectional 
conduction block between the LA and the PVs. The operator and/or the 
attending physician decided whether to perform additional ablation, 
such as tricuspid valve isthmus ablation, continuous fractionated atrial 
electrogram ablation, and LA linear ablation. Antiarrhythmic drugs 
(AADs) were stopped in all patients 3 months post-ablation. The decision 
to resume AAD use after the blanking period was usually made in the 
event of a recurrence of atrial tachycardia (AT)/AF. In this study, the use 
(including discontinuation) of antiarrhythmic drugs post-ablation was 
not specified. 

During their hospitalization, patients were trained to take their BP 
and an ECG for 30 s by touching the electrodes on the top face and both 
sides of the monitor [12]. After discharge, patients were instructed to 
record at least one ECG daily in addition to further ECGs if symptoms 
occurred. Patients were followed up for 1 year at the outpatient clinic of 
the center where the ablation was performed, with 12-lead ECG and 24- 
hour Holter ECGs performed every 3 months until after 12 months. 
Notably, clinicians at the local center read 12-lead ECG and 24-hour 
Holter ECG records. When patients were unable to visit the outpatient 
clinic of the local center, follow-up data were obtained by contacting the 
physicians in charge or the patients. Clinicians and/or attending phy-
sicians at the local center imputed all clinical data. 

Although Complete has been FDA-approved and has clinically 
demonstrated excellent sensitivity and specificity for detecting AF dur-
ing BP measurements [12], it was not available in Japan during the 
study. Therefore, physicians made all clinical decisions based on their 
usual practice, and physicians and patients were blinded to Complete 
results. Only the data of Complete were used for the study. 

2.3. Definitions and outcome 

Recurrent AF was defined as AF documented by an ECG rhythm strip 
of Complete or a 12-lead ECG or 24-hour Holter ECG, and it has duration 
of ≥ 30 s. As adjudicators, two trained cardiologists (TN and SS) read 
Complete ECG rhythm strip blindly and classified the rhythm as AF, non- 
AF, or “uninterpretable” (due to baseline artifact, wander, or drift). 
Kappa (κ) coefficient of interobserver agreement was 0.73. In the event 

Fig. 1. Study flowchart. Reason for exclusions from the analysis: 8 (6.5%) had no declination reports but did not have a single measurement record.  
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of disagreement, they reached a final decision on the diagnosis after 
deliberation. The primary goal of this study was to investigate the 
impact of at-home ECG adherence on AF detection in UC. 

2.4. Statistical analyses 

All demographic and clinical data are presented in the form of fre-
quencies and percentages, or mean and standard deviation. The sensi-
tivity and specificity were calculated by comparing the proportion of AF 
and sinus rhythm detected by Complete to that detected by 12-lead ECG 
measured simultaneously within 2 h. Over the 12-month follow-up 
period, Kaplan–Meier curves were created to detect AF recurrence in 
Complete and UC, and the difference in AF recurrence rate between 
them was calculated using a marginal Cox regression model. During the 
observation period, high adherence was defined as 80 % or more of the 
days with at least one ECG measurement per day in Complete, while low 
adherence was defined as 80 % or less. Given that the conventional 
threshold for “good adherence” to medication is 80 % [14,15], in this 
study, the cutoff for measured adherence was also defined as 80 %.The 
effect of Complete on the detection of AF recurrence in UC was evalu-
ated using Kaplan–Meier curves, which helped classify the measurement 
adherence to Complete into low (n = 43) or high (n = 51). Moreover, the 
difference in AF recurrence between them was calculated using a mar-
ginal Cox regression model. A paired sample t-test was used to compare 
the time to the first AF detection between each measurement modality. 
The distribution of possible AF within 15 days of the reference date is 
presented in two heatmaps, where the reference date is the date of 
clinically detected AF in UC and the date of at-home ECG device 
detected AF (interpreted by the adjudicators). The retention rate was 
calculated as the average of the following evaluation periods: day 24–30 
for 1 month, day 84–90 for 3 months, day 174–180 for 6 months, and 
day 354–360 for 12 months. All analyses were carried out using R 
(version 3.6.1; July 5, 2019). Moreover, in all analyses, a critical P value 
of.05 was used to determine the significance. 

3. Results 

Five of the 128 patients with AF admitted for ablation who were 
enrolled later withdrew data usage permission, resulting in a final 
enrollment of 123 patients. Two patients were excluded at the time of 
ablation because they did not meet the eligibility criteria (n = 1) and did 
not undergo AF ablation (n = 1). Moreover, 121 patients received AF 
ablation, and 94 were included in the final analysis set, excluding pa-
tients for the following reasons: unable to continue follow-up of patients 
due to hospital transfer (n = 1), withdraw consent (n = 15), in-
vestigators determined that patients were unable to continue treatment 
(n = 3), and no measurements of Complete during the follow-up (n = 8). 
The mean age was 65.4 ± 9.0 years, 17.9 % of the patients were female, 
55.3 % had hypertension, 47.2 % had long-term persistent AF (≥1 year), 
and the mean CHADS2 score was 1.1 ± 1.0. Table 1 also includes a list of 
remaining valuables. The results of the accuracy of Complete for AF 
detection were as follows: sensitivity analysis was performed on 102 
patients before ablation, excluding “No ECG during pre-ablation” (n =
17) and “Sinus rhythm detected by 12-lead ECG during pre-ablation” (n 
= 2), and specificity analysis was performed on 94 subjects after abla-
tion, excluding “No ECG during post-ablation” (n = 18) and “AF 
detected by 12-lead ECG during post-ablation” (n = 9). Out of a total of 
196 simultaneous recordings, Cohen’s kappa coefficient (κ) to assess 
agreement between Complete and 12-lead ECG recordings was 0.85, 
indicating excellent agreement. The Complete had 98 % sensitivity and 
89 % specificity, as well as 91 % positive and 97 % negative predictive 
value. 

A median follow-up was 12.0 months (range 7.1–12.3 months), and 
the mean number and duration of ECG measurements during the follow- 
up were 326.0 ± 300.6 times and 163 ± 150 min in Complete vs 2.2 ±
1.6 times and 3217 ± 2239 min in UC (both P < 0.001). At 12 months, 

18 (19 %) AF recurrences were detected in UC and 31 (33 %) in the 
adjudicators-interpreted Complete (hazard ratio [HR] 1.95, 95 % con-
fidence interval [CI] 1.35–2.81, P < 0.001, Fig. 2). Of the 31 detected 
with Complete, 15 were detected solely using Complete, whereas the 
remaining 16 were also detected using UC. In patients with recurrent AF 
found via both modalities (n = 16), the time to first AF detection by 
Complete was 40.9 ± 73.9 days faster than UC (Mean 112.2 ± 45.9 days 
in Complete vs 153.1 ± 76.7 days in UC, P = 0.04). Of the 18 detected in 
UC, 2 were unable to be detected in Complete. 

We further explored the combined effects of Complete on AF detec-
tion rates in UC, assuming that both Complete and UC were in combi-
nation in daily practice. When the adherence to Complete measurement 
was divided by 80 %, the combined effect of Complete on detection of 
recurrent AF in UC indicated HR of 1.71 (95 % CI 0.92–3.18, P = 0.09) 
for the low adherence (<80 %) group, but this was significant for the 
high adherence (≥80 %) group, with HR of 2.19 (95 % CI 1.43–3.36, P 
< 0.001) (Fig. 3). Notably, a significant adherence-dependent difference 
of Complete was found in the detection of AF recurrence. 

We used the date when AF was detected (by the adjudicators’ 
interpretation) in Complete ECG (Fig. 4A) and the date when AF was 
clinically confirmed in UC (Fig. 4B) as reference date, and the distri-
bution of normal and possible AF cases within ± 15 days of the reference 
date were shown in two heat maps. Overall, in 20 of 31 Complete ECGs 
that the adjudicators classified as AF, Complete was used on both the 
day before and the day after the reference date. Moreover, in 16 cases, 
sinus rhythm was detected both on the day before and on the day after 
the reference date, i.e., 80 % (n = 16/20) of the recurrence patterns were 
seen in < 48 h (i.e., short-lasting). In contrast, of the 18 patients diag-
nosed with AF in UC, 11 were also measuring Complete on both the day 
before and the day after the reference date. <40 % (n = 4/11) had < 48 

Table 1 
Patient characteristics in the study.  

Variables n ¼ 123 

Age, mean (SD) 65.4 (9.0) 
Age ≥ 75, n (%) 24 (19.5) 
Sex, female, n (%) 22 (17.9) 
Congestive heart failure, n (%) 24 (19.5) 
Hypertension, n (%) 68 (55.3) 
Diabetes mellitus, n (%) 12 (9.8) 
Stroke or TIA, n (%) 5 (4.1) 
Vascular Disease, n (%) 1 (0.8) 
Body Mass Index, mean (SD) 24.9 (3.8) 
CHADS2 score, mean (SD) 1.1 (1.0) 
CHA2DS2-VASc score, mean (SD) 1.91 (1.3) 
AF duration, n (%)  

<3 months 15 (12.2) 
12 months 50 (40.7) 
>12 months 58 (47.2) 

Ablation (%)  
First procedure 111 (90.2) 
Repeat procedure 12 (9.8) 

Antiarrhythmic agents, n (%) 48 (39.0) 
ACE inhibitors, n (%) 6 (4.9) 
ARBs, n (%) 41 (33.3) 
CCBs, n (%) 55 (44.7) 
Beta blocker, n (%) 76 (61.8) 
Dabigatran, n (%) 8 (6.5) 
Rivaroxaban, n (%) 41 (33.3) 
Apixaban, n (%) 11 (8.9) 
Edoxaban, n (%) 55 (44.7) 
Warfarin, n (%) 8 (6.5) 

SD: standard deviation; TIA: Transient ischemic attack; CHADS2 score: 
congestive heart failure, hypertension, age ≥ 75, diabetes mellitus, 
stroke or TIA. 
CHA2DS2-VASC score: congestive heart failure, hypertension, age ≥
65, diabetes mellitus, stroke or TIA, female, vascular disease. 
AF: atrial fibrillation; ACE inhibitor: angiotensin converting enzyme 
inhibitor; ARBs: Angiotensin II receptor blockers, CCBs: Calcium 
channel blockers. 
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h (a short-lasting) recurrence pattern. 

4. Discussion 

Complete detected AF recurrence more frequently and faster because 
of its ability to detect short-lasting AF compared to UC. It also exerted a 
significant add-on effect on diagnosis rates in UC by maintaining high 
measurement adherence. To the best of our knowledge, this is the first 
report demonstrating the importance of constant monitoring of home 
ECGs in post-ablation patients. 

The main reason for arrhythmia monitoring after ablation is to help 
determine whether the patient’s palpitations are caused by recurrent AF 
or other AT. Palpitations are often caused by premature heartbeats and 
do not accurately predict recurrent AF [4]. As several studies, including 
the present study, have demonstrated the ability to distinguish recurrent 
AF from more benign symptomatic arrhythmias, at-home ECG has the 
potential to enable more effective and timely clinical decision-making in 
post-ablation AF patients [12,13]. In addition, once telemedicine is 
widely used, after checking the ECG transmission, the physician can 

remotely and appropriately guide the patient’s postoperative treatment 
by reassuring the patient, changing the treatment, or asking the patient 
to visit the hospital [16]. Intermittent arrhythmia monitoring may also 
influence anticoagulation decision-making after ablation. Several 
studies have shown that asymptomatic AF is common in post-ablation 
patients. For example, in some previous studies, compared to symp-
tomatic AF, the rate of asymptomatic AF increased from 11 % to 35 % 
before ablation to 53 %–65 % after ablation [17–19]. Another study also 
found that 53.8 % of AF episodes after ablation were asymptomatic and 
that the number of asymptomatic episodes increased from the acute to 
the chronic phase of the procedure, indicating that AF success is not 
solely based on the absence of symptoms [3]. Indeed, Complete could 
detect higher numbers of AF lasting for < 48 h (i.e., short-lasting AF). 
Given the highly irregular patterns of AF occurrence, more frequent but 
short-duration monitoring (i.e., at-home ECG) may be more effective at 
detecting arrhythmias than less frequent but longer monitoring (Holter 
monitors). 

Based on the results of the present study, there is an add-on effect on 
the detection rate of AF during UC with increased frequency of 

Fig. 2. Kaplan–Meier analysis of time from ablation to first detection of recurrent AF. Observation period: After the blanking period until the last observation point or 
until discontinuation or endpoint. 

Fig. 3. The add-on effect of Complete on detection rates in UC according to measurement adherence of Complete. Adherence: Percentage of days with at least one 
measurement per day during the observation period. 
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intermittent at-home ECG monitoring. Notably, as the usage of mobile 
application tools decreases over time [11,20], maintaining a high fre-
quency of use should be important to maximize the effectiveness of 
home ECG monitoring. 

As a method for routine monitoring of patients undergoing AF 
ablation, implantable loop recorders (ILR) currently shows promise as 
an accurate method for assessing postoperative AF, although this is not 
recommended in the guideline [21,22]. However, ILRs are invasive and 
expensive and have diagnostic limitations, such as beat under-sensing, 
myoelectric potential oversensing, reduced specificity due to irregular 
premature beats, and limitations in the number of ECGs read out and 
memory to validate correct rhythm diagnosis [23–25]. Importantly, few 
countries have approved its use for postoperative AF management. 
Therefore, arrhythmia monitoring using at-home ECG can be an 
important component in evaluating the results of ablation procedures. 

Some studies have attempted to estimate changes in AF burden (or 
sinus duration) using various methods in the absence of an implantable 
device [26,27]. Similarly, the present study attempted to demonstrate 
“normal” and “possible AF” before and after the day when AF was 
detected clinically or using Complete. The percentage of “normal” (sinus 
rhythm time) was significantly higher on the days before and after the 
day when AF was detected using Complete than that detected using UC. 
In other words, Complete might detect many cases of < 48 h AF (short- 
lasting AF) that would not have been detected clinically. However, the 
accuracy of the estimated sinus duration is limited by the duration and 
frequency of monitoring with intermittent monitoring devices; thus, it 
will be necessary in the future to calculate estimated sinus duration by 
combining symptom reports and ECG status at each time point. 

5. Limitations 

First, the attached application instructions were in English, and the 
ECG display was customized to be blind to the user due to the nature of 
the study, which may have contributed to Japanese users’ difficulty in 
operating the device. Although enrolled patients were instructed on how 
to use the device during hospitalization, and that call center support and 
face-to-face instruction were also provided during follow-up, the trial 
had a high dropout rate (22 %). However, most patients (78 % of total 
patients) who could be followed up were able to continue to measure 
ECG during the observation period. (Supplementary Figure) Second, 
because symptom records were not obtained during the ECG recording 
of Complete, the percentage of asymptomatic AF recurrences is un-
known. Third, all patients in this study were Japanese. Generalizing our 
findings to all patients with AF should be done with caution, as results 
may differ in other patient populations. 

6. Conclusion 

After AF ablation, the use of Complete—at-home ECG self-recording 
device—allows for better and faster detection of AF recurrence. The 
recurrent AF patterns detected by Complete include many short-lasting 
cases that would go undetected clinically. A significant adherence- 
dependent difference from Complete was found in the detection of AF 
recurrences. This indicates the importance of constant monitoring of 
home ECGs during follow-up. 
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White: Days with no “normal” or “possible AF”. 
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