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Background: To study the effectiveness and safety of atrial fibrillation (AF) catheter ablation after 
pericardiectomy. 
Methods: Data of 24 consecutive AF patients after pericardiectomy underwent catheter ablation from five 
centers were collected and analyzed retrospectively. All patients were followed up at 1, 3, and 12 months after 
catheter ablation. Results of a repeated blood test, electrocardiogram, and echocardiography during follow-
up were also collected. Adverse events such as recurrence of AF, heart failure, stroke/transient ischemic 
attack (TIA) and minor, and major bleeding were recorded. All patients underwent brain magnetic resonance 
imaging (MRI) at the end of 12 months follow-up. 
Results: Patients were young (20–73 years old, 48.1±11.0). Fifteen (62.5%) patients were male. CHA2DS2-
VASc score (0–3, 0.21±0.41) was low in these 24 patients. Among these patients, 11 (45.8%) were paroxysmal 
AF, 8 (33.3%) were persistent AF, and 5 (20.8%) were long-lasting persistent AF. Left atrium diameter over 
45 mm was detected in 17 (70.8%) patients. All patients underwent catheter ablation successfully. No peri-
ablation procedure-related complication happened. Oral anticoagulant therapy was stopped 3 months after 
the final ablation. Anti-arrhythmia drugs were continued for all patients after ablation. For 12 months 
follow-up, AF recurred in 10 (41.7%) patients 3–7 months after the first ablation. MRI detected silent 
cerebral infarction (SCI) in 2 (8.3%) patients. No other adverse events occurred during follow-up. 
Conclusions: It is safe for AF patients to undergo catheter ablation after pericardiectomy, but the rate of 
recurrence of AF is high.
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Introduction

Atrial fibrillation (AF) is often seen in clinical practice in 
China (1-3). It has an adverse influence on patients’ heart 
function and quality of life and increases the risk of stroke, 

transient ischemic attack (TIA), and even death (4). In the 

past, heart rate control and conversion to sinus rhythm 

were both first line choice for patients with AF (5). With 

the rapid progress of catheter ablation for AF, researchers 
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gradually realized that conversion to sinus rhythm was 
before heart control for long-term prognosis (6). In recent 
years, increased patients with AF underwent catheter 
ablation, including radiofrequency ablation, cryoballoon 
ablation, and hot balloon ablation. Post-ablation 
anticoagulation, AF recurrence, and dementia are focuses of 
study nowadays (7-9). Patients with constrictive pericarditis 
often suffer AF because of the limitation of left ventricular 
movement (10). Though pericardiectomy can release the 
over-pressure of heart, it cannot convert AF to normal sinus 
rhythm (10). It is also necessary for patients who received 
pericardiectomy before to undergo catheter ablation to 
reduce adverse events and improve heart function and 
quality of life. But few studies had focused on this patient, 
and clinical experience was insufficient. In this study, we 
summarize and analyzed clinical data of patients from 
five centers in China to provide preliminary experience, 
including the safety and effectiveness of ablation and mid- 
to long-term prognosis. 

Methods

Study patients and definitions 

We enrolled patients (observation group, OG) from five 
centers in China between Mar 2015 and Jun 2019 according 
to inclusion criteria and exclusion criteria. Inclusive criteria: 
underwent pericardiectomy before catheter ablation; 
underwent catheter ablation only for AF; age over 18 years 
old. Exclusive criteria: connected tissue disease; malignant 
tumor; pregnancy. Paroxysmal AF refers to AF that 
terminates spontaneously; persistent AF refers to AF that 
sustained beyond 7 days; long-standing persistent AF refers 
to AF that continued beyond 1 year (11,12). Silent cerebral 
infarction (SCI) refers to the presence of focal cerebral 
ischemia in the absence of clinical signs and symptoms (13). 
After enrollment, we enrolled AF patients who received 
catheter ablation during the same period as the control 
group (CG). These patients had no history or evidence of 
pericarditis or pericardiectomy. This study was approved by 
the ethics committee of each hospital respectively.

Catheter ablation procedure 

All patients underwent catheter ablation radiofrequency. 
In these five centers, the process of catheter ablation was 
similar and conducted according to guidelines (14,15) and 
all patients signed informed content. In short, amiodarone 

was stopped for at least 1 month before ablation, and other 
anti-arrhythmia drugs were suspended for at least five half-
life periods. Transesophageal echocardiography was used 
to detect thrombosis in the left atrium before ablation. 
After local anesthesia with 1% lidocaine, an 8.5-F- and a 
6-F-sheath sheath was implanted into the right femoral vein. 
The mapping electrode was inserted into the coronary sinus 
through 6-F-sheath. After atrial septum was punctured, 
an ablation catheter (ThermoCool SmartTouch, Biosense 
Webster, Diamond Bar, CA, USA) was advanced to the left 
atrium. The radiofrequency ablation and 3D model were 
conducted under the EAM system (CARTO3, Biosense 
Webster, Diamond Bar, CA, USA). For paroxysmal AF, 
after high-density mapping of the left atrium, continuous 
circumferential ablation around the ipsilateral pulmonary 
vein cavity was performed to isolate all pulmonary veins 
(Figure 1) completely. For persistent AF, in addition to 
pulmonary vein isolation, linear ablation at the left atrium 
roof (LAF), mitral isthmus (MI), and cavotricuspid isthmus 
(CTI) where required. If the patient did not convert to 
sinus rhythm after ablation, cardioversion was conducted to 
convert AF to sinus rhythm (16).

Data collection 

Patients’ information including sex, age, personal history, 
physical examination, blood test, electrocardiogram (ECG) and 
echocardiography results on the admission of hospitalization 
for catheter ablation, type of AF, catheter ablation procedural 
parameters were all collected from in-hospital records.

Post-ablation follow-up 

After successful catheter ablation, all patients were followed 
up for at least 12 months. Clinic visit was needed at 1-, 
3-, and 12-month follow-up. Oral anticoagulation (OAC) 
therapy was stopped 3 months after ablation if the patient’s 
CHA2DS2-VASc score was not over 2. If AF recurred, OAC 
therapy and antiarrhythmic drug (AAD) has continued 
again. Blood tests, ECGs, and echocardiography were all 
repeated for each patient at follow-up. At the end of the 
12-month follow-up, all patients received a brain magnetic 
resonance imaging (MRI) examination.

Statistical analysis 

Continuous variables were expressed as the mean ± standard 
deviation (SD) and compared using an unpaired two-
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Figure 1 High-density mapping and quantitative ablation of atrial fibrillation after pericardiectomy. Under voltage mapping, the voltage 
value of the pulmonary vein antrum was low. (A) Anterior-posterior projection; (B) posterior-anterior projection.

AP PA

sided Student’s t-test when normal distribution and equal 
dispersion were confirmed. The Mann-Whitney U test 
and the Wilcoxon’s signed-rank test were used when the 
variance was unequal. Categorical variables were expressed 
as percentages (%) and compared using χ2 analysis or 
Fisher’s exact test if necessary. A P value of less than 0.05 
was considered statistically significant. All statistical analysis 
was performed with SPSS (version 17.0 for Windows, 
SPSS, Inc., Chicago, IL, USA).

Results

Baseline characteristics 

According to inclusive and exclusive criteria, 24 consecutive 
patients were enrolled in the final analysis. Fifteen (62.5%) 
patients were male. Among these patients, 11 (45.8%) were 
paroxysmal AF, 8 (33.3%) were persistent AF, and 5 (20.8%) 
were long-standing persistent AF. Left atrium diameter 
(LAd) over 45 mm was detected in 17 (70.8%) patients. The 
CG enrolled 1,504 patients. When compared with patients 
in the CG, patients in OG were relatively young (20– 
73 years old, 48.1±11.0), and their SBP and DBP were 
all lower than those in CG. The morbidity rates of 

hypertension, hyperlipidemia was lower in OG. Three 
patients were over 60 years old. CHA2DS2-VASc score 
(0–2, 0.21±0.41) was relatively small in these 24 patients. 
The time between pericardiectomy and first catheter 
ablation was 4 to 21 months (10.2±4.7). Before catheter 
ablation, only three patients were administrated with new 
OAC (NOAC), and 11 patients were administrated with 
aspirin, and the remain 10 patients had not received any 
anti-thrombosis medication, details were listed in Table 1.

Results of catheter ablation 

All patients underwent radiofrequency catheter ablation 
successfully. Twenty patients received successful catheter 
ablation at the first procedure, and the other four patients 
were treated successfully at the second procedure. Eleven 
patients with paroxysmal AF received circumferential 
pulmonary vein isolation (CPVI). Thirteen persistent 
AF patients (including long-standing) received CPVI + 
LAF + MI + CTI. No peri-ablation procedure-related 
complication happened. As we can see from Table 2,  
compared with CG, OG had more ablation points and 
longer procedural time.

BA
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Table 1 Baseline characteristics in OG and comparison with CG

Items OG (n=24) CG (n=1,504) P value

Male (n, %) 15 (62.5) 920 (61.2) 0.895

Age (years) 48.1±11.0 61.3±12.1 <0.001

BMI (kg/m2) 23.5±3.7 23.8±4.6 0.751

Hypertension (n, %) 0 398 (26.5) 0.003

Diabetes (n, %) 0 203 (13.5) 0.103

Hyperlipidemia (n, %) 1 (4.2) 375 (24.9) 0.035

Heart failure (n, %) 0 198 (13.2) 0.110

Previous stroke/TIA (n, %) 0 94 (6.3) 0.403

CHD (n, %) 0 255 (17.0) 0.053

PAD (n, %) 0 13 (0.9) 0.508

On admission

SBP (mmHg) 119.4±21.8 128.5±15.3 0.004

DBP (mmHg) 71.2±12.6 80.1±10.6 <0.001

Hb (g/L) 136.3±11.4 133.5±9.5 0.154

Fast glucose (mmol/L) 5.5±0.6 5.6±1.1 0.657

HbA1c (%) 5.4±0.6 5.7±0.8 0.068

LDL-C (mmol/L) 3.7±1.8 3.9±1.4 0.490

HDL-C (mmol/L) 1.1±0.4 1.1±0.5 0.997

TG (mmol/L) 1.7±0.9 1.7±0.8 0.997

Hs-CRP (ng/L) – – –

ALT (U/L) – – –

Cr (μmol/L) – – –

CHA2DS2-VASc score 0.21±0.41 2.1±1.3 <0.001

LVEF 53.4±3.6 52.7±3.1 0.274

LAd (mm) 44.2±2.9 41.4±4.8 0.004

OACs (n, %) 3 (12.5) 1,492 (99.2) <0.001

Type of AF (n, %) 0.238

Paroxysmal 11 (45.8) 816 (54.3)

Persistent 8 (33.3) 571 (38.0)

Long-lasting persistent 5 (20.8) 117 (7.8)

CA procedure (n, %) 0.676

1 20 (83.3) 1,327 (88.2)

2 4 (16.7) 177 (11.8)

OG, observation group; CG, control group; BMI, body mass index; TIA, transient ischemic attack; CHD, coronary heart disease; 
PAD, peripheral artery disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; Hb, hemoglobin; LDL-C, low density 
lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; TG, triglyceride; hs-CRP, high sensitivity C-reactive protein; ALT, 
alanine aminotransferase; Cr, creatine; LVEF, left ventricular ejection fraction; LAd, left atrium diameter; AF, atrial fibrillation; OAC, oral 
anticoagulant; CA, catheter ablation.
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Follow-up 

For 12 months follow-up, AF recurred in 10 (41.7%) 
patients 3–7 months after successful ablation. All patients 
discontinued OAC therapy on doctors’ advice 3 months 
after successful ablation. SCI was detected by MRI in 2 
(8.3%) patients. Repeated echocardiography at a 3-month 
follow-up and 12-month follow-up did not find the 
sign of pericardial effusion, which suggested pericardial 
hemorrhage. No other adverse events occurred during 
follow-up. Results of follow-up blood tests, ECG, and 
echocardiography were shown in Table 3. Incidence of SCI 
was not compared between OG and CG because not all 
patients in CG underwent a brain MRI scan. 

Discussion

In this study, we supplied some experience in catheter 
ablation for AF patients after pericardiectomy. The success 
rate of the first ablation procedure was 58.3% though LAd 
in most patients (70.8%) was over 45 mm. The process 

was safe in our catheter lab except that it needed more 
ablation points and longer procedural time, which were 
acceptable, because this kind of patient was younger and 
had fewer comorbidities, the CHA2DS2-VASc score was 
also relatively lower.

The primary pathophysiology of constrictive pericarditis 
is the limitation of left ventricle diastole (17). This leads to 
the increase of pressure in the left atrium and the expansion 
of LAd, which is believed to be a strong risk factor of 
atrial arrhythmia, especially AF (18). Previous studies 
demonstrated that left atrium developed fibrosis with the 
expansion of its diameter (19,20), the larger volume of 
left atrium reconstruction, and the lower voltage value of 
pulmonary vein antrum in our study confirm it (Figure 1).  
This histological and cellular remodeling resulted in 
electrical remodeling, which is the pathophysiological 
basis of AF (21). Hence, the expansion of the left atrium 
also increases the difficulty of catheter ablation and is a 
predictor of procedure failure. In our study, 58.3% of 
patients succeeded in the first procedure, which was lower 
than the CG. This result suggested that it was not so 
challenging to perform catheter ablation for AF patients 
after pericardiectomy. During 12 months of follow-up, 10 
(41.7%) patients suffered again AF diagnosed by regular 
ECG or 24 hours Holter monitoring. This recurrence 
rate was also a little high. The reason should be the 
remodeling of the left atrium. This result suggested that 
pericardiectomy could only improve the hemodynamics but 
also the histological and electrical remodeling. Whether 
cryoballoon ablation and hot balloon ablation have a lower 
incidence of recurrence or not is still unclear. Further study 
should focus on the supporting of sinus rhythm and the 
effectiveness of other type ablation for this kind of patient.

Because of the risk of pericardial hemorrhage, doctors 
were reluctant to prescribe OAC to AF patients with 
pericarditis. Pericardiectomy also puts patients at elevated 

Table 3 Outcome at follow-up

Items OG (n=24) CG (n=1,504) P value

AF recurrence (n, %) 10 (41.7) 203 (13.5) 0.0001

Pericardial effusion  
(n, %)

0 2 (0.1) >0.05

Stroke/TIA (n, %) 0 35 (2.3) >0.05

Heart failure (n, %) 0 17 (1.1) >0.05

Cerebral hemorrhage 
(n, %)

0 23 (1.5) >0.05

Death (n, %) 0 6 (0.4) >0.05

OG, observation group; CG, control group; TIA, transient 
ischemic attack.

Table 2 Parameters of electrophysiological examination and catheter ablation 

Items OG (n=24) CG (n=504) P value

Volume of left atrium reconstruction (mL) 148.23±59.07 132.23±40.23 0.064

Voltage of pulmonary vein antrum (mV) 0.81±0.72 1.14±0.80 0.048

Ablation points (n) 98±43 79±39 0.026

Procedural time (min) 146±24 118±37 0.0001

Fluoroscopy time (min) 15±6 14±7 0.492

OG, observation group; CG, control group.
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risk of post-operation hemorrhage. And there was a lack 
of evidence to support the use of OAC in these patients. 
Guidelines also did not comment on this subject. So, in 
clinical practice, few patients received OAC. In our present 
study, only three patients were administrated with NOAC 
before ablation. Further analysis revealed that these three 
patients were all over 60 years old, and their CHA2DS2-
VASc scores were all 2. And these three patients were all 
under intensive echocardiography monitoring to detect 
pericardial effusion. Considering the CHA2DS2-VASc 
score of our patients in this study was relatively low and 
not over 2, to prevent thrombosis or hemorrhage events, 
we administrated OAC only for 3 months and discontinued 
OAC therapy at the end of 3 months of follow-up. When 
AF recurred, OAC was started again. The outcome turned 
out to be safe and reasonable. This result was consistent 
with other studies (22). SCI is believed to be strongly 
related to future stroke. Previous studies reported that the 
frequency of SCI in patients with AF detected by MRI was 
40% and by computed tomography was 22% (23). Patients 
with both SCI and AF were threefold more likely to develop 
mild cognitive impairment (MCI) than patients with either 
SCI or AF only (24). At the end of the 12-month follow-
up, we conducted a brain MRI examination and found only 
2 (8.3%) patients had SCI, which also suggested a low risk 
of stroke in these patients. Repeated echocardiography at a 
3-month follow-up and 12-month follow-up did not find a 
sign of pericardial effusion, which showed that there is no 
pericardial hemorrhage. In summary, we suggested that for 
this kind of patients, it is safe and effective to administrate 
OAC for 3 months. What should be pointed out is that 
the time between pericardiectomy and the first catheter 
ablation was four to 21 months. So, we still don’t know 
how long the shortest period between pericardiectomy and 
OAC initiation is. Taking our result into consideration, we 
recommend at least 3 months before start OAC therapy 
after pericardiectomy. 
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