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Background: To investigate the safety and effectiveness of cryo-balloon pulmonary vein isolation (PVI) and left atrial appendage 
closure (LAAC) combined procedure and half-dose rivaroxaban after operation in elderly patients with atrial fibrillation (AF).
Patients and Methods: A total of 203 AF patients presented for cryo-balloon PVI, and LAAC combined procedure was included 
from 2019 to 2021. Postoperative patients were anticoagulated with rivaroxaban with/without clopidogrel for 60 days, with oral 
rivaroxaban of 10 mg in the elderly group and 20 mg in the non-elderly group. Patients with AF ≥80 and <80 years were considered 
elderly and non-elderly groups, respectively. Scheduled follow-ups and transesophageal echocardiography were used to assess peri- 
and post-procedural safety and effectiveness.
Results: A total of 203 patients underwent the combined procedure, 83 in the elderly and 120 in the non-elderly groups. All patients 
successfully obtained PVI and satisfactory LAAC. During the perioperative period, one patient had puncture complications in the 
elderly group and one with thrombosis in the non-elderly group. Oral rivaroxaban was administered to 83.2% and 75% of patients in 
the elderly and non-elderly groups, respectively, and rivaroxaban was combined with clopidogrel anticoagulation in the remaining 
patients. The annual rates of composite clinical events were 8.4% and 9.2% in the elderly and non-elderly groups, respectively, with no 
statistically significant difference. Patients in both groups had complete sealing, and there was no displacement of devices, death and 
peripheral arterial thrombosis. Recurrence of AF occurred in 25 and 32 patients in the elderly and non-elderly groups, respectively, 
with no statistically significant difference. Besides, the two groups had no statistically significant difference in cerebral infarction/ 
transient ischemic attack and device-related thrombosis (p > 0.05).
Conclusion: This study suggests that cryo-balloon PVI and LAAC combined procedure and half-dose rivaroxaban after the operation 
is safe and effective in treating elderly patients with AF.
Keywords: pulmonary vein isolation, left atrial appendage closure, cryo-balloon, rivaroxaban, atrial fibrillation, elderly patients

Introduction
Atrial fibrillation (AF) is the most frequent arrhythmia in older people because its prevalence rises dramatically as people 
age.1 Non-valvular AF is one of the most common types of AF, accounting for approximately 65.2% of all AF.2 As the 
global population ages, the incidence and prevalence of AF continue to rise.3 The study found that older people (ie ≥80 
years) with AF accounted for 51.2% of the total AF population in 2016, but this is expected to rise to 65.2% in 2060.4 AF 
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can lead to various long-term complications that can seriously affect patients’ quality of life and therefore require timely 
intervention and treatment.5 Catheter ablation is now the mainstay of clinical treatment for AF, particularly in patients 
who have failed or are intolerant to antiarrhythmic drug therapy.6,7 In addition, compared to radio-frequency catheter 
ablation, cryo-balloon ablation has the advantages of shorter procedure duration, better patient tolerance, and lower 
complication and adverse event rates.8

The significant negative impact of AF is thrombosis and embolism. Non-valvular AF has an annual embolic event 
rate of 5% and accounts for 15–20% of all cerebral embolic events, increasing the risk of death and disability by more 
than 5 times.9,10 Approximately 90% of thrombi in patients with non-valvular AF originate in the left atrial appendage, so 
thromboembolism in patients with AF can be prevented by closing the left atrial appendage.11 Research has shown that 
left atrial appendage closure (LAAC) is efficient and safe for preventing strokes in people with non-valvular AF.12,13 To 
achieve comprehensive AF control and stroke prevention, cryo-balloon pulmonary vein isolation (PVI) combined with 
LAAC can treat patients with AF. Moreover, the efficacy and safety of this combined procedure have been proven in 
several studies.14–17

However, there has not been a consensus on anticoagulation protocols after LAAC. The US Food and Drug 
Administration approved Rivaroxaban in July 2011 for the anticoagulation treatment of non-valvular AF. The dose of 
rivaroxaban for preventing thromboembolic events in non-valvular AF in the elderly is controversial due to the reduced 
physiological function of several organs, multiple underlying diseases, and poor surgical tolerance. Therefore, this study 
evaluated the safety and efficacy of the PVI and LAAC combined procedure and postoperative half-dose rivaroxaban 
anticoagulation in elderly patients with AF.

Methods
Study Population
A retrospective analysis of 203 patients with non-valvular AF who received cryo-balloon PVI and LAAC combined 
procedures in our cardiology department from 2019 to 2021 was performed. Inclusion criteria: 1) patients with non- 
valvular AF; 2) age ≥18 years; 3) CHA2DS2-VASc score ≥2 for men and CHA2DS2-VASc score ≥3 for women, or 
HAS-BLED score ≥3; 4) patients with contraindications or adverse effects to anticoagulant therapy. Ineligible patients 
had one of the following conditions from this study: 1) thrombus in the left atrium; 2) valvular AF; 3) new stroke or 
transient ischemic attack within 1 month; 4) combined acute coronary syndrome; 5) history of left auricular ligation; 6) 
active bleeding disorders; 7) severe infection and sepsis; 8) severe hepatic and renal dysfunction. Eighty-three elderly 
patients ≥80 years old were used as the elderly group, and 120 patients <80 years old were used as the non-elderly group. 
All patients signed an informed consent form. Shanghai Pudong New Area Zhoupu Hospital (Zhoupu Hospital affiliated 
with Shanghai Medical College of Health) ethic committee approved (ZPYY LL-2018-02) this study.

Pre-Operative Preparation
Preoperative enhanced computerized tomography (CT) of the left atrium and 3D reconstruction of the left auricle was 
performed to analyze the left auricle’s morphology and adjacent structural relationships. Transesophageal echocardio-
graphy was performed within the preoperative day to rule out left atrial thrombus, and the left auricular orifice, landing 
zone diameter and depth were estimated at 0°, 45°, 90°, and 135°. If patients are anticoagulated with warfarin 
preoperatively, they will continue to be anticoagulated with warfarin perioperatively (maintaining an International 
Normalized Ratio (INR) of 2.0 to 3.0). If the patient is anticoagulated with a non-vitamin K antagonist, the drug was 
discontinued 24 h before the procedure. They were fasting for at least 8 h before surgery.

Cryoballoon PVI and LAAC Combined Procedure
For patients with cryo-balloon PVI combined with the Watchman LAAC device, the method of occlusion followed by 
ablation was adopted, and for patients with cryo-balloon PVI combined with Lacbes left atrial appendage occlusive 
device, the process of occlusion followed by ablation was adopted. Patients were operated on by general anaesthesia and 
transesophageal ultrasound assistance. Intraoperative heparin maintained the prothrombin activation time (ACT) of 250– 
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300 s. The cryo-balloon PVI, Watchman and Lacbes left atrial appendage occlusive device standardized procedure is 
described previously.16,17 Patients were anticoagulated with rivaroxaban plus clopidogrel for 60 days postoperatively if 
they had undergone percutaneous coronary stenting. Otherwise, they were anticoagulated with rivaroxaban only for 60 
days. Of these, 10 mg of oral rivaroxaban was administered to the elderly group and 20 mg to the non-elderly group. 
Dual antiplatelet treatment with aspirin and clopidogrel was administered 60 days after surgery until 6 months post-
operatively, followed by a single antiplatelet agent with aspirin as a long-term therapy.

Study Endpoints
The perioperative period was defined as the day of surgery to 7 days postoperatively. The primary endpoint was the 
annual incidence of composite clinical events. Secondary endpoints included recurrence of AF, new thromboembolic 
events or death, major hemorrhage (BARC type 3 and above), pericardial tamponade, and device thrombosis (DRT) 
events. The risk of arterial embolism and bleeding reduction was calculated by comparing the normalized observed rate 
of events per year of follow-up with the predicted rate of events per year based on CHA2DS2-VASc and HAS-BLED 
scores from validation trials. AF arrhythmia recurrence was defined as AF, atrial flutter or atrial tachycardia of more than 
30s duration recorded outside the blanking period (3 months after surgery).

All patients were required to undergo an ambulatory electrocardiogram (ECG) for review at 3, 6, and 12 months 
postoperatively. Patients were assessed by transesophageal echocardiography for device location, residual blood flow, and 
DRT at 2 and 12 months postoperatively. Postoperative telephone follow-up was performed every 12 months to document 
clinical outcomes.

Statistical Analysis
Data were analyzed using SPSS 23.0 and MEDCALC statistical software. If the continuous variables conform to the 
normal distribution test, they are expressed as mean ± standard deviation. If the data variance was equal, a t-test was used 
for both samples; otherwise, the Mann–Whitney test was used. The x2 test was used to evaluate percentage-based 
categorical factors. For the survival analysis, the incidence of adverse events was assessed using the Kaplan-Meier 
estimation method. The Log rank test was used to determine P-values. Two-sided P < 0.05 was considered a statistically 
significant difference.

Results
Patient Characteristics
A total of 203 patients with non-valvular AF treated with the cryo-balloon PVI and LAAC combined procedure were 
included. Among them, 83 patients were in the elderly group and 120 in the non-elderly group. The mean age of patients 
in the elderly and non-elderly groups was 82.6 ± 1.7 and 69.2 ± 7.4 years, respectively. Preoperative CHA2DS2-VASc 
and HAS-BLED scores were significantly higher in the elderly than in the non-elderly group patients (p< 0.001). In 
addition, the incidence of heart failure was also significantly higher in the elderly group than in the non-elderly group (P< 
0.001). In contrast, persistent AF and left atrial diameter incidence was not significantly different from those in the non- 
elderly group (P > 0.05). The basic characteristics of the patients in both groups are shown in Table 1.

Perioperative Information
Pulmonary artery dissection was successfully achieved in both groups. The cryoablation procedure time was 74.2±6.2 
min and 72.9±4.9 min in the elderly and non-elderly groups, respectively, and the difference was not statistically 
significant (Table 2). In the elderly group, 29 (35%) patients used the Lacbes device, and 54 (65%) patients used the 
WATCHMAN device for LAAC. 55 (46%) patients in the non-elderly group used the Lacbes device, and 65 (54%) 
patients used the WATCHMAN device for LAAC. The device implantation success rate was 100% in both groups. The 
elderly and non-elderly groups had one perioperative complication, namely puncture complication and pericardial 
tamponade, respectively. No other complications, such as pericardial tamponade, hemorrhage or phrenic nerve injury, 
were observed in either group. After the operation, 83.2% of patients in the elderly group were on oral rivaroxaban, the 
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rest were on rivaroxaban combined with clopidogrel, and 75% of patients in the non-elderly group were on oral 
rivaroxaban, and the rest were on rivaroxaban combined with clopidogrel for anticoagulation.

Follow-Up
For the primary outcome, the annual rates of composite clinical events were 8.4% and 9.2% in the elderly and non- 
elderly groups, respectively, with no statistically significant difference (Table 3). Survival analysis, as shown in Figure 1, 
also showed that the annual rates of composite clinical events were not significantly different between elderly and non- 
elderly groups (P=0.85, hazard ratio (HR)=0.91, 95% confidence interval (CI) 0.36–2.33) (Figure 1).

Regarding the secondary endpoints, no death and peripheral arterial thrombosis were found in the elderly or non-elderly 
age groups. Twenty-five patients in the elderly group and 32 non-elderly patients developed AF recurrence (P=0.59). Survival 
analysis also showed no significant difference in one-year AF-free incidence between the two groups (p=0.57, HR = 1.17, 95% 
CI: 0.68–2.03) (Figure 2). There was one hemorrhage and two cases of cerebral infarction/transient ischemic attack in each 
group, and the differences were not statistically significant (P > 0.05).

Table 1 Baseline Demographic Characteristics

Parameters Elderly Group (n=83) Non-Elderly Group (n=120) P-value

Age (years) 82.6 ± 1.7 69.2 ± 7.4 < 0.001
Gender (female) (n, %) 43 (51.8%) 63 (52.5%) 1

CHA2DS2-VASc score 6.4 ± 1.2 4.7 ± 1.7 < 0.001

HAS-BLED score 3.6 ± 0.9 3.07 ± 0.8 < 0.001
Persistent atrial fibrillation (n, %) 45 (54.2%) 58 (48.3%) 0.48

Heart Failure (n, %) 71 (85.5%) 18 (15%) < 0.001

Left atrial diameter (mm) 44.2 ± 2.5 43.8 ± 2.4 0.23

Table 2 Periprocedural Data

Parameters Elderly 
Group

Non-Elderly 
Group

P-value

Numbers of pulmonary vein (n) 4.05 ± 0.3 4.04 ± 0.3 0.89

Pulmonary vein isolation rate (n, %) 336 (100%) 485 (100%) 1

Cryoablation procedure time (min) 74.2 ± 6.2 72.9 ± 4.9 0.08
Devices (n, %)

Lacbes 29 (35%) 55 (46%) 0.15

WATCHMAN 54 (65%) 65 (54%)
Successful implantation, (n, %) 83 (100%) 120 (100%) 1

Left atrial appendage closure procedure time (min) 30.1 ± 3.9 30.4 ± 3.4 0.56

Complications (n, %) 1 (1.2%) 1 (0.8%) 1
Death 0 (0%) 0 (0%) -

Cerebral infarction/transient ischemic attack 0 (0%) 0 (0%) -

Pericardial tamponade 0 (0%) 1 (0.8%) 1
Hemorrhage 0 (0%) 0 (0%) -

Phrenic nerve injury 0 (0%) 0 (0%) -

Puncture complications 1 (1.2%) 0 (0%) 0.41
Acute kidney injury 0 (0%) 0 (0%) -

Acute liver injury 0 (0%) 0 (0%) -

Residual flow > 3mm 0 (0%) 0 (0%) -
Anticoagulation protocol (within 2 months after 

surgery)

Rivaroxaban (n, %) 69 (83.2%) 90 (75%) 0.22
Rivaroxaban + Clopidogrel (n, %) 14 (16.8%) 30 (25%) 0.22
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Each patient was assessed with transesophageal echocardiography at 2 and 12 months. No residual flow was detected 
in patients in either group, and there was no displacement of devices. However, device-related thrombosis was seen in 
three patients in the elderly group and two in the non-elderly group, with no statistically significant difference (P > 0.05).

The CHA2DS2-VASc score predicted the incidence of arterial embolism in patients and found that the actual 
incidence of arterial embolism was 82.3% lower than expected in the elderly group and 83% lower than expected in 
the non-elderly group (Figure 3A). Prediction of the incidence of major postoperative bleeding in patients based on the 
HAS-BLED score revealed an 84.6% decrease in the actual incidence of significant bleeding in the elderly patients and 
a 23.6% decrease in the incidence of major bleeding in the non-elderly group compared with expectations (Figure 3B).

Discussion
The cryo-balloon PVI and LAAC combined procedure has gained widespread clinical acceptance and popularity as 
a new treatment for AF. The efficacy and safety of the cryo-balloon PVI and LAAC combined procedure in treating 
elderly patients with AF are the first time investigated in this research. This study found no statistical differences between 
elderly and non-elderly patients regarding procedure time, safety and efficacy. Although CHA2DS2 -VASc scores and 
HAS-BLED scores were higher in elderly patients than in non-elderly patients, there was no statistically significant 
change in the frequency of bleeding events between elderly patients on half-dose rivaroxaban and non-elderly individuals 

Table 3 Follow-Up Outcomes

Parameters Elderly Group Non-Elderly Group P-value

Clinical composite events 7 (8.4%) 11 (9.2%) 0.53
Recurrence of atrial fibrillation 25 (30.1%) 32 (26.7%) 0.59

Death 0 (0%) 0 (0%) -

Cerebral infarction/transient ischemic attack 2 (2.4%) 2 (1.7%) 0.78
Peripheral arterial thrombosis 0 (0%) 0 (0%) -

Pericardial tamponade 1 (1.2%) 2 (1.7%) 0.79

Major hemorrhage 1 (1.2%) 5 (4.2%) 0.22
Displacement of devices 0 (0%) 0 (0%) -

Device-related thrombosis 3 (3.6%) 2 (1.7%) 0.38
Residual flow > 3mm 0 (0%) 0 (0%) -

Figure 1 Survival curves for the annual composite event rate.
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on a regular dose, suggesting that postoperative half-dose rivaroxaban anticoagulation may be more appropriate for 
elderly patients.

The management of patients with AF has two main purposes: to reduce peripheral arterial embolic events such as 
cerebral infarction while requiring attention to bleeding; the other is to reduce symptomatic AF. Radiofrequency and 
cryo-balloon ablation are currently the gold standard for catheter ablation and help control AF symptoms.18,19 Oral 
anticoagulants help prevent stroke and embolic events in AF patients with high thrombotic risk.6 However, the use of 
Oral anticoagulant therapy increases the risk of significant hemorrhage. Since 90% of the thrombus formation in 
nonvalvular AF patients is located in the left atrial appendage, LAAC has been proposed as an alternative to prevent 
stroke.20 In addition, the European consensus on left auricular closure is a viable approach to managing AF.12 Several 
studies have indicated the safety and efficacy of the combined cryo-balloon PVI and LAAC procedures in treating 
patients with AF. Swaans et al first reported using catheter ablation (CA) in combination with LAAC in 30 AF patients 
with a high risk of stroke or contraindications to oral anticoagulation therapy (OAC); this attempt was successful in all 
patients, with a 30% AF recurrence rate.14 Ren et al found cryo-balloon PVI and LAAC to have acceptable long-term 
safety and efficacy in treating patients with AF.17 Therefore, the cryo-balloon PVI and LAAC combined procedure may 
be a reasonable, effective and safe treatment option for patients with AF.

Figure 3 Annualized arterial embolism (A) and bleeding (B) rate reduction from CHA2DS2-VASc and HAS-BLED score predicted rates in our population after the 
combined procedure.

Figure 2 Freedom from atrial fibrillation by survival analysis.
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In this study, pulmonary vein potentiation isolation by cryo-balloon ablation was completed in 100% of 203 patients, 
and a left auricular occluder was successfully implanted. There were no significant differences in freezing duration and 
LAAC procedure time between the elderly and non-elderly groups. Perioperative complications were low and not 
statistically different between the two groups. There was no residual flow larger than 3 mm in either group. Only one 
patient in the non-elderly group had pericardial tamponade, and one in the elderly group had an arteriovenous fistula with 
no complications in the perioperative period. The low number of perioperative complications may be related to the 
simplicity of cryo-balloon ablation and the short operative time because the short operative time in elderly patients is 
important to reduce complications. The incidence of venous access complications due to cryo-balloon PVI was 
previously reported to be 1.79–2.3%,7,21 and the rate of puncture complications in the elderly group in this study was 
1.2%. The success rate of the LAAC implantation in this study was 100%, and no perioperative major bleeding events 
were detected. The success rate of left auricular implantation in this study was higher than in the RECORD study 
(99.5%), and the perioperative major bleeding events were lower than in the RECORD study (1.06%).22 This result may 
be attributed to the fact that the surgeons in this study have rich surgical experience and have accumulated 1000 
individual operations. The occlusions in our research centre can cover almost all the sizes of the left atrial appendage. In 
addition, the RECORD study also demonstrated a near doubling of the likelihood of successful left atrial appendage 
occlusion and a significant 58% reduction in the risk of life-threatening bleeding or hemorrhage in medical centres with 
≥40 procedures per year compared to centres with <40 procedures per year.22

A one-year follow-up of all patients revealed no statistical difference in the one-year AF recurrence rates of 30.1% 
and 26.7% in the elderly and non-elderly groups, respectively. The AF recurrence rate in the elderly group in our study 
(30.1%) was consistent with the study by Tauseef et al (30%)23 but much higher than in the studies by Takashi (13.2%),24 

which evaluated 1-year AF recurrence rates after cryo-balloon ablation in older patients’ ≥80 years of age with AF. This 
may be due to the different types of AF among the patients. The patients in Takashi’s study had paroxysmal AF, while 
only 45.8% of the elderly patients in this study had paroxysmal AF. Combining our and other studies,24 we found no 
difference in AF-free survival one year after surgery between elderly and non-elderly patients, regardless of the type of 
AF. The actual incidence of arterial embolism and bleeding was lower than expected in both groups at one-year follow- 
up, and the difference between the two groups was not statistically significant. Several studies have currently demon-
strated the effectiveness of left atrial appendage occlusion in preventing peripheral artery embolization.25,26 The four- 
year follow-up of the PRAGUE-17 trial showed that in patients with non-valvular AF at high risk for stroke and 
bleeding, the LAAC treatment group had a non-inferior composite endpoint to the new oral anticoagulant group and 
a significantly lower rate of non-surgical clinically relevant bleeding with LAAC compared to the new oral anticoagulant 
group.25 Xavier et al also confirmed no difference in annual arterial embolism and adverse events between patients ≥80 
and <80 years after left atrial appendage occlusion.26 Similar to previous studies, there was no statistical difference in the 
incidence of bleeding between the elderly and non-elderly groups in our study. Although the preoperative HAS-BLED 
score was higher in the elderly group than in the non-elderly group, the incidence of postoperative bleeding was lower 
than in the non-elderly group. This may be related to the different postoperative anticoagulant programs we gave to the 
two groups. Given the high rate of bleeding in elderly patients, we gave half dose of rivaroxaban anticoagulant to elderly 
patients, while the regular dose was given to non-elderly patients.

Previous studies reported that the incidence of DRT is 0.9% to 7.2%.27–29 This study found that the incidence of DRT in the 
elderly group and the non-elderly group was 3.6% and 1.7%, respectively, and there was no statistical difference between the two 
groups. The rate of DRT was slightly higher in the elderly group than the non-elderly group, which may be because most elderly 
patients had heart failure and were taking only half a dose of rivaroxaban. For the patients with DRT, we mostly used the regimen 
of extending anticoagulant time or increasing the dose of rivaroxaban, and the DRT disappeared after 2 months of reexamination. 
DRT can lead to arterial embolic events, but we did not find embolic events in the DRT patients in this study during follow-up. 
Jacqueline et al found that long-term administration of half-dose rivaroxaban amounts combined with aspirin in patients after 
LAAC reduced the risk of LAAC-related thrombosis, embolic events, and the composite endpoint of major bleeding.30 Long- 
term administration of half-dose rivaroxaban anticoagulation may be a good option. There was one pericardial tamponade event 
in each of the two groups at follow-up, occurring at 30 and 70 days postoperatively, respectively, with the pericardial tamponade 
occurring at 70 days postoperatively stemming from postcardiac injury syndrome, which develops from 3 to 140 days after 
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cardiac-related surgery.31 Patients with a pericardial tamponade event were given pericardial drainage and an adjusted antic-
oagulation regimen. No recurrence of pericardial effusion was seen at the time of the subsequent follow-up.

Limitations
This study also has some limitations. First, this study was a single-centre study. Secondly, there were few elderly patients 
included in this study, and the follow-up time of patients was too short. Finally, no standard dose of rivaroxaban was set 
in the elderly group, which could not be compared with the half-dose rivaroxaban group for clinical events.

Conclusion
Cryo-balloon PVI and LAAC, a combined procedure and half-dose of rivaroxaban anticoagulation, are safe and effective 
in elderly patients with AF. However, multi-centre studies with larger sample sizes and more extended follow-up periods 
are still needed for validation.

Abbreviations
PVI, Pulmonary Vein Isolation; LAAC, Left Atrial Appendage Closure; AF, Atrial Fibrillation; CT, Computerized 
Tomography; ECG, Electrocardiogram; CA, Catheter Ablation; OAC, oral anticoagulation therapy.
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