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Outcomes of the Modified Maze Procedure for Chronic Atrial Fibrillation Combined
with Rheumatic Mitral Valve Disease

Man-Jong Baek, M.D.*, Jae Hyun Kim, M.D.**, Hong Joo Seo, M.D.***, Chang-Ha Lee, M.D.*,
Sam-Se Oh, M.D.**, Chan-Young Na, M.D.**

Background: The aim of this study was to investigate the mid-term outcomes of our modifications to the maze
procedure using cryoablation for treating atrial fibrillation associated with rheumatic mitral valve disease. Material and
Method: Between March 2000 and February 2004, 177 consecutive patients underwent the modified maze procedure
with the use of cryoablation concomitant with mitral valve surgery for atrial fibrillation associated with rheumatic
mitral valve disease, and were divided into three groups: (1) modified Cox-maze Il (CM group, n=88); (2) modified
Kosakai-maze (KM group, n=63); and (3) left atrial maze procedure (LA group, n=26). The postoperative and follow-
up results were analyzed and compared between the groups. Result: There were three hospital deaths (1.7%) and
no significant differences in the incidence of postoperative complications between the three groups. The operative
time, such as the cardiopuimonary bypass and aortic crossclamp time, were significantly longer in the CM group
than in the KM and LA groups, respectively (p<(0.0001). The mean follow-up was 22.4+151 months (1~52.6
months) for all patients. One late death developed in the CM group (0.6%). At last follow-up, 139 patients exhibited
sinus rhythm (79.9%), which was also regained in 67 patients (77.9%) in the CM group, 50 (80.7%) in the KM
group and 22 (84.6%) in the LA group (p=0.743). The actuarial freedom from stroke at 4 years was 84.6+9.4% in
the CM group, 95.0+4.9% in the KM group, and 92.9+6.9% in the LA group (p=0.916). Conclusion: The
modified maze procedure using cryoablation is safe and effective in treating chronic atrial fibrillation associated with
rheumatic mitral valve disease.

(Korean J Thorac Cardiovasc Surg 2006;39:681-691)
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Table 1. Preoperative clinical characteristics of the study groups

Characteristics CM group KM group LA group p value

Number of patients 88 63 26
Sex (female/male) 57/31 37726 19/7 0426
Age (years) 520x104 512%12.1 503£11.6 0.781
NYHA (class) 2.6+0.6 2.6+0.7 27+0.6 0.864

m-1v 52 (59%) 32 (51%) 16 (62%) 0.511
Previous cardiac operation 3 (3%) 3 (5%) 2 (8%) 0.648
Previous MV operation 2 2%) 2 (3%) 2 (8%) 0.404
Previous stroke 8 9%) 7 (11%) 1 4%) 0.554
Previous thromboembolism 10 (11%) 7 (11%) 1 4%) 0.513
Duration of AF (years) 7.4+4.0* 7.0+5.1 40121 0.035

> 10 years 19 (30%) 17 (30%) 0 0.055
f-wave in lead V1 (mV) 0.15+0.10* 0.18+0.11* 0.21+0.08* 0.032
Echocardiography

LA diameter (mm) 62.810.1 63.2x9.3* 57.0£7.3* 0.040

LVEDD (mm) 55.0L£9.9 55.6+=8.3 549+12.1 0.920

LVESD (mm) 38.9+83 38.1+65 40.0+11.1 0.662

LVEF (%) 53.6£10.5 56.8+9.5 53.9£9.9 0.140
Pathophysiology of MV disease

MSR 51 (58%) 35 (56%) 10 (39%) 0.208

Pure MS 25 (28%) 16 (25%) 11 (42%) 0.270

Pure MR 12 (14%) 12 (19%) 5 (19%) 0.617
Mitral valve area (cm’) 0.98+0.30 1.05+0.36 0.95+0.32 0.385
Mean pressure gradient of MV (mmHg) 9.1+42 9.0+35 94+48 0.940
Mitral regurgitation (grade) 27+10 3.1+1.0 29+10 0.054
Tricuspid regurgitation (grade) 25+1.0 23+1.0 1.9+09 0.127
Peak pressure gradient of TV (mmHg) 409+ 14.1 374%115 3581108 0.251
Thrombus in LA 15 (17%) 10 (16%) 6 (23%) 0.709

Data are presented as the number (%) of patients or mean=SD. *p<0.05 between the groups. NYHA=New York Heart Association
functional class; MV=Mitral valve; AF=Atrial fibrillation; LA=Left atrium; LVEDD=Left ventricular end-diastolic dimension; LVESD=
Left ventricular end-systolic dimension; LVEF=Left ventricular ejection fraction, MSR=Mitral stenoregurgitation; MS=Mitral stenosis;

MR=Mitral regurgitation; TV=Tricuspid valve.
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Cryo-maze for Rheumatic Chronic AF

©

Fig. 1. Three modifications of the maze procedure by using cryoablation in the present study. (A} Modified Cox-Maze Ill procedure. (B)
Modified Kosakai-Maze procedure. (C) Simple left atrial maze procedure. The upper panels show epicardial views and the lower panels,
endocardial views of the cardiac base. The thick white dashed lines denote the cryoablation. The solid lines with crossbars represent inci-
sions and sutures. LAA=Left atrial appendage; RAA=Right atrial appendage; SVC=Superior vena cava; IVC=Inferior vena cava; SN=Sinus
node; Mv=Mitral valve; FO=Foramen ovale; TV=Tricuspid valve; CS=Coronary sinus.
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Table 2. Data related to the operative procedures and postoperative management
Characteristics CM group KM group LA group p value
Number of patients 88 63 26
MV surgery
Replacement 82 (93%) 57 91%) 22 (85%) 0.403
Mechanical 67 (76%) 47 (75%) 17 (65%) 0.542
Bioprosthesis 15 (17%) 10 (16%) 5 (19%) 0.928
Repair 6 (%) 6 (10%) 4 (15%) 0.403
AV procedure 31 (35%) 14 (22%) 8 (31%) 0.226
Replacement 25 (28%) 10 (16%) 8 (31%) 0.147
Repair 6 (7%) 4 (6%) 0 0.398
TV procedure 70 (80%) 50 (79%) 5 (19%) <0.0001
Replacement 4 (5%) 2 (3%) 0 0.527
Repair .
TAP 47 (53%) 37 (59%) 3 (12%) <0.0001
TAP+TVP 14 (16%) 10 (16%) 0 0.092
TVP 5 (6%) 1 %) 2 (8%) 0.343
CABG 1 (1%) 1 2%) 0 0.813
Atrial septal defect closure 2 (2%) 5 (8%) 1 4%) 0.251
Ventricular septal defect closure 1 (1%) 0 0 0.601
Cardiopulmonary bypass time (min) 208 +63* T 171+ 58* 150591 <0.0001
Aortic crossclamping time (min) 155+£43* " 134 £ 47% 109 +47" <0.0001

Data are presented as the number (%) of patients or mean= SD. *Tp< 0.05 between the two groups. MV=Mitral valve; AV=Aortic
valve; TV=Tricuspid valve; TAP=Tricuspid annuloplasty; TVP=Tricuspid valvuloplasty; CABG=Coronary artery bypass grafting.
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Table 3. Cardiac rhythm changes after the modified maze procedure

Characteristics CM group KM group LA group p value
Immediate after operation
Sinus rhythm 86 (97.7%) 61 (96.8%) 23 (88.5%) 0.096
Perioperative recurrence of AF 23 (26.1%) 16 (25.4%) 2 (1.7%) 0.128
Perioperative recurrence of AFL 6 (6.8%) 6 (9.5%) 3 (11.5%) 0.699
At discharge
AF 22 (25.0%) 12 (19.1%) 2 (71.7%) 0.149
AFL 6 (6.8%) 6 (9.5%) 2 (71.7%) 0.831
Sinus node dysfunction 1 (1.1%) 1 (1.6%) 0 0.813
Permanent pacemaker 0 1 (1.6%) 0 0.403
Sinus rhythm 59 (67.1%) 44 (69.8%) 22 (84.6%) 0.262
p-wave amplitude (mV) 0.04+0.02* 0.03+0.03" 0.07+0.05* " 0.001
Amiodarone 46 (52%) 47 (76%) 18 (69%) 0.010
At last follow-up
Number of patients 86 62 26
Mean follow-up (months) 23.61£14.9 178+12.8 29.2x18.1 0.003
AF 14 (16.3%) 8 (12.9%) 3 (11.5%) 0.650
AFL 4 4.7%) 4 (6.5%) 1 3.9%) 0.840
Sinus node dysfunction 1 (1.2%) 0 0 0.598
Complete atrioventricular block 1 (1.2%) 0 0 0.598
Permanent pacemaker 2 (2.3%) 0 0 0.355
Sinus rhythm 67 (77.9%) 50 (80.7%) 22 (84.6%) 0.743
p-wave amplitude (mV) 0.08+0.03* 0.08+0.03" 0.13+0.04*" <0.0001
Amiodarone 44 (50%) 47 (16%) 18 (69%) 0.004

Data are presented as the number (%) of patients or mean=+SD. *Tp <0.05 between the two groups. AF=Atrial fibrillation; AFL=Atrial flutter.
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Fig. 2. Actuarial survival free from stroke.
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Cryo-maze for Rheumatic Chronic AF
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