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ABSTRACT

Background: Atrial fibrillation (AF) is a common problem 
in patients undergoing coronary artery bypass graft (CABG). 
For AF ablation, bipolar radiofrequency ablation (BRA) 
achieves complete transmural ablation lines and reduces the 
risk of treatment failure. We analyzed the efficacy of BRA 
for sinus rhythm restoration in patients with AF undergoing 
CABG.

Methods: This prospective study included patients with 
permanent or paroxysmal AF scheduled to undergo BRA 
combined with CABG in our institution from May 2014 
to June 2020. After discharge from hospital, all patients 
were seen every 6 months over 5 years to evaluate survival, 
sinus rhythm restoration, and New York Heart Association 
(NYHA) class.

Results: We enrolled 168 patients, 97 (57.7%) with per-
manent AF (group I) and 71 (42.3%) with paroxysmal AF 
(group II) at 60 months. We found that group II patients 
had better sinus rhythm restoration rates after BRA with 
CABG than group I patients (P = .005). Overall mortality 
at 60 months was significantly lower in group II patients 
(2 [2.8%]) than patients in group I (14 [14.4%]; P = .01). 
The survival rate was significantly higher in group II than in 
group I (94% versus 72%; P = .0003) as shown by Kaplan–
Meier analysis. The 95% confidence interval of the Cox 
hazards survival regression ratio was significantly differ-
ent between groups (0.1792 [0.04069 to 0.7896]; P = .006). 
Long-term AF (>3 years) before BRA with CABG and per-
manent AF type were identified as predictors of post-BRA 
recurrent AF (P = .0001 and P = .005, respectively). NYHA 
class improved significantly at 60 months compared with 
baseline (P < .0001).

Conclusions: This study identified preoperative AF type 
and duration as predictors of the success of BRA combined 
with CABG.

INTRODUCTION

Current estimates of atrial fibrillation (AF) prevalence 
worldwide suggest that there are >6 million patients with AF, 
and this number is expected to increase to 10 million by 2030 
[Gammie 2008; Martin-Suarez 2007]. AF is more frequent 
in patients undergoing cardiac surgery than in other surgical 
patients: ischemic heart disease and valvular heart disease are 
well-known risk factors for AF development [Miyasaka 2006]. 
A high incidence of ischemic heart disease is found among 
patients with AF (>45%), whereas AF incidence is relatively 
low among patients with proven ischemic heart disease (<6%) 
[Cameron 1988; Otterstad 2006].

Each year in North America, >14,000 AF ablation pro-
cedures are combined with cardiac surgery [Gammie 2008]. 
Recent evidence confirms that postoperative AF is responsible 
for significant morbidity and mortality in patients who have 
undergone coronary artery bypass graft (CABG), including 
thromboembolism, stroke, heart failure, and adverse reac-
tions to antiarrhythmic drugs [Fuster 2006; Santangeli 2014]. 
Wyse et al. [2002] demonstrated that medical therapy has 
limited success in sinus restoration in AF patients. Therefore, 
catheter ablation is considered to be the first-line therapy, fol-
lowed by surgical ablation if catheter ablation fails. However, 
there have been no head-to-head comparisons of postopera-
tive clinical outcomes of catheter ablation and surgical abla-
tion of AF [Starck 2015].

AF waves start from multiple foci at the orifices of the 4 
pulmonary veins, and reentrant circuits are responsible for 
its activation and maintenance [Haissaguerre 1998]. The 
Cox-Maze III surgical ablation procedure was introduced in 
1988. With this method, cuts are made, and atria and pulmo-
nary veins are sutured to create a corridor of scar tissue that 
directs the electrical impulse from the sinoatrial node to the 
atrioventricular node [Prasad 2003]. Experience assessed in 
1 center up to 2001 indicated that it was the most successful 
surgical strategy for AF ablation when combined with CABG. 
However, uptake has been low because of surgical difficulty 
and high incidence of postoperative complications [Melby 
2013]. Efforts have been made to simplify surgical ablation 
by finding an effective energy source, such as radiofrequency, 
to achieve complete transmural ablation lines [Benussi 2000; 
Melo 2000]. Early experience with unipolar radiofrequency 
technology revealed unpredictable narrow gaps in ablation 
lines that failed to block AF. By contrast, bipolar radiofre-
quency ablation (BRA) achieves complete transmural ablation 
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lines and improves the likelihood of sinus rhythm restoration 
in AF patients [Melby 2005; Prasad 2003].

The main purpose of this study is to assess the efficacy of 
epicardial BRA to achieve sinus rhythm restoration in patients 
with AF undergoing CABG. This study is original and is of 
importance to researchers in the field of cardiac surgery and 
electrophysiology.

METHODS

Study Design and Participants
This was a prospective, nonrandomized, double-armed 

study performed in 1 study center. Patients with myocar-
dial infarction, left atrium >65 mm, left ventricular dysfunc-
tion, ejection fraction <30%, or left atrial thrombosis or who 
needed emergency surgery were excluded from the study. 
The study was approved by the local ethics committee and 
conducted in accordance with the Declaration of Helsinki. 
Each patient gave informed written consent before the opera-
tive procedures. The preoperative and demographic charac-
teristics of the patients are given in Table 1.

Selection Criteria
The study included all patients who had AF (permanent 

or paroxysmal) and were scheduled to undergo surgical AF 
ablation by BRA combined with CABG in our institution 
from May 2014 to June 2020. In all, 168 patients underwent 
CABG combined with BRA. Group I included 97 patients 
(57.7%) who underwent CABG combined with BRA for per-
manent AF (longstanding, persistent AF for >1 year). Group 
II included 71 patients (42.3%) who underwent CABG com-
bined with BRA for paroxysmal AF (recurrent AF that termi-
nated spontaneously in <1 week) (Figure 1). The mean age of 
group I was 58 ± 9 years, and of group II, 57 ± 8 years; both 
males and females were included.

Epicardial BRA Technique
BRA was performed using a Cardioblate BP2 device 

(Medtronic, Minneapolis, MN) (Figure 2). After initiation 
of the cardiopulmonary bypass, the pericardial reflection was 
dissected, and the jaws of the bipolar Cardioblate BP2 were 
clamped around the atrial cuff to isolate the upper right pul-
monary veins, lower right pulmonary veins, left pulmonary 
veins, and left atrial appendage. Right atrial appendage abla-
tion was done at the end of bypass, twice at the same site, with 
radiofrequency set at 30 W for 30 seconds each time. Once 
BRA was complete, CABG was performed. Before the end of 
cardiopulmonary bypass, an intravenous loading bolus of 300 
mg amiodarone (Cardio-Mep; Mepaco-Medifood, Heliopo-
lis, Egypt) was administered, and a slow intravenous infusion 
of 900 mg/day was started and continued for 24 hours.

Data Collection, Postoperative Ablation Management, and 
Follow-Up Protocol

Patients were monitored with continuous ambulatory elec-
trocardiogram (ECG) recording for 7 ± 2 postoperative days. 
If patients developed recurrent AF during hospitalization, 

amiodarone was started or continued. On the second postop-
erative day, a maintenance dose of 200 mg amiodarone (Cor-
adrone; Sanofi Aventis, Gentilly, France) once daily orally was 
prescribed. If amiodarone was contraindicated, 80 mg oral 
sotalol (Betacore; Amoun Pharmacytical, Cairo, Egypt) twice 
per day was prescribed. We recommended pacing and antiar-
rhythmic drug avoidance if patient had bradycardia, atrioven-
tricular block, or nodal rhythm.

Every 6 months over 5 years, all patients were examined at 
our cardiac surgery and electrophysiology outpatient clinic. 
After each visit, patients underwent Holter monitoring for 5 
days. Recurrent AF was defined as AF >30 seconds in the first 

Figure 1. Flow chart of the nonrandomized CABG + BRA trial design.

Figure 2. BRA using Cardioblate BP2 device. (A and B) BRA of the right 
pulmonary veins. (C and D) BRA of the left pulmonary veins and left 
atrial appendage.
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Table 1. Preoperative and Demographic Variables*

Variable All patients (CABG + AF) Group I (CABG + Permanent AF) Group II (CABG + Paroxysmal AF) P Value

n 168 97 (57.7) 71 (42.3)

Demographic data

  Male sex 61 (36.3) 31(32) 30 (42) .1841

  Age (y) 58 ± 9 58 ± 9 57 ± 8 .4572

Coronary angiography data

  One-vessel 8 (5) 3 (3.1) 5 (7) 0.2272

  Two-vessel 35 (20.5) 20 (20.6) 15 (21) 0.9498

  Three-vessel 125 (74.5) 75 (77.3) 50 (70.4) .3081

Critical left main 11 (6.6) 7 (7.2) 4 (5.6) .6792

RCA stenosis 104 (62) 65 (67) 39 (55) .1147

  Proximal 65 (38.7) 43 (44.3) 22 (31) .0881

  Middle 23 (13.7) 12 (12.4) 11 (15.5) .5651

  Distal 16 (9.6) 10 (10.3) 6 (8.5) .6957

LAD stenosis 146 (87) 87 (89.7) 59 (83.1) .2116

  Proximal 79 (47) 46 (47.4) 33 (46.5) .9084

  Middle 59 (35) 36 (37.1) 23 (32.4) .4786

  Distal 8 (5) 5 (5.2) 3 (4.2) .7647

Cx stenosis 66 (39.4) 41 (42.3) 25 (35.2) .3534

  Proximal 44 (26.2) 28 (28.9) 16 (22.5) .3528

  Middle 16 (9.6) 9 (9.3) 7 (9.9) .8963

  Distal 6 (3.6) 4 (4.1) 2 (2.8) .6538

Risk factors

  Hypertension 88 (52.4) 49 (50.5) 39 (54.9) .5739

  Diabetes mellitus 114 (67.9) 66 (68) 48 (67.6) .9564

  Obesity 39 (23.2) 21 (21.6) 18 (25.3) .5756

  Smoking 45 (26.8) 25 (25.8) 20 (28.2) .7295

  Hypercholesterolemia  127 (75.6) 76 (78.4) 51 (71.8) .3018

  Family history of CAD 13 (7.7) 7 (7.2) 6 (8.5) .7563

  NYHA classification 2.7 ± 0.6 2.7 ± 0.3 2.6 ± 0.6 .1580

  Ejection fraction (%) 57 ± 10 57 ± 5 56 ± 10 .3961

  Left atrial diameter (cm) 4.6 ± 0.8 4.7 ± 0.6 4.6 ± 0.7 .3216

  History of antiplatelet drugs 168 (100) 97 (100) 71 (100)

  History of anticoagulation drugs 121 (72) 69 (71.1) 52 (73.2) .7765

  Duration of AF preoperative (mo) 49 ± 12 49 ± 10 48 ± 12 .5573

  History of failed interventional AF ablation 20 (12) 15 (15.5) 5 (7) .0939

  History of failed direct current cardioversion 10 (6) 7 (7.2) 3 (4.2) .4175

  History of antiarrhythmic drugs 131 (78) 72 (74.2) 59 (83.1) .1668

  Euroscore† 6.4 ± 3.2 6.4 ± 3.1 6.2 ± 3.3 .6882

*Data are n (%) or mean ± SD.

†Euroscore predicts risk of cardiac operations (low risk, <2 points; moderate risk, 3 to 5 points; high risk, ˃6 points).

CAD indicates coronary artery disease; Cx, circumflex coronary artery; LAD, left anterior descending coronary artery; RCA, right coronary artery.
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6 to 12 months after ablation, irrespective of clinical symp-
toms [Shah 2018]. Direct current electrocardioversion was 
performed in patients with postablation AF not stopped or 
prevented by maintenance doses of antiarrhythmic drugs, as 
deemed necessary by the electrophysiology team. All patients 
stopped oral anticoagulants 3 months after surgery.

Statistical Analysis
Data are reported as absolute and relative frequencies. The 

distribution of variables was analyzed by χ2 test or Fisher’s 
exact probability test. Continuous variables that are normally 
distributed are presented as arithmetic means and standard 
deviation (SD), and those nonnormally distributed are pre-
sented as median and interquartile range (IQR). Friedman’s 
test was used to assess change in New York Heart Associa-
tion (NYHA) class from baseline. Logistic regression analysis 
was used to assess the factors affecting the efficacy of BRA 
in achieving sinus rhythm restoration and preventing pos-
tablation AF recurrence. Potential predictor variables were 
grouped by clinically relevant measurement (preoperative AF 
type permanent versus paroxysmal; preoperative AF duration 
˂3 versus ˃3 years; age ˂60 versus ˃60 years). P values were 
considered 2-tailed and not adjusted for multiple testing, and 
P < .05 indicated statistical significance. Statistical analysis 
was done using SPSS version 13 (SPSS Inc., Chicago, IL).

RESULTS

Baseline and demographic data for the 168 patients 
enrolled in the study are shown in Table 1. Group I included 

97 patients (57.7%) who underwent CABG combined with 
BRA for permanent AF, and group II included 71 patients 
(42.3%) who underwent CABG combined with BRA for par-
oxysmal AF. Baseline and demographic data were compared 
between groups, and differences were statistically nonsignifi-
cant as shown in Table 1.

All relevant operative data are shown in Table 2. Opera-
tive values showed no significant differences between groups 
I and II; nor did data of completeness of revascularization (P = 
.8365). Complete revascularization of all preoperative target 
coronary vessels with vessel size ≥1.5 and >60% significant 
stenosis was achieved in 87 of 97 patients (89.7%) in group 
I and 63 of 71 (88.7%) in group II. Intraoperative incom-
plete revascularization decision for the preoperative target 
coronary vessels was made when the target coronary vessel 
was not suitable for anastomosis or reconstruction. Ten of 97 
patients (10.3%) in group I had intraoperative incomplete 
revascularization and 8 of 71 (11.3%) in group II, with no 
significant difference between groups (P = .8365).

Postoperative follow-up data are described in Table 3. 
Group II patients had better sinus rhythm restoration rate 
after BRA with CABG than group I patients and a signifi-
cantly lower rate for recurrent AF after BRA with CABG 
in comparison with group I patients (P = .005). No deaths 
were recorded within the first 30 postoperative days in either 
group. During the hospital stay, 10 of 168 patients (5.9%) 
had postablation recurrent AF: 6 of 168 had early success-
ful direct current electrocardioversion, and in 4, sinus rhythm 
was restored spontaneously. Six of 168 patients (3.6%) had 
temporary atrioventricular block and needed temporary 
external pacemakers, 5 of whom converted to sinus rhythm 

Table 2. Operative Variables of 168 AF Patients Undergoing Bipolar Radiofrequency Ablation Combined with CABG*

Variables All patients CABG + AF Group I CABG + Permanent AF Group II CABG + Paroxysmal AF P Value

n 168 97 (57.7) 71 (42.3)

CABG (single clamp technique) 168 (100) 97 (100) 71 (100)

CPB time (min) 115.6 ± 35.2 115.5 ± 33.2 114.9 ± 35.2 .9103

ACC time (min) 75.6  ± 15.7 75.6  ± 15.3 75.1  ± 15.6 .8359

Bipolar AF ablation time (min) 1.7 ± 0.6 1.7 ± 0.5 1.6 ± 0.9 .3598

Total bipolar ablation time (min) 12.5 ± 1.8 12.5 ± 1.5 12.8 ± 1.1 .1554

Complete revascularization 150 (89.3 )  87 (89.7) 63 (88.7) .8365

Incomplete revascularization 18 (10.7) 10 (10.3) 8 (11.3) .8365

Number of grafts 3.1 ± 0.3 3.1 ± 0.8 2.9 ± 0.7 .0936

Conduits

  LIMA 168 (100) 97 (100) 71 (100)

  RIMA 8 (4.7) 3 (3) 5 (7) .2272

  Radial artery 66 (39.3) 39 (40) 27 (38) .7937

  Great saphenous vein 155 (92.3) 90 (92.8) 65 (91.5) .7563

*Data are n (%) or mean ± SD.

ACC indicates aortic cross-clamp; CPB, cardiopulmonary bypass; LIMA, left internal mammary artery; RIMA, Right internal mammary artery.
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spontaneously. The remaining patient needed permanent 
pacemaker implantation because of persisting bradycardia. 
Atrial flutter was not recorded in any of the patients. Over-
all mortality at 60 months was significantly lower in group 
II (2 [2.8%]) compared with group I (14 [14.4%]; P = .01). 
The 2 patients in group II died from noncardiac causes (chest 
infection and septicemia), 3 patients in group II died from 
cardiac causes (low cardiac output), and the remaining 11 
patients in group II died from noncardiac causes (chest infec-
tion and septicemia). The Kaplan–Meier curve survival rate at 
60 months’ follow-up is presented in Figure 3. The survival 
rate was significantly higher in group II than in group I (94% 
versus 72%; P = .0003). The 95% confidence interval of the 
Cox hazards survival regression ratio was significantly differ-
ent between groups (0.1792 [0.04069 to 0.7896]; P = .006).

At discharge, 127of 168 patients (75.6%) had sinus 
rhythm, and 41of 168 (24.4%) had postablation recurrent AF. 
The sinus rhythm restoration rate was 80.0% (133 of 166) at 
6 months, 85.5% (142 of 166) at 36 months, and 91.6% (152 
of 166) at 60 months. Logistic regression analysis identified 
preoperative AF type and duration as predictors of AF recur-
rence after BRA with CABG. Permanent (group 1) versus 
paroxysmal (group II) AF type before surgery was associated 

with a significantly increased risk of AF recurrence after BRA 
in group I patients in comparison to group II patients (P = 
.003 at time of discharge, P = .007 at 6 months, P = .006 at 36 
months, and P = .005 at 60 months). Preoperative AF dura-
tion >3 years was observed as a remarkably significant risk 
factor for recurrent AF after BRA with CABG in comparison 
to preoperative AF duration <3 years (P < .0001 at time of 
discharge, P < .0001 at 6 months, P < .0001 at 36 months, 
and P = .0001 at 60 months), as shown in Table 4. However, 
94 of 110 patients (85.5%) with preoperative AF for <3 years 
maintained sinus rhythm restoration at discharge compared 
with 33 of 58 (57%) with preoperative AF for >3 years (P 
< .0001), and 107 of 110 patients (97.3%) with preopera-
tive AF for <3 years maintained sinus rhythm restoration at 
60 months’ follow-up compared with 46 of 58 (79.3%) with 
preoperative AF for >3 years (P = .0001). At 60 months, 148 
of 166 patients (89%) did not need anticoagulation. Among 
those receiving oral anticoagulation were all 14 patients with 
post-BRA recurrent AF and 4 in whom postoperative sinus 
rhythm was restored at 36 months.

At 60 months, postoperative NYHA class was much 
improved in group II compared with group I (P = .004), 
probably because of the higher incidence of postoperative 

Table 3. Postoperative Follow-Up Data of Patients Who Underwent AF Ablation Combined with CABG*

Variables All patients CABG + AF Group I CABG + Permanent AF Group II CABG + Paroxysmal AF P Value

Postoperative high-temperature AF BRA 
complications

0 0 0

Bleeding 11 (6.6) 6 (6.2) 5 (7) .8363

Acute renal failure 14 (8.3) 8 (8.2) 6 (8.5) .9447

Renal failure (temporary hemodialysis) 5 (3) 4 (4.1) 1 (1.4) .3091

Respiratory failure 22 (13.1) 14 (14.4) 8 (11.3) .8101

Heart failure 17 (10.1) 10 (10.3) 7 (9.9) .9326

Recurrent AF during hospital stay 10 (5.9) 8 (8.2) 2 (2.8) .1440

Recurrent AF at discharge 41 (24.4) 32 (33) 9 (12.7) .003

Recurrent AF at 6 months 33 (20) 26 (26.8) 7 (9.9) .007

Recurrent AF at 36 months 24 (14.5) 20 (20.6) 4 (5.6) .006

Recurrent AF at 60 months 14 (8.4) 13 (13.4) 1 (1.4) .005

Temporary heart block 6 (3.6) 5 (5.2) 1 (1.4) .1925

Mediastinitis 4 (2.4) 3 (3.1) 1 (1.4) .4978

5-y mortality 16 (9.5) 14 (14.4) 2 (2.8) .0115

Causes of death

  5-y cardiac death 4 (2.4) 3 (3.1) -

  5-y noncardiac death 12 (7.1) 11 (11.3) 2 (2.8) .0419

Direct current electrocardioversion 7 (4.2) 5 (5.2) 2 (2.8) .6699

History of postoperative anticoagulation 
at 60 mo

18 (11) 12 (12.4) 6 (8.5) .4216

NYHA class 1.3 ± 0.5 1.1 ± 0.4 1.3 ± 0.5 .0045

*Data are n (%) or mean ± SD.
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AF recurrence in group I patients in comparison to group II 
patients. Mean NYHA class had significantly decreased after 
BRA combined with CABG, from 2.7 ± 0.6 preoperatively to 
1.3 ± 0.5 postoperatively (P < .0001). Among the patients with 
sinus rhythm restoration, 114 of 168 were NYHA I and 38 of 
168 NYHA II, whereas among those with post-BRA recur-
rent AF, only 2 patients were NYHA I and 12 were NYHA 
II. Neither age (P = .15, .12, .11, and .10 at discharge, 6, 36, 
and 60 months, respectively) nor sex (P = .72, .51, .29, and 
.09) had a predictive effect on sinus rhythm restoration after 
BRA with CABG.

Complications are shown in Table 3. No severe BRA com-
plications (e.g., damage of mediastinal structures, esophageal 
or tracheal perforation) were reported in our study. Acute 
renal failure occurred in 14 (8.3%) of 168 patients; only 5 
needed temporary hemodialysis.

DISCUSSION

In this prospective study, we demonstrated that among AF 
patients undergoing combined surgical ablation and CABG, 
BRA achieves high rates of postoperative sinus rhythm res-
toration. Preoperative AF type and duration influenced the 
probability of establishing stable sinus rhythm postopera-
tively. We found that preoperative AF type and AF duration 

are not independent risk factors for BRA failure, but that 
myocardial electrophysiological damage correlates with AF 
type and duration. Our study presents a successful approach 
of AF treatment combined with CABG in cardiac patients 
and will likely stimulate further research on the topics of AF 
ablation combined with CABG to improve clinical outcomes. 
The results of our study are sufficiently innovative and will 
likely advance the research field of management of AF in car-
diac patients.

Our institution started using BRA combined with CABG 
to decrease the complications of ablation invasiveness, isch-
emic time, and risk of bleeding. However, the approach 
is still incompletely understood. During the 2000s, BRA 
technology, which creates scars without cutting the tissue, 
renewed interest in combining surgical AF ablation with 
CABG. Geidel et al. [2006] demonstrated that BRA technol-
ogy combined with CABG for permanent AF management 
is as safe as mitral valve replacement. BRA has a significantly 
shorter ablation procedure time than other technologies 
[Geidel 2006].

Improved cardiac output and survival improvement are the 
major clinical advantages of sinus rhythm restoration in the 
management of AF combined with CABG [Gillinov 2005]. 
The success of BRA needs to be evaluated not only for sinus 
rhythm restoration achievement over time, but also for the 
improvement in the quality of life in cardiac patients with AF 
[Canale 2018]. BRA has the advantage of an auditory feed-
back signal from the console system, so the surgeon is able to 
assess whether the lesion has reached the entire thickness of 
the atrial wall [Canale 2018; Vural 2018].

Different factors affect the effectiveness of radiofrequency 
ablation, including source of energy, ablation line sets, and 
type of cardiac surgery [Sie et al. 2004]. Sinus rhythm was 
restored in 91.6% (152 of 166 patients) at 60 months. More 
than 40% of patients had paroxysmal AF, and nearly 60% 
had permanent AF preoperatively. Sinus rhythm restoration 
in the early postoperative period was greater among patients 
with paroxysmal AF (group II) than those with permanent AF 
(group I), with a remarkably significant difference between 
the groups on long-term clinical follow-up.

Figure 3. Kaplan–Meier curves: survival rate at 60 months of follow-
up in patients who underwent AF ablation combined with CABG.

Table 4. Influence of Preoperative AF Duration on Postoperative 
AF Recurrence Rate in Patients Who Underwent AF Ablation 
Combined with CABG*

Time
Recurrent AF in CABG + BRA

Preoperative AF <3 years
Preoperative 
AF >3 years P Value

N 110 (65.5) 58 (43.5)

At time of 
discharge

16 (14.5) 25 (43) <.0001

At 6 mo 10 (9.1) 23 (39.7) <.0001

At 36 mo 6 (4.5) 18 (30) <.0001

At 60 mo 3 (2.7) 11 (20.7)  .0001

*Data are n (%).
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Despite advances in BRA technology and technique, recur-
rent AF may occur. However, early AF recurrence after BRA 
does not necessarily indicate long-term failure and should be 
managed with direct current electrocardioversion with or with-
out antiarrhythmic drugs. Our results, in agreement with those 
of Sie et al. [2004], indicate that when ablation line sets are 
made twice at the same site, it would be safe and enough to 
avoid a gap in the ablation line. This is supported by the high 
sinus rhythm restoration rate in this study. Our study demon-
strates the superiority of BRA in terms of clinical outcomes and 
increased frequency of sinus rhythm restoration, attributable to 
its complete efficient transmural ablation lines. In other words, 
advances in technology and techniques have made surgical 
intervention for AF easier, and surgeons have embraced it.

Limitations
The study is limited by a relative small sample size, nonran-

domized clinical trial, and homogeneity in terms of the type of 
cardiac surgery, but it meets the necessary requirements on the 
basis of our primary key objectives in sinus rhythm restoration.

Conclusions
Our study assessed the clinical outcomes of BRA con-

ducted together with CABG in AF patients. A sinus rhythm 
restoration rate of almost 91.6% can be reached after 5 years 
of follow-up. Preoperative AF type and duration can predict 
the success of BRA combined with CABG; specifically, pre-
operative permanent AF of long duration increases the risk 
of BRA failure.
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