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Evidence of the effect of exercise therapy in patients who have un-
dergone total thoracoscopic ablation is lacking. This study aimed to
evaluate the effects of eight weeks exercise-based cardiac rehabili-
tation on cardiopulmonary fitness and adherence to exercise in pa-
tients who underwent total thoracoscopic ablation and followed a
regimen of exercise therapy. Twenty-four patients were involved in
the study and were divided into two groups. The exercise group un-
derwent exercise therapy, which included aerobic and resistance ex-
ercises, twice a week as part of an eight weeks hospital-based outpa-
tient cardiac rehabilitation program. Cardiopulmonary exercise test
was used to evaluate exercise capacity and the International Physical
Activity Questionnaire was utilized to identify the amount of phys-
ical activity and confirm adherence to exercise at six months post-
operatively. There were significant differences between the groups
in moderate activity level (p = 0.004) and extent of total physical ac-
tivity (p = 0.0001). Complications such as recurrent atrial fibrillation
did not occur during the exercise training. Exercise-based cardiac
rehabilitation was beneficial in maintaining the activity level at six
months postoperatively. Early exercise intervention at four weeks
post-surgical ablation is a safe and effective therapy that can increase
physical activity. Further studies are needed to verify the effect of ex-
ercise intervention in a larger sample size of patients who have un-
dergone total thoracoscopic ablation.
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1. Introduction
Atrial fibrillation (AF) is a condition of abnormal atrial

rhythms, with irregular and often rapid heart rates [1].
Prevalence of AF is estimated to be about 0.4% in the general
population: women show a two-fold increased risk, whereas
men show a 1.5-fold increased risk [2]. PatientswithAF have
a three- to five-fold higher risk of strokes, so early interven-

tions are critical for reducing risk of strokes and other related
complications [3].

Initial treatment of AF is focused on antiarrhythmic med-
ication although pharmacological treatment has been re-
ported to be unsatisfactory [4]. Total thoracoscopic ablation,
a minimally invasive surgical technique, has been performed
to ablate the epicardial site and is superior to catheter ablation
in terms of restoration of sinus rhythm following arrhyth-
mias [5, 6].

The exercise capacity of patients with AF is 20% lower
than that of the age-matched normal population [7]. Car-
diopulmonary fitness is an important factor in reduction of
mortality and improvement of survival rates in these pa-
tients [8, 9]. Exercise therapy can improve exercise capac-
ity, daily activity level, and quality of life in patients with
AF [10, 11]. Improvement of exercise capacity after car-
dioversion has been shown to be delayed [12]. Several stud-
ies [13, 14] have reported that surgical intervention can im-
prove clinical outcomes, including cardiopulmonary fitness
and quality of life, but reports on the effect of exercise inter-
vention after thoracoscopic ablation are limited.

Adherence to a home-based exercise regimen after exer-
cise therapy is crucial for maintaining the effect of exercise
intervention. Several factors including self-motivation, self-
efficacy, social support, and previous adherence to exercise-
related behavior are related to compliance to home-based
physical activity [15]. Interventions that aid in adherence to
the exercise regimen including an activity monitor and feed-
back system, written exercise instructions, and behavioral ex-
ercise programs have been employed before [16]. Among
these interventions, the monitoring and feedback approach
has showed more positive outcomes on adherence to exer-
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cise [17]. This study was performed to confirm the effect
of exercise therapy on the exercise capacity and compliance
to exercise at home after center-based cardiac rehabilitation
(CR) in patients recovering from total thoracoscopic ablation
(TTA).

2. Methods
2.1 Study designs

Twenty-four patients who underwent TTA (Fig. 1) were
included and were allocated to two groups: exercise group
(n = 12) aged 58.4 ± 6.5 years, and control group (n = 12)
aged 59.5± 6.1 years based on their willingness to participate
in the program. The exclusion criteria were the following:
patients with recurrent AF after surgery, those with muscu-
loskeletal problems, and thosewho disagreed to participate in
this study. A cardiopulmonary exercise test was performed
on the patients, and cardiopulmonary function-related pa-
rameterswere recorded using 12-lead electrocardiography. A
questionnaire for assessment of extent of physical activitywas
also used. Prior to conduct of the study informed consentwas
obtained from all subjects and all methods were carried out in
accordance to relevant guidelines and regulations. The study
protocol was approved by the SamsungMedical Center Insti-
tutional Review Board (IRBNo: 2018-04-060-001) and com-
plied with the 1964 Helsinki declaration and its subsequent
amendments. This study was registered in ClinicalTrials.gov
and has the clinical trial registration number NCT04500184.

2.2 Cardiopulmonary exercise test
The patients underwent a symptom-limited, incremen-

tal treadmill ergometer test with continuous respiratory gas
exchange analysis (Parvo Medics, East Sandy, UT, USA),
wherein clinical variables such as electrocardiography re-
sults and VO2peak were measured preoperatively and three
months postoperatively. Exercise responses, including heart
rate, blood pressure, and respiratory exchange ratio, were
also measured. General procedures for the present test
were performed according to the American College of Sports
Medicine guidelines [18].

2.3 Physical activity level
The self-administered International Physical Activity

Questionnaire short form, consisting of four generic items,
was also used in this study [19]. Patients chose the ques-
tionnaire items according to their activity level; walking (3.3
Metabolic equivalents: METs) andmoderate (4.4METs) and
vigorous (8.0 METs) activities. The questionnaire score was
calculated, where a higher score indicated increased activity.
Subjects were instructed to check the questionnaire before
and six months after the surgery.

2.4 Exercise program
The exercise regimen was started one month postoper-

atively. The exercise program was prescribed according to
frequency, intensity, time, and type of exercise and was con-
ducted twice aweek for eight weeks (16 sessions). Each train-
ing sessionwas conducted for 1 hour, andwarm-up and cool-

down were performed for 5 min each. The exercise regimen
consisted of aerobic exercise and resistance training. The ini-
tial exercise intensity for aerobic exercise was 40%–50% of
the heart rate reserve [(maximal heart rate-resting heart rate)
× 40%–50% + resting heart rate] and was progressively in-
creased to reach 75% during a 2-month period. The initial
duration of aerobic exercise was 10 min in 3 sessions, and it
was progressively increased to 30 min per session during the
study period. Patients were instructed to undergo resistance
training after 2 weeks of aerobic exercise. Patients’ electro-
cardiogramsweremonitored during the exercise usingQuin-
ton Q-Tel RMS 3.1 (Quinton, Bothell, WA, USA). Patients
were encouraged to be physically active during the training
period by performing supplementary treadmill and stationary
bike exercises at the Samsung SportsMedicine Center (Seoul,
Republic of Korea). A similar exercise program has been re-
ported previously [10].

2.5 Statistical analysis

Descriptive statisticswere used to determine themean and
standard deviation. To compare the differences in repeated
measures of continuous data between groups, we used re-
peatedmeasures analysis of variance (ANOVA). Paired t-tests
were used to identify the effects of exercise in each group
when the interactions between time and group were con-
firmed in repeated measures ANOVA. All statistical analyses
were performed using SPSS version 21 (IBMCorp., Armonk,
NY, USA). A p-value < 0.05 was considered statistically sig-
nificant.

3. Results
3.1 Study description

Sixty patients treated at SamsungMedical Hospital (Seoul,
Republic of Korea) with TTA were enrolled for this study.
We excluded subjects with recurrent AF (n = 3) and mus-
culoskeletal problems (n = 2); we also excluded patients for
other reasons (n = 5). Other reasons for exclusion included
self-reported reasons for non-participation in clinical trial
due to lack of interest (n = 10), long distances to the center
from home (n = 11), and inability to exercise due to disease (n
= 5). Twenty-four patients consented to this study and all pa-
tients completed this eight weeks intervention (Fig. 2). Per-
sistent AF was the superior type between the groups (67%),
followed by the paroxysmal type (33%). The rate of previous
cardioversion treatment was 50% in the intervention group
and 42% in the control group and that of advanced interven-
tion as cardioversion was 17% and 8%, respectively (Table 1).

3.2 Cardiopulmonary function

Between the groups, differences in improvement in car-
diopulmonary fitness (F = 4.119, p = 0.055) was marginally
significant. VO2peak after the exercise intervention im-
proved by 9% from 26.1 ± 3.6 mL/kg/min to 28.9 ± 7.6
mL/kg/min in the exercise group. However, other param-
eters obtained from the cardiopulmonary exercise test were
not significantly different between the groups (Table 2).
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Fig. 1. Surgical intervention using total thoracoscopic ablation. (a) Intervention site for ablation. (b) Roof line ablation. (c) Ganglionated plexi ablation.
(d) Superior vena cava circular ablation.

3.3 Physical activity level

At the low physical activity level, there were no signifi-
cant differences between groups, although the level of activ-
ity increased from 668.3± 665.0MET-min/week to 915.8±
776.2 MET-min/week in the exercise group. At the moder-
ate physical activity level, the interaction between group and
timewas revealed to have a significant difference (F = 10.614,
p = 0.004). Change to moderate activity exerted a positive
effect in the intervention group from 340.4 ± 725.0 MET-
min/week to 510.0 ± 712.9 MET-min/week, whereas the
control group showed a negative effect from 1032.5± 1013.5
MET-min/week to 510.0± 1056.3 MET-min/week. On the
basis of the results, total physical activity showed a significant
difference in interaction between group and time (F = 17.871,
p = 0.0001). In the exercise group, the eight weeks exercise

intervention improved the total physical activity (PA) at six
months postoperatively (Table 3). Recurrent arrhythmias or
other exercise-related complications did not occur during the
intervention period.

4. Discussion
This study demonstrated that exercise therapy is beneficial

in increasing PA and improvingmarginal exercise capacity in
patients undergoing TTA. It also revealed that early enroll-
ment in exercise-based CR was safe and effective. This study
was valuable in identifying the effect of exercise therapy in
patients treated with thoracoscopic ablation.

Cardiopulmonary fitness in patients with AF has been re-
ported to be 20% lower than the age-matched general popu-
lation [7]. Subjects of this study had lower exercise capacity

Volume 22, Number 4, 2021 1597



Fig. 2. Flowchart for study process related to the subject’s selection and follow-up period.

than their age-matched normal population pre-intervention.
Exercise therapy can improve VO2peak and can reduce mor-
tality by 20% in patients treated for AF [8]. In this study,
although VO2peak increased after the intervention, the sta-
tistical significance was marginal. Exercise intervention for
patients with surgical thoracoscopic ablation has not been
reported. Hence, findings of this study on improvement of
exercise capacity could not be compared with other studies.
Several factors including the small sample size and short-term
intervention used in this study also need to be considered.
According to a systematic review, the effects of exercise train-
ing in individuals with permanent AF remain controversial
[20]. Different testing equipment could affect the measure-
ment of these factors, as cycle ergometer testing estimated a
VO2peak 5% lower than that for treadmill ergometer testing
[21]. Therefore, further studies of patients who have under-
gone TTA with longer exercise duration and frequency, are
needed to identify improvement of parameters about toler-
ance as well as VO2peak.

Improvement in PA level is associated with improvement
in exercise capacity and is influenced by a higher socioeco-
nomic status, less comorbidity, better physical abilities, and
fewer depressive symptoms, resulting in a reduction in the
incidence of cardiovascular diseases [22, 23]. In the present
study, preoperative and six months postoperative PA levels
were checked using a questionnaire. The activity level was
different for the two groups in this study; the exercise group
had more participants with a low activity level, whereas the
control group had more participants with moderate activity
level. At six months postoperative, scores for all categories
of activity level improved in the exercise intervention group.
The self-efficacy of patients was strongly related to the in-
crease in habitual PA, and encouragement has been shown
to motivate increased habitual PA [24]. On the basis of the
results, improvement in PA level was found to be associated
with encouragement for enrollment in CR and regular atten-
dance at a facility.

1598 Volume 22, Number 4, 2021



Table 1. Characteristics of subjects at baseline.
Parameters Exercise group (n = 12) Non-exercise group (n = 12)

Age (years) 58.4± 6.5 59.5± 6.1
Number of male subjects 10 10
Number of female subjects 2 2
Weight (kg) 73.8± 9.6 72.5± 9.5
BMI (kg/m2) 26.1± 3.6 25.5± 3.1
Atrial fibrillation (type)

Paroxysmal, n 4 4
Persistent, n 8 8

Duration (months) 34.5 84
Treatment

Previous ablation, n 2 1
Previous cardioversion, n 6 5

CHA2DS2VASc score
0, n 5 4
1, n 2 4
≥2, n 5 4

BMI, body mass index; CHA2DS2VASc, Congestive heart failure Hypertension Age2 Diabetes
mellitus Stroke2 Vascular disease Age Sex category of female.

Table 2. The results of cardiopulmonary exercise test preoperatively and 3 months postoperatively.

Variables
Exercise group Non-exercise group

F p
Baseline Post 3 M Baseline Post 3 M

VO2peak (mL/kg/min) 26.07± 3.64 28.89± 7.62 28.30± 7.44 26.85± 6.23 4.119 0.055
AT (%) 60.16± 6.37 61.42± 7.11 56.4.2± 1.54 56.33± 11.27 0.065 0.127
RPP (mmHg·bpm) 23896.25± 6023.47 19906.92± 4158.98 23103.16± 4311.78 18893.92± 3712.45 0.011 0.918
Exercise time (min) 11.58± 2.54 11.78± 2.69 12.45± 2.23 12.15± 2.40 0.539 0.470
RER 1.10± 0.13 1.11± 0.08 1.07± 0.12 1.12± 0.11 0.307 0.585

Data are means± standard deviation. VO2peak, peak oxygen uptake; AT, anaerobic threshold; RPP, rate pressure product; RER, respiratory
exchange ratio; M, month.
F-value and p-value of means of interaction between group and time from two-way repeated ANOVA.

Table 3. The results of physical activity level preoperatively and 6months postoperatively.

Physical activity level
Exercise group Non-exercise group

F p
Baseline Post 6 M Baseline Post 6 M

Low 668.25± 664.95 915.75± 776.23 692.83± 783.08 478.50± 294.99 2.304 0.143
Moderate 340.42± 724.99 510.0± 712.92† 1032.50± 1013.52 510.00± 1056.25 10.614 0.004∗

Vigorous 52.25± 144.50 1100.00± 1750.09 220.00± 573.98 660.75± 1770.51 0.903 0.352
Total PA 1060.50± 979.77 2426.75± 164.98† 1863.00± 1653.18 1648.50± 1716.21 17.871 0.000∗∗∗

Data are means± standard deviation. PA, physical activity; M, month.
F-value and p-value of means of interaction between group and time from two-way repeated ANOVA.
† It means that a significant difference within group confirmed by paired t-test.
p< 0.05*, p< 0.001***.

Exercise maintenance in this study was evaluated using a
questionnaire at six months postoperatively. From previous
studies, adherence was defined as attendance to the exercise
programwith a prescribed number of sessions, intensity, fre-
quency, and duration of aerobic exercise [25]. At the three
months follow-up period, exercise groupmaintained total PA
at postoperative six months. Improvement in patient’s self-
efficacy andmotivation to exercise were helpful in increasing
and maintaining PA or exercise level [26]. Social support can

help improve perceived behavioral control, resulting in im-
provement in exercise adherence [27]. Among other studies,
the results of this studywere associatedwith face-to-face edu-
cation in center-based program, although effects of cognitive
training for behavioral change were not evaluated.

Assessment of arrhythmia recurrence after surgery is re-
quired to understand the success of intervention. Postopera-
tive recurrence rate of atrial arrhythmia was 16% six months
after surgery [28]. The risk factors of recurrent AF are old
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age, hypertension, left atrial volumes [28]. Physical exer-
tion in hospitalization is associated with developing parox-
ysmal AF [29]. Therefore, recommendation for initial time
of exercise can be explained as an important consideration for
prevention of recurrent AF. In this study, patients were in-
structed to participate inmoderate-intensity exercise therapy
at onemonth post-operation, if they did not exhibit recurrent
AF or any other complications. The observed results support
the fact that early participation in exercise is a safe and effec-
tive intervention for patients with TTA. However, exercise
intensity needs to be considered when starting the interven-
tion early in the postoperative period.

This clinical study has few limitations. First, 24 patients
participated in this study, which is a small number. The sam-
ple size was too small to verify the effects of exercise ther-
apy. Therefore, further studies with larger sample sizes are
necessary to confirm the effect of exercise therapy. Second,
the present study used a PA questionnaire, which is a patient-
reported outcome, for checking the subject’s activity level and
adherence to exercise after intervention. This questionnaire
had three categories: low, moderate, and vigorous activity
levels, and was capable of reflecting the PA level of the last 7
days only. It was insufficient to obtain the total PA data for
three months and could not identify the start time of exer-
cise. To overcome this, further studies that use other mea-
surement tools are needed.

5. Conclusions
Exercise-based CR of eight weeks was associated with an

increase in PA and exercise maintenance in patients that have
undergone TTA surgery. Early exercise training is a safe
and effective intervention without side effects and is recom-
mended for these patients. Future studies with long-term
follow-up are needed to determine the effect of exercise-
based CR in patients who have undergone TTA.
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