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Background: Atrial fibrillation (AF) relapse following radiofrequency catheter ablation (RFCA) for 
persistent atrial fibrillation (PeAF) continues to be a concern. This study establishes a connection between 
left atrial appendage peak flow velocity (LAAV) and recurrence of AF in individuals having PeAF following 
first RFCA.
Methods: We retrospectively studied 164 successive PeAF patients who had first RFCA between 
January 2018 and December 2019. Before the ablation, the LAAV was recorded using transesophageal 
echocardiography (TEE). The demographic and clinical data of the individuals were gathered. Participants 
were monitored at regular intervals to monitor for recurrence of AF. We employed Cox proportional hazards 
regression to determine if LAAV, as well as other clinical indicators, were predictive of AF recurrence in 
follow-up.
Results: In this study, AF relapse was seen in 43 patients (26.2%) following a median follow-up of 15 
[interquartile range (IQR): 12–18] months. It was shown that the LAAV was decreased in individuals who had 
recurrences of AF (0.36±0.05 vs. 0.45±0.17 m/s, P=0.004). Using Kaplan-Meier analysis, it was discovered that 
the low LAAV (0.37 m/s) group had a poorer event-free survival rate compared to the high LAAV (>0.37 m/s)  
group (17.6 vs. 21.2 months, log-rank P=0.002) group. Based on the results of the multivariate Cox 
regression analysis, a LAAV of fewer than 0.37 m/s [hazard ratio (HR): 2.32; 95% confidence interval (CI): 
1.177–4.227; P=0.014] was shown to be an independent predictor of AF recurrence following RFCA.
Conclusions: A low LAAV is associated with AF relapse, and it is a predictor of AF relapse following the 
first RFCA for PeAF. This discovery may be useful in the optimization of treatment strategies and the care of 
patients with PeAF.
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Introduction

Clinically, atrial fibrillation (AF) is a usual heart arrhythmia 
correlated with an elevated risk of adverse effects like 
thromboembolic strokes, heart failure (HF), systemic 
embolism (SE), and mortality (1,2). The incidence and 
burden of AF have risen dramatically in recent decades 
in China due to the aging population and continued 
vulnerability to risk factors (3). Radiofrequency catheter 
ablation (RFCA) is a successful method for treating 
AF. Although the advancement in ablation techniques 
has dramatically improved outcomes (4), post-ablation 
recurrence remains challenging. RFCA has proven to be 
promising for paroxysmal AF; however, the ideal ablation 
strategy for persistent atrial fibrillation (PeAF) is elusive. 
Using RFCA in PeAF often occurs AF recurrence, and 
the therapeutic benefit is limited even following multiple 
procedures (5-7). Consequently, finding reliable predictors 
of AF recurrence before ablation may help refine treatment 
strategies and manage patients with PeAF.

Certain variables, such as AF duration (8), body mass 
index (BMI) (9), high blood pressure (10), diabetes  
mellitus (11), left atrial (LA) diameter (12,13), LA  
strain (14), and other echocardiographic indexes (15,16) can 
play a role in predicting ablation outcomes. However, no 
valid parameter exists to forecast AF recurrence following 
ablation. There is a lack of research about the left atrial 
appendage (LAA) in this situation. Previous research on 
patients with PeAF has shown that the LAA is critical in 
initiating and sustaining AF (5,17,18). Electrical isolation of 
the LAA enhanced independence from all-atrial arrhythmia 
relapse in non-paroxysmal AF individuals than the standard 
ablation only (17). Left atrial appendage peak flow velocity 
(LAAV) represents a hemodynamic feature of LA and 
the LAA (19-21). In addition, LAAV in PeAF patients 
showed an inverse relationship with the degree of LA low-
voltage areas (LVA) (22) that is considered a surrogate for 
LA fibrosis (23) and an important predictor of recurrent 
AF following catheter ablation (24,25). Nevertheless, the 
LAAV role in predicting AF recurrence has not yet been 
established. A decreased LAAV enhances the likelihood of 
recurrence of PeAF following ablation in the 12 months 
follow-up time following the procedure (26-29). On the 
other hand, other research suggests that LAAV is not a 
reliable predictor of recurrence following catheter ablation 
of PeAF in all cases (30).

Given the above contradictory conclusions, this study 
aimed to investigate whether LAAV is an indicator of 

AF recurrence in individuals with PeAF. We present the 
following article in accordance with the STARD reporting 
checklist (available at https://dx.doi.org/10.21037/jtd-21-
1363).

Methods

Study population

We retrospectively examined the data for 164 consecutive 
PeAF patients who underwent a first RFCA at the 
Chinese PLA General Hospital between January 2018 
and December 2019. PeAF was defined as an AF episode 
that lasted more than a week and necessitated medication 
administration or direct current cardioversion to terminate 
it. A history of cardiac surgery, moderate to severe mitral 
regurgitation or stenosis, chronic heart failure (CHF) 
[New York Heart Association (NYHA) ≥ III class], atrial or 
ventricular thrombus, current inflammation, hepatopathy, 
or hyperthyroidism were all excluded from consideration. 
In addition, all individuals were classified into two groups: 
those who maintained a stable sinus rhythm throughout 
follow-up (the “no recurrence group”) and those who 
had an AF recurrence (recurrence group). All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013). The study was approved by the Human Ethics 
Review Committee of the Chinese PLA General Hospital 
and informed consent was taken from all the patients.

Clinical data and measurement

All participants’ demographic and clinical data were 
collected, including age, origin, BMI, medication usage, AF 
duration, prior history, and the medications.

In non-rheumatic AF individuals, the HAS-BLED and 
CHA2DS2-VASc ratings are used to predict the risk of 
bleeding or stroke. At our hospital’s central lab, patients’ 
blood specimens were examined for the uric acid (UA) 
levels and N-terminal pro-brain natriuretic peptide (NT-
proBNP) while they were in the hospital for treatment.

Transesophageal echocardiography (TEE)

TEE was conducted utilizing an IE Elite ultrasound 
furnished having multiplane TEE observation within  
24 hours prior to RFCA. It was decided to look for the LA 
spontaneous echo contrast and thrombus. The LAA pictures 

https://lib.plagh.cn/s/com/sciencedirect/www/G.https/topics/medicine-and-dentistry/paroxysmal-atrial-fibrillation
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were acquired using a transverse scan in the basal short-axis 
view and a vertical scan in the left ventricle-LA 2-chamber, 
using the left ventricle-LA 2-chamber observation being 
the most common (23). In order to estimate the peak flow 
velocity at the LAA entry (Figure 1), we utilized pulsed-
wave Doppler imaging, which was computed as the mean 
score of ten successive fibrillatory emptying waves. All TEE 
pictures were stored for further viewing offline.

B e f o r e  t h e  T E E  a n a l y s i s ,  2 D  t r a n s t h o r a c i c 
echocardiography was conducted with the IE Elite and a  
3.5 MHz transducer. Common observations and variables 
were registered from the apical and parasternal views. The 
left atrial diameter (LAD), left ventricle diameter (LVD), 
and left ventricle ejection fraction (LVEF) were measured.

Electrophysiological study

Patients received multidetector computed tomography 
(MDCT) scans of the LA and pulmonary veins (PVs) to 
guide the ablation process throughout the procedure. It was 
decided to utilise the CARTO 3 system (Biosense Webster, 
USA) to guide the circumferential pulmonary vein isolation 
(CPVI) procedure (31).

The following are the critical stages in the process: 
Initially, a single transseptal puncture was performed 
to investigate the LA, with the administration of 
unfractionated heparin (100 IU/kg). Using the CARTO  
3 mapping system, the three-dimensional (3D) structure of 

the LA and PV trunks was reassembled using a PentaRay 
catheter (Biosense Webster, USA) in conjunction with 
the MDCT scan. Each PV antrum was subjected to 
a point-by-point irrigated radiofrequency ablation. 
At a temperature below 43 ℃, radiofrequency energy 
was used at 30–35 W and a 17 mL/min flow rate for  
30–35 seconds per point. Electrical separation of the PVs 
was the ablation termination point. Successful PV extraction 
was described as removing PV prospects obtained from a 
PentaRay catheter throughout the procedure. According to 
the electrophysiological mapping findings, ablation of the 
LA roofline and non-PV foci causing AF was performed 
as necessary. The electrophysiological analysis verified the 
block lines. Biphasic direct current shocks of 100–150 J were 
used to preserve the sinus beat if the AF continued after the 
ablation. Heparin was used once more in the process. The 
clotting time of full blood in activated form was calculated 
every 30 minutes to adjust the heparin dosage. During 
the procedure, intravenous fentanyl was used to maintain 
analgesia.

AF recurrence assessment and follow-up

Amiodarone was prescribed orally for 3 months post-
ablation to patients with no contraindications. Patients 
were advised to stop using amiodarone and all other 
anti-arrhythmic drugs (AADs) if there was no atrial 
tachyarrhythmia. Vitamin K antagonists, rivaroxaban 
or dabigatran recommended for at least 3 months for 
patients without contraindications. Many of the patients 
received follow-up appointments for daily psychiatric 
evaluations. They were followed up with outpatient hospital 
visits every 3 months for the first year, and then every  
6 months. Examinations, such as 12-lead electrocardiograms 
(ECGs) and 24-hour Holter recordings, were scheduled 
for patients between 3–24 months following the method. 
The total follow-up period was 24 months. When patients 
experienced symptoms after ablation, such as fatigue, 
palpitations, vertigo, or nausea, additional 24-hour Holter 
monitoring and ambulatory electrocardiograms were 
conducted. Phone interviews were scheduled, and patients 
were asked to send us their ECG via WeChat in the event 
of canceling their outpatient follow-up. After 3-month 
blanking period, the relapse of AF after ablation was 
described as AF/atrial flutter/atrial tachyarrhythmia lasting 
at least 30 seconds and registered by an ECG or device 
recording system (6). The clinical follow-up and data were 
analyzed separately by two electrophysiologists.

Figure 1 Example of LAAV measurement. LAAV, left atrial 
appendage peak flow velocity; TIS, soft tissue thermal index; MI, 
mechanical index; PLAGH, PLA General Hospital; FR, frame 
rate; 2D, two-dimensional; C, contrast; P, persistence; Vel, velocity; 
PG, pressure gradient; PW, pulse wave; WF, wall filter; SV, sample 
volume; PAT, patient; TEE, transesophageal echocardiography; T, 
temperature.
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Statistical analysis

To ensure data normal distribution, the Kolmogorov-
Smirnov test (P>0.05) was performed. Continuous variables 
are represented as the mean ± standard deviations (SDs) if 
they are regularly distributed, or as the median and quartile 
(Q1–Q3) if they are not normally distributed. Categorical 
variables are variables that have values associated with them 
(%). We utilized the independent samples t-test and Mann-
Whitney U test for continuous variables, and the Chi-
square/Fisher Exact test for categorical variables to interpret 
the results. The cutoff value for LAAV in predicting AF 
recurrence following catheter ablation was determined via 
the use of a receiver operating characteristic (ROC) curve 
analysis. The Kaplan-Meier curve was used to calculate 
the cumulative AF recurrence rate after ablation. Age, 
sex, BMI, AF duration, LAD, LVD, LVEF, hypertension, 
Diabetes mellitus, CHF, coronary heart disease (CHD), 
NT-proBNP, and LAAV were entered into a univariate Cox 
proportional hazards regression model to recognize the 
parameters related to AF recurrence after RFCA. Variables 
with a P value <0.20 in the univariate analysis were then 
incorporated into a multivariate analysis to recognize the 
independent predictors of AF recurrence. The Spearman 
test was used to measure correlations between variables. We 
employed SPSS version 25 for all statistical analyses. All 
statistical analysis were two-sided, with a P value of 0.05.

Results

Baseline features

Data from 164 PeAF patients (126 males and 38 females, 
mean age 58.2±9.7 years) who had undergone their initial 
ablation were analyzed. According to their medical records, 
43 (26.2%) patients suffered AF recurrence, and 121 
(73.8%) patients had a steady sinus beat during the follow-
up observation period {median time 15 [interquartile range 
(IQR): 12–18] months}. Participants were classified into two 
groups, dependent on AF recurred or not.

Baseline characteristics of all patients are summarized in 
Table 1.

The results showed that the recurrence group had a longer 
duration of AF and a higher NT-proBNP level (P<0.05). 
Viewing echocardiographic data, the LAD was substantially 
higher in the recurrence group, but the LAAV was 
significantly lower (0.36±0.15 vs. 0.45±0.17 m/s, P=0.004). 
There were no additional statistically significant differences 
among the 2 groups in terms of baseline characteristics.

Baseline LAAV predictive value

The baseline LAAV cut-off value to predict AF reappearance 
was 0.37 m/s, as determined by the ROC curve analysis 
(sensit iv i ty :  60.5%, specif ic i ty :  66.9%).  Figure 2  
shows the area under the curve (AUC) value of 0.65 [95% 
confidence interval (CI): 0.552–0.747, P=0.004]. Based 
on LAAV cut-off value (0.37 m/s), the 164 patients with 
PeAF were classified into two subgroups. The low LAAV 
group had a significantly shorter duration of event-free 
survival compared to the increased LAAV group (17.6 vs.  
21.2 months, log-rank P=0.002, Figure 3).

Multivariate and univariate analyses of AF recurrence 
following RFCA

Table 2 summarizes the results of the multivariate and 
univariate analyses for AF recurrence.

The univariate analysis showed that AF relapse was 
significantly related to AF duration, CHF, LAD, and a 
LAAV ≤0.37 m/s. In the multivariate Cox regression, 
forward stepwise analysis adjusted for AF duration, CHF, 
LAD, LAAV ≤0.37 m/s, CHD, NT-proBNP, and LVEF 
indicated that LAAV ≤0.37 m/s [hazard ratio (HR): 2.32, 
95% CI: 1.177–4.227, P=0.014], AF duration (HR: 1.007, 
95% CI: 1.002–1.013, P=0.006), and LAD (HR: 1.124, 95% 
CI: 1.011–1.250, P=0.032) were independent predictors of 
AF relapse following RFCA.

Correlations between LAAV and other variables

For the echocardiographic data and lab findings and, 
Spearman rank correlation analysis demonstrated that 
LAAV was negatively associated with age (r=−0.198, 
P=0.011), CHA2DS2-VASc score (r=−0.25, P=0.001), HAS-
BLED score (r=−0.185, P=0.017), NT-proBNP (r=−0.125, 
P=0.006), and LAD (r=−0.125, P=0.004). LAAV was 
positively associated with LVEF (r=0.21, P=0.007) (Table 3). 
We do not find any significant association between LAAV 
and any other parameters (P>0.05).

Discussion

This research examined the connection between pre-
procedural LAAV and AF recurrence in 164 PeAF patients 
who underwent initial RFCA. Our findings revealed that 
26.2% (n=43) of PeAF patients suffered AF recurrence 
during the median follow-up period of 15 (IQR: 12–18) 

https://www.hindawi.com/journals/mi/2020/8360936/tab3/
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Table 1 Baseline characteristics of patients with and without AF recurrence

Characteristics Total (n=164) Recurrence (n=43) No recurrence (n=121) P value

Male, n (%) 126 (76.8) 31 (72.1) 95 (78.5) 0.391

Age (years) 58.21±9.7 58.51±9.03 58.08±10.07 0.844

BMI (kg/m2) 26.77±3.43 26.72±3.81 26.81±3.31 0.957

Smoking, n (%) 68 (41.5) 16 (37.2) 52 (43.0) 0.509

AF duration (months) 22 [6–60] 30 [15–108] 12 [6–48] 0.005*

Hypertension, n (%) 82 (50.0) 19 (44.2) 63 (52.1) 0.374

Diabetes mellitus, n (%) 25 (15.2) 8 (18.6) 17 (14.0) 0.475

Hyperlipemia, n (%) 44 (26.8) 13 (30.2) 31 (25.6) 0.502

CHD, n (%) 30 (18.3) 10 (23.3) 20 (16.5) 0.294

CHF, n (%) 16 (9.8) 7 (16.3) 9 (7.4) 0.09

Stroke, n (%) 25 (15.2) 8 (18.6) 17 (14.0) 0.475

Peripheral arterial disease, n (%) 11 (6.7) 5 (11.6) 6 (5.0) 0.252

CHA2DS2-VASc score 2 [1–3] 2 [1–3] 2 [1–4] 0.237

HAS-BLED score 1 [0–2] 1 [0–2] 1 [0–1.5] 0.45

NT-proBNP (pg/mL) 380 [245–567] 494 [346–643] 342 [232–521] <0.001*

UA (μmol/L) 357 [288–427] 373 [321–440] 348 [288–424] 0.135

Echocardiographic data

LAD (mm) 41 [38–45] 43 [39–46] 41 [38–43] 0.013*

LVD (mm) 46 [44–50] 47 [44–50] 46 [44–50] 0.583

LVEF (%) 58 [53–62] 57 [50–62] 58 [54–62] 0.356

LAAV (m/s) 0.43±0.17 0.36±0.15 0.45±0.17 0.004*

Medications, n (%)

NOAC 154 (93.9) 39 (90.7) 115 (95.0) 0.291

Amiodarone 107 (65.2) 25 (58.1) 82 (67.8) 0.254

Propafenonen 32 (19.5) 10 (23.3) 22 (18.2) 0.470

β-blockers 74 (45.1) 22 (51.2) 52 (43.0) 0.354

ACEI/ARB 48 (29.3) 15 (34.8) 33 (27.3) 0.346

Statin 102 (62.2) 24 (55.8) 78 (64.5) 0.315

Ablation procedures, n (%)

Additional roof ablation 42 (25.6) 13 (30.2) 29 (24.0) 0.418

*, P<0.05. AF, atrial fibrillation; BMI, body mass index; CHD, coronary heart disease; CHF, chronic heart failure; CHA2DS2-VASc, 
Congestive Heart Failure, Hypertension, Age ≥75 years [doubled], Diabetes Mellitus, Stroke [doubled], Vascular Disease, Age  
(65–74 years), Sex category [female]; HAS-BLED, elderly, history of hypertension, history of abnormal renal or liver function, history of 
stroke, history of major bleeding, medication use predisposing to bleeding, alcohol use, Labile international normalized ratio; NT-proBNP, 
N-terminal pro-brain natriuretic peptide; UA, uric acid; LAD, left atrial diameter; LVD, left ventricular diameter; LVEF, left ventricular ejection 
fraction; LAAV, left atrial appendage peak flow velocity; NOAC, new oral anticoagulants; ACEI, angiotensin-converting enzyme inhibitors; 
ARB, angiotensin receptor blocker.
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Figure 2 ROC curve analysis evaluating the LAAV value in 
predicting AF recurrence. ROC, receiver operating characteristic; 
LAAV, left atrial appendage peak flow velocity; AF, atrial 
fibrillation; AUC, area under the curve; CI, confidence interval.

Figure 3 Kaplan-Meier curves of event-free survival rate by LAAV. 
LAAV, left atrial appendage peak flow velocity.
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Table 2 Univariate and multivariate analyses of AF recurrence

Variables
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age (years) 1.002 0.97–1.034 0.918

Sex (male) 0.739 0.38–1.44 0.375

BMI (kg/m2) 1.001 0.915–1.094 0.984

AF duration (months) 1.009 1.003–1.014 0.002* 1.007 1.002–1.013 0.006*

Smoking 0.806 0.433–1.498 0.494

Stroke 1.082 0.501–2.337 0.841

Hypertension 0.827 0.452–1.512 0.827

Diabetes mellitus 1.239 0.574–2.674 0.585

CHD 1.691 0.83–3.444 0.148

CHF 2.295 1.01–5.215 0.047*

NT-proBNP 1.0 1.0–1.001 0.167

LAD 1.1 1.029–1.177 0.005* 1.081 1.007–1.160 0.032*

LVD 1.029 0.977–1.085 0.282

LVEF 0.978 0.945–1.011 0.184

LAAV ≤0.37 m/s 2.759 1.485–5.125 0.001* 2.32 1.177–4.227 0.014*

Additional roof ablation 1.5 0.773–2.911 0.23

*, P<0.05. AF, atrial fibrillation; HR, hazard ratio; CI, confidence interval; BMI, body mass index; CHD, coronary heart disease; CHF, 
chronic heart failure; NT-proBNP, N-terminal pro-brain natriuretic peptide; LAD, left atrial diameter; LVD, left ventricular diameter; LVEF, left 
ventricular ejection fraction; LAAV, left atrial appendage peak flow velocity.
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months. PeAF individuals with a lower LAAV were at 
higher risk and more likely to experience AF recurrence.

For patients with PeAF, catheter ablation is the 
recommended treatment option. However, AF recurrence 
remains problematic. Identifying the predictors of AF 
relapse following radiofrequency ablation is crucial for 
detecting high-risk patients and can provide therapeutic 
planning and an increased ablation realization rate. Atrial 
fibrosis causes structural remodeling, which is a precursor 
to the onset and persistence of AF. Fibrosis enhances the 
amount of dysfunctional extracellular matrix, as well as 
molecular changes, these changes contribute to pathological 
changes in atrial conduction, which may lead to AF 
(32,33). According to previous research, patients with LA 
enlargement are more likely to experience repeated events, 
and LAD is an important self-regulating indicator of AF 
recurrence (13,34). Our findings agree with the findings 
of these reported researches. Overall, these studies suggest 
that atrial remodeling is necessary for AF persistence and 
recurrence after ablation.

According to previous research (26,27), a reduced 
LAAV has been linked to a greater risk of AF relapse 
in PeAF individuals in the 1 year following their initial 
catheter ablation. Nevertheless, after 1 year of follow-up, 
it is unknown if LAAV can still predict AF recurrence in 
individuals having PeAF who had first RFCA. Following a 
median follow-up of 14 months, prior research indicating 
LAAV was not an independent predictor of AF relapse 
following catheter ablation (30). The median follow-up 
time was 15 months, with a maximum of 24 months. Our 
findings indicated that LAAV was slightly lower at baseline 
in the recurrence group than in the non-recurrence group 
and was revealed to be an independent indicator of AF 
recurrence following the initial RFCA in both the univariate 
and multivariate analyses. The difference in these findings 
may be due to the differing baseline variables and conditions 
for patient participation in the two studies. Our research 
only excluded patients with AF who had moderate to severe 
mitral valve disease, while previous studies excluded patients 
with AF who had any degree of heart valve disease (30); 
however, we consider our findings more valid since they 
represent the condition of the vast majority of patients who 
attend hospital. Secondly, the duration of AF in our sample 
was longer than in previous research (30). This could be 
related to extensive atrial structural remodeling because 
an enhancement in AF's duration has been correlated with 
a greater extent of LA fibrosis (35). Furthermore, several 
researches reported that AF duration is a strong indicator of 
AF recurrence (8,13,36). Our multivariate analysis revealed 
that LAAV persisted as an independent risk factor for AF 
relapse even following accounting for the AF duration.

LAA is a finger-like projection that arises from the left 
atrium’s main body. LAA compliance can act as a pressure 
regulator in the left atrium (20,21). During elevated LA 
pressure and volume overload or atrial fibrosis, the LAA can 
increase its hemodynamic role by modulating LA pressure-
volume relations due to its enhanced distensibility (21). 
During extreme volume loading in the beating heart, the 
LAA acts as a reservoir, serving as a barrier to keep the 
LA pressure from rising too far (20). The emptying of the 
diastolic LAA in AF was linked to and projected a good LA 
booster pump function (37). The LAA structure changes 
that precede LA remodeling, both in terms of operation 
and morphology, have been shown to predict AF recurrence 
(12,14). Based on the hemodynamic activity of the LAA and 
the findings of our work, we think that the LAA is a much 
more sensitive criterion for the prediction of AF recurrence 
than morphological remodeling or LA functional in the LA.

Table 3 Relationship between LAAV and other variables

Variables Correlation coefficient (r) P value

Sex (male) 0.078 0.323

Age (years) −0.198 0.011*

BMI (kg/m2) 0.07 0.372

AF duration (months) −0.081 0.303

CHA2DS2-VASc score −0.25 0.001**

HAS-BLED score −0.185 0.017*

NT-proBNP −0.125 0.006**

UA (μmol/L) 0.005 0.947

LVD (mm) −0.017 0.831

LAD (mm) −0.221 0.004**

LVEF (%) 0.21 0.007**

*, P<0.05; **, P<0.01. LAAV, left atrial appendage peak flow 
velocity; BMI, body mass index; AF, atrial fibrillation; CHA2DS2-
VASc, Congestive Heart Failure, Hypertension, Age ≥75 years 
[doubled], Diabetes Mellitus, Stroke [doubled], Vascular Disease, 
Age (65–74 years), Sex category [female]; HAS-BLED, elderly, 
history of hypertension, history of abnormal renal or liver 
function, history of stroke, history of major bleeding, medication 
use predisposing to bleeding, alcohol use, Labile international 
normalized ratio; NT-proBNP, N-terminal pro-brain natriuretic 
peptide; UA, uric acid; LVD, left ventricular diameter; LAD, left 
atrial diameter; LVEF, left ventricular ejection fraction.
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In our sample, the baseline LAAV was positively linked 
with LVEF and negatively linked with LAD and NT-
proBNP. LAA functions are diminished in patients with 
left ventricular dysfunction who have nonvalvular AF and 
a retained or reduced LVEF (38,39). The increased LA 
filling pressure caused by LV dysfunction can be transferred 
to the LAA, leading to the change in LAA function (21). 
Consequently, LAAV might be related to left ventricular 
activity to some degree.

Our results have some implications for clinical practice, 
which we discuss below. Using pre-procedural LAAV, it may 
be possible to distinguish between individuals at high or low 
risk of AF relapse and to predict which individuals are prone 
to benefit from cardiac catheterization. In addition, it is 
recommended that further linear and/or electrogram-based 
ablation operations may be needed to decrease AF relapse 
following ablation in individuals with a low LAAV to reduce 
recurrence. Finally, individuals with a low LAAV should be 
closely monitored in order to identify relapse of AF as soon 
as possible.

Study limitations

There are several limitations to this study. First, this is 
retrospective research performed at a single site with a 
minimal sample, leading to selection bias. Second, since our 
focus was on patients with PeAF, we cannot conclude that 
our results extend to paroxysmal AF patients. Lastly, the 
ECG and intermittent Holter testing may have understated 
the recurrence rates to some extent.

Conclusions

The current research show that a low LAAV is associated 
with AF relapse and acts as a predictor of AF relapse 
following the first RFCA for PeAF. This discovery may help 
refine therapy strategies and care of individuals with PeAF. 
More prospective trials are needed to verify these findings 
in the future. In addition, there may be an association 
between LAAV and left ventricular activity in individuals 
with PeAF that requires further study.
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