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Abstract

Background: Asymptomatic recurrences of atrial fibrillation (AF) are common after ablation of AF. Objective: We aimed
to analyze the performance of the mobile ECG device using artificial intelligence (AI) algorithm in detection of AF after
ablation. Method: A randomized controlled trial of AF screening using a handheld single-lead ECG monitor (BigThumb®)) or
a traditional follow-up strategy was conducted in patients with non-valvular AF after catheter ablation. Consecutive patients
were randomized to either BigThumb Group (BT Group) or Traditional Follow-up Group (TF Group). Monitoring data was
collected and analyzed. The ECGs collected by BigThumb were compared using the automated AF detection algorithm, Al
algorithm and cardiologists’ manual review. Subsequent changes in adherence on oral anticoagulation of patients were also
recorded. Result: We studied 218 patients (109 in BT Group, 109 in TF Group). After a follow-up of 345.4+60.2 days, AF-free
survival rate was 64.2% in BT Group and 78.9% in TF Group (P=0.0163), with more adherence on oral anticoagulation in BT
Group (P=0.0052). The participants in the BT Group recorded 26133 ECGs during the follow-up, among which 3299 (12.6%)
were diagnosed as AF by cardiologists’ manual review. The sensitivity and specificity of the AI algorithm were 94.4% and
98.5% respectively, which are significantly higher than the automated AF detection algorithm (90.7% and 96.2%). Conclusion:
We found that follow-up after AF ablation using BigThumb leads to a more frequent detection of AF recurrence and more

adherence on oral anticoagulation. Artificial intelligence algorithm improves the accuracy of ECG diagnosis.

1 Introduction

Atrial fibrillation (AF) is one of the most common arrhythmias, affecting an estimated 33.5 million patients
worldwide!. It is a serious public health problem because of its increasing incidence and prevalence in
the aging population and its association with elevated risks of cardiovascular events and death?. Catheter
ablation is increasingly common in AF treatment because of reduction of symptoms. However, asymptomatic
recurrence of AF after ablation is substantial and a frequent monitoring strategy is warranted for early
detection of AF episode and subsequent change of medical treatment?.

Asymptomatic AF is difficult to diagnose based on a short electrocardiography (ECG) recording, especially
when the episode is paroxysmal. It has been demonstrated that traditional monitoring methods, including
ECG and Holter monitoring, may overestimate the effectiveness of catheter ablation*. The portable devices
used to monitor AF and artificial intelligence (AI) algorithm applied has the potential to improve accuracy
in rhythm monitoring and diagnosis.



We therefore undertook a randomized controlled trial with the portable device versus traditional follow-
up strategy in a post-ablation population to evaluate the feasibility and veracity of the self-applied ECG
monitoring device in detection of atrial fibrillation.

2 Methods
The study was designed as a randomized controlled single-center study.
2.1 Patients

Patients aged >18 years with symptomatic AF refractory to at least one class I or class I antiarrhythmic
drug, and referred for a first catheter ablation procedure at Changhai Hospital between March 2019 and
October 2019 were enrolled. All patients provided written informed consent. Consecutive 218 patients were
randomized to either BigThumb Group (BT Group) or Traditional Follow-up Group (TF Group) by means
of random number table. The baseline clinical features were noted for each patient and compared for different
follow-up strategies. The study was conducted in accordance with the Declaration of Helsinki. The study
was approved by the institutional review board of Shanghai Changhai Hospital, Second Military Medical
University.

2.2 Ablation procedures

For all cases, standard femoral venous access was achieved using Seldinger technique with a 6-French and a
7-French sheath in the left femoral vein and two 8.5-French Swarz sheaths in the right femoral vein. Coronary
sinus catheter and right ventricle catheter were advanced through left femoral vein. Transseptal access was
achieved with fluoroscopic guidance. A Tacticath Quartz catheter (St Jude Medical, St. Paul, MN, USA)
was used for radiofrequency catheter ablation in each procedure. The ablation strategy for each case was left
to the discretion of the primary operator.

2.3 The BigThumb heart monitor

The technologies used to monitor AF are advancing at a rapid pace. Among them, the BigThumb (Shang-
hai Yueguang Medical Technologies Inc, Shanghai, China) heart monitor is a National Medical Products
Administration (NMPA) approved smartphone handheld tool that permits easy and rapid collection of a
“one-lead” ECG (bECG) with two thumbs of users on the device (Figure 1). In parallel, the bECG will also
be sent to doctors automatically. Users can store and review bECGs on their cellphones. Artificial intelli-
gence (Al) algorithm was applied in new version of BigThumb (Supplemental information 1). It may improve
the accuracy of automatic diagnosis. The feasibility of the BigThumb applied in follow-up of patients after
ablation was characterized.

2.4 Follow-Up Strategies

Patients in BT Group were provided with and trained to use a BigThumb ECG monitor, and were instructed
to take at least three bECGs every day and additional bECGs if symptomatic. The patients should mark
symptoms when bECGs were collected. AF was detected by both an automated AF detection algorithm and
an Al algorithm. Two cardiologists will confirm the diagnosis separately. While AF recurrence of patients in
TF Group were monitored with Holters 3, 6 and 12 months after ablation and ECGs if there are symptoms.
Monitoring data and patient management strategies were collected and analyzed. A blanking period was
defined as three months after ablation. Oral anticoagulation was recommended after the “blanking period”
when the CHA3DS2-VASc score >1. Subsequent adherence on oral anticoagulation of patients were also
recorded.

2.5 Statistical Analysis

Continuous variables are expressed as mean + standard deviation, and categorical variables are expressed
as a number and percentage. Continuous variables were compared using the two-tailed Student’s t-test,
and categorical variables were compared using the y2 test or Fischer’s exact test. In order to investigate
the influence of follow-up strategies on AF recurrence detection, Kaplan-Meier survival curve and log rank



analysis were performed. For Cox regression, univariable regression was performed first. Variables with a
P-value of <0.2 were included in the multivariable model. A level of significance was set at <0.05 for all
reported P-values, and confidence intervals were calculated at the 95% level. All statistics were calculated
using SPSS (Version 24, IBM, Armonk, NY, USA).

3 Results
3.1 Baseline Characteristics

There were 109 patients in each group. No statistical difference was detected in demographic data between
patients in the two groups (Table 1).

3.2 Primary Outcome

After follow-up of 344.0 £ 60.5 days in BT Group, 70/109 patients (64.2%) were free from AF recur-
rence (70.8% in paroxysmal AF and 54.5% in persistent AF). While in TF Group, the AF free rate was
86/109 patients (78.9%, P=0.0163<0.05) after follow-up of 346.8 £+ 59.9 days (88.2% in paroxysmal AF
and 57.6% in persistent AF). The BigThumb detected more AF recurrence in paroxysmal AF after ablation
(P=0.0099<0.05) but not in persistent AF (P=0.7910>0.05).

Adherence on anticoagulation in patients with CHA5DS-VASc score >1 was significantly higher in BT Group
(25/49, 51.0%) than TF Group (16/63, 25.4%, P=0.0052<0.05). There were 11/109 (10.1%) and 2/109(1.8%)
patients receiving a second ablation in BT Group and TF Group respectively (P=0.0101<0.05).

The Kaplan-Meier curves for recurrence stratified by follow-up strategies at time of enrollment are shown in
Figure 2. Log rank tests showed a significantly earlier documentation of AF recurrence in BT Group than
TF Group (P < 0.05). In a multivariate Cox model, the likelihood of recurrence detection was greater in
patients in BT Group with larger left atrium (Table 2).

3.3 Feasibility of BigThumb in follow-up after ablation

A total of 26133 bECGs were recorded, among which 3299 (12.6%) were confirmed as AF by cardiologists’
manual review, 3860 (14.8%) were diagnosed as AF by the automated AF detection algorithm and 3457
(13.2%) by the AT algorithm. The sensitivity of the AT algorithm was significantly higher than the automated
AF detection algorithm [(94.4%, 95% CI, 93.5% - 95.1%) VS (90.7%, 95% CI, 89.7% - 91.7%)]. The specificity
was also higher in the AI algorithm [(98.5%, 95% CI, 98.3% - 98.6%) VS (96.2%, 95% CI, 95.9% - 96.4%)].
There were 2514/3299 (76.2%) AF bECGs marked with symptoms by participants.

3.4 Compliance of BigThumb Monitoring

The monitoring frequency was 0.53 +- 0.02/day in all the participants. They were used more frequently in
the first three-month follow-up than after (1.19 +-0.03/day VS 0.36 +- 0.02/day, P<0.05) as shown in Figure
3. The monitoring was most frequently collected in the daytime than the nighttime. Hence, the episodes of
AF were more frequently detected during daytime (Figure 4).

4 Discussion

To our knowledge, this is the first study to demonstrate the feasibility and veracity of the BigThumb
monitoring device. The primary finding of this study is that follow-up after AF ablation using BigThumb
leads to a more frequent detection of AF recurrence and more adherence on oral anticoagulation. Artificial
intelligence algorithm improves the accuracy of ECG diagnosis.

It was reassuring to see abundant devices and applications available in post-ablation follow-up. ECG and
Holter monitoring are the most frequently applied techniques to detect AF recurrence in previous studies.
However, low-frequency monitoring is not sufficient for follow-up®®. Pulse wave monitor devices are also
used in AF detection with unsatisfied accuracy” 2.

Accumulating evidence and meta-analyses have demonstrated that insertable cardiac monitor (ICM) and
cardiac implantable electronic device (CIED) detect a high rate of AF typically missed during routine clinical



care in patients after ablation®!!. Early detection of AF is important to define or change proper medical

treatment'?. However, implantation of the devices is invasive and expensive which prevent them from the
popularity in follow-up.

AliveCor is a monitor attached to a WiFi-enabled iPod to obtain ECGs in ambulatory patients'3. It brings
contextualized medical-grade ECG technology to the consumer and will inevitably improve AF detection
compared with current practice'®. Halcox et al conducted a randomized controlled trial of AF screening
using AliveCor to obtain ECGs'®. Among the 60440 ECG tracings, only 1% (600 ECGs) were categorized
as AF by the automated AliveCor algorithm. Of these, only 5% (30 tracings) were confirmed to be AF.
The low positive predictive value of the AliveCor for the detection of AF was an unexpected observation
and made the current generation of AliveCor devices as a screening tool difficult to justify'®. Similarly, the
BigThumb, used for smartphone-based ECG collection, paralleled the AliveCore in structure design, but the
sensitivity and specificity of the AI algorithm were 94.4% and 98.5%. It has the potential to reduce the
manual review. The use of mobile ECG self-recording devices allows for earlier detection of AF recurrence
and may empower patients to engage in shared health decision-making.

There is emerging evidence that AF recurrence after ablation may be asymptomatic. Studies have shown that
asymptomatic AF may be increasingly common after ablation and potentially pose a greater thromboembolic
risk than symptomatic AF1719. In the present study, we found that 785/3299 (23.8%) of AF detected after
ablation were asymptomatic, that may explain the poor compliance with anticoagulation after catheter
ablation even if patients receive recommendations of anticoagulation from doctors. The BigThumb may help
to record the episode of asymptomatic AF according to random monitoring which may lead to subsequent
adherence on anticoagulation.

The BigThumb is an effective and affordable public ECG monitoring device. This is critical for successful
incorporation of consumer-generated biometrics into clinical practice. However, it has limitations. ECGs
tracings in this clinical trial provide an insight into the real-world limitations of the technology. Because
of random and haphazard collection of bECGs, the accuracy of AF detection with the BigThumb highly
depends on the compliance of participants. As we found in this study, the BigThumb was used frequently
in the first 3-month follow-up than after 3-month. Patients should be reminded to persistently utilize the
device. We also found in this study that the frequency of monitoring in the night was significantly lower
than the daytime as expected. Some asymptomatic episodes in the night may be missed. Moreover, despite
the best intentions of a health-conscious and motivated individual, the potential for heightened concern with
abnormal or equivocal readings remains.

In conclusion, we found that follow-up after AF ablation using BigThumb with artificial intelligence algorithm
is more effective than traditional strategies. It is conceivable that in the near future, most patients after
ablation will be continuously and indefinitely monitored.

Limitations

This study has limitations. First, this study is a single center clinical trial with limited follow-up period
and comparatively small simple size that may introduce patient selection bias. Second, the clinical setting
was specific to China, so our results should be understood in that context. Finally, because there were few
episodes of thromboembolism or bleeding, our study does not have sufficient power to detect a difference
with the low rate of complications observed according to different clinical decisions after ablation guided by
the BigThumb. High-quality research is needed to understand the efficacy of coagulation strategies guided
by the BigThumb.
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Figure 1 A: The BigThumb system. With two thumbs of users on the device, a bECG will be collected. B:
Software interface of the BigThumb. Users are asked if there is a symptom when bECG is collected. C: A
bECG collected by a patient with atrial fibrillation. D: Summary of bECG in one-month duration. The red
points show the bECG with atrial fibrillation and the green points show the sinus rhythm.

Table 1. Characteristics Between Patients in BT and TF Groups



Variables BT Group(N=109) TF Group(N=109) P-Value

Male (%) 84(77.1%) 70 (64.2%) 0.296
Age 62.3£8.5 64.1+10.3 0.165
Paroxysmal AF (%) 65(59.6%) 76(69.7%) 0.119
BMI (Kg/m?) 24.942.7 24.542.8 0.347
CHA3;DS3-VASc 1.7£1.5 2.0£14 0.192
HAS-BLED 1.2+1.0 1.3£1.0 0.889
Scr (umol/L) 77.4+15.3 79.7+22.3 0.375
GFR (ml/min) 88.4+15.3 84.3+21.4 0.103
ALT (U/L) 27.3+£17.9 27.8+26.0 0.878
AST (U/L) 21.1+10.6 21.8+12.2 0.677
LAD (cm) 4.142.6 3.940.5 0.443
EF (%) 61.2£5.0 60.4+8.0 0.397
Follow-Up Duration (days) 344.04+60.5 346.8+59.9 0.737
Procedure Duration (min)  155.6+46.1 157.8+67.4 0.776
Fluoroscopy Time (min) 10.5+5.9 9.9£6.0 0.460
Radiation Dose (mGy) 245.7£173.9 229.9£178.5 0.511

BMI = body mass index; Scr = serum creatinine; GFR = glomerular filtration rate; ALT = alanine transam-
inase; AST = aspartate transaminase; LAD = left atrial diameter; EF = ejection fraction. Continuous
variables were compared using the two-tailed Student’s t-test, and categorical variables were compared using
the ¥2 test or Fischer’s exact test.
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Figure 2 The Kaplan-Meier survival curve for the primary endpoint
Kaplan-Meier survival curve and log rank analysis were performed. P=0.022.

Table 2. Cox Regression Analysis with AF Recurrence



Univariable Univariable Multivariable Multivariable
Variable Analysis Analysis Analysis Analysis

B Coefficient P B Coeflicient P

(95% CI) (95% CI)
Follow-up 0.33 (0.15 to 0.006 Follow-up 0.41 (0.18 to 0.029
Strategy 0.73) Strategy 0.91)
LAD 2.79 (1.60 to 0.001 LAD 2.34 (1.20 to 0.013

4.89) 4.57)

LAD = left atrial diameter

For Cox regression, univariable regression was performed first. Variables with a P-value of <0.2 were included
in the multivariable model (Follow-up strategy and LAD). A level of significance was set at <0.05 for all

reported P-values, and confidence intervals were calculated at the 95% level.
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Figure 3 The monitor frequency in different duration of follow-up

Frequency is expressed as mean + standard deviation, and compared using the two-tailed Student’s t-test,

P<0.0001
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