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Ablation for atrial fibrillation
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Aims Electrical reconnection after pulmonary vein (PV) isolation is associated with atrial fibrillation (AF) recurrence. Re-
connection may already develop within a 30 min waiting period and may only occur as dormant conduction (DC)
revealed by adenosine infusion. This study determines incidence and predictors of DC after cryoballoon ablation incorp-
orating a 30 min waiting period and the effect of treating this ‘late’ DC on 1 year AF-recurrence.

Methods and
results

Consecutive patients scheduled for a first ablation were prospectively included. Intravenous adenosine was
administered 30 min after PV isolation to unmask DC (adenosine+). Additional applications were performed to
abolish DC. Atrial fibrillation recurrence was evaluated after 3, 6, and 12 months with ECG and 24 h Holter recordings.
Results were compared with a prior group of consecutive patients that underwent cryoablation without DC testing
(adenosine2). The adenosine+ group consisted of 36 patients (78% male, 61+10 years, paroxysmal AF 86%).
***Dormant conduction was found in 42% of patients (15/36) and 14% of PVs (20/143). Multivariate analysis showed
that PV isolation during the first freeze independently reduced DC risk (OR ¼ 0.064, P , 0.01). After 12+1 months,
11 (83%) of adenosine+ patients had no AF-recurrences, compared with 37 (60%) of adenosine2 patients (n ¼ 62,
70% male, 59+ 11 years, 90% paroxysmal AF, P ¼ 0.02). Ablation with DC treatment independently reduced the risk
of AF-recurrence (OR ¼ 0.26, P ¼ 0.02).

Conclusion Incorporating a 30-min waiting period after cryoballoon ablation increases the incidence of DC compared with previous
results. Absence of PV isolation during the first freeze is associated with an increased risk of late DC. Treatment of this
DC seems to improve outcome.
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Keywords Atrial fibrillation † Cryoballoon ablation † Dormant conduction † Adenosine

Introduction
Pulmonary vein isolation for atrial fibrillation (AF) is an established
invasive treatment. Cryoballoon ablation is an effective technique
with acute procedural success in 92% of selected patients or 95%
of targeted PVs.1 Electrical reconnection after initial isolation is asso-
ciated with AF recurrence.2 After cryoablation, reported freedom
of AF recurrence at 1 year follow-up ranges from 73% for patients
with paroxysmal and 45% of patients with persistent AF.1 Reconnec-
tion may already manifest itself during the initial procedure and its in-
cidence increases when the waiting period after initial isolation is
prolonged from 33% after 30 min to 50% after 60 min after

radiofrequency ablation.3,4 Of importance, PV reconnection may
only occur as DC transiently revealed by infusion of intravenous ad-
enosine.5 The incidence of DC after cryoballoon ablation has been
reported to range from 4.6 to8% of all veins when tested immediately
after ablation.6,7 Applying additional cryoablation for DC has been
associated with lower AF recurrences during follow-up.6

A longer waiting period after initial isolation before administra-
tion of adenosine may increase the incidence of DC which can be tar-
geted by ablation.3,8 However, extensive prolongation of the waiting
period is not acceptable for many patients and electrophysiology la-
boratories. It would therefore be beneficial to identify procedural
factors predictive for DC.
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The aims of this study were (i) to assess the incidence of late DC
after cryoballoon ablation while incorporating a 30-min waiting
period before administration of adenosine, (ii) to evaluate the
effect of additional ablation to abolish late DC on 1 year AF recur-
rence, and (iii) to identify potential predictors of late DC.

Methods

Patient population
Consecutive patients with drug-refractory AF eligible for cryoballoon
PV isolation were included. All patients underwent a CT-scan prior to ab-
lation to establish LA and PV anatomy according to the institutional
protocol. Patients were considered ineligible for cryoablation when
they suffered from longstanding persistent AF or when the CT-scan
showed a PV diameter of over 26 mm and/or presence of more than
three right PVs.

Patients were prospectively included between mid-2008 and August
2012. The control group comprised consecutive patients that were
selected for cryoballoon ablation before June 2010 (adenosine2

group). Starting from June 2010, the procedure was routinely performed
with adenosine infusion and patients were included that underwent cryo-
balloon ablation with adenosine infusion (adenosine+ group). Clinical
data were collected in the departmental Cardiology Information
System (EPD-Visionw, Leiden University Medical Center, Leiden, The
Netherlands) and retrospectively analysed.

Ablation procedure
The ablation procedure was performed under conscious sedation and
i.v. analgesia. Oral anti-coagulation was continued to maintain an Inter-
national Normalized Ratio (INR) between 2.0 and 3.0. After venous
access, 5000–7500 IU heparin was administered, depending on the pre-
procedural INR. An activated clotting time was maintained between 300
and 400 s. A quadripolar reference catheter was placed in the coronary
sinus. Under fluoroscopic and intracardiac echocardiography guidance, a
transseptal puncture and venography were performed, and the cryobal-
loon (Arctic Front, Medtronic, Minneapolis, MN, USA) was placed at
the ostia of the PVs. The circular mapping catheter (Achieve, Medtronic,
Minneapolis, MN, USA) was placed inside the PVs through the lumen of
the cryoballoon catheter and used to continuously document PV poten-
tials. The first 26 ablation procedures performed in the adenosine2

group used a separate cryoballoon and circular mapping catheter
(Lasso 2515 catheter, Biosense Webster, Daimond Bar, CA, USA),
which needed to be exchanged through the single transseptal sheath

under fluoroscopic guidance after each cryo-application to evaluate
whether PV isolation was achieved. In order to prevent phrenic nerve
palsy, the phrenic nerve was paced from the superior caval vein during
cryoballoon applications at the right-sided veins. Ablation was immedi-
ately stopped in case of reduced phrenicnervecapture.Ablation wasper-
formed at least two times 5 min for each vein until PV isolation. Ablation
was not routinely terminated if PV isolation was not obtained during the
application. Entrance block was confirmed by verification of the signals
during sinus rhythm and during pacing from the reference catheter.
Exit block was tested by bipolar pacing from all electrode pairs of the cir-
cular mapping catheter. Pulmonary vein isolation was re-checked 30 min
after isolation of all PVs to evaluate whether early reconnection oc-
curred. In case of early reconnection, one or more additional applications
with the cryoballoon were performed until re-isolation. In the
adenosine2 group, acute success was defined as electrical isolation of
all PVs at least 30 min after ablation and the procedure was terminated.

Dormant PV conduction (adenosine1
group only)
Because we postulated that a 30-min waiting period may increase the in-
cidence of spontaneous PV reconnection and the incidence of DC, we
incorporated a 30 min waiting period after PV isolation before DC was
assessed using a bolus of adenosine. The adenosine dose was initiated
at 6 or 12 mg and increased up to 30 mg until at least one atrial beat
with AV-block was observed. ***Dormant conduction was defined as
the reappearance of a PV potential for at least two consecutive atrial
beats. In case of DC, additional cryoenergy applications were performed
with the cryoballoon and after 30 min waiting, PV isolation and DC
was rechecked. In case PV reconnection occurred or if DC was still
present, additional applications were applied with a conventional
device (FreezorMAX, Medtronic, Minneapolis, MN, USA) once more.
To limit procedure time, DC treatment was performed with a
maximum of two separate attempts (Figure 1).

Clinical follow-up
Patients were followed up at 3, 6, and 12 months after ablation according
to the institutional clinical care track (MISSION! AF). All anti-arrhythmic
drugs (AADs), except for amiodarone, were discontinued 3 days before
ablation and restarted immediately after the procedure until at least
3 months follow-up. This policy is current clinical practice in our institu-
tion and is partly supported by the results of the 5A trial, although there is
no evidence that this improves long-term success of the procedure.9,10 If
no AF recurrences occurred in the month before the first follow-up,
AADs were discontinued. Heart rhythm was documented with ECG
and 24 h Holter recordings. Atrial fibrillation recurrence was defined
as any recording of any atrial arrhythmia, including atrial flutter, on
ECG or any atrial arrhythmia .30 s on 24 h Holter registration after a
blanking period of 3 months. Patients were requested to obtain an
ECG recording if symptoms occurred that ***could be related to an
arrhythmia.

Statistical analysis
Datawere analysed using SPSS (version 20.0, SPSS Inc., Chicago, IL, USA).
Continuous data were expressed as mean+ standard deviation. Baseline
characteristics between groups were compared with an unpaired Stu-
dent’s t-test. Potential predictors of 12 month outcome were evaluated
with univariate and multivariate logistic regression analyses including im-
portant confounding factors (type of AF, AF duration, and LA diameter at
baseline) together with the type of procedure (with or without evalu-
ation and treatment of DC). Prediction of DC occurrence was evaluated
with logistic regression analysis. Variables with a P-value of ,0.1 in

What’s new?
† Incorporation of a 30-min waiting period elucidates an

increased incidence of dormant conduction (DC) as revealed
by adenosine infusion after pulmonary vein (PV) isolation
during cryoballoon ablation.

† Treatment of late DC significantly seems to improve sinus
rhythm maintenance at 1-year follow-up.

† LateDCcan bepredicted byabsenceofPV isolationduring the
first freeze. Therefore, a 30-min waiting period after cryobal-
loon ablation may only be necessary when PV isolation is not
achieved during the first freeze, thereby obviating the need for
a 30 min waiting period in a substantial number of procedures.
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univariate analysis were included for further evaluation in a multivariate
model, using stepwise forward regression. However, although the inde-
pendent variables ‘isolation during the first freeze’ and ‘time to isolation’
were both significantly related to DC in univariate analysis, collinearity
between these twovariableswas toohigh to includeboth in themultivari-
ate analysis. We therefore decided to select ‘isolation during the first
freeze’ for the multivariate analysis as ‘time to isolation’ does not indicate
a specific cut-off value that would be useful for clinical practice. A P-value
of ,0.05 was considered statistically significant.

Results

Patient characteristics
Thirty-six patients (78% male, age 61+10, 86% paroxysmal AF)
underwent cryoballoon ablation with DC evaluation and treatment
(adenosine+ group) and 62 patients (70% male, 59+ 11 years,
90% paroxysmal AF) underwent cryoballoon ablation only
(adenosine2 group).

Baseline characteristics of the patients were comparable between
both groups (Table 1). Mean number of used AADs had a tendency to
be higher in the control group, although this was not significant.

Procedural parameters and outcome
For the adenosine+ group, time to isolation was 55+28 s (s) on
average and 75+ 30 s for the LSPV, 57+35 s for the LIPV, 38+
19 s for the RSPV, and 51+29 s for the RIPV (Table 2). For the
adenosine2 group, time to isolation was 65+49 s (s) on average
and 66+30 s for the LSPV, 63+43 s for the LIPV, 54+55 s for
the RSPV, and 78+68 s for the RIPV. The differences in time to iso-
lation between both groups were not statistically significant. A PV
signal was not registered on the Achieve catheter during ablation in
7 PVs in the adenosine+ group and 17 PVs in the adenosine– group.

In the adenosine+ group, DC was found in 42% of patients (15/36)
and 14% of the PVs (20/143, Table 3). One patient had a single left PV
with a common ostium without DC. During the first freeze, 75% of
PVs (107/143) were isolated (Figure 1). After the 30-min waiting
period and first identification of DC, additional applications with
the cryoballoon were performed in 20 PVs. After another 30 min
waiting period and adenosine infusion, six PVs still showed DC and
received supplementary applications with the FreezorMax device.
At the endof the procedure, 97.2% of veinswere completely isolated.
Four veins (2.8%) showed significant conduction delay with adeno-
sine, since complete abolishment of DC could not be achieved.

Patients with AF scheduled for a first 
ablation procedure eligible for 
cryoballoon ablation 

Adenosine + group (N = 143)
2 times 5 minute application 
with cryoballoon

Adenosine – group (N = 245)
2 times 5 minute application 
with cryoballoon

No isolation/DC (N = 20):
1–2 additional 5-minute 
applications with cryoballoon

No isolation (N = 33):
1–2 additional 5-minute 
applications with cryoballoon

No isolation/DC (N = 6):
1 additional application with
freezor max device

No isolation (N = 9):
1 additional application with 
freezor max device

30 minutes waiting + adenosine

30 minutes waiting + adenosine

30 minutes waiting 

30 minutes waiting 

4 PVs with significant delay 4 PVs without isolation
5 PVs with significant delay

Figure 1 Flowchart cryoballoon ablation procedure, N, number of veins not isolated.
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The average amount of adenosine administered was 17+5 mg for
each vein.

Minimal temperatures for the individual PVs were comparable
between both groups. The procedure was performed with a 23 mL
(mm) balloon (n ¼ 8 for the adenosine+ group and n ¼ 28 for the
adenosine2 group) or an 28 mm balloon (¼26 for the adenosine+
group and n ¼ 36 for the adenosine2 group). Cardioversion was
performed in approximately one-third of patients (P ¼ 0.44).
Cryo-application time had a tendency to be shorter in the
adenosine2 group compared with the adenosine+ group (51+
11 vs. 57+ 21 min, respectively, P ¼ 0.06). Mean fluoroscopy time
was significantly longer in the adenosine2 group (34+10 and
24+11 min, respectively, P , 0.01, Table 2).

Prediction of DC
Univariate analysis showed two predictor of DC: PV isolation during
the first freeze (P , 0.01), time to isolation (P , 0.01), anda trend for
minimum balloon temperature (P ¼ 0.058). After multivariate ana-
lysis, using PV isolation during the first freeze and not time to isola-
tion, only PV isolation during the first freeze was found to
independently reduce the risk of DC (OR ¼ 0.06, P , 0.01, Figure 2).

Twelve-month outcome
In the adenosine+ group, 83% of patients had no AF/AT recurrences
on AADs and 64% of patients off AADs after a single procedure and a
mean follow-up of 12+1 months. In the adenosine2 group, 60%
of patients were without recurrences while taking AADs and
47% of patients without AADs after a mean follow-up of 11+
1 months. The number of patients with AF recurrences in the
adenosine+ group was significantly lower than in the adenosine2

group (P ¼ 0.02).
When corrected for confounders, including age, BMI, gender, AF

type, AF duration, LA diameter, hypertension, cardioversion, and
balloon size, using multivariate analysis, ablation with additional DC
evaluation and treatment was still found to independently reduce
the risk of AF recurrence at follow-up (OR ¼ 0.29, 95% CI 0.09–
0.75, P ¼ 0.01, Figure 3). Paroxysmal instead of persistent AF had a
tendency to independently reduce the risk of AF recurrence during
follow-up (OR ¼ 0.26, 95% CI 0.07–1.04, P ¼ 0.06).

A subanalysis including only patients with paroxysmal AF from the
adenosine+ group showed a lower incidence of AF recurrence
(23%) after 12-month follow-up.

Complications
Transient phrenic nerve injury was observed in 9% of patients
(n ¼ 9). In all but one patient, the phrenic nerve palsy completely
resolved during hospitalization. This patient did not experience any
symptoms, although the palsy only partially resolved. Groin

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics

Adenosine1
(n 5 36)

Adenosine2
(n 5 62)

P-value

Age (years, +SD) 61+10 59+11 0.43

Male (%) 78 70 0.39

BMI (+SD) 27+3.7 27+4.0 0.87

Paroxysmal AF (%) 86 90 0.50

Duration AF
(months, +SD)

64+60 58+53 0.60

Atrial flutter (%) 28 29 0.92

Number of AADs
(+SD)

1.7+0.7 2.0+0.7 0.07

Left atrial diameter
(mm, +SD)

42+6.7 42+5.6 0.74

Hypertension (%) 50 52 0.84

Structural heart
disease (%)

25 15 0.21

AAD, anti-arrhythmic drug; AF, atrial fibrillation; SD, standard deviation.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Procedural characteristics

Adenosine1 (n 5 36) Adenosine2 (n 5 62) P-value

Fluoroscopy time (min, +SD) 24+11 34+10 <0.01

Cryo time (min, +SD) 57+21 51+11 0.06

Minimal temperature

Left superior PV (8C, +SD) 251+8 249+9 0.50

Left inferior PV (8C, +SD) 248+8 248+11 0.89

Right superior PV (8C, +SD) 254+6 249+15 0.12

Right inferior PV (8C, +SD) 249+8 248+12 0.63

Time to isolation

Left superior PV (s, +SD) 75+30 66+30 0.40

Left inferior PV (s, +SD) 57+35 63+43 0.63

Right superior PV (s, +SD) 38+19 54+55 0.18

Right inferior PV (s, +SD) 51+29 78+68 0.13

Cardioversion (%) 36 29 0.44

Bold P-values indicate significance (P , 0.05).
PV, pulmonary vein; SD, standard deviation.
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haematoma occurred in 4% of patients (n ¼ 4). Overall, complica-
tions did not lead to repeat hospitalization or death.

Discussion
This study evaluated the incidence and predictors of DC 30 min
after cryoballoon ablation in patients with AF and the effect of
treating this ‘late’ DC on the incidence of AF recurrences during
follow-up.

The most important findings are (i) if a 30-min waiting period
after the last ablation is incorporated, incidence of DC during
adenosine infusion after cryoballoon ablation is increased compared
with previous studies, (ii) treatment of this late DC with addition ab-
lation increases efficacy of cryoballoon ablation, and (iii) late DC can
be predicted by absence of PV isolation during the first freeze. There-
fore, a 30-min waiting period after cryoballoon ablation may only
be necessary when PV isolation is not achieved during the first
freeze, thereby obviating the need for a 30-min waiting period in a
substantial number of procedures. In this study, all PVs were isolated
during the first freeze in 33% of procedures.

Incidence of DC
Pulmonary vein reconnection is the underlying mechanism of a large
part of AF recurrences after ablation and identification of

incompletely ablated PV connections with depolarized but still
viable atrial myocytes is important.11,12 Incorporation of a waiting
period after PVI was identified as an important tool to identify PV re-
connection and to reduce AF recurrences by treating this reconnec-
tion with additional applications.2 The value of employing adenosine
after PVI was described by Matsuo et al.,13 who showed that perform-
ing additional RF applications after identification of DC was found to
reduce AF recurrences to 20% after a mean follow-up period of
20 months when compared with patients treated with RF ablation
only (40% AF recurrences). Recently, the results of the ADVICE
trial were presented at the Scientific Sessions of the Heart Rhythm
Society, in which patients were randomized to no ablation or ablation
of DC. Dormant conduction was present in 21% of veins and treat-
ment of DC led to a 13% absolute increase in 1 year outcome of
PVI. The effect of both adenosine infusion and incorporating a
30-min waiting period after PVI to identify PV reconnection in
patients with paroxysmal AF has been evaluated as well.3 Both tech-
niques were found to reveal a significant amount of early PV recon-
nection with the waiting period showing the highest efficacy (19.8
vs. 14.6% of all veins). Combining the two may result in a complemen-
tary effect aiming at reduction of AF recurrences. A study performed
by Ninomiya et al.14 evaluated the effect of adenosine infusion during
radiofrequency AF ablation after a waiting time of at least 30 min.
Twenty of 81 PVs (25%) were found to have DC; DC of 12 PVs
(60%) was detected after a mean waiting period of 66+ 55 min
and an additional eight PVs (40%) showed DC after adenosine
infusion. The effect on the incidence of AF recurrences was not
evaluated, however.

Chiercha et al.7 assessed the incidence of DC with 20 mg adeno-
sine and a 15 min waiting period after PVI was achieved with cryobal-
loon ablation. In this study, only 4.6% of PVs showed DC. Van Belle
et al.6 found a higher incidence of DC with 24 mg adenosine after
cryoballoon ablation (8% of PVs) without incorporation of a
waiting time after PVI. In our study, the incidence of DC after cryobal-
loon ablation was even higher with 14% of PVs showing DC after a
30-min waiting period and with an average of 17 mg adenosine.
Since other procedural characteristics were comparable between
the studies, the 30 min waiting period that was applied in our study

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Localization and incidence of DC

LSPV LIPV RSPV RIPV Total

Total number of veins 36 35 36 36 143

Number of veins with DC 7 7 4 2 20

% of veins with DC 19 20 11 6 14

Number of veins with acute
isolation

34 34 34 35 137

DC, dormant conduction; LIPV, left inferior pulmonary vein; LSPV, left superior
pulmonary vein; RIPV, right inferior pulmonary vein; RSPV, right superior
pulmonary vein.

Adenosine dose

Cardioversion

Paroxysmal AF

0.015625 0.0625 0.25

Odds ratio

1 4 16

Isolation first freeze 0.06 (0.02 – 0.21)

0.06 (0.02 – 0.21)

1.07 (0.10 – 1.15)

1.01 (0.93 – 1.10)

1.54 (0.59 – 4.01)

1.53 (0.33 – 7.16)

OR (95% Cl) P value

<0.01

<0.01

0.06

0.80

0.38

0.59

Minimal temperature

Figure 2 Univariate and multivariate prediction of DC (AF, atrial fibrillation; OR, odds ratio, turquoise line represents univariate analysis, red line
represents multivariate analysis).
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may have led to an increase in DC incidence. Interestingly, however,
the incidence of DC 30 min after ablation in our study was not
increased compared with infusion of adenosine immediately after
RF ablation.3 This may be explained by the more homogeneous
lesions created by the cryoballoon compared with point-by-point
RF ablation, in which catheter contact and lesion efficacy may vary
between different ablation points thereby potentially increasing the
incidence of DC.

Predictors of DC
To our knowledge, no other study reported on factors that can
predict the presence of DC after AF ablation. As mentioned
before, identification of other predictors, besides prolongation of
the waiting time, to identify DC is very important in order avoid pro-
longed waiting times whenever possible.

In this study, isolation of a PV during the first freeze was found to
independently reduce the incidence of DC. It has been suggested that
poor contact between an ablation catheter and the myocardium may
cause tissue oedema and thereby incomplete ablation lesions.15 In
addition, a recent study on lesion formation on MRI after ablation
with RF energy showed that patients with AF recurrences during
follow-up had more oedema immediately after ablation and less ne-
crosis 3 months after ablation, indicating the presence of more re-
versible tissue injury.16 In line with this, it may be hypothesized that
poor tissue contact with the cryoballoon may have caused both
absence of isolation during the first freeze and DC due to tissue
oedema in our study.

Effect of treating DC on 12 month
outcome
The efficacy of cryoballoon ablation described in the literature shows
large variations, depending on multiple factors including number of

patients with persistent AF, frequency of rhythm monitoring,
applied criteria for AF recurrence, and follow-up period.

The effective treatment of the higher incidence of DC described in
this study did not seem to result in better outcome compared with
the outcome described by van Belle et al., since the efficacy of both
procedures appears comparable.6 Van Belle et al. also reported a
longer follow-up period compared with our study (17+5 vs.
12+ 1 months). On the other hand, failure of ablation in the study
by Van Belle et al. was defined as recurrence of AF only, while we
included recurrence of other types of atrial arrhythmia as well. In add-
ition, we included patients with either paroxysmal or persistent AF,
while Van Belle et al. only included patients with paroxysmal AF.

Therefore,weperformedasubanalysis includingonlypatientswith
paroxysmal AF from the adenosine+ group which showed a lower
incidence of AF recurrence (23%) during follow-up compared with
Van Belle et al. (32%). These results suggest that incorporation of a
waiting period after PVI before adenosine administration may
reduce the amount of AF recurrences. The difference between
success with and without usage of AADs was relatively high. Two
patients of the control group used a low dose of AADs for symptom-
atic premature atrial complexes and two patients of the adenosine
group for premature ventricular complexes or a combination of
PVCs and PACs. The ablation procedure may have been successful
in these patients without the use of AADs.

Procedural characteristics
The cryoablation duration showed a tendency to be prolonged in the
adenosine group (P ¼ 0.06), which can be explained by the additional
cryo-applications for treatment of DC. Mean fluoroscopy time was
significantly longer in the control group compared with the adeno-
sine group (P , 0.01, Table 2). This is probably due to the fact that
the first procedures in this group were performed using a separate

Age

OR (95% Cl) P value

1.03 (0.99 – 1.08) 0.19

0.30

0.02
0.01
0.20

0.09
0.06
0.22

0.68

0.71

0.40

0.14

0.61 (0.24 – 1.56)

0.29 (0.11 – 0.81)

0.93 (0.82 – 1.04)

0.34 (0.09 – 1.20)
0.26 (0.07 – 1.04)

0.98 (0.91 – 1.06)

0.85 (0.36 – 1.99)

0.88 (0.74 – 1.05)

1.50 (0.58 – 3.88)

1.01 (0.10 – 1.01)

0.29 (0.09 – 0.75)
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Figure 3 Univariate and multivariate prediction of AF recurrence (AF, atrial fibrillation; LA, left atrium; OR, odds ratio, turquoise line represents
univariate analysis, red line represents multivariate analysis).
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circular mapping catheter, which needed to be exchanged through
the single transseptal sheath. When comparing patients of both
groups ablated with the mapping catheter integrated in the cryobal-
loon catheter, fluoroscopy times were no longer significantly differ-
ent (28+6.9 min for the control group vs. 24+ 11 min for the
adenosine group, P ¼ 0.12).

Clinical implications
Since incomplete PV isolation is a risk factor for AF recurrence, iden-
tification, and treatment of DC may increase success of ablation.
Failure to isolate a PV during the first freeze was found to be an inde-
pendent predictor for the presence of DC. Since inadequate occlu-
sion of the PV and poor contact between the catheter and PV
tissue might cause oedema, operators should carefully check
whether the PV is completely occluded with the cryoballoon
before ablation and terminate ablation when isolation is not
reached after a reasonable amount of time to prevent formation of
oedema leading to incomplete lesions.

Evaluation of DC during cryoballoon ablation seems a useful tool
to improve durable PV isolation, especially for PVs that are more dif-
ficult to isolate, thereby reducing AF recurrences during follow-up.

Limitations
During follow-up, ECGs and 24 h Holter recordings were only
obtained every 3 months or if a patient experienced complaints pos-
sibly related to AF recurrence. Although this is according to guideline
recommendations, AF recurrences that could have occurred during
in-between periods may have been missed.17 Although the HRS/
EHRA/ECAS Expert Consensus Statement requires the application
of event recorders in the presence of symptoms, event recorders
were not applied in this study.18 Alternatively, we made any effort
to stimulate patients to obtain an ECG recording if symptoms oc-
curred that could be related to an arrhythmia. However, this
limited registration of heart rhythm during follow-up may have led
to underestimation of the incidence of AF recurrence and thereby
to an overestimation of success rates. In patients with AF recur-
rences, no systematic electrophysiological evaluation was performed
to investigate the relation between treated DC during the first pro-
cedure and PV reconnection during follow-up.

This study was non-randomized, observational, and single centre.
The group sizes were relatively small, especially the adenosine group.
Due to statistical collinearity, we could not include both ‘time to iso-
lation’ and ‘isolation during the first freeze’ in the multivariate model
for the prediction of DC. We selected ‘isolation during the first
freeze’ as it is a dichotomous parameter and may therefore be
more useful to assess the risk of developing DC and to decide
whether it would be necessary to test for DC after a 30-min
waiting period. As we did not test DC directly after ablation, we
cannot definitely conclude that incorporating a 30-min waiting
period after ablation increased the incidence of DC.

Besides this, a new cryoballoon catheter (Arctic Front Advance,
Medtronic, Minneapolis, MN, USA) was developed to reduce AF
recurrences. The improved cooling seems to result in higher rates
of permanent PV isolation and a lower rate of AF recurrences
during follow-up.19,20 However, several papers have recently
reported on a higher incidence of phrenic nerve and oesophageal
complications during ablation with this balloon.21,23 Single 3 min

freezes per vein are now considered to prevent these complications,
which may once more lead to an increase in DC incidence.24 There-
fore, testing for and treatment of DC in cryoballoon ablation may
remain valuable with the second-generation cryoballoon. A rando-
mized controlled trial based on a pre-specified sample size is there-
fore necessary to evaluate the additional value of DC identification
and treatment with the new cryoballoon.

Conclusions
Incorporating a 30-min waiting period after cryoablation increases
the incidence of DC compared with previous studies. Treatment of
this late DC with additional ablation may increase efficacy of cryobal-
loon ablation. Late DC can be predicted by the absence of PV isola-
tion during the first freeze. Therefore, a 30 min waiting period after
cryoballoon ablation may only be necessary when PV isolation is
not achieved during the first freeze. This predictor may therefore
be a useful tool foroptimizing cryoballoon ablation, aiming at both re-
duction of procedure times and AF recurrences.
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