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Abstract

Objective: The use of second-generation cryoballoon
(CB2) for pulmonary vein isolation (PVI) in atrial fibril-
lation (AF) ablation therapy is common. This study aimed
to compare the safety and efficacy of CB2 ablation for PVI
in AF patients aged 75 years and older to those under 75
years old. Methods: A retrospective, observational study
was conducted, including AF patients who underwent CB2
for PVI between January 2018 and December 2020 at our
center. The patients were divided into two groups based
on age: those aged 75 years and older (elderly group) and
those under 75 years (control group). Procedural charac-
teristics, complications, and one-year follow-up outcomes
were compared between the two groups using Student’s t-
test or the chi-square test for univariate analysis. Results:
A total of 156AF patients treated with CB2 for PVIwere in-
cluded in the study, with 78 patients aged 75 years and older
(elderly group, mean age = 78 years) and 78 patients aged
under 75 years (control group, mean age = 66 years). The
PVI procedure duration was 86.2± 25.8 minutes for the el-
derly group and 83.2 ± 20.8 minutes for the control group
(p = 0.413). The elderly group showed a higher trend of
complications (8/78, 10.3%) compared to the control group
(2/78, 2.6%) (p = 0.049), although no serious complica-
tions were observed. One-year follow-up revealed that ap-
proximately 80% of patients in both groups did not expe-
rience AF recurrence (p = 0.656). Conclusion: CB2 abla-
tion for PVI appears to be safe and effective in AF patients
aged 75 years and older, with outcomes comparable to those
in younger patients. However, special attention should be
given to venous puncture in elderly patients.
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Introduction

Atrial fibrillation (AF) is the most common cardiac ar-
rhythmia, with an increasing prevalence in the aging pop-
ulation [1]. Catheter ablation, particularly pulmonary vein
isolation (PVI), has become awell-established treatment for
symptomatic AF [2]. The second-generation cryoballoon
(CB2) has demonstrated high safety and efficacy in PVI,
offering advantages such as shorter procedure times and a
faster learning curve compared to radiofrequency ablation
[3–5]. Recent studies have shown that cryoballoon ablation
may be an effective initial therapy for AF, with lower rates
of AF recurrence compared to antiarrhythmic drugs [6–8].
However, limited data are available on the safety and ef-
ficacy of CB2 in elderly patients, as most trials have not
included patients aged 75 years and older [9–11].

As the prevalence of AF increases with age, it is cru-
cial to evaluate the outcomes of CB2 ablation in elderly pa-
tients. Some studies have suggested that cryoballoon ab-
lation may be particularly advantageous for older patients
due to shorter procedure times and reduced exposure to
prolonged supine positioning [12,13]. However, there is
a need for more comprehensive comparisons of procedu-
ral characteristics, complications, and long-term outcomes
between elderly and younger patients undergoing CB2 ab-
lation. This study aimed to compare the safety and efficacy
of CB2 ablation for PVI in AF patients aged 75 years and
older to those under 75 years old, focusing on procedural
characteristics, complications, and one-year follow-up out-
comes.

Methods

Study Population

Seventy-eight patients over 75 years of age who un-
derwent cryoballoon ablation for atrial fibrillation treatment
at our center between January 2018 and December 2020
were enrolled in this single-center observational study and
clinically followed. Seventy-eight patients aged less than
75 years were selected as the control group, matched for
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Table 1. Baseline demographic characteristics of patients in the elderly and control groups.
Variables Elderly (n = 78) Control (n = 78) T/χ2/Z p value

Age, years, (IQR) 78 (76, 81) 66 (58, 70) 2.153 0.023
Female sex, n (%) 39 (50%) 39 (50%) 0.000 1.000
BMI (kg/m2, mean ± SD) 25.5 ± 3.4 25.7 ± 3.9 0.450 0.653
PerAF, n (%) 19 (24.4%) 19 (24.4%) 0.000 1.000
LA diameter (mm, mean ± SD) 40.1 ± 4.2 39.5 ± 3.6 0.906 0.366
LVEF (%, mean ± SD) 63.5 ± 5.8 62.4 ± 7.5 0.980 0.329
Hypertension, n (%) 54 (69.2%) 42 (53.8%) 3.900 0.048
Diabetes, n (%) 19 (24.4%) 12 (15.4%) 1.973 0.160
Coronary artery disease, n (%) 4 (5.1%) 6 (7.7%) - 0.746
History of stroke, n (%) 11 (14.1%) 5 (6.4%) 2.507 0.113
CHA2DS2-VASc score (mean ± SD) 3.8 ± 1.2 2.0 ± 1.4 8.686 0.000
HAS-BLED score (mean ± SD) 1.7 ± 0.6 0.8 ± 0.8 8.161 0.000
IQR, interquartile range; BMI, body mass index; SD, standard deviation; LA, left atrial; PerAF, persistent
atrial fibrillation; LVEF, left ventricular ejection fraction.

gender and atrial fibrillation type. Matching was performed
through the selection of patients equally into the categories.
The matching results were determined by Chi-square test
to show that there was no significant difference in gender
or atrial fibrillation type between these two groups (Ta-
ble 1). Atrial fibrillation history was defined as the time
from first diagnosis to ablation. Patients with atrial fibrilla-
tion episodes lasting longer than 7 days requiring external
electrical cardioversion or chemical cardioversion to restore
sinus rhythm were defined as having persistent atrial fibril-
lation. Patients with persistent atrial fibrillation for longer
than 1 year were also included and classified as longstand-
ing persistent atrial fibrillation. All patients had a clear di-
agnosis of atrial fibrillation and met indications for catheter
ablation. Exclusion criteria were the presence of an intra-
cavitary thrombus, uncontrolled heart failure, moderate or
severe valvular disease, prior valve replacements, left atrial
diameter exceeding 50 mm on transthoracic echocardiog-
raphy, and previous atrial fibrillation ablation procedures.
This study was reviewed and approved by the local ethics
committee (Ethical approval number: 2022-0429-6).

Cryoballoon Ablation Procedure

All patients underwent pre-procedural left atrial com-
puted tomography angiography to delineate pulmonary vein
anatomy and exclude thrombus [7]. Not all patients un-
derwent pre-procedural transesophageal echocardiography.
Periprocedural anticoagulation was managed per individual
physician discretion. Patients received conscious analgesia
with fentanyl citrate during the procedure. Femoral vein
puncture was performed using the modified Seldinger tech-
nique, and a guidewire was advanced into the femoral vein
after successful puncture. Major groin complications were
defined as a hemoglobin decrease of at least 2 g/dL due to
groin pseudoaneurysm, hematoma larger than 3 cm, arte-
riovenous fistula, retroperitoneal bleeding, or death from

groin bleeding. Minor bleeding complications included mi-
nor groin issues not requiring invasive treatment, such as ar-
teriovenous fistulae, pseudoaneurysms, hematomas, hema-
turia, epistaxis, or hemoptysis.

The procedures were performed under fluoroscopic
guidance. After transseptal puncture and left atrial access,
a decapolar catheter and quadripolar catheter were posi-
tioned in the coronary sinus and right ventricle via the left
femoral vein, respectively. Heparin was administered to
maintain an activated clotting time between 300–350 sec-
onds. The transseptal sheath was exchanged for a 15-Fr
steerable sheath, and a 20-mm spiral mapping catheter was
used to advance the 28-mm cryoballoon into the pulmonary
veins for mapping and support. Pulmonary vein occlu-
sion was confirmed by contrast injection demonstrating to-
tal contrast retention without atrial backflow. Cryoenergy
applications were delivered for 180 seconds once occlusion
was achieved. If pulmonary vein potentials were visible,
the time to isolation was recorded. No additional appli-
cations were performed after isolation if the temperature
reached ≤–40 °C within 60 seconds, with a minimum tem-
perature limit of –55 °C. Phrenic nerve pacing was per-
formed during right-sided pulmonary vein ablation to mon-
itor for phrenic nerve injury. The application sequence was
left superior, left inferior, right superior, and right inferior
pulmonary veins. Additional touch-up radiofrequency ab-
lationwas performed if complete isolationwas not achieved
after a maximum of 4 cryoapplications.

Follow-up and Data Collection

Patients were scheduled for follow-up visits at 3, 6,
and 12 months post-procedure, including 24-hour Holter
monitoring. Additional telephone interviews were con-
ducted regularly. Basic patient characteristics, procedural
characteristics including time to pulmonary vein isolation,
application times, and fluoroscopy times were collected.

Heart Surgery Forum E493

https://journal.hsforum.com/


Atrial fibrillation recurrence was defined as a documented
atrial fibrillation or atrial tachycardia episode lasting longer
than 30 seconds on Holter or 12-lead electrocardiogram
(ECG), irrespective of symptoms. Procedure-related com-
plications such as pericardial effusion, cerebral or periph-
eral embolism, venous hematoma, or pseudoaneurysmwere
also recorded.

Statistical Analysis

Basic patient information and clinical laboratory test
results were subjected to descriptive analysis. Continu-
ous variables are presented as mean ± standard deviation
(SD) or median (interquartile range [IQR]), while categori-
cal variables are expressed as frequencies and percentages.
Univariate analysis was performed using Student’s t-test for
continuous variables and the chi-square test for categorical
variables. A p-value of less than 0.05 was considered sta-
tistically significant.

Results

Patient Characteristics

A total of 156 individuals were included in the study,
with 78 participants in each of the elderly and control
groups. The composition of gender and AF type (paroxys-
mal or persistent) showed no variation between the groups.
Significant differences were not observed in variables such
as body mass index (BMI), left atrial diameter, or left ven-
tricular ejection fraction (LVEF) (p < 0.05). Concerning
comorbid conditions, more patients in the elderly group
were diagnosed with hypertension (p = 0.048), while there
were no significant variances in the occurrences of diabetes,
coronary heart disease, and stroke between the two groups
(p > 0.05) (Table 1).

Procedural Data

The procedure time median was 86.2 ± 25.8 minutes
for the elderly group and 83.2 ± 20.8 minutes for the con-
trol group, with a non-significant p-value of 0.413. Addi-
tionally, the fluoroscopic time was 22.9 ± 8.2 minutes for
the elderly group and 23.4 ± 7.3 minutes for the control
group, with a p-value of 0.672. The elderly group had a
higher real-time recording rate of pulmonary vein potentials
(PVPs) (70.8% vs. 61.2%, p = 0.011). The time to isolation
(TTI) was significantly longer in the elderly group (39.3 ±
13.2 s vs. 36.5± 13.4 s, p = 0.031), and the mean tempera-
ture at 60 seconds was lower in the elderly group (–40.9 ±
4.5℃ vs. –39.6± 5.5℃, p = 0.001). There was no notable
difference in the nadir temperature between the two groups
(–48.0 ± 5.6 ℃ vs. –48.7 ± 5.8 ℃, p = 0.130). Addition-
ally, freezing behavior was examined individually for each
pulmonary vein (PV), showing that the TTI of right inferior

pulmonary vein (RIPV) (41.0 ± 11.9 s vs. 34.2 ± 12.6 s,
p = 0.019) and the temperature of left inferior pulmonary
vein (LIPV) at 60 seconds (–38.3 ± 3.4 ℃ vs. –34.7 ± 5.9
℃, p = 0.001) were significantly different between the two
groups, with no other notable differences in the parameters
mentioned in Table 2.

Complications

In the elderly group, there were 8 procedural compli-
cations, while the control group had 2 complications (10.3%
vs. 2.6%, p = 0.049). Within the elderly group, compli-
cations related to femoral vein puncture accounted for 5
cases, with 3 femoral vein hematomas, 1 femoral artery
pseudoaneurysm, and 1 femoral arteriovenous fistula re-
ported. Two patients experienced transient phrenic nerve
palsy (PNP) during ablation in the elderly group, which re-
solved completely by the end of the procedure. A pericar-
dial effusion was noted during transseptal puncture, with no
adverse outcomes requiring additional therapy. There were
no serious complications such as symptomatic stroke, atrial
esophageal fistulas, or death in either group (see Table 2).

Follow-up Results

Following the 12-month observation period, 16 indi-
viduals (20.5%) in the older population and 14 subjects
(17.9%) in the comparison group experienced AF relapse.
Both groups exhibited similar rates of ablation success at
the 12-month follow-up (79.5% vs. 82.1%, p = 0.656).
There were no instances of delayed or unforeseen compli-
cations throughout the entire monitoring period.

Discussion

Our study evaluated the safety and efficacy of CB2
for PVI in elderly AF patients aged 75 years and older. Our
study revealed the following key findings: (1) Elderly pa-
tients experienced a notable increase in complications re-
lated to femoral vein puncture compared to those under
75 years old, with no significant variance in other compli-
cations like phrenic nerve paralysis (PNP) and pericardial
tamponade; (2) Procedural times, fluoroscopy durations,
and X-ray doses required by elderly patients were compara-
ble to those of younger patients when receiving CB2 treat-
ment; (3) The clinical success rate among the elderly pa-
tients was akin to that of the younger cohort following a
one-year monitoring period.

Previous studies have reported favorable outcomes
with cryoballoon ablation in elderly AF patients, but most
included a relatively small sample size or defined elderly
as over 65–70 years old [14,15]. Our study specifically fo-
cused on those 75 years and above, an important population
given the increasing prevalence of AF with advanced age
[16]. The approximately 80% freedom from AF recurrence
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Table 2. Procedural parameters in the elderly and control groups.
Variables Elderly (n = 78) Control (n = 78) T/χ2/Z p value

Procedure time (min, mean ± SD) 86.2 ± 25.8 83.2 ± 20.8 0.821 0.413
Fluoroscopy time, (min, mean ± SD) 22.9 ± 8.2 23.4 ± 7.3 0.424 0.672
Fluoroscopy radiation dosage (mGy, mean ± SD) 149.9 ± 166.1 145.4 ± 93.2 0.207 0.837
RTR of PVP, n (%) 221 (70.8%) 191 (61.2%) 6.429 0.011
TTI (s, mean ± SD) 39.3 ± 13.2 36.5 ± 13.4 2.169 0.031

LSPV 44.0 ± 12.8 43.9 ± 12.2 0.031 0.975
LIPV 36.6 ± 14.3 34.1 ± 13.6 0.910 0.365
RSPV 34.9 ± 11.7 33.1 ± 12.2 0.803 0.424
RIPV 41.0 ± 11.9 34.2 ± 12.6 2.389 0.019

T60 (°C, mean ± SD) –40.9 ± 4.5 –39.6 ± 5.5 3.294 0.001
LSPV –41.6 ± 4.3 –40.7 ± 3.8 1.344 0.181
LIPV –38.3 ± 3.4 –34.7 ± 5.9 4.736 0.000
RSPV –43.1 ± 4.1 –43.0 ± 3.7 0.123 0.902
RIPV –40.7 ± 4.8 –39.9 ± 4.9 0.976 0.330

Nadir temperature (°C, mean ± SD) –48.0 ± 5.6 –48.7 ± 5.8 0.626 0.130
LSPV –49.3 ± 4.6 –49.4 ± 4.6 0.226 0.822
LIPV –44.3 ± 4.5 –44.8 ± 5.4 0.609 0.543
RSPV –50.9 ± 4.8 –52.4 ± 4.5 1.918 0.057
RIPV –47.7 ± 6.0 –48.3 ± 6.0 0.704 0.482

Touch-up ablation, n (% of all PVs) 1 (0.3%) 2 (0.6%) - 1.000
Complications, n (%) 8 (10.3%) 2 (2.6%) - 0.049
PV, pulmonary vein; PVP, pulmonary vein potential; TTI, time to isolation; LSPV, left superior pulmonary vein; LIPV,
left inferior pulmonary vein; RSPV, right superior pulmonary vein; RIPV, right inferior pulmonary vein; SD, standard
deviation; RTR, real-time recording; T60, Temperature at 60 seconds.

at 1 year in both the elderly and younger groups aligns with
recent randomized trials and meta-analyses evaluating CB2
efficacy [17,18].

While the overall complication rate was higher in the
elderly group (10.3% vs. 2.6%), this was primarily driven
by issues related to venous access, with no significant dif-
ferences in serious procedural complications like phrenic
nerve palsy or pericardial effusion. Vascular access chal-
lenges are an expected finding in older patients with frag-
ile veins and impaired healing [19]. Careful ultrasound-
guided venous puncture and meticulous hemostasis may
help mitigate this risk. Notably, we did not observe any
strokes, atrio-esophageal fistulas, or procedural deaths in
either group.

Procedure times and fluoroscopy exposure were sim-
ilar between the two cohorts. While the time to pulmonary
vein isolation was slightly longer in the elderly, this short
delay is unlikely to be clinically meaningful. Prior studies
suggest a benefit to achieving faster time to isolation [20],
but both groups met the conventional target of less than 40
seconds on average. Real-time pulmonary vein potential
monitoring was more frequently employed in the elderly
group, allowing for confirmation of durable isolation [21].

Age-related changes in cardiac electrophysiologymay
explain some of the procedural differences observed be-
tween the elderly and younger groups. Advanced age is
associated with fibrotic remodeling of the atria, slowing of

conduction, and altered electrogram characteristics, which
could impact cryoablation parameters like time to isolation
[22]. The lower mean temperature at 60 seconds in the el-
derly group may reflect increased atrial scarring and im-
paired lesion formation with cryotherapy [23]. It is also
important to consider the heightened risk profile of elderly
AF patients, who have a higher burden of comorbidities like
hypertension, diabetes, and stroke as seen in our study pop-
ulation. While catheter ablation is generally well-tolerated,
these comorbid conditions could potentially increase sus-
ceptibility to periprocedural complications [24]. Careful
pre-procedural evaluation and optimization of comorbidi-
ties is warranted in this higher risk elderly population.

One limitation of this study is the retrospective, single-
center design which may impact generalizability. Addi-
tionally, our AF recurrence surveillance relied primarily on
ambulatory ECG monitoring which could potentially miss
asymptomatic episodes. Larger multi-center randomized
trials with continuous ECG monitoring would help validate
these findings.

Conclusion

In summary, this study adds to the growing evidence
that second-generation cryoballoon ablation can be safely
and effectively performed in elderly AF patients over 75
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years old, with reasonable periprocedural safety and 1-year
clinical efficacy comparable to younger individuals. Care-
ful attention to vascular access is warranted in this popula-
tion. As the AF epidemic continues to grow along with an
aging population, cryoballoon ablation represents an impor-
tant treatment option for elderly patients.
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