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Revaluation of the Significance of Demonstrable Exit Block
After Radiofrequency Pulmonary Vein Isolation

Atsushi Mochizuki, MD, PhD; Daigo Nagahara, MD, PhD; Naoyuki Kamiyama, MD;
Takefumi Fujito, MD; Tetsuji Miura, MD, PhD

Background: Demonstration of exit block from the pulmonary vein (PV) to the left atrium after PV isolation (PVI) is not always
possible after demonstration of entrance block. We examined factors associated with demonstrable exit block and the relationship
between demonstrable exit block and subsequent PV reconnection.

Methods and Results: The subjects consisted of 227 patients (908 PV; mean patient age, 59.2+10.8 years; 72.2% male) who
underwent radiofrequency PVI, 49 of whom proceeded to the second session after a mean duration of 563.4+456.3 days after the
first session. In the first session, exit block was demonstrated in 73.1% of PV, and the predictors were superior PV, longitudinal
diameter of the PV, and spontaneous activity in the PV. In the second session (n=49), exit block was demonstrated in 51.0% (33.1%
in PV without reconnection vs. 79.7% in PV with reconnection, P<0.0001). Spontaneous activity (OR, 2.74; 95% CI: 1.12-7.03,
P=0.0272) and use of a contact force-sensing catheter (OR, 0.42, 95% CI: 0.20—0.85, P=0.0151) were independent predictors of PV

reconnection, but demonstrable exit block was not (OR, 1.58; 95% CI: 0.74-3.46, P=0.2377).

Conclusions: Inability to demonstrate exit block was not associated with increased risk of future PV reconnection.
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as an essential and standard approach in catheter

ablation (CA) for atrial fibrillation (AF). Despite
recent improvement in CA technology, AF recurs at a
significantly high rate after successful PVI.12 Spontaneous
electrical activity originating from the myocardial sleeve at
the ostium of the pulmonary vein (PV) and/or antrum of
the left atrium (LA) is known to be a major trigger source
of AF.3 Therefore, the primary goal of PVI is complete
electrical isolation of the PV from the LA, given that
electrical reconnection between them plays an important
role in the recurrence of AF.'# Guidelines recommend
confirmation of the presence of entrance block (LA to PV;
class I indication) at least, and of exit block (PV to LA) if
possible (class IIb) to ensure completion of electrical isola-
tion when performing PVI,5 but it is not always possible to
demonstrate exit block after PVI, and the question of
whether non-demonstrable exit block is associated with an
increased risk of PV reconnection after PVI has not been
clarified. The purpose of this study was therefore to clarify
the prevalence and significance of exit block in the context
of PVI and its association with long-term PV reconnection,
which is responsible for the recurrence of AF.

P ulmonary vein isolation (PVI) has been established

Methods

Subjects

This study was a single-center retrospective study conducted
at Sapporo Medical University Hospital. The subjects
consisted of 247 consecutive patients with drug-refractory
and symptomatic AF who underwent first-time radiofre-
quency (RF) CA at the present institute between 2011 and
2016. One patient in whom PVT could not be successfully
achieved and 19 patients who did not have 4 PV (e.g., a
prominent left common PV and a previous history of
surgery for lung cancer), were excluded from this study.
Thus, 227 patients (908 PV) contributed to data analysis
regarding exit block. Of the 227 patients, 49 had AF recur-
rence and proceeded to the second session, but 1 patient
did not have evaluation of exit block. Paroxysmal AF
(PAF) was diagnosed when AF terminated in <7 days and
both AF and sinus rhythm (SR) had been documented on
12-lead electrocardiography (ECG) and/or Holter moni-
toring. Non-PAF was defined as continuous AF persisting
for >7 days.?

Catheter Ablation
Anti-arrhythmic agents were discontinued on admission
(i.e., 2 days before CA). 3-D reconstructed computed
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Representative (A) 3-D electroanatomic map and (B) intracardiac electrocardiogram (ECG). (A) Representative ablation
line of pulmonary vein (PV) isolation and position of the circular catheters. Brown tags, sites of radiofrequency application; pink
tags, sites close to the esophagus. (B) Exit block demonstrated by local capture of the PV sleeve musculature (arrows) without
conduction to the left atrium. Asterisk, sinus rhythm. ABL, ablation catheter; CS, coronary sinus; LIPV, left inferior PV; LSPV, left
superior PV; PA, posteroanterior; RA, right atrium; SVC, superior vena cava.

tomography (CT) of the heart and PV was performed 1
day before CA except for 4 patients with renal dysfunction.
The longitudinal diameter of the PV ostium was measured
on 3D-CT. A 20-multipole size-variable circular catheter
(LASSO 2515, Biosense Webster, Diamond Bar, CA, USA)
and an appropriate-sized 10- or 20-multipole circular
catheter (EP star Libero 12.5-22.5mm, Japan lifeline,
Tokyo, Japan) were used for recording of the electrogram
and pacing in the PV. CA was performed under deep
sedation using continuous infusion of dexmedetomidine and
propofol.

Two circular catheters were positioned at the ostium of
the ipsilateral PV (double Lasso technique) and all of the
patients underwent extensive encircling PVI (Figure 1A).
RF ablation was performed under the guidance of a
CARTO system (Biosense Webster) using a 3.5-mm-tip
open-irrigated catheter; and a contact force (CF)-sensing
catheter (NaviStar ThermoCool SmartTouch, Biosense
Webster) was used after December 2014. Although the
basic RF energy setting was 30 W and 20s for each point,
the power and duration were reduced to 20 W and 10-15s,
respectively, at the left-sided posterior wall or at a site close
to the esophagus. When the PV potential was not eliminated
by a single circular line, detailed mapping along the lesion
line and additional touch-up ablation at a residual conduc-
tion gap were performed. Linear ablation at the carina site
was required in some cases. If AF was ongoing even after
PVI, SR was restored by intra-cardiac or external electrical
cardioversion. Pacing from the LA appendage (LAA) or
superior vena cava (SVC) was performed to distinguish PV
potential from far-field potential, contributing to careful

assessment of the entrance block.® Sequential pacing from
bipolar electrodes of the circular catheter in the PV was
performed until PV sleeve musculature was captured to
evaluate the presence of the exit block after completion of
the entrance block (i.e., disappearance of PV potentials).
PV pacing was performed during SR at 80-100 beats/min
and a fixed output of 5.0 V/0.2ms. Exit block was defined
as local capture of the PV sleeve musculature without
conduction to the LA (Figure 1B). Additional ablation was
performed when unidirectional exit conduction was
observed during PV pacing. If local capture of the PV sleeve
was not obtained on PV pacing, the location and/or size of
the circular catheter were adjusted again to optimize the
contact between the PV and circular catheter electrodes.
The definition of inability to demonstrate the exit block was
loss of local capture of the PV sleeve musculature without
conduction from PV to LA. Injection of adenosine triphos-
phate was performed at least 20 min after PVI, and addi-
tional ablation was repeated until dormant conduction was
successfully eliminated. Spontaneous activity in the PV
observed using the circular catheter was checked and
marked on the record. Although additional ablation other
than PVI was left to the discretion of individual operators,
linear ablation of the cavotricuspid isthmus was performed
in patients who had documented or induced atrial flutter.
LA posterior wall isolation encircled by the roof line and
bottom line and/or SVC isolation were performed in patients
with non-PAF. PV reconnection was defined as an entrance
conduction (i.e., the presence of PV potential) in the next
session. Electrophysiological assessment and judgment were
performed by more than 2 cardiac electrophysiologists.
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Follow-up

All of the patients received ECG at the present outpatient
clinic or at clinics of physicians who referred the patients
to the present institute at 3, 6, 9, 12, 18, and 24 months
after CA or any time when symptomatic. Twenty-four-hour
Holter monitoring was performed at 6 months and at 2
years after CA. Use of anti-arrhythmic agents for AF was
discontinued at 3 months after CA. Recurrence of AF was
defined as AF or atrial tachycardia (AT) documented on
12-lead ECG or 24-h Holter monitoring (cut-off duration
>30s in cases documented on Holter ECG) after a blanking

Table 1. Baseline Clinical Characteristics (n=227)

Age (years) 59.2+10.8
Male 164 (72.2)
BMI (kg/m?2) 24.6+3.3
PAF (vs. non-PAF) 160 (70.5)
Structural heart disease 35 (15.4)
Hypertension 90 (39.6)
Diabetes mellitus 26 (11.5)
CHADS: score 0.82+0.93
CHA2DS2-VASc score 1.49+1.30
Anatomical data
Longitudinal diameter of the PV ostium (mm) 18.1+3.3
Left superior PV (mm) 19.6+3.3
Left inferior PV (mm) 16.3+2.4
Right superior PV (mm) 19.1+£3.0
Right inferior PV (mm) 17.2+3.2
LAD (mm) 39.0+7.1
LAVI (mL/m2) 39.2+13.7
LVEF (%) 61.5+£9.5
Laboratory data
eGFR (mL/min/1.73m?2) 72.2+17.9
BNP (pg/mL) 124.3+198.9
Procedural data
CF-sensing catheter in 1 st session 88 (38.8)

CF-sensing catheter in 2nd session 28/49 (57.1)

Data given as n (%) or mean+SD. BMI, body mass index; BNP,
brain natriuretic peptide; CF, contact force; eGFR, estimated
glomerular filtration rate; LAD, left atrial diameter; LAV, left atrial
volume index; LVEF, left ventricular ejection fraction; PAF,
paroxysmal atrial fibrillation; PV, pulmonary vein.

period of 3 months after the prior CA.5

Statistical Analysis

Continuous data are expressed as mean+SD, and categor-
ical variables are given as n (%). Differences in continuous
variables between 2 groups were assessed using the Mann-
Whitney U-test. Categorical variables were analyzed using
the chi-squared test, and Fisher’s exact test was used when
appropriate. To determine independent predictors, multi-
variate logistic regression analysis was performed. P<0.05
was considered statistically significant. Variables with
P<0.05 on univariate analysis were entered into a multi-
variable model. Data analysis was performed using
commercially available statistical analysis software (JMP
version 11.0.0; SAS Institute, Cary, NC, USA).

Results

Baseline clinical subject characteristics are listed in Table 1.
Mean patient age was 59.2+10.8 years, and 72.2% of the
patients were male. PAF was present in 70.5% of the
patients, and 15.4% of the patients had structural heart
disease including hypertrophic cardiomyopathy (n=21),
valvular heart disease (n=7), dilated cardiomyopathy (n=2),
ischemic cardiomyopathy (n=2), congenital heart disease
(n=4), and hemochromatosis (n=1). Ninety patients (39.6%)
had hypertension. Mean CHADS: score (1 point for
congestive heart failure, hypertension, age =75 years, and
diabetes mellitus, and 2 points for history of stroke or tran-
sient ischemic attack) was 0.82+0.93, and mean CHA2DS»-
VASc score (1 point for congestive heart failure, hypertension,
age 65-74, diabetes mellitus, female gender, vascular disease,
and 2 points for age 75, and history of stroke or transient
ischemic attack) was 1.49+1.30. The longitudinal diameter
of the PV ostium was 18.1+3.3mm, and the superior PV
(SPV) was significantly larger than the inferior PV (IPV;
19.443.1mm vs. 16.8£2.9mm, P<0.001). On echocardiog-
raphy, the LA diameter was 39.0£7.1 mm, LA volume index
was 39.2+13.7mL/m?, and left ventricular ejection fraction
was 61.549.5%. A CF-sensing catheter was used in 38.8%
of the patients in the first session and in 57.1% of the patients
in the second session.

Demonstrable Exit Block: Prevalence and Predictors
In the first session, entrance block was achieved in all PV,

Table 2. Predictors of Demonstrable Exit Block in the First Session
Univariate Multivariate
Variables E):le)zcl';\;—) Eﬂigacg\?) P-value OR 95% ClI P-value

Anatomical data

PV location (LSPV/LIPV/RSPV/RIPV) 10/97/21/116 217/130/206/111

Superior PV (vs. inferior PV) 31 (12.7) 423 (63.7) <0.0001* 8.44 5.11-146  <0.0001*

Left-sided PV (vs. right-sided PV) 107 (43.9) 347 (52.3) 0.0298* 1.21 0.81-1.81 0.3653

Longitudinal diameter of PV ostium (mm) 16.5+£3.0 18.6+3.2 <0.0001* 1.15 1.07-1.24 0.0002*
Procedural data (first session)

CF-sensing catheter 84 (34.4) 268 (40.4) 0.1073

Carina line 17 (7.0) 63 (9.5) 0.2905

Spontaneous PV activity 3(1.2) 122 (18.4) <0.0001* 11.5 3.41-72.0 0.0009*

Dormant conduction 13/176 (7.4) 72/514 (14.0) 0.0233* 1.82 0.94-3.74 0.0885

Data given as n (%) or mean+SD. *P<0.05. CF, contact force; LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; PV,
pulmonary vein; RIPV, right inferior pulmonary vein; RSPV, right superior pulmonary vein.
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Figure 2. Demonstrable exit block in each pulmonary vein (PV) as a percentage of PV isolations in (A) the first session and (B)
the second session. LIPV, left inferior PV; LSPV, left superior PV; RIPV, right inferior PV; RSPV, right superior PV.
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Table 3. Predictors of Demonstrable Exit Block in the Second Session

Univariate Multivariate
Variables Exitblock (™)  Exitblock®)  povalue OR 95%Cl  P-value

Anatomical data

PV location (LSPV/LIPV/RSPV/RIPV) 12/33/15/34 36/15/33/14

Superior PV (vs. inferior PV) 27 (28.7) 69 (70.4) <0.0001* 2.77 1.13-6.99 0.0276*

Left-sided PV (vs. right-sided PV) 45 (47.9) 51 (52.0) 0.6651

Longitudinal diameter of PV ostium (mm) 17.6+3.8 19.4+3.4 0.0004* 1.01 0.90-1.14 0.8241
Procedural data

CF-sensing catheter in the 1 st session 28 (29.8) 24 (24.5) 0.4219

CF-sensing catheter in the 2nd session 58 (61.7) 50 (51.0) 0.1478

Carina line in the 1 st or 2nd session 12 (12.8) 14 (14.3) 0.8344

Spontaneous PV activity in 1st or 2nd session 4 (4.3) 42 (42.9) <0.0001* 3.96 1.29-14.9 0.0240*

Dormant conduction in the 2nd session 0/45 (0) 4/69 (5.8) 0.1519

Demonstrable exit block in the 1st session 44 (46.8) 85 (86.7) <0.0001* 3.65 1.53-9.13 0.0042*

PV reconnection 15 (16.0) 59 (60.2) <0.0001* 5.75 2.55-13.7  <0.0001*

Interval between 1 st and 2nd sessions (days) 600.9+498.0 535.2+420.8 0.5500

Data given as n (%) or mean+SD. *P<0.05. Abbreviations as in Table 2.

but exit block was demonstrated in only 73.1% (664/908)
of the PV (i.e., 2.93+0.94 PV per patient; Table 2). Demon-
strable exit block was noted in 95.6% of left SPV (LSPV),
in 57.3% of left IPV (LIPV), in 90.7% of right SPV (RSPV),
and in 48.9% of right IPV (RIPV; Figure 2A). There was
no PV in which unidirectional exit conduction was observed
after completion of the entrance block. The prevalence of
demonstrable exit block was higher in the SPV than in the
IPV (93.2% vs. 53.1%, P<0.0001) and also higher in the
left-sided PV (LPV) than in the right-sided PV (RPV;
76.4% vs. 69.8%, P=0.0298). On univariate analysis, SPV,
LPV, longitudinal diameter of the PV, spontaneous activity
in the PV, and presence of dormant conduction were
associated with demonstrable exit block in the first session.
On multivariate analysis, SPV (OR, 8.44; 95% CI: 5.11-
14.6, P<0.0001), longitudinal diameter of the PV (OR, 1.15
per 1 mm; 95% CI: 1.07-1.24, P=0.0002), and spontaneous
activity in the PV (OR, 11.5; 95% CI: 3.41-72.0, P=0.0009)
were independent predictors of demonstrable exit block in

the first session.

Forty-nine patients proceeded to the second session due
to recurrence of AF after a mean interval of 563.4+456.3
days from the first session, and PV reconnection was
observed in 37.8% (74/196) of all PV. Re-isolation of the
PV was attempted and entrance block was achieved in all
reconnected PV in the second session. Exit block was
demonstrated in 51.0% (98/192) of all PV at the end of the
second session (Table 3). The detailed clinical course of the
49 patients is shown in Figure 3. The prevalence of demon-
strable exit block was 33.1% (39/118) in PV without recon-
nection and 79.7% (59/74) in PV with reconnection
(P<0.0001). The prevalence of demonstrable exit block was
lower in the second session than in the first session: 75.0%
in the LSPV, 31.3% in the LIPV, 68.8% in the RSPV, and
29.2% in the RIPV (Figure 2B). The SPV had a significantly
higher prevalence of demonstrable exit block than did the
IPV (71.9% vs. 30.2%, P<0.0001). On univariate analysis,
SPV, longitudinal diameter of the PV, spontaneous activity
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Figure 3. Detailed clinical course of the 49 patients who underwent second ablation. One patient (4 pulmonary veins [PV]) was

Table 4. Predictors of PV Sleeve Loss of Excitability Between the First and Second Sessions
Univariate Multivariate
Variables PV sleeve loss of excitability
P-value OR 95% CI P-value
(-) n=85 PV (+) n=44 PV
Anatomical data
PV location (LSPV/LIPV/RSPV/RIPV) 35/12/30/8 11/11/11/11
Superior PV (vs. inferior PV) 65 (76.5) 22 (50.0) 0.0031* 0.46 0.18-1.16 0.1035
Left-sided PV (vs. right-sided PV) 47 (55.3) 22 (50.0) 0.5822
PV longitudinal diameter (mm) 19.6+3.4 19.0+3.6 0.2160
Procedural data
CF-sensing catheter in the 1 st session 20 (23.5) 14 (31.8) 0.3993
CF-sensing catheter in the 2nd session 42 (49.4) 28 (63.6) 0.1394
Carina line in the 1 st or 2nd session 14 (16 5) 6 (13.6) 0.8001
Spontaneous PV activity in 1st or 2nd session 1(48.2) 3(6.8) <0.0001* 0.21 0.04-0.72 0.0223*
Dormant conduction in the 2nd session 4 (6.4) 0 (0) 0.5678
PV reconnection 53 (62.4) 5(11.4) <0.0001* 0.13 0.04-0.36 0.0002*
Interval between 1 st and 2nd sessions (days) 535.6+417.6 585.1+510.9 0.9485

Data given as n (%) or mean+SD. *P<0.05. Abbreviations as in Table 2.

in the PV, exit block in the first session, and PV reconnec-
tion were associated with demonstrable exit block in the
second session. On multivariate analysis, SPV (OR, 2.77;
95% CI: 1.13-6.99, P=0.0276), spontaneous activity in the
PV (OR, 3.96; 95% CI: 1.29-14.9, P=0.0240), exit block in
the first session (OR, 3.65; 95% CI: 1.53-9.13, P=0.0042),
and PV reconnection (OR, 5.75; 95% CI:. 2.55-13.7,

P<0.0001) were independent predictors of demonstrable
exit block at the end of the second session.

Subgroup analysis was performed in order to delineate
the characteristics of PV likely to lose excitability (Table 4).
Of the 129 PV with demonstrable exit block in the first
session, exit block at the end of the second session could
not be confirmed in 44 PV (34.1%). On univariate analysis,
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Table 5. Predictors of Long-Term PV Reconnection
Univariate Multivariate
PV reconnection
P-value OR 95% CI P-value
(-) n=122 PV (+) n=74 PV
Anatomical data
PV location (LSPV/LIPV/RSPV/RIPV) 25/40/27/30 24/9/22/19
Superior PV (vs. inferior PV) 52 (42.6) 46 (62.2) 0.0120* 1.45 0.66-3.20 0.3537
Left-sided PV (vs. right-sided PV) 65 (53.3) 33 (44.6) 0.3023
PV longitudinal diameter (mm) 18.1+£3.7 19.1+3.5 0.0387* 1.002 0.91-1.11 0.9676
Procedural data
CF-sensing catheter in the 1 st session 42 (34.4) 14 (18.9) 0.0226* 0.42 0.20-0.85 0.0151*
Carina line in the 1 st session 11 (9.0) 11 (14.9) 0.2457
Spontaneous PV activity in the 1st session 10 (8.2) 18 (24.3) 0.0028* 2.74 1.12-7.03 0.0272*
Dormant conduction in the 1st session 9/83 (10.8) 8/43 (18.6) 0.2741
Demonstrable exit block in the 1 st session 75 (61.5) 58 (78.4) 0.0177* 1.58 0.74-3.46 0.2377
Interval between 1 st and 2nd sessions (days) 542.8+448.7 597.4+469.6 0.3443

Data given as n (%) or mean+SD. *P<0.05. Abbreviations as in Table 2.

loss of excitability of the PV sleeve between the first and
second sessions was associated with SPV, spontaneous
automaticity in the PV, and PV reconnection. The interval
between the first and second sessions was not associated
with this phenomenon. On multivariate analysis, sponta-
neous activity in the PV (OR, 0.21; 95% CI: 0.04-0.72,
P=0.0223) and PV reconnection (OR, 0.13; 95% CI: 0.04—
0.36, P=0.002) were independent predictors of loss of
excitability of the PV sleeve between the first and second
sessions.

Predictors of Long-Term PV Reconnection

Forty-nine patients underwent re-do ablation after a mean
interval of 563.4+456.3 days from the first session. PV
reconnection was observed in 83.7% of the patients (41/49)
and in 37.8% of all PV (74/196), that is, 1.51£1.06 PV per
patient (Table 5). The proportion of PV reconnections was
49.0% in the LSPV, 18.4% in the LIPV, 44.9% in the
RSPV, and 38.8% in the RIPV. PV reconnection was more
frequently observed in the SPV than in the IPV (46.9% vs.
28.6%, P=0.0120). On univariate analysis, SPV, longitudinal
diameter of the PV, use of a CF-sensing catheter, sponta-
neous activity in the PV, and exit block in the first session
were associated with PV reconnection in the second session.
On multivariate analysis, spontaneous activity in the PV
(OR, 2.74; 95% CI: 1.12-7.03, P=0.0272) and use of a CF-
sensing catheter (OR, 0.42; 95% CI: 0.20-0.85, P=0.0151)
were independent predictors of PV reconnection in the
second session, although exit block in the first session was
not identified as a significant predictor (OR, 1.58; 95% CI:
0.74-3.46, P=0.2377).

Discussion

In the present study, exit block (i.e., local capture of the PV
sleeve musculature without conduction to the LA) after
PVI was confirmed in 73.1% of all PV in the first session,
and in 51.0% of all PV in the second session. The predictors
of demonstrable exit block were SPV, longitudinal diameter
of the PV, and spontaneous activity in the PV in the first
session; and SPV, spontaneous activity in the PV, demon-
strable exit block in a prior session, and PV reconnection
in the second session. Non-use of a CF-sensing catheter

and spontaneous activity in the PV were predictors of long-
term PV reconnection. In contrast, inability to demonstrate
exit block was not associated with increased risk of future
PV reconnection.

Demonstrable Exit Block and Predictors of Exit Block
Squara et al reported that sleeve capture during PV pacing
could be demonstrated in only 60.9% (81% in first-time
procedures and 40% in redo) of the isolated PV, while it
was uniformly demonstrated before ablation in all non-
isolated PV.7 Gerstenfeld et al reported that exit block was
present in only 58% of PV that were ablated in SR and in
only 48% of PV that were ablated in AF.8 They concluded
that a substantial proportion of PV lost their excitability
during the process of PVI, and the present results are
consistent with these previous reports. The percentage of
the exit block was also reported to be affected by pacing
output and pacing rate,>10 although we performed PV pacing
at a fixed output of 5.0mV/0.2ms and a pacing rate
between 80 and 100 beats/min. In a study by Vijayaraman
et al, capture of the PV sleeve without conduction to the
LA could be demonstrated in 91% of all veins on high
output pacing up to 20mA at 2ms.? Although the percentage
of demonstrable exit block might be augmented by high
output pacing, the present results suggest that inability to
demonstrate exit block is not associated with increased risk
of future PV reconnection.

Although it is not clear why some PV sleeves lose their
excitability during the process of PVI, a few electrophysi-
ological mechanisms have been proposed. First, ablation
of the PV antrum could modify the ganglionated plexi (GP)
or axons extending from the GP to the PV myocardium,"
leading to a decrease in the excitability of the PV sleeve.
Second, the electrophysiological property of the myocar-
dium around the ablation site could be negatively altered
(e.g., source-sink mismatch), and pacing threshold could
be elevated.!>!5 The present predictors of demonstrable
exit block (i.e., SPV, longitudinal diameter of the PV, and
spontaneous activity in the PV) were surrogates for a
greater amount of myocardium or higher intensity of the
connection of myocardial fibers at the PV sleeve. Approx-
imately one-third of the PV with demonstrable exit block
in the first session did not have demonstrable exit block at
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the end of the second session, and this loss of excitability
of the PV sleeve between the first and second sessions was
frequently observed in the PV without spontaneous activity
and reconnection. Although a lower percentage of demon-
strable exit block in the second session has already been
reported,’ the present study has shown for the first time the
relationship between long-term electrical isolation and the
increased rate of non-demonstrable exit block in the same
patients undergoing the first and second ablation proce-
dures. A PV with a smaller amount of viable myocardium
or fibers is likely to lose its excitability,” and this process
might be facilitated by regression of the PV sleeve muscu-
lature caused by long-term electrical isolation. However,
further investigation is needed to clarify the mechanism of
the loss of demonstrable exit block.

Demonstrable Exit Block and PV Reconnection

The rate of PV reconnection was 37.8% in the present
study, which is similar to that in a previous report.!¢ Kim
et al reported that PV reconnection was observed in 40.9%
of PV (234/572) in a second ablation that was performed
23.7+19.9 months after the first procedure.!® PV are a major
source of atrial triggers,? and recovered PV conduction is
a major cause of AF recurreence.!# Therefore, the presence
of exit block is theoretically presumed to have a favorable
effect on long-term outcome after PVI, and this issue has
been discussed in several reports. During a 30-min obser-
vation, Chen et al showed that bidirectional block of the
PV-LA junction could reduce acute PV reconnection.!” In
contrast, Squara et al reported that PV with local sleeve
capture after PVI were much more likely than non-captured
PV to have reconnection using adenosine.” In the present
study, on univariate analysis non-demonstrable exit block
was associated with long-term PV isolation, but this asso-
ciation was not seen on multivariate analysis (Table 5). It
is difficult to reconcile earlier studies”!” with the present
study, but a possible explanation is that non-demonstrable
exit block is due to the smaller mass of the PV sleeve
musculature, where RF energy can easily ablate electrical
conduction. In contrast with demonstrable exit block, the
use of a CF-sensing catheter was a predictor of long-term
PV isolation in the present study as in previous studies.!8-21
Spontaneous PV activity was also an independent predictor
of PV reconnection, possibly being attributable to a larger
amount of PV sleeve musculature.

Although non-demonstrable exit block was not associ-
ated with increased risk of future PV reconnection, we
cannot conclude as to whether assessment of exit block is
an unnecessary maneuver or not. Duytschaever et al argued
that entry block (i.e., complete elimination of PV potentials
obtained on circular mapping catheter) was a sufficient
endpoint for PVI because residual PV-LA exit conduction
was rare (only 0.6% of PV) after proven LA-PV entry
block.22 However, Kim et al reported that 9% of patients
had exit conduction even after achievement of the entrance
block,'® and that pacing in the PV may unmask a residual
unidirectional conduction. This is one of the possible
benefits of pacing in the PV, although it is rare in clinical
practice.?>24 Although demonstration of exit block may be
helpful for confirming existing unidirectional conduction
from the PV to the LA at least in some cases, the relation-
ship between demonstrable exit block and PV reconnection
or recurrence of AF needs to be investigated further in a
large prospective study.

Study Limitations

There are several limitations in this study. First, this study
was a single-center retrospective study and the number of
patients was relatively small. Second, assessment of the exit
block by pacing in the PV was not performed before PVI.
Squara et al, however, reported that all PV without entrance
block demonstrated sleeve capture and that none of the PV
had exit block prior to ablation,” indicating that loss of
excitability of the PV sleeve was exclusively caused by PVI.
Third, we performed PV pacing using fixed output and
cycle length. Thus, we cannot exclude the possibility that
results might have been slightly different if a different
protocol of PV pacing had been used. Fourth, we might
have underestimated the percentage of demonstrable exit
block, because we performed pacing only in the PV, not
from the PV antrum. There is a possibility that pacing at
the PV antrum close to the ablation line (e.g., using an
ablation catheter), could have identified more exit blocks
or even unidirectional exit conduction in PV without
demonstrable exit block. Fifth, the presence or absence of
spontaneous PV activity was based on sporadic monitoring
with a circular catheter during the CA procedure. The
duration of monitoring for spontaneous activity was
different in each of the PV. Sixth, patients without AF
recurrence were not included in the analysis of the relation-
ship between exit block and PV reconnection, leading to
possible bias. Sixth, the present RF ablation findings may
not be applicable to cryoballoon (CB) ablation. Aryana et
al reported that patients who received AF ablation using
CB were less likely to have PV reconnection at the redo
procedure than patients who received RF ablation with an
open-irrigated and non-force-sensing catheter, suggesting
that the importance of assessment of exit block after PVI
differs between RF and CB ablations.

Conclusions

Exit block after PVI by RF ablation was not observed in
26.9% of the PV in the first session, and this percentage
increased to 49.0% by the next session, after a mean interval
of 563.4+456.3 days. Inability to demonstrate exit block,
however, was not associated with increased risk of future
PV reconnection.
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