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A b s t r a c t

Introduction: Radiofrequency catheter ablation (RFCA) is an important method of treatment of ventricular arrhythmias (VAs). 
In the majority of RFCA, fluoroscopy is used, exposing patients and medical staff to all related side effects. Current experience of 
non-fluoroscopic (NF)-RFCA in VAs from the left side is limited.

Aim: Analysis of safety and effectiveness of NF-RFCA of VAs from left- and right-sided cardiac chambers.
Material and methods: From 2014 to 2018, a group of 128 patients who underwent RFCA of VAs were retrospectively divided into 

two groups: NF-RFCA and fluoroscopic (F)-RFCA. Patients in each group were then subsequently subdivided into two groups based on 
VAs localization – left- (LS-Va) and right-sided (RS-Va) VAs. In all patients the CARTO Biosense Webster mapping system was used.

Results: In group 1 (NF-RFCA n = 88) 66 (75%) patients underwent RFCA of RS-Va and 22 (25%) of LS-Va. Early success was 
achieved in 89.8% (n = 79) and long term success in 81.8% (n = 72). In group 2 (F-RFCA n = 40) 19 patients (47.5%) had RFCA of RS-
Va and 21 (52.5%) patients of LS-Va. Acute procedural success rate was 80% (n = 32) and long-term success 72.5% (n = 29). There 
were 4 (4.6%) perioperative complications in NF-RFCA and 2 (5%) in F-RFCA. Success rate, procedure time and complications were 
not significantly different between groups and subgroups in follow-up.

Conclusions: NF-RFCA in VAs from the right and left cardiac chamber is safe and equally effective as F-RFCA, and it should be 
implemented as often as possible for protection of patients and electrophysiology staff.
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S u m m a r y

This publication focuses on a continually evolving subject – radiofrequency  catheter ablation without the use of fluo-
roscopy. In our study, non-fluoroscopic catheter ablations were performed in both the right and left cardiac chamber. In the 
publication, we show that this method is effective and safe in the short and long-term observation.

Introduction
The importance of radiofrequency catheter ablation 

(RFCA) of ventricular arrhythmias (VAs) is increasing in 
everyday clinical practice, as well as in the guidelines of 
cardiological societies [1]. This is related to the high effec-
tiveness and safety of RFCA [2–4]. The majority of VAs are 
premature ventricular contractions (PVCs) and non-sus-
tained ventricular tachycardia (nsVT), which mainly affect 
patients with no structural heart disease. PVCs can be 
highly symptomatic or cause PVC-induced cardiomyopa-

thy with decrease of systolic heart function [5]. Treatment 
of VAs relies on pharmacological therapy (anti-arrhyth-
mic drugs, AAD) or RFCA. RFCA fluoroscopy (ionizing ra-
diation) is commonly used for navigation reasons, which 
affects the patient and staff due to all associated com-
plications. The use of individual operator shields, shields 
between the X-ray tube and the operator, and various 
X-ray settings (collimators, optimal angles, optimal in-
tensity settings, etc.) may only reduce, but not eliminate 
X-rays from the electrophysiology (EP) lab. Nowadays, de-
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velopments of 3-dimensional electroanatomical mapping 
systems (3D-EMS) can help operators to eliminate X-ray 
usage during RFCA practically in every cardiac chamber 
[6–8]. Current experience of non-fluoroscopic (NF)-RFCA 
has shown safety and efficacy, but not many publications 
reaffirm this strategy of NF-RFCA in VAs from left and 
right-sided cardiac chambers [2, 3, 6, 9].

Aim
Analysis of safety, effectiveness and procedural time 

of non-fluoroscopic RFCA of ventricular arrhythmias from 
left- and right-sided cardiac chambers. 

Material and methods 
From 2014 to 2018, a group of 128 patients who under-

went RFCA of ventricular arrhythmias – PVCs – were retro-
spectively analyzed and divided into two groups: NF-RFCA 
and fluoroscopic (F)-RFCA groups. In each group, the pa-
tients were then subdivided into 2 groups based on PVC 
localization (Figure 1). Subgroup 1 – ventricular arrhythmia 
from the right-sided cardiac chamber (RS-Va), which includ-
ed the ventricular outflow tract (RVOT), and the right ventri-
cle (RV), mainly the region of the tricuspid valve/atrioven-
tricular node. Subgroup 2 – ventricular arrhythmia from the 
left-sided cardiac chamber (LS-Va), which included the aortic 
bulb, aortic cusps, left ventricular outflow tract (LVOT) and 
left ventricle (LV) (out of LVOT). Structural heart disease was 
defined as ischemic or nonischemic systolic heart failure  
(EF < 40), previous myocardial infarction (MI), revasculariza-
tion or significant (moderate or severe) valvular disease.

If pre-procedural examinations and tests (echocar-
diography, stress test, coronarography or MRI) excluded 
any structural heart disease, idiopathic VAs was diag-
nosed. All patients provided a signed statement of con-
sent to undergo the procedure.

Mapping and ablation protocol
The ablations were performed using the CARTO elec-

troanatomic mapping system (Biosense Webster Johnson 
& Johnson) in all included patients.

During the RFCA of RS-VAs, single or double femo-
ral vein puncture was performed. LS-VAs RFCA was per-
formed from single femoral artery access. In some cases, 
both right and left access was performed. 

Ablation catheter electrode was positioned in the 
right atrium, using anteroposterior (AP) and right-lateral 
(RL) projections in the CARTO mapping system. Based 
on the anatomy and electrophysiological signals, the 
electrode was introduced through the tricuspid valve. 
The signal from the bundle of His was marked on the  
CARTO map and activation mapping of RV/RVOT arrhyth-
mia (point by point or fast anatomical map – FAM) was 
performed (Figures 2 A and 3 A). In the case of PVCs 
from left ventricle or aortic bulb, CARTO FAM and acti-
vation map of the aortic bulb and aortic cusps was per-
formed. The contact force sensor was calibrated in the 
descending aorta and precise wall touch-ups in sinuses 
of Valsalva were done with 20 g maximum. After precise 
FAM of the ascending aorta was finished the operator 
crossws the aortic valve with J shape electrode curve. In 
LV/LVOT (point by point or FAM) mapping was performed 
(Figure 2 B). The pace-mapping method was always 
used to confirm the optimal ablation spot if stimulation 
capture was possible.

PVCs RFCA was performed with irrigated electrodes 
(energy: 20–40 W, flow: 15–30 ml/min), in some cas-
es (from 2016) electrodes had a contact force sensor – 
SmartTouch. All cases were performed (or supported) by 
operators experienced in F/NF-RFCA. 

The early (short-term) efficacy of RFCA was defined 
as no recurrent arrhythmia (PVCs) after 15 min after the 
last RF application (Figures 3 B, C). The minimum fol-
low-up period was 12 months. Long-term efficacy was 
defined as a significant arrhythmia reduction (> 80% re-
duction of initial arrhythmia amount) after a healing pe-
riod (after 3 months) in repeated 24 h ECG monitoring 
(every 6–12 months). All necessary medical follow-up 
data (12-lead ECG, 24-hour Holter ECG, repeat ablation 
information) were obtained from outpatient medical re-
cords.

Figure 1. Division of the patients with VAs into groups and subgroups based on type of RFCA (NF or F) and 
arrhythmia localization
VAs – ventricular arrhythmias, RFCA – radiofrequency catheter ablation, NF – non-fluoroscopic, F – fluoroscopic.

Ventricular arrhythmia 
(N = 128)

NF-RFCA (n = 88) F-RFCA (n =40)

Right side ventricular  
arrhythmia (n = 66)

Left side ventricular  
arrhythmia (n = 22)

Right side ventricular  
arrhythmia (n = 19)

Left side ventricular  
arrhythmia (n = 21)
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Figure 2. A – CARTO activation map of premature 
ventricular contractions from RVOT. Yellow dot – lo-
calization of His bundle, red dots – RF applications 
at the earliest ectopic beats activation. B – Right 
coronary cusp of the aortic valve, red dots and 
black arrow – RF application site

A B

Figure 3. A – Endocardial potential from RF appli-
cation point

A
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Figure 3. Cont. B – 12-lead ECG before RF application, C – 12-lead ECG after RF applications

B

C
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24-h Holter monitoring
24-h Holter monitoring was performed in all patients. 

Examinations were performed according to the Polish 
Cardiac Society [10]. The 24-h Holter monitoring was per-
formed prior to ablation and was repeated 3 months af-
ter RF ablation and, after that, at least once a year during 
a follow-up.

Echocardiography
Transthoracic echocardiography (TTE) was performed 

in all patients. Examinations were performed with a Vivid 
S6 (GE Healthcare, U.S.A.) device, according to the Euro-
pean Association for Cardiovascular Imaging (EACVI) and 
Polish guidelines at the time of patient enrolment [11].

The institutional ethics committee approved the 
study protocol and written informed consent was ob-
tained from all patients for the use of their anonymous 
data in the present publication. The study protocol con-
formed to the ethical guidelines of the 1975 Declaration 
of Helsinki.

Statistical analysis
Data were analyzed using IBM SPSS Statistics Ver-

sion 25.0 software (IBM Corp, Armonk, New York, Unit-
ed States). Continuous variables are expressed as mean 
(SD), and median (interquartile range (Q1–Q3)) if not 
normally distributed. The Shapiro-Wilk test was used 
to assess the normality of continuous variables. Mean 
values were compared using Student’s t-test, with 
Mann-Whitney tests used for continuous variables when 
a normal distribution was not present. For comparisons 

of 4 independent groups of continuous variables, we 
used a one-way analysis of variance (ANOVA), and for 
variables with non-normal distribution we used a non-
parametric Kruskal-Wallis test. For multiple compari-
sons between 2 groups, the Bonferroni correction was 
applied.

The categorical variables were presented as the num-
ber of observations in each category and the percentage 
of observations in this category out of all observations. 
The c2 test and the Fisher exact test were performed to 
compare categorical variables.

All statistical tests were 2-tailed, and a p-value of 
0.05 was considered statistically significant.

Results
Baseline characteristics
In group 1 (NF-RFCA) there were 88 patients and in 

group 2 (F-RFCA) 40 patients. The baseline patient char-
acteristics are detailed in Table I.

Group characteristics 
In group 1 (NF-RFCA) 66 (75%) patients had RFCA of 

RS-VAs and 22 (25%) patients of LS-VAs. Early success 
was 89.8% (n = 79) and long term success 81.8% (n = 72). 
Mean procedural duration was 80.0 min (65.0–-107.5). 
Mean follow-up time was 47.5 (34.0–64.0) months. Ar-
rhythmia localization in RS-VAs was mainly from RVOT 
– 83.5% (n = 55) and in this subgroup long-term success 
was 87.5%. In the rest of the patients, RS-VAs originates 
from the tricuspid valve (mostly parahisian) region – 
16.5% (n = 11) with long term efficiency 54.5%.

Table I. Patient characteristics

Parameter Total
(N = 128)

NF-RFCA
(n = 88)

F-RFCA
(n = 40)

P-value

Age of patients [years], Me (Q1–Q3) 48 (35.0–61.5) 42.0 (33.0–58.0) 61.0 (52.5–68.0) < 0.001

Female, n (%) 68 (53.1) 52 (59.1) 16 (40.0) 0.045

Hypertension, n (%) 51 (39.8) 25 (28.4) 26 (65.0) < 0.001

DM, n (%) 11 (8.6) 4 (4.5) 7 (17.5) 0.037

Presence of CIED, n (%) 3 (2.3) 1 (1.1) 2 (5.0) 0.230

History of AF, n (%) 12 (9.4) 6 (6.8) 6 (15.0) 0.252

History of CAD, n (%) 26 (20.3) 10 (11.4) 16 (40.0) < 0.001

Systolic heart failure, n (%) 9 (7.0) 4 (4.5) 5 (12.5) 0.137

BMI 25–30 kg/m2, n (%) 15 (11.7) 7 (7.9) 8 (20.0) 0.095

BMI > 30 kg/m2, n (%) 8 (6.2) 2 (2.3) 6 (15.0) 0.011

Number of antiarrhythmic drugs before ablation (1), Me (Q1–Q3) 0.5 (0.0–1.0) 0.0 (0.0–1.0) 1.0 (0.5–1.0) 0.003

Fluoroscopy time [min], Me (Q1–Q3) 0.0 (0.0–1.4) 0.0 (0.0–0.0) 4.3 (1.6–11.6) < 0.001

AF – atrial fibrillation, BMI – body mass index, CAD – coronary artery disease, CIED – cardiac implantable electronic device, DM – diabetes mellitus, NF-RFCA – non- 
fluoroscopic radiofrequency catheter ablation, F-RFCA – fluoroscopic radiofrequency catheter ablation.
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LS-VAs were localized in 36% (n = 8) in the aortic bulb 
and aortic cusps, in 32% (n = 7) in the LVOT, and in 32% 
(n = 7) in the LV.

In group 2 (F-RFCA) 19 (47.5%) patients had RFCA of 
RS-VAs and 21 (52.5%) patients of LS-VAs. Early success 
was 80% (n = 32) and long term success 72.5% (n = 29). 
Mean follow-up time was 46.0 (34.0–70.0) months. In 
RS-VAs arrhythmia originates in 90% (n = 15) from the 
RVOT with long term success 80% and from out of the 
RVOT region (mainly parahisian) in 10% (n = 4) with long 
term success rate 50%. In LV-VAs RF ablation was per-

formed in 19% (n = 4) in the aortic bulb and aortic cusps, 
in 38% (n = 8) in the LVOT and in 43% (n = 9) in the LV. 
Detailed rates of success are presented in Table II.

NF-RFCA vs. F-RFCA overall 
Early and long term efficiency RFCA was not signifi-

cantly different between groups and subgroups (Table II). 
Procedural duration differs (borderline) between groups 
1 and 2 (p = 0.041). In subgroups analysis, procedural du-
ration was significantly longer in LS-VAs in F-RFCA com-
pared to RS-VAs in both F and NF- RFCA overall. 

Table II. Follow-up details

Parameter NF-RFCA
(n = 88)

F-RFCA
(n = 40)

P-value

Right side ventricu-
lar arrhythmia

(group A)
(n = 66)

Left side ventricular 
arrhythmia
(group B)
(n = 22)

Right side ventricu-
lar arrhythmia 

(group C)
(n = 19)

Left side ventricular 
arrhythmia
(group D)
(n = 21)

Age of patients [years], 
Me (Q1–Q3)

42.0 (33.0–58.0) 61.0 (52.5–68.0) < 0.001

40.5 (32.0–49.0) 59.0 (38.0–72.0) 60.0 (40.0–66.0) 63.0 (59.0–69.0) < 0.001
0.018#

0.024##

< 0.001###

> 0.99*
0.564**

> 0.99***

Female, n (%) 52 (59.1) 16 (40.0) 0.045

42 (63.6) 10 (45.5) 7 (36.8) 9 (42.9) 0.095

Duration of procedure 
[min], Me (Q1–Q3)

80.0 (65.0–107.5) 97.5 (77.5–115.0) 0.041

77.5 (60.0–103.0) 90.0 (70.0–120.0) 80.0 (60.0–95.0) 110.0 (100.0–120.0) < 0.001
0.660#

> 0.99##

< 0.001###

0.99*
0.564**

0.009***

Complications, n (%) 4 (4.6) 2 (5.0) > 0.99

2 (3.0) 2 (9.1) 0 (0.0) 2 (9.5) 0.257

Early success, n (%) 79 (89.8) 32 (80.0) 0.131

59 (89.4) 20 (90.9) 15 (78.9) 17 (81.0) 0.468

Long term success, n (%) 72 (81.8) 29 (72.5) 0.231

54 (81.8) 18 (81.8) 13 (68.4) 16 (76.2) 0.604

Duration of follow-up 
[months], Me (Q1–Q3)

48.6 ±16.7; 47.5 (34.0–64.0) 49.3 ±16.3; 46.0 (34.0–70.0) 0.767

52.0 (34.5–65.5) 42.0 (28.5–47.5) 58.0 (34.0–70.0) 46.0 (34.0–46.0) 0.037
0.400#

> 0.99##

0.703###

0.086*
> 0.99**
0.151***

Data are presented as median (Q1–Q3) or number (%). #P-value between group A and B, ##p-value between group A and C, ###p-value between group A and D, *p-val-
ue between group B and C, **p-value between group B and D, ***p-value between group C and D. NF-RFCA – non-fluoroscopic radiofrequency catheter ablation, 
F-RFCA – fluoroscopic radiofrequency catheter ablation.
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Patients with RS-VAs in the NF-RFCA group were sig-
nificantly younger compared to other subgroups; this rela-
tionship was not observed comparing LS-VAs in NF-RFCA.

Complications
There were 4 (4.6%) perioperative complications in 

NF-RFCA. One pseudoaneurysm after femoral artery ac-
cess – treated by thrombin injection, one first degree of 
atrioventricular block – with PQ interval 270 ms after ec-
topic ventricular ablation from the parahisian region and 
two episodes of pericarditis after ablation in the aortic 
root and one case in the tricuspid valve region. In one 
case, pericarditis required pharmacotherapy, in the sec-
ond after about 2 weeks, the patient required pericar-
diocentesis because of the symptomatic pericardial effu-
sion. In the F-RFCA group, there were 2 (5%) perioperative 
complications – hematomas, which did not require blood 
transfusion. There was no difference in complication rate 
between the groups and subgroups (p > 0.99) (Table II).

NF-RFCA vs. F-RFCA procedural time
In general, there was no difference in procedural time 

between subgroups. Comparing time over right side pro-
cedures with fluoroscopy and without (groups A and C), 
the medians are almost equal (77.5  min vs. 80.0 min,  
p = 0.99). In left side procedures (groups B and D), there 
was no statistical difference (90.0 min vs. 110.0 min,  
p = 0.54). Comparing right vs left side in each procedure 
type in NF-RFCA (groups A and B) the times in left side 
procedures were longer, although without significance 
(77.5 min vs. 90.0 min), while in the right side procedures 
with fluoroscopy usage the difference was significant 
(80.0 min vs. 110.0 min, p = 0.009) (Table II).

Discussion
RF Catheter ablation has the potential to be the first-

line therapy of ventricular arrhythmias. ESC guidelines 
recommend RFCA of VAs ahead of AAD therapy only in 
RVOT localization. This localization has a good profile of 
safety and efficacy for RFCA. In different localizations of 
VAs, AAD therapy has a higher recommendation class 
than RFCA. Additionally, RFCA should be performed in 
experienced centers due to possible complications that 
are rare but severe (aorta dissection, tamponade or cor-
onary vessel injury) [1, 4]. Except for symptoms, a ma-
jor indication for RFCA is PVC-induced cardiomyopathy. 
A high PVC burden is one of the most important factors 
that indicate patients’ predisposition to cardiomyopa-
thy development. A cut-off point of PVC burden value is 
not known precisely. In publications, the burden value of 
PVCs varies, but 24% has been proposed as having the 
best sensitivity and specificity for the prediction of car-
diomyopathy, but a lower value also has been suggested 
[12]. Furthermore, PVC-QRS duration > 140 ms, presence 
of interpolated PVCs, and PVC coupling intervals ≤ 600 

ms are also associated with the risk of cardiomyopathy 
development [5, 13, 14].

Recent publications show an overall success rate of 
RFCA in idiopathic PVCs without distinguishing localiza-
tion at 84%. In some localizations, RFCA is more effective 
(RVOT), in others less effective (papillary muscles) [4]. In 
our study, right-sided VA (out of RVOT), mostly located 
in the tricuspid region (parahisian), had the lowest effi-
ciency in both NF and F-RFCA, which was mainly due to 
proximity of the atrioventricular node (AVN) where usage 
of RF energy was limited. In such cases, patients were 
referred for cryoablation. 

3D-EMS allows one to reduce fluoroscopy over the 
years, but recent times have brought the development 
of non-fluoroscopic (NF) technology, which has started to 
be used more widely in the EP lab, becoming very often 
the strategy of choice [15]. In Wang’s paper [2], prospec-
tive, multicenter study, long term efficacy and safety of 
NF-RFCA in VAs were equal to F-RFCA n = 127 (84.1%) 
vs. (n = 274) (85.4%). The author did not distinguish in 
detail the location of PVCs. The AVATAR Registry and 
Zhu’s paper concerned VAs from aortic cusps (more chal-
lenging area). The authors demonstrated that NF-RFCA 
is effective and safe, the same as F-RFCA, even in such 
a “risky” area [3, 9]. The present study also shows the 
efficacy and safety of NF-RFCA from both right/left-sid-
ed VAs. The most sensitive stage of left-sided VAs-RFCA 
is mapping/ablation of aortic cusps, the ostium of coro-
nary arteries, and crossing the aortic valve. Both recent 
studies and the present one have shown that it is safe 
during NF-RFCA, especially when an ablation catheter in 
which there was a contact force sensor was used [2, 3, 9]. 
Nevertheless, navigation and ablation inside aortic bulb/
cusps with hemodynamic/cardio-surgery backup should 
be considered. Optimally, NF-RFCA in the mentioned re-
gion should be facilitated by intracardiac echocardiog-
raphy [16, 17]. We suggest that operators should start 
training in NF-RFCA using right-sided VA cases from the 
very beginning. In addition, in this observation, patients 
in the NF-RFCA group were younger and had fewer co-
morbidities. It shows that operators are still choosing flu-
oroscopy support for suspected anatomic difficulties (e.g. 
obesity, atherosclerosis).

The safety and efficacy of NF-RFCA have also been 
confirmed in other arrythmias such as supraventricu-
lar tachycardia, atrial flutter and atrial fibrillation and 
structural VT [6, 7, 18]. Moreover, cryoablation proce-
dures also demonstrated a good profile of NF-catheter 
ablation as well as “radiation-sensitive” groups of pa-
tients such as children and pregnant women [19–22]. 
Yang’s meta-analysis of 10 studies, including 2,261 pa-
tients, showed efficacy and safety of NF-RFCA. Unfortu-
nately, it analyzed only a few cases of VAs (max. 15 pa- 
tients) [6]. 
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The procedural time was comparable to F-RFCA in 
each subgroup with a nonsignificant procedural time in-
crease for F-RFCA. Similar observations with assessment of 
a learning curve were found in a different publications [16].

Exposure to X-rays among patients and medical staff, 
due to the development of medical/diagnostic tech-
niques, is constantly increasing. Invasive cardiologists are 
the most exposed group among all medical professions. 
Being exposed to X-rays, medical staff are at increased 
risk of developing neoplasms (leukemia, brain tumors, 
breast cancer), genetic defects in progeny, and more fre-
quent occurrence of cataracts [23–25]. In addition, many 
years of using personal radiological protection (such lead 
aprons) exposes staff to diseases of the osteoarticular 
system (backache, knee pain) [25]. Heidbuchel summa-
rized valuable tips on limiting the exposure of medical 
personnel to ionizing radiation in his work [26]. The most 
important point is the operator’s awareness of the harm-
fulness of radiation and the need to minimize it wherever 
possible without decreasing procedural safety and effi-
ciency. Monitoring the exposure of personnel to radiation 
level is very important, but it must be emphasized that 
there is no “safe” dose at which no harmful effect can be 
considered in a professional lifetime period. 

The main study limitation is a relatively small sample 
of included patients and single-center set-up. The study 
exhibited a retrospective form and included no random-
ization.
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