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Background: High-power short-duration (HPSD) and cryoballoon ablation (CBA) has been used for
pulmonary vein isolation (PVI).
Objective: We aimed to compare the efficacy of PVI between CBA and HPSD ablation in patients with
paroxysmal atrial fibrillation (PAF).
Methods: We retrospectively analyzed 251 consecutive PAF patients from January 2018 to July 2020. Of
them, 124 patients (mean age 57.2 ± 10.1 year) received HPSD and 127 patients (mean age 59.6 ± 9.4
year) received CBA. In HPSD group, the radiofrequency energy was set as 50 W/10 s at anterior wall and
40 W/10 s at posterior wall. In CBA group, 28 mm s generation cryoballoon was used for PVI according
the guidelines.
Results: There was no significant difference in baseline characteristics between these 2 groups. The time
to achieve PVI was significantly shorter in cryoballoon ablation group than in HPSD group (20.6 ± 1.7 min
vs 51.8 ± 36.3, P ¼ 0.001). The 6-month overall recurrence for atrial tachyarrhythmias was not signifi-
cantly different between the two groups (HPSD:14.50% vs CBA:11.0%, P ¼ 0.40). There were different
types of recurrent atrial tachyarrhythmia between these 2 groups. Recurrence as atrial flutter was
significantly more common in CBA group compared to HPSD group (57.1% vs 12.5%, P ¼ 0.04).
Conclusion: In PAF patients, CBA and HPSD had a favourable and comparable outcome. The recurrence
pattern was different between CBA and HPSD groups.
© 2023 Indian Heart Rhythm Society. Published 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/).
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1. Introduction

Paroxysmal atrial fibrillation (PAF) is one of the most common
arrhythmia, and associated with increased risk of heart failure,
cognitive decline, stroke and mortality [1e3]. Durable pulmonary
vein isolation (PVI) is the most imperative step in catheter ablation
of AF [4,5]

The high-power short duration (HPSD) radiofrequency (RF)
application causes more resistive heating and wider tissue injury
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Abbreviations

1. HPSD High power short duration ablation
2. CBA Cryoballoon ablation
3. PVI Pulmonary vein isolation
4. PAF Paroxysmal atrial fibrillation
5. RFCA Radiofrequency catheter ablation
6. PVP Pulmonary vein potentials
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characterized by the broader and shallower lesions. In contrast, RF
application of lower power and longer duration results in larger
conductive heating in deeper tissue and leads to deeper lesionwith
more risk of collateral damage [6,7]. This has been validated in in-
vivo animal studies where the longer duration ablations had led to
more steam-pops and complications. In PVI, HPSD approach was
introduced to reduce collateral damage during ablation and
decrease the procedure time [8]. However, the complexity of
radiofrequency catheter ablation (RFCA) procedure and the point
by point catheter ablation demands longer learning time. The
cryoballoon ablation (CBA) is relatively simple technique for PVI
and achieve tissue necrosis by deep freezing. The FIRE and ICE trial
demonstrated comparable safety and efficacy of CBA and RFCA for
PVI in patients with AF [9]. However, comparison of HPSD and CBA
for PVI in patients with paroxysmal AF (PAF) is still unclear. This
retrospective analysis was designed to examine the efficacy and
outcome of PVI using these modalities.

2. Methods

2.1. Patient population

This study retrospectively analyzed 251 consecutive PAF patients
attending Taipei Veterans general hospital for catheter ablation for
first time from January 2018 to December 2019. Of them,124 patients
(mean age 57.7 ± 11.9 year) received HPSD ablation protocol and 127
patients (mean age 59.6 ± 9.4 year) received CBA for PVI. Type of
modality use for ablationwas selected as per patient choice. PAF was
defined according to the statement from the 2017 Heart Rhythm
Society Expert Consensus as atrial fibrillation that is self-terminating
or with intervention within seven days of onset [10].. Patients with
structural heart disease, valvular atrial fibrillation, and history of
prior atrial fibrillation ablation were excluded. All clinical data were
obtained after the approval from the Taipei Veterans General Insti-
tutional ethics committee.

2.2. HPSD ablation protocol

The details of PVI procedure have been described in previous
publication [8]. Briefly, after providing written informed consent,
each patient underwent an electrophysiological study and ablation.
In our HPDS ablation protocol, the electroanatomical map of left
atrium was created by Ensite™ Precision (Abbott. St. Jude).(see
Fig. 3) An Inquiry AFocus II™ (electrode spacing:3.5-3.5-3.5) spiral
catheter or Advisor HD Grid mapping catheter (Abbott. St. Jude)
was used to record the PVPs. PVI was performed in antrum
circumferential ablation pattern using the TactiCath™ Quartz
Contact Force Ablation Catheter (Abbott. St. Jude). The power
setting was 50W for anterior wall and 40W for posterior wall. Each
point ablation time was setting as 10 s. The contact force was at
least 10 g (10e30 g) at each point. During ablation, bipolar voltage
electrogram (EGM) were observed and recorded.

The endpoint of PVI was elimination of all the PVPs. Superior
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vena cava and left atrial appendage pacing manoeuvre was used to
exclude interference of far-field signals. Exit block was confirmed
by pacing from every electrode of spiral catheter or from HD grid
catheter within the PV. Recheck for PV reconnectionwas performed
after a waiting period of 30 min. Gaps were defined as the area of
acute PV reconnection. If PVPs recurred, additional ablation was
applied at the reconnection site.

2.3. Cryoballoon ablation

After obtaining trans-septal access, an exchange wire was kept
within the left superior PV (LSPV), and a steerable 15-F over-the-
wire sheath (FlexCath Advance; Medtronic Inc, Minneapolis, MN)
was positioned in the left atrium.(see Fig. 4) A 28-mm second-
generation cryoballoon (Arctic Front Advance; Medtronic Inc) was
advanced over the 20- mm-diameter inner lumen mapping cath-
eter (Achieve Mapping Catheter; Medtronic Inc) to the left atrium.
Ablative lesions were created using intra-catheter temperatures of
around �50 �C delivered to each PV. During the CBA procedure, the
balloon was placed at the antrum of a PV and advanced toward the
PV to obtain occlusion, which was tested with radiopaque contrast
agent injection through the balloon's distal tip lumen. Retention of
contrast agent within the PV indicated occlusion. Cooling duration
of 4 min was used during PVI, therapy was interrupted if PVI was
not achieved within 60 s and balloon was repositioned. After PVI a
bonus freeze was administered. If PVPs persist after cryoablation
then point by point RF ablation was done with a 4 mm tip RF
ablation catheter. During all right-sided ablations, phrenic nerve
functionwas monitored by high output (8e12 mA) pacing from the
superior vena cava. The LSPV was treated first, followed by the left
inferior PV (LIPV), right inferior PV (RIPV), and right superior PV
(RSPV). If AF persisted after PVI then, sinus rhythmwas restored by
Direct current electrical cardioversion. Non-PV triggers were
identified and ablated with the methods described in our previous
publications [11e13].

Time to PVI was calculated by time to achieve bidirectional block
in all four pulmonary veins after placing ablation and mapping
catheters in the left atrium.

2.4. Follow up after procedure

Patients come for follow up at 3,6 and 9 weeks after the pro-
cedure and then every 6 weeks at outpatient clinic after discharge.
All patients underwent ECGs at every opd visit. The post ablation
follow-up included 24-hour Holtermonitoring and/or cardiac event
recordingwith a duration of 1 week was performed 3months and 6
months after ablation, or whenever patients reported clinical
symptoms. Long-term efficacy was assessed on the basis of a
resting surface 12-lead electrocardiogram, 24-hour Holter moni-
toring, and/or 1-week recordings of a cardiac event recorder. The
recurrent atrial tachyarrhythmia (including AF, atrial flutter, and
focal atrial tachycardia) was defined as an episode of atrial tachy-
arrhythmia lasting more than 30 s after blanking period (3 months
after ablation). Atrial flutter was diagnosed based on P wave anal-
ysis from electrocardiogram.

2.5. Statistical analysis

All continuous variables were reported as mean ± standard
deviation (SD), while categorical variables were reported as pro-
portions. Between-groups comparisons of continuous variables and
proportional variables were performed using Student's t-test and
chi-square test respectively. A two-sided P < 0.05 was considered
significant. All statistical analyses were performed using SPSS
software version 20.0 (SPSS Inc, Chicago).



Table 2
The parameters of ablation procedure in CBA and HPSD groups.

CBA group (n ¼ 127) HPSD group (n ¼ 124) P value

PVI Time, min 20.6 ± 1.7 51.8 ± 36.3 0.001
PV Gaps, n (%) 8 (6.3%) 9 (7.2%) NS
Complications, n (%) 0 0 NS
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3. Result

3.1. Patient characteristics

The baseline characteristics and demographics of the patients
are shown in Table 1. Therewas no significant difference in baseline
characteristics between the 2 groups.
3.2. Ablation procedure

The parameters of ablation procedure were shown in Table 2.
Time to achieve PVI was significantly shorter in cryoballoon abla-
tion group (20.6 ± 1.7 min vs 51.8 ± 36.3 min, P¼ 0.001). As there is
a learning curve with HPSD procedure, time to achieve pulmonary
vein isolation become progressively become shorter as the expe-
rience with the procedure increases. 8/127 patients (6.2%) received
touch-up radiofrequency ablation in CBA group for PV gaps after
balloon application. 9/124 (7.2%) patients required additional PV
ablation for PV gaps after initial ablation in the HPSD group. There
were nomajor procedure related complications in any of the group.
3.3. Recurrence

After 3 months of blanking period, 18/124 (14.5%) patients in the
HPSD group and 14/127 (11.0%) patients in the CBA group had
recurrent atrial arrhythmias (P¼ 0.40) during 6-month's follow-up.
There was no difference in the number of antiarrhythmic drugs
used after ablation between both groups. Residual PVP ablation by
touch-up RFA was not associated with recurrence in CBA group
(recurrence: 0/8 vs no recurrence: 14/119, P ¼ 0.59). The Kaplan-
Meier curve did not show significant difference in recurrence be-
tween the two groups 6-month's follow-up (Log rank P ¼ 0.318).
(Fig. 1).

There were different recurrent patterns between 2 groups
(Fig. 2). A significantly higher incidence of recurrent atrial flutter in
CBA group was found compared to HPSD group (57.1% vs 11.1%,
P ¼ 0.04).
4. Discussion

4.1. Main finding

The main findings of this study were [1] The time to achieve PVI
was significantly shorter in the CBA group [2], there was no sig-
nificant difference in incidence of recurrent atrial tachyarrhythmias
between CBA and HPSD ablation of PAF [3], there were different
recurrent patterns between CBA and HPSD groups [4]. Both the
techniques have equal safety profile.
Table 1
Baseline characteristics.

CBA group (n ¼ 127) HPSD group (n ¼ 124) P value

Age, y/o 57.7 ± 11.9 57.2 ± 10.1 0.953
Males (%) 92 (73%) 77 (62%) 0.218
BMI, kg/m2 24.9 þ 3.4 22.9 þ 5.6 0.812
LAD, mm 37.8 ± 5.3 37.7 ± 5.0 0.845
LVEF, % 60.1 ± 5.1 60.0 ± 5.37 0.783
DM (%) 17 (13%) 16 (12.9%) 0.909
HTN (%) 57 (45%) 44 (35%) 0.129
CAD (%) 28 (17%) 33 (27%) 0.399
Smoking (%) 26 (20%) 29 (23%) 0.576
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4.2. Ablation procedure

A recent randomized controlled trial reconfirmed our findings
except that we find more recurrence as organized atrial tachycar-
dias in the CBA group [14] Recent randomized controlled trials
showed equal 1 year arrhythmia free survival with RF ablation by
contact force sensing vs cryoballoon catheter [15].(13) [16] In terms
of the efficacy of PVI, our result showed that time to achieve PVI
was significantly shorter for CBA group than HPSD group. A recent
study also showed time to PVI was significantly shorter in CBA
group as compared to the HPSD group (19.6þ- 5.2 vs 43.3þ-
14.9 min) [14]. As second generation cryoballoon has large surface
area and more efficient cooling, it might contribute to the shorter
procedure time in the CBA [17].

No major procedure related complication was noted in either
group, suggesting that PVI by HPSD or CBA is safe in agreement
with previous data [8,18]. These clinical and animal studies showed
that in HPSD, RF applications produce the lesions mainly by resis-
tive tissue heating that occur during early part of RF application and
thus avoid conductive heating of distant and deep tissues that is
mainly responsible for complications of ablation procedures. In
contrast CBA achieve irreversible tissue damage by intracellular
freezing below �400C. As compared with RF lesions, cryoablation
results in preservation of tissue architecture with lesser risk of
thrombus formation. Histologically CBA results in the creation of
well-demarcated homogeneous lesions [19].
4.3. Mechanism of recurrent arrhythmias

In agreement with previous studies [20e22], comparing con-
ventional RFAwith CBA, our study also showed rate of recurrence of
atrial arrhythmias was not significantly different between these 2
techniques of PVI. A recent study using DE-MRI also showed that PV
reconnection rates and recurrence rate were similar in patients
who underwent RFA or CBA [23].

Previous studies have shown that PV reconnection is the main
cause of recurrence in both RFA and CBA groups [24e27]. Our study
showed that the type of recurrence is different between HPSD and
CBA groups. Recurrence as atrial flutter was significantly more
common in CBA group as compared to HPSD group. Mechanism of
atrial flutters after CBA may be linked to more generous LA sub-
strate debulking produced by CBA. The larger area of ablation may
cause a potential isthmus critical for development of macro-
reentrant tachycardias. Furthermore, CBA may produce non-
transmural lesion owing to complex anatomy of LA-PV antrum,
which could lead to the formation of slow conduction zone. Both
factors paved the way to uneven distribution of scar tissue between
the cryoballoon-ablated area and anatomical obstacles, resulting in
slow conduction, which could serve as the critical isthmus to sus-
tain the organized atrial arrhythmia.

It has been showed that the 28-mm cryoballoon resulted in
more antral and generous posterior LA debulking during PV isola-
tion [28]. Our previous study also showed that in comparison with
the RFA group, the CBA group had a lower mean LA voltage which
might contribute to the formation of LA flutters [25]. Attention
should be paid in patients with CBA to identify the potential



Fig. 1. A, Kaplan-Meier curve of recurrent atrial tachyarrhythmia after the index procedure during follow-up between the two groups (High power short duration group (HPSD) and
Cryoballoon ablation group (CBA)) (Log rank p value 0.381).

Fig. 2. Recurrent patterns of the 2 groups
(Recurrence as Atrial fibrillation (AF) was not significantly different between two groups but recurrence as atypical atrial flutter (AFL) was significantly more common in CBA group
(p ¼ 0.04).
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conduction gap or isthmus which might prevent the recurrence of
tachyarrhythmia.
5. Limitations

Limitations of this study should be appreciated. First since it is a
single Centre a retrospective study it is difficult to compare these
ablation modalities head to head, Second as continuous rhythm
monitoring was not done so the recurrence may be underreported,
Third the use of propensity score matching could have been useful,
Fourth the follow up time is only 6months so long term results may
113
be different, Fifth not all the patients with recurrence underwent
repeat invasive study so type of recurrence was assessed by only
surface ECG and rhythm monitoring, Sixth the definition of HPSD
ablation is arbitrary and optimal power and duration settings likely
to very depending on the left atrial wall thickness at a constant
contact force.
6. Conclusion

CBA ablation has a similar efficacy and safety as HPSD in PAF
patients with shorter procedure time. However, the recurrent



Fig. 3. Voltage map and ablation tags of an patient who underwent HPSD ablation.

Fig. 4. Cryoballoon in LSPV showing entrance block after cryoballoon ablation.
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patterns were different between these 2 groups. Prospective study
is warrant to identify the possible mechanism.
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