
Page 1/15

A Modi�ed Surgical Ablation for AF with Mitral Valve
Surgery
huishan wang  (  huishanw@126.com )

general hospital of shenyang military command
Jinsong Han 

Shenyang Northern Hospital: General Hospital of Northern Theatre command
Zengwei Wang 

Shenyang Northern Hospital: General Hospital of Northern Theatre command
Zongtao Yin 

Shenyang Northern Hospital: General Hospital of Northern Theatre command
Yan Jin 

Shenyang Northern Hospital: General Hospital of Northern Theatre command
Jian Zhang 

Shenyang Northern Hospital: General Hospital of Northern Theatre command
Hongguang Han 

Shenyang Northern Hospital: General Hospital of Northern Theatre command

Research Article

Keywords: long-standing persistent atrial �brillation, mitral valve surgery, surgical ablation, cut-and-sew
maze, cryoablation

Posted Date: March 13th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-285019/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-285019/v1
mailto:huishanw@126.com
https://doi.org/10.21203/rs.3.rs-285019/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/15

Abstract
Background: The cut-and-sew maze (CSM) procedure has excellent e�cacy for the elimination of long-
standing persistent atrial �brillation (AF) concomitant with mitral valve surgery. Because of the
complexity and prolongation of cardiopulmonary bypass, CSM has not been widely used. The aim of this
study was to examine a modi�ed maze procedure that preserves the “cut-and-sew” procedure in the left
atrium and uses cryoablation in the right atrium along with cavotricuspid isthmus (CTI).

Methods: From December 2013 to December 2018, 229 patients underwent CSM, and 43 underwent the
modi�ed maze procedure during mitral valve surgery. Propensity score matching analysis was used to
perform selective 1:2 ratio matching of the 43 patients undergoing the modi�ed maze procedure with 86
patients undergoing CSM. Early operative outcomes were analysed for differences

Results: The absence of AF recurrence without the use of anti-arrhythmic drugs (AADs) was calculated at
2 years by a generalized linear model analysis. One (1.1%) early death occurred in the CSM group, and no
deaths occurred in the modi�ed maze group (P=0.722). The aortic cross-clamp durations were
76.30±8.86 minutes for the modi�ed maze and 92.38±10.88 for the CSM procedure (P<0.001). There
were no late strokes or deaths during the two-year follow-up. The modi�ed maze group showed similar
rates of absence of AF without the use of AADs as the CSM group within the 2 years (P=0.332).

Conclusion: This modi�ed maze simpli�es the “cut-and-sew” procedure and reduces operating time while
retaining the e�cacy of CSM. 

Background
Atrial �brillation (AF) is a common arrhythmia associated with mitral valve disease. Nearly half of
patients undergoing mitral valve surgery (MVS) frequently present with AF, which is associated with poor
prognosis. Owing to long-term atrial stretch induced by pressure overload, most AF patients have long-
standing persistent AF (LSPAF).[1] Successful ablation of LSPAF has been a challenging task for many
electrophysiologists.[2] Therefore, surgical ablation for LSPAF can be an optimal solution at the time of
concomitant mitral operations to restore sinus rhythm.

There is no doubt that the Cox-Maze III, or the “cut-and-sew” maze (CSM), is still the gold standard for the
treatment of AF associated with valvular disease. [3] Our group and other groups reported that the
frequency of sinus rhythm after surgery was greater than 90% at 1 year.[3] However, the time-consuming
and technically challenging nature limit the wide utilization of the CSM. Modi�cations of the atrial lesion
sets ensued as new energy sources were developed; bipolar radiofrequency and cryoablation replaced
several of the maze III cut-and-sew lesions, and this facilitated procedure was called the Cox-Maze IV.[4]
The Cox-Maze IV operation is widely used in the surgical treatment of AF. Moreover, the effect of Cox-
Maze IV is similar to that of the CSM in patients with paroxysmal AF.[5] However, in patients with LSPAF,
the e�cacy of the Cox-Maze IV is much lower than that of the CSM. [6] Furthermore, evidence indicated
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that recurrence of AF in patients undergoing �rst ablation for persistent AF mainly occurs in the left
atrium.[7] As a result, ablation in the left atrium is essential for the termination of AF.

To improve the e�cacy of Cox-Maze IV and simplify the CSM operation, we proposed a modi�ed maze
surgical ablation procedure for the treatment of LSPAF in patients undergoing MVS. Brie�y, the traditional
“cut-and-sew” technique is still used for left atrial lesions, and in right atrial lesions, cryoablation is used,
accompanied by a cavotricuspid isthmus (CTI) line. The objectives of this modi�cation were to simplify
the procedure and reduce operating time while retaining the e�cacy and safety of the procedure in LSPAF
patients undergoing MVS (Fig. 1).

Methods
The data that support the �ndings of this study are available from the corresponding author upon
reasonable request.

Study Population
In this observational study, we retrospectively enrolled LSPAF patients who underwent heart valve surgery
and surgical ablation from December 2013 to December 2018 at the General Hospital of Northern Theater
Command. The study was designed to compare the e�cacy and safety of two different surgical ablation
strategies: standard CSM (Group I) (n=229) vs. the modi�ed maze procedure (Group II) (n=43). LSPAF
was de�ned as continuous AF for more than 1 year followed by the decision to adopt a rhythm control
strategy.[8] Informed consent was obtained from each patient before the procedure. The study followed
the principles outlined in the Declaration of Helsinki and was approved by the Ethics Committee of the
General Hospital of Northern Theater Command.

Surgical Procedure
All of the surgical procedures were performed by the same senior surgeon (Huishan Wang). Detailed
surgical procedures for CSM have been reported previously.[1, 3] The modi�ed maze procedure is
described as follows (Figure 1). Cardiopulmonary bypass was used with standard aortic cannulation,
bicaval cannulation, and moderate hypothermia as usual. After cross-clamping of the aorta, left-side
incisions were performed along with MVS. The creation of incisions encircling the pulmonary veins and
incisions to the mitral valve annulus is performed in the left atrium in CSM. In addition, four 3-mm
cryolesions (-60℃, 2 minutes) were added: one from the mitral annulus to the coronary sinus, one on the
bridge region between the left superior and inferior pulmonary vein ori�ce and one on the base of the left
atrial appendage. Double continuous full-layer inverting mattress sutures with 4-0 polypropylene were
used for all left-side incisions to prevent bleeding.[3] The right-side incisions were done after cross-
clamping of the aorta. The right-side incisions included atrial appendage incision, anterior atrial incision,
posterior incision to tricuspid valve annulus, lateral incision between superior vena cava and inferior vena
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cava, inferior incision to tricuspid valve annulus.[3] Cryotherapy was the energy source applied to create
ablation lines at the mitral annulus and CTI. Cryoprobes with N2O manufactured by AtriCure, Inc. (West
Chester, Ohio) were used. Freezing of cardiac tissue at –60 °C for 2 minutes typically results in the
visualization of an ice ball on the epicardial surface of the heart. In both groups, tricuspid annuloplasty
was performed according to echocardiography diagnosis.[3] The left atrial appendage and right atrial
appendage were removed and closed with a 4-0 polypropylene stitch.

Postoperative management
In both groups, amiodarone was selectively used in patients who experienced atrial or ventricular
arrhythmias during hospitalization; its use was continued for 3 months if no contraindications existed,
and electrical cardioversion was used as needed within the �rst 6 months after surgery.[3]

After surgery, heart rhythm was monitored during the hospital stay, and temporary epicardial wires were
used as needed. Warfarin was taken for a lifelong course by patients who received mechanical
prostheses, and 3 months of warfarin was used in patients who received bioprosthesis implants. If AF or
atrial �utter existed in patients implanted with bioprostheses after 3 months, warfarin was not
discontinued. The target range of the prothrombin time international normalized ratio (INR) was between
2.0 and 2.5.

Follow-up
Routine follow-up visits were scheduled at 1, 3, 6, and 12 months and every 6–12 months thereafter or
earlier if patients had symptoms consistent with recurrent or surgery-related complications. A 24-h Holter
electrocardiogram was recorded at 1, 3, 6, and 12 months and every 6 months thereafter or earlier in case
of arrhythmic symptoms. In addition, transthoracic echocardiography was also performed at each follow-
up visit. INR measures were recorded regularly.

Statistical Analysis
To balance the impact of treatment-selection bias and potential confounders, we enrolled the patients in
a 1:2 ratio from the modi�ed and CSM groups to adjust the differences in the patients’ baseline clinical
characteristics using propensity score matching (PSM) by using the optimal method of the MatchIt
package in R software version 3.6.2. The selection process used a P-value cut-off of 0.05 for a
characteristic to enter and remain in the model. Analyses were conducted in the matched cohorts.

Categorical variables, expressed in frequencies and percentages, were compared using the χ2 test.
Continuous variables, expressed as either the mean ± standard deviation (SD) or median with range, were
compared using a t-test or the Mann-Whitney U test for nonnormally distributed data by using SPSS 24.0
software. A generalized linear model was used for the comprehensive assessment of the absence of AF
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without the use of antiarrhythmic drugs (AADs) at different times in the 2 groups. A two-tailed P-value
<0.05 was considered statistically signi�cant.

Results

Patient characteristics
A total of 272 patients with LSPAF who underwent MVS + CSM (Group I, n = 229, age 57.13 ± 7.47 years,
65.9% female) or MVS + the modi�ed maze (Group II, n = 43, age 58.86 ± 6.81 years, 55.8% female) were
enrolled. Forty-three modi�ed maze patients were matched with individuals who underwent CSM (43:86).
The baseline characteristics of the propensity-matched group are shown in Table 1.
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Table 1
Preoperative patient characteristics

  Unmatched sample Matched sample

  Group I

CSM

(n = 229)

Group II

Modi�ed maze
procedure

(n = 43)

P
value

Group I

CSM

(n = 86)

Group II

Modi�ed maze
procedure

(n = 43)

P
value

Age 57.13 ± 
7.47

58.86 ± 6.81 0.159 58.24 ± 
7.45

58.86 ± 6.81 0.650

Weight (Kg) 63.42 ± 
11.57

63.95 ± 10.81 0.855 63.82 ± 
12.99

63.95 ± 10.81 0.788

Height(cm) 164.09 ± 
7.71

167.14 ± 7.73 0.017 165.87 ± 
8.08

167.14 ± 7.73 0.373

BSA(m2) 1.78 ± 
0.18

1.80 ± 0.16 0.670 1.81 ± 
0.20

1.80 ± 0.16 0.890

Female (%) 151(65.9) 24(55.8) 0.203 52(60.4) 24(55.8) 0.613

Cause            

Rheumatic (%) 171
(74.7)

26 (60.46) 0.056 58(67.98) 26 (60.46) 0.433

Degenerative (%) 58(25.3) 17(39.53 0.056 28(32.56) 17(39.53 0.433

Mitral lesion set            

MS (%) 0(0) 0(0) - 0(0) 0(0) -

MR (%) 58(25.3) 16(37.21) 0.108 28(32.56) 16(37.21) 0.599

MS + MR (%) 171(74.7) 27(62.79) 0.108 58(67.98) 27(62.79) 0.599

Combined lesion            

Aortic lesion (%) 63 (27.5) 4 (9.3) 0.011 10(11.6) 4 (9.3) 0.689

TR (%) 94 (41.0) 29 (67.4) 0.001 58(67.4) 29 (67.4) 1.000

Coronary artery
disease (%)

0 (0) 0 (0) - 0(0) 0 (0) -

History of            

Stroke (%) 23 (10.0) 3 (6.9) 0.097 10 (11.6) 3 (6.9) 0.408

MS = Mitral Stenosis; MR = Mitral Regurgitation; TR = Tricuspid regurgitation; LA = Left Atrium; LVEF = 
left ventricular ejection; NYHA = New York Heart Association; CSM = cut-and-sew maze procedure;
LAD = left atrium diameter.
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  Unmatched sample Matched sample

LA thrombosis
(%)

32 (14.0) 4 (9.3) 0.407 11 (12.7) 4 (9.3) 0.560

Hypertension (%) 38 (16.6) 9 (20.9) 0.490 20 (23.2) 9 (20.9) 0.940

Diabetes (%) 8 (3.5) 2 (4.6) 0.711 5 (5.8) 2 (4.6) 0.783

NYHA > II (%) 229 (100) 43(100)   86 (100) 43 (100) -

LAD (mm) 54.39 ± 
8.73

59.76 ± 9.48 0.001 58.62 ± 
10.52

59.76 ± 9.48 0.546

LVEF 0.56 ± 
0.04

0.56 ± 0.04 0.855 0.56 ± 
0.04

0.56 ± 0.04 0.678

MS = Mitral Stenosis; MR = Mitral Regurgitation; TR = Tricuspid regurgitation; LA = Left Atrium; LVEF = 
left ventricular ejection; NYHA = New York Heart Association; CSM = cut-and-sew maze procedure;
LAD = left atrium diameter.

Early results
The majority of perioperative outcomes were similar between both groups. After matching, the types of
concomitant procedures were not signi�cantly different. However, the mean aortic cross-clamp time was
approximately 16 minutes shorter in the modi�ed maze group (Group II) than in the CSM group (Group I)
(92.38 ± 10.88 vs. 76.30 ± 8.86 min, P < 0.001, Table 2). Moreover, the mean cardiopulmonary bypass time
was reduced by nearly 30 minutes compared with that in the CSM group (Group I) (178.38 ± 25.37 vs.
135.58 ± 13.55 min, P < 0.001, Table 2). In addition, there was no difference in median ICU stay time or
hospital length of stay in either group.
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Table 2
Early results

  Group I

CSM

(n = 86)

Group II

Modi�ed maze

(n = 43)

P value

MV repair (%) 21(24) 10 (23) 0.909

MV replacement (%) 65(78) 33 (77) 0.909

Concomitant surgery      

Tricuspid annuloplasty(%) 58(67.4) 29(67.4) 1.000

LA thrombectomy(%) 11(12.7) 4(9.3) 0.817

AVR (%) 10 (11.6) 4(9.3) 0.957

ACC time (min) 92.38 ± 10.88 76.30 ± 8.86 < 0.001

CPB time (min) 178.38 ± 25.37 135.58 ± 13.55 < 0.001

ICU stay time (h), median(range) 24 (22–56) 25 (18–144) 0.297

Postoperative hospital stays (d), median (range) 14(12–20) 15(6–25) 0.652

Temporary pacemaker use(%) 43 (66.0) 22 (66.2) 0.943

Complications      

Reoperation for bleeding(%) 0(0) 1(2.3) 0.727

Heart failure (%) 0(0) 1(2.3) 0.727

Complete atrioventricular block(%) 0 0 -

Pneumonia(%) 1(1.1) 2(4.6) 0.556

New-onset stroke(%) 0 0 -

Mortality(30-day)(%) 1(1.1) 0 0.722

Electrical cardioversion(%) 0(0) 1(2.3) 0.727

MV = mitral valve; CPB = cardiopulmonary bypass; ACC = aortic cross-clamping; CABG = coronary
artery bypass graft; LA = left atrium; ICU = intensive care unit;

Major complications in both groups were not signi�cantly different. There was one early death (1%) in the
CSM group (Group I) and one case of heart failure (2%) in the modi�ed maze group (Group II).
Additionally, one patient (2%) underwent re-exploration for haemorrhage following surgery in the modi�ed
maze group (Group II). In addition, no patients had new-onset thromboembolism or complete
atrioventricular block in either group (Table 2).
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E�cacy
The rate of the absence of AF without the use of AADs after the CSM and concomitant MVS procedure
(Group I) was 87.2%, 90.6%, and 91.8% at 6, and 12 months and 2 years, respectively. Similarly, in the
modi�ed maze group, from the rate of the absence of AF without the use of AADs was 86.0%, 88.4% and
87.80% at 6, 12 and 24 months, respectively (Fig. 2). Through generalized linear model analysis, the
comparison of from the absence of AF without the use of AADs between the 2 groups showed no
signi�cant difference at any time point (OR = 1.252 (0.795–1.968), P = 0.332).

Discussion
In the present study, we introduced a modi�ed surgical ablation method for LSPAF patients who
underwent MVS. Compared with the “gold standard”, CSM, the modi�ed maze had the same e�cacy in
terms of maintaining normal sinus rhythm and allowing for the discontinuation of antiarrhythmic drugs.
Furthermore, the modi�ed maze procedure sped up the surgical procedure and reduced the cross-clamp
and cardiopulmonary bypass times.

The underlying mechanisms of AF are less well understood, which has resulted in a wide variation in
current ablation and surgical therapies for LSPAF. Pulmonary veins (PVs) may harbour one or more foci
that are the trigger points for AF in 88.8–94% of cases.[9] Therefore, pulmonary vein isolation (PVI) is the
cornerstone of AF ablation.

In patients with LSPAF, the recurrence rate following PVI alone is relatively high.
[10] As a result, surgical approaches have emerged. The surgical CSM procedure was �rst introduced in
1987 by James Cox, MD. This technique was based on surgical incisions and scar creation to interrupt
potential re-entrant wavelets in the atrium while “creating routes for activation of the atria and
atrioventricular node (maze).” Evidence has shown maintenance of sinus rhythm to be greater than 96%
at 10 years.[11] Our results also indicated that standard CSM provides excellent results, with a high rate
of absence of AF.[3] There is no doubt that CSM is the standard criterion for the surgical treatment of
LSPAF. However, the CSM has shortcomings.

First, the operation requires a relatively long period of cardiopulmonary bypass and an arrested heart.
Second, the median number of days spent in the hospital after surgery is longer. Third, a large proportion
of patients required pacemakers. Fourth, left atrial dysfunction has been suggested in many patients.[12]
Finally, the complexity and apprehension about bleeding related to the CSM are considered major
drawbacks.[3] As a consequence, various energy sources used for ablation began a new era in the
surgical therapy of AF (Cox maze IV procedure) based on the understanding of the anatomic substrate of
AF. Using bipolar radiofrequency energy and cryoablation, the Cox maze IV replaced the CSM lesion set.
Furthermore, the Cox maze IV achieves satisfactory e�cacy while signi�cantly reducing operative time
and complication rates.[4] It has been reported by Labin et al. that absence of AF without the use of AADs
in patients concomitant with mitral valve procedures was approximately 70% at 2 years.[13] The
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Cardiothoracic Surgical Trial Network randomized trial showed that the rate of the absence of AF at 1
year was 66% in patients who underwent the biatrial maze procedure.[14] A meta-analysis of 7
randomized controlled trials of subjects undergoing cardiac surgery combined with surgical ablation also
revealed that the average rate of the absence of AF recurrence at 12 months was 70%.[15] However, in our
group, the one-year rate of the absence of AF was 76% after bipolar radiofrequency was used to treat AF
in patients concomitant with MVS.[6] Consequently, the energy technique was less effective than the “cut-
and-sew” method in LSPSAF patients concomitant with MSV. Failure to achieve complete transmural
ablation lines is probably the most common cause of surgical ablation failure.[14] Some mapping results
have suggested that re-entrant and focal drivers were predominantly located in the PV antral regions and
adjacent inferoposterior left atrial wall in cases of failed surgical maze.[16] In addition, our unpublished
�ndings support that the left atrium is the main reason for cryoablation failure. Therefore, we insisted on
performing CSM in the left atrium to achieve complete transmural lines to prevent the recurrence of AF in
LSPAF patients treated with our modi�ed maze procedure. In the present study, the rate of absence of AF
in both groups was nearly 90%; more importantly, most of the patients who underwent CSM and the
modi�ed maze did not require anti-arrhythmic drugs, which improved quality of life.

Our modi�cation maze replaced the surgical incisions in the right atrium with cryoablation lines. This
simpli�ed procedure decreased the mean cross-clamp time by more than 16 minutes and the
cardiopulmonary bypass time by 30 minutes. Moreover, our results clearly showed that the simpli�ed
procedure was similarly e�cacious compared to traditional CSM at the two-year follow-up and did not
increase complications during the operation. Except for routine cryoablation in the right atrium, additional
CTI ablation was performed in our modi�ed procedure. CTI ablation is common and extremely effective
for the treatment of typical right atrial �utter because CTI remains an obligatory passage for activation in
the inferior right atrium.[17] Moreover, atrial �utter was a common �nding after surgical ablation of AF in
recent studies.[18] Atrial �utter in patients who underwent CSM is a common �nding. A recent study
found that additional CTI ablation may reduce recurrent atrial tachyarrhythmia for persistent AF.[19]
Nevertheless, Cox et al. suggested that combining the three right atrial lesions of the maze with the CTI
�utter line resulted in the development of normal sinus bradycardia.[20], In our group, some unpublished
data also indicated that patients who underwent Cox maze IV developed atrial tachycardia, including
atrial �utter. Therefore, we tried to add the CTI lesion. Additionally, our study clearly suggested that none
of the patients developed complete atrioventricular block or needed permanent pacemakers in our 2-year
follow-up. There were several reasons for this.

First, the patients in our cohort were relatively younger with a lower incidence of sick sinus syndrome;
second, if the 24-hour ECG Holter indicated a prolonged R-R interval, the patients were excluded; and last,
during the operation, those with heart rates less than 60 beats per minute after electric conversion were
not eligible to receive CSM or the modi�ed maze.[3]

Limitations
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This study has several limitations. First, our �ndings are limited by the confounding and bias associated
with the retrospective study design, and further prospective and randomized trials are required. Second,
the relatively small number of patients is another limitation. Hence, further larger studies are warranted.
Third, 24-h Holter monitoring may be less effective in the detection of intermittent episodes of AF and
asymptomatic arrhythmias, resulting in a risk of overestimating the success rate. Fourth, the patients
were enrolled from a single centre, and multicentre studies are required in the future.

Conclusions
In summary, we reported the preliminary results of a modi�ed maze procedure for the treatment of LSPAF
with concomitant MVS. This modi�ed maze procedure simpli�ed the traditional CSM and has the same
e�cacy as CSM. Moreover, this modi�ed maze procedure decreased aortic cross-clamp time and
cardiopulmonary bypass time.
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Figures

Figure 1

Depiction of Lesion Sets in Ablation Atrium A: Left: Left atrial lesions. White oval depicts mitral valve.
Four orange circles depict pulmonary vein ori�ces. Red lines represent “cut and sew” line. Green dots
represent cryoablation lesion. B. Right: Right atrial lesions White oval represents the tricuspid valve. Green
lines represent cryoablation lines, Red lines represent “cut and sew” line.
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Figure 2

Two-year follow-up showing absence of AF without the use of antiarrhythmic drugs (AADs)


