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Abstract

There are some cases that are difficult to cure with only circumferential pulmonary vein isolation (CPVI) of persistent atrial
fibrillation (PerAF). Recently, prolonged interatrial conduction times (IACTs), which seem to be associated with progressive
remodeled atria, have been reported as a predictor of new-onset AF. This study aimed to investigate the prognostic value of
a prolonged IACT for predicting AF recurrences after CPVI of PerAF. One hundred thirteen patients who underwent CPVI
without an empirical substrate modification of PerAF were retrospectively analyzed. The IACT was defined as the interval
from the earliest P-wave onset on the ECG to the latest activation in the coronary sinus and was measured after achieving
the CPVI and conversion to sinus rhythm. During a mean 22.7-month follow-up after the initial procedure, 56 patients (50%)
had AF recurrences. Patients with AF recurrence had a longer IACT than those without AF recurrence (p <0.001). The best
discriminative cut-off value for the IACT was 123 ms (sensitivity 53%, specificity 85%). In a Cox multivariate analysis, a
prolonged IACT of > 123 ms was the only independent predictor (hazard ratio: 2.38; 95% confidence interval: 1.36—4.16,
p=0.002) of being associated with the incidence of an AF recurrence. Even after multiple CPVI procedures, patients with
an TACT > 123 ms had a higher AF recurrence rate than those with an IACT < 123 ms (p =0.002). In conclusion, a prolonged
IACT of >123 ms may be a useful marker for predicting AF recurrences after both initial and multiple CPVI procedures
for PerAF.
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conduction time - Predictor

Introduction

Radiofrequency catheter ablation of persistent atrial fibrilla-
tion (PerAF) is more challenging than that of paroxysmal AF
(PAF) [1-6]. A previous randomized controlled trial dem-
onstrated that an empirical extensive substrate modification
targeting roof and mitral isthmus linear lesions or complex
fractionated electrograms could not improve the cure rate
as compared to circumferential pulmonary vein isolation
(CPVI) alone [1]. However, AF recurrences after CPVI
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alone are still frequent in patients with PerAF and there are
some cases that are difficult to cure even after undergoing
multiple procedures [1-6]. We still only have a few available
parameters for distinguishing those who are appropriate to
undergo only a CPVI and those in whom we have to con-
sider another extensive substrate modification to improve
the procedural outcome.

A prolonged total atrial conduction time has been
reported to be associated with AF recurrences after cath-
eter ablation in patients with PAF [7-11]. Recently, a new
method to evaluate the total atrial conduction time, the so-
called interatrial conduction time (IACT), has been proposed
as an independent marker associated with the incidence of
AF [12,13]. The IACT was defined as the interval between
the high right atrium and distal coronary sinus atrial elec-
trogram and can be measured easily and quickly during
an invasive electrophysiological study. Therefore, the aim
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of this study was to investigate the predictive value of a
prolonged TACT associated with AF recurrences after the
CPVI without an empirical extensive substrate modification
in patients with PerAF.

Materials and methods
Study population

In this observational, retrospective cohort study, consecu-
tive patients who underwent their initial catheter ablation for
symptomatic, drug-refractory PerAF between August 2012
and December 2016 at the Tokyo Women’s Medical Univer-
sity Hospital were enrolled. PerAF was defined according to
the Heart Rhythm Society, European Society of Cardiology,
and European Cardiac Arrhythmia Society 2012 Consensus
Statement on Catheter and Surgical Ablation of AF [14].
All patients underwent transthoracic and transesophageal
echocardiography, and multidetector computed tomogra-
phy using a 64-slice CT scanner within 2 days prior to the
scheduled ablation procedure as a preoperative evaluation.
Before the procedure, all antiarrhythmic drugs (AADs) were
discontinued for at least 5 half-lives. Patients who had been
prescribed amiodarone were excluded from this study. Fur-
thermore, patients who were pacemaker dependent were also
excluded. All patients gave their written informed consent
before the procedures. The study was approved by the local
institutional ethics board.

Catheter ablation of PerAF

The details of the ablation technique have been previously
described [15]. In brief, following the insertion of the
sheaths, an initial intravenous bolus of 5,000 IU of heparin
were given, and repeated doses of heparin were given to
maintain an activated clotting time between 300 and 350 s.
A decapolar or duodecapolar catheter was advanced into the
coronary sinus via a jugular or femoral vein, until a stable
position was achieved beyond the lateral margin of the car-
diac silhouette in the 45° left anterior oblique fluoroscopic
view. After a transseptal puncture, 2 long sheaths were
introduced into the left atrium (LA). Before beginning the
ablation, electrical cardioversion was performed to convert
to sinus rhythm. If sinus rhythm was hard to restore due
to the immediate recurrence, ablation was performed firstly
during an AF rhythm. All patients underwent a wide CPVI
guided by electroanatomical mapping combined with image
integration. A 3.5-mm cooled-tip catheter (Navistar Thermo-
Cool or ThermoCool SF, Biosense Webster Inc., Diamond
Bar, CA, USA) was utilized for mapping and ablation. Radi-
ofrequency energy was delivered to the atrial tissue with a
power of 25-30 W using irrigation rates of 17 mL/min with

the Navistar ThermoCool or 8 mL/min with the Navistar
ThermoCool SF to achieve the desired power delivery. The
power was limited to 20-25 W at the posterior wall of the
LA. After achieving a bilateral CPVI, if the rhythm was
still not in sinus rhythm, another electrical cardioversion
was performed. Then, a superior vena cava (SVC) isola-
tion was systematically and empirically performed except
for in the absence of electrical potentials. After that, an
intravenous injection of a 10 pg bolus of isoproterenol and
an administration of adenosine triphosphate was given to
provoke a reconnection of the LA-pulmonary veins (PVs)
and right atria-SVC junction. If any sustained atrial tachy-
cardias (ATs) or reproducible premature atrial contractions
(PACs) that could be mapped were induced by programmed
electrical stimuli with/without an injection of a 10 pg bolus
of isoproterenol, they were targeted for ablation. A cavotri-
cuspid isthmus (CTI) linear ablation was performed only if
common atrial flutter was documented before the procedure
or was induced during the procedure. No empirical substrate
modification targeting linear lesions or complex fractionated
electrograms was performed during the procedures.

Measuring the IACT

The IACT was defined as the interval from the earliest
P-wave onset in all twelve ECG leads to the latest activa-
tion on the coronary sinus catheter during sinus rhythm at
a sweep speed of 100 mm/s (Fig. 1). In each patient, the
IACT was measured at a point in time immediately after
achieving the bilateral CPVI and conversion to sinus rhythm.
For evaluating the feasibility to measure the IACT before
undergoing the CPVI, the IACT was also measured at a
point immediately after the initial electrical cardioversion

IACT
N N ) &
I F— — [ / il
[ ’
vi I~ _\/\_;AJ:J‘ e e e N
¥ [l v ’
1 )
CS pro f : “l t
1 )
I— i .‘f“’*s—‘lm
L ]
. 1 1
v h *
N 1 ) A
v/ r s | N Y
| Onset P wave| I: The latest CS |
A [ N\
I— i ]
CS dis _"’Av_\_,\*_._;g’;,_,- A
1 )
1 1

Fig. 1 Measurement of the interatrial conduction time (IACT) in the
surface electrocardiogram leads (I and V1) and intracardiac electro-
grams. The IACT was defined as the interval from the earliest P-wave
onset in all 12 ECG leads to the latest activation on the coronary
sinus catheter during sinus rhythm at a sweep speed of 100 mm/s. CS
coronary sinus, pro proximal, dis distal
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before undergoing the CPVI in the cases that could achieve
sinus conversion. Furthermore, for evaluating the correlation
between the IACT and P-wave duration, the max P-wave
duration (MPWD) was also measured at a point in time
immediately after achieving a bilateral CPVI. The MPWD
was measured from the earliest onset to the latest offset in
all twelve ECG leads. Those measurements were all made
using digital calipers on a polygraph system by two trained
observers blinded to the clinical data.

To evaluate the inter-rater reliability of the measured
results, two trained observers blinded to clinical data inde-
pendently measured the IACT and MPWD at the same point
for each patient. Further, to evaluate the intra-rater reliabil-
ity, one observer measured the parameters twice at the same
point on different days.

Follow-up

All patients were scheduled for outpatient visits at 1, 2, 3,
6, 9, and 12 months after the procedures and then every
6 months. AF recurrences were evaluated by the symp-
toms, ECG recordings, and 24-h ambulatory monitoring (1,
3, 6,9, and 12 months after the ablation and then every
6 months). Patients with palpitations were encouraged to
use portable ECG monitoring (HCG-801R; Omron, Kyoto,
Japan). Recurrence was defined as recurrent symptoms and/
or documented AF on the ECG, 24-h ambulatory monitor-
ing, or portable ECG monitoring (lasting >30 s) after a
2-month blanking period from the ablation procedure. The
discontinuation of AADs was recommended 3 months after
the procedures.

The repeat ablation

The electrophysiological study was the same as that in the
initial procedure. First of all, re-isolation of all PVs and the
SVC was performed by targeting the recovery of the electri-
cal potentials along the previous ablation line during sinus
or an atrial pacing rhythm. After that, if any sustained ATs
or reproducible PACs that could be mapped were induced
by programmed electrical stimuli with the administration
of isoproterenol, those were mapped and ablated. However,
an empirical substrate modification was not also performed
during the repeat procedures.

Statistical analysis

The continuous variables are described as the mean + stand-
ard deviation (SD), or median (first quartile, third quartile).
The Student ¢ test, Fisher exact test, and Mann—Whitney U
test were used to compare the differences across the two
groups. All tests were two-sided, and statistical significance
was set at a value of p < 0.05. The inter-rater and intra-rater
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reliabilities for measuring the IACT and MPWD were ana-
lyzed using intra-class correlation coefficients (ICC). Corre-
lations between the parameters were evaluated by the Spear-
man correlation test. A Cox proportional hazards model was
used to identify predictors of AF recurrences after the initial
ablation. All parameters with a p value <0.05 in the uni-
variate analysis were entered into the multivariate model.
A Kaplan—Meier analysis with a log-rank test was used to
determine the probability of the freedom from AF recur-
rences after ablation. A p value <0.05 was considered sig-
nificant. The data were analyzed by SPSS software version
23.0 (SPSS Inc, Chicago, IL).

Results

Baseline characteristics according to the AF
recurrences after the initial procedures

One hundred and twenty-seven patients underwent an initial
ablation procedure during the period. Among those patients,
8 who had been prescribed amiodarone, 5 who were pace-
maker dependent, and 1 with junctional rhythm during
the entire procedure were excluded and the remaining 113
patients were analyzed.

A flow chart of the rhythm management during the ini-
tial procedures is summarized in Fig. 2. Among the 113
patients, 92 (81%) had sinus conversion after an initial
electrical cardioversion. A bilateral CPVI was successfully
achieved in all patients. After achieving the CPVI, another
electrical cardioversion was required in 35 patients (31%)
including 21 who had an immediate AF recurrence after
the initial electrical cardioversion and 14 who had another
AF recurrence during the ablation. Finally, sinus rhythm
was restored in all patients.

I A total of 113 patients ‘
_____ r

Electrical cardioversion

AF rhythm n=35 ‘
JR— | I
: Electrical cardioversion

ekt oo

| Sinus maintenance n=113 IACT : After I

| Sinus maintenance n=78 | I

Fig.2 Flow chart of the rhythm management during the initial pro-
cedure. AF atrial fibrillation CPVI circumferential pulmonary vein
isolation
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An SVC isolation was performed in 89 patients (79%)
and a CTI linear ablation in 25 (22%). Three ATs (3%)
originating from the mitral annulus, left atrial appendage,
and right atrial free wall, and three PACs (3%) originating
from the atrial septum, posterior LA, and crista termi-
nalis were induced during the procedures and successfully
ablated.

During a mean follow-up of 22.7 months after the initial
procedure, 56 patients (50%) had an AF recurrence with-
out any AADs. All patients were divided into two groups
based on the presence or absence of an AF recurrence after
the initial procedure. The baseline characteristics of the two
groups are shown in Table 1. Patients with AF recurrences
had a significantly higher BMI, higher prevalence of hyper-
tension, larger left atrial volume (LAV), lower achievement
of sinus conversion after the initial electrical cardioversion,
and longer MPWD and IACT (Fig. 3) compared to those

Details of the repeat ablation

The details of the repeat ablation procedures are summarized
in Table 2. Among the 56 patients with AF recurrences, 45
underwent second procedures after a median of a 6-month
interval from the initial procedure. During the second proce-
dure, recovered LA-PV conduction was found in 42 patients
(93%), and recovered right atrium-SVC conduction in 36
(80%), but those were all re-isolated. There were 12 ATs
and 2 PACs induced and successfully ablated. After the sec-
ond procedure, 17 patients had AF recurrences and among
those, 4 underwent a third procedure. In the third proce-
dure, 2 patients required a re-PVI and one a re-SVC isola-
tion. Four ATs and one PAC were induced and successfully
ablated. During a mean follow-up of 20.9 months after the
last procedure, there were 89 patients (79%) who had no AF
recurrences without AADs.

without AF recurrences.

Table 1 Baseline characteristics according to atrial fibrillation recurrences

Variable Overall (n=113) Recurrences (n=156) No recurrences (n=57) p value
Background
Age (years) 58.1+114 58.1+11.0 58.1+11.9 0.99
Male, sex (%) 100 (88) 49 (88) 51(89) 0.78
BMI (kg/m?) 245+3.0 25.1+2.7 23.9+3.1 0.04
Continuous AF duration (months) 6 (2-12) 6 (2-12) 6 (2-12) 0.80
Hypertension (%) 46 (41) 29 (52) 17 (30) 0.02
Diabetes (%) 15 (13) 7(13) 8 (14) 1.00
Congestive heart failure (%) 19 (17) 9(16) 10 (18) 1.00
Prior stroke (%) 10 (9) 6(11) 4(7) 0.53
Structural heart disease (%) 23 (20) 12 (21) 11 (19) 0.82
Pre-procedural parameters
BNP (pg/ml) 167.6+152.8 153.2+111.7 181.8+184.4 0.32
LAV (mL) 75.8+25.1 81.0£27.7 70.7+21.2 0.03
LAD (mm) 424459 43.4+59 41.4+5.7 0.07
LVEF (%) 50.7+8.1 51.7+7.9 49.6+8.3 0.16
Parameters during the procedures
Procedure time (min) 200.8 +64.7 207.2+62.5 194.4+66.7 0.30
Left atrial pressure (mmHg) 12.3+4.7 11.7+4.3 12.8+£5.0 0.39
Sinus conversion after the initial electri- 92 (81) 41 (73) 51 (89) 0.03
cal cardioversion
CPVI 113 (100) 56 (100) 57 (100) 1.00
SVC isolation (%) 89 (79) 40 (71) 49 (86) 0.07
CTI linear ablation (%) 25 (22) 12 (21) 13 (23) 1.00
AT ablation (%) 3(3) 1(2) 24 1.00
Non-PV foci ablation (%) 303) 1(2) 24) 1.00
Max P-wave duration (ms) 127.2+16.1 133.1+17.1 121.2+12.7 <0.001
IACT (ms) 119.1+14.8 125.3+15.5 113.4+11.5 <0.001

All data are expressed as the mean +SD or n (%) or median (first quartile-third quartile)

BMI body mass index, AF atrial fibrillation, BNP brain natriuretic peptide, LAV left atrial volume, LAD left atrial diameter, LVEF left ventricular
ejection fraction, CPVI circumferential pulmonary vein isolation, SVC superior vena cava, CTI cavo-tricuspid isthmus, AT atrial tachycardia, PV
pulmonary vein, JACT interatrial conduction time
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Fig.3 Box plot graph of the interatrial conduction time measure-
ments in the 56 patients with atrial fibrillation recurrences and 57
without atrial fibrillation recurrences after the initial procedure. The
horizontal black line and box correspond to the median and interquar-
tile ranges, respectively. The whiskers represent the range; the dots
correspond to outliers

Predictive value of the IACT

To study the discriminative performance of the IACT and
MPWD in order to predict an AF recurrence after the ini-
tial CPVI, receiver operator characteristic (ROC) curve
analyses were performed. The area under the ROC curve
for the IACT was 0.73 (95% CI 0.63-0.82, p <0.001) and
best discriminative cut-off value for the IACT was 123 ms
(sensitivity 53%, specificity 85%). On the other hand, the
area under the ROC curve for the MPWD was 0.68 (95% CI:
0.62-0.81, p<0.001) and best discriminative cutoff value for
the MPWD was 126 ms (sensitivity 64%, specificity 71%).

For analyzing the predictors of an AF recurrence after
the initial CPVI, both a univariate and multivariate analysis
were performed using a Cox proportional hazards model
(Table 3). In the univariate analysis, the BMI, presence of
hypertension, LAV, and prolonged IACTs > 123 ms, and
MPWDs > 126 ms were significantly associated with AF
recurrences (Table 3). In the multivariate analysis, both the
prolonged IACTs and MPWDs demonstrated they were inde-
pendent predictors of AF recurrences, whereas a prolonged
IACT (adjusted hazard ratio [HR]: 2.38, 95% confidence
interval [CI]: 1.36-4.16, p=0.002) had a markedly smaller p
value than a prolonged MPWD (adjusted HR: 2.23, 95% CI:
1.20-4.15, p=0.01) (Table 4). Furthermore, when analyzing
the incremental AF recurrence rate per 10ms IACT, increas-
ing the IACT by 10 ms demonstrated a 30% likelihood of an
incremental AF recurrence rate (p =0.004).

In creating the Kaplan—Meier curve for the analysis
of the incidence of an AF recurrence without any AADs
according to a cut-off for an IACT of 123 ms, patients
with an IACT > 123 ms had a significantly lower AF-free
survival rate after the initial procedure than those with an
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TACT < 123 ms (p <0.0001) (Fig. 4a). Even after the last
procedure, patients with an IACT > 123 ms still had a signifi-
cantly lower AF-free survival rate compared to those with
an IACT < 123 ms (p=0.002) (Fig. 4b).

Correlations between the IACT measurements
and MPWD

There were 92 patients in whom an IACT could be meas-
ured before undergoing the CPVI after the initial electri-
cal cardioversion (Fig. 2). Among those, 41 patients had
an AF recurrence and the remaining 51 had no AF recur-
rences after the initial procedure. Even at this point of the
measurement, the patients with AF recurrences also had a
significantly longer IACT compared to those without AF
recurrences (125.2+16.6 ms vs. 111.3 + 14.5 ms, respec-
tively, p <0.001). In analyzing the mean IACT between that
before and after the CPVI, there was no significant differ-
ence between the two measurements (118.1+15.8 ms vs.
119.1 + 14.8 ms, respectively, p=0.12). In the Spearman
correlation test, there was a strong correlation between the
IACT before the CPVI and that after the CPVI (Spearman
r=0.79, p<0.001) (Fig. 5a).

Furthermore, in analyzing the correlation between
the IACT and MPWD, there was also a strong correla-
tion between the two measurements (Spearman »=0.89,
p<0.001) (Fig. 5b).

Intra-rater reliability and inter-rater reliability
of measuring the IACT and MPWD

Table 5 shows the inter-rater and intra-rater ICCs for the
measurements of the IACT and MPWD. The intra-rater [CC
score was high for measuring both the IACT (0.86, 95%
CI 0.75-0.91) and MPWD (0.88, 95% CI 0.83-0.92), sug-
gesting a strong reliability. However, in the inter-rater ICC
analysis, the score was higher only for the measurement of
the IACT (0.89, 95% CI 0.80-0.91), suggesting a poorer
inter-rater reliability for measuring the MPWD (0.61, 95%
CI1 0.33-0.77).

Discussion
Major findings

The present study investigated the value of a procedural
electrophysiological assessment using the IACT to predict
AF recurrences after the CPVI in patients with PerAF. The
main findings were that a prolonged IACT of > 123 ms
was independently associated with an AF recurrence after
the initial CPVI with a strong intra-rater and inter-rater
reliability, and it had a 2.4-fold increase in the probability
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Table 2 Details of the Ablation procedures

1st procedure N=113
CPVI 113 (100)
SVC isolation 89 (79)
CTI linear ablation 25 (22)
AT ablation 33
PMFL 1
LSPV-LAA ridge dependent macro-reentrant AT 1
RA free wall macro-reentrant AT 1
Non-PV foci ablation 33
2nd procedure N=45
CPVI 42 (93)
SVC isolation 36 (80)
AT ablation 12 (9)
Common AFL 8
PMFL 2
LAAW macro-reentrant AT 1
Roof dependent macro-reentrant AT 1
Non-PV foci ablation 2(5
3rd procedure N=4
CPVI 2 (50)
SVC isolation 1(25)
AT ablation 4 (100)
Common AFL 1
PMFL 1
LAAW focal AT 1
Roof dependent macro-reentrant AT 1
Non-PV foci ablation 1 (25)

All data are expressed as the n (%)

CPVI circumferential pulmonary vein isolation, SVC superior vena
cava, CTI cavo- tricuspid isthmus, AT atrial tachycardia, AFL atrial
flutter, PMFL perimitral flutter, LSPV left superior pulmonary vein,
LAA left atrial appendage, RA right atrial, PV pulmonary vein, LAAW
left atrial anterior wall

Table 3 Univariate Cox Regression Analysis for the predictors of AF
recurrence

Univariate analysis

HR (95% CI) P value
Age 1.00 (0.98-1.03) 0.83
BMI 1.11 (1.02-1.20) 0.02
Continuous AF duration 1.01 (0.99-1.02) 0.38
Hypertension 1.95 (1.15-3.30) 0.01
Structural heart disease 1.17 (0.62-2.23) 0.63
LAV 1.02 (1.00-1.03) 0.01
TACT2123 ms 2.97 (1.74-5.05) <0.001
MPWD2126 ms 2.86 (1.58-5.19) 0.001
Sinus conversion after the initial ~ 0.55 (0.31-1.00) 0.05

electrical cardioversion

SVC isolation 0.60 (0.34-1.07) 0.08

Table 4 Multivariate Cox Regression analysis for the predictors of
AF recurrence

Multivariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
BMI 1.04 (0.95- 0.41 1.04 (0.95- 0.38
1.14) 1.14)
Hypertension 1.59 (0.91- 0.10 1.55 (0.90- 0.12
2.74) 2.67)
LAV 1.01 (1.00- 0.06 1.01 (1.00— 0.05
1.04) 1.02)
TACT2123 ms 2.38 (1.36— 0.002
4.16)

MPWD2126 ms 2.23 (1.20- 0.01

4.15)

HR hazard ratio, CI confidence interval. The other abbreviations are
as in Table 1

of a recurrence of AF as compared to that with an IACT
of <123 ms. Patients with an TACT > 123 ms still had a
higher AF recurrence rate even after multiple CPVI pro-
cedures. No matter when the IACT was measuring before
undergoing the CPVI, the results did not significantly dif-
fer from those measured after achieving the CPVI. Fur-
thermore, though the MPWD was also demonstrated to
have an independent predictive value for an AF recurrence,
the inter-rater reliability seemed to be relatively poorer
than that of measuring the IACT.

Significance of assessing the IACT during the CPVI
without an extensive substrate modification

In the Substrate and Trigger Ablation for Reduction (STAR)
of AF II trial [1], an empirical extensive substrate modifi-
cation targeting roof and mitral isthmus linear lesions or
complex fractionated electrograms could not improve the
cure rate as compared to PVI alone. That result suggested
that an extensive substrate modification was not always
required in patients with PerAF. However, in our present
study, there was still a significantly higher AF recurrence
rate in the cases with a prolonged IACT even after undergo-
ing multiple CPVI procedures compared to those without
a prolonged TACT. As shown by our results, the LA-PV
reconnections were almost always only seen after one CPVI
procedure [1-3]. However, the probability of a durable PVI
may increase after multiple CPVI procedures. Our finding
suggested that patients with a prolonged IACT might be
associated with a limited efficacy after only a durable CPVI.

A large number of reports have indicated that advanced
atrial remodeling seems to be highly associated with an AF
recurrence after the procedure [2,4,6,8,16]. Ausma et al.
reported that the total atrial conduction time might integrate
the atrial dimension and electrical properties of the atrial
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Table 5 Intra-class correlation coefficients for measuring the IACT
and MPWD

Inter-rater analysis Intra-rater analysis

IccC 95% CI IcC 95% CI
TIACT 0.89 0.80-0.91 0.86 0.75-0.91
MPWD 0.61 0.33-0.77 0.88 0.83-0.92

ICC Intra-class correlation coefficients. The other abbreviations are
as in Table 1

[17]. A prolonged IACT may reflect a more comprehen-
sive estimation of both advanced structural and electrical
atrial remodeling. This may be associated with a stronger
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discriminative power to detect those who have a more
advanced atrial substrate than the previous parameters.
Recently, several reports have suggested that in the case
of progressive atrial remodeling, an extensive substrate
modification targeting low-voltage areas might improve the
success rate in patients with PerAF [18,19]. Chao et al. pre-
viously reported that a prolonged total atrial conduction time
might be associated with a decreased atrial voltage [17].
Without creating a voltage map in all patients, evaluating
the IACT may be helpful in detecting those who have pro-
gressive atrial remodeling and in whom it would be worth-
while to undergo a voltage-guided ablation. Furthermore,
an extensive substrate modification often requires a longer
procedure time and multiple procedures to achieve success
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[1,4,5]. Therefore, measuring the IACT and easily selecting
whether the patients would have a better efficacy with only
a CPVI, or would have a limited efficacy with only a CPVI
and be favorable to consider for an extensive substrate modi-
fication from the initial procedure, may be feasible not only
to save procedural time, but also to improve the outcome.

Prolonged IACT of =123 ms

In the current study, the best discriminative cut-off value for
the IACT to predict an AF recurrence was 123 ms. Wang
et al. performed a systemic review and meta-analysis to clar-
ify the utilization of a prolonged P-wave duration (PWD)
in the prediction of AF recurrences after ablation proce-
dures [7]. They reported that though the best criterion of a
prolonged PWD varied between the studies [7-9], a PWD
measured after the ablation procedure of > 120 ms may sug-
gest a higher risk of recurrence in patients who undergo
catheter ablation of AF. However, that data mostly consisted
of studies that were targeting patients with PAF. Blanche
et al. reported that the PWD was shorter in patients with
PAF compared to that in those with PerAF [8].

In the present study, a cut-off value of 123 ms did not
have either a high sensitivity or specificity. Further studies
are required to clarify the optimal criterion of what defines
“prolonged” as associated with this new IACT parameter for
patients with PerAF.

Clinical advantages of measuring the IACT

Recently, the signal-averaged electrogram [7,8] and tis-
sue Doppler imaging using transthoracic echocardiogra-
phy [9,10] have been established as useful modalities for
evaluating the total atrial conduction time. However, those
methods have limitations regarding their use in all clinical
situations, in that the signal-averaged electrogram requires
special hardware and tissue Doppler imaging requires tran-
sthoracic echocardiography skills. In contrast, measuring the
IACT does not require any specific equipment besides the
basic set up for AF ablation. The direct cumulative atrial
depolarization from the onset at the sinus node to the last left
atrial activation can be quickly and easily measured during
the procedures and also directly reflects the ongoing abla-
tion strategy.

Furthermore, for measuring the atrial conduction time
in patients with PerAF, conversion and maintenance of
sinus rhythm are required. However, in the present study,
19% of the patients had immediate AF recurrences after the
electrical cardioversion and it was difficult to measure the

atrial conduction time. In contrast, all patients could main-
tain sinus rhythm after achieving the CPVI. Measuring the
IACT after achieving the CPVI has a greater advantage
than the pre-procedural measurement parameters in that it
might be less difficult to maintain sinus rhythm in patients
with PerAF. However, in our results, the IACTs measured
before the CPVI did not differ from those measured after the
CPVLI. This finding suggested that measuring the IACT at
the beginning of the procedure might also be considered in
some cases in which it might be favorable.

Measuring the MPWD during the procedure might also
be a useful parameter for predicting patients who would
have AF recurrences. However, discriminating the precise
border between the baseline and end of the P-Wave is some-
times difficult because of the gradual slope of the P-wave
[7,8]. This might be more often seen in patients with PerAF
who have more progressive remodeled atria. This limita-
tion might affect the inter-rater difference when measur-
ing the MPWD. In contrast, since the local potentials on
the intracardiac electrograms are easier to distinguish, the
IACT might be measured with a minimal intra and inter-rater
difference.

Limitations

Several limitations must be taken into account when inter-
preting this study. First, the present study was a retrospec-
tive study and was comprised of a relatively small group of
patients. Furthermore, our cut off level had a relatively low
sensitivity. Therefore, the present findings need to be vali-
dated in a larger group of patients. Second, since not all sub-
clinical recurrences of AF could be completely detected, we
may have underestimated the recurrences. However, we tried
to reduce this error by strongly instructing all patients to
assess their daily pulse. Third, since the IACT was affected
by the catheter position in the coronary sinus, some meas-
urements might have been underestimated. However, since
this bias would have been equally distributed in both the
groups with and without recurrences, it would not have
strongly affected the comparison of the two groups. Fourth,
there were some patients who did not undergo repeat pro-
cedures despite AF recurrences and that may have had an
affect on the cure rates after multiple procedures. However,
in the present study, the AF recurrence free rate was 79%
after multiple procedures. Compared to the previous reports
[1-5], we think this may be an acceptable result regarding
the efficacy of a triggered ablation, including a CPVI and
SVC isolation, without an extensive substrate modification.
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Conclusions

A prolonged IACT of > 123 ms may have a higher degree of
discrimination for predicting patients who would have AF
recurrences after the initial CPVI of PerAF. A prolonged
TACT might also contribute to detecting patients who would
have AF recurrences even after multiple CPVIs. This sim-
ple and practical parameter may help to select patients who
are inappropriate for being treated with only a CPVI and
in whom optimization of the ablation strategy of PerAF is
required.
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