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Aims Atrial fibrillation (AF) leads to impaired exercise capacity, and catheter ablation (CA) for AF improves exercise capacity.
However, the precise changes in daily activities after CA for AF remain unclear. The authors aimed to evaluate the changes
in daily activities following CA for AF using a wristwatch-type pulse wave monitor (PVWM), which tracks steps and exercise
time, estimates burnt daily calories, and records sleep duration, in addition to establishing the rhythm diagnosis of AF or
non-AF.

Methods One hundred and twenty-three patients with AF (97 paroxysmal, 26 persistent) wore a wristwatch-type PWM for 1 week
and results duration at three time points: before, 1 month after, and 3 months after ablation. Daily activity data were compared. Steps
did not change in both groups, and the number of burnt daily calories and total exercise time increased after CA in patients
with paroxysmal AF (burnt daily calories: before, 1591 kcal/day; 1 month, 1688 kcal/day; and 3 months, 1624 kcal/day;
P < 0.001 and exercise time: before, 45.8 min; 1 month, 51.2 min; and 3 months, 56.3 min; P = 0.023). Sleep hours signifi-
cantly increased (paroxysmal AF: before, 6.8 h; 1 month, 7.1 h; and 3 months, 7.1 h; P=0.039 and persistent AF: before,

6.0 h; 1 month, 7.0 h; and 3 months, 7.0 h; P= 0.007).
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Introduction

Atrial fibrillation (AF) is the most common arrhythmia, especially in the
elderly, and its prevalence has sharply increased over time." Atrial fibrilla-
tion is associated with twice higher mortality and a five-time higher risk of
stroke.”? Patients with AF have significantly impaired quality of life (QoL)
or exercise tolerance.** Catheter ablation (CA) for AF is more effective
than antiarrhythmic drugs in maintenance of sinus rhythm.®® However,
the precise changes in daily activities after CA for AF remain unclear.

To evaluate CA outcomes, electrocardiogram (ECG) monitoring is of-
ten performed using a Holter ambulatory monitor, implantable loop re-
corders, and, recently, consumer devices. Consumer devices allow AF
detection with good sensitivity along with daily activity, exercise time,
and sleep duration.”™"" Catheter ablation improves QoL in patients with
AF.">™" Cardiopulmonary exercise testing before and after CA for AF
showed that exercise tolerance significantly improved in those who main-
tained sinus rhythm following CA.">">~"” Although only in a small number
of patients, Yanagisawa et al'® reported a significant increase in maximum
daily steps following CA for AF, evaluated using a uniaxial accelerometer.
This study demonstrated the potential use of consumer devices for the
follow-up of patients who underwent AF ablation.

A wristwatch-type pulse wave monitor (PWM), PS-300R, is a
wristwatch-type photoplethysmography (PPG) device capable of re-
cording pulse waves, and pulse wave data can be analysed offline for fur-
ther evaluation, similarly to that using a PWM (D-440),'° as described in
our previous report. The PS-300R collects daily activity data, that is, dai-
ly steps, burnt daily calories, exercise time, and sleep duration per 24 h,
in addition to diagnosing AF/non-AF. We aimed to evaluate changes in

P <0.001 P =0.038

daily activity and sleep duration using a wristwatch-type pulse monitor
after CA for AF in relation to AF recurrence.

Methods
Study design and population

This prospective single-centre study was conducted at Kyorin University
Hospital, Tokyo, Japan. The study protocol was reviewed and approved
by the Institutional Research Ethics Committee (approval number:
R02-248). Consecutive patients with paroxysmal AF (PAF) and persistent
(Per) AF with or without prior AF ablation who were scheduled to undergo
CA for AF at Kyorin University were recruited. Patients with impaired mo-
bility were excluded. Written informed consent was obtained from all the
patients. Information on medical history and medication was carefully re-
viewed from the medical records.

Data collection

Clinical data were extracted from the patients’ medical record to evaluate
Kyorin AF risk score variables, including age, height, weight, medical history
of hypertension, heart failure, diabetes mellitus, cerebral infarction, vascular
disease (peripheral artery disease or aortic plaque), coronary artery disease
(myocardial infarction or angina pectoris), hyperthyroidism, being over-
weight [body mass index (BMI) > 25 kg/m?], chronic obstructive pulmonary
disease, sleep apnoea syndrome, chronic kidney disease, history of smoking,
and amount of daily alcohol consumption. Chronic kidney disease was de-
fined as an estimated glomerular filtration rate <60 mL/min/m? Creatinine
and serum N-terminal pro-brain natriuretic peptide levels were measured
at baseline. The CHADS, score is calculated with one point each for heart
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failure, hypertension, age >75 years, and diabetes and two points for stroke.
The CHA,DS,-VASc score is calculated with one point each for heart fail-
ure, hypertension, age 65-74 years, diabetes, vascular disease, and female
sex and two points each for age >75 years and stroke.

Wristwatch-based pulse wave monitor:
PS-300R

The participants wore a PWM (PS-300R; Seiko Epson Co., Ltd, Suwa, Japan)
for 8 consecutive days before ablation (within a month before CA), 1 (be-
tween 2 and 6 weeks), and 3 (between 8 and 16 weeks) months after CA.

The details of the PWM have been described elsewhere.'” Briefly, the
wristwatch-based PWM is capable of full 7 days (~176 h) of continuous
recording with an automatic AF diagnosis algorithm using frequency ana-
lysis of pulse wave.'®'? For this study, rhythm diagnosis of AF, that is,
‘PWM-diagnosed AF’, was established when the AF episode lasted for
>30 min. If significant motion noise is detected during AF episodes, AF la-
belling is deferred, and once the noise is reduced, AF labelling is restored.
Therefore, a continuous AF episode can be labelled as several episodes of
AF. In addition to diagnosing AF, PWM can record daily steps (steps/day),
daily burnt calories (kcal/day), exercise time (min/day) and strength (low-
or high-intensity exercise), and sleep duration (h/night).?°~% Burnt cal-
ories are calculated taking into account changes in pulse rate as well as
age, gender, height, and weight. Exercise strength is calculated by pulse
rate and its change from baseline and divided into low- or high-intensity
exercise. These data were recorded within the PWM and analysed offline.

Daily activity data were recorded for 8 days. For the analysis, daily activity
recordings of the first and last days were excluded, and the average of
the rest was calculated and represented as the patients’ daily activity data.
The obtained data were compared before, 1 month, and 3 months after
ablation.

Symptom diary

Patients kept a symptom diary while they wore PWM. They were instructed to
write the time and their symptoms, such as palpitation, shortness of breath,
dizziness, and chest pain, and wake-up and bedtime times in their diary.

Follow-up and atrial fibrillation recurrence

Patients were seen at 1 (2—4 weeks) and 3 months (8—16 weeks) after CA.
An ECG was recorded at the outpatient clinic. Twenty-four hour Holter
monitoring was performed at 3 months after CA. Atrial fibrillation recur-
rence was evaluated using medical records and compared with PWM diag-
nosis. Atrial fibrillation recurrence was defined as follows: ECG at the
outpatient clinic, implanted cardiac device (including loop recorders, pace-
makers, and implantable cardiac defibrillators), any external ECG monitor,
including 24 h Holter ambulatory monitoring or event monitor showing AF.

Ablation procedure

All patients who underwent index ablation for AF underwent pulmonary
vein isolation. Cavotricuspid isthmus ablation was performed in patients
with documented atrial flutter (AFL). Additional ablation was performed ac-
cording to the physicians’ preference. For repeat procedures, following the
confirmation of PV isolation, additional ablation was performed, in which
the ablation strategy was left to the physicians’ preference.

Statistical analyses

Continuous data are presented as the means + standard deviations for nor-
mally distributed data or medians [interquartile ranges (IQRs)] for non-
normally distributed data. Categorical data are presented as numbers
(percentages). The Fisher’s exact test or Mann—Whitney U test was used
to compare the differences between patients with PAF and those with
Per AF. Friedman’s test was used to compare the differences among the dai-
ly activity data before and 1 and 3 months after ablation. A P-value <0.05
was considered statistically significant. The analyses were performed
using EzR version 1.54 (https:/www jichi.ac.jp/saitama-sct/SaitamaHP files/
download.htm).?

This study was registered in Japan Registry of Clinical Trials (registration
number: jRCT1030210022).
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Figure 1 A flow chart of the study is shown. In total, 138 patients
completed the 8 day recordings of pulse wave monitoring thrice.

Results

We recruited 166 consecutive patients with PAF or Per AF who were
scheduled to undergo CA for AF. All 166 patients wore a PVWM before
CA. Of these patients, 12 decided to leave the study after the pre-ablation
8-day recordings (n=6) or post-ablation 8-day recordings (n=26).
Catheter ablation was cancelled in six patients, five patients had an insuf-
ficient recording of PWM due to technical issues, one patient was ineli-
gible for this study, three patients lost their watches (n=3), and one
patient died due to a non-cardiac cause at 2 months after CA. Thus,
138 patients completed the planned three-time recordings (Figure 7).

The baseline characteristics of the 138 patients are shown in Table 1.
Weight, BMI, and the prevalence of heart failure and diabetes mellitus
were higher in patients with Per AF than in those with PAF.
Medication changes are summarized in Table 2.

Daily activity and sleep

The changes in daily activities are shown in Figure 2. In patients with either
PAF or Per AF, the number of steps performed did not change. The steps
in patients with PAF were as follows: before, 4245 (291-6979) steps/day;
1 month, 4573 (3261-7183) steps/day; and 3 months, 4739 (3107-6824)
steps/day (P = 0.873). The steps in patients with Per AF were as follows:
before, 4758 (3726—6660) steps/day; 1 month, 4857 (3571-6411) steps/day;
and 3 months, 5456 (4038-6697) steps/day (P = 0.746). Total exercise time
increased in patients with PAF, but not in patients with Per AF. The
total exercise times in patients with PAF were as follows: before, 45.8
(28.7-83.7) min/day; 1 month, 51.2 (33.3-85.7) min/day; and 3 months,
56.3 (32.5-88.8) min/day (P = 0.023). The total exercise times in patients
with Per AF were as follows: before, 61.3 (41.5-89.2) min/day; 1 month,
57.5 (44.2-70.7) min/day; and 3 months, 65.2 (42.2-86.0) min/day
(P=0.217). The exercise was further divided into low intensity or fat-
burning high intensity. Low-intensity exercise duration did not change
in patients with PAF and Per AF [patients with PAF: before, 41.8
(24.8-77.6) min/day; 1 month, 45.2 (27.7-76.4) min/day; and 3 months,
45.1 (26.5-72.0) min/day; P =0.063 and patients with Per AF: before,
50.1 (36.7-65.0) min/day; 1 month, 50.3 (38.3-67.8) min/day; and
3 months, 55.2 (36.3—72.3) min/day; P = 0.350]. High-intensity exercise
duration did not change in patients with PAF [before, 3.2 (0.8-8.8) min/day;
1 month, 2.7 (0.8-7.8) min/day; and 3 months, 4.0 (1.2-9.8) min/day;
P =0.091] and decreased 1 month after ablation in patients with Per
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Table 1 Patient characteristics

Variables

Age (years)

Male

Height (cm)

Weight (kg)

BMI (kg/m?)

History of heart failure
Hypertension
Diabetes mellitus
Cerebral infarction
Valvular heart disease
Ischaemic heart disease

Hyperthyroidism

Overweight (BMI > 25 kg/m?)

Chronic obstructive pulmonary disease

Sleep apnoea syndrome
Chronic kidney disease

Smoking

Excessive alcohol consumption

Kyorin AF score
CHADS, score
CHA,DS,-VASc score
LAD (mm)

LVEF (%)

NT-proBNP (pg/mL)

Number of ablation procedure (first session)

PAF (n =97) Per AF (n=41) P-value
68.0+109 67.5+104 0.644
62 (63.9%) 32 (78.0%) 0114
165.1 + 8.9 1673 +82 0.181
63.9 + 140 702+127 0.006
233+38 250439 0017

5 (52%) 8 (19.5%) 0.021
73 (75.2%) 35 (85.3%) 0.259
9 (9.3%) 11 (26.8%) 0015
5 (52%) 2 (49%) 1.00
1.(1.0%) 4 (9.8%) 0.027
3(3.1%) 1 (24%) 1.00
3(3.1%) 3 (73%) 0362
30 (30.9%) 20 (48.8%) 0.054
2 (21%) 0 (0%) 1.00
30 (30.9%) 18 (43.9%) 0172
43 (443%) 25 (60.1%) 0.094
35 (36.1%) 22 (53.7%) 0.061
1.(1.0%) 2 (49%) 0210
43+18 53+15 0.002
13+10 17£10 0.008
24+15 26+13 0438
36+7 4215 <0.001
61.6 +9.5% 57.1+10.0 <0.001
527 + 1080 1235 + 806 <0.001
64 (66.0%) 31 (75.6%) 0264

Values in bold indicate statistically significant difference (P < 0.05). Excessive alcohol consumption: if an individual consumed >60 g of absolute alcohol per day, it was considered excessive

alcohol intake.

AF, atrial fibrillation; BMI, body mass index; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-brain natriuretic peptide.

Table 2 Medication changes

P-value

Beta-blockade
Before ablation
Post 1 month
Post 3 months
Antiarrhythmic
Before ablation
<pilsicainide/amiodarone/
bepridil/others>
Post 1 month
<pilsicainide/amiodarone/
bepridil/others>
Post 3 months
<pilsicainide/amiodarone/
bepridil/others>

53 (54.6%)
33 (34.0%)
25 (25.8%)

25 (25.8%)
<8/2/10/5>

24 (24.7%)
<912/12/1>

17 (17.5%)
<5/2/9/1>

25 (61.0%)
18 (43.9%)
18 (43.9%)

8 (19.5%)
<0M1/7/0>

12 (29.3%)
<0/2/10/0>

11 (26.8%)
<0/2/9/0>

0.493
0.272
0.036

0.431

0.580

0.214

Values in bold indicate statistically significant difference (P < 0.05).

AF [before, 5.6 (4.0-10.5) min/day; 1 month, 3.8 (1.0-8.0) min/day; and
3 months, 4.7 (1.3—10.7) min/day; P = 0.004]. Number of burnt daily cal-
ories increased after CA [before, 1591 (1342—-1857) kcal/day; 1 month,
1688 (1395-1925) kcal/day; and 3 months, 1624 (1408—1990) kcal/day;
P < 0.001] in patients with PAF, but not in patients with Per AF [before,
1766 (1526-2052) kcal/day; 1 month, 1852 (1549-2101) kcal/day; and
3 months, 1864 (1588-2052) kcal/day; P =0.169]. Both patients with
PAF and Per AF slept longer after CA [before, 6.8 (6.0-7.5) h/night;
1 month, 7.1 (6.3-7.5) h/night; and 3 months, 7.1 (6.4-7.7) h/night;
P = 0.039in patients with PAF and before, 6.0 (5.0-7.2) h/night; 1 month,
7.0 (6.1-7.4) h/night; and 3 months, 7.0 (6.2-7.8) h/night; P=0.007 in
patients with Per AF]. Additionally, we compared the first session pa-
tient vs. redo ablation patients. Results are shown in Supplementary
material online, Figures ST and S2. Total exercise time and sleep duration
increased only in patients with first procedure in patients with PAF.
Sleep duration increased in patients with per AF in redo procedure.

Atrial fibrillation diagnosis
The number of episodes for each patient is shown in Supplementary material
online, Figure S3A (patients with PAF) and S3B (patients with Per AF).

In 97 patients with PAF, PWM found 185 PAF episodes in 36 patients
before ablation [median, 4 (IQR, 2—6) episodes in 36 patients]. One
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Figure 2 Changes of daily activities are shown. Upper panels: changes of patients with paroxysmal atrial fibrillation; lower panels: changes of patients

with persistent atrial fibrillation.

Table 3 Atrial fibrillation diagnosis after catheter ablation

Clinically judged AF +

AF diagnosis 1 month after ablation
PWM-diagnosed AF
PWM-diagnosed non-AF

12 (8.7%)
2 (14%)
14 (10.1%)

AF diagnosis 3 months after ablation

PWM-diagnosed AF 11 (8.0%)
PWM-diagnosed non-AF 1 (0.7%)
12 (8.7%)

Clinically judged AF —

28 (20.3%)
96 (69.6%)
124 (89.9%)

40 (29.0%)
98 (71.0%)
138 (100%)

17 (12.3%)
109 (79.0%)
126 (91.3%)

28 (20.3%)
110 (79.7%)
138 (100%)

AF, atrial fibrillation; PWM, pulse wave monitor.

month after ablation, 2 patients had Per AF, 26 patients had PAF with
130 episodes using PWM [median, 2 (IQR, 1-6) episodes in 26 pa-
tients]. Three months after ablation, 12 patients had PAF with 70 epi-
sodes [median, 2 (IQR, 1-8.25) episodes].

In 41 patients with Per AF, 1117 AF episodes were detected using
PWM. At the 1-month follow-up, PWM found 41 PAF episodes in 7
patients [median, 6 (IQR, 3-8) episodes] and Per AF in 5 patients. At
3-month follow-up, PWM found 43 PAF episodes in 10 patients
[median, 4 (IQR, 2-6.25) episodes], and six patients had Per AF.

The durations of AF episodes in patients with PAF were 103 (median:
IQR, 60-248) min before ablation, 79 (IQR, 42—-140) min 1 month after
ablation, and 65 (IQR, 40—123) min 3 months after ablation.

Relationship between clinical atrial
fibrillation recurrence and pulse wave
monitor-based atrial fibrillation
recurrence

The relationship between clinically judged and PWM-based AF recur-
rence is shown in Table 3. One month after ablation, 14 patients were

clinically judged to have AF recurrence using a 12-lead ECG, a 24 h
Holter ambulatory monitor, or an implantable loop recorder.
However, PWM found AF in 12 of the 14 patients during the 8-day
recordings. Of these two patients without detection using PWM,
one underwent cardioversion and remained in sinus rhythm during
the subsequent PWM recordings, and the other developed rate-
controlled AFL, which was not diagnosed as AF due to its regularity.
Three months after ablation, 12 patients had an AF episode on 12
lead ECG, Holter ECG, or ILR. Pulse wave monitor detected AF in
11 of them. The remaining patient had ILR, and she had no episode
while she wore PWM.

Symptoms

The patients kept a diary and documented their symptoms while wear-
ing the PWM. Of the 14 patients with clinical AF recurrence, only one
patient was symptomatic with AF at 1-month follow-up. At 3-month
follow-up, only 3 of the 12 patients with clinically documented AF re-
currence were symptomatic. Pulse wave monitor detected AF recur-
rence in these asymptomatic patients.
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Discussion

In this study, we demonstrated the changes in daily activity after CA for
AF using a non-invasive PWM, and this is the first study to investigate
both daily activity and episodes of AF simultaneously using a PVWM.

Daily activity changes after catheter
ablation

The number of steps did not change in patients with PAF and Per AF,
the number of burnt daily calories and total exercise time increased
after CA in patients with PAF, and sleep duration was significantly pro-
longed in patients with PAF and Per AF. The greatest advantage of
wearable devices is the continuous acquisition of data, including the
pulse rate, exercise time, steps, and daily burnt calories. With good ac-
curacy in detecting AF, a wearable device can facilitate the early detec-
tion of AF recurrence and monitor exercise time, exercise intensity,
and sleep. As exercise duration and sleep are both closely related to
AF, this information will be helpful in lifestyle management.*

Our usual practice discharges patients on the day following the proced-
ure, and patients are advised to avoid vigorous exercise for 1 week and
then return to regular activity levels. Our study demonstrated that daily
steps did not change from baseline after 1 and 3 months, which is consist-
ent with the results of previous studies. Peigh et al** evaluated the effects
of CA for AF on activity minutes per day using continuous accelerometer
data from cardiac implantable electronic devices (CIEDs) with AF detec-
tion. Four hundred and nine patients with CIED who underwent AF ab-
lation were analysed in the study. Despite the decrease of AF burden by
75.1 + 53.2% (P < 0.001), no significant change in activity minutes per day
after CA in the entire cohort or subgroups based on CIED, season of ab-
lation, quartile of AF burden change, and quartile of age at the time of ab-
lation was found. Proietti et al.” evaluated daily activity levels using an
implantable loop recorder following CA for AF in 50 patients. They found
that the average daily activity was 244.63 + 119.75 min and correlated
with daily atrial tachycardia/AF burden; daily activity started decreasing
after a daily burden of 500 min of AF and significantly decreased after
1000 min. Thus, CA for AF has no significant effect on daily activities in
patients with a relatively small AF burden. In our patients with Per AF
who remained in sinus rhythm after CA, we did not find any difference
in exercise time. This may be due to the small number of patients.
Additionally, the follow-up period was up to 3 months, and the exercise
time might have increased after the blanking period.

Daily burnt calories were calculated using pulse rate. The baseline
heart rate (HR) usually increases after CA for AF,%® and HR increases
more with exercise, which would have caused an increase in daily burnt
calories after CA in addition to the increased exercise time in patients
with PAF. In addition, the use of beta-blockade was decreased after CA
in patients; this might have influenced the changes in pulse rate and
burnt calories. In patients with Per AF, their HR in sinus rhythm might
be slower after ablation, which was not evaluated in our study, and this
might explain the lack of significant difference in the amount of burnt
daily calories after CA in patients with Per AF. In addition, because
more patients were maintained on beta-blocker, the change in HR
may have been less and may have influenced the calories burnt.

The number of ablation procedures had a greater impact on total ex-
ercise time and sleep duration in patients with PAF. This might be due
to the degree of AF burden reduction. In patients with Per AF, sleep
duration increased in patients with repeat procedures. The recurrence
rate was similar between those with the first ablation and those with
redo procedures; thus, it is difficult to explain the reason.

Sleep and atrial fibrillation

Healthy sleep patterns are associated with a lower risk of AF and bra-
dyarrhythmia.”” Khawaja et al.*® found that in a large cohort of US male

physicians, shorter duration of sleep was associated with risk of future
development of AF in patients with sleep apnoea but not in the overall
cohort. The Multi-Ethnic Study of Atherosclerosis study also found no
association between sleep duration and AF prevalence.”’

Data from previous studies have shown that sleep quality (SQ), as a
component of Qol, may also deteriorate in patients with AF."3 Kayrak
et al.*® examined the relationship between SQ and AF and the effect of
sinus rhythm restoration with direct current cardioversion (DCCV) on
SQ among patients with Per AF using the Pittsburgh SQ Index (PSQI).
The PSQI is a scale used to assess the degree of sleep disturbance and
consists of seven components: SQ, time to fall asleep, sleep duration,
sleep efficiency, sleep difficulty, sleep medication use, and difficulty wak-
ing during the day. They reported that the PSQI score of patients with
AF was higher than that of those without AF and that PSQI scores sig-
nificantly decreased with sinus rhythm restoration following DCCV.
The version of the PWM used in this study did not allow depth of sleep,
but the current version can evaluate them. As sleep duration was in-
cluded in the SQ score in their report, our results coincided with those
of their study. The mechanism by which AF ablation affects sleep dur-
ation remains unclear; however, our patients could sleep longer after
CA, and ablation might have positively affected their sleep patterns.

Discrepancies between clinical atrial
fibrillation recurrence and pulse wave
monitor—-diagnosed atrial fibrillation
recurrence

We observed a discrepancy between clinical AF recurrence and
PWM-diagnosed AF. Considering the accuracy of PWM with a sensitivity
of 98.0% and a specificity of 90.6%, PVWM had detected true AF, which was
either asymptomatic or not detected during the ECG recording.'
Following the PWM detection of AF, ECG recording is recommended
to establish AF diagnosis by longer ECG recordings, such as an event
monitor, home-based ECG, or smartwatch capable of ECG recording.**’
In our study, follow-up PWM data were obtained only at 1 and 3
months after ablation within a blanking period. However, AF recurrence
within the blanking period is associated with late recurrence.*=* Thus,
patients with PWM-judged AF recurrence required careful follow-up.
Additionally, several patients with AF recurrence were asymptomatic
during their PWM recordings; however, PWM detected asymptomatic
AF in these patients. Thus, PWWM is feasible for detecting asymptomatic AF.

Comparison with other wearables

Apple Watch and Fitbit are major wearables that can detect irregular
heart rhythms in addition to assessing daily activity. However, neither
of them continuously checks the irregularity of the pulse wave. Apple
Watch occasionally checks the pulse for 1 min, and pulse intervals
(tachograms) were calculated. Tachograms were classified as regular
or irregular based on the variation in the pulse interval. However, ir-
regular pulse notification was enabled, when 5/6 tachograms were clas-
sified as irregular.” Apple Watch measures weekly AF burden with daily
activities (exercise time, sleep duration, weight, alcohol consumption,
and mindfulness time). Fitbit is able to detect irregular pulse waves
through the FibriCheck App. Data from FibriCheck’s intermittent
PPG measurements are analysed. However, they can be made available
to |:>hysicians.36‘37 This system seems very promising for patient care.
Our PWM, PS300-R collects PPG data all the time, and this has to be
analysed offline at the moment because it is a research application,
but it will give us the notification immediately when it detects irregular-
ities in the rhythm. However, it can be used with smartphones in the
near future.
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Limitations

First, this was a single-centre study, and the number of participants was
small; however, to the best of our knowledge, this is the first study to
investigate both daily activity and episodes of AF simultaneously using a
non-invasive wristwatch-type PWM. Second, the change in steps after
CA for AF was not significant; however, the timing of the recordings
may have influenced the results. Follow-up recordings at 6 months or
1 year after CA may show different results. Future studies focusing
on changes in daily activity long time after CA are needed. In addition,
the patients wore PWMs and wearing them may have affected the pa-
tients, which may have changed the patients’ daily activity. However,
they continued to wear it for a week, during which time, they would
have gotten used to wearing it, and they would have spent time as usual.
Also, changes in medication, especially the use of beta-blockers, could
have affected the calories burnt, as they are calculated based on the
changes in pulse rate.

In addition, as users of wearable devices favoured sharing wearable
device data with their clinicians to improve care, the use of PWM for
management of AF would improve routine medical care.3®

Conclusions

Using a wristwatch-type PWM, we found that the number of steps did
not change after CA for AF in patients with PAF and Per AF, the num-
ber of burnt calories and exercise time increased in patients with PAF,
and patients with PAF and Per AF slept longer. We collected the data of
daily activity at 1 and 3 months after CA for AF. However, these periods
are within the blanking period of CA. Acquisition of the data at 6 or
12 months might reflect the eventual effect of CA on daily activities.

Supplementary material

Supplementary material is available at European Heart Journal — Digital
Health.

Acknowledgements

The authors thank their colleagues, nurses, and support staff for their
help with this study.

Author contributions

All authors (i) made substantial contributions to the study concept or
the data analysis or interpretation, (i) drafted the manuscript or revised
it critically for important intellectual content, (iii) approved the final ver-
sion of the manuscript to be published, and (iv) agreed to be account-
able for all aspects of the work.

Funding

This research was supported by the Japan Agency for Medical Research
and Development (grant number: 211e0110016h0003).

Conflict of interest: T.S. is affiliated with Endowed Department,
Biotronik, Inc.; I.T. with Medtronic, Inc.; and A.U. with Abbott, Inc. All
remaining authors have declared no conflicts of interest.

Data availability

The data utilized in this article cannot be shared publicly due to privacy
requirements of the organization that provided access to these
database.

References
1. Lloyd-Jones DM, Wang TJ, Leip EP, Larson MG, Levy D, Vasan RS, et al. Lifetime risk for
development of atrial fibrillation: the Framingham Heart Study. Circulation 2004;110:
1042-1046.

. Andersson T, Magnuson A, Bryngelsson IL, Frebert O, Henriksson KM, Edvardsson N,
et al. All-cause mortality in 272 186 patients hospitalized with incident atrial fibrillation
1995-2008: a Swedish nationwide long-term case-control study. Eur Heart | 2013;34:
1061-1067.

. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for

stroke: the Framingham Study. Stroke 1991;22:983-988.

Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomstrém-Lundqyist C, et al. 2020

ESC guidelines for the diagnosis and management of atrial fibrillation developed in

collaboration with the European Association for Cardio-Thoracic Surgery (EACTS).

Eur Heart | 2021;42:373-498.

. Bano A, Rodondi N, Beer JH, Moschovitis G, Kobza R, Aeschbacher S, et al. Association
of diabetes with atrial fibrillation phenotype and cardiac and neurological comorbidities:
insights from the SWISS-AF study. | Am Heart Assoc 2021;10:e021800.

. Wazni MO, Marrouche FN, Martin OD, Verma A, Bhargava M, Saliba W, et al.

Radiofrequency ablation vs antiarrhythmic drugs as first-line treatment of paroxysmal

atrial fibrillation (RAAFT-2) a randomized trial. JAMA 2005;293:2634-2640.

Cosedis Nielsen J, Johannessen A, Raatikainen P, Hindricks G, Walfridsson H, Kongstad

O, et al. Radiofrequency ablation as initial therapy in paroxysmal atrial fibrillation. N Engl

J Med 2012;367:1587-1595.

8. Hakalahti A, Biancari F, Nielsen JC, Raatikainen MJP. Radiofrequency ablation vs. antiar-
rhythmic drug therapy as first line treatment of symptomatic atrial fibrillation: system-
atic review and meta-analysis. Europace 2015;17:370-378.

. Perez MV, Mahaffey KW, Hedlin H, Rumsfeld |S, Garcia A, Ferris T, et al. Large-scale
assessment of a smartwatch to identify atrial fibrillation. N Engl | Med 2019;381:
1909-1917.

10. Nonoguchi NM, Soejima K, Goda A, Nishimura K, Onozuka D, Fujita S, et al. Accuracy of
wristwatch-type photoplethysmography in detecting atrial fibrillation in daily life. Eur
Heart | Digit Health 2022;3:455-464.

11. Tison GH, Sanchez JM, Ballinger B, Singh A, Olgin JE, Pletcher M}, et al. Passive detection
of atrial fibrillation using a commercially available smartwatch. JAMA Cardiol 2018;3:
409-416.

12. Mohanty S, Santangeli P, Mohanty P, Di Biase L, Holcomb S, Trivedi C, et al. Catheter
ablation of asymptomatic longstanding persistent atrial fibrillation: impact on quality
of life, exercise performance, arrhythmia perception, and arrhythmia-free survival.
J Cardiovasc Electrophysiol 2014;25:1057-1064.

13. Fichtner S, Deisenhofer I, KindsmUller S, Dzijan-Horn M, Tzeis S, Reents T, et al.
Prospective assessment of short- and long-term quality of life after ablation for atrial
fibrillation. | Cardiovasc Electrophysiol 2012;23:121-127.

14. Fiala M, Wichterle D, Bulkova V, Knouril L, Nevralova R, Toman O, et al. A prospective
evaluation of haemodynamics, functional status, and quality of life after radiofrequency
catheter ablation of long-standing persistent atrial fibrillation. Europace 2014;16:15-25.

15. Mujovic NM, Marinkovic MM, Nedeljkovi¢ |, Markovi¢ N, Banovi¢ M, Vucicevic V, et al.
Improvement of maximal exercise performance after catheter-ablation of atrial fibrilla-
tion and its prognostic significance for long-term rhythm outcome. | Am Heart Assoc
2021;10:e017445.

16. Katsumata Y, Tamura Y, Kimura T, Kohsaka S, Sadahiro T, Nishiyama T, et al. A high
BNP level predicts an improvement in exercise tolerance after a successful catheter ab-
lation of persistent atrial fibrillation. | Cardiovasc Electrophysiol 2019;30:2283-2290.

17. Katayama H, Shibata A, Doi A, Ishikawa H, Tamura S, Yamaguchi Y, et al. Successful cath-
eter ablation improves exercise tolerance in persistent atrial fibrillation patients, espe-
cially those with reduced ventricular contraction, preserved atrial function, or a high
CHADS? score. | Cardiol 2020;75:529-536.

18. Yanagisawa S, Inden Y, Fujii A, Sakamoto Y, Tomomatsu T, Mamiya K, et al. Early im-
provement of daily physical activity after catheter ablation for atrial fibrillation in an ac-
celerometer assessment: a prospective pilot study. Ann Noninvasive Electrocardiol 2021;
26:212807.

19. Kashiwa A, Koyama F, Miyamoto K, Kamakura T, Wada M, Yamagata K, et al.
Performance of an atrial fibrillation detection algorithm using continuous pulse wave
monitoring. Ann Noninvasive Electrocardiol 2019;24:e12615.

20. Murakami H, Kawakami R, Nakae S, Yamada Y, Nakata Y, Ohkawara K, et al. Accuracy of
12 wearable devices for estimating physical activity energy expenditure using a metabol-
ic chamber and the doubly labeled water method: validation study. JMIR Mhealth Uhealth
2019;7:¢13938.

21. Murakami H, Kawakami R, Nakae S, Nakata Y, Ishikawa-Takata K, Tanaka S, et al.
Accuracy of wearable devices for estimating total energy expenditure: comparison
with metabolic chamber and doubly labeled water method. JAMA Intern Med 2016;
176:702-703.

22. Fujimoto K, Ding Y, Takahashi E. Sleep stage detection using a wristwatch-type physio-
logical sensing device. Sleep Biol Rhythms 2018;16:449-456.

23. Kanda Y. Investigation of the freely available easy-to-use software “EZR” for medical sta-
tistics. Bone Marrow Transplant 2013;48:452-458.

N

w

»

w

o

~

el


http://academic.oup.com/ehjdh/article-lookup/doi/10.1093/ehjdh/ztae091#supplementary-data

Daily activity post CA for AF by wristwatch pulse wave monitoring

103

24.

25.

26.

27.

28.

29.

30.

Peigh G, Stanelle E, Ziegler PD, Varberg N, Soderlund D, Passman RS. Impact of atrial
fibrillation ablation on activity minutes in patients with cardiac implantable electronic
devices. Heart Rhythm 2022;19:1405-1411.

Proietti R, Birnie D, Ziegler PD, Wells GA, Verma A. Postablation atrial fibrillation bur-
den and patient activity level: insights from the DISCERN AF study. | Am Heart Assoc
2018;7:e010256.

Pappone C, Santinelli V, Manguso F, Vicedomini G, Gugliotta F, Augello G, et al.
Pulmonary vein denervation enhances long-term benefit after circumferential ablation
for paroxysmal atrial fibrillation. Circulation 2004;109:327-334.

Li X, Zhou T, Ma H, Huang T, Gao X, Manson JE, et al. Healthy sleep patterns and risk of
incident arrhythmias. | Am Coll Cardiol 2021;78:1197-1207.

Khawaja O, Sarwar A, Albert CM, Gaziano JM, Djoussé L. Sleep duration and risk of
atrial fibrillation (from the Physicians’ Health Study). Am J Cardiol 2013;111:547-551.
Kwon Y, Gharib SA, Biggs ML, Jacobs DR Jr, Alonso A, Duprez D, et al. Association of
sleep characteristics with atrial fibrillation: the multi-ethnic study of atherosclerosis.
Thorax 2015;70:873-879.

Kayrak M, Gul EE, Aribas A, Akilli H, Alibasi¢ H, Abdulhalikov T, et al. Self-reported sleep
quality of patients with atrial fibrillation and the effects of cardioversion on sleep quality.
Pacing Clin Electrophysiol 2013;36:823-829.

. Svennberg E, Tjong F, Goette A, Akoum N, Di Biase L, Bordachar P, et al. How to use

digital devices to detect and manage arrhythmias: an EHRA practical guide. Europace
2022;24:979-1005.

32.

33.

34.

35.

36.

37.

38.

Oka T, Koyama Y, Tanaka K, Hirao Y, Tanaka N, Okada M, et al. Early recurrence during
the blanking period and left atrial reverse remodeling after catheter ablation for non-
paroxysmal atrial fibrillation. Int | Cardiol Heart Vasc 2020;30:100588.

Onishi N, Kaitani K, Nakagawa Y, Inoue K, Kobori A, Nakazawa Y, et al. The association
between late-phase early recurrence within the blanking period after atrial fibrillation
catheter ablation and long-term recurrence: insights from a large-scale multicenter
study. Int | Cardiol 2021;341:39—45.

Liang JJ, Dixit S. Early recurrences during the blanking period after atrial fibrillation ab-
lation. | Atr Fibrillation 2018;10:1726.

Silva MR, Silva GS, Fernandes S, Almeida J, Fonseca P, Oliveira M, et al. Clinical relevance
of the blanking period on late recurrence after catheter ablation of atrial fibrillation.
J Cardiovasc Electrophysiol 2023;34:24-34.

Selder JL, Proesmans T, Breukel L, Dur O, Gielen W, van Rossum AC, et al. Assessment
of a standalone photoplethysmography (PPG) algorithm for detection of atrial fibrilla-
tion on wristband-derived data. Comput Methods Programs Biomed 2020;197:105753.

Selder ], Te Kolste H, Twisk J, Schijven M, Gielen W, Allaart C. Accuracy of a standalone
atrial fibrillation detection algorithm added to a popular wristband and smartwatch:
prospective diagnostic accuracy study. | Med Internet Res 2023;25:e44642.

Dhingra LS, Aminorroaya A, Oikonomou EK, Nargesi AA, Wilson FP, Krumholz HM,
et al. Use of wearable devices in individuals with or at risk for cardiovascular disease
in the US, 2019 to 2020. JAMA Netw Open 2023;6:€2316634.



	Wristwatch pulse wave monitoring: assessing daily activity post-catheter ablation for atrial fibrillation
	Introduction
	Methods
	Study design and population
	Data collection
	Wristwatch-based pulse wave monitor: PS-300R
	Symptom diary
	Follow-up and atrial fibrillation recurrence
	Ablation procedure
	Statistical analyses

	Results
	Daily activity and sleep
	Atrial fibrillation diagnosis
	Relationship between clinical atrial fibrillation recurrence and pulse wave monitor–based atrial fibrillation recurrence
	Symptoms

	Discussion
	Daily activity changes after catheter ablation
	Sleep and atrial fibrillation
	Discrepancies between clinical atrial fibrillation recurrence and pulse wave monitor–diagnosed atrial fibrillation recurrence
	Comparison with other wearables
	Limitations

	Conclusions
	Supplementary material
	Acknowledgements
	Author contributions
	Funding
	Data availability
	References


