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ABSTRACT 

Objectives: Outcomes data on the efficacy of the Cox-maze procedure for the 

treatment of valvular atrial fibrillation mostly originates from developed countries, with 

a paucity of data from the developing world. The primary objective of this study was 

to determine the outcomes of the Cox-maze procedure for valvular atrial fibrillation 

(AF) in a public tertiary academic centre in Johannesburg, South Africa. 

Methods: We retrospectively reviewed inpatient and outpatient records of adult 

patients who underwent the Cox-maze procedure for valvular atrial fibrillation from 

January 2000 to December 2015. The study data collected included the primary 

indications for cardiac surgery, perioperative complications and follow-up outcomes 

data on the successful treatment of AF and restoration of sinus rhythm.  

Results:  We reviewed 144 patient records of which 98 (68.1%) were females. The 

mean age was 45.0 (SD: 12.4) years. Before surgery, 141 participants had a 

documented NYHA functional class. Of these, 117 (83.0%) participants were in 

NYHA class III with a mean ejection fraction of 55% (SD: 12.5). Rheumatic mitral 

stenosis was the primary indication for surgery in 73 (50.7%) participants. 

Immediately after surgery, sinus rhythm was restored in 106 (74%) patients. After a 

mean duration of 5.6 years (SD: 3.3), 104 patients had a documented rhythm. Of 

these, 81 (76.4%) remained in sinus rhythm. On multivariable analysis, none of the 

study variables could predict persistent atrial fibrillation 

Conclusions: Our findings suggest that the Cox-maze procedure is effective in the 

management of valvular atrial fibrillation in symptomatic patients undergoing open 

heart surgery.  
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INTRODUCTION  

 

Since its description by Dr James Cox in 1987, and its subsequent modifications 

throughout the years, the Cox-maze procedure is said to be the gold standard for the 

surgical management of atrial fibrillation (AF). The Cox-maze procedure has been 

shown to increase the incidence of postoperative sinus rhythm, improved long-term 

sinus node function, fewer pacemaker requirements, less arrhythmia recurrence and 

improved long-term atrial contraction in patients with AF undergoing mitral valve 

repair or replacement (2, 3). Existing data also suggests that the procedure 

significantly reduces the incidence of late cerebrovascular accidents (CVA) and 

improves mortality rates associated with AF (3). 

 

This study aims to analyse the long-term outcomes of the procedure in treating 

valvular AF in a tertiary academic centre in Johannesburg.  This retrospective audit 

aims to determine the duration and the proportion of patients that remain free of AF 

post the Cox-maze procedure. The Cox-maze procedure is generally reserved for 

patients with a concomitant class-I indication for open heart surgery. Under these 

circumstances, the benefit of the procedure outweighs the risks associated with open 

heart surgery. The Cox-maze procedure is therefore performed during the same 

surgical sitting for patients with AF and another symptomatic cardiac condition 

requiring open heart surgery, mainly mitral valvular conditions (3).  
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1. METHODS AND MATERIALS 

 

1.1 Study design and population 

 

This was a retrospective review of records of patients who underwent the Cox-maze 

procedure concomitantly with a class-I indication for open heart surgery at the 

Charlotte Maxeke Johannesburg Academic Hospital (CMJAH), between the years 

2000 and 2015. The study included all adult patients above the age of 18. The 

principal investigator collected data from patient's records located in the department 

of cardiothoracic surgery at CMJAH and from the referring hospitals which included 

Helen Joseph Hospital (HJH) and Chris Hani Baragwanath Academic Hospital 

(CHBAH). These referring centres are all part of the academic teaching-hospital 

complex of the University of Witwatersrand, Johannesburg, South Africa.  

 

1.1.1  Preoperative data 

 

Data was collected from all three hospitals. The department of cardiothoracic surgery 

at CMJAH receives patients for definitive surgical management from these centres. 

Preoperative medical records consisting of patient’s demographic information, 

indications for surgery, co-morbid illnesses, pre-operative New York Heart 

Association (NYHA) classification, concomitant medication, echocardiogram findings, 

Euro II score, HASBLED score and blood biochemistry results including the 

international normalised ratio (INR), were all reviewed from the surgical referral notes 

in the respective cardiology units. All the patients in the study had either persistent 

and or long-standing AF. According to the 2016 European Society of Cardiology 
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(ESC) guidelines for the management of atrial fibrillation developed in collaboration 

with the European Association for Cardiothoracic Surgery (EACTS), persistent AF is 

defined as AF that lasts for more than 7 days, including episodes that are terminated 

by cardioversion either with drugs or by direct current cardioversion after 7 days or 

more. Long-standing AF is continuous AF lasting for more than one year once it has 

been decided that a rate control strategy will be adopted (4).  

 

1.1.2 Intra-operative data 

 

Intra-operative data was obtained from the department of cardiothoracic surgery 

operative reports and discharge summaries. The intra-operative data included the 

type and location (left or right atrium) of Cox-maze procedure, cardiopulmonary 

bypass (CPB) time, aortic clamp time, duration of the procedure and the procedural 

outcomes. The rhythm, immediately post-surgery, was recorded as well as the 

duration of hospital stay.  

 

1.1.3 Postoperative and follow up data 

 

Post surgery, the cardiothoracic unit routinely refers patients back to their respective 

cardiology units for further follow-up. Thus, the post-operative follow-up data was 

collected at the respective referring cardiology units. Patient’s post-surgical and 

follow-up data were also collected from the Prothrombin Index (PI) clinics which 

monitor INR levels for patients receiving warfarin. The post-operative and follow up 

data included the heart rhythm, concomitant medication, INR control, New York Heart 

Association classification (NYHA), and echocardiogram findings.   
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1.2   Ethics and consent 

 

Ethics for the study was sought from the University of Witwatersrand Human 

Research Ethics Committee and the relevant hospital authorities. The study 

observed all protocols and principles outlined in the declaration of Helsinki 2017 (5).  

 

1.3   Statistics and Data analysis  

 

All statistical analyses were generated using STATA version 13.1 (StataCorp, 

Texas). Continuous variables were expressed as the mean and standard deviation 

(SD) when normally distributed and as a median and interquartile ranges when the 

distribution is skewed. Odds ratio (OR) are presented with their 95% confidence 

interval (CI). A p-value of less than 0.05 was considered statistically significant. A 

multivariable regression analysis was also performed. The following parameters were 

included in the multivariable regression analysis: participant’s age, hypertension, 

diabetes mellitus, LA size, left ventricular internal diameter at diastole, left ventricular 

ejection fraction, duration of AF and associated mitral valve disease. These variables 

were selected according to known risk factors for AF. The REDCap (Research 

Electronic Data Capture) electronic data capture tool hosted at the University of 

Witwatersrand, Johannesburg, was used as the data collection and management 

tool. 

 

2. RESULTS 

 

The study successfully identified 144 adults who had open heart surgery and a 

concomitant Cox-maze procedure (Figure 1). The study population consisted of 98 
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(68.1%) female patients who had a mean age of 45 (SD: 12) years. There were 110 

(76.4%) black patients and only 22 (15.3%) were white patients. The postoperative 

demographic and clinical parameters are summarised in Table 1. The Cox-maze 

procedure was performed in the left atrium in 119 (82.6%), right atrium in 2 (1.4%) 

and both atria in   21 (14.6%) participants. The site was not specified in two (1.4%) 

participants. Hundred and thirty six (94.4%) patients had successful surgical 

interventions with no documented complications. The mortality and complications 

data were missing in 7 (4.9%) patients. Only one patient demised post surgery. . The 

median duration of hospital stay was 17 (13-24) days.  

 

Rheumatic mitral stenosis was the primary indication for surgery in 73 (50.7%) 

patients of the study population. In our study cohort only 105 participants had a 

documented ejection fraction. The mean ejection fraction was 55% (SD: 12.0) with 66 

(62.9%) participants having preserved ejection fraction (EF ˃ 50%) and 12 (11.4%) 

participants having reduced ejection fraction (EF˂ 40%). The left atrial size was 

documented in 96 participants in our cohort population.  The mean left atrial size was 

6cm (SD: 1), with 64 (66.7%) participants having a severely enlarged LA. The NYHA 

functional class was documented in 141 participants. Prior to surgery 7 (5.0%) were 

in NYHA functional class IV, 117 (83.0%) patients were in NYHA functional class III,, 

15 (10.6%) were in NYHA functional class II and only 2 (1.4%) were in functional 

class I.  After a mean duration of follow-up for 5.6 (SD: 3.3) years, NYHA functional 

class was documented in 76 participants. Of these, 55 (72.4%) of patients were in 

NYHA functional class I and 21 (27.6%) in NYHA functional class II. The 

CHA2DS2VASc score, which predicts the thrombotic risk for stroke in AF was 

documented in 141 participants and reported as low risk in 103 (73.0%) and 
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intermediate risk in 38 (27.0%) participants. A hundred and fourty three participants 

were assessed for the risk of bleeding using the HASBLED score. One hundred and 

eighteen were found to be at low risk and only 24 reported to have an intermediate 

risk.    

 

Pre-operatively, all patients were in persistent or long-standing AF. The rhythm 

analysis immediately after surgery revealed that 106 (73.6%) of patients were in 

sinus rhythm with only 24 (16.7%) remaining in atrial fibrillation (Table 1). One patient 

had atrial flutter and 9 (6.25%) patients had an atrioventricular block. The rhythm 

after surgery was not specified in four patients. Only 130 participants, those in sinus 

rhythm (n=106) and those in AF (n=24), of the study population were used for post 

operative rhythm analysis as demonstrated in table 1 and figure 1.  The patient’s 

rhythm at follow-up visits was indicated in 104 participants. Of these,   81 (76.4%) of 

patients were in sinus rhythm and 23 (21.2%) in AF. Two patients had no 

documented record of the rhythm at follow-up (Table 2 and figure 1).  Analysis of the 

biochemistry results indicated that most patients had optimal haemoglobin and 

therapeutic INR levels before the surgical operation. In this study, there were no 

patients with a labile INR, where a labile INR was defined as less than 60% of time 

spent in the INR therapeutic range. 

 

Univariable and multivariable analyses (Tables 3 and 4) were performed to identify 

independent predictors of persistent atrial fibrillation. Procedural factors that are 

generally associated with AF were analysed. These included the participant’s age, 

hypertension, diabetes mellitus, LA size, left ventricular internal diameter at diastole, 



7 
 

left ventricular ejection fraction, duration of AF and associated mitral valve disease 

(4). In this model, none of the variables predicted persistence of atrial fibrillation.    

 

3. DISCUSSION 

 

This retrospective audit found that the Coz-Maze procedure is a viable option for the 

surgical management of persistent or long-standing AF in patients who also require 

concomitant, open-heart valve surgery. Our study results also indicate that the 

majority of patients in our setting that undergo cardiac surgery are young with a 

mean age of 45 (SD: 12.0) years.  This is a direct consequence of the disease 

burden of rheumatic heart disease (RHD), which is endemic in young adults living in 

our geographic region (6). The prevalence of rheumatic valvular disease remains 

high in developing countries with associated morbidity and mortality complications (6, 

7). The majority of patients in our cohort had mitral valve pathology secondary to 

rheumatic valve disease with concomitant AF. This is consistent with findings from 

the developed world demonstrating that over 50% of maze surgery occurs in the 

setting of mitral valve surgery (8). 

 

Rheumatic heart disease is a major burden in developing countries where it causes 

significant cardiovascular mortality and morbidity in young people. It has been 

estimated to cause approximately 250 000 deaths per annum worldwide (9).  It has 

also been reported that mortality is high in RHD related heart failure, although post-

surgical morbidity and mortality were reported to be low (9). These findings are also 

reflected in our study, which found a high prevalence of patients with mitral valve 
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pathology secondary to RHD undergoing surgery and who had improved functional 

status post-operation.   

 

Freedom from arrhythmias and thrombotic complications of AF also greatly improve 

the quality of life in this age group (10). Atrial fibrillation poses major medical and 

socioeconomic consequences and is independently associated with a two-fold 

increased risk of all-cause mortality in women and a 1.5 fold increased risk in men 

(11). The health-related costs of AF continue to increase yearly unless the AF is 

prevented and treated effectively (11). AF is the most common cardiac arrhythmia 

with a prevalence of 5 - 6% in patients older than 65 years, increasing up to 10% in 

those over 80 years (12).  

 

In South Africa, the prevalence of AF in the urban black population is reported to be 

7%. This data was derived from a cardiovascular disease cohort with heart failure 

affecting 8%, hypertension affecting 4%, and valvular heart disease affecting 13 % of 

the study participants respectively (13).  

 

There is an increased utilisation of electrophysiological (EP) techniques in the 

management of valvular AF in developed nations. However, this modality is still 

scarce in the developing world. A study by Miyalazi et al. evaluated the efficacy of AF 

ablation in patients with moderate valvular heart disease (VHD). AF ablation 

outcomes for patients with moderate VHD (n=45) were compared to a control group 

without VHD (n=436). The study concluded that patients with VHD undergoing AF 

ablation were less likely to remain in sinus rhythm at long-term without antiarrhythmic 

drugs than those without VHD (14). These findings suggest that the Cox-maze 
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procedure may be a valuable surgical management option of AF for patients with 

concomitant valvular heart disease. 

 

A significant number of patients undergoing cardiac surgery with AF have mitral valve 

pathology (8). For patients with AF and a concomitant class-I indication for cardiac 

surgery, the decision to offer the Cox-maze procedure is influenced by the patients 

underlying co-morbid illness (8). Furthermore, it has been suggested that the short, 

medium and long-term efficacy of the Cox-maze procedure in restoring sinus rhythm 

is generally the same regardless of the underlying valvular lesion (15). A Cochrane 

database systematic review by Huffman et al., showed that a concomitant Cox-maze 

procedure for patients undergoing open-heart surgery doubles the likelihood of 

freedom from AF, atrial flutter or atrial tachycardia and being free of anti-arrhythmic 

drugs, although it may increase the risk of permanent pacemaker implantation. (16).  

 

A fifteen year retrospective study of 438 participants, by Musharbarsh et al., showed 

that for patients with a history of AF undergoing cardiac surgery, a concomitant Cox-

maze procedure did not significantly add to the post-operative morbidity and mortality 

(17). The study showed that the Cox-maze procedure was associated with an 

improved late survival compared to patients with untreated AF and similar survival to 

patients without AF (17). These findings were also demonstrated in our cohort with 

98.6% surviving surgery with a mortality rate less than 1%. Many reports also 

indicate that the Cox-maze procedure is not associated with an increase in morbidity 

and mortality in patients undergoing open heart surgery (15). Similar findings were 

also reported in a study by Han et al (20). This study showed that the Cox-maze 

procedure is safe and effective for patients with AF associated with rheumatic mitral 
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valve disease (18). A recent study from New Zealand also found that the Cox-maze 

procedure was a safe and effective surgical management option for patients with AF 

and was associated with low rates of mortality and stroke long term, than what would 

have been expected with anti-coagulation strategies alone (19). 

 

The study limitations include its retrospective nature. Post-operative 

echocardiography was not routinely done on all patients. This limited our ability to 

perform pre and post-operative echocardiogram comparisons. The prevalence of 

paroxysmal AF post Cox-maze surgery was also not evaluated as routine Holter 

ECG monitoring was not performed. Despite these limitations, our data reflects real-

world Cox-maze procedural outcomes in a developing country.  

 

4. CONCLUSION AND RECOMMENDATIONS  

 

The Cox-maze procedure remains a safe and a viable option for the surgical 

management of concomitant symptomatic AF. This procedure should be considered 

in all patients with symptomatic structural heart disease undergoing open heart 

surgery. 
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Table 1: Baseline demographic and clinical characteristics according to post-

operative rhythm 

Variable                                    Overall Population 
(n=130) 

Sinus 
Rhythm 
(n=106) 

Atrial  
fibrillation 

(n=24) 

 
p-value 

     
Age (years)   44.7 (SD: 13.0)    44.5 (SD:13.0)    45.7 (SD: 12.6)        0.351 
Female             87 (66.9)             72 (67.9)              15 (62.5)        0.610 
Ethnicity           0.442 
African             98 (75.4)             81 (76.4)              17 (71.0)  
Indian               3   (2.3)                 3 (2.8)                  0 (0.0)  
Coloured               8   (6.2)                 5 (4.7)                3 (12.5)  
White             21 (16.1)             17 (16.0)                4 (16.7)  
Comorbidities     
Hypertension             20 (15.4)             16 (15.1)                4 (16.7)        0.847 
Diabetes Mellitus               5   (3.9)                 5 (4.7)                  0 (0.0)        0.278 
Dyslipidaemia               3   (2.3)                 3 (2.8)                  0 (0.0)        0.404 
HIV               7   (5.4)                 6 (5.7)                  1 (4.2)        0.770 
Medication     
Beta Blocker           101 (77.7)             81 (76.4)              20 (83.3)        0.462 
Aspirin             27 (20.8)           22 (20.75)                5 (20.8)        0.993 
Statins             23 (17.7)             17 (16.0)                6 (25.0)        0.299 
CCB               9   (6.9)                 7 (6.6)                  2 (8.3)        0.763 
Digoxin             22 (16.9)             18 (17.0)                4 (16.7)        0.970 
NYHA:           0.073 
I               1   (0.8)                 0 (0.0)                  1 (1.0)  
II             14 (11.0)               10 (9.6)                4 (17.4)  
III           106 (83.5)             88 (84.6)              18 (78.3)  
IV               6   (4.7)                 6 (5.8)                  0 (0.0)  
Echo parameters      
LVEF (%) (n=105)    55.9 (SD:12.5)   56.5 (SD: 12.8)    53.4 (SD: 11.0)        0.175 
LVIDd (cm) (n=81)        1.2 (SD:1.1)        1.2 (SD:1.2)         1.2 (SD:1.1)        0.945 
LA size (cm) (n=96)        5.9 (5.3-6.9)       6.1 (SD: 1.3)      6.3   (SD: 1.1)        0.280 
Biochemistry     
CRP  16.6 (10.0-24.5)   25.0 (SD: 25.8)    14.6   (SD: 7.2)        0.001 
Hb (g/dL)  13.5 (12.4-14.2)  1 5.6 (SD: 16.0)    13.0   (SD: 1.6)        0.055 
Creatinine (umol/L)  76.4  (SD: 18.9)   76.8 (SD: 19.3)    74.6 (SD: 17.2)        0.310 
Procedural Factors     
CPB time (minutes) 131.9 (SD: 39.9) 130.9 (SD: 37.3)       135.5   (49.2)        0.331 
AC time (minutes)   89.4 (SD: 31.4)   87.1 (SD: 30.3)    99.6 (SD: 34.6)        0.063 
Hospital stay (days)   20.5 (SD: 11.9)   20.8 (SD: 12.3)      18.6 (SD: 9.3)        0.186 
HASBLED score 
(n=143) 

           0.880 

Low risk           108 (83.7)             88 (83.8)              20 (83.3)  
Intermediate risk             20 (15.5)             16 (15.2)                4 (16.7)  
High risk                 1 (0.8)                 1 (0.9)                0   (0.0)  
CHA2DS2VASc 
(n=141) 

          0.039 

Low risk             95 (74.8)             81 (78.6)              14 (58.3)  
Intermediate risk             32 (25.2)             22 (21.4)              10 (41.7)  
EuroSCORE II 
(n=144) 

          0.453 

Low risk               3   (2.3)                 3 (2.8)                0   (0.0)  
Moderate risk             85 (65.4)             67 (63.2)              18 (75.0)  
High risk             42 (32.3)             36 (34.0)                6 (25.0)  
     
Data shown as mean, standard deviation (SD) for continuous variable and as absolute number 
(percentage) for dichotomous variables. AC: Aortic clamp time; CCB: calcium channel blocker; CPB: 
cardiopulmonary bypass time; CRP: c-reactive protein; Hb: haemoglobin; HIV: Human Immunodeficiency 
Virus; LA: left atrium; LVEF: left ventricular ejection fraction; LVIDd: left ventricular internal diameter end 
diastole; NYHA: New York Heart Association 
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Table 2: Baseline demographic and clinical characteristics according rhythm at follow 

up 

 

Variable                                    Overall 
Population 

(n=104) 

Sinus 
 Rhythm 
(n=81) 

Atrial  
fibrillation 

(n=23) 

 
p-value 

     
Age years   45.0 (SD: 12.9)   45.2 (SD: 13.0)   43.8 (SD: 13.0)        0.35 
Female             71 (68.3)             54 (66.7)             17 (74.0)        0.51 
Ethnicity:           0.21 
African             79 (76.0)             61 (75.3)             18 (78.2)  
Indian               3   (2.9)               1   (1.2)                2  (8.7)  
Coloured               5   (4.8)               4   (5.0)                1  (4.3)  
White             17 (16.3)             15 (18.5)                2  (8.7)  
Comorbidities:     
Hypertension             16 (15.4)             14 (17.3)                2  (8.7)        0.31 
Diabetes Mellitus               5   (4.8)                 3 (3.7)                2  (8.7)        0.32 
Dyslipidaemia               3   (2.9)                 3 (3.7)                0  (0.0)        0.35 
HIV               6   (5.8)                 4 (5.0)                2  (8.7)        0.50 
NYHA (n=76):           0.83 
I             34 (77.3)             25 (78.1)               1   (1.0)  
II             10 (22.7)               7 (21.9)               3 (25.0)  
     
Data shown as mean, standard deviation (SD) for continuous variable and as absolute number 
(percentage) for dichotomous variables. HIV: Human Immunodeficiency Virus; NYHA: New York 
Heart Association 
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Table 3: Univariable regression analysis for independent predictors of atrial fibrillation  

Variable OR CI p-value  
Hypertension 
Diabetes mellitus 
Age (26-35 years) 
LA size (4.7 - 5.2 cm) 

0.87 
2.48 
0.40 
0.87 

0.24-3.20 
0.39-15.79 
0.06-2.57 
0.24-3.20 

0.84 
0.34 
0.33 
0.84 

LVEF (40-50%) 
LVEF (>50%) 

2.85 
2.20 

0.28-29.0 
0.25-19.53 

0.37 
0.48 

EuroSCORE II (2-5%) 
CHADVASc Score (moderate) 

0.48 
0.47 

0.19-1.25 
0.12-1.74 

0.14 
0.26 

 
 
CI: Confidence interval; EuroSCORE II: European system for cardiac operative risk evaluation II; LA: 
left atrial size; LVEF: left ventricular ejection fraction; OR: odds ratio 
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Table 4 Multivariable regression analysis for independent predictors of atrial 

fibrillation  

Variable  OR      CI p-value  
Hypertension 
Age (26-35 years) 
LVEF (40-50%) 
LVEF (>50%) 
 

0.10 
0.76 
0.90 
0.63 
 

0.00-2.51 
0.02-27.1 
0.02-34.7 
0.02-24.4 

  0.16 
  0.88 
  0.96 
  0.81 

 
CI: Confidence interval; LVEF: left ventricular ejection fraction; OR: odds ratio 
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APPENDIX A – Visual Abstract 

VISUAL ABSTRACT CENTRAL IMAGE (1) 

 

 

 

 

  

Key question 

What is the efficacy of Cox maze procedure in 
management of valvular atrial fibrillation? 

Key findings 

Immediately post 
Cox-maze procedure  

n=144 
e procedure 

n=144 
• % of patients 
• After a mean duration of 5 6 years (SD: 

      
    

      
 

 

  

Take home message 

Cox maze procedure is valuable in the 
management of symptomatic valvular atrial 

fibrillation. 
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APPENDIX B – Data Collection Sheet 
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APPENDIX C – Turn-it-in Report 
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APPENDIX D – Protocol Approval 
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APPENDIX E – Ethics Approval 
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APPENDIX F – Supervisors’ Approval 
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APPENDIX G – Hospital Approval 
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APPENDIX H – Proof of Submission for Publication 
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1. Introduction  

The surgical maze procedure is an open-heart surgical operation performed to treat 

atrial fibrillation (AF) (1).  During open-heart surgery a number of incisions are made 

on the left atrium (and sometimes the right) to form scar tissue, which prevents 

conduction of AF electrical impulses. This disrupts the propagation of chaotic 

abnormal electrical impulses seen in AF (1, 2).   

‘Maze’ refers to the series of incisions arranged in a maze like pattern in the atria (2, 

3). The procedure was first developed by James Cox and associates in 1987 at 

Barnes-Jewish Hospital located at St. Louis, Missouri, USA (3). After the introduction 

of the initial procedure, a series of improvements were made culminating in Cox 

maze IV procedure (3).  

The maze IV is now considered as the gold standard for effective surgical cure of AF 

(3). Cox maze IV consists of a pattern of linear scars created by incision or ablative 

technology such as radiofrequency or cryothermal ablation. Traditionally, the original 

maze procedure (maze I) created lines of scar by making several small incisions 

(referred to as ‘cut and sew’) around the sinoatrial node as well as one to the atrial-

superior vena caval junction through the sinus tachycardia region of the sinoatrial 

node. This resulted in unwanted events such as chronotropic incompetence and 

prolonged intra-atrial conduction delay. 

This led to the development maze II procedure that modified the location of the 

incision to prevent these problems with the maze I procedure. The technical 

challenges of the maze II procedure, such as approach to the left atrium, resulted in 

the maze III procedure, which reduced the frequency of chronotropic incompetence, 

improve atrial transport function and shortened the procedure time (14 -17). 
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Indications for surgical management of AF include the following: 1. Patients with AF 

who undergo surgery for structural heart disease. 2. Patients complicated with left 

atrial thrombosis refractory to thrombolytic therapy or with a history of 

thromboembolism despite proper anticoagulant therapy. 3. Patients with failed 

catheter ablations for AF or with recurrent AF. 4. Isolated AF patients with refractory 

medically intolerable symptoms and a significant impaired quality of life. 5. Patients 

with medically refractory paroxysmal AF with repeated emergency visits. 6. Patients 

with severely dilated atria and a severely increased cardiothoracic ratio, with low 

voltage fibrillary-waves on the Electrocardiogram (ECG), in which there is little 

chance to maintain sinus rhythm and effective atrial contraction postoperatively (4, 

5). 

 

 

 

 

 

 

 

 

Illustration A: Surgical lesion sets for biatrial Cox maze procedure. Surgeon’s view showing left atrial lesions (left 

panel) and right atrial lesions (middle and right panel). B: Left atrial lesions in a thoracoscoping minimally invasive 

surgical procedure (dashed lines) including left atrial exclusion (double line). (16)   
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The complications of the maze procedure are similar to those of an open heart 

surgery and depend on individual risk factors.  Most common complications include 

the following: bleeding, infections (including mediastinitis), stroke, pneumonia, 

myocardial ischaemia, new arrhythmias and death (4, 6).  

Outcomes data on the maze procedure is currently only from the developed world, 

with a paucity of data from developing regions, including South Africa. Due to limited 

Electrophysiology (EP) theatres in the developing regions, the maze procedure 

remains a relevant therapeutic modality for valvular AF management.  

This study aims to analyse the long term outcomes of the procedure in treating 

valvular AF in a tertiary academic centre in Johannesburg.  This retrospective audit 

aims to determine the duration and the number of patients that remain AF free post 

maze procedure. As elucidated above, the maze procedure is generally reserved for 

patients with a concomitant class-A indication for open heart surgery. Under these 

circumstances, the benefit of the procedure outweighs the risks associated with open 

heart surgery. The maze procedure is therefore done during the same surgical sitting 

for patients with AF and another cardiac condition requiring open heart surgery. This 

is predominantly for mitral valvular conditions.  

2. Background/ Literature Review 

 

Atrial fibrillation is characterised by disorganised, rapid and irregular atrial activation 

(7). It results in abnormal chaotic electrical impulses in the atria. AF is diagnosed 

clinically by pulse palpation and confirmed by the ECG in those patients with irregular 

pulses. The ECG shows absent P waves.  



39 
 

It is a common arrhythmia with a prevalence of 5-10% in patients over the age of 

sixty five (8). The incidence of AF increases with age. It is extremely unusual in 

children unless a structural heart disease is present or there is another arrhythmia 

that precipitates the AF (7). The arrhythmia is associated with a fivefold risk of stroke 

and a threefold incidence of congestive heart failure (7, 9). It is a major 

cardiovascular challenge in modern societies with worsening medical, social and 

economic implications (7).  

According to the definitions given by ACC/ESC/AHA 2006, society of thoracic (STS), 

ESC and EACTS clinical guidelines committee, there are five types of AF. These are 

defined: First diagnosis; Paroxysmal; persistent; long-standing persistent and 

permanent AF (4).  

The causes of AF can be divided into cardiac and non cardiac causes. The cardiac 

can further be divided into ‘valvular’ and ‘non valvular (7).  Valvular AF is used to 

imply that AF is related to rheumatic heart disease, predominantly mitral stenosis (7). 

The cardiac causes include hypertension, congestive heart disease, valvular heart 

disease, coronary artery diseases and myocardial infarction, cardiac surgery and 

cardiac tumours. The non-cardiac causes include thyrotoxicosis, electrolyte 

imbalances, acute and chronic pulmonary diseases and phaeochromocytomas. In 

some patients no cause can be found and this group is labelled as ‘lone’ AF (7). The 

term ‘lone’ AF was introduced in 1954 to refer to patients with AF and without any 

other evident cardiac or other disease (10). The treatment of AF is usually with 

pharmacological agents. Due to the perioperative complications associated with open 

heart surgery, the maze procedure is rarely done for AF alone without another 

compelling indication for open heart surgery. 
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The maze procedure has been reported to be effective in restoring sinus rhythm in 

patients with AF. A study in Japan sought to determine the effectiveness of the maze 

procedure for maintaining sinus rhythm and atrial contraction for a long period in 

patients with mitral valve disease (1). The study was a retrospective study that 

included 94 patients between June 1992 and October 1994 with mitral valve disease 

and AF. These patients underwent a modified maze procedure simultaneously with 

open heart surgery for refractory AF and the underlying valvular lesion. The ECG 

results found that in the early stage, a regular rhythm was noted in 75 of the 90 

patients and 19 had AF (1). In the late stage, a regular rhythm was seen in 66 

patients and 28 had AF. The incidence of patients with regular rhythm was not 

statistically different between the early and the late stages (p=0.14) (1). The study 

thus found that sinus rhythm and atrial contraction recovered early after the maze 

procedure in most patients and was maintained for more than two years (1). They 

concluded that the maze procedure is effective for a long period in patients with 

mitral valve disease. This study is one of the very few reports attempting to define the 

long term outcomes of the cardiac rhythm and atrial function after the maze 

procedure in patients with AF and mitral valve disease (1). A similar study by Ko 

Bando et al, sought to determine whether the Cox maze procedure provides 

additional benefit to patients with atrial fibrillation undergoing mitral valve operations. 

This retrospective study compared 258 patients between 1992 and 2000 who had the 

maze procedure at the same time with mitral valve replacement (n=147) or mitral 

valve repair (n=111) and  61 control patients with perioperative atrial fibrillation who 

had mitral valve replacement alone during the same interval.  This study showed that 

freedom from AF at 5 years was significantly higher in the mitral valve replacement 
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plus maze group (78%) and the mitral repair plus maze group (81%) than in the 

mitral valve replacement alone group (6%, P<.0001) (11).  

A more recent study published in 2013 by Ad et al aimed to assess the effect of the 

Cox maze procedure on operative and follow up outcomes. This prospective study 

divided 817 patients into 3 groups. The first group consisted of patients who had 

isolated mitral valve or mitral valve plus tricuspid valve surgery without history of AF 

(n=506). The second group was for patients with untreated AF (n=75) and the last 

group was for patients who underwent the Cox maze procedure (n=236). The study 

found that there was no increased morbidity associated with the Cox maze procedure 

with the benefit of very low thrombotic rate (2). Lindsey et al studied the incremental 

risk of the Cox maze procedure for patients with atrial fibrillation undergoing mitral 

valve surgery. The purpose of their study was to quantify the additional risk of 

performing the Cox maze IV procedure for patients undergoing mitral valve surgery. 

This was a retrospective study that included 312 patients between January 2002 and 

June 2011. This study concluded that the addition of Cox maze procedure to patients 

with AF undergoing a mitral valve surgery did not significantly affect the procedural 

mortality (12). 

 A study in Milan by Alberto Pozzoli et al also evaluated the clinical and functional 

outcomes of the maze procedure in symptomatic refractory lone AF patients. The 

study enrolled 39 highly symptomatic patients, with European Heart Rhythm 

Association class III-IV, in whom the maze procedure was done. The results showed 

that freedom from arrhythmias was 93% at 36 months (13). Freedom with anti-

arrhythmic drugs was 85% at 36 months (13). The left ventricular ejection fraction 

also normalised in all study participants and AF-related symptoms score decreased 

from class III to class I in 93% of cases with a p-value of <0.001. Thus the maze 
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procedure may provide a complete reversal of arrhythmia related myocardial 

dysfunction. The results from the study concluded that the maze procedure has 

excellent outcomes, with symptom relief and negligible risk (13).  

Prasad et al studied the long term efficacy in patients undergoing maze procedure for 

lone AF versus AF concomitant with other valvular heart procedures. This was 

because it was largely unknown whether the operation has similar efficacy in patients 

with lone atrial fibrillation compared with that in patients with atrial fibrillation 

associated with coronary, valvular, or congenital heart disease (3). They showed that 

the Cox maze has equivalent operative risk and long term efficacy in patients 

undergoing both lone AF surgery and concomitant heart disease operations. 

Several studies have been done in first world countries to evaluate the outcomes of 

the maze procedure. These studies have documented the success rate of the maze 

procedure in converting AF into sinus rhythm. Due to the risk associated with open 

heart surgery, the maze procedure is reserved for patients with AF requiring open 

heart surgery. This is commonly a mitral valve disease requiring surgical treatment. 

There is limited data on the long term outcomes of the maze procedure performed in 

this group of patient, both in developed and in developing countries.  

This study aims to audit short and long term outcomes of the maze procedure in 

patients with valvular AF in our local setting.   
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3. Study Objectives 

 

a) The primary objective of this study is to determine the perioperative 

complications and the AF burden free duration of the maze procedure in 

treating valvular AF.   

b) The secondary objectives of the study are to: 

- Describe the demographics of the patients undergoing the maze procedure 

in our local setting. 

- To describe the associated open heart surgery indications associated with 

the procedure. 

- To describe the prevalence of AF related complications in this population. 

- To describe the prevalence of warfarin related complications in this 

population. 

 

 

4. Methods  

4.1 Study design 

This is a Retrospective audit of all the patients who underwent the maze procedure at 

Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) department of 

cardiothoracic surgery from 2000 to 2015  

4.2 Study population and sample 

The participants of this study will be all the patients that have the maze procedure 

done at Charlotte Maxeke Johannesburg Hospital, department of cardiothoracic 
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surgery for valvular AF. We will include patients from 2000 to 2015. The study 

includes both male and female patients from age 15 and above from all race groups.  

Eligibility Criteria 

All the patients in whom the maze procedure was done at CMJAH are eligible for this 

study.  

Patient Factors 

• Age, gender, ethnicity 

• Co-morbidities: hypertension, diabetes, dyslipidaemia,  HIV, chronic kidney 

disease, valvular heart condition, history of Rheumatic heart disease, history 

of thromboembolism, thyroid disease, smoking  

• Clinical presentation: NYHA, Euro II SCORE, CHADA2DS-VASc score, 

Haemoglobin, Creatinine, urea, INR, D-Dimer, pro-BNP, Trop T, CKMB,  pre-

operative ECG, Left ventricular ejection fraction 

• Concomitant medications: Anticoagulation, anti-hypertensive medication, 

HMG CoA reductase inhibitors, Antiarrhythmic drugs, Anti-Diabetic 

Medication. 

Procedural factors: 

• Indications 

• Duration of the procedure 

• Outcome of the procedure 

• Peri operative complications 

Duration of Hospital stay (days) 
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Review at Follow up (OPD): follow up ECGs will be reviewed to document the 

presence or absence of AF. NYHA will be analysed at each visit to determine if AF 

free patients had a better functional status.  

4.3 Study site 

The study will be conducted at Charlotte Maxeke Johannesburg Academic Hospital, 

department of cardiothoracic surgery and department of cardiology.  

4.4 Estimated sample size  

All patients who underwent maze procedure for a valvular AF at CMJAH from 2000 to 

2015 with a minimum 100 patients for Analysis.  

 

4.5 Data collection  

The data will be collected by the principal investigator (PI). The PI will review all 

surgical postoperative notes, filed in the department of cardiothoracic surgery, to 

identify all patients who have had the maze procedure. The surgical operative notes 

will also be evaluated for any perioperative complications encountered and acute 

mortality and morbidity outcomes.  

Patients identified to have had the maze procedure will then have their outpatients’ 

follow-up clinic files in the department of cardiology reviewed. During this phase of 

the study, the PI will review each follow-up visit’s ECG for the presence or absence 

of AF. Other relevant clinical data that will be collected will include the documented 

clinical condition of the patient according to the New York Heart Association (NYHA) 

classification of the patient, the chronic medication used, the dose of warfarin used 
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and the international normalised ratio (INR) control among others. The ultimate aim 

of the study is to be able to determine how many patients remain AF free after the 

maze procedure and for how long 

 

5. Data Management and Analysis 

For this retrospective analysis, we will use descriptive statistics-frequency tables to 

describe clinical and demographic parameters. Normally distributed continuous data 

will be summarised as mean +/- SD and skewed data will be presented in median 

and inter quartile ranges. Multivariate analyses of the risk factors will be done. 

Student t-test will be used for normally distributed continuous variables and Wilcoxon 

rank sum test will be used for non-normal continuous data. The 95% confidence 

interval will be calculated for all data with a p value of <0.05 considered significant. 

REDcap software will be used as the data management tool for all the data. All 

statistical analyses will be generated using STATA version 13.1 (StataCorp, Texas).  

   

 

6. Ethics 

Ethics approval for the study will be sought from the University of Witwatersrand 

Human Research Ethics Committee, CMJAH CEO and the head of department of the 

cardiothoracic surgery and head of the department of cardiology. All patient 

information will be protected and not published. Patient’s details will only be used 

during the data collection process to track the individual patient’s records and follow 
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up notes. Outcomes of the study will be published in a peer reviewed journal and will 

be shared with all clinicians participating in valvular AF patient care.  

7. Timing     

  June July Aug Sept  Oct Nov   Dec Jan Feb March 

Literature review         

Preparing Protocol        

Protocol        

Assessment        

Ethics Application        

Collecting Data        

Data analysis        

Writing up – thesis        

Writing up-paper        

 

8. Funding 

No funding will be required for this study. 

9. Problems 

We anticipate some challenges during collecting data and finding patient’s records, 

especially perioperative notes and outpatient files from many years ago. 
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