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Abstract: Objective: This retrospective study aimed to analyze the risk factors for post-surgical atrial fibrillation (AF) 
recurrence in paroxysmal AF patients who underwent cryoballoon catheter ablation. Methods: We selected a total 
of 98 patients with paroxysmal AF who were treated with frozen balloon catheter ablation in Tianjin Chest Hospital 
from January to December in 2016. A three-dimensional (3-D) electroanatomical mapping system was used to guide 
the cryoballoon catheter ablation surgery. According to whether the AF recurred during postoperative follow-up 
(starting from 3 months after surgery), the patients were divided into AF recurrence group and sinus rhythm main-
tenance group. Risk factors for AF recurrence were analyzed by both univariate and multivariate logistic regression 
model. Results: Of the 98 patients, 17 were in AF recurrence group and 81 were in sinus rhythm maintenance group. 
Univariate analysis showed that there was significant difference between two groups in the incidence of coronary 
heart disease, the level of hypersensitive C-reactive protein, B-type natriuretic peptide precursor and the duration 
of AF (all P < 0.05). Multivariate logistic regression analysis identified hypersensitive C-reactive protein, type B na-
triuretic peptide and AF duration as the factors influencing the recurrence of AF (all P < 0.05). Conclusion: The con-
centration of hypersensitive C-reactive protein, B-type natriuretic peptide and the duration of AF are independent 
risk factors for postoperative AF recurrence in paroxysmal AF patients who undergo cryoballoon catheter ablation.
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logistic regression, risk factor

Introduction

Atrial fibrillation (AF) is a common cardiac 
arrhythmia with an incidence rate of 3%-4% in 
the general population [1, 2]. Major serious 
complications of AF include heart enlargement, 
heart failure, organ embolism, cognitive dys-
function and dementia [3]. For AF patients who 
are unresponsive to antiarrhythmic drugs, AF 
ablation is an effective treatment [4]. There  
are currently two main surgical procedures for 
ablation therapy: radiofrequency catheter abla-
tion (RFCA) and cryoballoon catheter ablation 
(CBCA) [5]. While the former is a conventional 
technique, the latter is a new treatment that is 
primarily used for patients with paroxysmal AF 
[6]. During the surgery, the pulmonary vein con-
nected to the left atrium is blocked with a bal-

loon, which then releases liquid nitrogen mon-
oxide for rapid cryogenic cooling of the su- 
rrounding tissues. As a result, the necrotic tis-
sue causes pulmonary venous potential isola-
tion, leading to the ablation of arrhythmia [7]. 
CBCA has several advantages over RFCA, such 
as reliable outcome, a low incidence rate of  
pulmonary vein stenosis and thromboembosis, 
and short operation time [8]. In the North 
American Arctic Front (STOP AF) Pivotal Trial, 
13.6% of the 136 paroxysmal AF patients had 
recurrence during the 12-month follow-up [9]. 
Currently, the risk factors for AF recurrence 
have not been fully investigated. In this retro-
spective study, we therefore analyzed the risk 
factors for postoperative AF recurrence in par-
oxysmal AF patients who underwent cryobal-
loon catheter ablation. 
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Patients and methods

Patients 

This retrospective study included a total of  
98 paroxysmal AF patients who underwent 
CBCA in Tianjin Chest Hospital from January to 
December in 2016. There were 49 males and 
49 females with an average age of 59.54±8.98 
years (range: 28 to 77 years). The study was 
approved by the Research Ethics Committee at 
the Tianjin Chest Hospital. All patients had 
signed the informed consent for the use of clini-
cal data.

Inclusion and exclusion criteria 

Patients were selected based on the following 
inclusion criteria: (1) paroxysmal AF patients 
without valvular disease aged between 18 and 
80 years; (2) no left atrial appendage thrombo-
sis as confirmed by preoperative esophageal 
ultrasonography; and (3) unresponsive to anti-
arrhythmic drugs. Exclusion criteria were as  
follows: (1) cerebrovascular attacks within six 
months prior to this study; (2) heart diseases 
such as congenital heart disease, cardiomyop-
athy, heart valve disease, and infective endo-
carditis; (3) left ventricular ejection fraction 
(LVEF) < 40%, and/or left atrium end diastolic 
diameter (LAEDD) < 50 mm; and (4) thyroid  
dysfunction, severe liver and kidney dysfunc-
tion, malignancy, active bleeding, and allergy to 
contrast agents.

Surgical procedure

Before the surgery, blood was collected from 
each patient for routine blood test, coagulation, 
and biochemical analysis. Electrocardiogram 
and cardiac color Doppler ultrasound was per-
formed. During the surgery, the patients were 
kept in supine position, and a 6F sheath was 
perforated through the right internal jugular 
vein. A coronary sinus lead was inserted as the 
reference electrode. An arterial pressure moni-
toring catheter was placed into the left radial 
artery. A 6F sheath was inserted into the right 
femoral vein, followed by the insertion of the 
right ventricular electrode catheter. Guided by a 
J-shaped tip guidewire, a Swartz long sheath 
was pierced into the right femoral vein, follow- 
ed by the insertion of an atrial transseptal 
puncture needle. Atrial transseptal puncture 

was performed and left and right pulmonary 
vein angiography was conducted to locate the 
position of the pulmonary vein orifice. Under 
the guidance of a CARTO three-dimensional 
mapping system (Biosense Webster Inc., Dia- 
mond Bar, CA, USA) and a ring Achieve elec-
trode (Medtronic Inc., Minneapolis, MN, USA), 
the ablation catheter was perfused with cold 
0.9% saline for electric isolation. Circumferen- 
tial pulmonary vein isolation (PVI) ablation was 
performed 1-2 times until sinus rhythm was 
restored and AF could no longer be induced. 
The patients received anticoagulant drugs for  
3 months after the surgery.

Follow-up visits

After the surgery, patients underwent clinic or 
phone call follow-ups each month, and 24-hour 
Holter ECG every 3 months. ECG and 24-hour 
Holter ECG was performed at the earliest con-
venience in patients with postoperative clinical 
symptoms such as palpitations. Postoperative 
AF recurrence was defined as sustained atrial 
arrhythmia (AF, atrial flutter, and atrial tachycar-
dia) lasting 30 seconds or above during any 
ECG test since 3 months after AF ablation. 
According to whether the AF recurred during 
postoperative follow-up, the patients were 
divided into AF recurrence group (AF group, 
n=17) and sinus rhythm maintenance group 
(SR group, n=81).

Statistical analysis

Statistical analysis was performed using SPSS 
24.0 software (IBM SPSS., Chicago, IL, USA). 
Measurement data were expressed as mean ± 
standard deviation, and compared by student’s 
t-tests. Enumeration data were analyzed by X2 
tests. Multivariate logistic regression was used 
to analyze the risk factors for AF recurrence. P 
< 0.05 was considered statistically significant.

Results

General patient characteristics

The general patient characteristics of AF and 
SR groups were compared. As shown in Table 
1, there were no significant differences in the 
age, gender, incidence rate of hypertension and 
diabetes mellitus, or history of smoking and 
drinking between the two groups (all P > 0.05). 
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However, the incidence rate of coronary heart 
disease and duration of AF (in years) in AF 
group was significantly higher compared with 
SR group (both P < 0.05, Table 1). 

Both groups had similar cardiac ultrasound 
index

The cardiac ultrasound was performed for each 
patient. As shown in Table 2, there were no sig-
nificant differences in the left atrium diastolic 
diameter (LA), left ventricular diastolic diameter 
(LV) and left ventricular ejection fraction (EF) 
between the two groups (all P > 0.05). 

AF group had higher hypersensitive C-reactive 
protein (CRP) and B-type natriuretic peptide 
precursor (BNP) levels

The blood test index of the two groups was 
compared. Both groups had similar levels of 
serum potassium (K), urea nitrogen (BUN), cre-
atine (Cre), uric acid (UA), serum albumin (Alb), 
alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), low density lipoprotein 
cholesterol (LDL-C), high density lipoprotein 
cholesterol (HDL-C), troponin (TnT), thrombolyt-
ic dimer (D-Dimer), white blood cell count 
(WBC), hemoglobin (Hb), platelet count (PLT), 
and thyroid stimulating hormone (TSH) (all P > 
0.05, Tables 3 and 4). However, the levels of 
CRP and BNP in AF group were significantly 
higher than those in the SR group (both P < 
0.05).

were identified as the influencing factors for AF 
recurrence (all P < 0.05, Table 5).

Discussion

Cryoballoon catheter ablation is a new method 
of AF ablation with a higher success rate and a 
lower post-operational complication rate com-
pared with the conventional radiofrequency 
catheter ablation [10]. Although AF commonly 
occurs within 1 to 3 months after surgery, most 
patients can recover without any intervention 
[11, 12]. In this study, we therefore recorded AF 
that recurred since 3 months after cryoballoon 
catheter ablation, and divided these patients 
into AF recurrence group and sinus rhythm 
maintenance group accordingly. We compared 
the general patient characteristics, cardiac 
ultrasound index, and blood test index between 
the tow groups by student’s t test, and identi-
fied CRP, BNP and AF duration as independent 
risk factors for AF recurrence via multivariate 
logistic regression analysis.

Recent studies have shown that inflammatory 
factors such as CRP play an important role in 
the development and progression of AF [13, 
14]. High levels of CRP in blood circulation are 
directly involved in the inflammatory response 
of local tissues. CRP can bind with the corre-
sponding ligand on the cardiomyocyte mem-
brane to activate the complement cascade, 
causing direct damage to myocardial cells; 
Moreover, the occurrence of AF is closely asso-

Table 1. Comparisons of basic clinical data between Comparisons of basic clinical data between AF 
recurrence (AF) and sinus rhythm maintenance group (SR)

Group Case  
number

Age 
(year)

Male  
[n (%)]

Coronary heart 
disease [n (%)]

Hypertension 
[n (%)]

Diabetes  
[n (%)]

Smoking 
[n (%)]

Drinking 
[n (%)]

AF duration 
(year)

AF 17 57.5±9.2 9 (53) 6 (23.5) 4 (23.5) 1 (5.9) 5 (29) 3 (17.6) 11.6±7.2
SR 81 59.9±8.9 40 (49) 7 (8.6) 44 (54) 9 (11.1) 16 (19.8) 6 (7.4) 4.0±3.4
X2 (t) value -1.02 0.07 8.68 5.33 0.011 0.78 1.77 6.64
p value 0.312 0.790 0.028 0.208 0.922 0.381 0.178 0.009

Table 2. Comparisons of cardiac color Doppler ultrasound 
data between AF recurrence (AF) and sinus rhythm main-
tenance group (SR)
Group Case number LA (mm) LV (mm) EF (%)
AF 17 38.76±4.16 49.82±3.73 60.94±4.21
SR 81 37.75±3.73 50.56±3.64 59.96±8.93
t value 1.08 -0.77 -0.45
p value 0.281 0.442 0.646

CRP, BNP, and AF duration were identi-
fied as the influencing factors for AF 
recurrence

The factors with significant between-
group difference were further used as 
independent variables for multi-factor 
logistic regression model to analyze 
the risk factors for AF recurrence fol-
lowing cryoballoon catheter ablation. 
CRP, BNP, and AF duration (in years) 
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ciated with the increased apoptosis and inter-
stitial fibrosis [15]. CRP is also directly involved 
in the removal of apoptotic cells, which decreas-
es the total number of atrial cells and aggra-
vates the interstitial fibrosis [16]. Letsas et al. 
followed up 72 AF patients who underwent AF 
ablation for 12.5±5.7 months, and found that 
postoperative recurrence of AF was associated 
with serum CRP level [17]. Consistently, our 
study also identified serum CRP level as a fac-
tor influencing the recurrence of AF after cryo-
balloon catheter ablation.

BNP is a neurohormone synthesized by cardio-
myocytes when the tension and pressure of the 
heart is increased. BNP has marked diuretic 
and natriuretic effects; It can also dilate blood 
vessels and inhibit the renin-angiotensin-aldo-
sterone system; The level of BNP can directly 
reflect the tension of the myocardium [18]. 
Studies have found that high BNP content can 
aggravate the atrial structural and electrical 
remodeling, and thus is not beneficial for the 
maintenance of sinus rhythm during recovery 
from paroxysmal AF [19]. Mabuchi et al. have 

trical and structural reconstruction of atrial 
cells, leading to fibrosis of atrial muscles. 
Consequently, different parts of the atrial mus-
cles have inconsistent effective refractory peri-
ods, which makes it difficult to maintain the 
sinus rhythm [21, 22]. Irfan et al. have suggest-
ed an association between the duration of AF 
and AF recurrence after cryoballoon catheter 
ablation [23]. 

Our study has suggested that CRP and BNP 
level as well as the duration of AF are indepen-
dent risk factors for postoperative AF recur-
rence in paroxysmal AF patients who undergo 
cryoballoon catheter ablation. The clinicians 
need to taken into consideration these factors 
when deciding whether cryoballoon catheter 
ablation is the appropriate surgical method for 
AF patients. It is worth noting that the current 
single-center study is largely limited by the rela-
tively small sample size and short follow-up 
time (mean: 11.2 months). Further multi-center 
studies with longer follow-up time shall be per-
formed to validate our findings. 

Table 3. Comparisons of blood test data between AF recurrence (AF) and sinus rhythm maintenance 
group (SR)

Group Case 
number

K 
(mmol/L)

BUN 
(mmol/L) Cre (umol/L) UA (mmol/L) Alb (g/L) ALT (U/L) AST (U/L) CRP (mgl/L)

AF 17 4.32±0.33 5.04±1.07 69.59±12.59 319.18±75.45 44.86±4.01 24.84±12.21 22.27±8.62 10.20±17.66
SR 81 4.22±0.32 5.28±1.45 72.12±14.41 316.06±72.23 43.04±5.79 19.84±11.62 20.22±11.55 3.85±6.01
t 1.11 -0.66 -0.67 0.16 1.23 1.6 0.69 3.16
P 0.273 0.508 0.501 0.466 0.222 0.114 0.490 0.014

Table 4. Comparisons of blood test data between AF recurrence (AF) and sinus rhythm maintenance 
group (SR) (Cont.)

Group Case 
number

LDL-C 
(mmol/L)

HDL-C 
(mmol/L)

TnT 
(mmol/L) BNP (ng/mL) D-Dimer 

(ug/L)
WBC 

(109/L) Hb (g/L) PLT (109/L) TSH 
(mmol/L)

AF 17 3.63±0.90 1.32±0.27 0.01±0.01 422.29±81.12 0.46±0.47 6.74±2.10 142.47±17.95 253.24±57.13 2.27±1.99

SR 81 3.01±0.68 1.22±0.28 0.01±0.01 228.73±31.47 0.37±0.25 6.68±1.58 140.19±14.17 217.62±50.34 3.36±8.22

t 3.23 1.38 0.35 2.55 1.12 0.13 0.58 2.59 -0.55

p 0.168 0.170 0.723 0.014 0.262 0.903 0.574 0.109 0.329

Table 5. Logistic regression analysis for influencing factors of AF recur-
rence
Influencing factors β SE Wald OR (95% CI) P
Coronary heart disease -1.470 1.172 1.572 0.230 (1.14±12.09) 0.210
CRP 0.089 0.041 4.631 1.093 (2.37±10.35) 0.031
BNP 1.311 0.603 4.721 1.002 (43.73±353.39) 0.030
AF duration 0.317 0.083 14.52 1.374 (5.31±9.84) 0.011

suggested BNP level as  
a biochemical marker of 
AF recurrence in patients 
with mild congestive he- 
art failure [20], which is 
consistent with our fin- 
ding.

A long duration of AF 
causes aggravated elec-
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