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Abstract

Introduction: There are few reports of the characteristics, mechanisms, and outcomes of atrial tachycardia (AT) and atrial

fibrillation (AF) ablation after cardiac surgery and concomitant Maze procedures. This study investigated the mechanisms

and long-term outcomes of AT and AF ablation after various Maze procedures, especially we examined in detail whether the

arrhythmia after Maze procedure was due to gap or not. Methods and Results: We analyzed 37 consecutive cases with AT

and AF after cardiac surgery and Maze procedure between 2007 and 2019. Fifty-nine atrial arrythmias were induced in 37

consecutive cases, and 49 of those atrial arrythmias were mappable ATs. Forty-two ATs was related to the Maze procedure in

the 49 mappable ATs (87.5%). All 37 consecutive cases had residual electrical conductions (gaps) in the Maze lines (88 gaps;

2.4±1.2 gaps/patient). Forty-two of 88 gaps (47.7%) were associated with gap-related ATs. The most common gap-related ATs

in this study were peri-mitral atrial flutter in 22 cases. The median follow-up period after ablation was 3.6±3.2 years (median,

2.1 years; interquartile range, 0.89-6.84). The Kaplan-Meier analysis of freedom from recurrent atrial arrhythmia after Maze

procedure was 79.9% at 1-year follow up and 69.3% at 4-year follow up. Conclusions: Reentry was the main mechanism of

AT after cardiac surgery and concomitant various Maze procedures, and AT were largely related to the gap in the Maze line

between mitral valve anulus and pulmonary vein isolation line. Catheter ablation of AT after various Maze procedures seemed

to be effective and safe during long-term follow-up.

Introduction

Atrial tachycardia (AT) and atrial fibrillation (AF) commonly occur after cardiac surgery (CS), and Maze
procedure has been used to treat and prevent such arrhythmias.1 The Maze techniques have been modified
over time. Originally, the cut-and-sew technique has been used. In recent years, energy sources, such as
radiofrequency (RF), cryo, and Ultrasound (US), have been introduced into the procedure.2-4 Typically,
Cox III and Kosakai’s Maze procedures use the cut-and-sew technique4, Maze IV uses RF energy3, and
CryoMaze2 uses cryo energy, but Maze technique depends on operators and the facilities. Surgical Maze has
been recommended for maintaining sinus rhythm,5 but the failure of the procedure may lead to persistent
atrial arrhythmias, which could result in embolism, heart failure, and fatal events.6-8

Previously, the electrophysiological mechanisms of ATs after Maze surgery have been reported by some
institutions.3,9 However, few detailed studies have been made on whether there is a relationship between gaps
and AT/AF after various Maze procedures. The purpose of this study was to investigate the characteristics,
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electrophysiological findings, and outcomes of catheter ablation (CA) of atrial arrhythmias after cut-and-sew,
RF, or cryo Maze procedures.

Methods

Patients

We retrospectively studied 37 consecutive cases after CS and Maze procedure. These patients underwent
CA at the National Cerebral and Cardiovascular Center between 2007 and 2019. CS and Maze procedure
were performed in various institutions. All patients had symptomatic AT or AF. This study was approved
by the institutional review committee of the National Cerebral and Cardiovascular Center and all patients
gave their written informed consent before intervention.

Clinical data collection

All patient data were retrospectively obtained from our CA database. Age, sex, preoperative and postoperati-
ve anti-arrhythmia drug (AAD) use, CHADS2 score, CHA2DS2-VASc score, body mass index, left ventricular
ejection fraction, left atrium (LA) size, serum creatinine, hematocrit, and brain natriuretic peptide of each
patient were examined. We reviewed all surgical reports and electrophysiological findings.

Collection of surgical records

We confirmed the record of CS and the Maze procedure before CA. Cryo ablation using the Cardioblate
CryoFlex2 (Medtronic Inc., Minneapolis, MN, United States) was performed at -60 to -90 degrees for 60 to
180 seconds, and RF ablation was performed as reported previously using the Cardioblate10 (Medtronic) or
the Atricure11 (AtriCure Inc., Cincinnati, OH, United States).

Electrophysiology and ablation strategy

Before CA, AAD other than amiodarone were discontinued for at least 5 half-lives. The patients were given
anticoagulant medication for over 3 weeks before the procedure. Before LA was ablated, transesophageal
echocardiography was performed to confirm that there was no thrombus in the LA. Activated clotting time
and sedation protocol were as described previously.12 Intracardiac echo was used to perform septal puncture.
If AT persisted, we observed voltage characterization and activation wavefronts of the atrium. If a patient
was in sinus rhythm, AT or AF was induced by atrial burst pacing with a stimulation cycle length of up
to 180 ms or the local refractory period. Intravenous isoproterenol administration was done as necessary.
If AT was not sustained, we looked for the existence of gaps after the Maze procedure. When performing
CA, we use an ablation catheter with RF energy (NAVISTAR; Biosense Webster, Diamond Bar, California,
USA, THERMOCOOL SMARTTOUCH SF; Biosense Webster or TactiCath SE; Abbott, St Paul, MN,
USA) at 15-50 W for 5-60 seconds. All ablation lines were confirmed to be bi-directional blocks. Finally,
the aforementioned stimulation protocol was performed to confirm the non-inducibility of AT or AF as an
endpoint.

Mapping systems

A three-dimensional (3D) mapping system as the CARTO system (Biosense Webster) or the EnSite system
(Abott) was used. A 7-Fr 20-electrode catheter (BeeAT, Japan Lifeline Co. Ltd, Tokyo, Japan) was placed
around the tricuspid valve annulus with the distal poles in the coronary sinus. Following access to the LA,
3D geometry was created with a circular mapping catheter (LASSO; Biosense Webster or Inquiry Optima;
Abott) or high-resolution catheter (PENTARAY; Biosense Webster or Advisor HD Grid; Abott). Both color
isochronal and propagation maps were generated. In the bipolar potential peak-to-peak, the scar area was set
as less than 0.1 mV, and the low voltage area was set as 0.1 to 0.5 mV.13 The gap in this study was defined
as the reconnection site where the Maze procedure was performed whether there were slow conduction or
not. Space surrounding the pulmonary veins was counted as a gap.

We suspected approximate macroreentrant AT circuits using color-coded 3D electroanatomic activation
mapping.12, 14Macroreentrant AT was diagnosed when at least 2 atrial pacing sites were within the circuit.
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Sites were considered within the circuit as previously described.9 Non-macroreentrant-AT was defined as
occurring from a very small area (< 1 cm) and propagating to the atrium in a centrifugal pattern.15, 16

Follow-up

All patients were evaluated at the clinic every 1-3 months using a 12-lead ECG, 24-h Holter monitor, and
portable electrocardiograph when patients complained of palpitations; thereafter, they were followed-up
annually. Patients whose symptoms recurred were evaluated immediately. Recurrence of tachycardia and
complications after CA were confirmed by outpatient medical records, event monitors, and follow-up via
telephone. Recurrence was defined as sustained AT or AF lasting over 1 min.

Data analysis

Continuous variables were tested for normal distribution using histogram analysis. Data with a normal distri-
bution are presented as the mean ± standard deviation. Data without a normal distribution are presented as
the median and interquartile range (IQR). Categorical variables are expressed as the number and ratio. The
chi-square test was used to compare categorical variables. Two-tailed P < 0.05 was considered statistically
significant. All statistical analyses were performed using IBM SPSS statistics version 25 (IBM Inc., Armonk,
NY, USA).

Results

The median period from consciousness of palpitations to CA was 1.9±2.6 years (median, 0.42 years; IQR,
0.17-3.42). Table 1 shows the patients’ baseline characteristics. The average age was 69.3±7.2 years and 20
(54.1%) were male. The average LA diameter was 46.9 ± 7.7 mm.

The types of surgery and outcome are listed in Table 2 . Among the 37 consecutive cases, the following
procedures were performed: CryoMaze, 21; Maze III, 4; Kosakai’s Maze, 2; Maze IV, 4; right atrial (RA)
Maze, 3; LA Maze, 3. Forty-nine mappable ATs were induced in all cases, of which 42 (85.7%) were related
to the Maze procedure and 47 (95.9%) reached endpoint at first session.

Figure 1 shows the characteristics of 59 atrial arrhythmias, in which 49 were mappable ATs and the
remaining 10 were AF. Mappable AT divided into 37 macroreentrant-ATs and 12 non-macroreentrant-
ATs. Macroreentrant-ATs divided into 22 peri-mitral atrial flutter (M-AFL) (20 gap-rerated), 11 cavotri-
cuspid isthmus dependent atrial flutter (T-AFL) (10 gap-rerated), and 4 RA AT (4 gap-rerated). Non-
macroreentrant-ATs were divided into 4 septal AT (2 gap-rerated), 4 LA appendage (LAA) AT (4 gap-
rerated), 2 LA AT (2 gap- related), and 2 RA AT (0 gap-rerated).

Figure 2 shows all gaps after the Maze procedure. In total, there were 88 gaps (2.4±1.2 gaps/patient), of
which 42 (47.7%) were associated with AT. Among the 42 gap-related ATs, 20 (47.6%) were M-AFL and 11
(26.2%) were T-AFL. Nineteen of 37 consecutive cases (51.4%) had gaps in the PV isolation (PVI) line, but
only 2 (10.5%) were associated with PV gap reentry AT.

Figure 3 shows representative case 7. This figure shows lines of the CryoMaze2 procedure performed in our
institution, and 3 forms of gap related ATs after CryoMaze procedure.

Table 3 shows the number of AT and AF cases after the Maze procedures. The number of ATs induced
was 1.6±0.8 per case. Most of ATs were macro reentry tachycardia of the LA. In some cases, LA AT or AF
occurred after RA Maze.

Table 4 shows the relationship among the PV gap, the occurrence of PV gap related AT and AF, and the
Maze procedure. Almost half of the cases had PV gap and gap-related AT or AF in each Maze procedure.
The relationship between cut-and-sew method and the PV gap was not significant different (P=0.44), and
also the relationship between incidence of AF or gap related-AT and cut-and-sew methods (P=0.15). The
incidence of gap related-AT and AF was significantly higher with more gaps in PV (P=0.003).

Follow-up
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The median follow-up period after CA was 3.6±3.2 years (median, 2.1 years; IQR, 0.89-6.84). The Kaplan-
Meier analysis of freedom from atrial arrhythmia after the Maze procedure was 79.9% at 1-year follow-up
and 69.3% at 4-year follow-up. AADs were taken after CA in 20 cases (54.1%). There were no complications
throughout the entire period in this study. There were 2 unsuccessful cases in the first session, in which 1
was septal AT and 1 was M-AFL. Twelve cases had recurrence after CA, and 4 of them underwent CA twice.
Patients 28, 29, 36, and 38 experienced recurrence (10.8% of 37 cases), and CA was performed again. All
four cases reached the endpoint in the second session, and no recurrence of atrial arrhythmia was observed
in Patients 36 and 38 (Fig 4 ). The remaining 8 cases were not willing to undergo CA twice and had a good
course of AADs.

Discussion

This study focused on how gaps formed by Maze procedure affect AF and AT, and to our best knowledge,
this focus has never been before. Since the places where gaps are likely to occur have been clarified, it is
possible to understand the places where care must be taken to prevent gaps during Maze procedure, and
this caution may reduce the recurrence rate of AT and AF. In addition, understanding the difficult-to-treat
gaps before catheter ablation may be making it easier to plan treatment.

The main findings of this study were that the distribution of gaps was mainly on the LA and macroreentrant-
ATs also occurred mainly on the LA. Previous studies reported that about two-thirds of macroreentrant-ATs
after the Maze procedure occurred on the LA.17-19 Our results are similar to previous reports. Of the left-
side macroreentrant-ATs, most of the cases were M-AFL and were almost gap-related. In Huo’s report,17

the incidence of M-AFL in the left-side ATs was about 60%, while in our study, a slightly higher incidence
of 78.6% was found. It has been said that M-AFL catheter ablation was challenging because of convective
cooling as a result of coronary sinus blood flow and the thickness of the LA near the mitral valve annulus
(MVA).20 In our cases, 1 of 22 M-AFL cases (4.5%) failed to be treated at first session, and combination
of chemical and RF ablation worked effectively at second session. Although, this study indicated that the
gap-related ATs were predominant, but there were some non-gap-related AT. It is conceivable that the
arrhythmogenic substrate may have been formed due to the possibility of surgical injury or the load such as
ischemia or valvular disease.

Gopinathannair et al. reported that the second common left-side ATs was the roof dependent AFL,13 but
in our study, there was no case of roof dependent AFL. The reason might be due to that either the roof line
or the bottom line in any type of Maze procedure was completed in our study. Additionally, they reported
18% of PV gap-related ATs were induced. However, in our study, there were only 2 PV gap-related ATs
among all 49 mappable ATs (4.1%). The 2 PV gap-related reentrant ATs were observed in Kosakai’s Maze
and Maze III cases, indicating cut-and-sew method also could make untransmural lesions that may cause
PV gap-related AT.

As previously reported, the number of ATs induced per case was 1.09+-0.35,13 whereas, in our study, it
was 1.6+-0.8 per case. This incidence may be slightly high. Three or more ATs were induced in patient
numbers 7, 8, 21, 25, 27, 28. Patient 7, 21, and 25 underwent the Maze procedure with cryo energy, patient
8 with RF energy, and patient 27 and 28 underwent the Maze procedure with cut-and-sew method. AT and
AF may occur due to untransmural lesions that are created in CA or the Maze procedure.21, 22 Although,
Winkle et al reported that compared to the non-cut-and-sew method, the cut-and-sew Maze procedures can
form a transmural lesion and result in fewer gaps,15 but there are no significant difference of the relationship
between gaps and Maze procedure in this study. However, the relationship between AF/PV gap related AT
incidence and PV gap were significantly related in this study. In other words, PV gap associated with AT
and AF as previous report.23, 24 The cut-and-sew technique takes time and effort which may be a burden to
the heart,25, 26 in contrast to the Maze with cryo or RF energy. To prevent the recurrence of AF/PV gap
related AT, it may be necessary to create transmural lesions surround PV using simpler and faster technique.

CryoMaze in our study were all performed in our institute. As Kakuta reported previously, the Kaplan-
Meier analysis showed that the rates of freedom from recurrent AF were 91.9% at 1 year and 86.1% at 5
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years.2 Over the course of 4 years, the proportion of arrhythmia-free survival after CA following all Maze
procedures about 70% in our study, which was considered similar to that of ordinary AT and AF ablation
after Maze procedure.17, 27 These data may indicate the combination of Maze procedure and CA may be
an effective for regaining sinus rhythm. No intraoperative and postoperative complications were observed
in this study. Although the number of cases may be small, it is possible that severe complications such as
cardiac tamponade and perforation may not occur because of pericardial adhesions after CS. These facts
indicate that AT and AF after any Maze procedure used in this study can be safely and effectively treated.

Limitations

Our study has several limitations. First, this was a retrospective observational study with small sample size.
Although the incidence of AT after the Maze procedure was reported to be 5-15%,13the frequency of AT
after the Maze procedure is unknown because this study included cases from other facilities. In addition, the
types of CS and the Maze procedure,25 such as Maze line and energy sources, varied slightly depending on
institutions. Almost half of the cases in this study were treated with CryoMaze2 in our institution, but to
determine the exact incidence of AT after unified Maze procedure and characteristics of such AT, prospective
multicenter studies are needed.

Conclusion

Reentry was the main mechanism of AT after CS and Maze procedure and was largely related to gap in the
Maze procedure line between PVI line and MVA. CA of AT and AF after various Maze procedure seemed
to be effective and safe during long-term follow-up.
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Table 1. Baseline characteristics

Characteristics Value

Age, mean 69.3±7.2
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Characteristics Value

Male sex, n (%) 20 (54.1%)
Body mass index, kg/m2 22.7±3.0
Left ventricular ejection fraction, % 53.7±11.7
Left atrium diameter, mm 46.9±7.7
Left atrium volume, mL 110.5±32.5
Left atrium volume index, mL/m2 69.6±20.5
CHADS2 score, mean 2.1±1.2
CHA2DS2-VASc score, mean 2.4±1.3
Hematocrit, % 39.3±3.9
Serum Creatinine, mg/dL 0.82±0.2
Brain natriuretic peptide, pg/dL 86.7±61.9
Anti-arrhythmia drugs use before ablation, n (%) 26 (70.3%)

Table 2. Details of cardiac surgery and ablation.

No. Sex Age Surgery Maze

LAA
inter-
vention

Maze
energy Tachycardia

Acute
success

Post-
ablation
AAD
use Recurrence

1 M 74 LAA
resection

Cryo Yes Cryo AF Yes Yes No

2 F 74 MVR,
TAP

Cryo Yes Cryo M-
AFL　(gap),

Yes Yes No

T-
AFL　(gap)

3 M 69 MVR,
TAP

Cryo Yes Cryo M-
AFL　(gap),

Yes No No

AF
4 M 76 AVR, Cryo No Cryo M-

AFL　(gap)
Yes Yes Yes

TAP,
CABG

5 F 67 VSD
closure,

Cryo Yes Cryo M-
AFL(gap)

Yes Yes No

TAP
6 F 74 MVR,

AVR
Cryo Yes Cryo T-

AFL　(gap)
Yes Yes No

7 F 70 MVP Cryo No Cryo M-
AFL　(gap),

Yes No No

LAA
AT　(gap),
RA M-
AT　(gap)

8 F 74 MVP,
TAP

Maze
IV

Yes RF M-
AFL　(gap),

Yes Yes Yes

LAA
AT　(gap),

7
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No. Sex Age Surgery Maze

LAA
inter-
vention

Maze
energy Tachycardia

Acute
success

Post-
ablation
AAD
use Recurrence

RA
non
M-AT

9 M 60 MVR,
TAP

Cryo Yes Cryo M-
AFL　(gap),

No Yes No

T-
AFL　(gap)

10 M 45 TVP, RA
maze

No Cryo RA M-
AT　(gap)

Yes No No

ASD
closure

11 F 70 MVR,
TAP

Cryo Yes Cryo M-
AFL　(gap)

Yes No No

12 F 74 MVR,
TAP

Cryo Yes Cryo M-AFL
(gap)

Yes No No

13 F 64 MVR,
TAP

Cryo No Cryo Septal
AT　(gap),

Yes No No

AF
14 M 69 Myxoma

resection,
RA
maze

No Cryo T-
AFL　(gap)

Yes No No

ASD
15 F 78 MVP,

TAP
Maze
III

Yes Cut
and
sew*

Septal
AT
(gap)

No Yes Yes

16 F 66 AVR,
MVR

Cryo No Cryo M-AFL
(gap)

Yes Yes No

17 M 50 ASD
closure

RA
maze

No Cryo AF Yes Yes No

18 M 68 MVP,
TAP

Cryo No Cryo T-
AFL　(gap)

Yes No No

19 F 72 MVP,
CABG

LA
maze

No Cryo AF, Yes Yes No

RA M-
AT　(gap)

20 M 79 MVP Maze
IV

Yes RF RA M-
AT　(gap)

Yes No No

21 M 78 AVR, LA
maze
(PVI)

No Cryo M-
AFL,

Yes No No

MVR, T-
AFL,

CAR, Septal
AT

CABG
22 M 69 MVR Cryo Yes Cryo M-AFL

(gap)
Yes No Yes

8
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No. Sex Age Surgery Maze

LAA
inter-
vention

Maze
energy Tachycardia

Acute
success

Post-
ablation
AAD
use Recurrence

23 F 79 MVR,
TAP,
AVP

Cryo Yes RF M-AFL
(gap)

Yes Yes Yes

24 M 61 ASD
closure

Cryo Yes Cryo LAA
AT
(gap),

Yes Yes No

TAP AF
25 M 67 CABG Cryo No Cryo M-AFL

(gap),
Yes No No

RA
non
M-AT,
T-AFL
(gap)

26 F 69 MVR,
TAP

Cryo Yes Cryo M-AFL
(gap),

Yes Yes Yes

AF
27 M 68 MVR,

TAP
Maze
III

Unknown Cut
and
sew*

M-AFL
(gap),

Yes Yes Yes

LA non
M-AT,
Septal
AT
AF

28 M 70 VSD
closure

Maze
III

Yes Cut
and
sew*

M-AFL
(gap),

Yes No Yes

T-AFL
(gap)

29 F 73 MVR,
TAP

Maze
III

Yes RF LAA
AT
(gap),

Yes Yes Yes

T-AFL
(gap)

30 M 63 AVR LA
maze

No Cryo M-AFL
(gap)

Yes No No

31 M 73 MVP,
CABG

Kosakai Unknown Cut
and
sew*

AF Yes No No

32 F 71 MVP Maze
IV

No RF M-
AFL,

Yes Yes Unknown

AF
33 F 63 MVR Cryo Yes Cryo M-AFL

(gap)
Yes No No

34 M 56 AR,
ADR

Cryo Yes Cryo AF Yes Yes Yes

9
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No. Sex Age Surgery Maze

LAA
inter-
vention

Maze
energy Tachycardia

Acute
success

Post-
ablation
AAD
use Recurrence

35 M 64 Maze
procedure

Kosakai Yes Cut
and
sew*

T-AFL
(gap)

Yes No No

36 F 65 AVR,
MVR

Cryo No Cryo M-AFL
(gap)

Yes Yes Yes

37 F 70 Carpenter, Maze
IV

No Cryo M-AFL
(gap),

Yes Yes Yes

ASD
closure

T-AFL
(gap)

AAD, anti-arrhythmia drug; ADR, aortic dissection repair; AF, atrial fibrillation; AR, aortic replacement;
ASD, atrial septal defect; AT, atrial tachycardia; AVR, aortic valve replacement; CABG, coronary artery
bypass graft; CAR, coronary aneurysm resection; Chem, chemical ablation; LA, left atrium; LAA, left atrium
appendage; M-AT, macroreentrant-atrial tachycardia; M-AFL, peri-mitral atrial flutter; MVP, mitral valve
plasty; MVR, mitral valve replacement; PVI, pulmonary vein isolation; RA, right atrium; RF, radiofrequency;
TAP, tricuspid valve plasty; T-AFL, cavotricupid isthmus dependent atrial flutter; TVP, tricuspid valve
replacement; VSD, ventricular septal defect.

(gap), gap-related; *, partial using cryo energy.

Table 3. Number of arrhythmias for each Maze procedure

Cryo Maze (21 cases) Maze IV (4 cases) Kosakai’s Maze (2 case) Maze III (4 cases) RA Maze (3 cases) LA Maze (3 cases)

Left M-AT (n) 15 3 0 2 0 2
Right M-AT (n) 6 2 1 2 2 2
Left non-M-AT (n) 2 2 0 1 0 0
Right non-M-AT (n) 1 1 0 0 0 0
Septal AT (n) 1 0 0 2 0 1
AF (n) 6 1 1 1 1 1

AF, atrial fibrillation; AT, atrial tachycardia; F, focal; LA, left atrial; M, macroreentrant; RA, right atrial.

Table 4. Relationship among PV gap, the occurrence of PV gap repeated AT and AF, and
the Maze procedure.

Maze III (4 cases) Kosakai’ s Maze (2 cases) Kosakai’ s Maze (2 cases) Cryo Maze (21 cases) Maze IV (4 cases) LA Maze (3 cases)

PV gap (n) 2 1 9 9 2 3
AF or PV gap repeated AT (n) 2* 1** 6** 6** 1** 1**

*, PV gap related AT; **, AF

Cut and sew (5 cases) Non-cut and sew (29 cases) P

PV gap (case) 2 17 0.44
AF or PV gap repeated AT (case) 2 8 0.15

10
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Cut and sew include Maze III and Kosakai’s Maze, Non-cut and sew include Cryo Maze, Maze IV and LA
Maze, PV: pulmonary vein

Defined as significant at P < 0.05

AF or PV gap related AT were induced case (10 cases) AF or PV gap related AT were not induced case (24 cases* )

PV gap positive 10 10
PV gap negative 0 12

P = 0.003 with significant difference

AF, atrial fibrillation; AT, atrial tachycardia; LA, left atrium; PV, pulmonary vein, RA, right atrium.

*The 2 of 24 cases were not PV gap checked because only RA side AT was induced.

Figure legends

Fig 1. The classification of atrial arrhythmia.

This figure shows the classification of atrial arrhythmia in this study. Fifty-nine atrial arrhythmias were
divided into 49 mappable ATs and 10 AF. Mappable ATs are divided into 37 macroreentant-AT and 12 non-
macroreentant-AT. Macroreentant-ATs are divided into 22 M-AFL, 11 T-AFL, and 4 RA macroreentant-ATs.
Non-macroreentant-ATs are divided into 4 septal, 4 LAA, 2 LA, and 2 RA focal ATs. Each ATs are stated
whether these are gap-related or not.

AF, atrial fibrillation; AT, atrial tachycardia; LA, left atrium; LAA, left atrium appendage; M-AFL, peri-
mitral atrial flutter; RA, right atrium; T-AFL, cavotricupid isthmus dependent atrial flutter.

Fig 2. The number of residual electrical conductions (gap) sites after all Maze procedure (37
cases).
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This figure shows all the Maze lines in this study. The Maze procedures include Maze III, Kosakai’s Maze,
Maze IV, Cryo Maze, LA Maze, and RA Maze. The Blue blue circle indicates the gap associated with AT,
the white circles indicate the gap not associated with AT, the purple line indicates the Maze line which made
by RF or Cryo or energy, and the red line indicates incision line.

IVC, inferior vena cava; LAA, left atrial appendage; MVA, mitral valve annulus; PVI, pulmonary vein
isolation; RAA, right atrial appendage; SN, sinus node; SVC, superior vena cava; TVA, tricuspid valve
annulus.

Fig3. A representative case (Case 7) of 3 forms of gap related ATs after CryoMaze procedure.

A: Lines of the CryoMaze procedure performed in our institution.2 Blue lines indicate using cryo energy, red
lines indicate incision, and orange astarisks indicate gap in this case. B: This figure shows activation map
of clockwise rotation M-AFL which related to the gap between PVI line and mitral valve anulus (gap 1). C:
This figure shows activation map of LAA AT which related to the gap between PVI line and LAA (gap 2).
D: This figure shows activation map of RA M-AT which related to the gap between RA incision and IVC
(gap 3).

12



P
os

te
d

on
A

u
th

or
ea

29
A

p
r

20
20

—
C

C
B

Y
4.

0
—

h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
58

8
1
76

10
.0

33
92

77
2

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

at
a

m
ay

b
e

p
re

li
m

in
ar

y.

AT, atrial tachycardia; IVC, inferior vena cava; M-AFL, peri-mitral atrial flutter; PVI, pulmonary vein
isolation; LAA, left atrial; LAA, left atrial appendage; RA, right atrial.

Fig 4.

The progress of 37 consecutive cases in this study.

Twelve of 37 consecutive cases had a recurrence after the first catheter ablation, 24 cases did not have a
recurrence and 1 case was unable to be followed up because of the loss of contact. Four of the 12 cases
underwent catheter ablation twice. Two cases had the same AT as the first session, while the other 2 had
were no recurrence after the second session.

AAD, antiarrhythmic drug; AF, atrial fibrillation; AT, atrial tachycardia; RFCA, radio frequency catheter
ablation.
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