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Abstract: Objective: To analyze the cardiac structure and function of patients with recurrent atrial fibrillation (AF) 
after radiofrequency catheter ablation (RFCA) with echocardiography and to predict the factors affecting recurrence. 
Methods: In this retrospective study, 87 patients who received RFCA for AF in the Weihai Municipal Hospital from 
June 2018 to December 2019 were enrolled. According to the recovery of postoperative sinus rhythm (SR), patients 
with recovered SR were assigned to the research group (Res group, n=60), while those with AF recurrence were 
included in the control group (Con group, n=27). The transthoracic echocardiography was adopted to measure the 
changes of left atrium-related parameters of patients before RFCA and at 6 months after surgery, and the trans-
esophageal three-dimensional echocardiography was adopted for measuring the changes of left atrial appendage 
(LAA)-related parameters. In addition, multivariate logistic regression was performed to analyze the factors influenc-
ing postoperative recurrence of AF. Results: After 6-month follow up, SR was restored in 60 cases and AF recurred in 
27 cases. After surgery, the left atrial anteroposterior diameter (LAAPD), left atrial left and right diameter (LALRD), 
left atrial up and down diameter (LAUDD), maximum volume of left atrium (LAVmax), minimum volume of left atrium 
(LAVmin), opening diameter of LAA (LAAOD), maximum volume of LAA (LAAVmax), and minimum volume of LAA (LAAV 
min) of the Res group decreased, and were lower than those of the Con group. In addition, the left atrial ejection 
fraction (LAEF), vessel function index and dilatation index of the Res group increased significantly postoperatively, 
and were higher than those of the Con group. The Res group also showed significantly higher LAA area change 
percentage [LAAAC (%)] and LAA emptying velocity (LAAEV) than the Con group. Moreover, age, history of hyperten-
sion, LAVmax and LAAAC (%) were identified to be the independent risk factors for postoperative recurrence of AF. 
Conclusion: Patients with increased left atrial diameter and volume, large LAAOD, and small ejection fraction are 
more susceptible to AF recurrence, and LAAOD is a predictor of postoperative recurrence of AF.
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Introduction

Atrial fibrillation (AF), a frequent-occurring 
arrhythmia, is common in cardiology [1]. With a 
serious threat to human life and health, the dis-
ease affects at least 3 million adults in the 
United States. The risk of AF increases with 
age, so the elderly are most susceptible to the 
disease [2]. AF can be clinically manifested as 
palpitation, chest distress, etc., and can even 
cause dizziness, syncope and angina pectoris 
in severe cases [3]. Heart failure, cerebral 

stroke, pulmonary embolism, and sudden car-
diac death are the common complications of 
patients with AF, which seriously compromise 
the life quality of patients [4]. According to sta-
tistics, the direct cause of death of patients 
with AF is heart failure [5]. Under the long-term 
influence of AF on the function of left atrium 
(LA), AF patients lose effective atrial contrac-
tion, which leads to a decrease in left ventricu-
lar ejection fraction (LVEF). Meanwhile, during 
an AF episode, the ventricular rate accelerates, 
which leads to shortened left ventricular dia-
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stolic phase, impaired left ventricular compli-
ance, increased end-diastolic pressure, finally 
resulting in elevated afterload and increased 
pressure in LA [6, 7]. Long-term AF will give rise 
to LA enlargement, atrial fibrosis, myocardial 
remodeling and tachyarrhythmia cardiomyopa-
thy, and eventually lead to heart failure [8]. 
Therefore, it is of particular importance to treat 
AF. At the current stage, anti-arrhythmia drugs 
are mainly used to restore sinus rhythm (SR) in 
patients with AF, but for some paroxysmal atrial 
fibrillation (PAF) patients with ineffective drug 
therapy or intolerance, radiofrequency catheter 
ablation (RFCA) is recommended [9, 10].

As an effective treatment for AF, RFCA has been 
increasingly used in recent years, and has cap-
tured extensive attention because of its favor-
able efficacy as an invasive therapy. A recent 
study [11] showed that, RFCA was more effec-
tive in the treatment of AF, especially in pa- 
tients with PAF, than traditional antiarrhythmic 
agents in maintaining SR, relieving symptoms 
and improving quality of life. At the current 
stage, SR recovery of patients after surgery is 
judged only based on the self-reported clinical 
manifestations of patients and their electrocar-
diogram (ECG) examination results in clinical 
practice, but the effects of RFCA on the struc-
ture and function of patients’ atria are ra- 
rely reported [12]. Echocardiography has the 
advantages of economy, noninvasiveness and 
simple-operation among various imaging  
evaluation methods, and has been widely 
applied in clinical practice [13]. In recent years, 
non-invasive evaluation of left atrial function  
by echocardiography has become a research 
hotspot in the cardiovascular field [14]. Real-
time three-dimensional echocardiography is a 
newly developed technology that can display 
the three-dimensional anatomical structure of 
the heart intuitively, dynamically and in real 
time [15]. The innovation of this study is to use 
the latest real-time three-dimensional ultra-
sound technology to quantitatively analyze the 
effect of treatment on patients with atrial fibril-
lation, which can provide accurate evaluation 
indicators for the clinic.

This study determines the effects of RFCA on 
atrial structure and function of patients with 
PAF by echocardiography and predicts factors 
impacting the recurrence, with the aim of pro-
viding more useful reference for clinical 
treatment.

Materials and methods

General data of patients

Totally 87 patients who received RFCA for AF in 
the Weihai Municipal Hospital from June 2018 
to December 2019 were enrolled. According to 
the postoperative SR recovery, patients with 
recovered SR were assigned to the research 
group (Res group, n=60), and those with 
recurred AF were assigned to the control group 
(Con group, n=27). In the Res group, there  
were 36 males and 24 females, with an aver-
age age of 55.26±6.35 years. The male to 
female ratio in the Con group was 13:14, and 
the average age was 65.19±5.16 years. This is 
a retrospective study approved by the medical 
ethics committee of our hospital, and the sub-
jects and their families were informed and 
signed a fully informed consent.

Inclusion and exclusion criteria

Inclusion criteria: (1) Patients with an age of 
18-80 years; (2) Patients who met the diagnos-
tic criteria of PAF [16], and were diagnosed by 
ECG or 24-hour dynamic ECG examination  
combined with medical history; (3) Patients 
with LVEF >50%; (4) Patients who actively coop-
erated with postoperative follow-up.

Exclusion criteria: (1) Patients with LVEF <50%; 
(2) Patients with the first attack of AF within 
24-48 hours; (3) Patients with rheumatic heart 
disease or cardiomyopathy; (4) Patients with 
acute coronary syndrome; (5) Patients with a 
permanent pacemaker; (6) Patients who could 
not maintain SR during echocardiography; (7) 
Patients with severe liver or kidney dysfunction 
or malignant tumor; (8) Patients with cognitive 
impairment, central nervous system diseases 
or severe peripheral nerve diseases. (9) 
Patients without detailed case data.

Methods

All patients were followed up for 6 months  
after therapy, and related data were measured 
before and 6 months after surgery. Siemens 
SC2000 ultrasonic diagnostic instrument 
(Siemens, ACUSON SC2000) was used for 
examination, with a probe frequency of 2-4 
MHz. The patient was placed in the left lateral 
position to record the sinus rhythm at rest. In 
addition, an ECG was performed, during which 
the patient was required to hold his/her breath 
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and the probe position was adjusted to clearly 
display the left atrial intima. Two-dimensional 
images of parasternal long-axis view, apical 
four-chamber view, and two-chamber view were 
acquired at a frame rate of 60-90 frames/s. 
The left atrial anteroposterior diameter (LAAPD) 
was measured under parasternal long-axis 
view, and the left atrial up and down diameter 
(LAUDD) and left atrial left and right diameter 
(LALRD) were measured under apical four-
chamber view. In addition, the maximum vol-
ume of LA (LAVmax) was measured using the 
GE EchoPAC Clinical Workstation Software 
(G.E., USA, EchoPAC), and the minimum volume 
of LA (LAVmin) was determined at the end of 
left ventricular diastole. Moreover, the left atrial 
presystolic volume (LAVps) was measured by 
ECG localization, on which the left atrial ejec-
tion fraction (LAEF) and left atrial active ejec-
tion fraction were calculated.

The iE Elite and EPIQ7C color Doppler ultra-
sound machines produced by Philips were used 
with the transesophageal probe model num-

bers of S7-2t and X7-2t (2.0-7.0 MHz) respec-
tively, and QLab 9.5 software was used for 
analysis. When the existence of thrombosis 
was ruled out by the transesophageal echocar-
diography (TEE), the following items were mea-
sured: left atrial appendage width (LAAW),  
LAA length (LAAL), maximum volume of LAA 
(LAAVmax), minimum volume of LAA (LAAVmin), 
LAA ejection fraction (LAAEF), LAA emptying 
velocity (LAAEV), LAA peak filling velocity 
(LAAFV), LAA peak systolic velocity (LAATSV), 
and LAA peak diastolic velocity (LAATDV). 
Based on the measured values, the structure 
and function of LAA were evaluated.

Outcome measures

Primary outcome measures: (1) LA-related 
parameters: LAAPD, LALRD, LAUDD, LAVmax, 
LAVmin, LAEF, vessel function index, and dila-
tion index before and after treatment. (2) LAA-
related parameters: opening diameter of LAA 
(LAAOD), LAAVmax, LAAVmin, LAA area change 
percentage [LAAAC (%)], and LAAEV.

Table 1. Comparison of general data between the two groups [n (%)] (
_
x±sd)

Item Research group (n=60) Control group (n=27) t/χ2 value P-value
Age (Y) 55.26±6.35 65.19±5.16 7.128 <0.001
BMI (kg/m2) 23.38±2.12 23.10±2.20 0..476 0.636
Gender
    Male 36 (60.00) 13 (48.15) 1.063 0.303
    Female 24 (40.00) 14 (51.85)
Place of residence
    Urban area 31 (51.67) 16 (59.26) 0.432 0.511
    Rural area 29 (48.33) 11 (40.74)
Education background
    ≥ senior high school 23 (38.33) 12 (44.44) 0.289 0.591
    < senior high school 37 (61.67) 15 (55.56)
Smoking history
    Yes 13 (21.67) 9 (33.33) 1.342 0.247
    No 47 (78.33) 18 (66.67)
Drinking history
    Yes 38 (63.33) 8 (29.63) 0.967 0.326
    No 22 (36.67) 19 (70.37)
Diabetes history 1.015 0.314
    Yes 10 (16.67) 7 (25.93)
    No 50 (83.33) 20 (74.07)
Hypertension history
    Yes 17 (28.33) 19 (70.37) 13.57 <0.001
    No 43 (71.67) 8 (29.63)
Note: BMI, body mass index.
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Secondary outcome measures: Independent 
risk factors of AF recurrence.

Statistical analyses

Data in this study were statistically processed 
by SPSS24.0 (IBM Corp, Armonk, NY, USA), and 

LAAPD, LALRD, LAUDD, LAVmax, and LAVmin 
(P>0.05); while after treatment, LAAPD, LALRD, 
LAUDD, and LAVmin of the Res group decreas- 
ed, and were lower than those of the Con group 
(P<0.001). In the Con group, LAAPD, LALRD, 
LAUDD, and LAVmin slightly but not significantly 
increased after surgery compared with those 

Figure 1. There are a large number of cloud-like echoes in the LA imaging. 
Note: LA, atrial fibrillation.

visualized into corresponding 
figures via GraphPad Prism 7. 
The enumeration data were 
expressed as [n (%)], and the 
the Chi-square test was us- 
ed for comparison between 
groups. Measurement data 
were expressed as (

_
x±sd). 

Independent-samples t test 
was used for inter-group com-
parison of measurement data, 
and paired t test was used  
for intra-group comparison. 
The risk factors affecting 
treatment efficacy were ana-
lyzed using a multivariate 
logistics regression model. 
P<0.05 indicates a significant 
difference.

Results

General data

The two groups were not sig-
nificantly different in clinical 
baseline data such as gend- 
er, body mass index (BMI), 
place of residence, education 
background, smoking history, 
drinking history, and diabetes 
history (all P>0.05). Whereas, 
the patients in the Res group 
were younger, and there were 
fewer hypertension cases (all 
P<0.001, Table 1).

Image analysis

On the sonogram, the LA and 
LAA of the patient showed a 
large number of cloud-like 
echoes, as shown in Figures 1 
and 2.

Structural parameters of LA

Before surgery, the two groups 
were not greatly different in 

Figure 2. There are a lot of cloud-like echoes in the LAA imaging. Note: LAA, 
left atrial appendage.
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Figure 3. Comparison of indexes of LA structure. After surgery, LAAPD (A), LALRD (B), LAUDD (C), LAVmax (D), and 
LAVmin (E) of the research group were all significantly smaller than those of the control group. Note: ***P<0.001; 
LA, atrial fibrillation; LAAPD, left atrial anteroposterior diameter; LALRD, left atrial left and right diameter; LAUDD, 
left atrial up and down diameter; LAVmax, maximum volume of atrial fibrillation; LAVmin, minimum volume of atrial 
fibrillation.

Figure 4. Comparison of functional indexes of LA. The LAEF (A), vessel function index (B) and dilation index (C) 
of the research group were significantly higher than those of the control group after surgery. Note: ***P<0.001; 
**P<0.01; *P<0.05; LA, atrial fibrillation; LAEF, left atrial ejection fraction.

Figure 5. Comparison of structural indexes of LAA. After surgery, LAAOD (A), LAAVmax (B), and LAAVmin (C) of the 
research group were all smaller than those of the control group. Note: ***P<0.001; LAA, left atrial appendage; 
LAAOD, opening diameter of left atrial appendage; LAAVmax, maximum volume of left atrial appendage; LAAVmin, 
minimum volume of left atrial appendage.
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before surgery (P>0.05). In addition, after sur-
gery, the LAVmax of the Con group increased 
obviously and was significantly higher than that 
of the Res group (P<0.001, Figure 3).

Functional parameters of LA

There were no significant differences in LAEF, 
vessel function index and dilation index 
between the two groups before surgery (all 
P>0.05). After surgery, the LAEF increased in 
the Res group (P<0.01) while it decreased in 
the Con group (P<0.05), and the LAEF in the 
Res group was significantly higher than that in 
the Con group (P<0.001). In the Res group, the 
vessel function index and dilation index were 
significantly higher than those before surgery 
(P<0.05) and were higher than those of the Con 
group (P<0.05). There was no significant 
change in the Con group before and after treat-
ment (Figure 4).

Structural parameters of LAA

Before surgery, no significant difference was 
found between the two groups in LAAOD, 
LAAVmax, and LAAVmin (P>0.05), while after 
surgery, the Res group showed lower LAAOD, 
LAAVmax and LAAVmin than the Con group 
(P<0.05, Figure 5).

Functional parameters of LAA

Before surgery, LAAAC (%) and LAAEV of the 
two groups were not significantly different 
(P>0.05), while after surgery, the Res group 
showed notably higher LAAAC (%) and LAAEV 
than the Con group (P<0.001, Figure 6).

tory of hypertension, LAVmax, and LAAAC (%) 
were independent risk factors of AF recurrence 
(Table 2).

Discussion

The prevalence of AF, which adversely affects 
cardiac function and increases the risk of 
stroke, increases with age [17]. AF is often 
associated with heart failure, so its incidence 
and mortality are remarkably higher among 
patients with heart failure [18]. Thanks to its 
rapid development, RFCA can effectively lower 
the recurrence of arrhythmia after AF ablation 
at the current stage [19]. RFCA is a common 
surgery for the treatment of AF, with obvious 
effects and high safety. However, the high 
recurrence rate after RFCA is still a disturbing 
problem [20, 21]. Therefore, it is of great signifi-
cance to examine the cardiac function of 
patients with AF after RFCA.

The high recurrence rate of AF after RFCA  
may involve non-anomalous pulmonary venous 
lesions, and other ectopic lesions such as  
vena cava, coronary sinus, left atrial posterior 
wall, and LAA are possible origins of AF [22, 
23]. Reportedly, LA and LAA associated param-
eters, which have been confirmed to be clo- 
sely related to the recurrence of AF, can be 
used to predict the recurrence risk of AF after 
RFCA [24, 25]. LAA, a heart cavity with different 
shapes and sizes, has a strong relationship 
with atrial arrhythmia and thrombus. Real-time 
three-dimensional echocardiography can dis-
play the three-dimensional anatomical struc-
ture of the heart such as LAA directly, dynami-
cally and in real-time [26]. In this study, we 

Figure 6. Comparison of functional indexes of LAA. The research group 
showed higher LAA area change percentage (A) and LAAEV (B) than the 
control group after surgery. Note: ***P<0.001; LAA, left atrial appendage; 
LAAEV, left atrial appendage emptying velocity.

Multivariate analysis of fac-
tors for postoperative recur-
rence

With the recurrence of AF 
after RFCA as the dependent 
variable, and factors of clini- 
cal baseline data, as well as 
the structural and functional 
parameters of LA and LAA as 
independent variables, multi-
variate logistic regression was 
carried out to analyze the 
independent risk factors for 
postoperative recurrence. The 
results showed that age, his-
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adopted echocardiography to evaluate the car-
diac structure and function of patients with AF 
after RFCA, so as to evaluate the efficacy of 
RFCA and recurrence factors of AF. Patients 
with postoperative recurrence were assigned 
to the Con group, and the rest to the Res gro- 
up. First, we compared the clinical data of the 
two groups, and found that patients with AF 
recurrence were characterized by advanced 
age and history of hypertension, indicating that 
age and hypertension may be factors affecting 
the postoperative recurrence of AF, which was 
similar to the results obtained by Steinberg et 
al. [27] and MacGregor et al. [28]. By evaluating 
parameters associated with LA in the two 
groups, we found that after surgery, LAAPD, 
LALRD, LAUDD, LAVmax and LAVmin of the  
Res group decreased and were lower than 
those of the Con group. In addition, the LAEF, 
vessel function index, and dilation index of the 
Res group increased significantly and were 
higher than those of the Con group. It suggests 
that the left atrial structure and function of 
patients in the Res group returned to normal 
after RFCA treatment. Moreover, it indicates 
the favorable efficacy of RFCA and the great 
value of echocardiography in evaluating the 
cardiac function of patients after RFCA. Atrial 
remodeling will be aggravated with age and 
duration of AF. In addition, the increase of atrial 
pressure load in patients with hypertension 
also leads to atrial remodeling, and the atrium 
itself with reconstruction expansion is likely to 
induce AF [29].

LAA-related parameters are crucial indexes  
for AF evaluation, and age and LAAEV are inde-
pendent risk factors of AF [30]. According to 
evaluation results of structural and functional 
indexes of LAA of patients in the two groups, 
the Res group had lower LAAOD, LAAVmax and 
LAAVmin and higher LAAAC (%) and LAAEV than 
the Con group, suggesting that the LAA struc-
ture and function in the Res group have been 

restored. It also indicates that RFCA has a  
good therapeutic effect, and echocardiography 
can effectively evaluate LAA-related parame-
ters to understand the postoperative condition 
of patients with AF. Because of the unique 
shape, complex lobulation and special internal 
anatomy, LAA becomes a predilection site of 
AF. Moreover, the morphology of LAA varies 
greatly among different individuals, which 
increases the difficulty to the evaluation of the 
condition of patients with AF [31]. Real-time 
three-dimensional echocardiography is consid-
ered as the most commonly used imaging 
method to evaluate the anatomy and internal 
structure of LAA [32], which is further con-
firmed by the results of this study. Similar to  
our results, Cameli et al. [33] have demonstrat-
ed that echocardiography is a crucial imaging 
means for the diagnosis and prognosis of arte-
rial hypertension and AF. At the end of the 
study, we adopted multivariate logistic regres-
sion to analyze the risk factor for AF recurren- 
ce, and found that age, history of hypertension, 
LAVmax and LAAAC (%) were independent risk 
factors for postoperative recurrence of AF. 
Moreover, there are reports that left atrial vol-
ume, left atrial diameters, age, gender, BMI, 
and related primary diseases are risk factors 
for AF recurrence after surgery [34-36], which 
are basically consistent with our research.

Currently, RFCA is the preferred treatment for 
AF, and the success rate of this procedure is 
77.8%, which means that some patients may 
still experience recurrence after surgery [37]. 
This study has confirmed the high efficacy of 
RFCA in the treatment of AF and the high value 
of echocardiography in the detection of postop-
erative recurrence. In addition, age, history of 
hypertension, LAVmax and LAAAC (%) are inde-
pendent risk factors for postoperative recur-
rence of AF. However, there are some limita-
tions in this study. This study was a single-cen-
ter retrospective study with a small sample 

Table 2. Multivariate logistic regression analysis

Factors β S.E χ2 P-value Exp (B)
95% CI

Lower limit Upper limit
Age 1.078 0.523 4.223 0.042 2.936 1.051 8.201 
Hypertension 1.089 0.465 5.537 0.018 2.986 1.201 7.428 
LAVmax 0.982 0.397 6.542 0.011 2.741 1.270 5.873
Area change percentage 0.935 0.356 6.127 0.013 2.462 1.194 5.387
Note: LAVmax, maximum volume of atrial fibrillation.
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size, and the patients with non-PAF were not 
further classified and analyzed. Therefore, in 
future studies, we will expand the sample size 
and increase the study participants to provide 
a strong basis for clinical treatment of AF.
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