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Introduction

The Korea Arrhythmia Surgery Network (KASNet) was 
established as an official subsociety for atrial fibrillation 
(AF) surgery by the Korean Society of Thoracic and Car-
diovascular Surgery in 2017. Since then, KASNet has pro-
vided updated knowledge, including basic science, clinical 
outcomes of case series and trials, as well as several guide-
lines. However, KASNet has not published evidence-based 
guidelines for the treatment of Korean patients, who con-
stitute a different ethnicity and are believed to have dis-
tinct etiologic backgrounds compared to the populations 
described in other guidelines. Furthermore, there are many 
ways to handle aspects of the operating theater regarding 
the proper surgical and adjuvant management of AF. 
Therefore, here we provide guidelines for the clinical man-
agement of patients with AF, which is associated with vari-
ous conditions, such as valvular heart disease (VHD), cor-
onary artery disease, aortic disease, isolated AF, congenital 
heart disease (CHD), and ventricular arrhythmia (VA). In 
addition, we describe proper management of the left atrial 

appendage (LAA) and other available adjuvant measures. 
We hope that our guidelines will help professionals treat 
Korean patients with AF, eventually improving their long-
term well-being.

Atrial fibrillation surgery in rheumatic 
mitral valve disease

Summary

• �Concomitant AF surgery can be performed without in-
creasing the risk of early mortality and is recommend-
ed at the time of rheumatic mitral valve (MV) surgery 
(class of recommendation I; level of evidence B).

• �Concomitant AF surgery can effectively restore the si-
nus rhythm and is recommended for rheumatic MV 
surgery (class of recommendation I; level of evidence A).

• �It is reasonable to perform concomitant AF surgery to 
decrease the long-term risks of thromboembolic events 
and mortality during rheumatic MV surgery (class IIa; 
level of evidence B).
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Rheumatic heart disease (RHD) remains a global health 

burden. Over 30 million patients are estimated to be affect-
ed by RHD, predominantly in low- and middle-income 
countries [1]. RHD primarily manifests as a MV disease 
and is known to be complicated by AF in 8% to 40% of pa-
tients [2]. Patients with rheumatic AF constitute about 30% 
of all AF cases [3]. From a health-economic perspective, 
patients with RHD pose a significant public concern be-
cause they are affected at a younger age than those with 
degenerative heart valve disease.

Despite the clinical and socioeconomic significance of 
RHD, it has not received as much attention as degenerative 
heart valve diseases. As such, AF accompanied by rheu-
matic MV disease has not been studied as extensively as 
AF due to degenerative MV disease, probably because of 
the relatively low prevalence of rheumatic MV disease in 
high-income countries, where major research is conducted. 
Consequently, existing guidelines have not sufficiently ad-
dressed the treatment of rheumatic AF [4].

Unlike other high-income countries, the Republic of Ko-
rea has a high prevalence of rheumatic MV disease and an 
increasing trend of degenerative MV disease due to its aging 
population. Cardiac surgeons in Korea encounter a unique 
situation in which they must provide surgical treatment for 
AF in patients with both rheumatic and degenerative MV 
disease [5]. Therefore, experts from KASNet summarized 
the currently available literature on the surgical treatment 
of AF in patients with rheumatic MV disease to develop 
guidelines and recommendations.

Safety of concomitant AF surgery in rheumatic 
MV disease

Most studies that have evaluated the efficacy and safety 
outcomes of concomitant AF surgery during MV surgery 
have not specifically addressed the etiology of degenerative 
or rheumatic diseases. Only a few randomized [6-9] and 
observational studies [10-13] have compared outcomes ac-
cording to the performance of AF surgery in patients with 
MV diseases. Although all these studies, except 1 [13], were 
performed on a limited number of patients (less than 100 
in each group) and thus may be underpowered to detect 
any clinically relevant differences, they showed that the 
addition of AF surgery did not increase the risk of early 
mortality during MV surgery.

Kim et al. reported the safety and efficacy outcomes of 
concomitant AF surgery in the largest number of patients 
(n=1,229) who underwent rheumatic MV surgery [13]. Ear-
ly mortality was reported in 10 patients who had AF sur-

gery (n=812) and in 19 patients who did not (n=417) (1.2% 
versus 2.4%, adjusted p=0.45). A recent meta-analysis 
showed that the 30-day mortality risk was comparable be-
tween patients who underwent rheumatic MV surgery with 
and without concomitant AF surgery [14].

Efficacy of concomitant AF surgery in rheumatic 
MV disease

All available randomized trials consistently showed that 
freedom from AF was significantly higher in patients who 
underwent concomitant AF surgery at the time of rheu-
matic MV surgery than in those who did not [6-9]. Since 
all these studies were underpowered due to the small co-
hort size, the consistently higher rate of freedom from AF 
in patients who underwent AF surgery across these studies 
may provide robust evidence that AF can be converted to 
sinus rhythm efficaciously by AF surgery during rheumat-
ic MV surgery. However, all these randomized studies pro-
vided only short follow-up periods (12–44 months), there-
by limiting the superior rhythm outcomes of AF surgery in 
the long term. An observational study by Kim et al. [13] 
showed that the rates of freedom from AF at 5 years were 
76.5%±1.8% and 5.3%±1.1% in patients who had concomi-
tant AF and those who did not, respectively (p<0.001), and 
the superior rhythm outcomes persisted up to 10 years 
postoperatively.

Effect of concomitant AF surgery on long-term 
outcome after MV surgery

It is difficult to demonstrate the efficacy of concomitant 
AF surgery in decreasing the risk of long-term mortality or 
thromboembolic events in patients with rheumatic MV 
disease from randomized trials because of the short fol-
low-up periods [6-9]. A randomized trial that was per-
formed on patients with MV disease of various etiologies 
also did not show a survival benefit resulting from surgical 
AF ablation [15]. However, 2 studies that were performed 
on a Korean national cohort consistently showed that con-
comitant surgical ablation (SA) significantly decreased the 
long-term risk of mortality and thromboembolic events in 
patients undergoing MV surgery [16,17]. Although these 
studies were also limited by the fact that the etiology of 
MV disease was not specified, a significant proportion of 
RHD patients was expected to be included in these studies 
because of the high prevalence of RHD in Korea. Further-
more, the risks of long-term mortality and thromboembol-
ic events were found to be reduced by 38% and 51% by the 
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addition of AF surgery in patients undergoing rheumatic 
MV surgery in the same study by Kim et al. [13].

Atrial fibrillation surgery in 
degenerative mitral valve disease

Summary

• �Concomitant AF surgery for degenerative MV disease 
is recommended to restore sinus rhythm because it 
does not increase the risk of operative mortality or ma-
jor complications (class of recommendation I; level of 
evidence A).

• �Concomitant AF surgery for degenerative MV disease 
is a reasonable method to improve early mortality and 
long-term survival (class of recommendation IIa; level 
of evidence B).

• �Concomitant AF surgery for degenerative MV disease 
is a reasonable method of preventing late stroke (class 
of recommendation IIa; level of evidence B).

Degenerative VHD is the most common type of non- 
rheumatic VHD. Moreover, the prevalence of degenerative 
VHD has increased in areas with high levels of socioeco-
nomic development [18,19]. In Korea, socioeconomic ad-
vancements have been accompanied by an increasing inci-
dence of degenerative VHD, especially in individuals older 
than 65 years [20]. We evaluated the prevalence, safety, and 
efficacy of concomitant AF surgery in patients with degen-
erative MV disease.

Prevalence of AF in degenerative MV disease

AF is a common condition in patients undergoing cardi-
ac surgery. AF is commonly accompanied by MV surgery, 
and a recent study reported that 54.8% of 10,907 patients 
underwent MV surgery for AF [21]. However, the preva-
lence of AF in degenerative MV disease is lower than that 
in patients with other MV diseases, with reported rates of 
approximately 15%–20% in large retrospective studies that 
were performed before 2010 [22-24]. As life expectancy in-
creases, the prevalence of AF in patients with degenerative 
MV disease also tends to increase, as shown in recent stud-
ies. Recent multicenter international registry data indicate 
that the prevalence of AF in degenerative MV disease has 
increased up to 32% (779/2,425), including 41% of paroxys-
mal AF cases and 59% of persistent AF cases [25]. A study 
that analyzed the Society of Thoracic Surgeons (STS) data-
base from 2011 to 2016 also showed a 28.5% prevalence of 
AF in patients with degenerative MV diseases [26].

Although the prevalence of AF has increased, and ac-
companying AF is known to be an important risk factor 
for overall mortality in patients with degenerative MV dis-
eases [25,27], concomitant AF surgery has not been per-
formed in all patients with AF. In a report from the STS 
database, concomitant AF surgery was performed in only 
54.4% of patients [26].

The early safety and efficacy of concomitant AF 
surgery in degenerative MV disease

Comparative studies are required to prove the safety and 
early efficacy of concomitant AF surgery for patients with 
degenerative MV disease. However, most studies compar-
ing patients with MV disease according to whether they 
underwent AF surgery did not consider the specific etiolo-
gies. Since more than 60% of patients in the STS database 
had a degenerative etiology [26], studies that do not specify 
the etiology cannot be considered to accurately reflect the 
results of degenerative MV disease. Four randomized con-
trolled trials (RCTs), in which the proportion of degenera-
tive MV cases ranged from 20% to 70%, showed that con-
comitant AF surgery did not increase the risk of early 
surgical mortality and morbidity, but significantly in-
creased the rate of sinus rhythm conversion [28-31]. Three 
retrospective studies, in which 20% to 60% of patients had 
degenerative MV disease, reported the same results for op-
erative mortality and major morbidity [32-34]. Additional-
ly, degenerative MV disease accounted for 60% of cases in 
the Polish National Registry data, and significantly lower 
rates of operative mortality, postoperative stroke, and mul-
tiorgan failure were found in the concomitant AF surgery 
group than in the non-AF surgery group in 1,784 matched 
pairs [34]. Although there was no comment on the propor-
tion of degenerative MV cases, a propensity score matching 
study using the STS database registry showed that con-
comitant AF surgery was associated with a reduction in 
the relative risk of operative mortality and postoperative 
stroke [35].

The long-term efficacy of AF surgery in 
degenerative MV disease

Although several meta-analyses using only RCTs have 
been conducted on concomitant AF surgery, there is a limit 
to evaluating the long-term benefits of concomitant AF 
surgery in degenerative MV disease through these studies 
[36-38]. This is because most RCTs were performed with a 
limited sample size, and the follow-up duration was ap-
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proximately 1 year. In addition, most meta-analyses did 
not focus only on patients with MV disease, but included 
those who underwent any cardiac surgery, including coro-
nary bypass grafting and aortic valve (AV) replacement. In 
2014, a meta-analysis was conducted, including 9 RCTs 
limited to patients with MV [39]; however, this meta-anal-
ysis also had an average follow-up period of 1 year, limiting 
the ability to draw conclusions regarding the long-term 
benefits of concomitant AF surgery.

Although the type of surgery was not specified for MV, a 
meta-analysis that was conducted in 2017, including RCTs 
and retrospective studies, confirmed the long-term surviv-
al and stroke preservation benefits of concomitant AF sur-
gery [40]. Subsequently, retrospective large-sample studies 
showing the long-term benefits of concomitant AF surgery 
in MV disease were published, and the 5-year follow-up 
results of RCTs were also published [34,41,42]. According 
to an RCT with a follow-up of 5 years, in patients who un-
derwent valve and/or coronary surgery, concomitant AF 
surgery was associated with significantly lower rates of the 
cumulative composite outcomes, including cardiovascular 
death and stroke. Moreover, the incidence of stroke was 
significantly reduced in patients who underwent concomi-
tant AF surgery [41]. A propensity score-matched study 
from Washington University, in which 55% of the included 
cases involved MV surgery, showed that concomitant AF 
surgery (Cox-maze IV procedure) improved the 10-year 
survival by more than 50% (hazard ratio [HR], 0.47; 95% 
confidence interval [CI], 0.26–0.86) [42]. Additionally, the 
Polish National Registry data on MV demonstrated that 
concomitant AF surgery was significantly associated with 
reduced operative mortality and improved late survival 
[34].

Atrial fibrillation surgery in aortic 
valve disease

Summary

• �Concomitant AF surgery is safe and recommended during 
AV surgery without an MV procedure (class of recom-
mendation I; level of evidence B).

• �Concomitant AF surgery is recommended to effectively 
restore sinus rhythm during AV surgery without an 
MV procedure (class of recommendation I; level of evi-
dence B).

• �Pulmonary vein isolation (PVI) is a reasonable alterna-
tive ablation strategy for patients with paroxysmal AF 
undergoing AV surgery without an MV procedure (class 

of recommendation IIa; level of evidence B).
AF is associated with poor clinical outcomes in patients 

undergoing AV surgery [43,44]. Even after the treatment of 
AV disease, AF is associated with poor outcomes [43]. There
fore, controlling AF may improve clinical outcomes in pa-
tients undergoing AV surgery. Adding AF surgery effec-
tively restores sinus rhythm during AV replacement [45,46]. 
A study found that safety issues did not increase early 
mortality or postoperative complications except for a high 
requirement for postoperative pacemaker implantation [45]. 
Thus, PVI is an effective alternative strategy for patients 
with paroxysmal AF [47]. In patients with persistent and 
long-standing persistent AF, biatrial SA showed better rates 
of survival and composite adverse events than PVI in those 
with a high risk of SA failure, including a large left atrium 
(LA) (>45 mm) or persistent AF [48].

Atrial fibrillation surgery in coronary 
disease

Summary

• �Concomitant AF surgery is recommended for patients 
with preexisting AF undergoing isolated coronary ar-
tery bypass grafting (CABG) (class of recommendation 
I; level of evidence B).

• �For non-prohibited-risk patients, a biatrial Cox-maze 
procedure, rather than isolated PVI, is recommended 
(class of recommendation I; level of evidence C).

• �The balance of risk benefits should be considered for 
patients with a CHA2DS2-VASc between 7 and 9, a his-
tory of myocardial infarction, and a higher EuroSCORE 
(class of recommendation I; level of evidence C).

• �For patients with preexisting AF undergoing isolated 
CABG, surgical occlusion or exclusion of the LAA may 
be considered (class of recommendation IIb; level of 
evidence C).

When patients undergoing CABG had baseline AF, mor-
tality was reported to increase by more than 20% up to 10 
years after CABG [49], and the incidence of stroke in-
creased by more than 2 times [50]. Recent representative 
guidelines have shown that concomitant SA in patients un-
dergoing non-left atrial opening cardiac surgery has been 
recommended as class I, level of evidence B [4] or class IIa, 
level of evidence A [51]; however, SA at the time of CABG 
has been performed less often than it should be. In the 
2017 STS database [35], concomitant SA for preexisting AF 
was performed in only one-third of patients undergoing 
isolated CABG, which was much less than the proportion 
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of concomitant SA and accounted for more than two-
thirds of MV procedures; moreover, compared to MV sur-
gery combined with CABG, the OR of SA was only 0.4. 
The hesitation to perform SA may be due to a lack of con-
fidence in the outcome of concomitant SA in a situation 
where a cardiac operation is performed without opening 
the LA and where it is a burden to lift and twist the heart 
before or after the graft connection, especially when graft-
ing is being performed off-pump. There is no national da-
tabase available in Korea to address this problem, but it is 
expected that a similar hesitation would also be found in 
Korea.

Based on a literature review, we propose focused recom-
mendations for concomitant SA in patients undergoing 
isolated CABG.

Prevalence of preexisting AF and frequency of 
concomitant SA

The prevalence of preexisting AF in patients undergoing 
CABG has been reported as 5% to 10% [35,52], which is 
much lower than that in patients undergoing MV, AV, or 
combined valve surgery. A recent investigation of the STS 
database demonstrated that concomitant SA was per-
formed in only 32.8% of the patients undergoing isolated 
CABG, while 68.4% of patients underwent MV surgery 
with or without CABG, 59.1% underwent combined MV 
and AV surgery, and 39.3% underwent AV with or without 
CABG [35]. Interestingly, according to a retrospective anal-
ysis of the data from 21 hospitals in the Providence St. Jo-
seph Health System [53], it was found that while SA rates 
increased over time, they were highly variable between 
hospitals, regardless of the volume of surgery, and the older 
the surgeon who graduated from medical school, the lower 
the rate of SA (odds ratio [OR], 0.71; 95% CI, 0.56–0.90 for 
every 10-year increase).

Benefits of concomitant SA in patients 
undergoing CABG

In patients with preexisting AF undergoing CABG, a si-
nus conversion rate of up to 62% could be expected by sur-
gical revascularization alone, but it would be difficult to 
anticipate that sinus rhythm can be maintained, since AF 
was reported to recur in most patients and the sinus 
rhythm was maintained in only 8% of patients [54,55]. Re-
cent representative guidelines suggest that it is advanta-
geous to perform concomitant SA for preexisting AF in pa-
tients undergoing CABG with or without AV surgery. The 

2017 STS Clinical Practice Guidelines [4] and the 2019 JCS/
JHRS (Japanese Circulation Society/Japanese Heart 
Rhythm Society) guidelines [56] assigned class I and level 
of evidence B to this practice, and the 2016 and 2020 ESC/
EACTS guidelines [51,57] assigned class IIa and level of ev-
idence A.

Several prospective randomized trials of SA have been 
conducted, although there have been no randomized trials 
with a biatrial full maze operation. These studies have 
compared PVI, modified mini-maze procedures, and no 
concomitant procedure [58]; attempted to elucidate the 
treatment effect of PVI in 35 patients with paroxysmal AF 
[59]; and a conducted prospective randomized study (the 
PRAGUE-12 study) to show the effect of epicardial cryo-
probe with argon-based cooling [60]. When only patients 
undergoing isolated CABG were separated and analyzed, 
the sinus rhythm prevalence at 1 year was 50% in the SA 
group and 33.3% in the non-SA group, but this difference 
was not statistically significant. However, the first 2 ran-
domized studies demonstrated statistically significant ben-
efits of SA.

Nonrandomized studies have reported evidence that SA 
can contribute to reducing the incidence of long-term mor-
tality, stroke, and systemic embolism without increasing 
surgical mortality. In the most recently published study 
comparing SA and non-ablation [61], which included the 
largest number of CABG cases, the 5-year mortality rate 
(HR, 0.89; 95% CI, 0.82–0.97; p=0.0358) and the 5-year 
stroke or systemic embolism incidence (HR, 0.73; 95% CI, 
0.61–0.87; p=0.0006) were both significantly lower in pa-
tients who received SA and survived more than 2 years af-
ter surgery. Evidence supporting SA can be found in stud-
ies on various SA methods, which are described in the next 
section. With regard to costs, Rankin et al. [62] revealed 
that the initial admission costs were higher for SA patients; 
however, in the follow-up, risk-adjusted inpatient days and 
inpatient costs were similar 2 years after CABG due to re-
admission for AF and pacemaker/defibrillator implanta-
tion, while the risk-adjusted hazard for late mortality was 
significantly lower in patients who underwent SA.

However, several factors should not be ignored. First, in 
the real world, SA cannot be considered completely safe 
because there is still some risk of pacemaker implantation, 
which seems to be associated with SA. For example, in the 
PRAGUE-12 study, which randomized 224 patients with 
all types of AF [60], a pacemaker was inserted in 6% of the 
ablation group and 1.0% of the non-ablation group in the 
first month after surgery. A higher sinus conversion rate 
through SA seems to be associated with a higher pacemak-
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er requirement, even though there have been some rebut-
tals regarding unreliable device use, creation of improperly 
placed lesions, and unnecessary earlier insertion of a per-
manent pacemaker [63]. Second, SA can increase early 
mortality and morbidity in patients at high surgical risk. 
In a large-scale study including 9,771 patients that com-
pared SA and non-SA groups, patients who underwent 
concomitant SA showed higher in-hospital mortality (2.5% 
versus 3.2%; OR, 1.27; 95% CI, 1.07–1.51), an increased rate 
of prolonged ventilation, and more frequent new-onset re-
nal failure [61]. In addition, although the numbers were so 
small that the authors did not present a p-value or OR, 
they found that SA may be associated with increased initial 
mortality in patients with CHA2DS2-VASc between 7 and 
9. Finally, it is worth noting that there may be a significant 
association between complete revascularization and long-
term mortality in patients with preexisting AF. A database 
extracted from the multinational registry Heart Surgery in 
Atrial Fibrillation and Supraventricular Tachycardia 
(HEIST) [64] showed that complete revascularization re-
sulted in a 20% lower long-term mortality rate than incom-
plete revascularization. Therefore, in non-prohibited risk 
patients with preexisting AF, it would be beneficial to aim 
for both SA and complete revascularization, even if this 
takes longer to perform.

Impact of Cox-maze III or IV on post-CABG 
outcomes

Among the various methods of SA concomitant with 
CABG, the results of Cox-maze surgery are superior, based 
on the data to date. Damiano et al. [65] reported the results 
of concomitant Cox-maze III in patients undergoing 
CABG, 15% of whom underwent procedures combined 
with MV repair. Sixty percent of the AF cases were parox-
ysmal, and the early mortality rate was 2%. There were no 
cases of AF recurrence or stroke within 10 years of surgery. 
However, in 9 patients (19%), postoperative pacemaker 
placement was required. The impact of the Cox-maze IV 
procedure on long-term heart rhythm has also been re-
ported [63]. A total of 83 patients underwent Cox-maze IV 
procedures combined with CABG. A right atrial lesion set 
was not made when the AF was paroxysmal, the size was 
<5.0 cm, and there was no evidence of right atrial enlarge-
ment. The operative mortality rate was 3.6%, and the rate 
of freedom from atrial tachyarrhythmia was 98% at 1 year 
after surgery and 70% at 5 years.

Impact of PVI on post-CABG outcomes

Among studies investigating the impact of PVI as an SA 
method, 2 prospective randomized studies included pa-
tients undergoing isolated CABG. The first randomized 
patients with paroxysmal AF to isolated CABG (n=17) and 
CABG with PVI (n=18) groups and proceeded without ad-
ditional connecting lines using irrigated bipolar radiofre-
quency [59]. Implantable loop recorders (ILRs) were used, 
and an AF burden of more than 0.5% over 1 month was 
considered failure. The 18-month rate of freedom from AF 
was 89% when concomitant PVI was performed, which 
was significantly higher than the rate of 47% in patients 
who did not undergo concomitant PVI. Another study [58] 
led by the same group randomized patients with persistent 
AF to a concomitant PVI group (n=31), a concomitant 
modified mini-maze group (n=30), and an isolated CABG 
group (n=34). The authors created neither box nor right 
atrial lesion sets for the mini-maze procedure. According 
to the ILR criteria, an atrial arrhythmia greater than 30 
seconds by the ILR criteria was defined as failure. During 
an average follow-up period (14.4±9.7 months; range, 3–24 
months), the rate of freedom from atrial tachyarrhythmia 
was 86% and 80% in the modified mini-maze and PVI 
groups, respectively, compared to only 44% in the group 
without SA.

We could not find any studies directly comparing only 
PVI and making additional box lesions in patients under-
going CABG; however, according to the data of research in 
which box lesions were made in patients undergoing 
CABG, we did not find a significant difference in freedom 
from AF compared with the data from the non-box lesion 
study. For example, Benussi and Alfieri [66] created box le-
sions using the posterior wall clamping technique and ra-
diofrequency. Five out of 6 patients (83%) were in sinus 
rhythm, and 5 of 6 were off anti-arrhythmic drugs at a me-
dian follow-up of 9.8 months. In a study in which box le-
sions were created by epicardial laser ablation in 16 patients 
undergoing CABG out of a total of 52 patients, 88% (14 out 
of 16 patients) had a normal sinus rhythm at the median 
follow-up of 8.3 months [67].

Discouragement of AF ablation

SA is not always beneficial in patients undergoing isolat-
ed CABG. A recent analysis of a large-scale medical popu-
lation derived from the STS database showed higher opera-
tive mortality in patients with CHA2DS2-VASc scores of 
7–9. In a propensity score-matched analysis, the operative 
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mortality of patients with CHA2DS2-VASc scores of 7–9 
was 4.9% (15 out of 9,771 patients) and 10.5% (37 out of 
9,771 patients) in the no-ablation and ablation groups, re-
spectively [61]. Therefore, SA should be performed on a 
risk–benefit basis for these high-risk older adult patients. 
The PRAGUE-12 sub-analysis, a prospective randomized 
study sub-analysis, investigated the predictors of complete 
AF-free survival using a final check-up at 12 months and 
Holter recording [68]. A history of myocardial infarction 
(OR, 0.2; p<0.05) and a higher EuroSCORE (OR, 0.9; 
p<0.05) were independently associated with a lower proba-
bility of AF-free survival. The PRAGUE-12 subanalysis did 
not elucidate the number of isolated CABG cases. However, 
the inferred number was much lower than the 23 in the SA 
group and 31 in the non-SA group.

Left atrial appendage management

LAA exclusion has been considered in patients with pre-
existing AF who undergo CABG to prevent stroke or sys-
temic embolization. Unfortunately, the vast majority of the 
data available on the beneficial effects of LAA management 
have been based on cardiac operations other than isolated 
CABG. Stollberger et al. [69] emphasized that routine LAA 
occlusion during CABG cannot be recommended because 
the LAA plays an important role in avoiding heart failure 
by cardiac regulation in response to hemodynamic changes 
such as volume or pressure overload. The pathogenesis of 
stroke in AF is multifactorial, and much more evidence is 
available regarding the treatment of patients with AF using 
oral anticoagulants. In a randomized controlled pilot 
study, 77 patients with preexisting AF undergoing CABG 
were randomized to LAA occlusion or control groups [70]. 
However, that study was not designed to evaluate stroke 
outcomes and, therefore, did not provide reliable data. 
Stroke occurred in two patients in the LAA occlusion 
group, but both occurred during the perioperative period, 
and no further embolic events occurred over 12 months. 
The results of the Left Atrial Appendage Occlusion Study 
(LAAOS) following this pilot study could not be searched 
online. LAAOS II was a cross-sectional study in which 
death and stroke data were not available for patients un-
dergoing isolated CABG [71].

From the results of a recent large-scale retrospective 
study querying the US National Readmission Database, 
LAA exclusion in patients undergoing isolated CABG was 
associated with higher risks of postoperative respiratory 
failure (8.2% versus 6.2%), acute kidney injury (21.8% ver-
sus 18.5%), and 30-day readmission (16.0% versus 9.6%), 

whereas significant reductions in stroke and in-hospital 
mortality were not observed [72].

Isolated atrial fibrillation surgery

Summary

• �Stand-alone SA, including a hybrid procedure for par-
oxysmal or persistent AF, is reasonable for patients for 
whom one or more attempts at catheter ablation have 
failed, those with histories of stroke, and those who 
prefer a surgical approach considering easy LAA clo-
sure in a minimally invasive procedure (class of recom-
mendation IIa; level of evidence B).

• �For patients with persistent and long-standing per-
sistent AF, stand-alone SA, including a hybrid proce-
dure, is reasonable for those for whom one or more at-
tempts at catheter ablation have failed and for those 
who prefer a surgical approach (class of recommenda-
tion IIa; level of evidence B).

Surgery for isolated AF (not associated with structural 
heart disease) has shown better results than catheter abla-
tion in many studies, including meta-analyses and RCTs 
[73-76].

There have been over 3 decades of experience with oper-
ations performed solely for the treatment of AF (stand-
alone operations). The widespread use of these procedures 
has been limited by procedural complexity and limited 
data regarding outcomes. The earliest reported study on 
stand-alone operations for AF included 112 patients who 
underwent the cut-and-sew Cox-maze III procedure by 
Cox et al. [77]. This procedure is performed through a ster-
notomy on cardiopulmonary bypass on an arrested heart 
and physically cuts and resews the atria to create a collec-
tion of lines of blocks. Cryoablation was used to create the 
mitral annulus lesions. Among the 112 patients, 96% were 
in sinus rhythm with or without anti-arrhythmic drug 
(AAD) therapy, and 80% were in sinus rhythm and free of 
AAD therapy at the last follow-up. The only risk factor for 
late recurrence was preoperative AF duration. However, 
owing to technical difficulties and invasiveness, this proce-
dure is rarely performed and is only performed by experi-
enced surgeons. The primary indication for stand-alone 
surgery described in the 2017 Consensus Document was 
the presence of symptomatic AF refractory or intolerant to 
at least 1 class I or class III AAD [78].

The ideal patients for stand-alone AF ablation are those 
who have not experienced successful results after other 
therapies, want definitive cures, or have clots in the LAA, 
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making other approaches not using cardiopulmonary by-
pass risk-prohibitive. To reduce invasiveness, new ablation 
technologies, including minithoracotomy, have been intro-
duced and updated. This procedure is termed the Cox-
maze IV procedure. The advantage of these approaches is 
their ability to reliably create endocardial lesions in a maze 
down to the mitral annulus. A late evaluation of this pro-
cedure in 146 stand-alone patients has shown a 72% rate of 
freedom from AF at 5 years of follow-up and a 59% rate of 
freedom from AAD [79]. To simplify the procedure, cryo
ablation alone has been used with safety and efficacy com-
parable to those of the classic maze procedure [80]. In 
2005, a minimally invasive surgical approach using video- 
assisted pulmonary vein ablation and exclusion of the LAA 
was first described [81]. Although this approach can elimi-
nate the need to open the heart and use both cardiopulmo-
nary bypass and cardiac arrest, it limits the extent of le-
sions that can be created from the maze, such as mitral 
isthmus lesions. With respect to the safety of minimally 
invasive surgery for isolated AF, a review of 23 articles in 
2013 showed an operative mortality rate of 0.4% and a 
complication rate of 3.2% [82]. Despite the aforementioned 
problems of minimally invasive AF surgery, it has the ad-
vantage of allowing intraoperative electrophysiological 
studies (EPS) because it is a beating-heart surgical proce-
dure. This indicates that the additional treatment of resid-
ual conduction gaps and non-PVI foci based on the study 
results is also possible. Hybrid surgery, in which surgical 
epicardial ablation and percutaneous endocardial ablation 
are performed simultaneously (1-stage surgery) or within 6 
months of each other (2-stage surgery), is a reasonable 
treatment strategy [78,82]. Hybrid procedures, especially 
when staged, have recently advanced, and safety and effi-
cacy outcomes have greatly improved in South Korea [83].

Although additional procedures can be performed im-
mediately based on the results of intraoperative EPS in 
1-stage surgery [84], there is no evidence that the outcomes 
of 2-stage surgery are inferior. An RCT evaluating the use-
fulness of post-procedural electrophysiological confirma-
tion after total thoracoscopic ablation showed similar 
1-year rhythm outcomes [85]. A variety of hybrid surgical 
procedures have been reported, combining various ap-
proaches (bilateral or unilateral transthoracic approach, 
subxiphoid approaches, convergent procedures, etc.), lesion 
sets, and LAA closure [86-88]. However, the effectiveness 
of these methods has not been elucidated.

The maze procedure for patients with unsuccessful cath-
eter ablation achieves a return to sinus rhythm more fre-
quently than additional catheter ablation [73,89]. Thoraco-

scopic ablation for recurrent AF in patients with previous 
catheter ablation was also effective in a matched cohort 
analysis [90].

Therefore, based on the literature and the experience of 
the writing group members, stand-alone SA, including hy-
brid procedures, of paroxysmal or persistent AF is reason-
able for patients who have failed one or more attempts at 
catheter ablation and stroke history and prefer a surgical 
approach (class of recommendation IIa, level of evidence B) 
considering easy LAA closure in a minimally invasive ap-
proach. For patients with persistent and long-standing per-
sistent AF, stand-alone SA, including a hybrid procedure, 
is reasonable for those in whom 1 or more attempts at 
catheter ablation have failed and those who prefer a surgi-
cal approach (class IIa; level of evidence B).

Atrial fibrillation surgery in congenital 
heart disease

Summary

• �SA is reasonable at the time of closure of the atrial sep-
tal defect (ASD) (class of recommendation IIa; level of 
evidence B).

• �To reduce AF recurrence, biatrial rather than right-atri-
al ablation should be considered during ASD repair 
(class of recommendation I; level of evidence A).

• �For symptomatic atrial tachyarrhythmia patients who 
undergo an atriopulmonary connection (APC) type 
Fontan operation, conversion to total cavopulmonary 
connection (TCPC) or extracardiac Fontan surgery 
should be considered in the management of atrial tach-
yarrhythmia (class of recommendation I; level of evi-
dence C).

• �SA should be added to Ebstein repair in patients with a 
history of AF (class I; level of evidence C).

• �Biatrial SA is reasonable for minimizing recurrence 
during SA of persistent or long-standing persistent AF 
in patients with Ebstein anomalies (class of recommen-
dation IIa; level of evidence C).

• �Concomitant atrial arrhythmia surgery is reasonable in 
patients undergoing pulmonary valve replacement 
(PVR) for pulmonary regurgitation (PR) late after re-
pair of tetralogy of Fallot (TOF) with AF (class of rec-
ommendation IIa; level of evidence B).

AF occurs frequently in patients with CHD, resulting in 
decreased heart function in adult patients. The clinical im-
portance of treating patients with AF is growing, as an in-
creasing number of patients with CHD survive with or 
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without surgery. Recent guidelines from Japan and Europe 
focused on the medical and interventional management of 
AF in patients with CHD [51,56]. Therefore, we recom-
mend surgical treatment for patients who require surgical 
AF ablation during CHD surgery.

AF surgery during ASD repair

ASD is the most common congenital cardiac anomaly 
diagnosed in adulthood. Because ASD in adults tends to 
promote the development of atrial tachycardia, repair of 
ASD should be considered as early as possible [91,92]. A re-
duction in the prevalence of AF was observed after ASD 
closure alone, which is mainly effective for paroxysmal AF, 
but not for persistent or long-standing persistent AF [93]. 
In addition, device closure alone in patients with persistent 
atrial arrhythmia is unlikely to restore sinus rhythm for 
patients with ASD who are above 40 years of age [94]. The 
risk of stroke after ASD closure is associated with the de-
velopment of AF [95].

Several options exist for the treatment of AF in patients 
with ASD. For paroxysmal AF in patients with ASD, the 
combination of catheter ablation and transcatheter ASD 
closure appears to be a feasible treatment strategy [96]. 
However, repeat ablation for recurrent AF after ASD clo-
sure is challenging. Therefore, SA should be considered at 
the time of ASD closure to restore normal sinus rhythm in 
persistent AF patients [56,91,93,97-100]. To reduce AF re-
currence, biatrial ablation over right-atrial ablation should 
be considered during surgical ASD repair [93,99-101].

AF surgery for Fontan patients

Fontan surgery is a palliative surgery used to improve 
cyanosis in many cases of complex CHD with uneven ven-
tricle size. These include APC and TCPC. After the classic 
Fontan procedure for APC, myocardial injury with right 
atrial enlargement and progressive adverse atrial electrical 
remodeling results in the formation of an arrhythmogenic 
substrate [102]. The atrial arrhythmias in these patients are 
usually variable and refractory [56]. For patients with failed 
APC Fontan and atrial arrhythmias, Fontan conversion 
with concomitant arrhythmia surgery allows for better 
freedom from atrial arrhythmias and improves functional 
class and exercise tolerance [103-107].

AF surgery during Ebstein anomaly repair

The Ebstein anomaly is a rare CHD characterized by 

heart failure secondary to tricuspid regurgitation (TR) and 
right ventricular dysfunction. Arrhythmia is the most 
common presentation in adult arrhythmia [108]. An acces-
sory pathway of Wolff-Parkinson-White syndrome may 
develop between the atrialized right ventricle and the right 
atrium, which can cause wide QRS ventricular tachycardia 
(VT) during AF. Given that up to 20% of patients with Eb-
stein anomalies have multiple accessory pathways, EPS for 
mapping and catheter ablation should be considered first 
[109]. Concomitant arrhythmia procedures should be add-
ed to Ebstein repair in all patients with supraventricular 
tachyarrhythmias. Surgical procedures for accessory path-
way-mediated tachycardia and atrioventricular nodal reen-
trant tachycardia provide excellent (100%) freedom from 
recurrence of those arrhythmias. SA of AF is effective, 
with an 80% rate of freedom from late recurrence in pa-
tients undergoing surgery for Ebstein anomaly. Persistent 
AF may benefit from a biatrial SA [110,111].

AF surgery during corrective surgery for right-
sided valvular regurgitation in repaired tetralogy 
of Fallot

PR is a widely recognized phenomenon that occurs fol-
lowing widening of the transannular right ventricular out-
flow tract in patients with TOF. This condition leads to the 
development of right ventricular dysfunction and dilata-
tion [112,113]. Right ventricular dilatation caused by sig-
nificant PR can also lead to TR. This, in turn, causes right 
atrial dilatation, ultimately resulting in supraventricular 
arrhythmia [114]. Promptly performed PVR or right ven-
tricular to pulmonary artery conduit replacement with or 
without tricuspid valve repair could decrease the occur-
rence of these clinical results [112,113,115,116].

In certain cases where patients experience a delay in re-
ceiving treatment for volume-loading status due to PR or 
TR, several atrial arrhythmias have been observed. Among 
these arrhythmias, AF has been identified as a risk factor 
for decreased survival rates in patients with repaired TOF, 
particularly in those with TR [114,117]. The primary factor 
contributing to atrial arrhythmias in these patients is en-
largement of the right atrium in these patients [114,118]. As 
right atrial dilatation is a risk factor for recurrent atrial 
tachyarrhythmia in patients with late repair of TOF who 
undergo PVR and atrial arrhythmia surgery [118], anti-ar-
rhythmic surgery should be considered simultaneously 
with PVR to reduce the recurrence of atrial arrhythmia 
[119].
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Left atrial appendage treatment during 
atrial fibrillation surgery

Summary

• �Elimination of the LAA is reasonable during AF sur-
gery (class IIa; level of evidence A).

• �Excision of the LAA, rather than other elimination 
techniques such as internal or external obliteration, is 
reasonable to completely eliminate communication be-
tween the LA and LAA (class of recommendation IIa; 
level of evidence B).

• �Obliteration of the LAA with an external clipping de-
vice is a reasonable alternative to the conventional 
elimination technique whenever indicated (class of rec-
ommendation IIa; level of evidence C).

Elimination or preservation of the LAA during AF 
surgery

The LAA is where the vast majority of thrombi form in 
patients with AF, and over 90% of embolic infarction oc-
curs from the LAA in non-valvular AF patients. This is an 
important focus of AF [120-122]. Therefore, elimination of 
the LAA should be a key procedure during SA for AF, and 
the original Cox-maze procedure included resection of the 
LAA as a component of the lesion sets to treat AF.

Recent large-scale retrospective studies and a meta-anal-
ysis have also demonstrated the efficacy of eliminating the 
LAA during cardiac surgery, with stroke rates reduced by 
more than 50% and a modest survival benefit [123-125]. 
Although a limitation of these studies is that none of the 
included patients underwent concomitant SA for AF, these 
data support the elimination of the LAA during AF sur-
gery as a way to optimize surgical outcomes. Furthermore, 
better outcomes after SA of AF might be expected when a 
more complete LAA treatment is achieved [125,126]. A re-
cent large-scale RCT, the LAAOS III trial [127], also re-
vealed a significant impact of LAA elimination during car-
diac surgery on stroke prevention. In that study, subgroup 
analyses confirmed that the benefits of LAA elimination 
remained significant in the subgroup of patients who un-
derwent concomitant SA for AF (n=1,562; 33% of the study 
patients).

Concerns regarding the elimination of the LAA include 
its impact on LA contractile function and the reduced re-
lease of atrial natriuretic peptide [128,129]. A previous ret-
rospective study demonstrated that preserving the LAA 
did not result in inferior long-term clinical outcomes, in-

cluding stroke, but did have a benefit in terms of LA con-
tractile function [128]. However, future studies are needed 
to clarify this issue.

Surgical techniques to eliminate the LAA

Review of surgical techniques
Various surgical techniques that eliminate the LAA by 

cavity obliteration have been introduced and can be divid-
ed into epicardial versus endocardial- and non-device-en-
abled versus device-enabled techniques [130].

Epicardial approaches include (1) LAA external excision 
with suture or stapler closure and (2) LAA external obliter-
ation with suture or stapler closure. Endocardial tech-
niques include internal obliteration using (1) a linear single 
or double layer, interrupted or running sutures, and (2) an 
internal purse-string suture.

One RCT showed that elimination of the LAA using 3 
different techniques was unsatisfactory, and more than 
half of all interventions failed, leading to a need for addi-
tional sutures during surgery based on the intraoperative 
transesophageal echocardiographic findings to correct in-
complete elimination of the LAA or findings during the 
early postoperative and follow-up periods, such as residual 
stump and gap or blood flow between the LA and the LAA 
[131]. However, recent studies have revealed that stapler ex-
cision may be an effective technique for eliminating the 
LAA [132].

A network meta-analysis comparing the efficacy of sur-
gical elimination techniques

Data source and literature search
Following the Preferred Reporting Items for Systematic 

reviews and Meta-Analyses (PRISMA) guidelines [133], 
full-text articles comparing the efficacy of at least two sur-
gical LAA elimination techniques were searched in 4 data-
bases: Medline, Embase, Cochrane Central Register of Con
trolled Trials, and Web of Science on May 05, 2022. The 
following keywords and medical subject heading terms 
were searched in Medline: (“atrial fibrillation” [MeSH 
terms] OR “atrial fibrillation” [Title/Abstract] OR “atrial 
arrhythmia” [Title/Abstract] OR “atrial flutter” [Title/Ab-
stract]) AND (“atrial appendage” [MeSH terms] OR “atrial 
appendage” [Title/Abstract] OR “atrial auricle” [Title/Ab-
stract]) AND (“ligation” [MeSH terms] OR “surgical sta-
pling” [MeSH terms] OR “excision” [Title/Abstract] OR “li-
gation” [Title/Abstract] OR “stapling” [Title/Abstract] OR 
“stapler” [Title/Abstract] OR “obliteration” [Title/Abstract] 
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OR “elimination” [Title/Abstract] OR “closure” [Title/Ab-
stract] OR “occlusion” [Title/Abstract] OR “exclusion” [Ti-
tle/Abstract]). The search strategies for the other databases 
were adapted from this strategy. Among the 4,950 articles, 
the full texts of 11 articles were reviewed, and 5 studies 
were included [70,131,132,134,135].

Statistical analysis
All statistical analyses were conducted using Review Man-

ager Web ver. 5.4 (The Cochrane Collaboration, Oxford, 
UK). The primary outcome was the overall failure of LAA 
elimination between internal obliteration, external exclu-
sion, and external excision. Secondary outcomes included 
the proportion of patients with residual stumps and flows 
or gaps after LAA elimination. Statistical heterogeneity be-
tween the studies was assessed using the chi-square test 

and the I2 statistic. I2 values of 25%, 50%, and 75% have 
been suggested to be indicators of low, moderate, and high 
heterogeneity, respectively [136]. Random-effects models 
were planned when substantial heterogeneity was found 
(I2>25%); otherwise, fixed-effects models were used. Out-
comes were compared as ORs with 95% CIs. Pooled esti-
mates from RCTs and nonrandomized studies are presented.

Risk of overall failure of the LAA elimination
When pooled analysis was performed for the overall 

LAA elimination failure rate among the internal oblitera-
tion, external exclusion, and external excision groups in 
423 patients from 4 studies [131,132,134,135], it was signifi-
cantly lower in the external excision group than in the oth-
er groups (Fig. 1). Pooled analyses of individual outcomes, 
such as residual stump and persistent gap or flow between 
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Fig. 1. Forest plots for the risk of overall elimination failure rate of left atrial appendage (LAA) using (A) internal obliteration (IO) vs. 
external excision (EE), (B) external obliteration (EO) vs. external excision, and (C) IO vs. EO. The pooled estimates showed that the risk 
was significantly lower using EE than using the other techniques. M-H, Mantel-Haenszel; CI, confidence interval; df, degrees of freedom.
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the LA and LAA, showed that the superior efficacy of ex-
ternal excision compared with the efficacy of the other 
methods was due to a lower rate of persistent gap or flow 
despite a similar rate of residual stumps (Figs. 2, 3). Sub-
group analyses also revealed that the use of sutures or sta-
plers did not affect the efficacy of LAA elimination tech-
niques, including external excision and external exclusion 
(Figs. 4, 5).

External obliteration using clip-type devices
External obliteration of the LAA using a clip-type device 

was recently developed, and the safety and efficacy of this 
device have been confirmed; however, extant studies have a 
limitation in that none included a comparative analysis 
with other elimination techniques [137]. In addition, stud-
ies have demonstrated that this clip-type device can elec-

trically isolate the LAA and eliminate it from the blood-
stream [138,139].

Adjunctive procedures in AF surgery

There is insufficient evidence to develop reasonable 
guidelines for SA of the ganglionic plexi or ligament of 
Marshall.

Surgery for ventricular tachycardia

Summary

• �SA guided by preoperative and intraoperative electro-
physiological mapping, performed at an experienced 
center, is recommended in patients with VT refractory 
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Fig. 2. Forest plots for the risk of individual outcome of residual stumps after left atrial appendage (LAA) elimination using (A) internal 
obliteration (IO) vs. external excision (EE), (B) external obliteration (EO) vs. external excision, and (C) IO vs. EO. The pooled estimates 
showed that the risk did not show statistically significant differences among the 3 techniques. M-H, Mantel-Haenszel; CI, confidence 
interval; df, degrees of freedom.
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to AAD therapy after failure of catheter ablation by ex-
perienced electrophysiologists (class of recommenda-
tion I; level of evidence B).

• �SA is recommended in patients with recurrent sus-
tained monomorphic VT or frequent implantable car-
dioverter-defibrillator (ICD) shock events for whom 
anti-arrhythmic medications are ineffective or for 
whom catheter ablation is not successful (class of rec-
ommendation I; level of evidence C).

• �SA during cardiac surgery (bypass or valve surgery) 
may be considered in patients with clinically docu-
mented VT or ventricular fibrillation after catheter ab-
lation failure (class of recommendation IIb; level of evi-
dence C).

• �SA may be considered in patients with sustained mono-

morphic VT after MI who have heart failure or throm-
boembolism associated with a left ventricular aneu-
rysm, dyskinesia, or akinesia (class of recommendation 
IIb; level of evidence C).

• �SA may be considered in patients with sustained mono-
morphic VT originating from the left ventricular assist 
device (LVAD) insertion site (class of recommendation 
IIb; level of evidence C).

• �SA may be considered in patients with sustained mono-
morphic VT associated with cardiac tumors (class of 
recommendation IIb; level of evidence C).

In the era of transvascular catheter ablation for the treat-
ment of VT and implantable ICD as standard therapy, the 
requirement for SA has become rare. Anatomically guided 
left ventricular aneurysmectomy was first described 50 
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Fig. 3. Forest plots for the risk of individual outcome of persistent gap or flow after left atrial appendage (LAA) elimination using (A) 
internal obliteration (IO) vs. external excision (EE), (B) external obliteration (EO) vs. external excision, and (C) IO vs. EO. The pooled 
estimates showed that the risk did not show statistically significant differences among the 3 techniques. M-H, Mantel-Haenszel; CI, 
confidence interval; df, degrees of freedom.
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years ago [140]. Akinetic left ventricular walls with huge 
aneurysms may be accompanied by VA, and map-guided 
resection of the aneurysm improves left ventricular func-
tion and eliminates VA. Subendocardial resection for the 
management of VA was first described by Josephson et al. 
[140]. More recent studies have demonstrated that perisur-
gical EPS after subtotal endocardiectomy and cryoablation 
has a VT recurrence rate of approximately 10%–20%, pre-
dominantly within the first 90 days [141].

From the viewpoint of implementing a life-saving proce-
dure, SA for VT is indicated in cases monomorphic sus-
tained VT if pharmacotherapy or catheter ablation is inef-
fective, frequent VT attacks are not suppressed, or there is 
frequent activation of an ICD associated with the above 
condition, irrespective of whether the patient has an un-
derlying heart disease [142-145].

For patients with deep intramural circuits, standard en-
docardial approaches combined with percutaneous epicar-
dial catheter ablation remain ineffective in VT control. For 
patients with prior pericarditis or cardiac surgery, percuta-
neous epicardial access might not be feasible, and epicardi-
al VT might not be easily targeted using standard ablation 
approaches. Alternative surgical VT control is acceptable 
for difficult catheterization approaches.

This surgical approach can be easily considered in cases 
involving concomitant surgical procedures. In addition, in 
cases with an inaccessible epicardial space (e.g., left ven-
tricular summit), percutaneous catheter ablation can be fa-
cilitated by a subxiphoidal incision or thoracotomy, allow-
ing entry into the pericardial space. This approach is most 
straightforward in patients with an apical, inferior, or left 
ventricular summit VT substrate because the area of the 
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Fig. 4. Forest plots for the risks of (A) overall elimination failure rate of left atrial appendage (LAA), (B) individual outcome of residual 
stump, and (C) individual outcome of persistent gap or flow after LAA elimination using external suture obliteration (SuO) vs. stapler 
obliteration (StO). The pooled estimates showed that the risk of residual stump was lower after SuO than after StO, while the other out-
comes were not significantly different between the 2 techniques. M-H, Mantel-Haenszel; CI, confidence interval; df, degrees of freedom.
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heart closest to the window is most easily accessed, and 
pericardial adhesions can limit extensive mapping. Thora-
cotomy is the preferred approach for lateral and posterior 
substrates, whereas sternotomy is often required for anteri-
or and partially inferior substrates. Portable electroana-
tomic mapping can help localize the substrate, and VT can 
be performed during beating heart-assisted cardiopulmo-
nary bypass.

Resection and cryoablation of the left ventricular endo-
cardium with white fibrosis are performed together with 
left ventricular reconstruction and thrombectomy in VT 
with heart failure, thromboembolism caused by a ventricu-

lar aneurysm, or left ventricular wall asynergy after myo-
cardial infarction. Even in VT involving the part of an 
LVAD with blood drainage, the boundary between the scar 
and normal myocardium is considered an arrhythmic sub-
strate, and cryoablation is performed in this area [146,147]. 
VT attacks associated with cardiac tumors are reportedly 
suppressed by surgical treatments, including tumor resec-
tion.

Executive summary

The executive summary is as follows (Fig. 6A–H).
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Fig. 5. Forest plots for the risks of (A) overall elimination failure rate of left atrial appendage (LAA) and (B) individual outcome of residual 
stump after LAA elimination using external suture excision (SuE) vs. stapler excision (StE). The pooled estimates showed that the risks 
were not significantly different between the 2 techniques. M-H, Mantel-Haenszel; CI, confidence interval.
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Atrial fibrillation surgery in rheumatic mitral valve disease

Concomitant AF surgery can be performed without increasing the risk of
early mortality and is recommended at the time of rheumatic MV surgery
(class of recommendation I; level of evidence B).

Concomitant AF surgery can effectively restore the sinus rhythm and is
recommended for rheumatic MV surgery (class of recommendation I;
level of evidence A).

It is reasonable ro perform concomitant AF surgery to decrease the long-
term risks of thromboembolic events and mortality during rheumatic MV
surgery (class IIa; level of evidence B).

B

I

A

Fig. 6. Recommendations regarding (A) atrial fibrillation (AF) surgery in rheumatic mitral valve (MV) disease, (B) AF surgery in degener-
ative MV disease, (C) AF surgery in aortic valve (AV) disease, (D) AF surgery in coronary disease, (E) isolated AF surgery, (F) AF surgery 
in congenital heart disease, (G) left atrial appendage (LAA) treatment during AF surgery, and (H) surgery for ventricular tachycardia (VT). 
CABG, coronary artery bypass grafting; SA, surgical ablation;ASD, atrial septal defect. (Continued on next page.)
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COR LOE

I

IIa B

A

Atrial fibrillation surgery in degenerative mitral valve disease

Concomitant AF surgery for degenerative MV disease is recommended to
restore sinus rhythm because it does not increase the risk of operative
mortality or major complications (class of recommendation I; level of
evidence A).

Concomitant AF surgery for degenerative MV disease is a reasonable
method to improve early mortality and long-term survival (class of
recommendation IIa; level of evidence B).

Concomitant AF surgery for degenerative MV disease is a reasonable
method of preventing late stroke (class of recommendation IIa; level of
evidence B).

BIIa
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COR LOE

I

IIa B

Atrial fibrillation surgery in aortic valve disease

Concomitant AF surgery is safe and recommended during AV surgery
without an MV procedure (class of recommendation I; level of evidence B).

Concomitant AF surgery is recommended to effectively restore sinus
rhythm during AV surgery without an MV procedure
(class of recommendation I; level of evidence B).

Pulmonary vein isolation is a reasonable alternative ablation strategy for
patients with paroxysmal AF undergoing AV surgery without an MV
procedure (class of recommendation IIa; level of evidence B).

BI
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IIb

Atrial fibrillation surgery in coronary disease

Concomitant AF surgery is recommended for patients with preexisting AF
undergoing isolated CABG (class of recommendation I; level of
evidence B).

For non-prohibited-risk patients, a biatrial Cox-maze procedure, rather
than isolated pulmonary vein isolation, is recommended (class of
recommendation I; level of evidence C).

Risk venefits should be considered for patients with CHA2DS2-VASc,
7 9, history of myocardial infarction, and higher EuroSCORE. (class of
recommendation I; level of evidence C).

CI
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C
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For patients with preexisting AF undergoing isolated CABG, surgical
occlusion or exclusion of the left atrial appendage may be considered
(class of recommendation IIb; level of evidence C).

D

COR LOE

IIa

Isolated atrial fibrillation surgery

Stand-alone SA, including a hybrid procedure for paroxysmal or persistent
AF, is reasonable for patients for whom one or more attempts at catheter
ablation have failed, those with histories of stroke, and those who prefer a
surgical approach considering easy left atrial appendage closure in a
minimally invasive procedure (class of recommendation IIa; level of
evidence B).

For patients with persistent and long-standing persistent AF, stand-alone
SA, including a hybrid procedure, is reasonable for those for whom one or
more attempts at catheter ablation have failed and for those who prefer a
surgical approach (class of recommendation IIa; level of evidence B).

B

BIIa
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Fig. 6. (Continued; caption shown on previous page).
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COR LOE

IIa

After fibrillation surgery in congenital heart disease

SA is reasonable at the time of closure of the ASD
(class of recommendation IIa; level of evidence B).

To refuce AF recurrence, biatrial rather than right-atrial ablation should be
considered during ASD repair (class of recommendation I; level of
evidence A).

B

A

C

I

For symptomatic atrial tachyarrhythmia patients who undergo an
atriopulmonary connection type Fontan operation, conversion to total
cavopulmonary connection or extracardiac Fontan surgery should be
considered in the management of atrial tachyarrhythmia
(class of recommendation I; level of evidence C).

I

SA should be added to Ebstein repair in patients with a history of AF
(class I; level of evidence C). I C

Biatrial surgical ablation is reasonable for minimizing recurrence during
surgical ablation of persistent or long-standing persistent AF in patients
with Ebstein anomalies (class of recommendation IIa; level of evidence C).

CIIa

Concomitant atrial arrhythmia surgery is reasonable in patients undergoing
pulmonary valve replacement for pulmonary regurgitation late after repair
of tetralogy of Fallot with atrial fibrillation (class of recommendation IIa;
level of evidence B).

IIa B

COR LOE

IIa

Left atrial appendage treatment during atrial fibrillation surgery

Elimination of the LAA is reasonable during AF surgery
(class of recommendation IIa; level of evidence A).

Excision of the LAA, rather than other elimination techniques such as
internal or external obliteration, is reasonable to completely eliminate
communication between the left atrium and LAA (class of recommendation
IIa; level of evidence, B).

B

A

C

Obliteration of LAA with external clip device is reasonable as an effective
alternative to conventional elimination technique whenever indicated
(class of recommendation IIa; level of evidence C).
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COR LOE

I

Left atrial appendage treatment during atrial fibrillation surgery

SA guided by preoperative and intraoperative electrophysiological mapping,
performed at an experienced center, is recommended in patients with VT
refractory to anti-arrhythmic drug therapy after failure of catheter ablation
by experienced electrophysiologists (class of recommendation I; level of
evidence B).

B

C

SA is recommended in patients with recurrent sustained monomorphic VT
or frequent implantable cardioverter-defibrillator shock events for whom
anti-arrhythmic medications are ineffective or for whom catheter ablation is
not successful (class of recommendation I; level of evidence C).

I

SA during cardiac surgery (bypass or valve surgery) may be considered in
patients with clinically documented VT or ventricular fibrillation after
catheter ablation failure (class of recommendation IIb; level of evidence C).

CIIb

SA may be considered in patients with sustained monomorphic VT after
myocardial in farction who have heart failure or thromboembolism
associated with an left ventricular aneurysm, dyskinesia, or akinesia (class
of recommendation IIb; level of evidence C).

CIIb

SA may be considered in patients with sustained monomorphic VT
originating from the left ventricular assist device insertion site (class of
recommendation IIb; level of evidence C).

CIIb

SA may be considered in patients with sustained monomorphic VT
associated with cardiac tumors (class of recommendation IIb; level of
evidence C).
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Fig. 6. (Continued; caption shown on previous page).



18

https://doi.org/10.5090/jcs.23.127

http://www.jchestsurg.org

JCS

Article information

ORCID

Hyung Gon Je: https://orcid.org/0000-0003-4713-2898
Jae Woong Choi: https://orcid.org/0000-0002-0921-756X
Ho Young Hwang: https://orcid.org/0000-0002-8935-8118
Ho Jin Kim: https://orcid.org/0000-0002-0809-2240
Joon Bum Kim: https://orcid.org/0000-0001-5801-2395
Hee-Jung Kim: https://orcid.org/0000-0001-5254-1405
Jae-Sung Choi: https://orcid.org/0000-0001-5408-9029
Dong Seop Jeong: https://orcid.org/0000-0002-6947-8403
Jae Gun Kwak: https://orcid.org/0000-0002-6375-1210
Han Ki Park: https://orcid.org/0000-0002-7472-7822
Seung Hyun Lee: https://orcid.org/0000-0002-0311-6565
Cheong Lim: https://orcid.org/0000-0003-0913-7014
Jae Won Lee: https://orcid.org/0000-0003-0751-2458

Author contributions

List of section editors: Atrial fibrillation surgery in rheu-
matic mitral valve disease (Ho Jin Kim, Joon Bum Kim); 
Atrial fibrillation surgery in degenerative mitral valve dis-
ease (Jae Woong Choi); Atrial fibrillation surgery in AV 
disease (Hee-Jung Kim); Atrial fibrillation surgery in coro-
nary disease (Jae-Sung Choi); Isolated atrial fibrillation 
surgery (Dong Seop Jeong); Atrial fibrillation surgery in 
congenital heart disease (Hyung Gon Je, Jae Gun Kwak, 
Han Ki Park); Left atrial appendage treatment during atrial 
fibrillation surgery (Ho Young Hwang); Adjunctive proce-
dures in atrial fibrillation surgery (Jae Suk Yoo); Ventricu-
lar tachycardia surgery (Seung Hyun Lee); Introduction & 
Executive summary (Cheong Lim, Jae Won Lee).

Conflict of interest

Jae Woong Choi, Ho Jin Kim, Joon Bum Kim, Han Ki 
Park is an editorial board member of the journal but was 
not involved in the peer reviewer selection, evaluation, or 
decision process of this article. No other potential conflict 
of interest relevant to this article was reported.

Funding

This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-
profit sectors.

Acknowledgments

The authors are thankful to Na Yoon Lee (Seoul Nation-
al University Bundang Hospital), a medical illustrator and 
research coordinator who helped to collect manuscripts, 
correct and edit the manuscript, and make beautiful art-
works including tables and figures, resulting in our guide-
line being more comprehensive and concise.

References
1.	Watkins DA, Johnson CO, Colquhoun SM, et al. Global, regional, 

and national burden of rheumatic heart disease, 1990-2015. N Engl 
J Med 2017;377:713-22. https://doi.org/10.1056/NEJMoa1603693

2.	Shenthar J. Management of atrial fibrillation in rheumatic heart dis-
ease. Heart Rhythm O2 2022;3(6Part B):752-9. https://doi.org/10. 
1016/j.hroo.2022.09.020

3.	Oldgren J, Healey JS, Ezekowitz M, et al. Variations in cause and 
management of atrial fibrillation in a prospective registry of 15,400 
emergency department patients in 46 countries: the RE-LY Atrial 
Fibrillation Registry. Circulation 2014;129:1568-76. https://doi.org/ 
10.1161/CIRCULATIONAHA.113.005451

4.	Badhwar V, Rankin JS, Damiano RJ Jr, et al. The Society of Thorac-
ic Surgeons 2017 clinical practice guidelines for the surgical treat-
ment of atrial fibrillation. Ann Thorac Surg 2017;103:329-41. 
https://doi.org/10.1016/j.athoracsur.2016.10.076

5.	Kim JY, Kim SH, Myong JP, et al. Ten-year trends in the incidence, 
treatment and outcomes of patients with mitral stenosis in Korea. 
Heart 2020;106:746-50. https://doi.org/10.1136/heartjnl-2019-315883

6.	Abreu Filho CA, Lisboa LA, Dallan LA, et al. Effectiveness of the 
maze procedure using cooled-tip radiofrequency ablation in patients 
with permanent atrial fibrillation and rheumatic mitral valve disease. 
Circulation 2005;112(9 Suppl):I20-5. https://doi.org/10.1161/CIR-
CULATIONAHA.104.526301

7.	Srivastava V, Kumar S, Javali S, et al. Efficacy of three different ab-
lative procedures to treat atrial fibrillation in patients with valvular 
heart disease: a randomised trial. Heart Lung Circ 2008;17:232-40. 
https://doi.org/10.1016/j.hlc.2007.10.003

8.	Wang X, Wang X, Song Y, Hu S, Wang W. Efficiency of radiofre-
quency ablation for surgical treatment of chronic atrial fibrillation in 
rheumatic valvular disease. Int J Cardiol 2014;174:497-502. https://
doi.org/10.1016/j.ijcard.2014.03.153

9.	Wang H, Han J, Wang Z, et al. A prospective randomized trial of the 
cut-and-sew Maze procedure in patients undergoing surgery for 
rheumatic mitral valve disease. J Thorac Cardiovasc Surg 2018;155: 
608-17. https://doi.org/10.1016/j.jtcvs.2017.07.084

10.	Patwardhan AM, Dave HH, Tamhane AA, et al. Intraoperative ra-
diofrequency microbipolar coagulation to replace incisions of maze 
III procedure for correcting atrial fibrillation in patients with rheu-

https://doi.org/10.1056/NEJMoa1603693
https://doi.org/10.1016/j.hroo.2022.09.020
https://doi.org/10.1016/j.hroo.2022.09.020
https://doi.org/10.1161/CIRCULATIONAHA.113.005451
https://doi.org/10.1161/CIRCULATIONAHA.113.005451
https://doi.org/10.1016/j.athoracsur.2016.10.076
https://doi.org/10.1136/heartjnl-2019-315883
https://doi.org/10.1161/CIRCULATIONAHA.104.526301
https://doi.org/10.1161/CIRCULATIONAHA.104.526301
https://doi.org/10.1016/j.hlc.2007.10.003
https://doi.org/10.1016/j.jtcvs.2017.07.084


19

Hyung Gon Je, et al. 2023 KASNet Guidelines on Atrial Fibrillation Surgery

http://www.jchestsurg.org

JCS
matic valvular disease. Eur J Cardiothorac Surg 1997;12:627-33. 
https://doi.org/10.1016/s1010-7940(97)00222-4

11.	Jatene MB, Marcial MB, Tarasoutchi F, Cardoso RA, Pomerantzeff 
P, Jatene AD. Influence of the maze procedure on the treatment of 
rheumatic atrial fibrillation: evaluation of rhythm control and clini-
cal outcome in a comparative study. Eur J Cardiothorac Surg 2000; 
17:117-24. https://doi.org/10.1016/s1010-7940(00)00326-2

12.	Guang Y, Zhen-jie C, Yong LW, Tong L, Ying L. Evaluation of clin-
ical treatment of atrial fibrillation associated with rheumatic mitral 
valve disease by radiofrequency ablation. Eur J Cardiothorac Surg 
2002;21:249-54. https://doi.org/10.1016/s1010-7940(01)01118-6

13.	Kim WK, Kim HJ, Kim JB, et al. Concomitant ablation of atrial 
fibrillation in rheumatic mitral valve surgery. J Thorac Cardiovasc 
Surg 2019;157:1519-28. https://doi.org/10.1016/j.jtcvs.2018.09.023

14.	Ma J, Wei P, Yan Q, et al. Safety and efficacy of concomitant abla-
tion for atrial fibrillation in rheumatic mitral valve surgery: a meta- 
analysis. J Card Surg 2022;37:361-73. https://doi.org/10.1111/jocs.16118

15.	Gillinov AM, Gelijns AC, Parides MK, et al. Surgical ablation of 
atrial fibrillation during mitral-valve surgery. N Engl J Med 
2015;372:1399-409. https://doi.org/10.1056/NEJMoa1500528

16.	Kim HJ, Kim YJ, Kim M, et al. Surgical ablation for atrial fibrilla-
tion during aortic and mitral valve surgery: a nationwide popula-
tion-based cohort study. J Thorac Cardiovasc Surg 2022 Sep 9 
[Epub]. https://doi.org/10.1016/j.jtcvs.2022.08.038

17.	Kim HJ, Han KD, Kim WK, Cho YH, Lee SH, Je HG. Clinical ben-
efits of concomitant surgical ablation for atrial fibrillation in patients 
undergoing mitral valve surgery. Heart Rhythm 2023;20:3-11. 
https://doi.org/10.1016/j.hrthm.2022.09.014

18.	Yadgir S, Johnson CO, Aboyans V, et al. Global, regional, and na-
tional burden of calcific aortic valve and degenerative mitral valve 
diseases, 1990-2017. Circulation 2020;141:1670-80. https://doi.org/ 
10.1161/CIRCULATIONAHA.119.043391

19.	Nkomo VT, Gardin JM, Skelton TN, Gottdiener JS, Scott CG, En-
riquez-Sarano M. Burden of valvular heart diseases: a popula-
tion-based study. Lancet 2006;368:1005-11. https://doi.org/10.1016/
S0140-6736(06)69208-8

20.	Jang SY, Ju EY, Seo SR, et al. Changes in the etiology of valvular 
heart disease in the rapidly aging Korean population. Int J Cardiol 
2014;174:355-9. https://doi.org/10.1016/j.ijcard.2014.04.112

21.	McCarthy PM, Davidson CJ, Kruse J, et al. Prevalence of atrial 
fibrillation before cardiac surgery and factors associated with con-
comitant ablation. J Thorac Cardiovasc Surg 2020;159:2245-53. 
https://doi.org/10.1016/j.jtcvs.2019.06.062

22.	Daneshmand MA, Milano CA, Rankin JS, et al. Mitral valve repair 
for degenerative disease: a 20-year experience. Ann Thorac Surg 
2009;88:1828-37. https://doi.org/10.1016/j.athoracsur.2009.08.008

23.	Gillinov AM, Mihaljevic T, Blackstone EH, et al. Should patients 
with severe degenerative mitral regurgitation delay surgery until 
symptoms develop? Ann Thorac Surg 2010;90:481-8. https://doi.

org/10.1016/j.athoracsur.2010.03.101
24.	Gillinov AM, Blackstone EH, Nowicki ER, et al. Valve repair ver-

sus valve replacement for degenerative mitral valve disease. J Tho-
rac Cardiovasc Surg 2008;135:885-93. https://doi.org/10.1016/j.
jtcvs.2007.11.039

25.	Grigioni F, Benfari G, Vanoverschelde JL, et al. Long-term implica-
tions of atrial fibrillation in patients with degenerative mitral regur-
gitation. J Am Coll Cardiol 2019;73:264-74. https://doi.org/10.1016/
j.jacc.2018.10.067

26.	Gammie JS, Chikwe J, Badhwar V, et al. Isolated mitral valve sur-
gery: the Society of Thoracic Surgeons Adult Cardiac Surgery Data-
base analysis. Ann Thorac Surg 2018;106:716-27. https://doi.org/10. 
1016/j.athoracsur.2018.03.086

27.	Eguchi K, Ohtaki E, Matsumura T, et al. Pre-operative atrial fibrilla-
tion as the key determinant of outcome of mitral valve repair for de-
generative mitral regurgitation. Eur Heart J 2005;26:1866-72. 
https://doi.org/10.1093/eurheartj/ehi272

28.	Doukas G, Samani NJ, Alexiou C, et al. Left atrial radiofrequency 
ablation during mitral valve surgery for continuous atrial fibrilla-
tion: a randomized controlled trial. JAMA 2005;294:2323-9. https://
doi.org/10.1001/jama.294.18.2323

29.	von Oppell UO, Masani N, O’Callaghan P, Wheeler R, Dimitrakakis 
G, Schiffelers S. Mitral valve surgery plus concomitant atrial fibril-
lation ablation is superior to mitral valve surgery alone with an in-
tensive rhythm control strategy. Eur J Cardiothorac Surg 2009;35: 
641-50. https://doi.org/10.1016/j.ejcts.2008.12.042

30.	Albrecht A, Kalil RA, Schuch L, et al. Randomized study of surgi-
cal isolation of the pulmonary veins for correction of permanent 
atrial fibrillation associated with mitral valve disease. J Thorac Car-
diovasc Surg 2009;138:454-9. https://doi.org/10.1016/j.jtcvs.2009. 
04.023

31.	Bogachev-Prokophiev A, Zheleznev S, Pivkin A, et al. Assessment 
of concomitant paroxysmal atrial fibrillation ablation in mitral valve 
surgery patients based on continuous monitoring: does a different 
lesion set matter? Interact Cardiovasc Thorac Surg 2014;18:177-82. 
https://doi.org/10.1093/icvts/ivt461

32.	Melo J, Santiago T, Aguiar C, et al. Surgery for atrial fibrillation in 
patients with mitral valve disease: results at five years from the In-
ternational Registry of Atrial Fibrillation Surgery. J Thorac Cardio-
vasc Surg 2008;135:863-9. https://doi.org/10.1016/j.jtcvs.2007.08. 
069

33.	Attaran S, Saleh HZ, Shaw M, Ward A, Pullan M, Fabri BM. Does 
the outcome improve after radiofrequency ablation for atrial fibrilla-
tion in patients undergoing cardiac surgery?: a propensity-matched 
comparison. Eur J Cardiothorac Surg 2012;41:806-11. https://doi.
org/10.1093/ejcts/ezr107

34.	Suwalski P, Kowalewski M, Jasiński M, et al. Survival after surgical 
ablation for atrial fibrillation in mitral valve surgery: analysis from 
the Polish National Registry of Cardiac Surgery Procedures 

https://doi.org/10.1016/s1010-7940(97)00222-4
https://doi.org/10.1016/s1010-7940(00)00326-2
https://doi.org/10.1016/s1010-7940(01)01118-6
https://doi.org/10.1016/j.jtcvs.2018.09.023
https://doi.org/10.1111/jocs.16118
https://doi.org/10.1056/NEJMoa1500528
https://doi.org/10.1016/j.jtcvs.2022.08.038
https://doi.org/10.1016/j.hrthm.2022.09.014
https://doi.org/10.1161/CIRCULATIONAHA.119.043391
https://doi.org/10.1161/CIRCULATIONAHA.119.043391
https://doi.org/10.1016/S0140-6736(06)69208-8
https://doi.org/10.1016/S0140-6736(06)69208-8
https://doi.org/10.1016/j.ijcard.2014.04.112
https://doi.org/10.1016/j.jtcvs.2019.06.062
https://doi.org/10.1016/j.athoracsur.2009.08.008
https://doi.org/10.1016/j.athoracsur.2010.03.101
https://doi.org/10.1016/j.athoracsur.2010.03.101
https://doi.org/10.1016/j.jtcvs.2007.11.039
https://doi.org/10.1016/j.jtcvs.2007.11.039
https://doi.org/10.1016/j.jacc.2018.10.067
https://doi.org/10.1016/j.jacc.2018.10.067
https://doi.org/10.1016/j.athoracsur.2018.03.086
https://doi.org/10.1016/j.athoracsur.2018.03.086
https://doi.org/10.1093/eurheartj/ehi272
https://doi.org/10.1001/jama.294.18.2323
https://doi.org/10.1001/jama.294.18.2323
https://doi.org/10.1016/j.ejcts.2008.12.042
https://doi.org/10.1016/j.jtcvs.2009.04.023
https://doi.org/10.1016/j.jtcvs.2009.04.023
https://doi.org/10.1093/icvts/ivt461
https://doi.org/10.1016/j.jtcvs.2007.08.069
https://doi.org/10.1016/j.jtcvs.2007.08.069
https://doi.org/10.1093/ejcts/ezr107
https://doi.org/10.1093/ejcts/ezr107


20

https://doi.org/10.5090/jcs.23.127

http://www.jchestsurg.org

JCS
(KROK). J Thorac Cardiovasc Surg 2019;157:1007-18. https://doi.
org/10.1016/j.jtcvs.2018.07.099

35.	Badhwar V, Rankin JS, Ad N, et al. Surgical ablation of atrial fibril-
lation in the United States: trends and propensity matched outcomes. 
Ann Thorac Surg 2017;104:493-500. https://doi.org/10.1016/j.atho-
racsur.2017.05.016

36.	Barnett SD, Ad N. Surgical ablation as treatment for the elimination 
of atrial fibrillation: a meta-analysis. J Thorac Cardiovasc Surg 
2006;131:1029-35. https://doi.org/10.1016/j.jtcvs.2005.10.020

37.	Cheng DC, Ad N, Martin J, et al. Surgical ablation for atrial fibrilla-
tion in cardiac surgery: a meta-analysis and systematic review. 
Innovations (Phila) 2010;5:84-96. https://doi.org/10.1097/IMI. 
0b013e3181d9199b

38.	Phan K, Xie A, La Meir M, Black D, Yan TD. Surgical ablation for 
treatment of atrial fibrillation in cardiac surgery: a cumulative me-
ta-analysis of randomised controlled trials. Heart 2014;100:722-30. 
https://doi.org/10.1136/heartjnl-2013-305351

39.	Phan K, Xie A, Tian DH, Shaikhrezai K, Yan TD. Systematic review 
and meta-analysis of surgical ablation for atrial fibrillation during 
mitral valve surgery. Ann Cardiothorac Surg 2014;3:3-14. https://
doi.org/10.3978/j.issn.2225-319X.2014.01.04

40.	Ad N, Damiano RJ Jr, Badhwar V, et al. Expert consensus guide-
lines: examining surgical ablation for atrial fibrillation. J Thorac 
Cardiovasc Surg 2017;153:1330-54. https://doi.org/10.1016/j.jtcvs. 
2017.02.027

41.	Osmancik P, Budera P, Talavera D, et al. Five-year outcomes in car-
diac surgery patients with atrial fibrillation undergoing concomitant 
surgical ablation versus no ablation: the long-term follow-up of the 
PRAGUE-12 Study. Heart Rhythm 2019;16:1334-40. https://doi.
org/10.1016/j.hrthm.2019.05.001

42.	Musharbash FN, Schill MR, Sinn LA, et al. Performance of the 
Cox-maze IV procedure is associated with improved long-term sur-
vival in patients with atrial fibrillation undergoing cardiac surgery. J 
Thorac Cardiovasc Surg 2018;155:159-70. https://doi.org/10.1016/j.
jtcvs.2017.09.095

43.	Saxena A, Dinh DT, Reid CM, Smith JA, Shardey GC, Newcomb 
AE. Does preoperative atrial fibrillation portend a poorer prognosis 
in patients undergoing isolated aortic valve replacement?: a multi-
centre Australian study. Can J Cardiol 2013;29:697-703. https://doi.
org/10.1016/j.cjca.2012.08.016

44.	Levy F, Rusinaru D, Marechaux S, Charles V, Peltier M, Tribouilloy 
C. Determinants and prognosis of atrial fibrillation in patients with 
aortic stenosis. Am J Cardiol 2015;116:1541-6. https://doi.
org/10.1016/j.amjcard.2015.08.018

45.	Churyla A, Andrei AC, Kruse J, et al. Safety of atrial fibrillation ab-
lation with isolated surgical aortic valve replacement. Ann Thorac 
Surg 2021;111:809-17. https://doi.org/10.1016/j.athoracsur.2020. 
06.015

46.	Yoo JS, Kim JB, Ro SK, et al. Impact of concomitant surgical atrial 

fibrillation ablation in patients undergoing aortic valve replacement. 
Circ J 2014;78:1364-71. https://doi.org/10.1253/circj.cj-13-1533

47.	Kainuma S, Mitsuno M, Toda K, et al. Dilated left atrium as a pre-
dictor of late outcome after pulmonary vein isolation concomitant 
with aortic valve replacement and/or coronary artery bypass graft-
ing. Eur J Cardiothorac Surg 2015;48:765-77. https://doi.org/10. 
1093/ejcts/ezu532

48.	Kainuma S, Mitsuno M, Toda K, et al. Surgical ablation concomi-
tant with nonmitral valve surgery for persistent atrial fibrillation. 
Ann Thorac Surg 2021;112:1909-20. https://doi.org/10.1016/j.atho-
racsur.2020.11.069

49.	Quader MA, McCarthy PM, Gillinov AM, et al. Does preoperative 
atrial fibrillation reduce survival after coronary artery bypass graft-
ing? Ann Thorac Surg 2004;77:1514-24. https://doi.org/10.1016/
j.athoracsur.2003.09.069

50.	Ad N, Barnett SD, Haan CK, O’Brien SM, Milford-Beland S, Speir 
AM. Does preoperative atrial fibrillation increase the risk for mor-
tality and morbidity after coronary artery bypass grafting? J Thorac 
Cardiovasc Surg 2009;137:901-6. https://doi.org/10.1016/j.jtcvs. 
2008.09.050

51.	Hindricks G, Potpara T, Dagres N, 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): the Task Force for the diagnosis and manage-
ment of atrial fibrillation of the European Society of Cardiology 
(ESC) Developed with the special contribution of the European 
Heart Rhythm Association (EHRA) of the ESC. Eur Heart J 
2021;42:373-498. https://doi.org/10.1093/eurheartj/ehaa612

52.	Shen J, Lall S, Zheng V, Buckley P, Damiano RJ Jr, Schuessler RB. 
The persistent problem of new-onset postoperative atrial fibrillation: 
a single-institution experience over two decades. J Thorac Cardiovasc 
Surg 2011;141:559-70. https://doi.org/10.1016/j.jtcvs.2010.03.011

53.	Brancato SC, Wang M, Spinelli KJ, et al. Temporal trends and pre-
dictors of surgical ablation for atrial fibrillation across a multistate 
healthcare system. Heart Rhythm O2 2021;3:32-9. https://doi.org/ 
10.1016/j.hroo.2021.12.003

54.	Rogers CA, Angelini GD, Culliford LA, Capoun R, Ascione R. Cor-
onary surgery in patients with preexisting chronic atrial fibrillation: 
early and midterm clinical outcome. Ann Thorac Surg 2006;81: 
1676-82. https://doi.org/10.1016/j.athoracsur.2005.11.047

55.	Knaut M, Kolberg S, Brose S, Jung F. Epicardial microwave abla-
tion of permanent atrial fibrillation during a coronary bypass and/or 
aortic valve operation: prospective, randomised, controlled, mo-
no-centric study. Appl Cardiopulm Pathophysiol 2010;14:220-8.

56.	Nogami A, Kurita T, Abe H, et al. JCS/JHRS 2019 guideline on 
non-pharmacotherapy of cardiac arrhythmias. Circ J 2021;85:1104-
244. https://doi.org/10.1253/circj.CJ-20-0637

57.	Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC Guidelines for 
the management of atrial fibrillation developed in collaboration with 

https://doi.org/10.1016/j.jtcvs.2018.07.099
https://doi.org/10.1016/j.jtcvs.2018.07.099
https://doi.org/10.1016/j.athoracsur.2017.05.016
https://doi.org/10.1016/j.athoracsur.2017.05.016
https://doi.org/10.1016/j.jtcvs.2005.10.020
https://doi.org/10.1097/IMI.0b013e3181d9199b
https://doi.org/10.1097/IMI.0b013e3181d9199b
https://doi.org/10.1136/heartjnl-2013-305351
https://doi.org/10.3978/j.issn.2225-319X.2014.01.04
https://doi.org/10.3978/j.issn.2225-319X.2014.01.04
https://doi.org/10.1016/j.jtcvs.2017.02.027
https://doi.org/10.1016/j.jtcvs.2017.02.027
https://doi.org/10.1016/j.hrthm.2019.05.001
https://doi.org/10.1016/j.hrthm.2019.05.001
https://doi.org/10.1016/j.jtcvs.2017.09.095
https://doi.org/10.1016/j.jtcvs.2017.09.095
https://doi.org/10.1016/j.cjca.2012.08.016
https://doi.org/10.1016/j.cjca.2012.08.016
https://doi.org/10.1016/j.amjcard.2015.08.018
https://doi.org/10.1016/j.amjcard.2015.08.018
https://doi.org/10.1016/j.athoracsur.2020.06.015
https://doi.org/10.1016/j.athoracsur.2020.06.015
https://doi.org/10.1253/circj.cj-13-1533
https://doi.org/10.1093/ejcts/ezu532
https://doi.org/10.1093/ejcts/ezu532
https://doi.org/10.1016/j.athoracsur.2020.11.069
https://doi.org/10.1016/j.athoracsur.2020.11.069
https://doi.org/10.1016/j.athoracsur.2003.09.069
https://doi.org/10.1016/j.athoracsur.2003.09.069
https://doi.org/10.1016/j.jtcvs.2008.09.050
https://doi.org/10.1016/j.jtcvs.2008.09.050
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1016/j.jtcvs.2010.03.011
https://doi.org/10.1016/j.hroo.2021.12.003
https://doi.org/10.1016/j.hroo.2021.12.003
https://doi.org/10.1016/j.athoracsur.2005.11.047
https://doi.org/10.1253/circj.CJ-20-0637


21

Hyung Gon Je, et al. 2023 KASNet Guidelines on Atrial Fibrillation Surgery

http://www.jchestsurg.org

JCS
EACTS. Eur J Cardiothorac Surg 2016;50:e1-88. https://doi.org/10. 
1093/ejcts/ezw313

58.	Cherniavsky A, Kareva Y, Pak I, et al. Assessment of results of sur-
gical treatment for persistent atrial fibrillation during coronary ar-
tery bypass grafting using implantable loop recorders. Interact Car-
diovasc Thorac Surg 2014;18:727-31. https://doi.org/10.1093/icvts/
ivu016

59.	Pokushalov E, Romanov A, Corbucci G, Cherniavsky A, Karaskov 
A. Benefit of ablation of first diagnosed paroxysmal atrial fibrilla-
tion during coronary artery bypass grafting: a pilot study. Eur J Car-
diothorac Surg 2012;41:556-60. https://doi.org/10.1093/ejcts/ezr101

60.	Budera P, Straka Z, Osmancik P, et al. Comparison of cardiac sur-
gery with left atrial surgical ablation vs. cardiac surgery without 
atrial ablation in patients with coronary and/or valvular heart disease 
plus atrial fibrillation: final results of the PRAGUE-12 randomized 
multicentre study. Eur Heart J 2012;33:2644-52. https://doi.org/10. 
1093/eurheartj/ehs290

61.	Malaisrie SC, McCarthy PM, Kruse J, et al. Ablation of atrial fibril-
lation during coronary artery bypass grafting: late outcomes in a 
Medicare population. J Thorac Cardiovasc Surg 2021;161:1251-61. 
https://doi.org/10.1016/j.jtcvs.2019.10.159

62.	Rankin JS, Lerner DJ, Braid-Forbes MJ, McCrea MM, Badhwar V. 
Surgical ablation of atrial fibrillation concomitant to coronary-artery 
bypass grafting provides cost-effective mortality reduction. J Thorac 
Cardiovasc Surg 2020;160:675-86. https://doi.org/10.1016/j.jtcvs. 
2019.07.131

63.	Schill MR, Musharbash FN, Hansalia V, et al. Late results of the 
Cox-maze IV procedure in patients undergoing coronary artery by-
pass grafting. J Thorac Cardiovasc Surg 2017;153:1087-94. https://
doi.org/10.1016/j.jtcvs.2016.12.034

64.	Pasierski M, Staromlynski J, Finke J, et al. Clinical insights to com-
plete and incomplete surgical revascularization in atrial fibrillation 
and multivessel coronary disease. Front Cardiovasc Med 2022;9: 
910811. https://doi.org/10.3389/fcvm.2022.910811

65.	Damiano RJ Jr, Gaynor SL, Bailey M, et al. The long-term outcome 
of patients with coronary disease and atrial fibrillation undergoing 
the Cox maze procedure. J Thorac Cardiovasc Surg 2003;126:2016-
21. https://doi.org/10.1016/j.jtcvs.2003.07.006

66.	Benussi S, Alfieri O. Off-pump connection of the pulmonary veins 
with bipolar radiofrequency: toward a complete epicardial ablation. 
J Thorac Cardiovasc Surg 2006;132:177-8. https://doi.org/10.1016/
j.jtcvs.2006.03.012

67.	Poa L, Puig M, Zubiate P, et al. Laser ablation of atrial fibrillation: 
mid-term clinical experience. J Atr Fibrillation 2009;2:198. https://
doi.org/10.4022/jafib.198

68.	Osmancik P, Budera P, Straka Z, Widimsky P. Predictors of com-
plete arrhythmia free survival in patients undergoing surgical abla-
tion for atrial fibrillation. PRAGUE-12 randomized study sub-anal-
ysis. Int J Cardiol 2014;172:419-22. https://doi.org/10.1016/j.ijcard. 

2014.01.104
69.	Stollberger C, Schneider B, Finsterer J. Is left atrial appendage oc-

clusion during routine coronary artery bypass graft surgery useful 
for stroke prevention? Am Heart J 2003;146:E26. https://doi.org/10. 
1016/S0002-8703(03)00427-7

70.	Healey JS, Crystal E, Lamy A, et al. Left Atrial Appendage Occlu-
sion Study (LAAOS): results of a randomized controlled pilot study 
of left atrial appendage occlusion during coronary bypass surgery in 
patients at risk for stroke. Am Heart J 2005;150:288-93. https://doi.
org/10.1016/j.ahj.2004.09.054

71.	Whitlock RP, Vincent J, Blackall MH, et al. Left Atrial Appendage 
Occlusion Study II (LAAOS II). Can J Cardiol 2013;29:1443-7. 
https://doi.org/10.1016/j.cjca.2013.06.015

72.	Mahmood E, Matyal R, Mahmood F, et al. Impact of left atrial ap-
pendage exclusion on short-term outcomes in isolated coronary ar-
tery bypass graft surgery. Circulation 2020;142:20-8. https://doi.
org/10.1161/CIRCULATIONAHA.119.044642

73.	Boersma LV, Castella M, van Boven W, et al. Atrial fibrillation cath-
eter ablation versus surgical ablation treatment (FAST): a 2-center 
randomized clinical trial. Circulation 2012;125:23-30. https://doi.
org/10.1161/CIRCULATIONAHA.111.074047

74.	Kearney K, Stephenson R, Phan K, Chan WY, Huang MY, Yan TD. 
A systematic review of surgical ablation versus catheter ablation for 
atrial fibrillation. Ann Cardiothorac Surg 2014;3:15-29. https://doi.
org/10.3978/j.issn.2225-319X.2014.01.03

75.	Phan K, Phan S, Thiagalingam A, Medi C, Yan TD. Thoracoscopic 
surgical ablation versus catheter ablation for atrial fibrillation. Eur J 
Cardiothorac Surg 2016;49:1044-51. https://doi.org/10.1093/ejcts/
ezv180

76.	Pokushalov E, Romanov A, Elesin D, et al. Catheter versus surgical 
ablation of atrial fibrillation after a failed initial pulmonary vein iso-
lation procedure: a randomized controlled trial. J Cardiovasc Elec-
trophysiol 2013;24:1338-43. https://doi.org/10.1111/jce.12245

77.	Cox JL, Schuessler RB, D’Agostino HJ Jr, et al. The surgical treat-
ment of atrial fibrillation. III. Development of a definitive surgical 
procedure. J Thorac Cardiovasc Surg 1991;101:569-83.

78.	Calkins H, Hindricks G, Cappato R, et al. 2017 HRS/EHRA/ECAS/
APHRS/SOLAECE expert consensus statement on catheter and sur-
gical ablation of atrial fibrillation. Heart Rhythm 2017;14:e275-444. 
https://doi.org/10.1016/j.hrthm.2017.05.012

79.	Henn MC, Lancaster TS, Miller JR, et al. Late outcomes after the 
Cox maze IV procedure for atrial fibrillation. J Thorac Cardiovasc 
Surg 2015;150:1168-76, 1178. https://doi.org/10.1016/j.jtcvs.2015. 
07.102

80.	Han J, Wang H, Wang Z, et al. Comparison of CryoMaze with cut-
and-sew Maze concomitant with mitral valve surgery: a randomized 
noninferiority trial. Semin Thorac Cardiovasc Surg 2021;33:680-8. 
https://doi.org/10.1053/j.semtcvs.2020.11.028

81.	Wolf RK, Schneeberger EW, Osterday R, et al. Video-assisted bilat-

https://doi.org/10.1093/ejcts/ezw313
https://doi.org/10.1093/ejcts/ezw313
https://doi.org/10.1093/icvts/ivu016
https://doi.org/10.1093/icvts/ivu016
https://doi.org/10.1093/ejcts/ezr101
https://doi.org/10.1093/eurheartj/ehs290
https://doi.org/10.1093/eurheartj/ehs290
https://doi.org/10.1016/j.jtcvs.2019.10.159
https://doi.org/10.1016/j.jtcvs.2019.07.131
https://doi.org/10.1016/j.jtcvs.2019.07.131
https://doi.org/10.1016/j.jtcvs.2016.12.034
https://doi.org/10.1016/j.jtcvs.2016.12.034
https://doi.org/10.3389/fcvm.2022.910811
https://doi.org/10.1016/j.jtcvs.2003.07.006
https://doi.org/10.1016/j.jtcvs.2006.03.012
https://doi.org/10.1016/j.jtcvs.2006.03.012
https://doi.org/10.4022/jafib.198
https://doi.org/10.4022/jafib.198
https://doi.org/10.1016/j.ijcard.2014.01.104
https://doi.org/10.1016/j.ijcard.2014.01.104
https://doi.org/10.1016/S0002-8703(03)00427-7
https://doi.org/10.1016/S0002-8703(03)00427-7
https://doi.org/10.1016/j.ahj.2004.09.054
https://doi.org/10.1016/j.ahj.2004.09.054
https://doi.org/10.1016/j.cjca.2013.06.015
https://doi.org/10.1161/CIRCULATIONAHA.119.044642
https://doi.org/10.1161/CIRCULATIONAHA.119.044642
https://doi.org/10.1161/CIRCULATIONAHA.111.074047
https://doi.org/10.1161/CIRCULATIONAHA.111.074047
https://doi.org/10.3978/j.issn.2225-319X.2014.01.03
https://doi.org/10.3978/j.issn.2225-319X.2014.01.03
https://doi.org/10.1093/ejcts/ezv180
https://doi.org/10.1093/ejcts/ezv180
https://doi.org/10.1111/jce.12245
https://doi.org/10.1016/j.hrthm.2017.05.012
https://doi.org/10.1016/j.jtcvs.2015.07.102
https://doi.org/10.1016/j.jtcvs.2015.07.102
https://doi.org/10.1053/j.semtcvs.2020.11.028


22

https://doi.org/10.5090/jcs.23.127

http://www.jchestsurg.org

JCS
eral pulmonary vein isolation and left atrial appendage exclusion for 
atrial fibrillation. J Thorac Cardiovasc Surg 2005;130:797-802. 
https://doi.org/10.1016/j.jtcvs.2005.03.041

82.	Krul SP, Driessen AH, Zwinderman AH, et al. Navigating the mini-
maze: systematic review of the first results and progress of minimal-
ly-invasive surgery in the treatment of atrial fibrillation. Int J Cardi-
ol 2013;166:132-40. https://doi.org/10.1016/j.ijcard.2011.10.011

83.	Kwon HJ, Jeong DS, Park SJ, Park KM, Kim JS, On YK. Long-
term outcome of totally thoracoscopic surgical ablation in atrial 
fibrillation: a single-center experience. Int J Cardiol Heart Vasc 
2021;36:100861. https://doi.org/10.1016/j.ijcha.2021.100861

84.	La Meir M. Surgical options for treatment of atrial fibrillation. Ann 
Cardiothorac Surg 2014;3:30-7. https://doi.org/10.3978/j.issn.2225- 
319X.2014.01.07

85.	Choi MS, On YK, Jeong DS, et al. Usefulness of postprocedural 
electrophysiological confirmation upon totally thoracoscopic abla-
tion in persistent atrial fibrillation. Am J Cardiol 2020;125:1054-62. 
https://doi.org/10.1016/j.amjcard.2019.12.046

86.	Bisleri G, Rosati F, Bontempi L, Curnis A, Muneretto C. Hybrid ap-
proach for the treatment of long-standing persistent atrial fibrilla-
tion: electrophysiological findings and clinical results. Eur J Cardio-
thorac Surg 2013;44:919-23. https://doi.org/10.1093/ejcts/ezt115

87.	Gersak B, Zembala MO, Muller D, et al. European experience of 
the convergent atrial fibrillation procedure: multicenter outcomes in 
consecutive patients. J Thorac Cardiovasc Surg 2014;147:1411-6. 
https://doi.org/10.1016/j.jtcvs.2013.06.057

88.	Pison L, Gelsomino S, Luca F, et al. Effectiveness and safety of si-
multaneous hybrid thoracoscopic and endocardial catheter ablation 
of lone atrial fibrillation. Ann Cardiothorac Surg 2014;3:38-44. 
https://doi.org/10.3978/j.issn.2225-319X.2013.12.10

89.	Pruitt JC, Lazzara RR, Dworkin GH, Badhwar V, Kuma C, Ebra G. 
Totally endoscopic ablation of lone atrial fibrillation: initial clinical 
experience. Ann Thorac Surg 2006;81:1325-31. https://doi.org/10. 
1016/j.athoracsur.2005.07.095

90.	Lim SK, Kim JY, On YK, Jeong DS. Mid-term results of totally tho-
racoscopic ablation in patients with recurrent atrial fibrillation after 
catheter ablation. Korean J Thorac Cardiovasc Surg 2020;53:270-6. 
https://doi.org/10.5090/kjtcs.19.059

91.	Gutierrez SD, Earing MG, Singh AK, Tweddell JS, Bartz PJ. Atrial 
tachyarrhythmias and the Cox-maze procedure in congenital heart 
disease. Congenit Heart Dis 2013;8:434-9. https://doi.org/10.1111/
chd.12031

92.	Berger F, Vogel M, Kramer A, et al. Incidence of atrial flutter/fibril-
lation in adults with atrial septal defect before and after surgery. 
Ann Thorac Surg 1999;68:75-8. https://doi.org/10.1016/s0003-
4975(99)00478-6

93.	Wu SJ, Fan YF, Chien CY. Surgical or interventional treatment for 
adult patients with atrial septal defect and atrial fibrillation: a sys-
temic review and meta-analysis. Asian J Surg 2022;45:62-7. https://

doi.org/10.1016/j.asjsur.2021.06.021
94.	Duong P, Ferguson LP, Lord S, et al. Atrial arrhythmia after tran-

scatheter closure of secundum atrial septal defects in patients ≥40 
years of age. Europace 2017;19:1322-6. https://doi.org/10.1093/eu-
ropace/euw186

95.	Nyboe C, Olsen MS, Nielsen-Kudsk JE, Hjortdal VE. Atrial fibrilla-
tion and stroke in adult patients with atrial septal defect and the 
long-term effect of closure. Heart 2015;101:706-11. https://doi.
org/10.1136/heartjnl-2014-306552

96.	Nakagawa K, Akagi T, Nagase S, et al. Efficacy of catheter ablation 
for paroxysmal atrial fibrillation in patients with atrial septal defect: 
a comparison with transcatheter closure alone. Europace 2019;21: 
1663-9. https://doi.org/10.1093/europace/euz207

97.	Shim H, Yang JH, Park PW, Jeong DS, Jun TG. Efficacy of the 
maze procedure for atrial fibrillation associated with atrial septal 
defect. Korean J Thorac Cardiovasc Surg 2013;46:98-103. https://
doi.org/10.5090/kjtcs.2013.46.2.98

98.	Kobayashi J, Yamamoto F, Nakano K, Sasako Y, Kitamura S, Ko-
sakai Y. Maze procedure for atrial fibrillation associated with atrial 
septal defect. Circulation 1998;98(19 Suppl):II399-402.

99.	Jiang Z, Ma N, Yin H, Ding F, Liu H, Mei J. Biatrial ablation versus 
limited right atrial ablation for atrial fibrillation associated with atri-
al septal defect in adults. Surg Today 2015;45:858-63. https://doi.
org/10.1007/s00595-014-1009-y

100.	 Im YM, Kim JB, Yun SC, et al. Arrhythmia surgery for atrial fibril-
lation associated with atrial septal defect: right-sided maze versus 
biatrial maze. J Thorac Cardiovasc Surg 2013;145:648-55. https://
doi.org/10.1016/j.jtcvs.2012.12.002

101.	Kwak JG, Seo JW, Oh SS, et al. Histopathologic analysis of atrial 
tissue in patients with atrial fibrillation: comparison between pa-
tients with atrial septal defect and patients with mitral valvular heart 
disease. Cardiovasc Pathol 2014;23:185-92. https://doi.org/10.1016/
j.carpath.2014.01.008

102.	Yap SC, Harris L, Downar E, Nanthakumar K, Silversides CK, 
Chauhan VS. Evolving electroanatomic substrate and intra-atrial re-
entrant tachycardia late after Fontan surgery. J Cardiovasc Electro-
physiol 2012;23:339-45. https://doi.org/10.1111/j.1540-8167.2011. 
02202.x

103.	Agnoletti G, Borghi A, Vignati G, Crupi GC. Fontan conversion to 
total cavopulmonary connection and arrhythmia ablation: clinical 
and functional results. Heart 2003;89:193-8. https://doi.org/10.1136/
heart.89.2.193

104.	Hiramatsu T, Iwata Y, Matsumura G, Konuma T, Yamazaki K. Im-
pact of Fontan conversion with arrhythmia surgery and pacemaker 
therapy. Eur J Cardiothorac Surg 2011;40:1007-10. https://doi.org/ 
10.1016/j.ejcts.2011.01.022

105.	Mavroudis C, Backer CL, Deal BJ, Johnsrude C, Strasburger J. To-
tal cavopulmonary conversion and maze procedure for patients with 
failure of the Fontan operation. J Thorac Cardiovasc Surg 

https://doi.org/10.1016/j.jtcvs.2005.03.041
https://doi.org/10.1016/j.ijcard.2011.10.011
https://doi.org/10.1016/j.ijcha.2021.100861
https://doi.org/10.3978/j.issn.2225-319X.2014.01.07
https://doi.org/10.3978/j.issn.2225-319X.2014.01.07
https://doi.org/10.1016/j.amjcard.2019.12.046
https://doi.org/10.1093/ejcts/ezt115
https://doi.org/10.1016/j.jtcvs.2013.06.057
https://doi.org/10.3978/j.issn.2225-319X.2013.12.10
https://doi.org/10.1016/j.athoracsur.2005.07.095
https://doi.org/10.1016/j.athoracsur.2005.07.095
https://doi.org/10.5090/kjtcs.19.059
https://doi.org/10.1111/chd.12031
https://doi.org/10.1111/chd.12031
https://doi.org/10.1016/s0003-4975(99)00478-6
https://doi.org/10.1016/s0003-4975(99)00478-6
https://doi.org/10.1016/j.asjsur.2021.06.021
https://doi.org/10.1016/j.asjsur.2021.06.021
https://doi.org/10.1093/europace/euw186
https://doi.org/10.1093/europace/euw186
https://doi.org/10.1136/heartjnl-2014-306552
https://doi.org/10.1136/heartjnl-2014-306552
https://doi.org/10.1093/europace/euz207
https://doi.org/10.5090/kjtcs.2013.46.2.98
https://doi.org/10.5090/kjtcs.2013.46.2.98
https://doi.org/10.1007/s00595-014-1009-y
https://doi.org/10.1007/s00595-014-1009-y
https://doi.org/10.1016/j.jtcvs.2012.12.002
https://doi.org/10.1016/j.jtcvs.2012.12.002
https://doi.org/10.1016/j.carpath.2014.01.008
https://doi.org/10.1016/j.carpath.2014.01.008
https://doi.org/10.1111/j.1540-8167.2011.02202.x
https://doi.org/10.1111/j.1540-8167.2011.02202.x
https://doi.org/10.1136/heart.89.2.193
https://doi.org/10.1136/heart.89.2.193
https://doi.org/10.1016/j.ejcts.2011.01.022
https://doi.org/10.1016/j.ejcts.2011.01.022


23

Hyung Gon Je, et al. 2023 KASNet Guidelines on Atrial Fibrillation Surgery

http://www.jchestsurg.org

JCS
2001;122:863-71. https://doi.org/10.1067/mtc.2001.117840

106.	Sridhar A, Giamberti A, Foresti S, et al. Fontan conversion with 
concomitant arrhythmia surgery for the failing atriopulmonary con-
nections: mid-term results from a single centre. Cardiol Young 
2011;21:665-9. https://doi.org/10.1017/S1047951111000643

107.	Weinstein S, Cua C, Chan D, Davis JT. Outcome of symptomatic 
patients undergoing extracardiac Fontan conversion and cryoabla-
tion. J Thorac Cardiovasc Surg 2003;126:529-36. https://doi.org/10. 
1016/s0022-5223(03)00212-5

108.	Celermajer DS, Bull C, Till JA, et al. Ebstein’s anomaly: presenta-
tion and outcome from fetus to adult. J Am Coll Cardiol 1994;23: 
170-6. https://doi.org/10.1016/0735-1097(94)90516-9

109.	Hernandez-Madrid A, Paul T, Abrams D, et al. Arrhythmias in con-
genital heart disease: a position paper of the European Heart 
Rhythm Association (EHRA), Association for European Paediatric 
and Congenital Cardiology (AEPC), and the European Society of 
Cardiology (ESC) Working Group on Grown-up Congenital heart 
disease, endorsed by HRS, PACES, APHRS, and SOLAECE. Eu-
ropace 2018;20:1719-53. https://doi.org/10.1093/europace/eux380

110.	Khositseth A, Danielson GK, Dearani JA, Munger TM, Porter CJ. 
Supraventricular tachyarrhythmias in Ebstein anomaly: management 
and outcome. J Thorac Cardiovasc Surg 2004;128:826-33. https://
doi.org/10.1016/j.jtcvs.2004.02.012

111.	Stulak JM, Sharma V, Cannon BC, Ammash N, Schaff HV, Dearani 
JA. Optimal surgical ablation of atrial tachyarrhythmias during cor-
rection of Ebstein anomaly. Ann Thorac Surg 2015;99:1700-5. 
https://doi.org/10.1016/j.athoracsur.2015.01.037

112.	Geva T. Indications and timing of pulmonary valve replacement af-
ter tetralogy of Fallot repair. Semin Thorac Cardiovasc Surg Pediatr 
Card Surg Annu 2006;9:P11-22. https://doi.org/10.1053/j.pcsu.2006. 
02.009

113.	Kwak JG, Shin HJ, Bang JH, et al. Effect of pulmonary valve re-
placement in the repaired tetralogy of Fallot patients with trans-an-
nular incision: more than 20 years of follow-up. Korean Circ J 
2021;51:360-72. https://doi.org/10.4070/kcj.2020.0331

114.	Gatzoulis MA, Balaji S, Webber SA, et al. Risk factors for arrhyth-
mia and sudden cardiac death late after repair of tetralogy of Fallot: 
a multicentre study. Lancet 2000;356:975-81. https://doi.org/10. 
1016/S0140-6736(00)02714-8

115.	Geva T. Indications for pulmonary valve replacement in repaired te-
tralogy of Fallot: the quest continues. Circulation 2013;128:1855-7. 
https://doi.org/10.1161/CIRCULATIONAHA.113.005878

116.	Therrien J, Siu SC, Harris L, et al. Impact of pulmonary valve re-
placement on arrhythmia propensity late after repair of tetralogy of 
Fallot. Circulation 2001;103:2489-94. https://doi.org/10.1161/01.cir. 
103.20.2489

117.	Egbe AC, Najam M, Banala K, et al. Impact of atrial arrhythmia on 
survival in adults with tetralogy of Fallot. Am Heart J 2019;218:1-7. 
https://doi.org/10.1016/j.ahj.2019.08.013

118.	Tominaga Y, Taira M, Watanabe T, et al. Risk factors for atrial ar-
rhythmia recurrence after atrial arrhythmia surgery with pulmonary 
valve replacement. JTCVS Open 2023;14:123-33. https://doi.org/10. 
1016/j.xjon.2023.04.012

119.	Karamlou T, Silber I, Lao R, et al. Outcomes after late reoperation 
in patients with repaired tetralogy of Fallot: the impact of arrhyth-
mia and arrhythmia surgery. Ann Thorac Surg 2006;81:1786-93. 
https://doi.org/10.1016/j.athoracsur.2005.12.039

120.	Blackshear JL, Odell JA. Appendage obliteration to reduce stroke in 
cardiac surgical patients with atrial fibrillation. Ann Thorac Surg 
1996;61:755-9. https://doi.org/10.1016/0003-4975(95)00887-X

121.	Di Biase L, Burkhardt JD, Mohanty P, et al. Left atrial appendage: 
an underrecognized trigger site of atrial fibrillation. Circulation 
2010;122:109-18. https://doi.org/10.1161/CIRCULATIONAHA. 
109.928903

122.	Lin WS, Tai CT, Hsieh MH, et al. Catheter ablation of paroxysmal 
atrial fibrillation initiated by non-pulmonary vein ectopy. Circula-
tion 2003;107:3176-83. https://doi.org/10.1161/01.CIR.0000074206. 
52056.2D

123.	Friedman DJ, Piccini JP, Wang T, et al. Association between left 
atrial appendage occlusion and readmission for thromboembolism 
among patients with atrial fibrillation undergoing concomitant car-
diac surgery. JAMA 2018;319:365-74. https://doi.org/10.1001/jama. 
2017.20125

124.	Yao X, Gersh BJ, Holmes DR Jr, et al. Association of surgical left 
atrial appendage occlusion with subsequent stroke and mortality 
among patients undergoing cardiac surgery. JAMA 2018;319:2116-
26. https://doi.org/10.1001/jama.2018.6024

125.	Tsai YC, Phan K, Munkholm-Larsen S, Tian DH, La Meir M, Yan 
TD. Surgical left atrial appendage occlusion during cardiac surgery 
for patients with atrial fibrillation: a meta-analysis. Eur J Cardiotho-
rac Surg 2015;47:847-54. https://doi.org/10.1093/ejcts/ezu291

126.	Robertson JO, Saint LL, Leidenfrost JE, Damiano RJ Jr. Illustrated 
techniques for performing the Cox-Maze IV procedure through a 
right mini-thoracotomy. Ann Cardiothorac Surg 2014;3:105-16. 
https://doi.org/10.3978/j.issn.2225-319X.2013.12.11

127.	Whitlock RP, Belley-Cote EP, Paparella D, et al. Left atrial append-
age occlusion during cardiac surgery to prevent stroke. N Engl J 
Med 2021;384:2081-91. https://doi.org/10.1056/NEJMoa2101897

128.	Lee CH, Kim JB, Jung SH, Choo SJ, Chung CH, Lee JW. Left atrial 
appendage resection versus preservation during the surgical ablation 
of atrial fibrillation. Ann Thorac Surg 2014;97:124-32. https://doi.
org/10.1016/j.athoracsur.2013.07.073

129.	Al-Saady NM, Obel OA, Camm AJ. Left atrial appendage: struc-
ture, function, and role in thromboembolism. Heart 1999;82:547-54. 
https://doi.org/10.1136/hrt.82.5.547

130.	Salzberg SP, Emmert MY, Caliskan E. Surgical techniques for left 
atrial appendage exclusion. Herzschrittmacherther Elektrophysiol 
2017;28:360-5. https://doi.org/10.1007/s00399-017-0532-0

https://doi.org/10.1067/mtc.2001.117840
https://doi.org/10.1017/S1047951111000643
https://doi.org/10.1016/s0022-5223(03)00212-5
https://doi.org/10.1016/s0022-5223(03)00212-5
https://doi.org/10.1016/0735-1097(94)90516-9
https://doi.org/10.1093/europace/eux380
https://doi.org/10.1016/j.jtcvs.2004.02.012
https://doi.org/10.1016/j.jtcvs.2004.02.012
https://doi.org/10.1016/j.athoracsur.2015.01.037
https://doi.org/10.1053/j.pcsu.2006.02.009
https://doi.org/10.1053/j.pcsu.2006.02.009
https://doi.org/10.4070/kcj.2020.0331
https://doi.org/10.1016/S0140-6736(00)02714-8
https://doi.org/10.1016/S0140-6736(00)02714-8
https://doi.org/10.1161/CIRCULATIONAHA.113.005878
https://doi.org/10.1161/01.cir.103.20.2489
https://doi.org/10.1161/01.cir.103.20.2489
https://doi.org/10.1016/j.ahj.2019.08.013
https://doi.org/10.1016/j.xjon.2023.04.012
https://doi.org/10.1016/j.xjon.2023.04.012
https://doi.org/10.1016/j.athoracsur.2005.12.039
https://doi.org/10.1016/0003-4975(95)00887-X
https://doi.org/10.1161/CIRCULATIONAHA.109.928903
https://doi.org/10.1161/CIRCULATIONAHA.109.928903
https://doi.org/10.1161/01.CIR.0000074206.52056.2D
https://doi.org/10.1161/01.CIR.0000074206.52056.2D
https://doi.org/10.1001/jama.2017.20125
https://doi.org/10.1001/jama.2017.20125
https://doi.org/10.1001/jama.2018.6024
https://doi.org/10.1093/ejcts/ezu291
https://doi.org/10.3978/j.issn.2225-319X.2013.12.11
https://doi.org/10.1056/NEJMoa2101897
https://doi.org/10.1016/j.athoracsur.2013.07.073
https://doi.org/10.1016/j.athoracsur.2013.07.073
https://doi.org/10.1136/hrt.82.5.547
https://doi.org/10.1007/s00399-017-0532-0


24

https://doi.org/10.5090/jcs.23.127

http://www.jchestsurg.org

JCS
131.	Lee R, Vassallo P, Kruse J, et al. A randomized, prospective pilot 

comparison of 3 atrial appendage elimination techniques: internal li-
gation, stapled excision, and surgical excision. J Thorac Cardiovasc 
Surg 2016;152:1075-80. https://doi.org/10.1016/j.jtcvs.2016.06.009

132.	Kang Y, Hwang HY, Joo S, Park JH, Kim JS, Sohn SH, Choi JW. 
Left atrial appendage elimination techniques: stapled excision ver-
sus internal suture obliteration. J Thorac Dis 2021;13:6252-60. 
https://doi.org/10.21037/jtd-21-1138

133.	Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Pre-
ferred reporting items for systematic reviews and meta-analyses: the 
PRISMA statement. Int J Surg 2010;8:336-41. https://doi.org/10. 
1016/j.ijsu.2010.02.007

134.	Kanderian AS, Gillinov AM, Pettersson GB, Blackstone E, Klein 
AL. Success of surgical left atrial appendage closure: assessment by 
transesophageal echocardiography. J Am Coll Cardiol 2008;52:924-
9. https://doi.org/10.1016/j.jacc.2008.03.067

135.	Abdeljawad A, Mubarak YS. A comparative study between different 
surgical techniques for left atrial exclusion in patients undergoing 
concomitant cardiac surgery. Heart Surg Forum 2021;24:E901-5. 
https://doi.org/10.1532/hsf.3511

136.	Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring incon-
sistency in meta-analyses. BMJ 2003;327:557-60. https://doi.org/10. 
1136/bmj.327.7414.557

137.	Toale C, Fitzmaurice GJ, Eaton D, Lyne J, Redmond KC. Outcomes 
of left atrial appendage occlusion using the AtriClip device: a sys-
tematic review. Interact Cardiovasc Thorac Surg 2019;29:655-62. 
https://doi.org/10.1093/icvts/ivz156

138.	Salzberg SP, Gillinov AM, Anyanwu A, Castillo J, Filsoufi F, Ad-
ams DH. Surgical left atrial appendage occlusion: evaluation of a 
novel device with magnetic resonance imaging. Eur J Cardiothorac 
Surg 2008;34:766-70. https://doi.org/10.1016/j.ejcts.2008.05.058

139.	Starck CT, Steffel J, Emmert MY, et al. Epicardial left atrial append-
age clip occlusion also provides the electrical isolation of the left 
atrial appendage. Interact Cardiovasc Thorac Surg 2012;15:416-8. 

https://doi.org/10.1093/icvts/ivs136
140.	Josephson ME, Harken AH, Horowitz LN. Endocardial excision: a 

new surgical technique for the treatment of recurrent ventricular 
tachycardia. Circulation 1979;60:1430-9. https://doi.org/10.1161/01.
cir.60.7.1430

141.	Sartipy U, Albage A, Insulander P, Lindblom D. Surgery for ventric-
ular tachycardia in patients undergoing surgical ventricular resto-
ration: the Karolinska approach. J Interv Card Electrophysiol 
2007;19:171-8. https://doi.org/10.1007/s10840-007-9152-7

142.	Bhavani SS, Tchou P, Saliba W, Gillinov AM. Surgical options for 
refractory ventricular tachycardia. J Card Surg 2007;22:533-4. 
https://doi.org/10.1111/j.1540-8191.2007.00468.x

143.	Anter E, Hutchinson MD, Deo R, et al. Surgical ablation of refrac-
tory ventricular tachycardia in patients with nonischemic cardiomy-
opathy. Circ Arrhythm Electrophysiol 2011;4:494-500. https://doi.
org/10.1161/CIRCEP.111.962555

144.	Choi EK, Nagashima K, Lin KY, et al. Surgical cryoablation for 
ventricular tachyarrhythmia arising from the left ventricular outflow 
tract region. Heart Rhythm 2015;12:1128-36. https://doi.org/10. 
1016/j.hrthm.2015.02.016

145.	Kumar S, Barbhaiya CR, Sobieszczyk P, et al. Role of alternative 
interventional procedures when endo- and epicardial catheter abla-
tion attempts for ventricular arrhythmias fail. Circ Arrhythm Elec-
trophysiol 2015;8:606-15. https://doi.org/10.1161/CIRCEP.114. 
002522

146.	Dor V, Sabatier M, Montiglio F, Rossi P, Toso A, Di Donato M. Re-
sults of nonguided subtotal endocardiectomy associated with left 
ventricular reconstruction in patients with ischemic ventricular ar-
rhythmias. J Thorac Cardiovasc Surg 1994;107:1301-8. https://doi.
org/10.1016/s0022-5223(94)70051-6

147.	Sartipy U, Albage A, Straat E, Insulander P, Lindblom D. Surgery 
for ventricular tachycardia in patients undergoing left ventricular re-
construction by the Dor procedure. Ann Thorac Surg 2006;81:65-
71. https://doi.org/10.1016/j.athoracsur.2005.06.058

https://doi.org/10.1016/j.jtcvs.2016.06.009
https://doi.org/10.21037/jtd-21-1138
https://doi.org/10.1016/j.ijsu.2010.02.007
https://doi.org/10.1016/j.ijsu.2010.02.007
https://doi.org/10.1016/j.jacc.2008.03.067
https://doi.org/10.1532/hsf.3511
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1093/icvts/ivz156
https://doi.org/10.1016/j.ejcts.2008.05.058
https://doi.org/10.1093/icvts/ivs136
https://doi.org/10.1161/01.cir.60.7.1430
https://doi.org/10.1161/01.cir.60.7.1430
https://doi.org/10.1007/s10840-007-9152-7
https://doi.org/10.1111/j.1540-8191.2007.00468.x
https://doi.org/10.1161/CIRCEP.111.962555
https://doi.org/10.1161/CIRCEP.111.962555
https://doi.org/10.1016/j.hrthm.2015.02.016
https://doi.org/10.1016/j.hrthm.2015.02.016
https://doi.org/10.1161/CIRCEP.114.002522
https://doi.org/10.1161/CIRCEP.114.002522
https://doi.org/10.1016/s0022-5223(94)70051-6
https://doi.org/10.1016/s0022-5223(94)70051-6
https://doi.org/10.1016/j.athoracsur.2005.06.058



