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Left atrial appendage occlusion
combined with cryoballoon or
radiofrequency ablation: One-year
follow-up comparison
Yibo Ma†, Lanyan Guo†, Miaoyang Hu, Qun Yan, Haitao Liu
and Fu Yi*

Department of Cardiology, Xijing Hospital, Air Force Medical University, Shaanxi, China

Background: A one-stop procedure involving catheter ablation and left atrial
appendage occlusion (LAAO) is an option for high-risk atrial fibrillation patients.
Few studies have reported the efficacy and safety of cryoballoon ablation (CBA)
combined with LAAO, and no studies have compared the combination of LAAO
with CBA or radiofrequency ablation (RFA).
Methods: A total of 112 patients were enrolled in the present study; 45 patients
received CBA combined with LAAO (group 1), and 67 patients received RFA
combined with LAAO (group 2). Patient follow-up was performed for 1 year to
detect peri-device leaks (PDLs) and safety outcomes (defined as a composite of
peri-procedural and follow-up adverse events).
Results: The number of PDLs at the median 59 days follow-up was comparable
between the two groups (33.3% in group 1 vs. 37.3% in group 2, p= 0.693).
Safety outcomes were also comparable between the two groups (6.7% in group
1 vs. 7.5% in group 2, p= 1.000). Multivariable regression showed that PDLs risk
and safety outcomes were all similar between the two groups. Subgroup
analysis of PDLs indicated no significant differences. Follow-up safety outcomes
were related to anticoagulant medication, and patients without PDLs were more
likely to discontinue antithrombotic therapy. The total procedure and ablation
times were all significantly shorter for group 1.
Conclusion: When compared with left atrial appendage occlusion combined with
radiofrequency, left atrial appendage occlusion combined with cryoballoon
ablation has the same risk of peri-device leaks and safety outcomes, but the
procedure time was significantly reduced.
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1. Introduction

As a serious clinical arrhythmia, atrial fibrillation (AF) can lead to high incidence rates of

disability and fatality. An investigation of the global burden of cardiovascular disease in 2022

indicated that AF has become the sixth leading cause of death among cardiovascular diseases

(1). AF can lead to a 5-fold increase in risk of ischemic stroke (2). Anticoagulant therapy is
Abbreviations

AF, atrial fibrillation; BARC, Bleeding Academic Research Consortium; BMI, body mass index; CBA,
cryoballoon ablation; CCTA, cardiac computed tomography angiography; CI, confidence interval; DAPT,
dual antiplatelet therapy; HDL-C, high density lipoprotein cholesterol; LAA, left atrial appendage; LAAO,
left atrial appendage occlusion; LDL-C, low density lipoprotein cholesterol; OR, odd ratio; PDL, peri-device
leak; RFA, radiofrequency ablation; RR, relative risk; SAEs, severe adverse events; SAPT, single antiplatelet
therapy; TEE, transesophageal echocardiography; TG, total triglycerides.
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currently the first-line treatment for AF thromboprophylaxis, but it

also increases the clinical risk of major bleeding (2, 3). Previous

autopsy reports showed that approximately 90% of thrombi in

AF patients originate from the left atrial appendage (LAA) (4).

Left atrial appendage occlusion (LAAO) has emerged as a non-

drug thrombosis prevention strategy that isolates the common

anatomic source of thrombi. Regarding the composite end points

of death and thromboembolism, LAAO is not inferior to

anticoagulants; moreover, LAAO yields better results than

anticoagulants for non-procedure-related major bleeding (5–7).

LAAO also has unique thromboprophylaxis advantages in high-

risk AF patients.

A simultaneous procedure combining catheter ablation with

LAAO, also called a one-stop procedure, has become an option

for high-risk AF patients. This procedure allows for simultaneous

rhythm control and thrombosis prevention without increasing the

risk of peri-procedural severe adverse events (SAEs) (8). In

addition, compared to two individual procedures at different

stages, this one-stop procedure advantageously reduces the

financial burden to patients (9). Radiofrequency ablation (RFA)

and cryoballoon ablation (CBA) are the two most commonly used

catheter ablation methods in clinical practice. The performance of

RFA and CBA in paroxysmal AF and persistent AF has been

confirmed by a large number of trials: CBA is not inferior to RFA

in terms of AF recurrence and AF burden; the risk of SAEs is

similar between the two methods; and procedure and ablation

times are significantly shorter for CBA than RFA (10–12). The

majority of studies have evaluated the safety and efficacy of RFA

combined with LAAO, but only a few studies have focused on the

clinical efficacy of CBA combined with LAAO (13–19). In

addition, no controlled studies of LAAO combined with RFA or

CBA have been published. Due to different injury mechanisms,

coumadin ridge edema caused by RFA and CBA is also different;
FIGURE 1

Study flowchart. LAAO, left atrial appendage occlusion; CBA, cryoballoon abla
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although the magnitude of damage is similar, the duration of

CBA-associated coumadin ridge edema was shown to be longer

(20). With this in mind, CBA combined with LAAO may increase

the incidence of peri-device leak (PDL) compared with RFA

combined with LAAO. Incomplete occlusion increases the risk of

clinical ischemic stroke (21). Therefore, it is necessary to evaluate

the relative advantages and disadvantages of CBA compared with

RFA in LAAO population.
2. Materials and methods

2.1. Study populations

This retrospective single-center study aims to prove the efficacy

and safety of LAAO combined with CBA by comparing it to LAAO

combined with RFA. A total of 157 patients who received LAAO at

the First Affiliated Hospital of Air Force Medical University,

Cardiology Department, between December 2019 and December

2021 were screened. For this study, the inclusion criteria were as

follows: (1) age 18–85 years; (2) received CBA or RFA at the

same time as LAAO; and (3) Watchman device (Boston

Scientific, USA) implantation. The exclusion criteria were as

follows: (1) valvular AF, defined as AF due to moderate or severe

valve stenosis, surgical valve replacement, or surgical valve

repairment; (2) cardiac surgery history; (3) received CBA and

RFA simultaneously; (4) lost to follow-up in the first 3 months;

or (5) any disc device implantation. A total of 112 patients were

enrolled in this study. The study was approved by the Ethics

Board of the First Affiliated Hospital of Air Force Medical

University. Each patient provided their informed consent prior to

the procedure. The details of the patient enrollment process are

shown in Figure 1.
tion; RFA, radiofrequency ablation.
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2.2. Procedure

2.2.1. Cryoballoon ablation
CBA was performed as previously described (22). After

establishing femoral access and puncturing the atrial septum, 100

U/kg heparin was administered to maintain an active clotting

time of 250–350 s. Next, the cryoballoon was advanced into the

left atrium. Protective pacing was performed first to evaluate the

anatomical relationship between the phrenic nerve and left

atrium. After that, the operator positioned the cryoballoon at the

antrum of each pulmonary vein and filled the cryoballoon.

Pulmonary vein occlusion was confirmed by venogram. If

appropriate, ablation was performed for approximately 180 s,

and the temperature was maintained at 45–55°C. If AF persisted

after all ablations, cardioversion was performed to restore sinus

rhythm. After 20 min of observation, we verified that pulmonary

vein potentials were eliminated.
2.2.2. Radiofrequency ablation
We performed ablation index-guided high power-short duration

ablation (23). First, left atrial voltage mapping was performed.

According to the voltage mapping, the operator performed

pulmonary vein antrum isolation and left atrial substrate

modification to isolate or eliminate low voltage areas. When

ablating the anterior wall, the ablation index was set at 500, and

the power was 45 W; when ablating the posterior wall, the

ablation index was set at 400, and the power was 35 W. For the

ablation of other sites, the ablation index was set at 450, and the

power was 40 W. If AF persisted after all ablations, we performed

cardioversion to restore sinus rhythm. After 20 min of observation,

we verified bidirectional conduction blockage at each ablation lesion.
2.2.3. Left atrial appendage occlusion
The ablation catheter was replaced with the device delivery

sheath after ablation verification. A pigtail catheter was sent into

the LAA through the device delivery sheath. Contrast medium

was injected through the pigtail catheter to determine the

morphology, orifice diameter, and depth of the LAA. Next, the

pigtail catheter was removed, and the Watchman device catheter

was advanced into the LAA. The device was deployed, and the

occlusion was verified according to the PASS principle

(Supplementary Table S1) (24). If appropriate, the operator

released the device.
2.3. Follow-up

Out-patient follow-up was scheduled at 1, 2, 3, 6, 9, and 12

months post-procedure. During each follow-up visit, the patients

were asked to receive an electrocardiogram and Holter

monitoring to detect abnormal heart rhythms. To facilitate

timely feedback, online follow-up was also available if patients

experienced paresthesia, palpitations, or other discomfort. At

months 2 and 12, the patients were required to undergo LAAO

follow-up. Antithrombotic medication post-procedure was
Frontiers in Cardiovascular Medicine 03
administered primarily according to the following recommended

guidelines and instructions: for the first 2 months, oral

anticoagulants with or without single antiplatelet therapy; for the

next 4 months, dual antiplatelet therapy; and finally, lifelong

single antiplatelet therapy (24, 25). Antiarrhythmic drugs were

required to be taken at least 3 months post-procedure. Physicians

tailored the medications to the patients’ specific conditions.
2.4. End points

The primary efficacy outcome was PDL. PDL were defined as

blood flow entering the distal end of the LAA along the closure

device margin. According to the leakage size, we classified PDLs

using 3 grades: <3 mm, 3–5 mm, and >5 mm (defined as

occlusion failure). Both transesophageal echocardiography and

computed tomography were available for leakage assessment.

Arrhythmia recurrence as a secondary efficacy outcome was

defined as any episode of atrial arrhythmia lasting more than

30 s occurring after the blanking period, with or without

antiarrhythmic medications. The blanking period refers to the

first 3 months post-procedure. Electrocardiogram, Holter device,

emergency monitor, and continuous recorder were available for

heart rhythm evaluation.

The safety outcome was a composite of adverse events during

procedure and follow-up, including all-cause or cardiovascular

death, stroke (ischemic or hemorrhage) or systemic embolism,

major bleeding, cardiac tamponade, phrenic nerve paralysis,

device or air embolization, and complete atrioventricular block.

Puncture site complications or pericardial effusion served as

additional peri-procedure safety events. Major bleeding was

defined as Bleeding Academic Research Consortium (BARC) 3 or

5 bleeding (26).
2.5. Statistical analysis

We performed Shapiro-Wilk tests to explore whether

continuous variables had normal or skewed distributions. For

normal distributions, we used the mean ± SD for descriptions

and one-way ANOVA for comparisons; for skewed distributions,

we used the median (IQR) [range] for descriptions and Mann-

Whitney U tests for comparisons. Categorical variables are

described as counts (percentages) and compared with Fisher’s

exact test. Times to arrhythmia recurrence is described with

Kaplan-Meier curve and compared with log-rank test. Changes

in post-procedure medications for different follow-up periods are

described with Sankey diagrams.

Multivariable logistic regression was used to explore whether

PDL and safety outcomes were significantly different between the

two combination procedures. Multivariable model 1 was adjusted

for CHA2DS2-VASc and HASBLED scores. Multivariable model

2 was adjusted for demographic characteristics (age, sex, body

mass index), type of AF, AF duration, commodities (heart

failure, hypertension, diabetes, stroke, vascular disease),

echocardiographic index (left atrial diameter, ejection fraction),
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TABLE 1 Patient characteristics at baseline.

Group 1
(n = 45)

Group 2
(n = 67)

P
value

Demographic characteristics
Age, years 61.4 ± 9.8 63.7 ± 8.4 0.199

Height, m 167.0 ± 8.1 168.3 ± 7.5 0.384

Weight, kg 68.7 ± 10.4 71.9 ± 11.7 0.143

Body mass index, kg/m2 24.6 ± 3.0 25.3 ± 3.2 0.227

AF overview
Type 0.324

Paroxysmal, n (%) 20 (44.4) 23 (34.3) –

Non-paroxysmal, n (%) 25 (55.6) 44 (65.7) –

Time to first diagnosis,
months

24 (4, 48) [1, 240] 12 (3, 48) [1, 240] 0.594

Commodities or risk factors
CHA2DS2-VASc score 3, (1, 4) [0, 7] 3 (2, 4) [1, 7] 0.134

HASBLED score 1 (0, 2) [0, 4] 2 (1, 2) [0, 4] 0.036

Heart failure, n (%) 10 (22.2) 21 (31.3) 0.389

Hypertension, n (%) 17 (37.8) 37 (55.2) 0.084

Ma et al. 10.3389/fcvm.2023.1153158
and peri-procedure characteristics (left atrial appendage orifice,

redo procedure). Multivariable model 3 was adjusted for

covariables with group-to-group differences. We also used

propensity score matching for a secondary analysis. This method

was based on a logistic regression model. Patients were selected

by using the 1:1 nearest neighbor matching method after

adjusting covariables with group-to-group differences.

We performed subgroup analysis to determine group-to-group

differences in PDLs among specific populations. Subgroup selection

was determined by risk score suggested stratification, clinical

experience, and potential risk factors suggested by univariable logistic

regression. For ranked variables, we defined the median as their cut-

off points; for continuous variables, we performed the restricted

cubic spline to find the appropriate thresholds for both groups.

R 4.2.0 and IBM SPSS Statistics 26.0 were used to perform

statistical analyses. Statistical significance was defined as two-

sided p≤ 0.05.
Age≥ 75 years, n (%) 3 (6.7) 4 (6.0) 1.000

Diabetes, n (%) 4 (8.9) 11 (16.4) 0.397

Systemic embolism, n (%) 9 (20.0) 17 (25.4) 0.649

Vascular disease, n (%) 39 (86.7) 49 (73.1) 0.104

Coronary artery disease, n (%) 6 (13.3) 19 (28.4) 0.068

Age 65–74 years, n (%) 14 (31.1) 32 (47.8) 0.117

Female, n (%) 19 (47.5) 21 (31.3) 0.315

Examinations
Left atrial diameter, mm 41.2 ± 5.5 44.9 ± 5.4 0.001

Ejection fraction, % 57.0 (55.5, 60.0) 57.0 (54.0, 59.0) 0.354

Pathological regurgitation

Mitral regurgitation, n (%) 4 (8.9) 11 (16.4) 0.397

Tricuspid regurgitation, n (%) 11 (24.4) 20 (29.9) 0.667

HbO2, g/l 144.1 ± 13.6 149.0 ± 15.0 0.078

Alanine transaminase, U/L 21.0 (16.5, 33.0) 22.0 (14.0, 29.0) 0.603

Aspartate aminotransferase,
U/L

23.0 (17.5, 30.0) 21.0 (18.0, 24.0) 0.275

NT-proBNP, pg/ml 681.6 (250.0,
1,172.0)

558.5 (228.5,
994.6)

0.587

Serum Ca+, mmol/L 2.3 ± 0.1 2.3 ± 0.1 0.762
3. Results

3.1. Patients characteristics at baseline

A total of 112 patients were enrolled in the present study; 45

patients were in the LAAO combined with CBA group (group 1),

and 67 patients were in the LAAO combined with RFA group

(group 2). Baseline characteristics are listed in Table 1. Most

characteristics were comparable between the two groups, except

for higher HASBLED scores (1 (0, 2) [0, 4] vs. 2 (1, 2) [0, 4],

p = 0.036) and larger left atrial diameters (41.2 ± 5.5 vs. 44.9 ± 5.4,

p = 0.001) in group 2. Over half of the patients presented with

non-paroxysmal AF. The median CHA2DS2-VASc was 3 (2, 4)

[0, 7]. A total of 18 (16.1%) patients had a history of cardiac

embolism (15.6% in group 1 vs. 16.4% in group 2, p = 1.000).
Glucose, mmol/L 5.5 (5.0, 6.2) 5.6 (5.1, 6.7) 0.267

LDL-C, mmol/L 1.9 (1.5, 2.5) 1.7 (1.4, 2.7) 0.353

HDL-C, mmol/L 1.2 (1.0, 1.3) 1.1 (0.9, 1.3) 0.068

TG, mmol/L 1.2 (0.9, 1.7) 1.2 (0.9, 1.7) 0.976

Data were described as mean ± SD, median (IQR) or n (%).

AF, atrial fibrillation; LDL-C, low density lipoprotein cholesterol; HDL-C, high

density lipoprotein cholesterol; TG, total triglycerides.
3.2. Peri-procedure characteristics

Peri-procedure characteristics are listed in Table 2. The

morphology, orifice diameter, and LAA depth were comparable

between the two groups. The most common LAA morphology

was cauliflower, and the most commonly used device was 27 mm

in size. Three (4.5%) patients in group 2 received a redo

procedure. The incidence rates of device reselection (4.4% in

group 1 vs. 1.5% in group 2, p = 0.563) and redeployment (26.7%

in group 1 vs. 37.3% in group 2, p = 0.307) were comparable

between the two groups. All patients had successful device

implantation, and 8 patients in each group had < 5 mm PDLs

(17.8% vs. 11.9%, p = 0.419). The total procedure time was

significantly shorter for group 1 (130.0 (120.0, 155.0) min vs.

245.0 (217.5, 300.0) min, p = 0.000), as well as the times for

catheter ablation (112.0 (104.0, 138.0) min vs. 224.0 (204.5,

270.0) min, p = 0.000). The ablation details are shown in

Supplementary Table S2. Length of stay post-procedure was

similar between the two groups, and all patients received

antithrombotic therapy.
Frontiers in Cardiovascular Medicine 04
3.3. Follow-up peri-device leaks

After the median 59 (52, 71) days of follow-up, all patients

received an LAAO examination. The details are listed in Table 3.

The PDL incidence was comparable between the two groups

(33.3% in group 1 vs. 37.3% in group 2, p = 0.693). Successful

implantation was achieved similarly between the two groups

(100.0% vs. 97.0%, p = 0.515). The incidence of <3 mm leakage

was comparable between the two groups (26.7% vs. 17.9%,

p = 0.348), while 3–5 mm leakage was numerically smaller for

group 1 (6.7% vs. 16.4%, p = 0.154). In addition, both the newly-

developed PDL (15.6% in group 1 vs. 25.4% in group 2,

p = 0.248) and the progressed PDL (17.8% in group 1 vs. 29.9%

in group 2, p = 0.184) were all comparable between the two
frontiersin.org
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TABLE 3 Follow-up LAAO results.

Group 1
(n = 45)

Group 2
(n = 67)

P value

Examinations 0.248

TEE, n (%) 27 (60.0) 32 (47.8) –

CCTA, n (%) 18 (40.0) 35 (52.2) –

LAAO success, n (%) 45 (100.0) 65 (97.0) 0.515

Peri-device leaks, n (%) 15 (33.3) 25 (37.3) 0.693

Jet <3 mm, n (%) 12 (26.7) 12 (17.9) 0.348

Jet 3–5 mm, n (%) 3 (6.7) 11 (16.4) 0.154

Newly-developed peri-device leaks, n (%) 7 (15.6) 17 (25.4) 0.248

Jet <3 mm, n (%) 7 (15.6) 10 (14.9) 1.000

Jet 3–5 mm, n (%) 0 (0.0) 5 (7.5) 0.081

Jet >5 mm, n (%) 0 (0.0) 2 (3.0) 0.515

Persistent peri-device leaks, n (%) 8 (17.8) 8 (11.9) 0.419

Jet <3 mm, n (%) 5 (11.1) 2 (3.0) 0.115

Jet 3–5 mm, n (%) 3 (6.7) 6 (9.0) 0.738

Progressed peri-device leaks, n (%) 8 (17.8) 20 (29.9) 0.184

Jet <3 mm, n (%) 7 (15.6) 10 (14.9) 1.000

Jet 3–5 mm, n (%) 1 (2.2) 8 (11.9) 0.082

Jet > 5 mm, n (%) 0 (0.0) 2 (3.0) 0.515

Device-related thrombosis, n (%) 1 (2.2) 0 (0.0) 0.402

Data were described as n (%).

TEE, transesophageal echocardiography; CCTA, cardiac computed tomography

angiography; LAAO, left atrial appendage occlusion.

TABLE 4 Peri-procedural and follow-up safety.

Group 1
(n = 45)

Group 2
(n = 67)

P value

Peri-procedural safety
Total, n (%) 3 (6.7) 4 (6.0) 1.000

Major bleeding, n (%) 0 (0.0) 3 (4.5) 0.272

Systemic embolism, n (%) 0 (0.0) 0 (0.0) 1.000

Cardiac tamponade, n (%) 0 (0.0) 0 (0.0) 1.000

Hematoma, n (%) 2 (4.4) 1 (1.5)† 0.563

Pseudoaneurysm, n (%) 0 (0.0) 1 (1.5) 1.000

Pericardial effusion, n (%) 1 (2.2) 0 (0.0) 0.402

Follow-up safety
Total, n (%) 0 (0.0) 1 (1.5) 1.000

Death, n (%) 0 (0.0) 0 (0.0) 1.000

Major bleeding, n (%) 0 (0.0) 1 (1.5) 1.000

Systemic embolism, n (%) 0 (0.0) 0 (0.0) 1.000

Delayed cardiac tamponade, n (%) 0 (0.0) 0 (0.0) 1.000

Data were described as n (%).
†This patient experienced major bleeding due to hematoma.

TABLE 2 Periprocedural characteristics.

Group 1
(n = 45)

Group 2
(n = 67)

P
value

Left atrial appendage
morphology

0.972

Cauliflower, n (%) 35 (77.8) 48 (71.6) –

Chicken wing, n (%) 4 (8.9) 7 (10.4) –

Reversed chicken wing, n (%) 1 (2.2) 2 (3.0) –

Windsock, n (%) 2 (4.4) 3 (4.5) –

Cactus, n (%) 3 (6.7) 7 (10.4) –

Appendage ostia diameter, mm 21.0 ± 3.8 21.7 ± 3.2 0.283

Appendage depth, mm 22.4 ± 4.1 22.6 ± 3.7 0.806

Redo ablation, n (%) 0 (0.0) 3 (4.5) 0.272

Device size, mm 27 (24, 30) 27 (24, 30) 0.658

21 mm 10 (22.2) 6 (9.0) 0.058

24 mm 8 (17.8) 18 (26.9) 0.362

27 mm 13 (28.9) 25 (37.3) 0.418

30 mm 11 (24.4) 14 (20.9) 0.652

33 mm 3 (6.7) 4 (6.0) 1.000

Device reselection, n (%) 2 (4.4) 1 (1.5) 0.563

Redeployment, n (%) 12 (26.7) 25 (37.3) 0.307

1, n (%) 9 (20.0) 17 (25.4) 0.649

≥2, n (%) 3 (6.7) 8 (11.9) 0.521

Peri-device leak, n (%) 8 (17.8) 8 (11.9) 0.419

Jet <3 mm, n (%) 6 (13.3) 5 (7.5) 0.344

Jet 3–5 mm, n (%) 2 (4.4) 3 (4.5) 1.000

Total time spent, min 130.0 (120.0, 155.0) 245.0 (217.5, 300.0) 0.000

Ablation time spent, min 112.0 (104.0, 138.0) 224.0 (204.5, 270.0) 0.000

In hospital post-procedure,
days

2 (2, 3) 2 (2, 3) 0.586

Data were described as mean ± SD, median (IQR) or n (%).
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groups. However, in group 1, both the >3 mm newly-developed

PDL (0.0% vs. 10.4%, p = 0.040) and >3 mm progressed PDL

(2.2% vs. 14.9%, p = 0.048) were significantly lower than in group

2. During follow-up, one (2.2%) patient (with a PDL of 2.5 mm)
Frontiers in Cardiovascular Medicine 05
in group 1 experienced device-related thrombosis due to

premature anticoagulant discontinuance.
3.4. Peri-procedure and follow-up safety

A total of 8 (7.1%) patients experienced safety outcomes; 3

(6.7%) patients were from group 1, and 5 (7.5%) patients were

from group 2 (p = 1.000). All 3 patients from group 1

experienced procedure-related complications (2 had hematomas,

and 1 had mild pericardial effusion); from group 2, 4 (6.0%)

patients experienced procedure-related complications (2

experienced major bleeding requiring transfusion, 1 had a

hematoma with BARC 3b major bleeding, and 1 had a

pseudoaneurysm), and 1 (1.5%) patient experienced BARC 3a

major bleeding (oral hemorrhage) due to anticoagulant treatment

3 months post-procedure. No patients died, and none of the

patients experienced stroke, cardiac tamponade, or phrenic nerve

paralysis peri-procedure or during follow-up (Table 4).
3.5. Arrhythmia recurrence

After an aggregate of 91.4 patient-years follow-up, 45 (40.2%)

patients experienced arrhythmia recurrence, with 18 (40.0%)

patients from group 1 and 27 (40.3%) patients from group 2

(log-rank p = 0.97). Time to arrhythmia recurrence in the whole

cohort is shown in Figure 2.
3.6. End point analyses

After adjusting for a series of covariables, multivariable logistic

regression showed that compared with LAAO combined with RFA,

LAAO combined with CBA was not associated with more PDLs or
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FIGURE 2

Time to arrhythmia recurrence in different groups. CBA, cryoballoon ablation; LAAO, left atrial appendage occlusion; RFA, radiofrequency ablation.

TABLE 5 End point analyses.

Group 1 Group 2 OR or RR 95% CI P value

Peri-device leak
Univariable 15/45 (33.3) 25/67 (37.3) 0.840 0.380–1.857 0.667

Multivariable model 1 0.935 0.413–2.115 0.935

Multivariable model 2 0.814 0.313–2.116 0.672

Multivariable model 3* 1.162 0.492–2.746 0.733

Safety outcomes
Univariable 3/45 (6.7) 5/67 (7.5) 0.886 0.201–3.906 0.873

Multivariable model 1 0.953 0.208–4.359 0.950

Multivariable model 2 0.633 0.086–4.648 0.653

Multivariable model 3* 0.861 0.177–4.185 0.853

OR, odd ratio; RR, relative risk; CI, confidence interval.

*Multivariable model 3 was adjusted for HASBLED score and left atrial diameter.
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safety outcomes (Table 5). Propensity score matching analysis

showed the same results as well (Supplementary Tables S3–S5).

Subgroup analysis is shown in Figure 3. Results showed that

the HASBLED score was a stratification variable (interaction p =

0.021); however, for each subgroup, the results were not

significant (HASBLED score < 2, OR = 2.270, 95% CI: 0.739–

6.972, p = 0.152; HASBLED score≥ 2, OR = 0.296, 95% CI:

0.079–1.106, p = 0.070). Details in subgroup and threshold

selection are shown in Supplementary Table S6 and Figure S1.

Antithrombotic medication at each critical follow-up point is

shown in Figure 4. In group 1, 10 (22.2%) patients discontinued

antithrombotic medication from month 2, and 1 (2.2%) patients

discontinued antithrombotic medication from month 6 (24.4% in

total); 5 (11.1%) patients received long-term anticoagulant
Frontiers in Cardiovascular Medicine 06
treatment. In group 2, 6 (9.0%) patients discontinued

antithrombotic medication from month 2, and 3 (4.5%) patients

discontinued antithrombotic medication from month 6 (13.4% in

total); 15 (22.4%) patients received long-term anticoagulant

treatment. Antithrombotic medication in patients with or

without PDLs is shown in Supplementary Figure S2. Patients

without PDLs were less likely to receive antithrombotic therapy.
4. Discussion

In the present study, we compared the efficacy and safety for

CBA vs. RFA one-stop procedures. We found the following: (i)

the CBA one-stop procedure yielded shorter procedure times; (ii)
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FIGURE 3

Subgroup analysis. BMI, body mass index; CBA, cryoballoon ablation; LAAO, left atrial appendage occlusion; RFA, radiofrequency ablation.

FIGURE 4

Antithrombotic medication at each critical follow-up points in different groups. DAPT, dual antiplatelet therapy; SAPT, single antiplatelet therapy.
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the incidence rates of PDLs, safety outcomes, and arrhythmia

recurrence were comparable between the two methods; (iii) after

adjusting for multiple covariables, similar risks for PDLs and

safety outcomes were verified for both one-stop procedures; (iv)

no significant differences between the two groups were shown by

subgroup analysis; (v) follow-up safety outcomes were related to

anticoagulant medication, and patients without PDLs were more

likely to discontinue antithrombotic therapy. Together, these

findings show that the CBA one-stop procedure is effective and

safe and has unique advantages.
4.1. Peri-device leaks in combined
procedures

Catheter ablation can cause coumadin ridge edema, which may

affect the efficacy of LAAO. It is generally believed that for disc

closure devices, coumadin ridge edema may cause larger PDL;

for plug closure devices, coumadin ridge edema may have little

effect on PDL due to its integrated design. Therefore, only

patients who received a Watchman device were enrolled in this

study to ensure consistency.

Multiple studies have shown that one-stop procedures do not

increase the incidence of occlusion failure. Results for RFA

combined with the LAAO one-stop procedure have been widely

reported in previous studies. Phillips et al. reported a 5-year

single-center study of the one-stop procedure where 100.0% of

the patients successfully completed the LAAO procedure (13). In

a long-term multicenter registry for the one-stop procedure, all

349 patients received successful device implantation, and only

7.4% had minor PDLs intra-procedure (15). A one-stop

procedure subgroup study from the EWOLUTION and WASP

registries showed that Watchman devices were successfully

implanted in 99.3% of patients, and PDLs were not detected in

97.2% of patients; during follow-up, 98.2% of patients achieved

successful occlusion, and only 2 patients had a PDL > 5 mm due

to device displacement (14, 16). Chen et al. reported a single-

center study of the one-stop procedure in which only 0.3% of

patients experienced occlusion failure (1,114 patients in total)

(17). There are few reports of PDL follow-up for the CBA one-

stop procedure; Fassini et al. reported that all 45 patients

receiving CBA combined with LAAO had successful

implantation, and Ren et al. reported that only 1 of 72 patients

experienced disc device occlusion failure (18, 19). Currently,

there is no head-to-head comparison between CBA and RFA

one-stop procedures. The results from our study reveal that the

occlusion success rate is similar in both CBA and RFA one-stop

procedures, as well as the follow-up PDL risk.

CBA and RFA have different coumadin ridge edema

mechanisms. RFA causes tissue damage and necrosis through

impedance or conduction heating and may be accompanied by

bleeding; CBA directly destroys the myocardial structure and

causes necrosis through rewarming (27, 28). A magnetic

resonance imaging evaluation of myocardial damage after

catheter ablation showed that CBA resulted in a similar

magnitude of damage as RFA, but the resolution of CBA-related
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damage was more gradual (20). Our study shows that the

incidence and risk of follow-up PDL were similar for both CBA

and RFA one-stop procedures, suggesting that edema caused by

these two mechanisms may have similar effects on occlusion

procedures. Phillips et al. indicated that although RFA caused

significant LAA orifice edema, the anchor area of the closure

device was far from the edema area (13). Although the incidence

of all PDL was similar, the >3 mm newly-developed PDL and

progressed PDL were all significantly lower in group 1 than in

group 2. However, the left atrial diameter (a risk factor of PDL)

was also significantly smaller in group 1 than in group

2. Because of the low incidence of above two indexes in group 1,

it has the limitation to performed multivariable logistic

regression analysis. Larger scale studies are needed to evaluate

whether ridge edema caused by CBA or RFA affects LAAO efficacy.
4.2. Safety outcomes of combined
procedures

Previous studies have noted that compared with LAAO alone,

one-stop procedures (including CBA and RFA one-stop

procedures) do not increase the risk of peri-procedural SAEs (8).

Multiple studies have shown that one-stop procedures can

significantly reduce the risk of thromboembolism in high-risk AF

patients. In a 35-month follow-up of 349 patients who

underwent one-stop procedure, Wintgens et al. found that the

annual incidence of ischemic stroke was only 0.7%, with a 78%

reduction in absolute risk (15). A one-stop procedure subgroup

from the EWOLUTION and WASP registries showed that the

annual incidence of cerebral infarction was only 0.36%, and the

absolute risk decreased by 93% (16). Fassini et al. showed that no

SAEs occurred during the 24-month follow-up in 35 patients

who received a one-stop procedure, and only one case of stroke

was found in a longer follow-up involving more patients (18).

Our results showed that the incidence rates of peri-procedural

and follow-up adverse events for the one-stop procedures were

both low and comparable to those reported in previous studies.

These rates were also comparable between the two groups.

During the 1-year follow-up, no death or ischemic stroke events

were observed, and a device-related thrombus was detected in

only 1 patient. Only 1 patient experienced major bleeding, which

was related to an oral disease. These adverse events were

associated with the use of anticoagulants, rather than procedures.

The optimal antithrombotic treatment strategy after one-stop

procedure remains unclear. In real world clinical practice, most

LAAO patients may require additional catheter ablation for

better rhythm control. Although the purposes of rhythm control

and thrombosis prevention in the treatment of AF are not the

same, there may be some overlap between them. Previous studies

have shown that rhythm control can replace thromboprophylaxis

to some extent, without increasing the risk of thromboembolism,

and can significantly reduce the risk of bleeding in patients (29).

In our study, regardless of whether they received the RFA or

CBA one-stop procedure, patients without PDLs chose to

discontinue antithrombotic drugs more frequently, as has been
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reported in previous studies. Wintgens et al. reported that by the

end of follow-up, 6.5% of patients had discontinued

antithrombotic drug use (15). Fassini et al. reported that 8

(16.3%) patients had discontinued using antithrombotic drugs 3

months post-procedure (18). Discontinuing anticoagulants can

effectively prevent non-procedural hemorrhages, but early

anticoagulant discontinuance may have certain risks. In this

study, patients with device-related thrombi were associated with

premature anticoagulant withdrawal. It has been suggested that

platelets do not participate in endothelialization during LAAO;

this process may be more closely related to antithrombin III (30).

Therefore, it seems reasonable to discontinue antithrombotic

drugs in those who have completed endothelialization. Previous

studies have shown that PDLs may increase the risk of non-

disabling stroke (21). In the present study, antithrombotic

therapy was discontinued more frequently in patients without

PDLs, regardless of whether they received CBA or RFA. The

results fully support the safety of this strategy. A randomized

controlled trial of standard regiments after Watchman occlusion

vs. discontinuation of antithrombotic therapy at 6 months post-

procedure is being conducted and is expected to provide strong

evidence for clinical practice (31).
4.3. Catheter ablation in left atrial
appendage occlusion populations

One of the advantages of CBA over RFA is that the procedure

time is significantly shorter. High-power ablation is a relatively

efficient RFA strategy in current clinical practice, but a

randomized controlled trial revealed that the ablation time and

the total procedure time were still significantly shorter for CBA

than high-power ablation. In addition, the recurrence rates and

risk of AF post-ablation were similar between the two ablation

methods. These results suggest that CBA is an efficient ablation

method (32). In our study, the CBA one-stop procedure was

significantly superior to the RFA one-stop procedure in terms of

total procedure time and ablation time, indicating that the CBA

one-stop procedure has unique advantages in its indication

population.
5. Limitations

The sample size of this study was relatively small, and the

follow-up duration was short, which may not be conducive to

observing the full range of clinical adverse events. In this study,

both transesophageal echocardiography and cardiac computed

tomography angiography were used for LAAO evaluation, and

these data may not be directly comparable with previous studies.

However, the incidence of follow-up PDL in the present study

was in between the results of transesophageal echocardiography

alone and cardiac computed tomography angiography alone (16,

33). Finally, the present study does provide direct head-to-head

comparison results for the CBA one-stop procedure vs. LAAO

alone.
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6. Conclusion

Left atrial appendage occlusion combinedwith cryoballoon ablation

has the same peri-device leak risk and safety outcomes as left atrial

appendage occlusion combined with radiofrequency. The incidence of

arrhythmia recurrence between procedures was similar as well, but the

procedure time is significantly reduced. The combination of left atrial

appendage occlusion and cryoballoon ablation with appropriate

antithrombotic medication is efficacy and safety. Large-scale and long-

term follow-up studies are warranted to verify our findings.
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