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Lesion set of the full-maze procedure. (A), (B) Left
atrium lesions. (C), (D) Right atrium lesions.

Central Message

A multivariate Cox proportional hazard model

revealed that the preoperative left atrial diame-

ter and cardiothoracic ratio were significant risk

factors of recurrence of atrial fibrillation.

Perspective Statement

Atrial fibrillation (AF) surgery was effective for

22 years after the surgery for AF concomitant

with mitral valve disease. A multivariate Cox

proportional hazard model revealed that the

preoperative left atrial diameter and cardiotho-

racic ratio were significant risk factors of recur-

rence of AF (hazard ratio 1.063 per 1mm
The purpose of this study was to determine the 22-year experience of the rela-
tionship between preoperative left atrial diameter (LAD) and atrial fibrillation
(AF) recurrence after AF surgery. Between November 1993 and April 2015,
244 patients underwent AF surgery concomitant with mitral valve surgery, and
were completely followed up in our institute. The full-maze procedure was per-
formed in 231 patients and pulmonary vein isolation in 13. Three quartiles
divided the list of sorted LAD data into 4 groups: group Q1: LAD=40.5§4.3
(n=55), group Q2: LAD=47.9§2.0 (n=61), group Q3: LAD=54.2§1.6
(n=66), and group Q4: LAD=64.2§5.6 (n=62). The AF cure rates for 22 years
were verified between the groups. Although the AF cure rate of the full-maze
procedure was 94%, 80%, 63%, and 51% at 1, 5, 10, and 20 years after AF
surgery, respectively, it was 100% at 5 and 10 years after the pulmonary vein
isolation (P=0.088). Although there were no significant differences in the AF
cure rate between groups Q1-Q3, the AF cure rate was significantly lower in
group Q4 than the other groups (P< 0.001). A multivariate Cox proportional
hazard model revealed that the preoperative LAD and cardiothoracic ratio
were significant risk factors of AF recurrence (hazard ratio 1.063 per 1-mm
increase, P=0.003, and hazard ratio 1.064 per 1% increase, P=0.043,
respectively). AF surgery was effective for 22 years after surgery for AF con-
comitant with mitral valve disease. A preoperative LAD of �58.0mm and the
cardiothoracic ratio were risk factors of AF recurrence after AF surgery.
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increase, P= 0.003, and hazard ratio 1.064 per

1% increase, P= 0.043, respectively).
INTRODUCTION
The maze procedure has been the gold standard for the sur-

gical treatment of atrial fibrillation (AF). Recently, the maze
procedure has been called the “full-maze procedure” as
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compared to “pulmonary vein isolation (PVI)” alone. The atrial
incisions of the full-maze procedure are designed to block mac-
roreentrant activity and narrow the atrial wall to block micro-
reentrant activity.1 In addition to the atrial incisions, PVI
completely blocks any activation from the pulmonary veins.
The AF cure rate has been described to be approximately 70%-
90% after the full-maze procedure.2-4

AF is a common cardiac arrhythmia that occurs in 1.5%-
2.0% of the general population. The arrhythmia is associated
with a 5-fold risk of a stroke and a 3-fold incidence of conges-
tive heart failure, and higher mortality.5 Mitral valve disease is
frequently accompanied by AF. A volume overload or
increased pressure of the left atrium (LA) due to mitral regurgi-
tation or stenosis causes thinning and fibrosis of the left atrial
271Elsevier Inc. This is an open access article under the
c-nd/4.0/)
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ADULT � RISK FACTORS OF AF RECURRENCE AFTER AF SURGERY
wall, resulting in enlargement of the LA.6 Because a wide atrial
size induces a single dominant rotor or multiple macroreentries
around the atrium, a larger LA more frequently causes AF.7,8

The full-maze procedure is effective in restoring sinus rhythm
not only for lone AF, but also AF concomitant with mitral valve
surgery.4 However, it has been described that it is difficult to
restore sinus rhythm from AF in patients who have a large
atrium. The concurrent expertise of most investigators has been
that a larger left atrial diameter (LAD) (>55-65mm) at the time
of surgery is associated with a higher recurrence rate of AF.9,10

The preoperative LAD has been commonly and simply used to
assess the left atrial size since the full-maze procedure has
evolved into the gold standard surgical treatment for AF over
2 decades.11,12 Although it has been described that the preoper-
ative left atrial size is a predictor of the effectiveness of AF sur-
gery,13,14 it is still unclear for AF concomitant with mitral valve
disease. The purpose of this study was to determine the
relationship between the preoperative LAD and recurrence
of AF after AF surgery from our 22-year experience.

PATIENTS AND METHODS
Between November 1993 and April 2015, AF surgery was

performed in 520 patients at Nippon Medical School Hospital,
Tokyo, Japan. Of the patients, 337 underwent AF surgery con-
comitant with a mitral valve surgery. In the 337 patients, 244
were completely followed at our institute with same protocol
(Fig. 1). The other patients who were followed in other hospi-
tals were excluded from this study. The subjects were enrolled
after informed consent was obtained for their procedures, in
accordance with the Human Studies Committee at our institu-
tion. This retrospective cohort study was approved by the
Figure 1. Patient disposition. AF, atrial fibrillatio
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Nippon Medical School Institutional Review Board. There were
155 male patients. The average age was 64§12 years old. The
mode of preoperative AF was paroxysmal in 50 patients, and
long-standing persistent in 194. While the full-maze procedure
was performed in 231 patients (194 patients with long-standing
persistent AF and 37 with paroxysmal AF), the PVI was per-
formed in 13 patients for paroxysmal AF who had renal func-
tion deterioration (n = 10) and chronic obstructive pulmonary
disease (n = 3) because of less invasiveness. The definition of the
types of AF was based on the Heart Rhythm Society (HRS)/
European Heart Rhythm Association (EHRA)/European Cardiac
Arrhythmia Society (ECAS) expert consensus statement.15 All
patients received mitral valve surgery. Mitral valvuloplasty was
performed in 62% of the patients (n = 152). A bioprosthesis or
mechanical mitral valve was replaced in 12% and 25% of the
patients (n = 30 or n =62), respectively. While 41 patients had
an aortic valve replacement concomitant with mitral valve sur-
gery, 132 underwent tricuspid valve annuloplasty. The etiology
of the mitral valve disease was degenerative mitral valve regurgi-
tation in 188 patients, and rheumatic mitral valve stenosis in
56 patients.

The patients were divided into 4 groups of equal size, based
on the LAD. Three quartiles divided the list of sorted data of
the LAD into 4 groups using IBM SPSS Statistics, version 21
software (SPSS Inc, Armonk, NY): group Q1: LAD = 40.5§ 4.3
(n = 55), group Q2: LAD = 47.9§ 2.0 (n = 61), group Q3:
LAD = 54.2§ 1.6 (n = 66), and group Q4: LAD= 64.2§ 5.6
(n = 62), respectively (Fig. 1).

The LAD was defined as the M-mode anteroposterior
dimension, which was measured from the leading edge of the
posterior LA wall in the parasternal long axis view by
n; LAD, left atrial diameter; MV, mitral valve.
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Table 1. Preoperative Patient Characteristics

Group Q1
(n = 55)

Group Q2
(n = 61)

Group Q3
(n = 66)

Group Q4
(n = 62)

P Value

LAD 40.5§ 4.3 47.9§ 2.0 54.2§ 1.6 64.2§ 5.6 <0.01
Minimal LAD 26.0 45.0 52.0 58.0
Max LAD 44.4 51.0 57.0 82.0

Age (y) 65.8§ 10.8 63.9§ 13.6 63.2§ 13.5 64.0§ 10.5 0.69
Male/female (n) 37/18 34/27 41/25 43/19 0.41
Types of preoperative AF (n)
Paroxysmal AF 24 16 7 3 <0.01
Long-standing persistent AF 31 45 59 59

Duration of long-standing persistent AF (y) 5.5§ 5.9 6.7§ 7.2 6.9§ 8.2 8.5§ 6.5 0.40
Median NYHA class (IQR) 2 (1-3) 2 (1-4) 2 (1-4) 2 (1-3) 0.75
I, II/III, IV 47/8 54/7 55/11 52/10

LVEF (%) 63.1§ 13.4 60.1§ 13.6 60.3§ 12.6 62.4§ 10.6 0.53
Amplitude of the f-waves in the V1 lead (mV) 0.19§ 0.08 0.19§ 0.08 0.18§ 0.08 0.21§ 0.09 0.38
CTR (%) 54§ 8 58§ 8 58§ 7 60§ 7 <0.01

CTR, cardiothoracic ratio; LAD, left atrial diameter; IQR, interquartile range; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.
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transthoracic echocardiography within 1 month before the sur-
gery. The preoperative fibrillatory wave amplitudes in lead V1
in each group (groups Q1-Q4) were 0.19§ 0.08, 0.19§ 0.08,
0.18§ 0, and 0.21§ 0.09mV, respectively (P = 0.529). The
patient characteristics are shown in Table 1. The complete
medical records, postoperative electrocardiograms, and Holter
recordings were examined for all episodes of AF. Holter
recordings were obtained long term if the patients were symp-
tomatic. The AF cure and stroke rates for 22 years were verified
between the 4 groups.
Figure 2. Lesion set of the full-maze procedure. (A, B) Left atrial lesi
able online.)
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SURGICAL TECHNIQUE
AF surgery was performed concomitant with mitral valve

surgery. The full-maze procedure (n = 231; maze procedure in
60 patients and radial procedure in 171 patients) consisted of
a bilateral PVI, roof and connecting lesions between the right
and left atria, lesion to the left atrial appendage, mitral isthmus
lesion, right intercaval lesion, right appendage lesion, right free
wall lesion to the tricuspid annulus lesion, and roof lesion of
the right atrium (Fig. 2 and the Video clip). The maze proce-
dure was modified 4 times since the first case performed in
ons. (C, D) Right atrial lesions. (Color version of figure is avail-
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Figure 3. Lesion set of the radial (left panel) and maze (right panel) procedures. The red arrows indicate the atrial conduction from the
sinus node toward both atria. The upper schema shows the roof of the atria. The middle schema shows the back of the atria. The
lower schema shows the atrial septum. CS, coronary sinus; FO, fossa ovalis; IVC, inferior vena cava; LAA left atrial appendage; MV,
mitral valve; RAA, right atrial appendage; SVC, superior vena cava; TV, tricuspid valve. (Color version of figure is available online.)
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1987.9 The lesion set of the radial procedure using a radiofre-
quency device was quite similar to that of the maze VI proce-
dure (Fig. 3). The concept of both the radial and maze
procedures was almost the same, because both procedures
have left and right atrial incisions and a PVI. Therefore, the
radial and maze procedures were categorized as a full-maze
procedure in this present study. The left atrial appendage was
completely removed. During surgery, both pulmonary veins
were paced to confirm complete conduction block between
the LA and pulmonary veins. If AF could not be converted to
sinus rhythm by a direct current defibrillator before cardiac
arrest, pulmonary vein pacing was confirmed on the beating
heart after declamping the ascending aorta. The coronary sinus
was completely ablated both endocardially (at least 4 times)
and epicardially (40 seconds£ 2 times). Whereas a radiofre-
quency ablation device was used in 201 patients, the other
patients underwent a cut and sew procedure, and lesions with
a cryoablation device (n = 43). A radiofrequency ablation or
cryoablation device could be used to complete the tissue necro-
sis at the mitral isthmus. The PVI alone was performed in 13
patients for paroxysmal AF. The intraoperative data are listed
in Table 2. There were no significant differences regarding the
Table 2. Surgical Procedure Data

Group Q1
(n = 55)

Grou
(n = 6

Types of AF surgery
Full-maze procedure (n) 49 57
Pulmonary vein isolation (n) 6 4

CPB time (min) 218§ 55 217§
Aortic cross-clamp time (min) 188§ 56 176§
Tricuspid valve annuloplasty (n) 19 37

AF, atrial fibrillation; CPB, cardiopulmonary bypass.
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types of AF surgery, cardiopulmonary bypass time, and aortic
cross-clamp time between the 4 groups. None of the patients
had a left atrial size reduction during the surgery. One patient
had atrial tachycardia due to focal activation from the right
atrium, which was ablated by radiofrequency catheter ablation
2 months after surgery.

FOLLOW-UP
The patients' clinical profiles and postoperative outcomes

were recorded in a database. Clinical follow-up was performed
for 82§ 63 months (2-262 months) postoperatively. The car-
diac rhythm was examined by electrocardiograms each month
during the first 3 months, and once at every 3 months' clinic
visit (1, 2, 3, 6, 9, 12, 15, 18, and 24 months, and every 3
months thereafter), and by Holter monitoring in patients with
palpitations or arrhythmias. Patients were contacted by either
mail or a telephone call, or both, and were requested to answer
a questionnaire on an annual basis. We also requested follow-
up electrocardiograms and Holter monitoring reports from
referring or institutional cardiologists. Recurrence of AF was
defined as the first episode of AF after a blanking period. The
blanking period was defined as the first 30 days after the
p Q2
1)

Group Q3
(n = 66)

Group Q4
(n = 62)

P Value

63 62 0.03
3 0

66 219§ 43 229§ 62 0.39
50 160§ 38 182§ 48 0.05

33 43 <0.01
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surgery because postoperative atrial fibrillation (POAF) could
occur within 30 days after the surgery and usually disappear
within 30 days after the surgery.16,17 Therefore, POAF within
30 days after the surgery was excluded from this study. All
patients were discharged on warfarin. If the patients had tachy-
cardiac AF (> 90 bpm), they received anti-arrhythmia drugs
(AADs). AADs were discontinued after 3 months if the patient
was in normal sinus rhythm. Anticoagulation was discontinued
at 3 months if prolonged monitoring showed no AF, and no
evidence of left atrial stasis was found on echocardiography.
Figure 5. Postoperative freedom from AF after the AF surgery
for PAF (n = 50) and LSPAF (n = 194). AF, atrial fibrillation; PAF,
persistent atrial fibrillation; LSPAF, long-standing persistent
atrial fibrillation. (Color version of figure is available online.)
STATISTICS
To avoid any arbitrary interference, the patients were

divided into 4 groups of equal size, based on LAD by the statis-
tical software. The statistical analyses were performed using
JMP version 13 (SAS Institute, Cary, NC). The primary end
point was AF recurrence or all-cause death. Secondary end
point was stroke. Continuous variables are expressed as the
mean and standard deviation throughout. Normally distrib-
uted continuous variables were compared using Student's
unpaired t test. Analysis of the survival rate was evaluated
using the Kaplan-Meier estimated model. A multivariate Cox
proportional hazards model was used to identify the risk fac-
tors of recurrence of AF among the variables such as the sex,
age, New York Heart Association class, cardiothoracic ratio,
LAD, type of AF, preoperative rheumatic mitral valve stenosis,
and tricuspid valve annuloplasty. The results are reported
using 95% confidence intervals, and the P value was consid-
ered statistically significant if less than 0.05.
RESULTS
The AF cure rate in all patients was 99.0% at 1 month after

the AF and mitral valve surgery. The operative mortality in all
patients was 1.0% within 30 days after the surgery. The survival
rate of the entire group after the maze procedure is shown in
Figure 4. The full-maze was performed in 231 patients and the
PVI was performed in 13. Although few patients underwent a
Figure 4. Survival rate of all patients after the AF surgery. AF,
atrial fibrillation. (Color version of figure is available online.)
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PVI in this study, the PVI restored sinus rhythm from AF dur-
ing the 10 years after the surgery in all patients who preopera-
tively had paroxysmal AF. The full-maze procedure restored
sinus rhythm from AF in 94%, 80%, 63%, 51%, and 51% of
the patients at 1, 5, 10, 15, and 20 years after the surgery,
respectively. There was no significant difference between the
full-maze and PVI procedures (P = 0.088). Pacemakers were
implanted in 29 patients (12%) in the long-term follow-up.
AADs were administered in 51 patents (21%) in the long-term
period (Vaughan-Williams class Ic in 2, III in 42, and IV in 7).
In the latest check, 109 patients were receiving anticoagulant
therapy (warfarin in 103, direct oral anticoagulant in 6).

Whereas the AF cure rate of AF surgery for paroxysmal AF
patients was over 97% at 5 and 10 years after surgery, the AF
cure rate of the AF surgery for long-standing persistent AF
patients decreased in increments during the 20 years after the
surgery (93%, 78%, 63%, 54%, and 54% at 1, 5, 10, 15, and
20 years, respectively; P = 0.008, Fig. 5). In the group Q1
patients who had an LAD = 40.5§ 4.3mm (26.0-44.4mm),
the AF cure rates at 1, 5, 10, 15, and 20 years after the AF sur-
gery were 98%, 96%, 79%, 59%, and 59%, respectively
(Fig. 6). The AF cure rates were 97%, 90%, 72%, and 72% at
1, 5, 10, and 15 years after the AF surgery in the group Q2
patients who had an LAD = 47.9§ 2.0mm (45.0-51.0mm). In
the group Q3 patients who had an LAD = 54.2§ 1.6mm
(52.0-57.0mm), the AF cure rates were 99%, 85%, 68%, and
68% at 1, 5, 10, and 15 years after the AF surgery. There were
no significant differences between groups Q1-Q3. However,
the AF cure rates were 85%, 59%, and 42% at 1, 5, and
10 years after the AF surgery in group Q4 who had an LAD=
64.2§ 5.6mm (58.0-82.0mm), which was significantly lower
than that in the other groups (P< 0.001, respectively).

A multivariate Cox proportional hazard model revealed that
a larger preoperative LAD and larger cardiothoracic ratio were
significantly associated with a greater recurrence of AF (hazard
ratio 1.063 per 1mm increase, P = 0.003, and hazard ratio
1.064 per 1% increase, P = 0.043, respectively; Table 3). One
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Figure 6. Postoperative freedom from AF after the AF surgery
for patients with a preoperative LAD=40.5§ 4.3mm (Q1: 26.0-
44.4mm), 47.9§ 2.0mm (Q2: 45.0-51.0mm), 54.2§ 1.6mm
(Q3: 52.0-57.0mm), and LAD=64.2§ 5.6mm (Q4: 58.0-
82.0mm). The AF cure rates in group Q4 were significantly
lower than those in the other groups (P< 0.001, respectively).
AF, atrial fibrillation. LAD, left atrial diameter. (Color version of
figure is available online.)
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patient (LAD = 58mm) had a stroke postoperatively due to
recurrence of AF 8 years after surgery.

DISCUSSION
This present paper revealed that the preoperative LAD and car-

diothoracic ratio were significant risk factors of a recurrence of AF
after AF surgery in patients with AF and mitral valve disease from
our 22-year experience. Whereas the AF cure rate was over 90%
at 1 year after the AF and mitral valve surgery, it was maintained
at about 60% during the 22 years after the surgery in patients
with a preoperative LAD of <58mm. For the patients who had a
preoperative LAD of �58mm, however, the AF surgery was inef-
fective compared to that in the LAD <58-mm patient group even
though preoperative fibrillatory waves were prominent.

Approximately 40% of the patients with AF undergoing car-
diac surgery had an AF surgery from the Society of Thoracic
Surgeons National Cardiac Database.18 AF is very commonly
Table 3. Risk Factors of Recurrence of AF After AF Surgery
(Cox Proportional Hazards Model)

Variable Hazard
Ratio

95% CI P
Value

Gender (female) 0.725 0.327-1.610 0.430
Age (y) 1.000 0.965-1.035 0.979
NYHA class 0.495 0.215-1.035 0.098
CTR (%) 1.064 1.002-1.131 0.043
LAD (mm) 1.063 1.021-1.106 0.003
Types of preoperative AF,
paroxysmal AF

0.304 0.038-2.411 0.260

Rheumatic mitral valve stenosis 0.754 0.333-1.706 0.498
Tricuspid valve annuloplasty 1.882 0.874-4.053 0.106

AF, atrial fibrillation; CI, confidence interval; CTR, cardiothoracic ratio;
LAD, left atrial diameter; NYHA, New York Heart Association.
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accompanied by mitral valve disease. More than half of all
patients who had mitral valve disease and AF underwent both
mitral valve and AF surgery.18 It has been reported that mitral
valve disease and left atrial enlargement are predictors of recur-
rent AF.19,20 Even though patients have mitral regurgitation and
sinus rhythm preoperatively, they might have AF during the late
phase after the mitral valve surgery if they have large atria at
the time of the mitral valve surgery. It has been revealed that
the incidence of late AF during the 10 years after mitral valve
surgery is significantly higher in patients with an LA size of
�50mm than in those with an LA size of <50mm (24§3 vs
11§3%).21 The Mayo clinic group reported that a 30% larger
LA volume was associated with a 43% greater risk of AF in
patients without any AF history.22 Therefore, a larger LA is asso-
ciated with a higher recurrence rate of AF after surgical treatment
of AF. In this present study, a multivariate Cox proportional haz-
ard model revealed that the preoperative LAD and cardiothoracic
ratio were significant risk factors of a recurrence of AF.

The LA chamber is dilated by a hemodynamic overload due
to an increased atrial volume or pressure in patients with mitral
valve disease. A dilated LA chamber causes thinning, intercellu-
lar fibrosis, and fatty infiltration of the atrial wall. Degeneration
of the atrial tissue is associated with maintenance of AF.6,23 In
addition to the histologic change in the LA, an electrical abnor-
mality from the pulmonary veins and atrial free wall of a large
atrium might cause AF.24,25 Although, in this study, pacing
from the pulmonary veins confirmed that all pulmonary veins
were completely isolated by ablation, approximately 40% of
the patients with an LAD <58mm had recurrence of AF dur-
ing the 22 years after the AF surgery. One cause of a recurrence
of AF, other than from the pulmonary veins, is supposed to
be focal activation from the atrial free wall due to a change in
the electrical substrate over time.

Of the patients with an LAD of �58mm, approximately
40% had recurrences of AF 5 years after the surgery in this
study, even though their amplitude of the f-waves in lead V1
was as big as the patients with an LAD of <58mm. Actually, it
has been described that fine f-waves (<0.1mV) are associated
with recurrence of AF.26-28 Electrical activity of the atria is
important to restore sinus rhythm after AF surgery. In the clini-
cal catheter ablation setting, it has been also described that the
preprocedural f-wave amplitude in patients with AF recurrence
is significantly lower than that in patients with SR after the
ablation of AF.29 Therefore, a lower amplitude of the f-waves
in lead V1 is associated with the recurrence of AF after AF sur-
gery. Our patient criterion for AF surgery was a large ampli-
tude of the f-waves in lead V1 (�0.1mV) in all groups. The
preoperative amplitude of the f-waves was 0.21§ 0.09mV in
the LAD �58-mm patient group. The AF cure rate was, how-
ever, extremely low immediately after the AF surgery in the
patients with an LAD of �58mm. Therefore, AF surgery
is ineffective in patients with an LAD of �58mm without any
reference of the amplitude of the f-waves in lead V1.

For patients who have AF and mitral valve disease, which
surgical procedure is better, the “full-maze procedure” or “PVI”?
horacic and Cardiovascular Surgery � Volume 30, Number 3
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Because of the need to open the LA for mitral valve surgery, it is
easy to perform the full-maze procedure concomitant with mitral
valve surgery. Actually, the full-maze procedure is effective for any
type of AF (long-standing persistent, persistent, or paroxysmal
AF). It is recommended to perform the full-maze procedure in
addition to the mitral valve surgery.30 However, it has been
described that there is no significant difference in the recurrence
of AF after AF surgery between the “full-maze procedure” and
“PVI” in patients who have persistent or long-standing persistent
AF.31 The authors described that the study was a multicenter trial
and the AF free rate at 1 year postoperatively was 61% in the PVI
patients and 66% in the full-maze procedure patients. In this
study, although the number of patients who underwent a PVI was
small, the AF free rate in those patients after the PVI was 100%
over 10 years after the AF surgery, which was higher than that in
the patients after the full-maze procedure (80% for 5 years and
51% for 15-22 years after the surgery). In all patients who under-
went a PVI, the type of preoperative AF was only paroxysmal AF
and their LAD was<58mm. Therefore, if patients have both par-
oxysmal AF and an LAD of <58mm preoperatively, a PVI might
be effective to cure AF. Further studies are needed to clarify that.

The preoperative LAD was measured by echocardiography in
this study. Although the M-mode echocardiography method is
commonly used and widely accepted for estimating the left
atrial size because of its simplicity, several articles have reported
that the assessment of the LAD is inadequate for evaluating the
left atrial size. The shape of the LA is oval. Although the LAD is
related to the left atrial volume,32 it underestimates the left atrial
volume. The American Society of Echocardiography and Euro-
pean Association of Echocardiography recommended assessing
the LA size either using the prolate-ellipsoid, biplane area-
length, or biplane Simpson's method in 2005.32,33 The assess-
ment of the indexed left atrial volume is superior to that of the
LAD for measuring the left atrial size.34 However, it has been
described that the LAD is also well correlated with the LA vol-
ume, which is evaluated by magnetic resonance imaging,
although 3D echocardiography measurements are the most
favorable test.34,35 Although the LA size was commonly assessed
by the conventional M-mode LAD since we started performing
the full-maze procedure in 1993, the LA size should be assessed
using an indexed atrial volume in a future study.

In conclusion, AF surgery was effective for 22 years after sur-
gery for AF concomitant with mitral valve disease. A preopera-
tive LAD of �58.0mm and cardiothoracic ratio were
significant risk factors for an AF recurrence after AF surgery.

STUDY LIMITATIONS
Holter monitoring was used to evaluate the cardiac rhythm if

patients had any episode of arrhythmias or palpitations in this
study. However, the HRS guidelines (2012) recommend that a
1- to 7-day Holter monitoring is an effective way to identify fre-
quent asymptomatic recurrences of AF. In this present study,
the cardiac rhythm was examined by electrocardiograms each
month during the first 3 months, and once at every 3-month
clinic visit, and by Holter monitoring in patients with
Seminars in Thoracic and Cardiovascular Surgery � Volume 30
palpitations or arrhythmias from 1993 to 2012. Although we
currently have been evaluating not only symptomatic but also
asymptomatic patients once a year using Holter monitoring
according to the recommendations of the HRS after 2013 until
2015, the criteria for the recurrence of AF in this study was
standardized on that from 1993 to 2012.

Recurrence of AF sometimes occurs and sometimes disap-
pears. If so, it is difficult to analyze the time-to-event by a
Kaplan-Meier analysis. The HRS guidelines described that
“Recurrent AF/AFL/AT is defined as AF/AFL/AT of at least a
30 second duration that is documented by an ECG or device
recording system and occurs following catheter ablation.
Recurrent AF/AFL/AT may occur within or following the post
ablation blanking period (first 3 months after ablation). Recur-
rent AF/AFL/AT that occurs within the post ablation blanking
period is not considered a failure of AF ablation.” In this study,
recurrence of AF was defined as the first episode of AF after a
blanking period. The blanking period was defined first 30 days
after surgery because POAF occurs within 30 days after surgery
and disappears within 30 days after surgery.16,17 Therefore,
POAF within 30 days after surgery was excluded from this
study. If the patients had previously had POAF, recurrence of
AF was detected even though sinus rhythm was maintained
after the POAF terminated. This definition of POAF was
stricter than that of the HRS guidelines.

This study followed the patients for 22 years after the maze
procedure. The number of patients in total followed for more
than 15 years was limited. The number of patients in some of
the subgroups was limited beyond 5 years (Figs. 4 and 5). Of
the 29 patients who survived for 15 years, 12 did not have a
recurrence of AF.
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