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1  |  INTRODUC TION

Atrial fibrillation (AF) is defined as supraventricular tachycardia in which 
rapid and inconsistent electrical activity of the atria leads to ineffective 

atrial contractions. The current prevalence in adults is 2%~4% (Hindricks 
et al., 2021). AF is the most serious disorder of atrial electrical activity. 
The main risks associated with AF are stroke and heart failure, which 
can significantly increase all- cause mortality (Lee et al., 2020; Vinter 
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Abstract
Objective: To identify the risk factors for postoperative atrial fibrillation (AF) recur-
rence in nonvalvular AF patients undergoing radiofrequency catheter ablation (CA).
Methods: We	retrospectively	reviewed	the	data	from	426	of	450	AF	patients	who	un-
derwent CA. Patients were divided into two groups according to recurrence after the 
operation; the risk factors for AF recurrence were analyzed. A stratification system 
for lesions was created based on the cutoff of the risk factors; the associations among 
the subgroups and the AF recurrence rate were analyzed.
Results: AF recurrence occurred in 98 (23.0%) patients. Univariate analysis demon-
strated that AF type, hypertrophic cardiomyopathy, left atrial diameter (LAD), left 
ventricular ejection fraction (LVEF), serum albumin, and D- dimer concentrations were 
associated with AF recurrence. AF type (OR =2.907, p < .001), serum albumin concen-
tration (OR =1.112, p <	.05),	and	LAD	(OR	=1.115,	p < .001) were independent risk 
factors for AF recurrence. The area under the ROC curve of LAD for the prediction 
of	AF	 recurrence	was	0.722	 (95%	CI:	 0.664~0.779) and that of serum albumin for 
the	prediction	of	AF	recurrence	was	0.608	(95%	CI:	0.545~0.672).	Further	stratifica-
tion	revealed	that	patients	with	persistent	or	paroxysmal	AF	with	LAD	≥43.5	mm	and	
serum	albumin	concentration	≥42.2	g/L	had	a	higher	rate	of	AF	recurrence	than	the	
reference group.
Conclusion: Atrial fibrillation type, LAD, and serum albumin concentration are risk 
factors for AF recurrence after CA in patients with nonvalvular AF. Patients with per-
sistent	AF	with	LAD	≥43.5	mm	and	serum	albumin	concentration	≥42.2	g/L	have	a	
higher risk of late AF recurrence after surgery.
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et al., 2020). Radiofrequency catheter ablation (CA) is mainly performed 
by electrically isolating the pulmonary veins completely to convert and 
maintain	sinus	rhythm.	Studies	have	shown	that	CA	is	superior	to	drug	
therapy in relieving symptoms related to AF, reducing the burden of AF, 
and improving the quality of life in patients with AF (Cappato et al., 2010; 
Poole	et	al.,	2020).	The	2020	European	Society	for	Cardiology	(ESC)/
European	Association	for	Cardio-	Thoracic	Surgery	(EACTS)	suggested	
that CA can be selected as a preferred treatment in patients with parox-
ysmal or persistent AF (Hindricks et al., 2021). However, there is still the 
possibility of AF recurrence after CA. The recurrence rate of persistent 
AF	after	CA	can	even	reach	75%	within	7	years	(Rottner	et	al.,	2020).	
Studies	have	found	that	the	type	of	AF,	the	course	of	AF,	alcohol	con-
sumption, and diseases such as hypertension, diabetes, and renal insuf-
ficiency	will	affect	the	therapeutic	effect	of	CA	(Anselmino	et	al.,	2015;	
Pranata	et	al.,	2020;	Steinberg	et	al.,	2014;	Voskoboinik	et	al.,	2020;	
Wang et al., 2014; Zheng et al., 2021). Potential modifiable risk factors, 
such as serum albumin concentration and hypertrophic cardiomyopa-
thy, have yet to be explored.

This study, which involves a relatively large number of paroxys-
mal and persistent AF patients, aimed to analyze the independent 
predictors of postoperative recurrence of AF in patients who under-
went CA in our center to provide a reference for early identification 
of AF patients who are prone to recurrence after CA.

2  |  PATIENTS AND METHODS

2.1  |  Patients

We retrospectively reviewed all patients diagnosed with AF who 
underwent CA at the Affiliated Hospital of Qingdao University be-
tween June 2018 and June 2020. The selection criteria were (1) non-
valvular AF, (2) paroxysmal or persistent AF, (3) CA of AF for the first 
time, and (4) preoperative transesophageal echocardiography or left 
atrial CT imaging showing no thrombus in the left atrium. The exclu-
sion	criteria	were	(1)	left	ventricular	ejection	fraction	(LVEF)	≤35%,	
(2) severe liver insufficiency (alanine aminotransferase or aspartate 
aminotransferase greater than 3 times the upper limit of the normal 
range), (3) severe renal insufficiency glomerular filtration rate less 
than	60	ml/(min·1.73	m	(Lee	et	al.,	2020)),	(4)	cachexia	(>5%	weight	
loss	in	the	previous	6	months	or	2%~5%	weight	loss	with	either	body	
mass	index),	and	(5)	life	expectancy	less	than	1	year.	A	total	of	450	
eligible patients were included.

2.2  |  Methods

2.2.1  |  Preoperative	preparation

All patients were treated with warfarin or new oral anticoagulants 
(NOACs),	such	as	rivaroxaban	and	dabigatran,	for	at	 least	1	month	
before CA. Echocardiography was performed to evaluate the 
structure and function of the cardiac tissue, and transesophageal 

echocardiography or left atrial CT imaging was performed within 
48 hours before the operation to exclude left atrial thrombus.

2.2.2  |  Radiofrequency	catheter	ablation	methods

All operations were performed by the same doctor. After puncturing 
the right femoral vein, a 10- grade coronary sinus electrode was sent 
into	the	coronary	sinus,	and	then	the	8.5	F	Swartz	long	sheath	was	sent	
to the right atrium. The atrial– septal puncture needle was sent along 
the sheath to the fossa ovale to puncture the interatrial septum. After 
a successful puncture, an intravenous injection of 100 IU/kg unfrac-
tionated heparin sodium was performed, and 1000 IU unfractionated 
heparin sodium was added every hour during the operation. During 
the operation, the activated whole blood- clotting time (ACT) was mon-
itored	every	0.5	h,	and	the	ACT	value	was	stable	at	250~350	s.	The	
Swartz	long	sheath	was	inserted	into	the	left	atrium,	the	star-	mapping	
electrode was placed along with the sheath to the left atrium, and the 
left atrium model was built under the guidance of the Carto system. A 
3.5-	mm	ablation	catheter	(Smart	Touch,	Johnson	&	Johnson)	was	used	
for	CA,	the	discharge	energy	was	35~40 W, the ablation index (AI) was 
350~500,	 the	 limited	 ablation	 temperature	 was	 43°C,	 the	 ablation	
time was 20~30 s, and the flow rate of saline perfusion was 23 ml/min. 
The ablation strategy for paroxysmal AF was pulmonary vein isolation 
(PVI) combined with shattered potential ablation. The ablation strategy 
for persistent AF was PVI combined with left atrium top line, bottom 
line, mitral- valve isthmus line, and tricuspid- valve isthmus line ablation 
and shattered potential ablation. Ablation was successful when both 
pulmonary veins reached bidirectional electrical isolation, and the pa-
tients with AF were subjected to direct current synchronous electrical 
cardioversion after linear ablation.

2.2.3  |  Postoperative	sinus	rhythm	
maintenance and anticoagulation methods

All patients were given standardized anticoagulant therapy with war-
farin	or	NOAC	for	at	least	3	months	after	the	operation.	Patients	with	
normal thyroid function were given oral propafenone or amiodarone 
to	maintain	 sinus	 rhythm.	The	dosage	of	propafenone	was	150	mg	
three times a day, and the dosage of amiodarone was 200 mg three 
times a day for the first 10 days and was adjusted to 200 mg once a 
day after the first 10 days. Patients with a history of pulmonary fibro-
sis or thyroid dysfunction, including hypothyroidism, subclinical hy-
pothyroidism, and hyperthyroidism, were administered dronedarone 
to maintain sinus rhythm, the dosage of that was 400 mg twice a day. 
The treatment course of antiarrhythmic drugs was 3 months after CA.

2.2.4  |  Postoperative	follow-	up

All patients were advised to return for follow- up at the outpatient 
clinic	1,	3,	6,	and	12	months	after	the	operation.	The	main	content	of	
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the follow- up was the symptoms related to AF, signs of AF, and 24- h 
Holter examination results. Patients were informed to promptly 
perform a 24- h Holter examination and record the recurrence of AF 
if they felt dizziness, palpitations, chest tightness, suffocation, or 
other symptoms related to AF.

The first 3 months after the first ablation was a window period 
during which any atrial arrhythmia occurrence was not counted as 
AF recurrence.

Late recurrence of AF is defined as atrial arrhythmias, including 
atrial fibrillation, atrial flutter, and atrial tachycardia that lasts more 
than 30 s after 3 months of CA. According to the late recurrence of 
AF after CA, the patients were divided into a recurrence group and 
a nonrecurrence group.

2.2.5  |  Data	collection

Clinical data, echocardiography data, and serological indicators of 
the included patients were collected from the hospital information 
system of the Affiliated Hospital of Qingdao University. (1) Clinical 
data: age, sex, type of AF, course of AF, body mass index (BMI), hy-
pertension, hypertrophic cardiomyopathy, coronary atherosclerotic 
heart disease, diabetes, cerebrovascular disease, and left atrial ap-
pendage occlusion; (2) Echocardiography data (preoperatively): 
left atrial diameter (LAD), LVEF, and pulmonary artery pressure; (3) 
Serological	 indicators	 (preoperatively):	 neutrophil-	to-	lymphocyte	
ratio	(N/L),	D-	dimer,	albumin,	globulin,	low-	density	lipoprotein	cho-
lesterol, and high- density lipoprotein cholesterol.

2.3  |  Statistical analysis

Categorical variables are presented as frequencies and percentages, 
and the comparison of categorical variables between groups was 
performed by the χ (Lee et al., 2020) test. The continuous variables 
are presented as x ± s. Two independent sample t- tests (for normally 

distributed data) or the Mann– Whitney U tests (for non- normally 
distributed data) were used for continuous variables. The risk fac-
tors considered significant in univariate analysis were subsequently 
included in multivariate logistic regression analyses to identify the 
independent variables associated with AF recurrence. The Cox pro-
portional hazards model was used to estimate the hazard ratio (HR) 
with	 its	95%	confidence	 interval	 (CI).	 Independent	 risk	 factors	 that	
met the characteristics of the continuous variables were applied to 
the receiver operating characteristic curve (ROC curve) to obtain the 
Youden index (sensitivity + specificity- 1), and the best cutoff value of 
the independent risk factors was determined to evaluate its sensitiv-
ity and specificity for predicting the recurrence of AF. The patients 
were divided into several subgroups according to the cutoff point of 
each	risk	factor.	Setting	the	subgroup	with	the	lowest	risk	as	the	ref-
erence group, the difference in AF recurrence rate between other 
subgroups and the reference group was evaluated by Fisher's exact 
test.	Survival	curves	for	the	incidence	of	AF	recurrence	in	each	sub-
group were calculated with the Kaplan- Meier method. p <.05	(two-	
sided) was considered statistically significant in all statistical analyses. 
All	analyses	were	performed	by	SPSS	software	(SPSS,	version	23.0).

3  |  RESULTS

3.1  |  Comparison of baseline data between the 
recurrence group and the nonrecurrence group

A	total	of	450	patients	who	met	the	inclusion	and	exclusion	criteria	
were included in this study. Among them, 208 had persistent AF, 
and	242	had	paroxysmal	AF.	A	total	of	24	(5.3%)	patients	were	lost	
to follow- up. Overall, the average follow- up time was 18.2 months. 
Late	recurrence	of	AF	was	observed	in	23%	(98/426)	of	patients,	the	
recurrence rate of persistent AF was 38.1% (74/194), and the recur-
rence rate of paroxysmal AF was 10.3% (24/232). In the recurrence 
group,	there	were	37	(37.8%)	men	and	61	(62.2%)	women,	and	the	
average	age	was	60.7	±	9.6	years.	A	total	of	79.6%	(78/98)	of	patients	

Nonrecurrence group 
(n = 328)
N (%)

Recurrence group 
(n = 98)
N (%) χ2

p 
Value

Age (years)

≥60 218	(66.5) 60	(61.2) 0.91 .339

<60 110	(33.5) 38 (38.8)

Sex

Male 193	(58.8) 61	(62.2) 0.55 .560

Female 135	(41.2) 37 (37.8)

Postoperative antiarrhythmic drugs

Amiodarone 248	(75.6) 78	(79.6) 0.67 .414

Propafenone 49 (14.9) 11 (11.2) 0.86 .354

Dronedarone 16	(4.9) 3 (3.1) 0.59 .445

None 15	(4.6) 6	(6.1) 0.39 .534

TA B L E  1 Comparison	of	baseline	data	
between the recurrence group and the 
nonrecurrence group
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took amiodarone, 11.2% (11/98) of patients took propafenone, 3.1% 
(3/98)	 of	 patients	 took	 dronedarone	 after	CA,	 and	6.1%	 (6/98)	 of	
patients did not take antiarrhythmic drugs to maintain sinus rhythm 
as prescribed by the doctor. There were 328 people in the nonrecur-
rence	group;	193	(58.8%)	patients	were	male,	135	(41.2%)	patients	
were	 female,	 and	 the	mean	 age	was	62.0	±	 9.6	 years	 old.	A	 total	
of	75.6%	(248/328)	of	patients	took	amiodarone,	14.9%	(49/328)	of	
patients	took	prophylaxis,	and	4.9%	(16/328)	of	patients	took	drone-
darone to maintain sinus rhythm after CA. In the nonrecurrence 
group,	4.6%	(15/328)	of	patients	did	not	take	antiarrhythmic	drugs	
to maintain sinus rhythm after surgery. All the detailed clinical data 
of the two groups of patients are shown in Table 1.

3.2  |  Univariate analysis of atrial 
fibrillation recurrence

As shown in Table 2, AF recurrence was associated with the types 
of AF, hypertrophic cardiomyopathy, LAD, LVEF, serum D- dimer 
concentration, and serum albumin concentration in univariate analy-
sis (p <.05).	 In	 terms	 of	 clinical	 data,	 the	 proportion	 of	 persistent	
atrial fibrillation in the recurrence group was higher than that in 
the	nonrecurrence	group	(74.5%	vs.	36.6%,	p <.001), and the pro-
portion of hypertrophic cardiomyopathy was also higher in the 
recurrence	group	(5.1%	vs.	1.2%,	p =.019). Regarding echocardiog-
raphy	data,	the	recurrence	group	had	a	larger	LAD	(45.0	±	5.5	mm	
vs.	 40.5	±	 5.2	mm,	p <.001)	 and	 a	 lower	 LVEF	 (56.7%	±6.3%	 vs.	
59.3%	± 4.1%) than the nonrecurrence group (p <.001). Taking into 
account the serological indicators, the concentration of serum D- 
dimer in the recurrence group was lower than that in the nonrecur-
rence group (274.27 ± 114.34 mmol/L vs. 314.98 ± 114.34, p =.03), 
and the serum albumin concentration was higher than that in the 
nonrecurrence group (43.0 ±	3.6	g/L	vs.	41.4	± 3.9 g/L, p =.002).

3.3  |  Multivariate analysis of atrial 
fibrillation recurrence

Multivariate analysis showed that the types of AF (OR =2.907, 
p<0.001), serum albumin concentration (OR =1.112, p<0.05),	 and	
LAD (OR =1.115,	p<0.001) were independent risk factors for AF re-
currence. Details of the independent risk factors are presented in 
Table 3.

3.4  |  ROC curve of risk factors related to 
recurrence of AF

As shown in Figure 1, the area under the ROC curve of LAD for the 
prediction	of	AF	recurrence	was	0.722	(95%	CI:	0.664~0.779). When 
the	 LAD	 was	 43.5	 cm,	 the	 Youden	 index	 reached	 the	 maximum	
(0.356),	and	the	sensitivity	and	specificity	to	predict	AF	recurrence	
were	63.3%	and	72.3%,	respectively.	The	area	under	the	ROC	curve	

for	serum	albumin	to	predict	atrial	fibrillation	recurrence	was	0.608	
(95%	CI:	0.545~0.672),	and	the	Youden	index	was	the	highest	(0.207)	
when the serum albumin concentration was 42.2 g/L, for which the 
sensitivity	and	specificity	were	62.2%	and	58.5%,	respectively.

3.5  |  Statistical analysis and survival analyses of 
stratification related to cutoff points of risk factors

We divided all patients into a persistent AF group (Group A) and a 
paroxysmal AF group (Group B) according to the type of AF. Group 
A was divided into 4 subgroups in terms of the cutoff point of LAD 
and serum albumin: Group A1 (LAD <43.5	mm	and	serum	albumin	
concentration <42.2	g/L),	Group	A2	(LAD	≥43.5	mm	and	serum	albu-
min concentration <42.2 g/L), Group A3 (LAD <43.5	mm	and	serum	
albumin	concentration	≥42.2	g/L)	and	Group	A4	(LAD	≥43.5	mm	and	
serum	albumin	concentration	≥42.2	g/L).	Similarly,	Group	B	was	di-
vided into 4 subgroups: Group B1 (LAD <43.5	mm	and	serum	albumin	
concentration <42.2	g/L),	Group	B2	(LAD	≥43.5	mm	and	serum	albu-
min concentration <42.2 g/L), Group B3 (LAD <43.5	mm	and	serum	
albumin	concentration	≥42.2	g/L)	and	Group	B4	(LAD	≥43.5	mm	and	
serum	albumin	concentration	≥42.2	g/L).	During	an	average	follow-
 up of 18.2 months, the postoperative recurrence rates of AF in Group 
A1, Group A2, Group A3, and Group A4 were 27.1%, 37.3%, 22.2%, 
and	64.0%,	 respectively	 (Figure	2).	Group	A1	was	 regarded	 as	 the	
reference group, and only Group A4 had a significantly higher recur-
rence	rate	of	AF	than	the	reference	group	(64.0%	vs.	27.1%,	p <.05).	
Furthermore, the recurrence rates in Groups B1, B2, B3, and B4 were 
4.0%,	3.4%,	11.4%,	and	43.5%,	respectively	(Figure	3).	Taking	Group	
B1 as the reference group, the recurrence rate in Group B4 was sig-
nificantly	different	compared	with	that	in	the	reference	group	(43.5%	
vs. 4.0%, p <.05).	Details	of	the	recurrence	rate	of	AF	in	subgroups	
are presented in Table 4, as are other details.

4  |  DISCUSSION

The 2 main findings of the present retrospective, single- center 
study are as follows: 1. The type of atrial fibrillation, preopera-
tive LAD, and preoperative serum albumin concentration were 
independent risk factors for recurrence of nonvalvular AF after 
initial CA. 2. Patients with paroxysmal atrial fibrillation with 
LAD	≥43.5	mm	and	 serum	albumin	 concentration	≥42.2	g/L	 and	
patients	with	persistent	atrial	fibrillation	with	LAD	≥43.5	mm	and	
serum	 albumin	 concentration	≥42.2	 g/L	 had	 a	 higher	 recurrence	
rate of AF after surgery.

Catheter ablation is the preferred treatment strategy for AF and 
can effectively convert and maintain sinus rhythm, relieve symp-
toms related to AF, and significantly improve quality of life (Packer 
et	al.,	2019;	Pluymaekers	et	al.,	2019).	The	2020	ESC/EACT	guide-
lines for the management of atrial fibrillation suggested that the risk 
of postoperative recurrence should be considered when evaluating 
the indications for CA in patients with AF (Hindricks et al., 2021). 
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Studies	have	 found	 that	 actively	 controlling	 risk	 factors	 for	 recur-
rence of AF before surgery can effectively improve the success rate 
of CA (Hindricks et al., 2018).

In this study, it was found that the type of AF was an indepen-
dent risk factor for the recurrence of AF after CA, and persistent AF 
was prone to recurrence compared with paroxysmal AF, which was 

consistent with previous findings (Pranata et al., 2020). The occur-
rence of AF is related to abnormal electrical activity of the pulmonary 
vein, and the maintenance of AF is related to electrical remodeling 
and structural remodeling of the left atrium. The maintenance of AF 
further aggravates the electrical remodeling and structural remodel-
ing of the left atrium, making it difficult for AF to reverse into sinus 

Nonrecurrence group 
(n = 328)
N (%)

Recurrence group 
(n = 98)
N (%) χ2/t/U

p 
Value

BMI (kg/m2) 26.3	± 3.1 25.7	±	3.5 1.38# .170

Type of AF

Persistent 120	(36.6) 74	(74.5) 46.10* <.001

Paroxysmal 208	(63.4) 24	(25.5)

Course of AF

≥1	year 210	(64.0) 64	(65.3) 0.05* .816

<1 year 118	(36.0) 34 (34.7)

Hypertension

Presence 196	(59.8) 60	(61.2) 0.07* .795

Absence 132 (40.2) 38 (38.8)

Type 2 diabetes

Presence 58	(17.7) 23	(23.5) 1.64* .200

Absence 270 (82.3) 75	(76.5)

Coronary atherosclerotic heart disease

Presence 119	(36.3) 43 (43.9) 1.85* .174

Absence 209	(63.7) 55	(56.1)

Cerebrovascular disease

Presence 42 (12.8) 13 (13.3) 0.01* .905

Absence 286	(87.2) 85	(86.7)

Hypertrophic cardiomyopathy

Presence 4 (1.2) 5	(5.1) 5.50* .019

Absence 324 (98.8) 93 (94.9)

Combined left atrial appendage closure

Presence 26	(7.9) 7 (7.1) 0.07* .799

Absence 302 (92.1) 91 (92.9)

LAD (mm) 45.0	±	5.5 40.5	±	5.2 7.25# <.001

LVEF (%) 56.7	±	6.3 59.3	± 4.1 −4.70∆ <.001

Pulmonary artery 
pressure 
(mmHg)

32.1 ± 8.2 30.7 ± 7.3 1.51∆ .132

N/L 2.03 ± 1.01 2.09 ± 1.20 0.51# .610

D- dimer (ug/L) 314.98 ± 114.34 274.27 ± 114.34 −2.17# .030

Albumin (g/L) 41.64	± 3.90 43.02 ±	3.62 3.12# .002

Globulin (g/L) 24.08 ± 3.80 24.85	± 4.47 1.69# .092

HDL- C (mmol/L) 1.31 ±	0.45 1.30 ± 0.38 −0.31# .755

LDL- C (mmol/L) 2.52	±	0.95 2.44 ± 0.81 −0.75# .453

Abbreviations: AF, atrial fibrillation; BMI, body mass index; HDL- C, high- density lipoprotein 
cholesterol;	LDL-	C,	low-	density	lipoprotein	cholesterol;	N/L,	neutrophil-	to-	lymphocyte	ratio.
*χ2- test.
#t- test.
∆U- test.

TA B L E  2 Comparison	of	indicators	
between the recurrence group and the 
nonrecurrence group
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rhythm. Patients with persistent AF should be more alert to the risk 
of recurrence of AF after CA.

In our study, LAD was found to be the strongest risk factor 
for AF recurrence, which is consistent with previous studies (Lee 
et al., 2018; Teh et al., 2012). As the frequency and duration of atrial 
fibrillation increase, the left atrial cardiomyocytes decrease and are 
gradually replaced by fibrous tissue. Then, the left atrium continues 

to expand, and the structural and electrical remodeling of the left 
atrium progresses gradually. Finally, AF is easier to trigger and main-
tain, resulting in further expansion of the left atrium and forming a 
vicious cycle. Previous studies found that LAD >50	mm	is	a	strong	
predictor of AF recurrence after CA (D'Ascenzo et al., 2013). We 
found that LAD >43.5	mm	has	high	 specificity	 and	 sensitivity	 for	
predicting the recurrence of AF. Therefore, LAD should be carefully 
evaluated before CA. Patients with LAD >43.5	mm	should	be	aware	
of the risk of AF recurrence.

In our study, it was found that patients with higher serum albumin 
levels before surgery had a higher risk of postoperative recurrence 
of AF. However, the causal relationship between serum albumin 
levels and recurrence of AF is still controversial. A large- scale pro-
spective cohort study showed that the serum albumin level was in-
dependently inversely associated with incident AF but did not find a 

TA B L E  3 Multivariate	analysis	of	recurrence	of	AF

Risk factors OR (95%CI) p Value

Type of AF 2.907	(1.633~5.175) <.001

Albumin 1.112	(1.036~1.193) .003

LAD 1.115	(1.058~1.175) <.001

Abbreviations: AF, Atrial fibrillation; LAD, Left atrium diameter.

F I G U R E  1 ROC	curve	of	LAD	
and serum albumin for recurrence of 
atrial	fibrillation.	Note:	The	arrows	
indicate the cutoff point of LAD (blue 
line) and serum albumin (red line) 
corresponding to the best sensitivity 
and specificity. LAD =43.5	cm	and	
serum albumin =42.2 g/L. LAD: The 
anteroposterior diameter of the left 
atrium

F I G U R E  2 Survival	curve	of	
postoperative atrial fibrillation 
recurrence in Group A. During an 
average of 18.2 months of follow- up, 
postoperativeatrial fibrillation recurrence 
rates in Group A1, Group A2, Group A3, 
and Group A4 were 27.1%, 37.3%, 22.2%, 
and	64.0%,	respectively
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causal role of serum albumin in the etiology of AF (Liao et al., 2019). 
A recently published meta- analysis reported that a low serum albu-
min level is associated with an increased risk of AF, and they found 
that	10	g/L	serum	albumin	decreased	the	risk	of	AF	by	36%	(Wang	
et al., 2021), which is different from our findings. In our study, we ex-
cluded patients with severe liver insufficiency and malnutrition that 
may lead to severe hypoproteinemia. The different criteria for the 
inclusion of patients may be an important reason for the different 
results of the study. As far as we are concerned, the main physiologic 
properties of serum albumin include colloid osmotic effects and anti- 
inflammatory and antioxidant activity (Wang et al., 2021). We pro-
pose that the anti- inflammatory and antioxidant abilities of patients 
with hypoalbuminemia are impaired, making AF prone to relapse. 
But the anti- inflammatory and antioxidant characteristics of patients 
with higher serum albumin concentrations may have reached a limit. 
We speculate that patients with higher serum albumin levels have 
increased effective circulating blood volume because of increased 
plasma colloid osmotic pressure, which may aggravate cardiac re-
modeling and make AF prone to recurrence. Furthermore, albumin 
supplements for patients with hypoalbuminemia might be a thera-
peutic target for reducing the risk of AF according to some other 
studies (Arques, 2018), but the role of albumin in the prevention 
of AF is uncertain, as well as the underlying mechanism. However, 
higher serum albumin levels may also make atrial fibrillation prone to 

recurrence according to our study. Regardless, the measurement of 
serum albumin is simple, inexpensive, and widely available and would 
be of immense clinical benefit if serum albumin is shown to play a role 
in the prediction of AF. A larger multicenter trial should be performed 
to confirm our conclusion.

We	found	that	 taking	43.5	mm	of	LAD	and	42.2	g/L	of	serum	
albumin concentration as the cutoff points, for both paroxysmal 
AF and persistent AF, the recurrence rate of postoperative AF was 
significantly higher in patients whose preoperative LAD and serum 
albumin concentrations were both greater than the respective 
cutoff points. The recurrence rate of AF was significantly differ-
ent from that of the corresponding reference group. Patients with 
LAD	≥43.5	mm	and	serum	albumin	concentration	≥42.2	g/L	had	the	
highest postoperative recurrence rate, with an average recurrence 
rate	of	64%	during	the	follow-	up	period	of	18.2	months.	LAD	and	
serum albumin levels are readily available clinical indicators. The 
preoperative application of LAD and serum albumin levels to assess 
the risk of postoperative recurrence of AF is clinically practical. For 
persistent AF patients with a higher LAD and higher serum albumin 
levels, the benefits of CA and the risk of postoperative AF recur-
rence should be evaluated comprehensively.

A	study	found	that	in	AF	patients	with	LVEF	≤35%	who	under-
went CA, the success rate of the first operation was only 40% after 
23 months of follow- up (Dagres et al., 2011). Patients whose LVEF 

F I G U R E  3 Survival	curve	of	
postoperative atrial fibrillation recurrence 
in Group B. Postoperative atrial fibrillation 
recurrence rates in Group B1, Group B2, 
Group B3, and Group B4 were 4.0%, 
3.4%,	11.4%,	and	43.5%,	respectively

Types of AF 
LAD (mm)

Paroxysmal Persistent

<43.5 ≥43.5 <43.5 ≥43.5

Albumin (g/L)

<42.2 4/101 (4.0%) 1/29 (3.4%) 13/48 (27.1%) 19/51	(37.3%)

≥42.2 9/79 (11.4%) 10/23 (43.5%) 10/45	(22.2%) 32/50 (64.0%)

Note: Italics indicate the reference group. Bold indicates the significant difference in AF recurrence 
compared with the reference group.
Abbreviation: AF, atrial fibrillation.

TA B L E  4 Subgroup	analysis	of	
recurrence of AF
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was	less	than	35%	were	not	included	in	this	study,	but	the	LVEF	in	
the recurrence group was still lower than that in the nonrecurrence 
group. Therefore, patients with AF should actively improve their car-
diac function before undergoing CA.

A	study	 found	 that	among	531	AF	patients	 complicated	with	
hypertrophic cardiomyopathy who underwent CA, the success 
rates of an operation and multiple operations were only 32.9% and 
50.4%,	respectively	(Zhao	et	al.,	2016).	A	total	of	9	patients	were	
complicated with hypertrophic cardiomyopathy in this study, and 
5	 patients	 had	 AF	 recurrence	 despite	 the	 use	 of	 antiarrhythmic	
agents after surgery. The success rate was only 44.4%. For pa-
tients with AF complicated with hypertrophic cardiomyopathy, the 
risk of recurrence of AF should be monitored when undergoing CA.

The study has the following limitations. First, the determination 
of postoperative recurrence of AF was based on the results of 24- h 
Holter examination. However, this does not rule out the possibility 
that asymptomatic patients with recurrence of AF did not undergo 
24- h Holter examination in time and were included in the nonre-
curring group. Additionally, we only found that patients with higher 
preoperative serum albumin concentrations had a higher postop-
erative AF recurrence rate, but we did not detect the serum albu-
min level after surgery and did not elucidate the pathophysiological 
mechanism.

5  |  CONCLUSION

The type of AF, LAD, and serum albumin concentration are risk fac-
tors for recurrence of AF after CA in patients with nonvalvular AF. 
Patients	with	persistent	AF	with	LAD	≥43.5	mm	and	serum	albumin	
concentration	≥42.2	g/L	have	a	higher	risk	of	late	recurrence	of	AF	
after surgery.
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