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Abstract

Objective—Atrial fibrillation (AF) is associated with increased early and long-term morbidity/

mortality following valve surgery. This study examined long-term influence of concomitant full 

Cox maze (CM) and mitral valve procedures on freedom from atrial arrhythmia and stroke.

Methods—This sample comprised patients who underwent CM with a mitral valve procedure (N 

= 473). Data on rhythm, medication status, and clinical events captured according to Heart 

Rhythm Society guidelines at 6, 9, 12, 18, and 24 months and yearly thereafter up to 7 years.
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Results—Mean age was 65 years, mean left atrium size was 5.3 cm, and 15% had paroxysmal 

AF. Perioperative stroke occurred in 2 patients (0.4%) and operative mortality was 2.7% (n = 13). 

Return to sinus rhythm regardless of antiarrhythmic drugs at 1, 5, and 7 years was 90%, 80%, and 

66%. Sinus rhythm off antiarrhythmic drugs at 1, 5, and 7 years was 83%, 69%, and 55%. 

Freedom from embolic stroke at 7 years was 96.6% (0.4 strokes per 100 patient-years) with a 

majority of patients off anticoagulation medication. Greater odds of atrial arrhythmia recurrence 

during 7 years was associated with longer AF duration (odds ratio [OR], 1.07; P = .001), whereas 

lower odds were associated with cryothermal energy only (OR, 0.64; P = .045) and greater 

surgeon experience (OR, 0.98; P = .025).

Conclusions—This study suggests that the addition of CM to mitral valve procedures, even with 

a high degree of complexity, did not increase operative risk. In long-term follow-up, the CM 

procedure demonstrated acceptable rhythm success, reduced AF burden, and remarkably low 

stroke rate. Individual surgeon experience and training may notably influence long-term surgical 

ablation for AF success.

Keywords

cardiac surgery; atrial fibrillation; mitral valve

Atrial fibrillation (AF) is associated with increased morbidity, decreased survival, and 

inferior quality of life.1–3 Despite the significant improvement in surgical ablation devices 

and growing evidence regarding the positive influence of surgical ablation on patient 

outcomes, surgical ablation for AF is still underperformed and many patients are left 

untreated.4 Recent guidelines by surgical organizations support the performance of 

concomitant surgical ablation for AF when indicated. These guidelines clearly state that 

surgical ablation is effective and safe.5,6 It is especially important to notice that surgical 

ablation was found to be associated with improved perioperative and late survival and 

reduced risk of strokes in long-term follow-up.6 It is therefore correct to assume that if AF is 

left untreated it may be associated with increased long-term mortality and morbidity in 

patients undergoing valve surgery.7,8 Among the most significant gaps in the current 

literature is the lack of substantial data regarding the long-term success and potential clinical 

influence of surgical ablation for AF on outcome. The purpose of this study was to examine 

the long-term influence of the concomitant full Cox maze (CM) procedure and mitral valve 

surgery on freedom from atrial arrhythmia and stroke, and to identify the variables 

associated with long-term success of the CM procedure.

METHODS

Patients who underwent concomitant CM procedures at a single center since September 

2005 were part of a prospective follow-up program (N = 714) of which 473patients had a 

mitral valve procedure. Data on rhythm, medication status, follow-up interventions, and 

clinical events were captured according to the Heart Rhythm Society (HRS) guidelines at 6, 

9, 12, 18, and 24 months and yearly thereafter up to 7 years. Data on survival and clinical 

events during follow-up were collected throughout the entirety of follow-up. Therefore, data 

were available for these outcomes even when rhythm status was unavailable. Sinus rhythm 

status was defined according to HRS guidelines as freedom from atrial arrhythmia > 30 
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seconds without use of class I/III antiarrhythmic drugs (AADs).9 This study was approved 

by an institutional review board and written patient consent was waived.

Surgical Procedure

The CM III/IV procedures were performed by multiple surgeons and the lesion set was 

applied as previously described.10,11 The energy source used for each procedure was based 

on surgeon discretion. The lesion set for the cryothermal-only procedures was the traditional 

CM III procedure and for the cryothermal combined with bipolar radiofrequency energy 

procedures was the CM IV lesion set.10–12 Bipolar radiofrequency was applied 3 to 5 times 

across the pulmonary veins (Isolator Synergy Clamps; AtriCure Inc, Mason, Ohio). For 

cryothermal energy only the CryoFlex (10 or 10S; Medtronic, Minneapolis, Minn) or the 

Cryo 1 Cryo 2 (AtriCure Inc) were used. For cryothermal energy only or in combination 

with bipolar radiofrequency, the cryolesions were applied for 2 minutes for all lesions 

crossing the atrioventricular groove both in the right and left atria and the epicardial 

coronary sinus lesion to complete the left atrial isthmus lesion on the left. The left atrial 

appendage was managed either by amputation and suture closure or by applying an 

epicardial clip (AtriCure Inc). In redo cases and minimally invasive right thoracotomy, the 

left atrial appendage was sutured closed endocardially in 2 layers. Appropriate left atrial 

appendage closure was confirmed in all cases via transesophageal echocardiography in the 

operating room.

Patient Management

The management of patients in regard to medications and follow-up interventions after 

surgery was determined by an institutional protocol.13 Unless contraindicated, all patients 

received amiodarone at 200 mg twice a day for 5 days after surgery followed by 200 mg 

daily for 3 months to reduce the risk of early atrial arrhythmia recurrence.14 If patients were 

in stable sinus rhythm at 3 months after surgery, amiodarone was recommended to be 

discontinued to allow for at least 6 weeks off the medication by the 6 months follow-up time 

point. Patients with an amiodarone allergy, history of side effects due to amiodarone, or 

other clinical contraindications were generally treated with sotalol or flecainide instead, 

which was prescribed for 3 months after surgery according to the same protocol.

Similarly, unless contraindicated due to high risk for bleeding, all patients were treated with 

warfarin to maintain international normalized ratio between 2 and 2.5 or higher in applicable 

cases (eg, mechanical valve implantation). If patients were in stable sinus rhythm off AADs 

at 6 months after surgery and echocardiography demonstrated a well-excluded or excised 

left atrial appendage with no signs of blood stagnation in the left heart cavities (ie, smoke), 

discontinuation of anticoagulation was recommended and patients were maintained on 

aspirin. Discontinuation of anticoagulation was considered throughout follow-up if patients 

were qualified, but was under the direction of each individual cardiologist.

Statistical Analysis

All analyses were conducted using IBM SPSS Statistics version 24.0 (IBM Corp, Armonk, 

NY) and a P value of < .05 two-tailed was considered statistically significant. Continuous 

data are presented as mean ± standard deviation or median (interquartile range [IQR]) and 
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categorical data are presented as frequency (%). Descriptive statistics were used to illustrate 

the characteristics and outcomes of the sample (N = 473). Missing values in patient 

characteristics were present in preoperative left atrium size (n = 22) and duration of AF (n = 

33). Multiple imputation was conducted to provide complete data on these 2 variables using 

left atrium size, duration of AF, and age in the imputation model with 3 iterations. The mean 

of the 3 iterations was calculated and used to replace the missing values for left atrium size 

and duration of AF. Patients with mitral valve as the only concomitant procedure and those 

with mitral and other concomitant procedures were compared on preoperative characteristics 

and rhythm outcomes using independent-samples t tests or Mann-Whitney U tests for 

continuous variables and χ2 or Fisher exact test for categorical variables, as appropriate.

Kaplan-Meier survival analysis was conducted to examine freedom from events and 

mortality during follow-up. A generalized linear mixed model using multivariable binomial 

logistic regression was conducted to examine the risk factors for recurrence of atrial 

arrhythmia up to 7 years after surgery. Not all patients in this sample had reached 7 years 

after surgery, but the mixed model methodology with random intercepts allowed the 

inclusion of all available follow-up rhythm data and individual-specific random effects. The 

fixed effects factors included in this model were selected a priori based on clinical and 

theoretical justification and included age, gender, ejection fraction, left atrium size (cm), 

duration of AF (years), type of AF as defined by the HRS guidelines (paroxysmal AF vs 

nonparoxysmal AF), energy source (cryothermia alone vs all others), operative approach 

(minimally invasive vs median sternotomy), consecutive cases of surgeon experience with 

surgical ablation at the time of the procedure (continuous variable in 20 case intervals), and 

mitral valve procedure (repair vs replacement).

RESULTS

The mean age for this sample was 65.3 ± 11.4 years, mean European System for Cardiac 

Operative Risk Evaluation (EuroSCORE) II was 5% ± 5.4%, and 45% were female patients 

(Table 1). The mean left atrium size was 5.3 ± 1.0 cm with left atrium size > 5.5 cm in 37% 

of patients, median preoperative duration of AF was 1.5 years (IQR, 0.2–4.7 years), and 

15% of patients with paroxysmal AF type. Preoperative duration of AF was longer than 3 

years in 36% and longer than 5 years in 24% of patients. In addition, 9% of patients had left 

atrium size > 5.5 cm and AF duration > 5 years. Mitral valve was the only concomitant 

procedure in 46% of patients, 44% had 3 total procedures, and 10% had 4þ procedures. 

Follow-up rhythm data were available on 92% of eligible patients at 1 year after surgery, 

87% of eligible patients at 3 years after surgery, 80% of eligible patients at 5 years after 

surgery, and 75% of eligible patients at 7 years after surgery. Patients who withdrew or were 

lost to follow-up did not differ on patient characteristics from the patients with rhythm status 

available at 7 years after surgery.

Rhythm Outcomes

Return to sinus rhythm regardless of AADs at 1, 5, and 7 years was 90%, 80%, and 66%, 

respectively. Sinus rhythm off AADs at 1, 5, and 7 years was 83%, 69%, and 55%, 

respectively (Figure 1). At 7 years, monitoring revealed that only 22% of patients with 
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recurrent atrial arrhythmia demonstrated a continuous pattern (Figure 2). The CM 

procedures in this series were performed by 8 separate surgeons and notable differences in 

success at 7 years were identified. The more experienced surgeons demonstrated better 

success than the rest with 50% to 73% at 7 years. Only 1 surgeon had more than 50 patients 

with at least 7 years of follow-up.

In the group of patients who underwent only mitral valve and CM procedures (n = 217), 

sinus rhythm regardless of AADs at 1, 5, and 7 years was 92% (153 out of 167), 86% (68 

out of 79), and 80% (36 out of 45) and sinus rhythm off AADs at 1, 5, and 7 years was 85% 

(140 out of 165), 79% (62 out of 79), and 64% (29 out of 45). In contrast, the group of 

patients who underwent more than mitral valve and CM procedures, had fewer patients in 

sinus rhythm and sinus rhythm off AADs throughout follow-up. These comparisons reached 

significance for sinus rhythm regardless of AADs at 3 years (80% vs 90%; P = .035), 6 years 

(62% vs 86%; P = .004), and 7 years (49% vs 80%; P = .003) and for sinus rhythm off 

AADs at 3 years (72% vs 85%; P = .008), 5 years (60% vs 79%; P = .010), and 6 years 

(53% vs 75%; P = .014). In the group of patients with mitral valve repair, return to sinus 

rhythm regardless of AADs at 1, 5, and 7 years was 92%, 82%, and 73% and sinus rhythm 

off AADs was 86%, 70%, and 58%, respectively.

Mixed-model logistic regression analysis revealed that greater odds of atrial arrhythmia 

recurrence during 7 years of follow-up was associated with longer preoperative duration of 

AF in years (P = .001), whereas lower odds of atrial arrhythmia recurrence was associated 

with cryothermal energy only (P = .045) and greater cases of surgeon experience (P = .025) 

(Table 2). For each year increase in duration of AF, there was a 7% greater risk for atrial 

arrhythmia recurrence during 7 years of follow-up and for each additional 20 cases of 

surgeon experience, there was a 2% reduction in risk for atrial arrhythmia recurrence. Other 

factors in the model were not significantly associated with atrial recurrence during 7 years, 

including age, mitral valve repair, nonparoxysmal AF type, and larger left atrial size (Table 

2). The distribution lines presented in Figure 3 highlight the importance of AF duration 

rather than left atrial size in distinguishing patients in sinus rhythm off AADs at long-term 

follow-up.

Clinical Outcomes

The incidence of perioperative complications was low for these patients and included the 

following: pneumonia in 3% (n = 15), perioperative stroke in 0.4% (n = 2), reoperation for 

bleeding in 2.6% (n = 12), renal failure in 3% (n = 16), renal failure requiring temporary 

dialysis in 2% (n = 11), and readmissions < 30 days in 11% (n = 52). New pacemakers were 

implanted in 37 of the 427 patients without a preoperative pacemaker (9%). The indications 

for pacemaker implantation were sick sinus syndrome in 20 patients (54%), complete 

atrioventricular block in 10 patients (27%), bradycardia in 4 patients (11%), and sinus node 

dysfunction in 3 patients (8%). Intraoperative blood products were transfused in 24% of 

patients (n = 115) and blood products were transfused postoperatively in 32% (n = 149). 

Specifically, red blood cell units were transfused intraoperatively in 11% of patients (n = 53) 

and red blood cell units were transfused postoperatively in 25% (n = 120). Median intensive 

care unit length of stay was 45 hours (IQR, 12–95 hours) and median hospital length of stay 

Ad et al. Page 5

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



was 7 days (IQR, 5–10 days). Operative mortality < 30 days was 2.7% (n = 13) and the 

observed-to-expected ratio was 0.55 using the EuroSCORE II as the expected value (5%). At 

discharge, 88% of patients were in sinus rhythm (405 out of 462 patients), 66% were 

discharged on AADs (314 out of 462 patients), and 92% were discharged on anticoagulation 

(425 out of 462 patients).

Mean follow-up was 52 ± 37 months (median, 48 months [IQR, 19–77 months]). 

Preoperative CHADS2 score was ≥2 in 44% of patients and the median CHADS2 score was 

1 (IQR, 1–2). Major bleeding events occurred in 44 patients (9%) by 7 years and embolic 

strokes occurred in 9 patients (2%) by 7 years. For patients with embolic strokes, median 

CHADS2 score was 2 (IQR, 0.5–2.5), mean left atrium size was 5.2 ± 0.8 cm, median 

preoperative AF duration was 2.3 years, 4 patients were taking anticoagulation medication at 

the time of the event for clinical indications, and 5 patients were in sinus rhythm. Of 4 

patients not in sinus rhythm at the time of the embolic stroke, 3 were taking anticoagulation 

medication and 1 had unknown anticoagulation status. Cumulative freedom from embolic 

stroke at 7 years was 96.6% (95% confidence interval, 0.941–0.992; 0.4 strokes per 100 

patient-years of follow-up) (Figure 4). At 7 years, the majority of patients who could 

clinically discontinue anticoagulation had done so (41 out of 46 patients; 89%) and 87% of 

patients were off AADs at 7 years. Although only 29% of patients remained on oral 

anticoagulation medication throughout follow-up, the incidence of embolic stroke was very 

low. Cumulative survival from the Kaplan-Meier analysis was 77% (95% confidence 

interval, 0.717–0.823) at 7 years.

DISCUSSION

The results of this study demonstrate that patients undergoing mitral valve surgery and CM 

III/IV procedures should expect good early and late outcome. The surgical procedures were 

performed by multiple surgeons achieving acceptable rates of sinus rhythm at 7 years with a 

notably low stroke rate. The factors associated with atrial arrhythmia recurrence during 7 

years were longer preoperative duration of AF, combination ablative energy source (bipolar 

radiofrequency and cryothermal energy), and lower surgeon experience with surgical 

ablation.

Since 1987, the CM procedure transitioned from the cut-and-sew technique to a device-

based surgical ablation for AF. The only 2 devices that were identified as reliable and 

consistent for transmural lesions in cases performed with cardiopulmonary support are the 

bipolar radiofrequency clamp and the cryothermal probes.6 Therefore, this series is unique 

not only in size and duration of follow-up but also due to the consistent use of these 2 energy 

sources recognized for consistent transmurality, either as a combination (bipolar 

radiofrequency and cryothermal) or as a standalone (cryothermal) to perform the CM III/IV 

procedure.6

The decision making surrounding the inclusion of surgical ablation in the concomitant 

setting when indicated is still evolving. Currently there is clear variability among surgeons 

on the degree and type of surgical ablation procedures performed.4,15 The decision is not 

only dependent on the pathophysiology of AF, but often also related to the unsupported 
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concern of increased risk for morbidity and mortality associated with concomitant surgical 

ablation. Previous reports by us and by others demonstrated that surgical ablation in the 

concomitant setting was not associated with increased operative risk.16,17 More importantly 

recent guidelines clearly documented and recommended addition of surgical ablation to 

improve perioperative morbidity and mortality.5,6 Another recognized challenge is the 

inconsistency associated with the type of lesion set and energy sources. The Society of 

Thoracic Surgeons guidelines clearly state that mitral valve patients with more advanced 

atrial fibrillation and increased left atrium size should have a biatrial surgical ablation to 

include the CM procedure because it is associated with a superior outcome.5 The 

expectations are that these new guidelines and ongoing educational efforts will improve the 

ability of surgeons to make the right decisions regarding surgical ablation.

In the present study, perioperative mortality and morbidity were acceptable and a low 

observed-to-expected ratio of 0.55 for mortality was achieved. The safety of the procedure 

and the potential early influence on outcomes should be considered when operating on 

patients with coronary artery disease or structural heart disease with AF. The evidence and 

the recognition of the importance of AF should support the decision-making process to 

perform surgical ablation for AF when indicated. Long-term follow-up for such patients 

should be focused on the success in ablating AF, thromboembolic rate, anticoagulation, and 

survival. The success rate in our series diminished over the 7 years of follow-up and the 

most important factors associated with recurrence of atrial arrhythmia were longer duration 

of AF, ablation using a combination of bipolar radiofrequency and cryothermal energy 

devices rather than cryothermal probes alone, and lower surgeon experience. Our group has 

observed potential differences in success associated with cryothermal only CM procedures. 

It is unclear what the mechanism is to explain this difference in outcome, but it is a 

consistent finding in a few of our recent studies and observations.18 One potential 

explanation is that the cryothermal devices are not as user-dependent compared with the 

bipolar radiofrequency devices. There is also a need to improve our understanding of the 

potential influence of atrial tissue remodeling on the radiofrequency ablation algorithm. It 

would be very important to design an appropriately powered prospective study to clarify this 

important result.

In the present study, the distribution of AF duration was shown to be shifted toward higher 

values in patients with atrial arrhythmia recurrence at 7 years after surgery, whereas the 

distributions for left atrium size were comparable for patients with and without recurrences 

at 7 years. This study is not the first to suggest that preoperative AF duration is likely the 

most important variable directly related to AF that is associated with long-term success of 

the CM procedure. The group from Washington University reported on their 5-year results 

with the CM procedure and found that longer duration of AF was significantly associated 

with failure.19 The duration of AF before surgery may have a direct influence on the degree 

of atrial tissue remodeling and complexity of the atrial substrate. Therefore, the decision to 

modify the CM procedure to a simpler left atrial lesion set based on the type of AF may be 

misleading because patients with long duration of paroxysmal AF may have more advanced 

disease than realized, especially if there are signs of left atrium enlargement.20,21 Our 

experience suggests that follow-up should be modified in such patients. Currently, the 

clinical focus of the referring cardiologist during follow-up is on the non-AF component of 
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cardiovascular disease with no real involvement of the surgeons and electrophysiologists if 

and when AF recurs. A team approach to these patients could help improve long-term results 

because AADs and follow-up catheter ablations can improve our understanding of long-term 

recurrence and patient outcomes.22 Because all patients in this study had mitral valve 

surgery as well, it would be important to include the status of the mitral valve surgery at the 

time of failure because it may have a direct influence on left atrial pressure and size. To date 

there is no information about the potential influence of deteriorated mitral valve surgery and 

AF recurrence rate, especially when the follow-up period is long enough to detect such 

changes.

The recently published American Association for Thoracic Surgery guidelines state for the 

first time the importance of training and guidance to improve surgical treatment of AF.6 In 

the present study, as in others before, surgeon experience at the time of the procedure was 

found to be an important factor for long-term success. The CM procedure is composed of 

multiple steps that each must be performed accurately and precisely. It is also imperative for 

surgeons to be fully familiar with the nature of different ablation devices as well as all 

technical aspects related to the application of each lesion to avoid gaps, incomplete ablation 

lines, and misplaced lesions that may influence patient outcomes. To that end, The American 

Association for Thoracic Surgery guidelines also highly recommend personal proctorship to 

surgeons following training when performing their first 3 to 5 surgical ablation cases.

The present study provides unique information on thromboembolic strokes, bleeding 

complication and anticoagulation. During 7 years of follow-up, freedom from stroke was 

96.6% (0.4 strokes per 100 patient-years). Recently, the stroke rate following catheter 

ablation was demonstrated to be lower than patients in AF, but higher than reported in the 

present study and with significantly higher rates of treatment with oral anticoagulation 

medication and bleeding complications.23 The present results are important and demonstrate 

significant reduction in the risk of thromboembolic and bleeding events. Stroke reduction 

over time was reported in the past and likely represents a combination of relatively good 

success rate, lower atrial arrhythmia burden, and management of the left atrial appendage.
7,24 When reporting on atrial arrhythmia according to the HRS guidelines, any event longer 

than 30 seconds is considered a failure to achieve the rhythm goal.9 In our series only 22% 

had continuous atrial arrhythmia documented at 7 years. Although the long-term monitoring 

used in the majority of patients in this study was 24-hour Holter, it is reasonable to assume 

lower atrial arrhythmia burden in the majority of patients. The other important aspect of the 

procedure is management of the left atrial appendage with the potential influence on the low 

rate of thromboembolic events even in patients who experienced a recurrence. The relative 

contribution of each aspect of the procedure on the very low stroke rate and the success in 

reducing the number of patients on anticoagulation and bleeding complications at follow-up 

is yet to be determined.25

It is important to recognize that the electrophysiological mechanism of the CM procedure 

failure was not evaluated in the vast majority of patients in this series and this clinical 

phenomenon is very common in global practice. Future studies should focus on protocols 

that will include such an approach as well as a careful assessment of the status of the mitral 

valve and other valves, if treated in the original surgery, at the time of failure. Such an 
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approach will provide important information regarding the potential association between late 

hemodynamic changes and recurrence of atrial arrhythmia following surgical ablation.

Limitations

A limitation of this study is that because rhythm status was not continuously monitored, it is 

possible that patients who are in sinus rhythm at scheduled time points may have 

experienced atrial arrhythmia recurrences in between, which were not captured. However, an 

ideal monitoring strategy for patients after surgical ablation for AF has not yet been 

determined. Implantable devices that continuously monitor have been shown to have high 

false positives and demonstrated to have no advantage over HRS guidelines for follow-up.26 

The Reveal LINQ device (Medtronic) has been shown to have limitations in patients with 

low AF burden, which is common for patients following the CM procedure, and is also 

limited by battery life (3 years) and cost.27

It is also possible that the results from this study with highly experienced surgeons may not 

be generalizable to other centers. Further emphasis on training and increasing mentored 

surgeon experience can improve the success of CM procedures in combination with mitral 

valve surgery. Lastly, although descriptive statistics comprised the majority of study 

analyses, the comparative statistics conducted may have been limited in power by low event 

rates and further studies are necessary to replicate the results from these analyses.

CONCLUSIONS

In this large cohort study, we reported on 7-year outcomes for patients who underwent 

concomitant CM III/IV procedures and mitral valve surgery. The safety of this approach is 

encouraging and replicates findings reported by our group and others. The long-term success 

rate is acceptable with important influence on outcome associated with the type of energy 

source, surgeon experience, and training. Avery low stroke rate of 0.4 strokes per 100 

patient-years of follow-up was documented with the majority of patients not on oral 

anticoagulation medication. These findings and the supporting data from recent guidelines 

should be considered by surgeons when operating on patients with significant history of AF.

Abbreviations and Acronyms

AAD antiarrhythmic drugs

AF atrial fibrillation

CM Cox maze procedure

HSR Heart Rhythm Society
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Burden of atrial arrhythmias during 7 years of follow-up.
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Central Message

In long-term follow-up, the Cox maze procedure demonstrated acceptable rhythm 

success, reduced atrial fibrillation burden, and low stroke rate. This evidence should 

support decision making for surgical ablation for atrial fibrillation.
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Perspective

Surgical ablation for atrial fibrillation remains underperformed despite ablation device 

improvements and growing evidence on its positive influence. One significant gap in the 

literature is lack of substantial data regarding long-term success and clinical influence of 

surgical ablation for atrial fibrillation. This study demonstrated that patients undergoing 

mitral valve surgery with Cox maze procedures should expect good early and late 

outcomes.
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FIGURE 1. 
Percent of patients in sinus rhythm (SR) and SR off antiarrhythmic drugs (AAD) during 7 

years of follow-up.
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FIGURE 2. 
Burden of atrial arrhythmias during 7 years of follow-up.
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FIGURE 3. 
Distribution lines from histograms of preoperative atrial fibrillation (AF) duration and left 

atrium size for patients in sinus rhythm off antiarrhythmic drugs (blue line) and not in sinus 

rhythm off antiarrhythmic drugs (gold line) at 7 years. Vertical lines represent median values 

for AF duration and mean values for left atrium size by group.
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FIGURE 4. 
Cumulative freedom from embolic stroke during 7 years of follow-up. 95% CI, 95% 

Confidence interval.
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TABLE 1

Patient characteristics for the total sample and by type of concomitant procedures

Characteristic Total sample (N = 473) Mitral valve only (n = 217) Mitral valve + others (n = 256)

Age (y)* 65.3 ± 11.4 63.9 ± 11.3 66.4 ± 11.4

Female 212 (45) 102 (47) 110 (43)

Body mass index 27.1 ± 5.8 27.0 ± 5.7 27.3 ± 6.0

Ejection fraction (%)* 54.6 ± 11.0 56.2 ± 10.1 53.3 ± 11.5

Diabetes 49 (10) 16 (7) 33 (13)

Hypertension* 289 (61) 122 (56) 167 (65)

Peripheral vascular disease 27 (6) 11 (5) 16 (6)

Previous cerebrovascular accident 26 (6) 8 (4) 18 (7)

Chronic pulmonary disease 112 (24) 46 (21) 66 (26)

Duration of AF (y) 1.5 (0.2–4.7) 1.1 (0.2–4.4) 1.7 (0.3–5.1)

Left atrium size (cm) 5.3 ± 1.0 5.3 ± 1.0 5.3 ± 1.0

Nonparoxysmal AF type* 405 (86) 176 (81) 229 (90)

CHADS2 score ≥2* 210 (44) 78 (36) 132 (52)

EuroSCORE II (%)* 5.0 ± 5.4 3.3 ± 3.5 6.4 ± 6.3

Elective status* 400 (85) 193 (89) 207 (81)

Minimally invasive* 52 (11) 48 (22) 4 (2)

Cryothermia only energy source 258 (55) 126 (58) 132 (52)

Cases of surgeon experience 218 (70.5–480.5) 230 (83–482.5) 211 (54–476)

Concomitant procedures†

  CABG surgery 82 (17) – 82 (32)

  Aortic valve surgery 47 (10) – 47 (18)

  Tricuspid valve surgery 144 (30) – 144 (56)

Values are presented as frequency (%), mean ± standard deviation, or median (interquartile range). AF, Atrial fibrillation; EuroSCORE, European 
System for Cardiac Operative Risk Evaluation; CABG, coronary artery bypass grafting.

*
Comparison of mitral valve only and mitral valve + others (P < .05).

†
Categories are not mutually exclusive.
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TABLE 2

Results of the mixed model logistic regression analysis for atrial arrhythmia recurrence

Factor Odds ratio
95% Confidence

interval
P

value

Age (y) 1.01 0.99–1.03 .208

Female 1.07 0.69–1.66 .773

Ejection fraction (%) 0.99 0.97–1.01 .430

Left atrium size (cm) 1.06 0.85–1.32 .614

Duration of AF (y) 1.07 1.03–1.11 .001

Nonparoxysmal AF type 1.05 0.57–1.94 .873

Surgeon experience 0.98 0.96–0.997 .025

Cryothermia only energy source 0.64 0.41–0.99 .045

Minimally invasive 0.99 0.47–2.06 .973

Mitral valve repair 0.68 0.43–1.06 .087

AF, Atrial fibrillation.
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