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a b s t r a c t

Background: Second-generation cryoballoon ablation is safe and effective in patients with paroxysmal
(PAF) and persistent atrial fibrillation (AF).
Objective: This study aimed to assess the long-term clinical outcomes and freedom from AF in patients
undergoing thermal-guided cryoablation without the use of an electrical mapping catheter.
Methods: All patients who had undergone thermal-guided second-generation cryoablation without
electrical mapping between January 2015 and April 2018 at Eastbourne District General Hospital were
retrospectively analysed. Success was defined as freedom from atrial arrhythmia lasting >30 s during the
follow up period.
Results: The study included 234 patients with a mean age of 65.3 ± 10.6 years. There were 134 (57.0%)
and 100 (42.7%) patients who had PAF and persistent AF respectively.
Arrhythmia recurrence occurred in 38 of 134 (28.4%) PAF and 42 of 100 (42.0%) persistent AF patients
after mean follow up of 40 ± 9.2 months. The patients with PAF had a significantly greater freedom from
arrhythmia than patients with persistent AF (p ¼ .040). The mean procedure time was 55.5 ± 12.2 min
and the mean fluoroscopy time was 10.9 ± 4.8 min 73.5% of patients were discharged on the same day.
Conclusion: Thermal-guided cryoablation is feasible, safe and results in freedom from arrhythmia in the
majority of paroxysmal and persistent AF patients in the long term. Randomised controlled trials are
required to confirm the findings of this study.
Copyright © 2021, Indian Heart Rhythm Society. Production and hosting by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Second-generation cryoablation has been shown to be safe,
effective and improve symptoms in patients with paroxysmal (PAF)
and persistent atrial fibrillation (AF) [1e3]. Using the first genera-
tion cryoballoon, the STOP AF trial reported a freedom from
arrhythmia rate of 69.9% [2]. More recently, the STOP Persistent AF
trial reported a 12 month freedom from arrhythmia rate of 54.8%
[3].

Recently it has been shown that thermal-guided cryoablation is
as effective as cryoablation with pulmonary vein mapping with
similar AF recurrence rates [4e6]. However previous studies have
been limited by only including patients with PAF or a low number
of patients [4e6].
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This study examines the long-term effect of thermal-guided
second-generation cryoablation, which is standard practice in our
centre, in patients with PAF and persistent AF.

2. Methods

All patients who had undergone thermal-guided second-gen-
eration cryoablation between January 2015 and April 2018 at
Eastbourne District General Hospital were retrospectively analysed.
Data was collected from the Eastbourne District General Hospital
AF ablation registry and clinical notes. The studywas registered and
approved by the local clinical effectiveness group (East Sussex
Healthcare NHS Trust) and complies with the Declaration of
Helsinki.

2.1. Definitions

Patients were defined as having PAF if they had any episode of
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AF which self-terminated or required cardioversion within 7 days
of onset. Persistent AF patients were defined as having episodes of
AF lasting longer than 7 days [7].

A major complication was defined as any adverse event related
to the procedure, which required intervention for treatment,
caused long-term disability, or resulted in prolonged
hospitalisation.

2.2. Procedure management

Before ablation, each patient gave written informed consent for
the procedure. All procedures were performed on uninterrupted
anticoagulation. After obtaining femoral venous access, a decapolar
catheter was placed in the coronary sinus (CS). Left atrial access was
achieved using the modified Brockenbrough technique [8] and a
8.5F transseptal sheath (SL1, St Jude Medical, St Paul, MN) which
was then exchanged over the wire for the 12F Flexcath Advance.
After the transseptal puncture, heparin was administered to
maintain an activated clotting time >300 s.

An Amplatz Super Stiff Guidewire (Boston Scientific Corpora-
tion, Boston, MA) was used in the inner lumen of the FlexCath and
was advanced into each pulmonary vein. A 28-mm Arctic Front
Advance cryoballoon (Medtronic, Minneapolis, MN) was positioned
in each pulmonary vein ostium and inflated. Complete vessel oc-
clusion was considered to be achieved by contrast injection and if
there was no backflow of contrast in to the LA. Each ablation was
performed with a single 3-min freeze for each vein [9,10].

A second freeze using a different balloon angulation was per-
formed if there was contrast backflow in to the LA or if a temper-
ature of �40 �C was not reached within 60 s.

Prior to ablation of right-sided pulmonary veins, the decapolar
catheter was placed in the right subclavian vein or superior vena
cava to pace the right phrenic nerve (10e20 mA at 1.0e2.0 msec
pulse width at a cycle length of 1000 msec). Ablation was imme-
diately terminated upon any perceived reduction in the strength of
diaphragmatic contraction.

If after successful cryoablation of all four pulmonary veins the
patient remained in AF, external electrical cardioversion was
performed.

Cardiac tamponade was assessed every half an hour and at the
end of the procedure by checking the left anterior oblique (LAO)
projection for reduced lateral heart border excursion [11].

2.3. Post-procedure management

After the procedure, each patient was monitored continuously
for any complication and most were discharged the same evening
or if the procedurewas performed in the late evening, the following
day if clinically stable. Post procedure echocardiography was not
routinely performed. Anti-arrhythmic medications were dis-
continued before the end of the blanking period (3 months).

2.4. Follow-up

Clinical follow-up data were collected until April 2020 allowing
for a minimum of two years follow-up in all patients. Patients were
reviewed in the outpatient clinic at threemonths and one-year post
procedure and were assessed for AF related symptoms and un-
derwent an electrocardiogram (ECG) to document any arrhythmia
recurrence and 24 h Holter monitoring at 3 months and one year.
Thereafter patients were followed up and monitoring was per-
formed upon physician discretion and their suspicion of arrhythmia
recurrence.

Recurrence of AF was deemed to have occurred whenever an
atrial arrhythmia lasting more than 30 s was documented on
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continuous monitoring or resting ECG during the follow-up period
after a three-month blanking period.

2.5. Statistical analysis

Continuous variables are presented as mean ± SD or median
(interquartile range), as appropriate. Categorical variables are pre-
sented as absolute number and percentage. Continuous variables
between groups were analysed using Student's T-Test or the inde-
pendent medians test. Categorical variables between groups were
analysed using the Chi-square test.

The primary outcome of time to atrial arrhythmia was plotted
using the Kaplan-Meier estimator. The log-rank test was used to
compare freedom from arrhythmia between groups. All statistical
analysis was performed using SPSS version 26. A p-value less than
0.05 was considered to be significant.

3. Results

In total, 235 cryoablation procedures were performed or
attempted during the study period. One procedure was abandoned
before cryoablation was attempted due to difficult transseptal ac-
cess which required postponement of the procedure. This proced-
ure is included in the complication data but excluded when
calculating arrhythmia-related outcomes.

Thus 234 patients underwent thermal-guided cryoablation
without electrical mapping. The mean age was 65.3 ± 10.6 years
and 52.1% of patients were male. At index procedure 134 (57.0%)
and 100 (42.7%) patients had PAF and persistent AF respectively
(Table 1).

There was no significant difference in the average age between
groups (p ¼ .138). Patients with PAF had a significantly smaller left
atrial antero-posterior diameter (p < .001) than patients with
persistent AF. Patients with persistent AF were significantly more
likely to have congestive cardiac failure than patients with parox-
ysmal AF (19 (19%) vs 11 (8.2%), p < .001). At baseline all patients
had failed or were intolerant of an antiarrhythmic or beta-blocker
therapy (Table 1).

The mean duration of follow up was 40 ± 9.2 months. The mean
continuous duration of AF in persistent AF patients was 3.6 ± 2.5
months.

3.1. Procedural characteristics

Themajority of the procedures were performed under conscious
sedation (98.7%) and were discharged on the same day (73.5%). The
mean procedure time was 55.5 ± 12.2 min and the mean fluoros-
copy time 10.9 ± 4.8 min in all patients (Table 2).

In total 7 (5.2%) PAF patients and 2 (2.0%) persistent AF patients
had an common left-sided pulmonary vein. In total 8 (3.4%) pa-
tients underwent additional cavotricuspid isthmus line ablation.

3.2. Arrhythmia recurrence & predictors of success

A documented recurrence of an atrial arrhythmia lasting longer
than 30 s after undergoing thermal-guided cryoablation occurred
in 80 of 234 (34.2%) patients. Arrhythmia recurrence occurred in 38
of 134 (28.4%) PAF and 42 of 100 (42.0%) persistent AF patients
(Fig. 1). Patients with PAF had significantly greater freedom from
arrhythmia than patients with persistent AF (p ¼ .040).

3.3. Repeat ablation

In total 55 (23.5%) patients (25 PAF and 30 persistent AF) un-
derwent a repeat ablation procedure using radiofrequency energy.



Table 1
Baseline characteristics of the study group.

Characteristic All patients (N ¼ 234) PAF (N ¼ 134) Persistent AF (N ¼ 100) P value

Age (years) 65.3 ± 10.6 64.4 ± 10.3 66.5 ± 11.0 .138
Male gender, n (%) 122 (52.1) 64 (47.7) 58 (58.0) .146
Time since first AF diagnosis (months) 37.8 ± 40.7 36.3 ± 39.0 39.1 ± 42.1 .570
Ejection fraction (%) 55.0 ± 11.2 56.3 ± 9.0 52.0 ± 11.9 .002
Left atrial diameter (mm) 39.1 ± 6.1 37.5 ± 6.4 41.1 ± 5.7 <.001
Diabetes, n (%) 20 (8.5) 11 (8.2) 9 (9.0) .818
Hypertension, n (%) 115 (49.1) 60 (44.8) 55 (55) .146
Ischaemic heart disease, n (%) 24 (10.3) 12 (9.0) 12 (12.0) .516
Cerebrovascular disease, n (%) 13 (5.6) 9 (6.7) 4 (4.0) .406
Hypercholesterolemia, n (%) 30 (12.8) 12 (9.0) 18 (18.0) .073
Congestive cardiac failure, n (%) 30 (12.8) 11 (8.2) 19 (19.0) <.001
CHA2DS2-VASc 2.1 ± 1.4 2.0 ± 1.5 2.2 ± 1.3 .194
Previous Medical therapy
Amiodarone, n (%) 60 (25.6) 18 (13.4) 42 (42) <.001
Flecainide, n (%) 31 (13.2) 25 (18.7) 6 (6) .005
Sotalol, n (%) 28 (12.0) 23 (17.2) 5 (5) .005
Dronedarone, n (%) 14 (6.0) 9 (6.7) 5 (5) .584
Propafenone, n (%) 2 (0.9) 2 (1.5) 0 (0) .220
Bisoprolol, n (%) 132 (56.4) 76 (59.0) 56 (56) .913
Anticoagulation therapy
NOAC, n (%) 183 (78.2) 107 (79.9) 76 (76) .480
Vitamin K antagonist, n (%) 51 (21.8) 27 (20.1) 24 (24) .480

Table 2
Procedural characteristics.

All patients (N ¼ 234) PAF (N ¼ 134) Persistent AF (N ¼ 100) P value

Total procedure time in minutes 55.5 ± 12.2 56.7 ± 12.3 56.2 ± 12.2 .746
Total fluoroscopy time in minutes 10.9 ± 4.8 11.0 ± 4.4 10.9 ± 5.2 .921
Minimum Temperature LUPV (�C) �47.0 ± 5.2 �47.3 ± 5.6 �46.4 ± 4.6 .188
Minimum Temperature LLPV (�C) �45.2 ± 4.0 �45.5 ± 4.2 �44.8 ± 3.8 .238
Minimum Temperature RUPV (�C) �47.1 ± 5.6 �47.2 ± 5.7 �47.0 ± 5.5 .831
Minimum Temperature RLPV (�C) �45.3 ± 5.3 �45.6 ± 6.1 �45.0 ± 5.0 .422
Cavotricuspid isthmus Line N (%) 8 (3.4) 1 (0.7) 7 (7.0) .022

LUPV Left upper pulmonary vein, LLPV Left lower pulmonary vein, RUPV Right upper pulmonary vein, RLPV Right lower pulmonary vein.

Fig. 1. Arrhythmia free survival in PAF and persistent AF patients.
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12 (21.8%) patients underwent repeat ablation using PVAC GOLD
(Medtronic, Minneapolis, MN) catheter and 43 (78.2%) patients
underwent point-by-point ablation guided by CARTO (Biosense
Webster Inc., Diamond Bar, California) or EnSite NavX (St. Jude
Medical, St Paul, Minnesota) 3D electroanatomical mapping sys-
tem. The mean time to repeat ablation was 16.7 ± 11.1 months.

At repeat ablation, 16 (64%) PAF patients had at least one
reconnected vein compared to 24 (80%) of persistent AF patients. In
the whole cohort 17 (31.5%) left upper pulmonary veins, 19 (35.2%)
left lower pulmonary veins, 23 (41.8%) right upper pulmonary
veins, and 24 (43.6%) right lower pulmonary veins were found to be
reconnected. One patient with left-sided common pulmonary vein
required repeat ablation and reisolation.

Additionally, 23 patients underwent complex fractionated
electrogram ablation, 4 patients underwent roof linear ablation, 9
patients underwent mitral isthmus line ablation, 19 patients un-
derwent cavotricuspid isthmus line ablation and 2 patients un-
derwent atrial tachycardia ablation.

In total 8 patients underwent a third ablation during the study
period. The mean time between the second and the third ablation
was 12.3 ± 4.0 months. All patients had persistent AF at index
procedure. All procedures were performed using point-by-point
technology (6 CARTO and 2 EnSite NavX). At third ablation 1
(12.5%) left upper pulmonary vein, 2 (25%) left lower pulmonary
veins, 2 (25%) right upper pulmonary veins and 4 (50%) right lower
pulmonary veins were found to be reconnected. Additionally 3
(37.5%) patients underwent complex fractionated electrogram
ablation, 3 patients roof linear ablation, 3 patients underwent
mitral isthmus line ablation, 3 patients underwent cavotricuspid
isthmus line ablation and 3 patients underwent atrial tachycardia
ablation.

3.4. Procedural complications

Device and/or procedure-related complications occurred in 16
patients (6.8%) (Table 3). The major and minor complication rate
was 2.6% and 4.2% respectively each. The most frequent complica-
tion, was phrenic nerve injury which occurred in 6 patients (2.6%).
In all cases phrenic nerve injury resolved at follow up. 1 patient
presented one week after ablation with a pseudoaneurysm of the
superficial femoral artery, which required thrombin injection. 1
patient had an inadvertent aortic root puncture with the trans-
septal needle which did not result in cardiac tamponade. The
procedure was abandoned without cryoablation performed and
was postponed to a later date with the transeptal puncture guided
by a transoesophageal echocardiogram. 2 (0.9%) patients had a
pericardial effusion and cardiac tamponade, which required peri-
cardiocentesis. Both patients were discharged after a period of
observation without further sequelae.

4. Discussion

The main findings in this study were
Table 3
Procedural complications.

Major complications

Pericardial effusion requiring pericardiocentesis
Transient ischaemic attack or stroke
Vascular injury requiring blood transfusion or intervention
Aortic root perforation
Minor complications
Haematoma
Temporary phrenic nerve injury
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1) The long-term freedom from arrhythmia success rate was 65.8%
in all patients.

2) Freedom from arrhythmia success rate in PAF patients was
significantly greater than in patients with persistent AF.

3) The complication rate was very low.

In this study, the long-term freedom from arrhythmia success
rate is reported to be 71.6% in PAF patients. This is similar to the
reported outcomes in the STOP-AF post approval study which re-
ported a three-year freedom from arrhythmia rate of 68.1% in PAF
patients [12]. Additionally, the results in this study are comparable
to those reported by Papparella et al. who reported outcomes in 192
PAF patients who also underwent thermal-guided ablation [6].
Similarly, Iacopino et al. also demonstrated a high success rate in
PAF patients undergoing thermal-guided ablation when compared
to a propensity matched cohort who underwent cryoablation with
the Achieve catheter [13]. This study supports the finding of Iaco-
pino and Papparella et al. with the majority of patients free from
arrhythmia during the follow-up period.

This study also reports PVI without using concurrent pulmonary
vein electrical mapping (using the Achieve catheter, Medtronic,
Minneapolis, MN) in patients with persistent AF, which is standard
practice in our institution. The long-term freedom from arrhythmia
is reported to be 58% in persistent AF patients, significantly less
than patients with PAF. This is to be expected given that patients
with longer-term AF have been shown to have greater left atrial
dilatation, fibrosis and substrate than patients with PAF [14].
Despite this, previous studies have not found a significant differ-
ence in performing additional linear and substrate ablation and PVI
compared to PVI alone at index procedure [15].

The results achieved in this study may be explained by the fact
that the second generation cryoballoon (Arctic Front Advance) re-
sults in a high rate of chronic lesion durability [16] and complete
circular homogenous lesions to a greater extent than the first
generation cryoballoon (Arctic Front) [17,18] Additionally, all op-
erators at our centre are highly experienced in using the cry-
oballoon catheter performing more than 300 cryoablations each.
Furthermore, utilising parameters such as achieving �40 �C at 60s
(which has been shown to be a predictor of decreased PV recon-
nection) [19] may have contributed to the results seen in this study.

In this study, 74.1% of all patients were discharged on the same
day of their procedure, which is greater than the same day
discharge rate of 20.8% and 28.5% reported by Bartoletti et al. and
Reddy et al. [20,21] Although this study only reports the outcomes
of patients undergoing cryoablation, this is representative of the
majority of AF ablations conducted during the study period in our
institution as all patients undergoing the first time AF ablation
undergo cryoablation as described.

Deyell et al. reported a same day discharge rate of 79.2% [22]
however the majority of the procedures were performed using
radiofrequency energy and under general anaesthesia with pro-
longed average procedure times of more than 3 h [22]. The mean
procedure time reported in this study was 55.5 ± 12.2 minwhich is
2 (0.9%)
2 (0.9%)
1 (0.4%)
1 (0.4%)

4 (1.7%)
6 (2.6%)
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significantly less compared to previous studies. The Cryo AF Global
Registry reported a procedure time of 82 ± 34 min and Sawhney
et al. reported a procedure time of 95 ± 65 min [23,24]. In addition,
the fluoroscopy times in this study compared to previous studies
using electrical mapping is more favourable. Knight et al. and
Sawhney et al. reported a fluoroscopy time of 20.1 ± 12.1 min and
13 ± 10 min compared to 10.9 ± 4.8 in this study [12,24].

Thermal-guided cryoablation may also result in cost savings
with the Achieve Mapping catheter costing £960 representing a
saving of £240,960 in this study alone [25]. Thus using a stepwise
approach using thermal-guided cryoablation at the first procedure
and radiofrequency ablation at the second procedure as used in this
study may improve catheter lab efficiency and lead to considerable
cost savings.

In this study, 23.5% of patients underwent a repeat ablation. The
percentage of PAF patients undergoing repeat ablation in the study
(18.7%) is similar to the reported number by Papparela et al. (18%).
In addition, the number of PAF patients who had reconnected veins
was also similar to that reported by Pappaela et al. [6] The pul-
monary vein reconnection rate in the persistent AF group was
higher than in the PAF group. In addition, substrate ablation was
more likely to be performed in the patients with persistent AF than
PAF which is to be expected given the greater fibrosis seen in these
patients [14].

The complication rate in this study was low. This is similar to
previous studies and also real world registry data [3,26]. The major
complication rate in the Multicentre STOP-AF persistent trial was
reported to be 5.5% and the total complication rate in large
nationwide analysis of 5608 patients undergoing cryoablation in
Germany was reported to be 12.3% [3,26]. The rate of pericardial
effusion is likely to be under reported considering routine echo-
cardiography was not performed at the end of the procedure
however this did not have any clinical impact as no patient repre-
sented with signs of cardiac tamponade after discharge. Addition-
ally, cardiac tamponade was checked for at the end of each case
using the LAO fluoroscopic projection [11]. There was one patient
who had a pseudoaneurysm of the superficial femoral artery, which
occurred before the introduction of ultrasound guided vascular
access in our institution.
5. Limitations

This study was retrospective in nature and non-randomised,
thus follow up and management was dependent on physician
discretionwhich may have impacted the results. Invariably as long-
term follow up was symptom guided, patients underwent a lesser
degree of ECG monitoring which would be expected in a clinical
trial however the results presented is more reflective of real world
practice.

This study only reports the findings of patients undergoing
thermal-guided ablation without electrical mapping and does not
have a comparison group. Thus, the results seen in this study when
compared to a cohort of patients undergoing cryoablation with
electrical mapping may be no different.
6. Conclusion

This study reports the long-term outcomes after thermal-
guided second-generation cryoballoon ablation in patients with
PAF and persistent AF. The study shows that thermal-guided cry-
oablation is feasible, safe and results in freedom from arrythmia in
the majority of patients. More studies, including randomised
controlled trials, are required to confirm our findings.
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