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Introduction

Atrial fibrillation (AF) is associated with an increased risk 
of stroke and mortality, and the Cox-maze procedure is 
the standard surgical treatment for AF. Although some 
studies suggest that the procedure is associated with a 
higher conversion rate to sinus rhythm and lower risks of 

mortality and thromboembolism (1-3), the effectiveness 
and safety of the Cox-maze procedure when performed 
during redo cardiac surgery are still controversial, given 
the longer cardiopulmonary bypass and cross-clamp times 
and higher rates of perioperative morbidities of the Cox- 
maze procedure (4). Although a few studies that evaluated 
the effectiveness of the procedure included a redo cardiac 
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surgery group (1,5-8), the redo surgery cases comprised 
only 10% or less of the cases. 

The efficacy and safety for surgical ablation (SA) 
procedure in patients undergoing redo cardiac surgery 
are not known. Therefore, this study compared the long-
term outcomes of patients who underwent redo cardiac 
surgery for left-sided valvular heart disease with or 
without concomitant SA for AF over 10 years. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-1018/rc).

Methods

Patient enrollment

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study protocol was 
reviewed and approved by the institutional review board 
of Seoul National University Hospital as a minimal-risk 
retrospective study that did not require individual consent 
(approval No. H-2103-115-1205). 

Consecutive patients undergoing redo cardiac surgery 
for left-sided valvular disease between 2000 and 2015 
were included. Patients were excluded if they did not 
have a history of AF, had undergone SA during a previous 
procedure, or had a permanent pacemaker. 

AF was classified as paroxysmal, persistent, long-
standing persistent, and permanent, following established  
guidelines (9). The SA was indicated in 6 patients with 
paroxysmal AF, 32 with persistent AF, and 35 with long-
standing persistent AF. The decision to perform concomitant 

arrhythmia ablation was at the surgeon’s discretion 
considering the patient’s age, number of surgeries, surgical 
indications, duration of AF and left atrial size. 

Operative strategy

Surgical technique and strategy of Cox-maze procedure have 
been described previously (10). We first performed the Cox-
maze III procedure in 2000 using cryoablation, but since 
2005, we added bipolar radiofrequency to AF surgery. In this 
series, cryoablation was used in all cases, and radiofrequency 
was added in six cases at the surgeon’s discretion. Since 
2015, all SAs used cryoablation only. All procedures were 
performed through a median sternotomy, with aorto-
bicaval cannulation under moderate hypothermia and cold 
cardioplegic arrest. The type of SA was selected under the 
surgeon’s discretion. Ablation procedures for left atrium only 
were performed as described in the reference (10).

Evaluation of early and long-term clinical outcomes

Operative mortality was defined as death within 30 days 
of surgery or during the same hospitalization period. 
Postoperative low cardiac output syndrome (LCOS) was 
defined as the need for mechanical or inotropic support to 
maintain systolic blood pressure >90 mmHg after correcting 
of reversible factors. 

The f inal  rhythm was evaluated from the f inal 
electrocardiogram (ECG) at the most recent follow-up. 
AF, atrial flutter, or pacing rhythm with underlying AF was 
classified as postoperative AF. Sinus rhythm was defined 
as a rhythm other than postoperative AF, i.e., normal 
sinus or junctional rhythm. If the patient developed early 
postoperative AF or late recurrent AF, the patient was 
treated with an antiarrhythmic medication.

The patients were followed as outpatients at 3- to 
6-month intervals. The patients’ condition was checked 
by telephone if they did not attend a scheduled visit. In 
addition, survival data were obtained from the Statistics 
Korea, a national organization that collects and aggregates 
data on the people and economy in Korea including 
100% complete data on death and cardiac death, through 
December 31, 2020. The primary endpoint was overall 
survival. 

A composite endpoint of thromboembolism and 
major bleeding (CTEB) was defined as bleeding or 
thromboembolic events that caused death, hospitalization 
or permanent injury, or necessitated a transfusion. Thus, 
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transient ischemic attack was excluded from CTEB events. 
The clinical follow-up period ended on May 30, 2021. 

Statistical analysis

The statistical analyses were performed using SPSS (version 
25.0, IBM, Armonk, NY, USA) and R (version 3.6.2). The 
two groups were compared using Chi-square test or Fisher’s 
exact test for categorical variables and Student’s t-test for 
continuous variables. Survival rates were estimated using the 
Kaplan-Meier method. Risk factors for all-cause mortality 
were analyzed using multivariate Cox proportional hazards 
models. Cumulative incidences of CTEB and reoperation 
were estimated using all-cause death as a competing risk 
for the events. The cumulative incidences of each event 
were compared between the groups using Fine-Gray’s test. 
Variables included in the multivariate analysis for early 
and long-term results were age, sex, body surface area, risk 
factors (smoking, hypertension, diabetes mellitus, body mass 
index ≥25 kg/m2, history of stroke, chronic kidney disease, 
coronary artery disease, dyslipidemia, poor functional class, 
paroxysmal AF, AF duration, patients undergoing more than 
two operations, preoperative left ventricular dysfunction, 
and severely dilated left atrium), previous cardiac procedures 
(aortic, mitral, or tricuspid valve, coronary artery bypass 
graft, or aorta surgeries) and concomitant procedures 
(mitral, tricuspid, or aortic valve procedures). Impaired left 
ventricle was defined as left ventricular ejection fraction 
less than 50%. The left atrium was diagnosed as severely 
dilated if its anteroposterior diameter on parasternal long 
axis view was greater than or equal to 60 mm at end systole. 
Variables with a P value <0.10 in the univariate analyses 
were entered into the multivariate models. A P value <0.05 
was considered as statistically significant.

Propensity score (PS) analyses were performed to adjust 
for baseline differences between the groups. The variables 
in Table 1 in addition to concomitant procedures (mitral, 
tricuspid, or aortic valve procedures) were entered into 
logistic regression models to generate a PS. The PS was 
used as PS-adjusted multivariate models. 

Results

Patient characteristics and operative data 

From January 2000 to December 2015, 263 consecutive 
patients underwent redo cardiac surgery for left-
sided valvular heart disease under sternotomy, and had 

preoperative AF at our institution. Those patients who 
underwent surgery due to active endocarditis (n=24), 
had a preoperative permanent pacemaker (n=4), or had 
undergone Cox-maze procedure previously (n=15) were 
excluded. The median follow-up duration was 124 (1–249.5) 
months. The median ECG follow-up was 115 (1–246.2) 
months. Completeness of follow-up was 100% for overall 
survival and freedom from cardiac death and 95.1% (213 of  
224 patients) for other long-term clinical outcomes.

Consequently,  the study enrol led 224 patients  
(57.0±11.3 years; 82 males, 142 females), of whom 73 
underwent concomitant SA for AF. SA for AF during 
redo cardiac surgery for left-sided valvular heart disease 
was performed in 73 patients (SA group), while the 
other 151 patients did not undergo surgical arrhythmia 
ablation (NSA group). Table 1 summarizes the preoperative 
characteristics. The median duration of AF was 13 (range,  
5.5–35.0) years. None of the patients had previous catheter 
ablation. The NSA group was significantly older, more 
frequently underwent at least two previous cardiac surgeries, 
and underwent more previous aortic and tricuspid valve 
procedures. Patients with long-standing persistent AF were 
more frequent in the NSA group. Most of the previous 
surgery procedures were performed before surgical 
arrhythmia ablation was widespread.

Of 73 patients who underwent surgical arrhythmia 
ablation, 64 underwent a complete lesion set of Cox-maze 
III procedure, whereas 9 underwent left-sided SA.

Table 2 summarizes the surgical characteristics of the 
patients. The mean cardiopulmonary bypass and aortic cross 
clamp times were 255.4±149.4 and 161.4±51.8 minutes, 
respectively. The concomitant cardiac procedures performed 
included mitral (n=210), aortic (n=124), and tricuspid (n=144) 
valve procedures, coronary artery bypass graft (n=5), and 
aorta replacement (n=8). The SA group was less likely to 
undergo a concomitant aortic or tricuspid valve procedure. 
The aortic cross-clamp time was longer in the SA group but 
it was not statistically significant.

Early results

Operative mortality occurred in 18 patients [8.0%; 
4 (5.5%) in the SA group and 14 (9.3%) in the NSA 
group]; the difference between groups was not significant 
(P=0.474). Postoperative complications included LCOS 
(n=44, 19.6%), respiratory complications (n=28, 12.5%), 
acute renal failure (n=27, 12.1%), postoperative bleeding 
requiring reoperation (n=16, 7.1%), stroke (n=14, 6.3%), 
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and mediastinitis (n=5, 2.2%). The NSA group had a 
higher rate of postoperative LCOS compared with the SA 
group [36 (23.8%) vs. 8 (11.0%), P=0.036; Table 3]. There 
were no significant differences in the incidences of other 
postoperative complications between the two groups. In 
multivariate analyses, SA for AF was not associated with 
operative mortality (Table S1). Concomitant SA for AF was 
associated with a lower rate of postoperative LCOS in the 

multivariate analysis [odds ratio, 0.328; 95% confidence 
interval (CI): 0.136–0.788, Table S2]. None of the patients 
had newly implanted pacemakers during the hospital stay 
after the SA procedure. During the follow-up, a total of 
5 patients had newly implanted pacemakers (4 from NSA 
group and 1 from SA group). There was no significant 
difference in the incidence of postoperative complications 
between those with sinus rhythm restoration and not. 

Table 1 Preoperative data of the study patients

Variables Total (n=224) SA group (n=73) NSA group (n=151) P value

Age (years), mean ± SD 57.0±11.3 54.1±11.3 58.4±11.1 0.008

Female, n (%) 142 (63.4) 42 (57.5) 100 (66.2) 0.264

Body surface area (m2), mean ± SD 1.54±0.17 1.58±0.17 1.52±0.16 0.612

Risk factors, n (%)

Smoking 19 (8.5) 9 (12.3) 10 (6.6) 0.238

Hypertension 34 (15.2) 10 (13.7) 24 (15.9) 0.818

Diabetes mellitus 22 (9.8) 11 (15.1) 11 (7.3) 0.111

BMI ≥25 kg/m2 25 (11.2) 11 (15.1) 14 (9.3) 0.287

History of stroke 23 (10.3) 9 (12.3) 14 (9.3) 0.637

CKD 43 (19.2) 10 (13.7) 33 (21.9) 0.203

Coronary artery disease 8 (3.6) 5 (6.8) 3 (2.0) 0.146

Dyslipidemia 7 (3.1) 4 (5.5) 3 (2.0) 0.318

NYHA functional class ≥3 117 (52.2) 34 (46.6) 83 (55.0) 0.300

Paroxysmal AF 13 (5.8) 6 (8.2) 7 (4.6) 0.441

Persistent AF 76 (33.9) 32 (43.8) 44 (29.1) 0.029

Long-standing persistent AF 135 (60.3) 35 (47.9) 100 (66.2) 0.013

History of cardiac surgery ≥2 56 (25.0) 6 (8.2) 50 (32.9) <0.001

Previous cardiac surgery, n (%)

Mitral valve procedure 218 (97.3) 70 (95.5) 148 (97.4) 0.303

Aortic valve procedure 77 (34.4) 11 (15.1) 66 (43.7) <0.001

Tricuspid valve procedure 52 (23.2) 9 (12.3) 43 (28.4) 0.020

CABG 5 (2.2) 2 (2.7) 3 (2.0) >0.999

Aorta surgery 8 (3.6) 3 (4.1) 5 (3.3) >0.999

Impaired LV (EF <50%), n (%) 43 (19.2) 14 (19.2) 29 (19.2) >0.999

Severely dilated LA (size >60 mm), n (%) 90 (40.2) 23 (31.5) 67 (44.4) 0.090

CKD was defined as decreased kidney function (decreased glomerular filtration rate) for 3 or more months, which is adapted from the 
definition of chronic kidney disease by The Kidney Disease: Improving Global Outcomes Work Group (glomerular filtration rate less than  
60 mL/min/1.73 m2). AF, atrial fibrillation; BMI, body mass index; ESRD, end-stage renal disease; LA, left atrium; LV, left ventricle; EF, 
ejection fraction; NYHA, New York Heart Association; CABG, coronary artery bypass grafting; CKD, chronic kidney disease; SA, surgical 
ablation; NSA, non-surgical ablation; SD, standard deviation.

https://cdn.amegroups.cn/static/public/JTD-22-1018-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-22-1018-Supplementary.pdf
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Long-term survival

Late death occurred in 81 patients, including cardiac deaths 
in 41. The 10- and 15-year overall survival rates were 
67.6% and 58.7%, respectively. The 10- and 15-year rates 
of freedom from cardiac death were 83.4% and 76.9%, 

respectively. Overall survival was better in the SA group 
(P<0.001, Figure 1). Even after risk factor adjustment, the 
PS-adjusted multivariate analysis showed that concomitant 
surgical arrhythmia ablation was significantly associated 
with overall survival [reference, NSA group; hazard ratio 

Table 2 Operative data of study population

Variables Total (n=224) SA group (n=73) NSA group (n=151) P value

Concomitant MV procedure, n (%) 210 (93.8) 68 (93.2) 142 (94.0) 0.368

Replacement 187 (83.5) 63 (86.3) 124 (82.1)

Repair 4 (1.8) 2 (2.7) 2 (1.3)

Others (pannus removal etc.) 19 (8.5) 3 (4.1) 16 (10.5)

Concomitant AV procedure, n (%) 124 (55.4) 36 (49.3) 88 (58.3) 0.040

Replacement 110 (49.1) 28 (38.4) 82 (54.3)

Repair 9 (4.0) 6 (8.2) 3 (2.0)

Others (pannus removal etc.) 5 (2.2) 2 (2.7) 3 (2.0)

Concomitant TV procedure, n (%) 144 (64.3) 47 (64.4) 97 (64.2) >0.999

Replacement 40 (17.9) 7 (9.6) 33 (21.9)

Repair 99 (44.2) 40 (54.8) 59 (39.1)

Others (pannus removal etc.) 5 (2.2) 0 (0.0) 5 (3.3)

Tissue valve implantation, n (%) 38 (17.0) 11 (15.1) 27 (17.9)

Concomitant CABG, n (%) 5 (2.2) 2 (2.7) 3 (2.0) 0.662

Concomitant aorta surgery, n (%) 8 (3.6) 3 (4.1) 5 (3.3) 0.718

CPB time (minutes), mean ± SD 255.4±149.4 243.4±58.3 261.2±177.3 0.266

ACC time (minutes), mean ± SD 161.4±51.8 169.7±43.4 157.4±55.1 0.071

MV, mitral valve; AV, aortic valve; TV, tricuspid valve; CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass; ACC, aortic 
cross clamp; SD, standard deviation; SA, surgical ablation; NSA, non-surgical ablation.

Table 3 Early clinical outcomes

Variables Total (n=224) SA group (n=73) NSA group (n=151) P value

Operative mortality, n (%) 18 (8.0) 4 (5.5) 14 (9.3) 0.474

Complications, n (%) 86 (38.4) 21 (28.8) 65 (43.0) 0.056

LCOS 44 (19.6) 8 (11.0) 36 (23.8) 0.036

Respiratory complication 28 (12.5) 8 (11.0) 20 (13.2) 0.788

Acute kidney injury 27 (12.1) 5 (6.8) 22 (14.6) 0.149

Bleeding reoperation 16 (7.1) 4 (5.5) 12 (7.9) 0.693

Stroke 14 (6.3) 2 (2.7) 12 (7.9) 0.225

Mediastinitis 5 (2.2) 1 (1.4) 4 (2.6) 0.901

LCOS, low cardiac output syndrome; SA, surgical ablation; NSA, non-surgical ablation.
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(HR), 0.452; 95% CI: 0.218–0.936; Table 4 and Figure 2].  
Older age at operation, poor functional class (New 
York Heart Association functional class III or IV), and 
concomitant tricuspid valve procedure were significant risk 
factors for overall mortality (Table 4).

Recurrence of AF 

In SA group, 49 patients had postoperative sinus rhythm 
whereas 6 patients had postoperative sinus rhythm in 
NSA group. The maintenance of postoperative sinus 
rhythm at the final ECG was detected in 35 (47.9%) 

patients in the SA group, while 16 (10.5%) in the NSA 
group had postoperative sinus rhythm at the final ECG 
with medical treatment. None of the patients in the SA 
group underwent radiofrequency catheter ablation. Of the  
16 patients, 10 (6.6%) had sinus rhythm and 6 (4.0%) had 
junctional rhythm. In the SA group, 30 (41.1%) patients 
had sinus rhythm and 5 (6.8%) junctional rhythm. Most 
of the patients (93.3%) used antiarrhythmic drug (e.g., 
amiodarone, most commonly) except those with side effects 
on antiarrhythmic drug. 

In the competing risk analysis of AF recurrence, the 
cumulative incidence differed significantly between the 
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Figure 1 Kaplan-Meier curve for overall survival in the patients 
who underwent concomitant surgical ablation (SA group) and who 
did not (NSA group). Freedom rates at 5, 10, and 15 years are 
given. SA, surgical ablation; NSA, non-surgical ablation.

Table 4 Cox proportional hazards models for factors associated with overall survival

Variables

Factors associated with overall survival

Univariate analysis PS-adjusted multivariable analysis

HR (95% CI) P value HR (95% CI) P value

Surgical arrhythmia ablation 0.369 (0.207–0.656) <0.001 0.452 (0.218–0.936) 0.032

Age (years) 1.079 (1.055–1.104) <0.001 1.071 (1.044–1.098) <0.001

NYHA functional class ≥ III 2.207 (1.384–3.520) <0.001 1.719(1.060–2.787) 0.028

Concomitant TV operation 1.759 (1.070–2.891) 0.026 1.910 (1.150–3.171) 0.012

CKD 1.944 (1.195–3.160) 0.007 1.279 (0.763–2.142) 0.351

Long-standing persistent AF 1.812 (1.129–2.907) 0.014 1.107 (0.664–1.845) 0.697

Giant LA 1.676 (1.082–2.596) 0.021 1.038 (0.650–1.658) 0.876

HR, hazard ratio; CI, confidence interval; PS, propensity score; TV, tricuspid valve; CKD, chronic kidney disease; AF, atrial fibrillation; LA, 
left atrium, NYHA, New York heart association
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Figure 2 Risk factor-adjusted curve by Cox proportional hazards 
model for overall survival in patients with concomitant surgical 
ablation (SA group) and those without (NSA group). NSA group 
was used as a reference for hazard ratio. SA, surgical ablation; 
NSA, non-surgical ablation.
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Figure 3 Cumulative incidence function for recurrent atrial 
fibrillation in patients with concomitant surgical ablation (SA 
group) and those without (NSA group). SA, surgical ablation; 
NSA, non-surgical ablation.

Table 5 Competing risk analysis for factors associated with AF 

Variables

Factors associated with atrial fibrillation

Univariate analysis PS-adjusted multivariable analysis

HR (95% CI) P value HR (95% CI) P value

Surgical arrhythmia ablation 0.448 (0.335–0.600) <0.001 0.505 (0.369–0.691) <0.001

Paroxysmal AF 0.449 (0.206–0.982) 0.045 0.490 (0.224–1.070) 0.074

>2nd redo operation 1.440 (1.180–1.760) <0.001 1.216 (1.006–1.470) 0.043

Previous AV procedure 1.170 (1.020–1.330) 0.021 1.050 (0.920–1.198) 0.470

Age (years) 1.010 (1.000–1.020) 0.014 1.005 (0.996–1.014) 0.311

Long-standing persistent AF 0.764 (0.606–0.963) 0.023 0.864 (0.686–1.089) 0.215

HR, hazard ratio; CI, confidence interval; PS, propensity score; AF, atrial fibrillation; AV, aortic valve.
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Figure 4 Cumulative incidence function for composite of 
thromboembolism and bleeding in patients with concomitant 
surgical ablation (SA group) and those without (NSA group). SA, 
surgical ablation; NSA, non-surgical ablation.

two groups (P<0.001, Figure 3). Even after adjusting for 
the PS, concomitant surgical arrhythmia ablation was a 
significant factor in the PS-adjusted multivariate analysis 
(reference, NSA group; HR, 0.505; 95% CI: 0.369–0.691). 
Besides concomitant SA, the PS-adjusted multivariate 
analysis showed that multiple redo operation (P=0.043) was 
marginally associated with recurrent AF (Table 5). 

For the patients with sinus rhythm for a certain period 
of time with bioprosthetic valves, anticoagulation was 
ceased. The cessation of anticoagulation was decided based 
on multiple intermittent ECG recordings. Twenty-seven 
patients (17.9%) underwent bioprosthetic valve replacement 
in NSA group and 11 patients (15.1%) underwent tissue 
valve replacement in the SA group (P=0.705). Out of these 
11 patients, 3 patients restored sinus rhythm and all of them 
ceased anticoagulation. As most of the patients (84.9%) in 

the SA group underwent mechanical valve replacement, 
anticoagulation could not be ceased even in non-AF patients. 

Composite of thromboembolism and bleeding events

CTEB events occurred in 7 (9.6%) patients in the SA 
group and 27 (17.9%) in the NSA group. Major bleeding 
events occurred in 6 (8.2%) and 16 (10.6%) patients in 
the SA and NSA groups, respectively. In all of the patients 
with bleeding or thromboembolic event, international 
normalized ratio (INR) was in therapeutic range. The 
incidence of thromboembolism events did not show 
significant difference [12 (7.9%) vs. 1 (1.4%); P=0.095].

The cumulative incidence of CTEB at 10 years was 
8.3% in the SA group and 13.1% in the NSA group; the 
difference was significant (P=0.037, Figure 4). The PS-
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adjusted multivariate analysis also showed a lower incidence 
of CTEB in the SA group (reference, NSA; HR, 0.338; 95% 
CI: 0.127–0.897). In the PS-adjusted multivariate analysis, 
previous tricuspid valve surgery (P=0.017) and older age 
(P=0.006) were also associated with CTEB (Figure 4  
and Table 6).

Discussion

The present study demonstrated three major findings. 
First, overall survival was better in patients who underwent 
redo cardiac surgery for left-sided heart disease with versus 
without concomitant surgical arrhythmia ablation. Second, 
those with the concomitant surgical arrhythmia ablation had 
a significantly higher sinus conversion rate compared with 
those without. Finally, concomitant surgical arrhythmia 
ablation with redo cardiac surgery was associated with 
significantly lower cumulative incidence of CTEB. 

The Cox-maze procedure is the standard surgical 
treatment for AF (11,12). However, as the concomitant 
Cox-maze procedure is more time consuming and complex, 
it is not clear whether to perform the procedure during redo 
cardiac surgery for persistent or long-standing persistent 
AF (13-15). There are only a few reports on the efficacy of 
the Cox-maze procedure concomitant with redo cardiac 
surgery (7,8). Stulak et al. (8) focused on the outcomes after 
redo cardiac operation in patients with congenital heart 
disease, in which the genesis of AF might differ from that 
in our cohort. Kobayachi et al. (7) reported the outcomes 
after redo mitral valve operations in 42 patients: 29 patients 
in the Cox-maze procedure group and 13 controls. Other 
studies showed the outcomes of the concomitant procedure 

during redo cardiac surgery, but in most of those studies, 
only a small proportion of the subjects underwent previous 
cardiac surgery (1,5). 

As reoperative cardiac surgery is usually associated with 
higher mortality and morbidity immediately after operation, 
one of the main concerns is related to early clinical 
outcomes. In this study, although aortic cross-clamp time 
was approximately 15 minutes longer in the SA group than 
in NSA group, the difference was not statistically significant 
and the early clinical outcomes were comparable, including 
operative mortality, acute renal failure and reoperation 
for bleeding; the incidence of LCOS was rather higher in 
NSA group. Although the higher proportion of high-risk 
redo surgery in the NSA group could affect these results, 
concomitant SA for AF was not associated with operative 
mortality in the multivariate analysis. Moreover, in the 
multivariate analysis, concomitant SA for AF protected 
against postoperative LCOS.

In addition to perioperative mortality and morbidity, 
our data showed that concomitant SA for AF was associated 
with a low mortality rate, while offering a lower rate of 
recurrent AF and lower risk of CTEB during follow-up. 
Although there may be concerns regarding the procedure’s 
invasiveness and potential morbidity, our data demonstrate 
that more aggressive concomitant procedures should be 
considered in select patients.

In our cohort, freedom from AF was relatively low 
compared with other studies, with recurrent AF rates at last 
follow-up of 85–97% (16). However, those studies included 
patients undergoing primary cardiac surgery. The freedom of 
AF in our study is similar to that of Kobayashi et al. (7), who 
found that sinus conversion after the Cox-maze procedure 

Table 6 Competing risk analysis for factors associated with CTEB

Variables

Factors associated with CTEB

Univariate analysis PS-adjusted multivariable analysis

HR (95% CI) P value HR (95% CI) P value

Surgical arrhythmia ablation 0.411 (0.179–0.947) 0.037 0.338 (0.127–0.897) 0.029

Previous TV operation 2.080 (1.040–4.170) 0.039 2.710 (1.191–6.165) 0.017

>2nd redo operation 0.307 (0.093–1.012) 0.052 0.263 (0.072–0.957) 0.043

Age (years) 1.058 (1.022–1.096) <0.001 1.056 (1.016–1.098) 0.006

Long-standing persistent AF 2.590 (1.159–5.787) 0.020 2.428 (0.985–5.986) 0.054

NYHA functional class ≥ III 2.142 (1.032–4.445) 0.041 1.837 (0.869–3.883) 0.112

CTEB, composite of thromboembolism and bleeding events; HR, hazard ratio; CI, confidence interval; PS, propensity score; AF, atrial 
fibrillation; TV, tricuspid valve; NYHA, New York Heart Association.
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was less frequent after redo mitral valve operation than after 
the primary mitral valve operation. Although a low sinus 
conversion rate can be problematic because sinus rhythm is 
related to a reduced incidence of thromboembolic events, 
our data showed that the Cox-maze procedure decreased the 
cumulative incidence of thromboembolic events. Moreover, 
AF is reported to increase mortality risk over the years 
following the operation (17,18). Thus, the maintenance 
of sinus rhythm can improve overall survival (4), which is 
consistent with our result showing better survival after the 
Cox-maze procedure. 

Limitations

There were several limitations to the present study 
that must be noted. First, this study is limited by its 
retrospective design. Second, PS matching was unavailable 
due to relatively small number of patients and heterogeneity 
of the patients. Third, we performed ECG, which is only 
a snapshot, rather than Holter monitoring to determine 
whether sinus rhythm was restored. Fourth, the indication 
to perform SA during redo surgery was under the surgeon’s 
discretion. Fifth, preoperative mortality risk scores could 
not be included in the analysis because patients who 
underwent surgery in the early study period did not have 
sufficient data to calculate the scores. 

Conclusions

In conclusion, the present study showed that concomitant 
surgical arrhythmia ablation with redo cardiac surgery for 
left-sided heart disease resulted in a better overall survival, 
lower incidence of recurrent AF, and lower incidence of 
CTEB. Concomitant SA procedure may be considered in 
patients undergoing redo cardiac surgery. 
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Supplementary

Table S1 Logistic regression models for factors associated with operative mortality 

Variables

Factors associated with operative mortality

Univariate analysis Multivariable analysis

OR (95% CI) P value OR (95% CI) P value

Surgical arrhythmia ablation 0.567 (0.180–1.788) 0.333 0.595 (0.175–2.024) 0.406

Age (years) 1.047 (1.000–1.097) 0.052 1.030 (0.982–1.080) 0.228

NYHA functional class ≥ III 3.500 (1.115–10.990) 0.032 3.183 (0.973–10.414) 0.056

CKD 12.059 (0.722–201.422) 0.083 11.640 (0.564–240.372) 0.112

OR, odds ratio; CI, confidence interval; PS, propensity score; NYHA, New York heart association; CKD, chronic kidney disease.

Table S2 Logistic regression models for factors associated with low cardiac output syndrome

Variables

Factors associated with low cardiac output syndrome

Univariate analysis Multivariable analysis

OR (95% CI) P value OR (95% CI) P value

Surgical arrhythmia ablation 0.393 (0.172–0.896) 0.026 0.328 (0.136–0.788) 0.013

NYHA functional class ≥ III 1.789 (0.906–3.533) 0.094 1.673 (0.822–3.404) 0.155

hypertension 0.352 (0.102–1.209) 0.097 0.393 (0.111–1.397) 0.149

Concomitant AV procedure 0.603 (0.344–1.054) 0.076 2.008 (0.420–9.590) 0.382

OR, odds ratio; CI, confidence interval; PS, propensity score; NYHA, New York heart association; AV, aortic valve.


