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ABSTRACT

Background
Rhythm control is indicated in patients suff ering from symptomatic atrial fi brillation (AF), 
but remains diffi  cult to establish. We investigated the long-term outcome of Cox maze III 
surgery in patients with antiarrhythmic drug refractory symptomatic lone AF.

Methods
Patients with a history of symptomatic paroxysmal or persistent AF refractory for at least 2 
class I or III antiarrhythmic drugs and without structural heart disease or bradyarrhythmias 
were included. All patients underwent Cox maze III surgery. Complete success was defi ned as 
the absence of AF without antiarrhythmic drugs beyond 3 months aft er the procedure, and 
partial success as the absence of AF with antiarrhythmic drug use. 

Results
A total of 29 patients were included, 27 males, mean age 48±6 years. At the time of surgery 
11 patients (38%) had persistent AF. Aft er a mean follow up of 4.8±2.4 years 79% of patients 
had complete success, while two patients (7%) were free from AF with antiarrhythmic drugs. 
At the end of follow up left  ventricular fractional shortening was signifi cantly improved 
(from 31±10% to 39±8%, p=0.002), left  atrial size was unchanged, exercise capacity was 
within normal ranges and quality of life was comparable with that of healthy controls. Severe 
complications included re-operations for postoperative bleeding (n=3), pericardial eff usion 
(n=1), and mediastinitis (n=1). In two patients a pacemaker was implanted postoperatively 
because of sinus node dysfunction.

Conclusions
Cox maze III surgery is a highly eff ective therapy for drug refractory lone AF, and therefore 
remains an alternative for transvenous pulmonary vein ablation. 
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INTRODUCTION

Atrial fi brillation (AF) is an important cardiac arrhythmia.1-5 Recent trials have demonstrated 
that rate control is an acceptable alternative to rhythm control.6, 7 However, highly symptomatic 
patients were not included in these trials, and in these patients rhythm control remains the 
treatment of choice. Rhythm control with serial antiarrhythmic drugs and cardioversions is 
unsuccessful in almost half of the patients8 If patients remain highly symptomatic, a non-
pharmacological approach may be considered. Such an approach includes preventive atrial 
pacing, permanent pacing aft er His bundle ablation, catheter ablation including pulmonary 
vein isolation, and the Cox maze III procedure9-12 Th e latter alternative was the most frequently 
tested option a decade ago, and many patients with intractable AF were off ered the Cox maze 
III procedure. Success percentages between 75% and 97% have been reported.13, 14 

Cox maze III surgery for patients with intractable, lone AF has been performed for 
many years in our institution including a comprehensive, prospective data collection. During 
long-term follow up, we investigated effi  cacy of Cox maze III surgery, and collected functional 
data including echocardiographic studies, exercise capacity and ambulatory ECG recordings, 
quality of life, and complications of the procedure. 

PATIENTS AND METHODS

Patients with paroxysmal or persistent AF were considered eligible for Cox maze III surgery 
when they:   (a) were below 60 years of age, (b) had no underlying heart diseases (these were 
excluded by performing echocardiography, exercise testing, ambulatory ECG recording, and 
coronary angiography in all patients), (c) had no signs of sinus node dysfunction, (d) were 
refractory or intolerant to at least 2 class I or III antiarrhythmic drugs, and (e) remained highly 
symptomatic due to AF, interfering with their functionality and/or daily life. Th e institutional 
review board approved the study in September 1994. Of all patients informed consent was 
obtained. 

All patients underwent Cox maze III atrial arrhythmia surgery as described 
by JL Cox.15 Th is procedure was strictly followed in all patients. In-hospital perioperative 
management is detailed elsewhere.16

Th e fi rst objective of the present study was to investigate the long-term success of 
the Cox maze III procedure. Complete success was defi ned as permanent absence of AF and 
other atrial arrhythmias (atrial fl utter and tachycardia) beyond 3 months of surgery and no 



Chapter 6

158

prophylactic antiarrhythmic drug use. Partial success was defi ned as the absence of AF with 
class I or III antiarrhythmic drug use (instituted because of recurrent AF, atrial fl utter or 
tachycardia beyond 3 months aft er surgery).

Secondary study objectives included: (a) medication use at the end of follow-up, 
(b) changes in left  ventricular function and recovery of atrial function, (c) occurrence of 
sustained atrial arrhythmias (other than AF), ventricular arrhythmias, sinus node dysfunction 
or atrioventricular conduction disturbances, (d) changes in exercise tolerance, (e) quality of 
life, (f) perioperative complications, i.e., redo-surgery, bleeding, infection and bradycardia 
necessitating pacemaker therapy.

FOLLOW UP

Aft er hospital discharge, all patients visited the outpatient clinic at 1, 3, 6 and 12 months and 
yearly thereaft er. Th ese visits also included echocardiography, 24 hour Holter monitoring, 
and exercise testing. Quality of life and an additional survey were assessed at the end of follow 
up.

Medication
Antiarrhythmic drugs were stopped at the day of surgery and restarted in case of 

repeated symptomatic AF or other atrial arrhythmias. Oral anticoagulation was prescribed by 
the treating physician (I.C. Van Gelder or A.C.P. Wiesfeld) for at least 6 months postoperatively, 
and replaced by aspirin, unless there was an other reason to continue.

Echocardiographic measurements
During follow up routine transthoracic echocardiography was performed to evaluate 

left  and right atrial diameters and function, and left  ventricular diameters and function. 
Baseline measurements were compared with measurements at the end of follow up. Presence 
of A wave representing normal atrial contraction was defi ned as peak A wave velocity > 0.4 
m/s.17, 18 

Holter monitoring
At every follow up visit a 24 hour electrocardiogram was performed to detect sinus 

node dysfunction, the occurrence of AF or other sustained atrial arrhythmias, ventricular 



Favorable Long-term Outcome of Maze Surgery in Patients with Lone Atrial Fibrillation

159

arrhythmias and atrioventricular conduction disturbances. 

Exercise testing
At every follow up visit a symptom-limited bicycle exercise test was performed, 

starting at 50 Watt during the fi rst minute, and increasing with 10 Watt every 30 seconds 
(modifi ed Bruce protocol). Heart rate at rest, at peak exercise (maximal attained workload), 
and aft er 3 minutes of recovery were measured.

Quality of life
Quality of life was assessed using the Medical Outcomes Study Short-Form health 

survey (SF-36) questionnaire.19 Th e SF-36 is a standardized, validated, generic health survey 
that has been frequently used in arrhythmia studies. It contains items to assess physical health 
(general health, perception, physical functioning, role limitations due to physical problems 
and bodily pain) and mental health (social functioning, role limitations due to emotional 
problems and mental health and vitality). Th e SF-36 data at the end of follow up were 
compared to a control population of 120 healthy subjects with a comparable age and gender 
distribution. 

Statistical analysis
Descriptive statistics are the mean ± standard deviation (SD) or median (range) for continuous 
variables and counts with percentages for categorical variables. Student t-test was used in case 
of normally distributed variables and a Mann-Whitney U-test in case of skewed variables. 
Paired t test was used for comparison of measurements at diff erent time point. Survival analysis 
was performed according to Kaplan-Meier (% of patients free from AF recurrence). Analyses 
were performed using the statistical package SPSS 11.0 (SPSS Inc, Chicago, IL, USA).
 

RESULTS

Patient demographics
A total of 29 patients were included between February 1995 and February 2004. Th e 
characteristics of the study patients are shown in Table 1. All patients had a history of 
paroxysmal AF. At the time of surgery 11 patients (38%) were classifi ed as having persistent 
AF, and these patients were in AF for a median of 12 (4-18) months at the moment of surgery. Of 
the patients with paroxysmal AF 67% (12 of 18 patients) were in sinus rhythm at the moment of 
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surgery. Six patients (21%) underwent an unsuccessful transvenous pulmonary vein ablation 
before, segmentally according to Haissaguerre et al.20 in 5 patients, and circumferentially 
according to Pappone et al.11 in 1 patient.

   
Patients (n)    29  
Male / female (n)    27/2

Age (year)    48±6
Rhythm characteristics 
 Total AF history (years)   7.0±5.5
 Paroxysmal AF (%)   62
 Persistent AF (%)   38
 History of persistent AF (years)  1.5 (0.5-3.0)
History of hypertension (%)   10
Heart Failure
 NYHA I (%)    100
Height (cm)    183±9
Weight (kg)    92±14
Blood pressure (mm Hg)
 Systolic    130±16  
 Diastolic    85±9
Echocardiographic fi ndings (mm)  
 Left  atrium parasternal, long axis  41±5
 Left  atrium apical view, length  62±6
 Right atrium apical view, length  58±9
 LV end diastolic diameter   50±5
 LV end systolic diameter   35±5
 Fractional shortening   31±10

Previous catheter ablation (%)                            21
 
AF = atrial fi brillation, LV= left  ventricular

Perioperative outcome
Total surgery duration was 253±43 minutes, and the average aortic cross-clamp duration 
was 71±19 minutes with a mean cardiopulmonary bypass time of 150±29 minutes. Total in-
hospital stay was a median 17 (8-78) days, with a thoracic intensive care unit stay of 1 (1-26) 
day. Th ere were no perioperative deaths. 
 
Long-term outcome
Th e mean follow up duration was 4.8±2.4 years. One patient died 5 years aft er surgery as a 

Table 1. Characteristics of the study patients.
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result of a colon tumor. No patients were lost to follow up.
 At the end of follow-up 79% (n=23) of the patients were free from AF and 
antiarrhythmic drugs (complete success), and 2 patients (7%) were free from AF, but still 
used class I or III antiarrhythmic drug therapy (partial success). Figure 1 shows long term 
outcome. Maze surgery was unsuccessful in four patients (14%). Two patients still suff ered 
from paroxysmal AF, one patient with pre-operative paroxysmal AF developed permanent 
AF, and one patient with pre-operative persistent AF (duration of 5 months) underwent 
atrioventricular node ablation and pacemaker implantation due to recurrent episodes of AF 
during the fi rst months aft er surgery. No patients suff ered from AF recurrences aft er two 
years of follow up. 

Figure 1. Atrial fi brillation free survival aft er Cox maze III surgery.
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frequent premature supraventricular complexes. One successfully and three unsuccessfully 
treated patients (in total 14%) were still using oral anticoagulation (acenocoumarol) at the 
end of follow up because of the presence of stroke risk factors or the necessity to use oral 
anticoagulation peri-electrical cardioversion. Eighteen patients (59%) used aspirin at the end 
follow up (Table 2). No patient suff ered from systemic thromboembolism.

Table 2. Medication use before surgery and at end of follow-up.

Before surgery End of follow-up

Acenocoumarol – (%) 15 (52) 4 (14)

Aspirin– (%) 5 (17) 17 (59)

Class I AAD – (%) 7 (24) 1 (3)

Betablocker – (%) 5 (17) 11 (38)

Class III AAD – (%) 8 (28) 3 (10)

Verapamil/Diltiazem – (%) 17 (59) 2 (7)

Digoxin – (%) 5 (17) -

ACE-inhibitor – (%) 5 (17) 4 (14)

AAD= antiarrhythmic drug, ACE= angiotensin converting enzyme.

Pacemaker therapy
Four of the 29 patients (14%) received a cardiac pacemaker. Th e indication was 

sinus node dysfunction in two patients (7%). During follow up, sinus rhythm was maintained 
in these patients. In the other two patients, recurrent AF was the reason for pacemaker 
implantation. One patient underwent atrioventricular node ablation for persistent symptoms 
of paroxysmal AF during the fi rst months aft er surgery. Later, he was in permanent sinus 
rhythm. Th e other patient received a pacemaker for prevention of AF but still had paroxysmal 
AF at the end of follow-up (AF burden of 40%).

Echocardiography
No signifi cant diff erences in atrial diameters were found between baseline and 

end of follow up (Table 3). Th ere was a signifi cant improvement of left  ventricular function 
(fractional shortening at baseline 31±10% versus 39±8% at the end of follow, respectively, 
p=0.002). According to the defi nition atrial contraction was considered to be normal in both 
atria in 41% of patients at the end of follow up (Table 4). 
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Table 3. Echocardiographic parameters before surgery and at the end of follow up.

Before surgery
(n=23)

End of follow up
(n=23)

Left  atrium parasternal, long axis -mm 41±5 43±6

Left  atrium apical view, length -mm 62±6 62±6

Right atrium apical view, length -mm 58±9 59±7

LV end diastolic diameter-mm 50±5 52±4

LV end systolic diameter-mm 35±5 32±5*

Fractional shortening-% 31±10 39±8*

* p < 0.05 compared to baseline value, LA= left  atrium, RA= right atrium, LV= left  ventricular.

Table 4. Atrial contraction at the end of follow up.

Right atrium Left  atrium

E/A ratio 1.4±0.35 2.4±0.62

A wave (m/sec) 0.44±0.16 0.39±0.09

A wave > 0.4 m/sec 12 (41%) 12 (41%)

No measurable A wave 4 (14%) 2 (7%)

Not measured 4 (14%) 3 (10%)

E/A = early-to-atrial (right or left ) ventricular fi lling.

Holter monitoring
Twenty-four hours of ambulatory Holter monitoring at the end of follow up showed 

a mean heart rate of 76±15 beats per minute with a minimum of 56±11 beats per minute and a 
maximum of 125±24 beats per minute. Mean longest RR-interval (range) was 1.4 sec (0.9-1.9 
sec). Symptomatic short episodes of atrial arrhythmias were experienced only by two patients 
still suff ering from paroxysmal AF at the end of follow-up (failures). Short asymptomatic 
atrial tachycardias (without AF) were observed in 14 patients (median number of 4 (1-20) 
runs, median length 3 (3-45) beats). In two patients frequent, asymptomatic, premature 
ventricular beats were observed, 1000 and 1807 per 24 hour, respectively.

Exercise tolerance testing
No AF occurred during exercise testing in the successfully treated patients. Mean 

maximum workload at the end of follow up was comparable with baseline, 190±64 Watt 
(range, 50-300 Watt) versus 196±43 Watt (range, 90-250 Watt), respectively, p = ns. At the 
end of follow up 4 patients (including two failures of Maze surgery) had a reduced exercise 
capacity in comparison to baseline, whereas in 3 patients (all successfully treated patients) 
exercise tolerance was increased in comparison with prior to surgery. Heart rate increased 
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from 77±12 beats per minute at rest to 137±30 beats per minute at maximal exercise, and was 
101±19 aft er 3 minutes recovery. 
 
Quality of life
Twenty-seven out of 28 surviving patients completed the SF-36 questionnaire (Figure 2) and 
our survey (Table 5) at the end of follow up. Th ere were no diff erences in quality of life scores 
between the Maze patients and healthy control subjects. Seventy-eight percent of the patients 
concluded that Maze surgery was worth while and would recommend it to other patients.

Figure 2. Comparison of the Short-Form 36 quality of life scores between patients who underwent Cox maze 
III surgery (n=27) and a control group of 120 healthy subjects in our database (with age and gender matched 
distribution). Data are shown as scores (max. value =100) on the 8 scales of the SF-36. No statistically diff erence 
could be demonstrated on any scale.
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Perioperative complications
Severe complications included 3 re-operations for postoperative bleeding (10%), clinically 
signifi cant pericardial eff usion in 1 case (3%), and mediastinitis in 1 patient (3%). Th e 
bleeding sites were the atriotomy closure-line on the left  side (n=1), on the right side (n=1) 
and the appendage closure-line of the left  atrium (n=1). No postoperative stroke or myocardial 
infarction were diagnosed, neither renal failure nor intra-aortic balloon pump placement 
was necessary, and no excessive fl uid retention was observed in the postoperative phase. 
Two patients (7%) received a cardiac pacemaker for sinus node dysfunction, one patient 
immediately postoperatively, and one patient during the postoperative in-hospital phase.
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 Table 5. Results of the Cox maze III specifi c questionnaire with concise questions on the topic (n=27).

     Yes               No             ?
1) In your opinion, do you have normal (sinus) rhythm at the moment? 21

78%

5

19%

1

2) Was it worth while to undergo the Cox maze III procedure? 20

74%

4

15%

3

3) Should the operation have been off ered to you at an earlier stage? 11

41%

7

26%

9

4) In retrospect, would you undergo the Cox maze III procedure again? 20

74%

4

15%

3

5) Would you recommend the Cox maze III procedure to an other patient 
with comparable complaints?

21

78%

3

11%

3

6) Has your need for (cardiovascular) medication lessened as a result of the 
Cox maze III procedure?

19

70%

8

30%

0

7) Are you still actively working, e.g., did you maintain your preoperative job? 18

67%

9

33%

0

8) If no, were you forced to stop working as a result of your cardiac condition? 2

7%

7

26%

0

? = No opinion.

Comment
 Th is study shows an excellent outcome of Cox maze III surgery for the treatment of 
intractable lone AF. Aft er a mean follow-up of 4.8 years 86% of patients were free of AF, with 
only two of them (7%) on antiarrhythmic drugs. No AF recurrences were observed aft er 2 
years of follow-up. Perioperative complication rate was acceptable without surgery related 
mortality. 

Comparison with other surgical maze III and transvenous catheter ablation studies for lone AF

Th e outcome of our study compares favorable with other studies investigating 
the outcome of maze III surgery for lone AF. Th ese studies showed a complete success rate 
between 76% and 80% aft er a mean follow up of 2.6 – 5.8 years.13, 14, 21 At present, however, 
transvenous radiofrequency catheter ablation performing segmental or circumferential 
isolation of the pulmonary veins has become the preferred strategy to cure patients from 
symptomatic lone AF. Short and midterm results indeed are promising.20, 22 In a study 
performed by Haissaguerre et al. in 90 patients, mainly without structural underlying heart 
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disease, segmental isolation of the pulmonary veins was reported to be successful in 71% 
without the use of antiarrhythmic drugs but follow-up was only 8±5 months and in more than 
half of the study group a second or third procedure was needed to attain the fi nal results.20 
Complication rate was about 10% being mainly asymptomatic pulmonary vein stenosis. 
Circumferential isolation of the pulmonary veins, as developed by Pappone et al., seems even 
more eff ective. Th ey compared 589 patients (34% lone AF) who underwent circumferential 
pulmonary vein ablation with 582 patients who received antiarrhythmic drugs for rhythm 
control.22 Aft er a median follow-up of 900 days (range 161 to 1508 days) 120 ablated patients 
(20%) versus 340 pharmacologically treated patients (58%) had a recurrence of AF. All 120 
unsuccessfully ablated patients underwent a second ablation procedure, but aft erwards 31 
patients (26%) developed recurrent persistent AF again. Since then, many studies have been 
performed investigating the effi  cacy of transvenous catheter ablation to cure patients from 
AF. Complete success percentages (i.e. without antiarrhythmic drugs) range from 50-80%.23-

28 However, in contrast to the surgical data, follow up in all these studies was relatively short 
ranging from 0.5 – 2.5 years.

Also, surgical treatment of AF has evolved rapidly.21 New energy sources with either an 
endocardial or epicardial, or a combined approach have been successfully used concomitantly 
with additional surgical procedures, and short-term follow up is encouraging.29-32 Th ese 
minimal invasive procedures using various epicardial, off -pump, beating-heart ablation 
techniques may also become an alternative for patients with lone AF.

Th e complications observed in our study compare favorable with other maze III 
studies. Prasad et al. and Gaynor et al. reported surgery related major complication occurring 
in 11-13% of the patients and 1.5% perioperative deaths.14, 21 In our study surgery related 
complications occurred in 16% but we observed no perioperative deaths. A worldwide survey 
on catheter ablation for AF performed by Cappato et al. revealed a major complication rate 
of 6%.28 Th e main complications included tamponade in 1.2%, signifi cant pulmonary vein 
stenosis in 1.3%, stroke in 0.2% and perioperative death in 0.05%.

In general, outcome of maze III surgery is favorable. However, transvenous catheter 
ablation has a preference predominantly since it is easier to perform, excludes a large surgical 
procedure and severe complications probably occur less oft en. Up to now, however, only in 
experienced hands success percentages of transvenous catheter pulmonary vein ablation are 
comparable with maze III surgery. Furthermore, long-term effi  cacy and morbidity remain at 
present unclear. Finally, various epicardial, off -pump, beating-heart ablation techniques may 
become alternatives for the transvenous ablation techniques.
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Objective and subjective improvement
In our study atrial sizes did not change signifi cantly aft er surgery, which has been 

described before in lone AF patients aft er maze III surgery.33 Although at baseline left  
ventricular function was considered to be normal and all patients were without signs of heart 
failure, a signifi cant improvement occurred aft erwards. Earlier studies found an improvement 
in cardiac function in patients with lone AF aft er atrioventricular node ablation, but most 
of these patients already had a depressed systolic function before.34, 35 Although our studied 
group was small, it is important to recognize that a concealed cardiomyopathy may be present, 
even in patients who are considered to have a normal cardiac function. Restoration of atrial 
contractile function occurred in almost all patients although complete recovery was found in 
only half of the patients, which is comparable with data of other studies.33, 36, 37  

Exercise capacity aft er surgery was within normal ranges in the majority of patients. 
Th is implies that despite extensive cardiac surgery the function remains intact. In particular 
chronotropic response to exercise was appropriate, although maximal heart rate was lower 
than normal. Th is can partly be explained by the fact that almost half of patients were on beta-
blocker therapy aft er surgery.  At the end of follow up, quality of life scores were comparable 
to healthy control subjects which is similar to the results of Jessurun et al.13 In addition, most 
patients affi  rmed, in retrospect, their initial choice for surgical intervention of AF and would 
recommend maze surgery to patients with equal complaints. Th is is, in our view, a very 
important fi nding. 
  
Th romboembolism and anticoagulation therapy
No thromboembolic complications occurred during follow up. Th is indicates that in these 
patients, predominantly without stroke risk factors and without atrial appendages, it seems 
safe to discontinue oral anticoagulation despite incomplete recovery of atrial function in 
many patients. 

Study limitations
Th e number of patients was relatively small. However, the number was large enough to show 
long term effi  cacy of Cox maze III surgery. Due to the small number of unsuccessfully treated 
patients analysis of parameters related to success or failure of the procedure was not possible.  
No preoperative quality of life was obtained, so at the end of follow-up no comparison with 
baseline values was possible. 
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Conclusions
Cox maze III surgery is a highly eff ective rhythm control strategy in severely symptomatic 
AF patients. It therefore remains an alternative for transvenous pulmonary vein isolation in 
the management of patients with drug refractory symptomatic lone atrial fi brillation. Severe 
complications may occur but almost always recover without sequelae. However, new surgical 
beating-heart epicardial procedures are promising and may in future replace the Cox maze III 
technique, also in patients with lone AF.
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