
Outcome of Cryomaze Procedure for Chronic Atrial Fibrillation 
and Re-Connected Lesions of Recurrent Cases

Abstract
Objectives: This study aimed to investigate early and late 
outcomes of the CryoMaze procedure and findings during redo-
catheter ablation for recurrent cases.

Methods: We reviewed 51 consecutive patients who underwent 
the CryoMaze procedure during concomitant cardiac surgery 
for persistent or longstanding atrial fibrillation between January 
2008 and December 2017. We also reviewed the findings of redo-
catheter ablation for recurrent cases.

Results: One hospital death was encountered. Sinus rhythm was 
restored by the end of operation in 31 patients (61%). Thirty-six 
(72%) and 34 (68%) patients showed sinus rhythm at discharge 
and 3 months postoperatively, respectively. During follow-up 
(mean, 30.1 months), 7 late deaths and 3 cases of persisting 
atrial fibrillation were encountered. Sinus rhythm was restored at 
least once within 3 months after surgery in 48 cases (including 
one hospital mortality). In 21 of these 47 patients could be 
followed after discharge, atrial fibrillation recurred at a mean of 
19.4 months postoperatively. Preoperative left ventricle ejection 
fraction was significantly lower in patients with recurrence. Of the 
21 recurrent cases, redo-catheter ablation was attempted for 10 
patients. Detected recurrent lesions were a right atrium incision in 
1, tricuspid isthmus in 3, mitral isthmus in 4, right upper pulmonary 
vein in 3, and left upper pulmonary vein in 3, and whole pulmonary 
veins in 2 patients. All patients were restored to sinus rhythm.

Conclusions: In our series, most patients who underwent the 
CryoMaze procedure were restored to sinus rhythm. In 44.7% of 
those patients, atrial fibrillation recurred during follow-up. Sinus 
rhythm was re-restored in all patients who underwent redo-
catheter ablation. Points of recurrence were not located in any 
specific region.

Abbreviations and Acronyms
AF: Atrial Fibrillation; AT: Atrial Tachycardia; SR: Sinus Rhythm; 
LAD: Left Atrium Diameter; LVEF: Left Ventricular Ejection Fraction; 
CABG: Coronary Artery Bypass Grafting; CPB: Cardiopulmonary 
Bypass; ACC: Aortic Cross Clamp; PM: Pace Maker; RA: Right 
Atrium; T isthmus: Tricuspid isthmus; M isthmus: Mitral isthmus; 
RuPV: Right Upper Pulmonary Vein; LuPV: Left Upper Pulmonary 
Vein; LiPV: Left Inferior Pulmonary Vein; EPS: Electrophysiological 
Study
 
Introduction
The Maze procedure was first described as a surgical treatment 
for Atrial Fibrillation (AF) in 1991 by Cox et al., [1] and became 
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Figure 1: Atrial incisions and ablation lines used in our institute.

a gold standard for the surgical treatment of AF [2,3]. Because 
the ‘cut and sew’ technique is difficult to perform, can be time-
consuming, and requires cardiopulmonary bypass for an extended 
period, several modifications have been introduced since its first 
use.

In 1994, Kosakai et al. [4] reported an alternative technique 
using cryo-ablation to reduce the atrial incision. This simplified 
Maze procedure has shown excellent results and has become 
widespread [5–7].

Bi-polar radiofrequency ablation devices were first described in 
1992 and have shown sufficient efficacy to gain acceptance by 
the majority of cardiac surgeons [8–10]. Although cryothermal 
methods were reported to be equally effective [11], or more 
effective [12], in past reports, the majority of institutes have come 
to use radiofrequency devices.

We have continuously adopted cryo-ablation for the Maze 
procedure, although surgical ablation devices for the Maze 
procedure have changed from cryo-ablation to radiofrequency 
ablation. Catheter ablation for AF has recently been developed 
widely and some candidates for this method have been cases 
of recurrence after the Maze procedure. Although AF reportedly 
recursion 20% to 30% of patients who undergo the Maze 
procedure, catheter ablation findings, site of recurrence, and site 
of electrical re-connection lesion have rarely been discussed.

The aims of this study were to investigate early and late outcomes 
of the CryoMaze procedure and to consider the technical problems 

involved by reviewing findings from redo-catheter ablation for 
recurrent cases.

Materials and Methods
We reviewed the clinical charts of 51 consecutive patients who 
underwent the CryoMaze procedure during concomitant cardiac 
surgery for persistent or longstanding AF between January 2008 
and December 2017. We have also reviewed the findings of redo-
catheter ablation for recurrent cases to detect points of recurrent 
atrial tachyarrhythmia. Patients with paroxysmal AF, patients who 
underwent left or right atrial maze, pulmonary venous isolation 
and patients treated using a radiofrequency device were excluded.
The clinical data of patients were analyzed, including demographic 
characteristics, left atrial diameter, preoperative left ventricular 
ejection fraction, operative procedure and postoperative cardiac 
rhythm status.

Continuous values were compared using Student’s t-test, Welch’s 
t-test, or the Mann-Whitney U test, and categorical values were 
compared by means of the χ2 test or two-sided Fisher’s exact test. 
Differences were considered significant for values of P < 0.05.

Operative Procedure
In routine mild hypothermic cardiopulmonary bypass with aortic 
perfusion and bicaval drainage, all procedures were performed. 
Cryo-ablation using a Spembly Medical 142 cryo unit (Spembly 
Medical, Hampshire, UK) was applied for 120 s at -60°C. The 
atrial incisions and surgical ablation lines used in our institute are 
shown in (Figure 1).
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Results
Thirty-three of the 51 patients were male, and mean left atrial 
diameter and left ventricular ejection fraction were 53.5 mm and 
59.2%, respectively (Table 1). As an early postoperative outcome, 
one hospital death was seen. Operative and postoperative data 
are shown in (Table 2).

Sinus Rhythm (SR) was restored in 31 patients by the end of 
the operation and temporary pacing was required in 41 patients 
during postoperative hospitalization. Although SR was restored at 
least once after surgery in 48 cases (including one hospital death), 
AF was documented during the postoperative hospital stay in 41 

patients (80.4%). Thirty-six (72%) and 34 (68%) patients maintained 
SR at discharge and 3 months after surgery, respectively (Table 3).
During mean (± standard deviation) follow-up period of 30.1 ± 29.9 
months, 7 late deaths were encountered. In 3 cases, AF persisted 
during whole observation time. In the remaining 48 cases 
(including one hospital death), SR was restored at least once after 
surgery. In 21 of 47 patients who restored SR and discharged 
alive, AF recurred after a mean (± standard deviation) duration of 
19.4 ± 24.9 months after surgery (Figure 2).

Preoperative left ventricle ejection fraction was significantly lower 
in recurrent patients than in non-recurrent patients (Table 4).

Of the 21 recurrent cases, redo-catheter ablation was attempted 
for 10 patients. Points at which recurrence of AF was detected 
were the right atrium incision in 1 case, tricuspid isthmus in 3, 
mitral isthmus in 4, right upper pulmonary vein in 3, left upper 
pulmonary vein in 3, and whole pulmonary veins in 2 (Table 5) 
(Figure 3). All of these 10 patients were restored to SR after redo-
catheter ablation.

Figure 2: Maintenance of sinus rhythm after CryoMaze procedure.

Table 1: Patient characteristics.

Male 33 (64.7%)

Age (y.o.) 67.3 ± 8.1

LAD (mm) 53.5 ± 11.2

LVEF (%) 59.2 ± 12.3 

Procedure  

Aortic 16

Mitral 33

Tricuspid 36

CABG 8

Other 10
LAD: Left Atrium Diameter; LVEF: Left Ventricular Ejection Fraction; CABG: 
Coronary Artery Bypass Grafting.

Table 2: Intra- and postoperative data.

Operation time (mins) 397.1 ± 130.1

CPB time (mins) 209.2 ± 60.4

ACC time (mins) 164.1 ± 41.7

ICU stay (days) 3.5 ± 3.4

Hospital stay (days) 35 ± 18.3 

post op. (days) 24.7 ± 14.0

Temporary pacing 24 (47.1%)

Hospital motrtality 1 (2%)

Permanent PM 4 (7.8%)
CPB: Cardiopulmonary Bypass; ACC: Aortic Cross Clamp; PM: Pace Maker.

Table 3: Rhythm status after procedure.

Post-operative AF (In hospital) 41 (80.4%)

Restore Sinus Rhythm at least once within 3 months 47 (92.2%)

Sinus rhythm at discharge 36 (72%)

Sinus rhythm at 3 months after surgery 34 (68%)
AF: Atrial Fibrillation.
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Table 4: Risk factors for AF recurrence.

 Recurrent (+) (n = 27) Recurrent (-) (n = 20) p-value 95%CI

Male 14 (29.8%) 16 (80%) 0.757  

Age (y.o.) 66.4 ± 9.16 68.5 ± 7.25 0.389 -2.7–7.2

LVEF (%) 53.5 ± 12.8 63.1 ± 10.8 0.0078 2.67–16.6

LAD (mm) 52.7 ± 9.9 52.8 ± 9.3 0.978 -5.6–5.7

Op time (min) 396 ± 11 387 ± 148 0.826 -86–69

CPB time (min) 200 ± 40 211 ± 75 0.542 -25–47

ACC time (min) 163 ± 34 163 ± 51 0.957 -25–27

Procedure     

CABG 6 (22.2%) 2 (10%) 0.123  

Aortic valve 8 (30%) 7 (35%) 0.755  

Mitral valve 12 (44.4%) 19 (95%) 0.139  

Tricuspid valve 11 (41%) 19 (95%) 0.009  

Table 5: Recurrent points detected in electrophysiologic study for catheter ablation.

Case RA incision T isthmus M isthmus RuPV LuPV LiPV

1 〇      

2   〇   〇

3  〇 〇 〇 〇 〇

4    〇 〇 〇

5    〇 〇 〇

6  〇  〇 〇 〇

7    〇 〇 〇

8  〇    〇

9   〇    

10   〇   〇

RA: Right Atrium; T isthmus: Tricuspid isthmus; M isthmus: Mitral isthmus; RuPV: Right Upper Pulmonary Vein; LuPV: Left Upper Pulmonary Vein; LiPV: 
Left Inferior Pulmonary Vein.

Figure 3: Points of recurrence detected in EPS for catheter ablation. (EPS: Electrophysiological Study; T isthmus: Tricuspid isthmus; M isthmus: Mitral isthmus; RuPV: Right 

Upper Pulmonary Vein; LuPV: Left Upper Pulmonary Vein; LiPV: Left Inferior Pulmonary Vein).
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Discussion
The Maze procedure using cryo-ablation is advantageous for 
reducing postoperative complications by minimizing incisions 
and shortening the operative time. These effects of cryo-ablation 
in the Maze procedure were confirmed in a case-matched study 
by Nakajima et al. [7].

Whereas the effectiveness of the modified Maze procedure has 
been confirmed, certain rates of early and late recurrence due to 
atrial tachyarrhythmias are seen. Early postoperative arrhythmia 
is common after the maze procedure, and no relationship 
between incidence of early postoperative atrial arrhythmia and 
late recurrence of AF has been reported [13]. In our series, SR 
was restored in 31 patients by the end of the operation and 47 of 
51 patients (92.2%) were converted to SR postoperatively. Early 
postoperative AF was documented 41 patients (80.4%) during the 
postoperative hospital stay.

The SR conversion rate after the CryoMaze procedure has been 
reported as 60% to 82% at 12 months after the procedure. As for 
patients with permanent AF, 47% of patients returned to SR [6].

In this series of patients with persistent or longstanding AF, 
sinus conversion rates were 92.2% and 68% among patients 
who maintained SR at 3 months after surgery. Although 92.2% of 
chronic AF patients returned to SR, AF recurred in 44.7% of these 
patients during follow-up (mean, 30.1 months). Mean duration 
from surgery to recurrence was 19.4 ± 24.9 days. In our experience, 
the CryoMaze procedure was sufficiently effective even against 
persistent or longstanding AF, whereas the recurrence rate was 
high in long-term follow-up.

Left ventricular ejection fraction in patients who experienced 
recurrence of AF after the Maze procedure was significantly lower 
than that in SR-maintaining patients. Age and left atrial diameter 
were not significantly different between groups.

With regard to research into AF recurrence after the Maze 
procedure, published reports have been limited. According to a 
report by Wazni et al. [14] regarding an electrophysiological study 
after a ‘cut and sew’ maze, 8 of 23 patients showed recurrent AF 
secondary to recovered conduction around the lines encircling 
the pulmonary veins. In a multicenter study of Atrial Tachycardia 
(AT) after the Maze procedure, 137 patients had 149 ATs that were 
mapped, with 69% showing a left atrial origin and 31% showing a 
right atrial origin. Thirty percent had a focal mechanism, and 66% 
showed an LA origin, with 53% localized to the LA posterior wall. 
Wide variability in the location of AT circuits was seen in both right 
and left atria [15]. Electrically re-connected lesions are shown in 
(Table 5 and Figure 3), with no tendencies seen in our series, as in 
previous reports. Judging from the fact that most patients were 
restored to SR from persistent or long-standing AF after surgical 
maze, recurrent AF seemed to involve restoration of the electrical 
connection rather than residual electric conduction due to an 
inadequate procedure.

Most cases of recurrent AF or AT after the Maze procedure were 
successfully treated using catheter ablation, with a success rate of 
93% to 97% [14,15]. In our series, 10 patients underwent catheter 
ablation for recurrent AF after the Maze procedure. Points of 
recurrence were detected in all patients and all were restored to 
SR after redo-catheter ablation.

Limitations
Although this was a single-institution, retrospective observational 
study, we were able to obtain data over a long follow-up period 
(maximum 115 months). However, detailed evaluation of recurrent 
cases should be conducted at other institutions to confirm our 
findings.

Conclusions
In our series of persistent or long-standing AF, most patients 
underwent the CryoMaze procedure to restore SR. Although the 
CryoMaze procedure was effective even for patients with chronic 
AF, the recurrence rate was high during long-term follow-up.

Although points of recurrence did not appear to be localized to 
a specific region in catheter mapping, SR was re-restored in all 
patients who underwent redo-catheter ablation. Catheter ablation 
may be a feasible option for patients in whom AF recurs after the 
CryoMaze procedure.
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