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Abstract
Background: Catheter ablation (CA) for atrial fibrillation (AF) is widely performed. 
However, the indication for CA in patients with asymptomatic persistent AF is still 
controversial.
Methods: Among 259 consecutive patients who were hospitalized for initial CA 
of AF, a total of 45 patients who had asymptomatic persistent AF were retrospec-
tively analyzed. Quality of life (QOL) before and 1 year after CA was evaluated, and 
changes in the cardiac function over 5 years after CA were also examined. QOL was 
assessed using the AF QOL questionnaire (AFQLQ) developed by the Japanese Heart 
Rhythm Society. In addition, cardiac function was assessed by measuring the plasma 
B-type natriuretic peptide (BNP) level, left ventricular ejection fraction (LVEF), left 
atrial diameter (LAD) with transthoracic echocardiogram, and left atrial (LA) volume 
with computed tomography (CT).
Results: The AFQLQ significantly improved after CA in terms of “symptom frequency” 
and “activity limits and mental anxiety.” The plasma BNP level, LVEF, and LAD signifi-
cantly improved in the first 3 months after the first CA, with no significant changes there-
after (from 149.0 pg/dL [95% confidence intervals {CI}, 114.5-183.5 pg/dL] to 49.8 pg/
dL [95% CI, 26.5-70.1], P < .0001; from 60.8% [95% CI, 58.1%–63.6%] to 65.0% [95% 
CI, 62.6-67.4], P = .001; and from 41.3 mm [95% CI, 39.7-42.9] to 36.8 [95% CI, 34.5-
39.1 mm], P < .0001, respectively). LA volume revealed LA reverse remodeling after CA.
Conclusion: Improvement in the QOL and cardiac function after CA of asymptomatic 
persistent AF was revealed. Asymptomatic persistent AF should be appropriately 
treated by CA.
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1  | INTRODUC TION

Catheter ablation (CA) for atrial fibrillation (AF) is the first-line ther-
apy, especially for symptomatic AF refractory or intolerant to at least 
one class I or III antiarrhythmic drug (AAD).1 Moreover, quality of life 
(QOL) has been reported to improve after CA for symptomatic parox-
ysmal AF (PAF).2 However, the improvement of QOL and long-term 
prognosis after CA of asymptomatic persistent AF remains unknown. 
In addition, sinus rhythm (SR) maintenance rate after CA in persistent 
AF was lower than in PAF.3 Therefore, in clinical practice, the indica-
tion for CA in asymptomatic persistent AF patients is often contro-
versial. This study aimed to examine whether CA improves QOL and 
cardiac function in patients with asymptomatic persistent AF.

2  | METHODS

2.1 | Study design and population

This was a retrospective single-center study. A total of 259 consecu-
tive patients underwent an initial radiofrequency (RF) CA of AF in 
Tenri Hospital from January 2012 to March 2014; 165 patients had 
PAF. Of the remaining 94 persistent AF patients, 45 had asympto-
matic AF. This study was conducted on the 45 patients. Consent for 
the treatment was obtained after explaining the risks of the ablation, 
including that it was an invasive treatment and that the outcome of 
non-PAF has a higher recurrence than that of PAF, as well as the ben-
efit of a sequential discontinuation of the anticoagulation according 
to the CHADS2 score.4

2.2 | The definition of asymptomatic persistent AF

Paroxysmal AF was defined as that which terminated spontaneously 
or under AADs within 7 days of onset. Persistent AF was defined 
as that lasting for >7 days; in particular, long-standing persistent 
AF was defined as that lasting >1 year.5 Asymptomatic persistent 
AF was referred to as persistent AF when incidentally discovered 
during routine clinical examinations or detected by screening and 
recorded for ≥30 seconds via the electrocardiogram (ECG).6

2.3 | Quality of life measurement

Quality of life was assessed before and 1 year after the first CA 
using an AF-specific QOL assessment method, that is, AF QOL 
questionnaire (AFQLQ, developed by the Japanese Society of 
Electrocardiology, currently Japanese Heart Rhythm Society).7-9 
The AFQLQ has three categories: AFQLQ1 evaluates symptom fre-
quency (out of 24 scores), AFQLQ2 evaluates symptom severity (out 
of 18 scores), and AFQLQ3 evaluates activity limits and mental anxi-
ety (out of 56 scores). Thus, the higher the score is, the better the 
QOL.

2.4 | Assessment of cardiac function

The plasma B-type natriuretic peptide (BNP) level, which reflects 
left ventricular end-diastolic pressure and is known as a marker of 
heart failure, was examined.10,11 In addition, left atrial (LA) volume 
was measured by contrast-enhanced cardiac computed tomogra-
phy (CT) scan as an indicator of LA remodeling.12 Moreover, left 
ventricular ejection fraction (LVEF) and LA diameter (LAD), which 
are indicators of the left ventricular systolic and diastolic func-
tion, respectively, were measured with transthoracic echocardi-
ography (TTE).13 For the LVEF and LAD measurements using TTE, 
especially in the case of AF rhythm, we used measurements at 
the three consecutive beats with the least variability in the heart 
rate. LVEF was assessed by the modified Simpson's method, and 
LAD with the long-axis view was measured at the end systole. 
Remeasurements of those parameters were conducted by expe-
rienced sonographers at our institution to certify the accuracy of 
the echocardiographic parameters.

2.5 | Screening for sleep-disordered breathing

Sleep-disordered breathing (SDB) is known to be common in pa-
tients with AF.14 Therefore, SDB was screened as part of the infor-
mation for the baseline patient characteristics by measuring the 3% 
oxygen desaturation index (ODI) using a high-resolution pulse oxi-
meter (PULSOX-Me300; Minolta Co.), the night before AF ablation 
in our hospital.15

2.6 | Ablation procedure

All patients had been on anticoagulation therapy (ACT) with war-
farin or direct oral anticoagulants (DOACs) for at least 1 month 
before the ablation procedure. For warfarin, the prothrombin time-
international normalized ratio was adjusted to 2.0-3.0. Before CA, 
the absence of any LA thrombi was confirmed by transesophageal 
echocardiography. If the patient was receiving warfarin, CA was per-
formed without interruption of the anticoagulant. For the patients 
receiving a DOAC, the anticoagulant was interrupted only on the day 
of the CA.

A duo-decapolar electrode catheter (IBI-86010, St. Jude 
Medical, Inc, or BeeATTM, Japan Lifeline Co., Ltd) was inserted 
through a 7-F sheath from the right subclavian or internal jugular 
vein and positioned in the coronary sinus. An 8.5-F SwartzTM SL0TM 
introducer sheath and AgilisTM NxT steerable introducer (St. Jude 
Medical Inc) were inserted through the right femoral vein. For the 
blood pressure measurements, a 3-F sheath was inserted through 
the right femoral artery. The BRKTM needle (St. Jude Medical, Inc) 
or NRGTM transseptal needle (Baylis Medical Company, Inc) was 
used for the fluoroscopy-guided transseptal puncture. A 10 IU/
kg body weight dose of heparin was administered before the 
transseptal puncture. To maintain the activated clotting time at 



     |  13ONISHI et al.

300-350 seconds, heparinized saline was continuously infused 
during the procedure, and it was measured every 30 minutes to 
fine-tune the heparin dose. CA was performed under sedation with 
dexmedetomidine infusion and respiratory control with adaptive 
support ventilation. During CA, intravenous isoproterenol was ad-
ministered continuously (20-25 μg/h), and fentanyl and thiopental 
were used as an analgesic and sedative, as appropriate, respec-
tively, in addition to continuous intravenous dexmedetomidine. 
The pulmonary vein (PV) electrograms were monitored using a 
size-adjustable decapolar circumferential mapping catheter (Lasso, 
Biosense Webster, Inc, or EPstar Libero, Japan Lifeline Co., Ltd). 
LA contrast imaging was performed, and CA was performed under 
the guidance of a three-dimensional mapping system (CARTO XP 
or CARTO 3, Biosense Webster, Inc). Cardioversion was performed 
before PV isolation. PV isolation was performed during AF if SR 
recovery was unsuccessful. In such cases, SR was recovered by 
performing cardioversion during or after PV isolation. A 3.5-mm 
externally irrigated-tip ablation catheter (NAVISTAR Thermocool, 
Biosense Webster, Inc) was used to perform circumferential PV 
isolation. RF energy was delivered at 25-35 W and a flow rate of 
17-30 mL/min with a maximal temperature of 40°C. The RF en-
ergy deliveries were limited to 20-25 W on the LA posterior wall in 
close proximity to the esophageal temperature probe (SensiTherm, 
St. Jude Medical, Inc) and terminated when the esophageal tem-
perature readings reached 39°C. Bidirectional conduction block 
between the LA and PV was confirmed using the pacing technique. 
A cavotricuspid isthmus ablation, superior vena cava isolation, LA 
linear ablation (Box isolation16), and mitral-valve isthmus ablation 
were performed, per the operators’ discretion. After the comple-
tion of CA, protamine (50 mg) was administered to reverse the ef-
fect of heparin and all sheaths were removed.

2.7 | Recurrent atrial tachyarrhythmias after CA

Recurrent atrial tachyarrhythmias were defined as that lasting for 
30 seconds or requiring a repeat ablation, hospital admission, or un-
scheduled usage of Vaughan Williams class I or III AADs, excluding 
the events during the blanking period of 90 days after ablation. A re-
peat ablation during the blanking period of 90 days was discouraged.

2.8 | Follow-up

The patients were scheduled to receive periodic regular follow-ups at 
the outpatient clinic of the centers, in which the first follow-ups were 
performed at 1, 3, and 6 months and 1, 2, 3, 4, and 5 years after CA. 
A 12-lead ECG was obtained at every visit. One-channel ECGs were 
recorded for 2 weeks, twice daily, when the patients had symptoms 
suggestive of arrhythmias in the hospital, at hospital discharge, and 
at 3 months, 6 months, and 1 year using an ambulatory electrogram 
recorder (HCG-801, OMRON Healthcare Co., Ltd). Per the outpa-
tient physician's decision, 24-hour Holter monitoring was performed 

at 6 months and 1 year and at 2, 3, 4, and 5 years. Blood sampling, 
including the plasma BNP level, was examined in the hospital at 3 and 
6 months and at 1, 2, 3, 4, and 5 years. TTE was performed before CA 
and at 3 and 6 months and 1, 2-3, and 4-5 years after CA, and LVEF 
and LAD were measured. A contrast-enhanced cardiac CT scan was 
conducted before and 6 months after CA to measure the LA volume. 
When patients were unable to visit the outpatient clinic, the follow-
up data were obtained by contacting the physicians in charge or the 
patients. The mean duration of ACT in the patients who discontinued 
ACT after CA was also investigated. In addition, the adverse events 
(all-cause death, cardiovascular death, strokes, and heart failure hospi-
talization) during the follow-up for all patients after CA were examined.

2.9 | Statistical analysis

The data are presented as values and percentages, mean ± SD, or me-
dian with interquartile range (IQR). The Chi-square or Fisher's exact 
test and Student's t test or Wilcoxon rank-sum test were used to com-
pare categorical and continuous variables, respectively, on the basis of 
their distribution. The Kaplan-Meier method was used to estimate the 
recurrent atrial tachyarrhythmia event-free rate. The paired t-test was 
used to compare AFQLQ, plasma BNP level, CT LA volume, LVEF, and 
LAD before and after CA. They were described as mean and 95% CI for 
between-group comparisons. Patients who died during the follow-up 
were censored on the date of death or last contact. JMP 13.0 soft-
ware (SAS Institute Inc) was used for all analyses. All statistical analyses 
were two-tailed, and P < .05 was considered statistically significant.

3  | RESULTS

3.1 | Baseline characteristics

The baseline characteristics before CA are presented in Table 1. The 
mean age was 62.9 ± 8.6 years, and five patients (11.1%) were fe-
male. The median AF duration was 8.2 months (IQR, 3.0-15.2), and 
13 patients (28.9%) had long-standing AF. The mean CHADS2 score 
was 1.0 ± 0.9. The plasma BNP level, LVEF, LAD, and CT LA vol-
ume were 149.0 ± 114.9 pg/dL, 60.8 ± 9.2%, 41.3 ± 5.3 mm, and 
109.8 ± 31.6 mL, respectively. The median 3% ODI was 9.2 (IQR, 
5.9-13.3). In 36 patients (80.0%), the 3% ODI was ≥5.0 and the pos-
sibility of at least mild SDB was suggested.17

3.2 | Ablation procedural data

Ablation strategies used in the first CA are presented in Table 2. PV 
isolation was performed in all patients. Box isolation was performed 
in 11 patients (24.4%), and mitral-valve isthmus ablation was per-
formed in three patients (6.7%). In all 45 sessions in this study, there 
were no major complications, such as cardiac tamponade, acute 
thromboembolic events, or adverse effects of AADs.
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3.3 | Follow-up data

The median follow-up period after the first ablation was 5.2 years 
(IQR, 4.9-6.1), and the follow-up rate was 100%.

3.4 | Atrial tachyarrhythmia recurrence after the 
first and last sessions

The flowchart of the recurrences of atrial tachyarrhythmias and 
repeat sessions after the first CA is presented in Figure 1. Atrial 
tachyarrhythmia recurrences after the first CA were observed in 
15 of 45 cases (33.3%). In 11 of those 15 cases (73.3%), a second 

session was performed, and more than second session was not 
performed. The number of mean sessions was 1.2 ± 0.2. At 1 year 
after the first CA, 5 of 45 cases (11.1%) had recurrences, and some 
of the cases included a second session within 1 year of the first 
CA. All of the five cases had recurrences as PAF, not persistent 
atrial tachyarrhythmias. Moreover, all six cases had recurrences 
after the last session (13.3%; four patients had recurrences after 
the first CA but did not receive a second session; two patients 
had recurrences after a second session), and their style of recur-
rences was also PAF. Atrial tachyarrhythmia-free rate after the 
first and last sessions at 5 years was 66.5% and 85.7%, respec-
tively (Figure 2A,B).

3.5 | AFQLQ

AFQLQ1 (symptom frequency) and AFQLQ3 (activity limits and 
mental anxiety) significantly improved without any remarkable 
change in AFQLQ2 (symptom severity) in all patients. Similar results 
were obtained in 40 patients whose SR was maintained at 1 year 
after the first session, including cases with a second session within 
1 year after the first session. In the remaining five patients who had 
recurrences, only AFQLQ3 improved, but there was no remarkable 
change in AFQLQ1 and AFQLQ2 (Table 3).

3.6 | Plasma BNP level, CT LA volume, and echo 
parameters (LAD and LVEF)

The plasma BNP level significantly decreased during the first 
3 months after first CA (from 149.0 pg/dL [95% CI, 114.5-183.5 pg/
dL] to 49.8 pg/dL [95% CI, 26.5-70.1 pg/dL], P < .0001), and thereaf-
ter, there was no significant difference during the 5 years (Figure 3A). 
The CT LA volume after CA became much smaller than before CA 
(from 109.8 mL [95% CI, 100.3-119.3 mL] to 73.7 mL [95% CI, 66.7-
80.8 mL]; P < .0001; Figure 3B). Moreover, LVEF and LAD improved 

TA B L E  1   Baseline characteristics

n = 45

Age (y) 62.9 ± 8.6

Duration of AF (mo) 8.2 (3.0-15.2)

Long-standing persistent AF (%) 13 (28.9)

Female (%) 5 (11.1)

Heart failure (%) 5 (11.1)

Hypertension (%) 22 (48.9)

Diabetes (%) 6 (13.3)

Ischemic stroke (%) 5 (11.1)

Vascular disease (%) 2 (4.4)

CHADS2 score 1.0 ± 0.9

Dialysis 0 (0)

LVEF (%) 60.8 ± 9.2

LAD (mm) 41.3 ± 5.3

CT LA volume (mL) 109.8 ± 31.6

Hb (mg/dL) 14.8 ± 1.3

HbA1c (%) 5.8 ± 0.4

BNP (pg/dL) 149.0 ± 114.9

Creatinine (mg/dL) 0.89 ± 0.18

3% ODI 9.2 [5.9-13.3]

Abbreviations: AF, atrial fibrillation; BNP, B-type natriuretic peptide; 
CT, computed tomography; Hb, hemoglobin; LA, left atrium; LAD, left 
atrium diameter; LVEF, left ventricular ejection fraction; ODI, oxygen 
desaturation index.

TA B L E  2   Ablation strategy

Ablation strategy n (%)

PV isolation 45 (100)

Box isolation 11 (24.4)

SVC isolation 30 (66.7)

MVI block line 3 (6.7)

CTI block line 18 (40.0)

Abbreviations: CTI, cavotricuspid isthmus; MVI, mitral-valve isthmus; 
PV, pulmonary vein; SVC, superior vena cava.

F I G U R E  1   The flowchart of the recurrences of atrial 
tachyarrhythmias and repeat sessions after the first session. PAF, 
paroxysmal atrial fibrillation



     |  15ONISHI et al.

during the first 3 months after the first CA (from 60.8% [95% CI, 58.1-
63.6] to 65.0% [95% CI, 62.6-67.4], P = .001; from 41.3 mm [95% CI, 
39.7-42.9 mm] to 36.8 mm [95% CI, 34.5-38.1 mm], P < .0001, re-
spectively), and thereafter, there was no significant difference dur-
ing the 5 years (Figure 3C,D).

3.7 | Discontinuation of ACT

In 28 patients (62.2%), the ACT was discontinued after the last 
ablation and the total anticoagulant time from the first CA was 
344 ± 259 days in the 28 cases. Those patients’ CHADS2 score at 
baseline was significantly lower than the CHADS2 score of the re-
maining 17 patients (0.68 ± 0.72 vs 1.6 ± 0.8, P = .0004).

3.8 | Adverse events during the follow-up

There were two all-cause deaths (4.4%; one asphyxia caused by 
aspiration and one lung cancer), but there were no cardiovascular 
deaths. The patients without a history of heart failure before CA 
were not hospitalized for heart failure after CA. Five patients (11.1%) 

had a history of heart failure or LVEF ≤ 40%18 before CA, and had 
no subjective symptoms such as shortness of breath or palpitations. 
Four of them (80.0%), who were maintained in SR after the last abla-
tion, had no exacerbations of heart failure. One patient (20.0%) was 
hospitalized again because of heart failure after an AF recurrence. 
Five patients (11.1%) had a history of a cerebral infarction before CA 
but had no recurrence of the cerebral infarction after CA. For those 
five patients, ACT was continued even though SR was maintained. 
Lacunar infarction occurred in another patient (11.1%) who stopped 
ACT because of maintaining SR after the first CA. There were no 
cardiogenic cerebral infarctions or hemorrhagic events in any of the 
patients after CA during the follow-up.

4  | DISCUSSION

4.1 | Main findings

In this study, AFQLQ in the asymptomatic persistent AF patients sig-
nificantly improved after CA in terms of “symptom frequency” and 
“activity limits and mental anxiety”. Moreover, the plasma BNP level 
and LVEF improved, and LA volume reduction was observed.

F I G U R E  2   Freedom from atrial 
tachyarrhythmias (A, first session; B, last 
session)
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TA B L E  3   Changes in QOL before and 1 y after first CA

AFQLQ1 AFQLQ2 AFQLQ3

Symptom frequency Symptom severity
Activity limits and 
mental anxiety

All patients (n = 45)

Baseline 20.1 (95% CI, 18.8-21.4) 16.3 (95% CI, 15.7-17.0) 46.8 (95% CI, 44.5-49.1)

One year after the first ablation 23.4 (95% CI, 23.1-23.7) 16.4 (95% CI, 15.9-17.0) 50.9 (95% CI, 49.0-52.8)

P value <.0001 NS .002

No recurrences (n = 40)

Baseline 20.2 (95% CI, 18.9-21.5) 16.4 (95% CI, 15.7-17.1) 46.8 (95% CI, 44.2-19.3)

One year after the first ablation 23.5 (95% CI, 23.2-23.8) 16.5 (95% CI, 15.9-17.1) 50.5 (95% CI, 48.4-52.6)

P value <.0001 NS .01

Recurrences (n = 5)

Baseline 19.4 (95% CI, 12.3-26.5) 15.8 (95% CI, 13.4-18.2) 47.0 (95% CI, 40.4-53.6)

One year after the first ablation 22.6 (95% CI, 20.5-24.7) 15.6 (95% CI, 13.7-17.5) 54.0 (95% CI, 52.4-55.5)

P value NS NS .04

Abbreviations: CA, Catheter ablation; CI, confidence intervals; NS, not significant, ODI, oxygen desaturation index.
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4.2 | QOL and AF

Several previous reports have indicated a significant improvement 
in QOL after CA in patients with AF using the 36-item short-form 
questionnaire (SF-36).2,19-21 SF-36 is the most popular QOL assess-
ment instrument in the world to measure the health status and is an 
excellent comprehensive measure of overall health.22 However, it is 
not necessarily suitable for a specific assessment of disease-specific 
QOL changes associated with a given disease.23 AFQLQ is an AF-
specific QOL assessment method developed by the Japanese Society 
of Electrocardiology, currently Japanese Heart Rhythm Society, 
which has been reported to be better correlated with the ablation 
outcomes than a general QOL assessment such as SF-36.24,25

Miyazaki et al24 and Yagishita et al25 evaluated QOL after CA of 
persistent AF using the AFQLQ and reported that all three subsets 
of the AFQLQ significantly improved in the patients without recur-
rences but that there were no differences in those with recurrences. 
In contrast, in our study, symptom frequency (AFQLQ1) significantly 
improved when SR was maintained; however, symptom severity 
(AFQLQ2) did not change regardless of the maintenance of SR. In our 
study, asymptomatic persistent AF was defined as incidentally discov-
ered persistent AF in accordance with the previous report,6 and all the 
patients reported no complaints during the medical interviews. The 
definition was similar in the paper by Yagishita et al25, who evaluated 
QOL after CA in asymptomatic persistent AF, and the present study. It 
is important to note that, even though AF was diagnosed by chance in 
those who denied having any complains in the medical interview, it did 
not mean that there were no symptoms of AF at all, because symptoms 
might be minimal and gradually be tolerated by self-control. It is also 
important to note that only when SR is maintained may one realize that 
these symptoms were associated with AF.

Moreover, in this study, activity limits and mental anxi-
ety (AFQLQ3) significantly improved after CA with or without 

recurrent atrial tachyarrhythmias. Miyazaki et al24 and Yagishita 
et al25 did not state whether the AF recurrence was persistent or 
paroxysmal in their articles. In our study, all patients with recur-
rences at 1 year after the first CA were paroxysmal. The recur-
rence pattern from a persistent to paroxysmal form sometimes 
leads to worsening AF symptoms. However, the AFQLQ among 
those recurrent patients did not become worse because the re-
currence rate was limited. Therefore, the procedural success rate 
highly affected our conclusion. Our findings might suggest that 
our success rate or the indications were within a reasonable range 
for CA of asymptomatic AF.

A significant inverse association has been reported between 
physical activity and AF burden.26 Improvement in exercise per-
formance is also known to promote serotonin secretion in the 
brain, leading to mental stability.27 Although we did not evaluate 
exercise performance using a treadmill test in this study, it is pos-
sible that the reduction in AF burden after CA may have led to 
an improvement in the activity and ultimately relief of the mental 
stability.

4.3 | The improvement in cardiac function after CA

The plasma BNP level, LVEF, and LAD were found to improve 
early after CA and then be maintained in our study. Similar results 
were reported in the CAMTAF AF trial,28 wherein the plasma BNP 
level and LVEF improved in the first 1 month after the first CA for 
persistent AF patients whose LVEF was under 50%. In this study, 
most patients had a normal LVEF (60.8 ± 9.2%) and only five pa-
tients (11.1%) out of 45 had an LVEF under 50%. Even in the 40 
patients with LVEF at ≥50%, there was a significant improvement 
in the plasma BNP level, LVEF, and LAD at 3 months after CA (from 
140.5 pg/dL [95% CI, 104.8-176.2 pg/dL] to 46.9 pg/dL [95% CI, 

F I G U R E  3   Changes in plasma BNP 
level (A), CT LA volume (B), LVEF (C), and 
LAD (D) before and after the first CA. 
The blue line represents the change in the 
mean value, and the green line represents 
the 95% confidence interval of the mean 
value. BNP, B-type natriuretic peptide; 
CT, computed tomography; LA, left 
atrium; LAD, left atrium diameter; LVEF, 
left ventricular ejection fraction; NS, not 
significant

(A) (B)

(C) (D)
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26.7-67.2], P < .0001; from 63.0% [95% CI, 60.8-65.3] to 66.4% 
[95% CI, 64.8-68.0], P = .003; and from 41.0 mm [95% CI, 39.2-
42.7] to 36.9 [95% CI, 34.4-39.4], P = .0002, respectively), and a 
significant reduction in CT volume after CA (from 108.8 mL [95% 
CI, 98.4-119.2] to 75.9 mL [95% CI, 68.5-83.4], P < .0001). We 
do not have the TTE data at 1 month after CA; hence, changes in 
those parameters at 1 month after CA were unknown in our study. 
However, we found a significant improvement in these parameters 
early after CA, even in patients with persistent AF and a relatively 
normal LVEF.

The reduction in the end-systolic volume because of LVEF im-
provement suggested an acute effect of SR restoration and the 
possibility of left ventricular reverse remodeling.28 In addition, the 
decrease in LAD in TTE and the reduction in the CT LA volume after 
CA represent LA reverse remodeling.12 These series of improve-
ments in cardiac function may predict a reduction in long-term mor-
tality and heart failure events.29-31

4.4 | AF recurrence as PAF and decreasing 
AF burden

There were six patients who still had recurrences after the last ses-
sion, and all recurrent arrhythmias were PAF, not persistent atrial 
tachyarrhythmias. The plasma BNP level, LVEF, and LAD between 
baseline and the final data were compared, and it revealed that LVEF 
and LAD did not improve but that the plasma BNP level improved 
(from 56.3% [95% CI, 45.5-67.1] to 49.7% [95% CI, 34.0-65.3], 
P = .27; from 42.0 [95% CI, 36.5-47.5 mm] to 43.7 mm [95% CI, 31.2-
56.2], P = .66; and from 188.8 pg/dL [95% CI, 66.4-311.2] to 61.6 pg/
dL [95% CI, 16.5-106.7], P = .03, respectively; Figure 4).

The plasma BNP level may be lower because CA makes the 
patients more health-oriented, which may result in better medica-
tion adherence, improved hypertension owing to salt suppression, 
and appropriate use of continuous positive airway pressure in SDB 
patients, leading to improvements in heart failure. Furthermore, a 
reduction in AF burden has been reported to be associated with a 
decrease in the plasma BNP level.32 In this study, a reduction in AF 
burden owing to the change from persistent AF to PAF after CA may 
also be responsible for the improvement in the plasma BNP level. 
We can also expect to see an improvement in exercise performance 
and QOL in terms of “activity limits and mental anxiety” by a reduc-
tion in AF burden. The continuation of the ACT is essential for these 

patients who have recurrences as PAF even after multiple ablation 
sessions for persistent AF, and outpatient follow-up is necessary. 
Long-term outpatient follow-up and management of asymptomatic 
persistent AF cases might often be a tough task. However, in our 
data, the change in the QOL scores correlated with the objective 
data such as the cardiac biomarkers and echocardiographic data. 
Therefore, the serial evaluation of the QOL score within 1 year after 
the treatment is important to ensure a safer longer follow-up after 
CA of asymptomatic AF.

5  | LIMITATIONS

This study had several limitations. First, the sample size was small. 
Second, detecting AF recurrence after CA in asymptomatic AF is 
difficult. Therefore, the recurrence rate might have been underes-
timated. Third, in this study, most patients (32 cases, 71.1%) had 
AF duration of <1 year. In addition, the mean CHADS2 score was 
1.0 ± 0.9 with a low-risk profile. We must be cautious when applying 
the results of this study to asymptomatic AF patients with longer AF 
duration or with higher CHADS2 scores. An interpretation of these 
patient groups requires further research. Fourth, the median AF du-
ration might have been underestimated, because we evaluated the 
patients without symptoms. Finally, this was a retrospective single-
center study with the attendant limitations.

6  | CONCLUSION

Improvement in QOL and cardiac function after CA of asympto-
matic persistent AF was revealed. According to our results, we 
propose that asymptomatic persistent AF should be appropriately 
treated by CA, although, however, our proposal should be tested 
prospectively.
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