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Objective: Atrial fibrillation is the most prevalent persistent arrhythmia in patients with hypertrophic obstructive cardiomyopathy. Comparative analyses of the safety and effectiveness of septal myectomy with and without surgical ablation are limited. This study aimed to compare the outcomes of septal myectomy with and without the Cox-maze IV procedure in patients with hypertrophic obstructive cardiomyopathy and atrial fibrillation.

Methods: Ninety-four patients with hypertrophic obstructive cardiomyopathy and atrial fibrillation who underwent septal myectomy were analyzed, we divided it into concomitant Cox maze surgery (Cox-maze group) and no concomitant Cox maze operation (no Cox-maze group). Freedom from atrial fibrillation recurrence and all-cause mortality after surgery were assessed.

Results: Freedom from all-cause mortality after septal myectomy at 1, 3, and 5 years was 98.5 ± 1.5% each in the Cox-maze group and 90.8 ± 6.3%, 85.1 ± 8.1%, and 85.1 ± 8.1%, respectively, in the no Cox-maze group. Patients in the no Cox-maze group had lower survival, freedom from atrial fibrillation recurrence off antiarrhythmic drugs, and arrhythmia control rate (including patients with successful antiarrhythmic drug conversion) than those in the Cox-maze group (P = 0.046, P = 0.040, and P = 0.012, respectively). Patients who underwent the Cox-maze IV procedure had lower atrial fibrillation recurrence rate than those who did not (hazard ratio, 0.141; 95% confidence interval, 0.042–0.479; P = 0.002). Post-operative increases in left atrial diameters (hazard ratio, 1.099; 95% confidence interval, 1.024–1.179; P = 0.009) were associated with atrial fibrillation recurrence.

Conclusions: The Cox-maze IV procedure combined with septal myectomy improved mid-term survival and reduced mid-term atrial fibrillation recurrence in patients with hypertrophic obstructive cardiomyopathy and atrial fibrillation. The concomitant Cox-maze IV procedure was associated with a lower atrial fibrillation recurrence in patients with surgical hypertrophic obstructive cardiomyopathy and atrial fibrillation.
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INTRODUCTION

Hypertrophic obstructive cardiomyopathy (HOCM) caused by left ventricular outflow tract (LVOT) obstruction is the most frequent type of hypertrophic cardiomyopathy (HCM) (1), and septal myectomy is the gold standard for the treatment of HOCM (2). Atrial fibrillation (AF) is the most common persistent arrhythmia in patients with HCM (3), with an incidence between 18 and 28% (4). Patients with HOCM have poor tolerance to AF, which leads to frequent admissions and poor quality of life (5). Mitral regurgitation due to systolic anterior motion (SAM), LVOT obstruction, and particularly left ventricular (LV) diastolic dysfunction, which result in increased left atrial pressure and chronic atrial remodeling, may be responsible for the increased vulnerability to initiate and maintain AF in HOCM (3).

For patients with HOCM complicated with AF, dealing with AF is extremely difficult. Pharmacologic therapy has a limited effect on restoring sinus rhythm (SR) (6). Although catheter ablation is effective, the recurrence rate of AF remains high, ranging from 33 to 55% after an isolated ablation procedure (7). In recent years, due to the recognition of the serious harm of AF in patients with HOCM (8) and the development of surgical ablation (9), a few studies have reported the results of surgical ablation in patients with HOCM and AF (10–12). However, comparisons of the safety and effectiveness of septal myectomy with and without ablation are limited. Therefore, this study aimed to retrospectively analyse the differences in AF recurrence and mid-term follow-up outcomes between septal myectomy with and without surgical ablation in patients with HOCM and AF.



PATIENTS AND METHODS

Due to concerns about the success rate and safety of the Cox-maze procedure, as well as the cost of the operation, some patients did not undergo the Cox-maze procedure at the same time as septal myectomy, and we retrospectively analyzed the post-operative and follow-up results. Details on the diagnostic criteria of HOCM, AF, and AF recurrence are presented in the Supplementary Material 1.

A total of 94 consecutive patients with HOCM who underwent septal myectomy with and without the Cox-maze procedure (we divided them into the Cox-maze group and no Cox-maze group) at our institution between January 2015 and July 2020 were assessed. For patients in Cox-maze group, most patients underwent Cox-maze IV operation (n = 54), and a small number of patients underwent left atrial ablation operation (n = 14). This study was approved by the ethics committee of Fuwai Hospital (number of approval: 2020-1277). This study was conducted in compliance with the principles of the Declaration of Helsinki.


Surgical Technique

We performed an extended septal myectomy, as described previously (13). Details are presented in the Supplementary Material 2. Ablation lines of Cox-maze IV procedure were created using an Isolator Synergy bipolar device (AtriCure, Inc., Cincinnati, OH) applied six times at each line. The ablation route was based on the classic Cox-maze IV procedure (14), and details are presented in the Supplementary Material 3.



Post-operative Monitoring and Follow-Up

The patients received intravenous infusion of amiodarone at a total dose of 1,200 mg within 24 h after the surgery (amiodarone was stopped when autonomic heart rate was lower than 50 beats/min); subsequently, they were administered amiodarone 200 mg orally, three times a day for 7 days, twice a day for 7 days, and then maintained once a day for 3 months. Thyroid function was monitored regularly during medication administration. Heparin (10–20 mg, q6h) was administered to prevent thrombosis when pericardial/mediastinal drainage decreased 4–6 h after the operation. Warfarin was administered through the gastric tube at the same time. Heparin was stopped when the international normalized ratio was 2.0–2.5. Warfarin anticoagulant therapy was administered for 6 months and was stopped if there was no AF recurrence.

All patients were followed up at the time of discharge, 6 months, 1 year, and yearly thereafter, with physical examination, 12-lead ECG, 24-h Holter monitoring, and echocardiography. We defined the patients whose arrhythmias were controlled as those who maintained sinus rate and those who were successfully converted with drugs after AF recurrence after surgery. The criteria for successful conversion and maintenance of SR were defined as definite SR on 12-lead precordial ECG, and no AF was found in 24-h Holter results. The primary end point of this study was comparison of freedom from atrial arrhythmia recurrence and all-cause mortality between the two groups, atrial arrhythmia recurrence defined as any documented AF, atrial flutter, or atrial tachycardia episode of >30 s after a 3-month blanking period.



Statistical Analyses

Normal distribution of continuous variables was assessed by Kolmogorov–Smirnov test. Continuous data are expressed as means ± standard deviations or medians [interquartile ranges (IQRs)] depending on whether the data is normally distributed. These data were compared using Student's t-test or the Mann–Whitney U-test depending on whether the data is normally distributed. Categorical data are presented as numbers (percentages) and were compared using the chi-squared test or Fisher's exact test as appropriate. The Kaplan–Meier method was used with log-rank tests to evaluate event-free survival. A Cox proportional hazards regression model was used to adjust for confounding factors. Age, sex, and variables with P < 0.1 in the univariable analysis were included in the multivariate regression model. A two-sided P < 0.05 was considered statistically significant. Statistical analyses were performed using IBM® SPSS® version 22.0 (IBM Corp., Armonk, NY, USA).




RESULTS


Patient Characteristics

A total of 94 consecutive patients were enrolled in the study. There were 54 men (57.45%), 42 patients with persistent AF (44.68%), and 52 patients with paroxysmal AF (55.32%). The median (IQR) age was 53 (42.75, 62) years, and most patients (72/94) had New York Heart Association (NYHA) functional class ≥III. The baseline clinical characteristics of the study population are shown in Table 1. Compared with patients in the no Cox-maze group, those in the Cox-maze group had higher EuroSCORE (2.84 ± 1.00 vs. 1.77 ± 1.42 mm, P = 0.001) and were more likely to have dyspnoea (92.65 vs. 76.92%, P = 0.034).


Table 1. Baseline characteristics and pre-operative clinical variables of patients in the Cox-maze and no Cox-maze group (Cox-maze N = 68).
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Operative Data and Early Clinical Outcomes

Septal myectomy was performed in all patients, combined with the Cox-maze procedure in 68 (72.34%) patients, including left atrial ablation in 14 (14.89%) cases and bilateral ablation in 54 (57.45%) cases, and not combined with the Cox-maze procedure in 26 (27.66%) patients. All patients underwent left atrial appendectomy. Patients in the Cox-maze group had longer cardiopulmonary bypass time (178.50 [154.75, 197.00] vs. 95.00 [85.25, 128.00] min, P < 0.001) and aortic cross-clamp time (122.50 [103, 144.25] vs. 65.00 [53.50, 93.25] min, P < 0.001) than those in the no Cox-maze group; however, the groups did not differ in terms of mechanical ventilation time, post-operative hospital stay, and incidence of major complications (Table 2), and there was no stroke or thrombosis in the two groups. After we removed the patients who underwent left atrial ablation, the baseline data and post-operative results of the two groups were still consistent with those before (Supplementary Tables 4–7). Two patients in the Cox-maze group died during the post-operative hospital stay. One patient suffered from severe cardiac and renal insufficiency in the later period and died of multiple organ failure 37 days after surgery. The other patient suffered from severe renal insufficiency and died of malignant arrhythmia 2 weeks after surgery.


Table 2. Comparison of perioperative outcomes and early complications of patients in the Cox-maze and no Cox-maze group.
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The pre-operative and post-operative echocardiographic data of patients in the Cox-maze and no Cox-maze groups are detailed in Supplementary Table 1. Patients in the Cox-maze group had slightly larger pre-operative left atrial diameters (51.09 ± 6.75 vs. 48.15 ± 6.99 mm, P = 0.07) than those in the no Cox-maze group, but this difference was not statistically significant.



Follow-Up

The median (IQR) follow-up was 25 (6–48.5) months. One patient in the Cox-maze group died suddenly 2 months after the surgery. Three patients in the no Cox-maze group died, including one who died due to heart failure 3 months after surgery, one due to liver cancer 2 years after surgery, and one sudden death 1 year after surgery.

Compared with patients in the no Cox-maze group, those in the Cox-maze group had lower mid-term AF recurrence (P = 0.01). There were no significant differences in stroke and thrombotic events (P = 0.073) or other complications between the two groups (Table 3).


Table 3. Major adverse cardiovascular events of patients in the Cox-maze and no Cox-maze group during follow-up.
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During the follow-up period, freedom from all-cause mortality after septal myectomy at 1, 3, and 5 years was 98.5 ± 1.5% each in the Cox-maze group, and 90.8 ± 6.3%, 85.1 ± 8.1%, and 85.1 ± 8.1%, respectively, in the no Cox-maze group. The Kaplan–Meier survival curves showed a lower survival in patients in the no Cox-maze group than in those in the Cox-maze group (P = 0.046, Figure 1).


[image: Figure 1]
FIGURE 1. The survival in patients with hypertrophic obstructive cardiomyopathy according to whether the concomitant Cox-maze procedure was performed or not. The survival in patients with and without the Cox-maze procedure is different (log-rank statistic, 4.013; P = 0.046).




Atrial Fibrillation Recurrence Outcome

There were 28 cases of AF recurrence in all patients (Supplementary Table 2 and Table 3), including 15 in the Cox-maze group and 13 in the no Cox-maze group. Compared with patients with no AF recurrence, those with AF recurrence were significantly older [55 (47.25, 65) vs. 51.5 (39, 60.25), P = 0.027], had larger post-operative left atrial diameters (LADs) (45.30 ± 7.40 mm vs. 41.02 ± 6.51 mm, P = 0.009), larger post-operative LV end-diastolic diameters (48.78 ± 4.89 mm vs. 46.48 ± 4.76 mm, P = 0.042), and more likely to have chest pain (75 vs. 27.27%, P < 0.001). Among the 28 patients, 9 successfully recovered to SR after drug control (amiodarone), including 6 in the Cox-maze group and 3 in the no Cox-maze group.

In the Cox-maze group, freedom from AF recurrence off antiarrhythmic drugs (AADs) was 90.7 ± 4.0% at 1 year and 68.7 ± 7.2% at 3 years. The 1- and 3-year arrhythmia control rates (including patients with successful AADs conversion) were 90.3 ± 4.1% and 88.2 ± 4.6%, respectively. In patients in the no Cox-maze group, freedom from AF recurrence off AADs was 59.3 ± 10.0% at 1 year and 50.8 ± 10.2% at 3 years. The arrhythmia control rates were 67.8 ± 9.4% and 67.8 ± 9.4% at 1 and 3 years, respectively. As presented in Figures 2, 3, the Kaplan–Meier survival curve showed a lower freedom from AF recurrence off AADs and arrhythmia control rate in patients in the no Cox-maze group than in the Cox-maze group (P = 0.040 and P = 0.012, respectively).
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FIGURE 2. Freedom from atrial fibrillation (AF) recurrence off antiarrhythmic drugs (AADs) in patients with hypertrophic obstructive cardiomyopathy according to whether the concomitant Cox-maze procedure was performed or not. Freedom from AF recurrence off AADs in patients with and without the Cox-maze procedure is different (log-rank statistic, 4.199; P = 0.040).
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FIGURE 3. Arrhythmia control rates (including patients with successful AADs conversion) in patients with hypertrophic obstructive cardiomyopathy according to whether the concomitant Cox-maze procedure was performed or not. Arrhythmia control rates in patients with and without the Cox-maze procedure is different (log-rank statistic, 6.379; P = 0.012).


In the multivariate Cox proportional hazards regression analysis, after adjusting for confounding factors, it was found that the AF recurrence rate in patients who underwent the Cox-maze IV procedure was lower than that in patients who did not (hazard ratio, 0.141; 95% confidence interval [CI], 0.042–0.479; P = 0.002). Furthermore, post-operatively increased LADs (hazard ratio, 1.099; 95% CI, 1.024–1.179; P = 0.009) were associated with AF recurrence (Table 4).


Table 4. Predictors of AF recurrence following myectomy.
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DISCUSSION

Our study showed that the mid-term survival of patients who underwent septal myectomy with the Cox-maze IV procedure was higher than that of patients who did not undergo the Cox-maze IV procedure. With regard to AF recurrence, the SR maintenance of patients who underwent the Cox-maze IV procedure was higher than that of patients who did not undergo the Cox-maze IV procedure.

There is a high incidence of AF in HOCM, and the related pathogenesis includes increased left atrial afterload caused by LV diastolic dysfunction, mitral regurgitation caused by SAM sign, atrial myopathy mainly manifested as atrial fibrosis, and atrial ischaemia due to microvascular dysfunction (6, 15). Many studies (6, 16, 17) have also documented that AF is associated with higher rates of heart failure, thromboembolism, and mortality. In a study of 4,248 patients with HOCM, the mortality of cardiovascular and non-cardiovascular diseases in patients with AF was higher than that in patients without AF (17). In our previous post-operative study of 472 patients with HOCM, AF was found to be an independent risk factor for post-operative cardiovascular death and cardiovascular events (18).

For patients with HOCM and AF, the curative effect of drug therapy and catheter ablation therapy is not satisfactory (6, 7), and there is no clear conclusion about the effect of septal myectomy combined with surgical ablation. It is still unclear whether isolated ventricular septectomy could reduce AF recurrence by reducing the peak LVOT gradients, thus avoiding surgical ablation. Our study showed that the mid-term survival of patients who underwent the Cox-maze IV procedure was higher than that of patients who did not undergo this procedure and the rates of mid-term AF recurrence were lower than those of patients without the Cox-maze IV procedure. During the follow-up period, the SR was restored in approximately half of the patients with AF after isolated septal myectomy. This also indicated that the reduction of LVOT gradients and mitral valve SAM sign partially eliminated AF recurrence, but some patients still had AF recurrence. Our results suggest that septal myectomy combined with surgical ablation can reduce AF recurrence and improve mid-term survival. A recent retrospective study (19) suggested that the maze procedure had no effect on mid-term survival in patients with HOCM complicated with AF. The time span of the patients in that study was very long, and the methods of the maze procedure varied. In addition, the literature does not follow up on the AF recurrence rate, and AF has a greater influence on the quality of life and cost of patients with HOCM.

Our study revealed that freedom from AF recurrence off AADs was 90.7 ± 4.0% at 1 year and 68.7 ± 7.2% at 3 years. Moreover, most patients underwent the biatrial Cox-maze IV procedure, and each ablation line was ablated six times; these results are similar to those of other recent studies. Boll et al. (10) described a series of 67 patients with symptomatic paroxysmal AF who underwent myectomy combined with the biatrial Cox-maze IV procedure. The reported freedom from recurrent symptomatic AF was 85% (95% CI, 73–92) at 1 year, 69% (95% CI, 55–79) at 3 years, and 64% (95% CI, 48–75) at 5 years. Subclinical AF and permanent AF were excluded from this study, and radiofrequency and cryoablation were used for surgical ablation. Another study (11) reported 45 patients with AF (26 paroxysmal AF/19 persistent AF) who underwent extended ventricular septal myomectomy and Cox-maze IV procedure with radiofrequency and cryotherapy, with 23.7 ± 1.3 months of follow-up. In this study, the rate of AF freedom was 89% (40 patients) at 1 year and 78% (35 patients) at 24 months, and each ablation line was ablated 8–10 times. According to Lapenna et al. (12), the SR maintenance rate of 31 patients with HOCM combined with persistent AF could reach 96 ± 3.5% and 80 ± 8.1% at 1- and 6-year arrhythmia control (maintenance of SR with or without AADs) after septal myectomy and surgical ablation. We also calculated the maintenance of the SR. The results showed that the 1- and 3-year arrhythmia control rates were 90.3 ± 4.1% and 88.2 ± 4.6%, respectively. Therefore, these limited studies have shown that active use of AADs can improve SR maintenance in patients with HOCM who underwent the Cox-maze IV procedure.

Previous studies (20, 21) have indicated that age, atrial diameter, hypertension, smoking, post-operative atrial tachycardia, and higher EuroSCORE are predictors of AF recurrence after ablation concomitant with cardiac operations; however, there is limited evidence from patients with HOCM combined with AF (11). Our study showed that patients with AF recurrence were older, had more symptoms of pre-operative chest pain, and had larger post-operative LADs and larger LV diameters. Further Cox regression analysis showed that post-operative LADs were associated with AF recurrence. Interestingly, compared with other studies (10, 20), our study confirms that pre-operative LADs were not associated with AF recurrence after surgery. The increases in post-operative LADs means that atrial remodeling is incomplete, which may continue to affect AF recurrence to a greater extent. Undoubtedly, our results suggest that the AF recurrence rate in patients with Cox-maze IV procedure was lower than that in patients without Cox-maze IV procedure, which confirms that the Cox-maze IV procedure should be actively performed in such patients to maintain post-operative SR.


Study Limitations

This study has some limitations. This was a single-center retrospective control study, and the sample size was small, as it was limited by retrospective data; thus, it is difficult to perform meaningful statistical analysis. In view of the low incidence rate of HOCM and the small number of such operations, our total surgical volume was relatively high. Previous studies (10–12) on the surgical treatment of patients with HOCM and AF were mostly retrospective observational studies. Our study included patients with HOCM and AF who underwent isolated septal myectomy for various reasons in our center and were compared with patients who underwent the Cox-maze IV procedure at the same time, which further confirmed the necessity of the Cox-maze IV procedure for such patients. Another limitation is that we adopted different ablation strategies, including left atrial ablation and biatrial ablation, due to the experience of the surgeon and patients' conditions, we found that after we removed the patients who underwent left atrial ablation for statistics, the baseline data and post-operative results of the two groups were still consistent with those before. In addition, because cryoablation has not been approved in our country, we cannot add cryoablation energy to our ablation strategy. In the future, different energy types can be used for ablation, combined with the application of a catheter and surgical ablation to achieve better surgical results. Large-scale prospective studies are needed to confirm the effectiveness and safety of different ablation strategies in the future.




CONCLUSION

In summary, our study confirmed that the Cox-maze IV procedure combined with septal myectomy improved mid-term survival and reduced mid-term AF recurrence in patients with HOCM and AF. The concomitant Cox-maze IV procedure is associated with a lower AF recurrence in patients with surgical HOCM and AF.
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