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Abstract
The benefit of radiofrequency ablation (RFA) in rhythm control in atrial fibrillation (AF) and flutter patients is uncertain, but 

risk of death, arrhythmia recurrence and other post ablation complications remains high. Existing data on the impact of pulmonary 
vein isolation and cava-tricuspid isthmus RFA on long-term prognosis of patients with AF and flutter and its advantage over pharma
cological antiarrhythmic therapy (AAT) are insufficient and contradictory.

The aim: we sought to evaluate two-year outcomes of pulmonary vein isolation and cava-tricuspid isthmus RFA vs pharma-
cological only AAT according to a single center experience.

Material and methods: we enrolled 174 patients after pulmonary vein isolation RFA, cava-tricuspid isthmus RFA and their 
combination and 122 patient who did not undergo RFA and got pharmacological AAT only.

Results: there was no significant difference in mortality between the RFA and AAT only groups (5.8 % and 9.0 % respectively)  
with the same structure of causes of death. The Caplan-Meyer curve analysis demonstrated better survivance (p = 0.031) after RFA just 
during first year of observation. RFA effectiveness in arrhythmia relapse prevention was the highest for cava-tricuspid isthmus RFA 
procedure and worst – in group of combined pulmonary vein isolation and cava-tricuspid isthmus procedures. RFA showed an advan-
tage over AAT in smaller quantities of non-fatal cardiovascular events (p < 0.001) and cardiovascular hospitalizations (p = 0.0026).

Conclusions: RFA of pulmonary vein isolation and cava-tricuspid isthmus RFA decrease arrhythmia episodes frequency, 
risk of non-fatal cardiovascular events and cardiovascular hospitalizations. Timely combined PVI and CTI procedure is associated 
with worsening of all outcomes.
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1. Introduction
Radiofrequency ablation (RFA) is one of the leading approaches to rhythm control in atrial 

re-entry arrhythmias. It is a first-choice treatment tactic in symptomatic and high-risk atrial flutter 
and often prescribed to atrial fibrillation (AF) patients with drug inefficiency or intolerance [1, 2]. 
RFA – isolation of pulmonary veins for AF and RFA of cava-tricuspid isthmus in right atria for flutter 
treatment could be used alone or simultaneously to increase the efficiency of a single procedure [3, 4].

Based on previous studies, data on RFA advantage over the pharmacological antiarrhythmic 
therapy (AAT) are contradictory. Researches show ablation preference in arrhythmia relapse pre-
vention, but the level of post ablation AF and flutter recurrence remains from 40 to 60 % according 
to various sources [5, 6]. Most of these cases needed repeated RFA procedures. Data on all-cause 
mortality levels and general survivance are comparable for RFA and AAT only treatment [7, 8].

Contrariwise, RFA decreases the level of non-fatal cardiovascular events and number of 
cardiovascular hospitalizations in AF and flutter patients [9, 10], but it is mainly connected to 
successful ablations.
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There is scarce literature discussion on the impact of pulmonary vein isolation and cava- 
tricuspid isthmus RFA on long-term prognosis of patients with AF and flutter.

Therefore, the aim of this study was to evaluate two-year outcomes of RFA vs pharmacolo
gical only AAT according to a single center experience.

2. Materials and methods
Study population. 174 patients (mean age 57.2 ± 9.8 years, 78 women (44.8 %)) with paroxy

smal and persistent forms of AF and flutter were enrolled at the department of Ultrasound and 
Clinical Instrumental Diagnostics and Minimally Invasive Interventions of State Institute «Institute of 
General and Emergency Surgery named after V. T. Zaitseva NAMS of Ukraine». All patients under-
went RFA pulmonary vein isolation and/or cava-tricuspid isthmus from April 2015 to April 2017. We 
excluded the subjects under 35 years. In order to minimize the influence of high blood pressure and 
severe heart failure, patients with arterial hypertension III degree and an ejection fraction less than 
40 % were excluded. The study population was divided into three groups using type of ablation proce-
dure: RFA pulmonary vein isolation (PVI) (n = 81, 47 %), RFA of cava-tricuspid isthmus (CTI) (n = 34, 
20 %) and RFA both PVI and CTI (n = 59, 33 %). 26 (14.9 %) patients underwent re-ablation during 
study period: 11 (13.6 %) in PVI group, 7 (20.6 %) in CTI group and 8 (13.6 %) in PVI and CTI group.

The control group consisted of 122 patients (mean age 58.4 ± 12.4 years, 67 women (54.9 %)) 
with paroxysmal and persistent forms of AF and flutter, who received only pharmacological AAT.

Ethics statement. The study protocol was approved by the institutional review board of the 
Ethics and Deontology committee in the medical school of V. N. Karazin Kharkiv National Univer-
sity (protocol 12.7 of 15 December 2017). Informed consent was obtained from the patients and our 
study was performed by the principles expressed in the Declaration of Helsinki.

Electrocardiographic evaluation. To determine presence of arrhythmia, electrocardio-
gram recording, and evaluation was performed by one experienced physician using an electrocar-
diography machine (ECG system Cardiolab, Kharkiv, Ukraine) for rest electrocardiography and  
a Holter monitoring (Holter ECG system Cardiosens K, Kharkiv, Ukraine) for 24-hour electrocar-
diogram monitoring.

Collection of demographic and medical data. Demographic and medical data including age, 
gender, disease progression and complications, comorbid conditions and use of medications were 
collected from recordings and interviews with patients.

Study observation. Patients in groups 1–3 and control group were observed before, 3–5 days, 
3, 12 and 24 months after RFA/randomization at the department of Ultrasound and Clinical Instru-
mental Diagnostics and Minimally Invasive Interventions of SI «Institute of General and Emergen-
cy Surgery named after V. T. Zaitseva NAMS of Ukraine».

Definition of all-cause mortality, arrhythmia relapse, non-fatal cardiovascular events 
and hospitalizations. Survival information and causes of death were obtained from official death 
certificates. Confirmation of arrhythmia relapse was performed with rest electrocardiography or 
Holter 24-hour electrocardiogram monitoring. Acute coronary syndrome (ACS) was confirmed 
by angiography and/or laboratory tests; stroke or transient ischemic attack confirmed by mag-
netic resonance imaging, laboratory and angiographically confirmed peripheral thrombotic and 
thromboembolic episodes and major bleedings were defined as a non-fatal cardiovascular event. 
Hospitalizations due to arrhythmias, coronary artery disease, cerebrovascular disease, hyperten-
sion, heart failure or peripheral artery disease were evaluated as cardiovascular and due to all other 
causes – as non-cardiovascular during study period.

Statistical analysis. SPSS Statistics 23.0 software was used for statistical analysis. Variables 
following normal distribution were expressed as mean ± standard deviation or percentage during 
the follow-up period and analyzed by t-test. For variables following non-normal distribution, data 
was expressed as median and range and were compared by Wilcoxon test. Non-parametric va
lues were compared by Mann-Whitney U test. Differences of qualitative results were analyzed 
by chi-square test or Fisher exact test. Survival rates were analyzed by the Kaplan-Meier method 
and differences between groups were analyzed using the long-rank test. All statistical tests were 
two-sided, with the threshold of significance set at p < 0.05 level.
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3. Results
There was no difference in age, gender, body mass index (BMI), presence of hypertension 

and congestive heart failure (CHF) in Groups 1-3 and between RFA and control group (Table 1).

Table 1
The clinical and demographic characteristics of patients that underwent pulmonary vein isolation and cava-
tricuspid isthmus RFA vs AAT only

Variable
RFA

Control group p-value
In total PVI CTI PVI and CTI

Age, years 57.2 ± 9.8 57.4 ± 10.2 56.9 ± 11.6 59.3 ± 9.7 58.4 ± 12.4 > 0.05

Gender (female), % 44.6 48.1 41.7 45.3 51.8 > 0.05

BMI, kg/m2 26.5 ± 4.9 27.4 ± 5.2 26.7 ± 4.3 23.1 ± 6.4 26.8 ± 5.4 > 0.05

Hypertension, % 44.8 43.9 46.2 52.1 48.3 > 0.05

CHF, % 34.1 22.7 19.1 28.4 30.8 > 0.05

Note: BMI – body mass index, CHF – chronic heart failure, CTI – cava-tricuspid isthmus, PVI – pulmonary vein isolation,  
RFA – radiofrequency ablation

The two-year mortality rates in RFA and control groups was 5.8 % (n = 13) and 9.0 % (n = 11). 
No statistically significant difference was found between RFA and control in causes of death, with 
the exception of end-stage heart disease, which caused death only AAT patients. In all groups the 
most common causes were non-cardiovascular, stroke, acute myocardial infarction (MI) and sud-
den cardiac death (SCD) (Table 2).

Table 2
Causes of mortality two-years after pulmonary vein isolation and cava-tricuspid isthmus RFA vs AAT only

Causes of mortality
RFA Control 

group p-value
In total PVI CTI PVI and CTI

Non-cardiovascular, % (n) 4.0 (7) 4.9 (4) 2.9 (1) 5.1 (3) 2.5 (3) > 0.05

Stroke, % (n) 2.3 (4) 1.2 (1) 0 5.1 (3) 4.9 (6) > 0.05

Acute MI, % (n) 0.6 (1) 0 0 1.7 (1) 1,6 (2) > 0.05

SCD, % (n) 0.6 (1) 1.2 (1) 0 0 0.8 (1) > 0.05

End-stage heart disease, % (n) 0 0 0 0 3.3 (4) > 0.05

Note: CTI – cava-tricuspid isthmus, PVI – pulmonary vein isolation, RFA – radiofrequency ablation, SCD – sudden cardiac death

Result of Kaplan-Meier curve analysis is displayed in Fig. 1, illustrating the cumulative 
two-year mortality among the RFA and control (Fig. 1, A), and among different RFA procedures 
and control (Fig. 1, B). The results suggested that the risk of death decreased for RFA in the first 
year (p = 0.031) and was comparable in two-year observation (p > 0.05), there was no significant 
difference between types of ablation (p > 0.05).

AF and/or flutter relapse frequency in first 3 months for all RFA procedures was not eva
luated as a blind period (Table 3). RFA effectiveness was the highest for CTI procedure, where 
arrhythmia episodes were observed two times less often in the first year (p < 0.001) and remained 
stable; and worst – in group of combined PVI and CTI procedures, where the level of AF and  
and/or flutter relapse gradually increased till 2 years after RFA (p = 0.019).

Percentage of non-fatal cardiovascular events was significantly lower (p < 0.001) in pa-
tients after RFA in comparison with AAT only patients (Fig. 2). In the first 3 months only one 
event  (myocardial infarction) was observed after RFA in PVI group, while in AAT only group 
4.9 % of patients had different events. Upon further observation, this difference increased (5.1 % 
RFA vs 14.8 % AAT only after first year; 6.2–10.2 % RFA vs 20.5 % AAT only after second year).
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Fig. 1. Result of Kaplan-Meier curve analysis is displayed

Table 3
Arrhythmia relapse frequency after pulmonary vein isolation and cava-tricuspid isthmus RFA

RFA
Relapse in period

3 months, % (n) 12 months, % (n) 24 months, % (n) p-value

In total 27.0 (47) 23.0 (40) 24.1 (42) > 0.05

PVI 25.9 (21) 21.0 (17) 19.0 (16) > 0.05

CTI 35.3 (12) 20.6 (7)* 11.8 (4)** * ** < 0.001

PVI and CTI 23.7 (14) 28.8 (17) 35.6 (21)* *0.019

Note: CTI – cava-tricuspid isthmus, PVI – pulmonary vein isolation, RFA – radiofrequency ablation

Fig. 2. Comparison of the percentage of non-fatal cardiovascular events in patients after RFA 
with patients treated with AAT alone

Rate of cardiovascular hospitalizations was significantly lower in RFA group in com-
parison with AAT only group (p = 0.0026) regardless of the type of procedure. Hospitalizations  
for non-cardiovascular causes comparable in most study groups (Table 4).
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Table 4
Hospitalization rates two-year after RFA vs AAT only

Hospitalizations
RFA

Control group p-value
In total PVI CTI PVI and CTI

Cardiovascular, % (n) 28.2 (49) 22.2 (18) 26.5 (9) 37.3(22) 55.7 (68)* *0.0026
Non-cardiovascular, % (n) 9.2 (16) 6.2 (5) 11.8 (4) 11.9 (7) 10.7 (13) p > 0.05

Note: CTI – cava-tricuspid isthmus, PVI – pulmonary vein isolation, RFA – radiofrequency ablation

4. Discussion
Results from this study demonstrated no significant difference in all-cause mortality level 

between RFA and AAT only strategies (8.6 % vs 9.0 %) for rhythm control in patients with AF 
within a two-year period, which is close to the CABANA study report [4, 11] (8.0 % vs. 9.2 %), 
although it included older patients or patients with risk factors for stroke. At the same time, mor-
tality structure did not differ in patients after ablation and AAT only: the leading causes were 
non-cardiovascular and stroke, patients also died due to myocardial infarction and ventricular ar-
rhythmias. Furthermore, our results demonstrated that death as a result of chronic condition, such 
as end-stage heart failure was observed just in patients who did not undergo RFA. Conversely, data 
of big systematic review and meta-analysis [12] revealed that ablation was associated with lower 
risk of all-cause mortality vs medical management only; at the same time the authors indicated that 
evidence is limited to heart failure and left ventricle systolic dysfunction. Regarding our study, 
outcomes were evaluated in patients with preserved systolic function, which was not reflected pre-
viously. Some papers connected with systolic heart failure suggested a connection between catheter 
ablation and fewer death from worsening heart failure in comparison with standard conventional 
therapy [5]; it was noted that the benefit becomes augmented as follow up is extended from 1 to 
5 years [13]. The current study showed advantage of RFA vs AAT in patients’ survival only in the 
first year of observation, which subsequently did not reach a significant level.

Furthermore, data of mortality in patients after cava-tricuspid isthmus RFA are very con-
tradictory too, and unlike AF, very limited. Significantly lower mortality levels (2.9 %) in patient 
with atrial flutter after RFA was present in our study, which was comparable to meta-analysis of  
18 primary studies with 22 treatment arms and 1323 patients [3], where all-cause mortality level 
reach just 0.6 %. On the other hand, the observational study that was based on data from Danish 
nationwide health databases were reported higher mortality risk after atrial flutter ablation proce-
dures compared with patient undergoing AF ablation [14]. 

The current study has demonstrated significant prevalence of ablation vs. AAT only in pro-
phylaxis of AF and/or flutter recurrence for all RFA procedures: pulmonary vein isolation, cava-tri-
cuspid isthmus ablation and their combination. Ablation efficiency from 64.4 % to 85.3 % in our 
research is comparable to current guidelines [1] and data of recent studies [6]. The least effective 
treatment was shown for combined PVI and CTI procedure: we observed increasing of arrhythmia 
relapse levels in study period after RFA; there was no significant change in PVI group and decrease 
in arrhythmia episodes frequency during study in CTI group. Partly, we associate this with highest 
re-ablation level: every fifth patient after CTI RFA for two years underwent PVI RFA. Data of CTI 
RFA effectiveness are very contradictory: number of papers described frequency of AF recurrence in 
nearly 30 % and flutter recurrence – 15 % of patients [7], more successful flutter ablation in 85 % of 
cases was associated just with the left ventricle procedure [9], and [14] reported even higher renewed 
arrhythmia levels after flutter RFA in comparison with AF. In first three months post-ablation, 
usually evaluated as a blind period, arrhythmia episodes were registers in 23.7–35.3 % of patients.  
It was noted that patients with AF or flutter recurrence in the second and third month more often had 
arrhythmia relapses in future observations, especially in patients with high arrhythmic load. A simi
lar correlation was described previously, where the authors suggested to consider 23 days or about  
3 weeks (rather than 3 months) to be an appropriate cut-off for the blanking period [15].

Based on current analysis, RFA shows it advantage over AAT only strategy in non-fatal car-
diovascular events. Moreover, this difference gradually increased during investigation and reached 
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6.2–10.2 % after ablation vs 20.5 % in control group, almost half of the patients from all this groups 
suffered strokes, which became the leading cardiovascular cause of death and the leading non-fatal 
event. The benefit of RFA vs. AAT only in stroke prevention was confirmed in UK registry [10] 
and was non-reproduceable in large US national registry [11] and other studies [4]. Additionally, 
it should be noted that the effectiveness of combined procedure PVI and CTI RFA, including for 
events prevention, remains uncertain [4, 16]. Our finding is at variance with it, we demonstrated 
more rare non-fatal cardiovascular events in PVI and CTI group in comparison with AAT only, but 
it was the highest of all RFA procedures.

In all groups of patients, analyzing frequency of hospitalizations after RFA vs AAT only 
strategies we found that the rate of cardiovascular hospitalizations was significantly lower in 
post-ablation patients. This was also indicated in previous papers analyzing the advantage of RFA 
over AAT only in cardiovascular hospitalizations [4, 17]. The most often re-admission (37.3 %) we 
observed after combined PVI and CTI procedures. 

Finally, the benefit of CTI RFA for typical atrial flutter in our study is reflected very am-
biguous in another works. Some papers reported surprisingly high rates of cardiovascular events 
and hospitalizations [8, 18], and some – similar to ours had better outcomes after CTI procedure in 
comparison with AF ablation [19, 20].

Study limitations. The study evaluated the data of 174 patients after RFA of pulmonary 
vein isolation, RFA of the tricuspid isthmus and their combination and 122 patients who did not 
undergo RFA and received only pharmacological AAT. This is a sufficient reference sample. The 
level of quality of life was not discussed.

Prospects for further research. It looks important to do further investigations to evaluate 
predictors of RFA effectiveness, especially for atrial flutter or flutter with AF patients.

5. Conclusions
Based on two-year observation, the PVI and CTI RFA outcomes are promising. All ablation 

procedures decrease arrhythmia frequency and duration, risk of non-fatal cardiovascular events 
and cardiovascular hospitalizations. Timely combined PVI and CTI procedure is associated with 
worsening of all outcomes.

There was no significant difference in mortality between the RFA and AAT only groups (5.8 % 
and 9.0 % respectively) with the same structure of causes of death. The Caplan-Meyer curve ana
lysis demonstrated better survivance (p = 0.031) after RFA just during first year of observation. 
RFA effectiveness in arrhythmia relapse prevention was the highest for cava-tricuspid isthmus 
RFA procedure and worst – in group of combined pulmonary vein isolation and cava-tricuspid 
isthmus procedures. RFA showed an advantage over AAT in smaller quantities of non-fatal cardio-
vascular events (p < 0.001) and cardiovascular hospitalizations (p = 0.0026).
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