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INTRODUCTION
Atrial fibrillation (AF) is the most common type of cardiac 
arrhythmias and is associated with the more than 3-fold 
higher risk of development of heart failure (HF) and a 
2-fold higher risk of mortality [1].

Randomized controlled trials and meta-analyzes have 
shown high efficacy of radiofrequency ablation (RFA) for both 
initial and secondary strategies after unsuccessful medical 
therapy (MT) to maintain sinus rhythm (SR) and improve 
functional and morphological capacity of cardiac activity, 
improvement of quality of life; in patients with chronic HF 
RFA was associated with a significant relative reduction in the 
risk of overall mortality, AF recurrence, and hospitalization 
for cardiac pathology (compared with MT) [1-3].

The main problem of RFA remains high risk of AF recur-
rence (up to 45% within 6-12 months after intervention) 
[4], especially, in the late period, which is associated with 
the unfavorable prognosis.

Multiple studies have focused on searching of available 
predictors of AF recurrence after RFA to increase the effec-
tiveness of the RFA in patients with different cardiovascular 
comorbidities [5, 6].

Over the last decade, several studies have identified sev-
eral major factors such as age, duration of AF, duration of 

AF paroxysm cycle, left and right atrium size (LA and RA), 
left ventricular ejection fraction (LVEF), as predictors of 
AF recurrence after the first successful RFA [6-8].

Nevertheless, these studies are controversial and need 
further study.

THE AIM
Study the predictive power of demographic, hemodynam-
ic and electrocardiographic factors for atrial fibrillation 
recurrence after radiofrequency ablation in patients with 
chronic heart failure.

MATERIALS AND METHODS
Among the 120 patients, aged 59,80±10,08 years old 
with chronic HF with preserved LVEF New York Heart 
Association (NYHA) functional class between I and III 
who were undergo RFA due to AF, 50 (42%) – female, 70 
(58%) –male. A diagnosis of HF with preserved LVEF was 
made in accordance with the current guidelines [9] as a 
LVEF≥50%, presence of typical symptoms and/or signs, 
LV diastolic dysfunction and/or relevant structural heart 
disease fulfilled within 6 months prior to AF ablation. The 

PREDICTORS OF ATRIAL FIBRILLATION RECURRENCE  
AFTER RADIOFREQUENCY ABLATION IN PATIENTS  
WITH CHRONIC HEART FAILURE

DOI: 10.36740/WLek202108113 
 
Tetiana V. Zolotarova1, Mariia S. Brynza1, Dmytro Y. Volkov2, Maryna I. Shevchuk1, Oleksandr V. Bilchenko1

1V. N. KARAZIN KHARKIV NATIONAL UNIVERSITY, KHARKIV, UKRAINE
2 V. T. ZAYCEV INSTITUTE OF GENERAL AND URGENT SURGERY NATIONAL ACADEMY OF MEDICAL SCIENCES OF  UKRAINE, KHARKIV, UKRAINE

ABSTRACT 
The aim: To study the predictive power of demographic, hemodynamic and electrocardiographic factors for atrial fibrillation recurrence after radiofrequency ablation (RFA) in 
patients with chronic heart failure.
Materials and methods: Study included 120 patients, aged 59,80±10,08 years old with chronic heart failure with preserved left ventricular ejection fraction who were undergo 
RFA due to atrial fibrillation (AF). A standard 12-lead electrocardiogram (ECG) was registered. Before the procedure the standard echocardiographic parameters were obtained. 
After 12 months, patients were divided into 2 groups: non-recurrence group and recurrence group. 
Results: As a result of prospective follow-up within 12 months AF recurrences were observed in 32 patients (27%), 88 patients remained non-recurrent (73%). The left atrium 
(LA) diameter and aortic root diameter were lager in the recurrence group (4,59±0,45 vs. 4,08±0,61 cm, p<0,001; 3,37±0,60 vs. 2,80±0,67 cm, p<0,001). The AF recurrence 
group before RFA had a significantly longer QTc interval than the non-recurrence group (387,23±2,31 vs. 341,22±8,91 ms, p<0,010). ROC curve analysis revealed LA diameter 
the most sensitive factor for AF recurrence after RFA.
Conclusions: QTc duration before radiofrequency ablation and its prolongation after intervention are independent predictors of atrial fibrillation recurrence; left atrium diameter 
before ablation is a highly sensitive predictor in patients with chronic heart failure with preserved left ventricular ejection fraction.

  KEY WORDS: atrial fibrillation, recurrence, heart failure, radiofrequency ablation

Wiad Lek. 2021;74(8):1850-1855

ORIGINAL ARTICLE



PREDICTORS OF ATRIAL FIBRILLATION RECURRENCE AFTER RADIOFREQUENCY ABLATION IN PATIENTS...

1851

type of AF include: paroxysmal (n=60), persistent (n=54), 
long-standing persistent (n=6). The strategy of RFA includ-
ed bilateral pulmonic vein isolation (PVI) for paroxysmal 
AF and PVI plus linear ablation of linear lesions, mitral 
isthmus and tricuspid isthmus for persistent AF and asso-
ciated typical atrial flutter (AFL).

Baseline variables comprised demographic and clinical 
data, medical history (coronary heart disease, hyperten-
sion, diabetes, and previous stroke).

A standard 12-lead electrocardiogram (ECG) was reg-
istered 1 day prior to the procedure in all patients. QT 
interval measurement was done in lead II or V5 where it 
was best seen. The QTc interval was calculated by using 
Bazett’s formula in patients with SR (31%) where heart 
rate (HR) was between 60 to 100 beats per minute (QTc = 
QT/(RR^0,5)). If a patient had AF (69%) or HR differed 
from 60 to 100 beats per minute, the QTc was calculated 
by Framingham formula where QT interval measured 
from 3 consecutive cardiac cycles and then a mean value 
was used for analysis.

1 day before the procedure, all patients underwent 
transthoracic echocardiography (TTE). The standard 
echocardiographic parameters were obtained by utilizing 
the techniques recommended by current guidelines [10], 
especially: LVEF, left ventricle end-diastolic diameter and 
volume (LVED and LVEDV), left ventricle  end-systolic 
diameter and volume (LVES and LVESV), left and right 
atrium diameter (LA and RA, respectively), diastolic right 
ventricle diameter (RVD), diameter of aortic root, mean 
pulmonary artery pressure.

The MT for AF was administered in accordance with the 
guidelines that were available at the time of the research.

After the RFA, all patients received antiarrhythmic 
drugs if there were no contraindications. The drugs were 
discontinued if no recurrent atrial tachyarrhythmia was 
detected after 3 months after procedure. All patients had 
anticoagulant treatment for at least 3 months after the RFA 
and MT for concomitant chronic HF [11].

After 12 months, patients were divided into 2 groups: 
non-recurrence group and recurrence group. An episode 
of supraventricular arrhythmia or AF lasting longer than 
30 seconds was considered as recurrence by the ECG for 
the past 12 months after RFA arrhythmia.

The obtained data after the formation of the database 
was processed in Microsoft Excel, SPSS 17.0. For statisti-
cal evaluation of the results parametric criteria were used 
and nonparametric criteria. Reliability of the differences 
between groups was evaluated using the nonparametric 
Mann-Whitney U Test. The results were considered reliable 
at the significance levels p<0,05. Spearman’s correlation 
analysis, stepwise discriminant analysis, regression anal-
ysis, Receiver Operating Characteristic (ROC) – analysis 
were done.

RESULTS 
As a result of prospective follow-up within 12 months AF 
recurrences were observed in 32 patients (27%), 88 patients 
remained non-recurrent (73%). The baseline characteristics 
of the study population depending on the group were shown 
in Table I. Elder patients prevailed in the recurrence group 
(63,25±10,80 versus (vs.) 58,66±9,52; p<0,010). The duration 
of QRS complex was normal in both groups, but longer in the 
recurrence group (96,79±23,62 vs. 90,24±14,78 ms, p<0,010). 
The LA diameter and aortic root diameter were lager in the 
recurrence group (4,59±0,45 vs. 4,08±0,61 cm, p<0,001; 
3,37±0,60 vs. 2,80±0,67 cm, p<0,001). The AF recurrence 
group had a significantly higher mean pulmonary artery 
pressure (32,86±9,67 vs. 25,15±9,73 mmHg, p<0,010). The 
was slight significant difference in LVEF: in the recurrence 
group it was lower (59,08±9,60 vs. 63,36±9,10 %, p=0,051).

 There was no significant difference in gender, duration of 
AF, history of hypertension, body mass index (BMI), history of 
coronary heart disease, history of diabetes, or history of stroke/
transient ischemic attack of the AF recurrence and non-AF 
recurrence groups. There were no significant differences in 

Fig. 1. Distribution of QTc in patients with/with-
out recurrence after atrial fibrillation ablation
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LVED, LVES, LVEDV, LVESV, RA diameter of the two groups. 
HR and PR interval was comparable in both groups.

The AF recurrence group before RFA had a significant-
ly longer QTc interval than the non-recurrence group 
(387,23±2,31 vs. 341,22±8,91 ms, <0,010). 

Figure 1 presents the significant difference in the QTc prolon-
gation in both groups after RFA (439,01±4,73 vs. 373,21±7,92 
ms, p<0,001 for recurrence vs. non-recurrence group).

There was a correlation between AF recurrence and LA 
diameter, QTc before RFA, QTc after RFA, LVEF, aortic 

Table I. Baseline characteristics of the study population

Characteristics
Non-recurrence group

n=88 (73%)
M±sd/%

Recurrence group
n=32 (27%)

M±sd/%
P-value

Age (years) 58,66±9,52 63,25±10,80 <0,010

Sex (male/female) 61/39 50/50 0,082

AF duration (years) 4,58±12,54 4,75±2,33 0,861

Body mass index (kg/m2) 26,80±5,56 26,6±4,83 0,836

Coronary artery disease 11,36 31,25 0,192

Hypertension 84,09 84,37 0,374

Diabetes mellitus 17,10 18,75 0,564

Stroke/Transient Ischemic Attack 5,75 6,25 0,802

HR, bpm 81,06±26,74 80,81±22,35 0,276

PR(Q), ms 171,1±16,94 173,4±16,55 0,860

QRS, ms 90,24±14,78 96,79±23,62 <0,010

QTc, ms 341,22±8,91 387,23±2,31 <0,010

LVEF, % 63,36±9,10 59,08±9,60 0,051

LVED, cm 5,03±0,73 4,98±0,56 0,548

LVES, cm 3,23±0,75 3,33±0,54 0,915

LVEDV, ml 101,74±63,77 98,36±57,86 0,542

LVESV, ml 37,74±28,68 36,47±25,85 0,915

LA diameter, cm 4,08±0,61 4,59±0,45 <0,001

RA diameter, cm 4,20±0,68 4,24±0,46 0,486

RVD, cm 2,75±0,52 2,83±0,50 0,542

Aortic root diameter, cm 2,80±0,67 3,37±0,60 <0,001

Mean pulmonary artery pressure, mmHg 25,15±9,73 32,86±9,67 <0,010

*Numbers are presented as n (%) or mean (M)±standard deviation (sd).

Fig. 2. Correlation analysis
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root diameter, mean pulmonary artery pressure (p for 
trend <0,010; Figure 2).

Figure 3 presents the odds ratios for LVEF, QTc before 
RFA, QRS before RFA, LA diameter, RA diameter, aortic 
root diameter, mean pulmonary artery pressure. The most 
significant are QTc before RFA, LA diameter, aortic root 
diameter and mean pulmonary artery pressure. 

ROC curve analysis (Figure 4) revealed LA diameter the 
most sensitive factor for AF-recurrence after RFA.

The logistic regression model was done and the equation 
was created:

R 2 = 54,0 %
У = 22,6 + (-2,47*Х1) + (- 2,1*Х2) + (-0,02* Х3)
where У –outcome (1 – recurrence, 2 – no recurrence), 
Х –predictors in order of decreasing importance,
Х1 – gender (1- male, 2- female), 
Х2 – LA diameter, cm, 

Х3 – QTc before RFA, ms. 
Model sensitivity – 50,0%, specificity – 95,0%.

DISCUSSION
The main findings of our study include that QTc prolon-
gation before and after ablation was an independent risk 
factor for arrhythmia recurrence in patients with chronic 
HF who underwent RFA of the arrhythmia substrate. 
Patients with chronic HF with preserved LVEF and QTc 
before RFA more than 387 ms have a risk of recurrence of 
arrhythmia after intervention, so it is important to weigh 
carefully before deciding on a patient’s AF strategy. There 
are few studies in the world that have studied QTc as a 
predictor of AF recurrence after ablation. Ma N. et al also 
showed the greater predicting value of combination of 
LA size and QTc duration in AF recurrence after catheter 

Fig. 3. Odds Ratios with 95% Confidence 
Limits

Fig. 4. ROC Curve
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ablation. So, it was proposed to use these parameters to 
forecast the risk of AF recurrence in patients with type 2 
diabetes mellitus undergoing catheter ablation [12]. 

The QT interval represents the ventricular repolarization 
and it is commonly supposed the presence of the correla-
tion between atrial and ventricular repolarization. The data 
from during the 10-year period Danish registry showed a 
robust J-shaped association between QTc interval duration 
and the occurrence of AF [13]. The study of Liu N. also 
found the QTc interval prolongation was an independent 
risk factor for AF recurrence after RFA in patients with 
arterial hypertension, as well as LA diameter [14]. The 
limitations of these studies were: small cohorts of patients, 
the exclusion patients with chronic HF, especially with 
preserved LVEF.

Structural remodeling of AF is known to be associated 
with the risk of AF recurrence. The major factor of AF 
progression is atrial tissue fibrosis which affects the LA, 
hence, the more extensively altered LA the higher risk 
arrhythmia persistence. Postmortem histological analysis 
has shown a clear correlation between AF and the level 
of atrial fibrosis. The level of LA fibrosis is also the chief 
qualifier of RFA success for rhythm control strategy of 
treatment [15]. Our study is consistent with previous data 
that demonstrated an association between enlarged atria 
and AF recurrence after RFA compared to patients without 
recurrence. [16]. We found that patients with an enlarged 
LA diameter had a higher risk of AF recurrence after RFA 
of arrhythmia substrate. Thus, QTc duration provides ad-
ditional information that can be used in conjunction with 
LA size to identify patients at high risk of AF recurrence.

The development of regression models for predicting a 
particular event is widely used in medicine. Our regression 
model is available to use and predict the risk of arrhythmia 
recurrence, as variables are easily identified in each patient. 
So far, no similar models have been developed. But regres-
sion analysis has its limitations. The low sensitivity of the 
model is due to probably insufficient number of studied 
factors or needs re-analysis at a longer observation period, 
but its high specificity has shown that the model can be 
further used for the group of patients with similar data – 
hemodynamic and structural parameters of the heart with 
concomitant chronic HF with preserved LVEF. 

CONCLUSIONS
1.  QTc duration before radiofrequency ablation and its 

prolongation after intervention are independent pre-
dictors of atrial fibrillation recurrence in patients with 
chronic heart failure with preserved left ventricular 
ejection fraction.

2.  Left atrium diameter before ablation is a highly sensitive 
predictor of atrial fibrillation recurrence in patients with 
chronic heart failure with a preserved left ventricular 
ejection fraction.

3.  A developed regression model with sensitivity of 50,0% 
and specificity of 95,0% can be used to predict recurrence 
of arrhythmia after ablation in patients with chronic 

heart failure with preserved ejection fraction by using 
available parameters such as gender, left atrial diameter 
and QTc before ablation.
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