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ABSTRACT
Objectives: In patients who do not respond to medical treatment with idiopathic premature ventricular complex
(PVC), catheter ablation is performed using the electroanatomic mapping (3D EAM) system for ablation. The
aim of this study is to evaluate the acute and long-term success of patients and the procedural features and
complication results associated with PVC localization in patients who underwent catheter ablation in our center. 
Methods: Two hundred seventeen patients who underwent activation mapping and ablation using 3D EAM
for PVC were included in the study. Patients were followed up for acute procedure success, periprocedural
complications, and six-month long-term recurrence. In addition, these parameters, PVC’s were evaluated in
three groups as right ventricular outflow tract (RVOT), coronary cusp and rare localized origin, and clinical
outcomes and interventional variables related to the success of the PVC’s location were compared. 
Results: In our study, the mean age of the patients was 43 ± 12.1 years and the female gender ratio was 37.8%.
When catheter ablated PVC foci were evaluated, it is seen that 81 (37.3%) were from RVOT and 56 (25.8%)
were from coronary cusp. In addition, 6 (2.8%) were aortomitral continuity, 22 (10.1%) were left ventricular
summit/epicardial, 17 (7.8%) were parahisian, and total 80 (36.8%) were rare localized PVCs. Acute procedure
success was 92.6% and long-term procedure success was 83% in all cases. When the patients in our study
were analyzed according to their PVC locations and procedure successes, those with rare localization compared
to those with RVOT and coronary cusp origin were 66 (87.5%), 79 (96.3%), and 53 (94.6%); respectively (p
= 0.03) and long-term successes were 58 (72.5%), 73 (90.1%), and 49 (87.5%); respectively (p <0.05). Long-
term transaction success was lower. 
Conclusions: Frequent PVCs can be treated with electroanatomic mapping and radiofrequency ablation with
high success rate and low complication rate. Patients with RVOT and coronary cusp-derived PVC had a high
acute and long-term success rate, while success rates were lower in rare localized PVCs from epicardial/summit,
papillary muscle, parahisian and tricuspid-mitral anulus. 
Keywords: premature ventricular complexes, catheter ablation, electroanatomic mapping

Ventricular ectopic beats or premature ventricular
complexes (PVCs) are caused by early depolar-

izations originating from ventricular myocardial cells.
While most PVC originates from the ventricular my-

ocardium, the bifurcation distal conduction tissue of
the His bundle, such as bundle branches, fascicles or
Purkinje fibers, are also potential source sites for these
arrhythmias. 
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      PVCs are common in clinical practiceIt is mainly
seen in structural heart diseases such as ischemic heart
disease (IHD) [1], heart valve disease [2], cardiomy-
opathy [3] and ventricular hypertrophy [4]. In patients
with a normal heart angiographically and echocardio-
graphically, more than 100 PVCs are seen daily in 4%
[5]. 
      PVCs are associated with poor prognosis in those
with structural heart disease.  The presence of frequent
or complex PVCs after myocardial infarction in-
creases cardiovascular mortality of 3-5 years [1]. Sim-
ilarly, in those with left ventricular hypertrophy, PVCs
are associated with an increase in all-cause mortality
[4]. 
      Current studies have shown that the possible neg-
ative effects of frequent PVCs and the development
and reversibility of PVC-induced cardiomyopathy
(CMP) in patients with a structurally normal heart [6,
7]. It has been suggested that the highest sensitivity
and specificity (100% and 87%, area under the curve
0.96 respectively) in predicting PVC-induced CMP
formation is more than 16% PVC load [7]. However,
there are patients who have high PVC load but do not
develop CMPOther situations that cause the develop-
ment of PVC-related CMP; PVC QRS duration is over
140 ms, presence of interpolated PVC, PVC coupling
interval < 300 ms, being asymptomatic and being epi-
cardial origin PVC [8-10]. Singh et al. [9] stated that
frequent PVC is one of the reversible causes of dilated
cardiomyopathy (DCM) and showed an improvement
in left ventricular (LV) function after suppression of
PVCs with idiopathic DCM patients. 
      Today, catheter ablation is considered as a first-
line treatment for patients with PVC-induced CPM.
Recent publications have shown that catheter ablation
of outflow-induced PVC is more effective than phar-
macotherapy, in addition, catheter ablation provides a
higher LVEF normalization compared to antiarrhyth-
mic drug (AAD) [9, 11]. Indications for catheter abla-
tion are PVCs that cause ventricular dysfunction [12]
and the presence of serious symptoms and AADs are
not desired by the patient, have side effects, or are not
effective [13]. In PVC ablation, the complication rate
is acceptable and the major complication rate is ap-
proximately 2.4% [14]. The success rate in experi-
enced centers is more than 90%, and the complication
rate is 1%. 
      The aim of this study is to report the baseline de-

mographic and echocardiographic features of 217 pa-
tients with frequent PVC, in which we performed
catheter ablation in our 3-year period, clinical results
related to the success of the ventricular extra beats,
and complication rates with interventional variables.

METHODS

Patient Selection 

      In our study; 217 patients who were successfully
treated with PVC ablation between January 2016 and
January 2019 at Bursa Yüksek İhtisas Training and
Research Hospital were examined. Informed consent
form was obtained from all patients before the proce-
dure. At least once 24-hour ECG Holter monitoring
was performed before catheter ablation. Patients with
low (< 50%) LVEF were evaluated as PVC-CMP. Ac-
cording to Framingham coronary artery risk classifi-
cation, coronary angiography was performed through
femoral artery in addition to patients who were found
to be moderate and high. Whether patients were dia-
betic, hypertensive or hyperlipidemic was recorded.
The results from the routine blood sample taken from
the antecubital vein were recorded. In routine echocar-
diographic evaluation (Vivid-7, GE Wingmed sound
Horten, Norway); left atrial diameter (LAD), left ven-
tricular systolic and diastolic diameters, left ventricu-
lar wall thickness and ejection fraction were
calculated. Interventional variables such as the clinical
results and complication rates, and the duration of the
procedure and fluoroscopy were recorded according
to the PVC locations. 
      The study was approved by the Bursa Yüksek İhti-
sas Training and Research Hospital Ethics Committee.
Written consent was obtained from all patients before
participating in the study, and this study was con-
ducted according to the Helsinki Declaration. 

Electrophysiological Study and Catheter Ablation 

      Patients were allowed to stop AADs five half-lives
before planned ablation procedures. Electrophysiolog-
ical study was performed under local anesthesia in a
fasted state. Sedation was not applied to the patients
before the procedure to avoid the risk of suppressing
automaticity. If clinical PVCs were not initially avail-
able, isoproterenol infusion and electrical stimulation
techniques were used to induce arrhythmia. Intra-
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venous isoproterenol 1-5 μg/min infusion was given
to provide at least 20% heart rate increase. Electrical
stimulation was performed using the right ventricular
apex or right ventricular outflow tract (RVOT) using
burst pacing and triple extra stimuli pacing. 
      Electroanatomical mapping was done with En-
siteTM Precision (Abbott, Chicago, IL, USA) or
CARTO3 (Biosense Webster, USA) (Fig. 1). Using
fluoroscopic guidance, a decapolar diagnostic catheter
was inserted through the right femoral vein into the
coronary sinus. Ablation catheter 8F quadripolar irri-

gation ablation catheters used for mapping and abla-
tion Thermocool Smarttouch CF (Biosense Webster
Inc., Diamond Bar, California, USA) and FlexAbility
(Endosense / Abbott, St) with 3.5 mm tip and 2-5-2
mm electrode range. Paul, MN, USA) was used. For
left-sided access, a transaortic retrograde pathway or
trans-septal puncture was performed, and an additional
intravenous unfractionated heparin intravenously was
given to provide an active clotting time of 300-350
seconds. 
      Firstly, an activation map was applied using the
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Fig. 1. 3D Electro anatomical mapping (EAM) and catheter ablation of Parahisian PVC with Carto system. (A) The earliest

activation in the mapping is seen in the interventricular septum and the parahisian region. The red dot is a successful ablation

site. Blue dots his sensation zone. (B-C) Fluoroscopic images of ablated areas. (D-E-F) Respectively, unipolar and bipolar

recordings of RVOT, coronary cusp and interventricular septum. The earliest recording is seen in IVS, which received a

signal 65 ms ahead. (G) Carto 3D EAM image. RVOT = Right ventricular outflow tract, LCC = left coronary cusp, RCC =

right coronary cusp, IVS = interventricular septum.
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mapping catheter. The PVC focus was evaluated by
bipolar recordings, with the earliest local activation
timing detected, and the presence of the QS complex
formed in the case of radial spreading away from the
PVC focus with unipolar electrograms. The purpose
of the activation mapping was to identify the region
that was recorded 30 ms or earlier from the start of the
reference surface PVC QRS. In addition, the pace
mapping technique was used to determine the source
of the PVCs and the most suitable ablation site. The
aim of pace mapping was to provide similarity in at
least 11 of the 12 ECG morphologies. Irrigation abla-
tion was performed in a 30-35 W power controlled
mode in the appropriate ablation zone and a 10 Ω im-
pedance drop was targeted.  After ablation, electro-
physiological study with or without isoproterenol was
repeated and programmed electrical stimulation (PES)
was performed. When tachycardia or PVCs with the
same morphology were not induced after 30 minutes
of waiting time after ablation, ablation was considered
successful. 

Statistical Analysis 

      Statistical study was done using SPSS 17 (SPSS
Inc., Chicago, IL, United States) package computer
program. Variables with normal distribution were ex-
pressed as mean ± standard deviation, and variables
without normal distribution were expressed as median
(interquartile range: IQR). Categorical variables were
given as frequency and percentage (%). Student's t test
was used to compare normally distributed numeric
variables in two different groups, while Mann Whit-
ney U test was used for non-normally distributed nu-
meric variables. Chi-square or Fisher's exact tests were
used to compare nominal data. In our study, Bonfer-
roni multiple comparison test was used to determine
the difference between the three groups. A p value <
0.05 was considered significant.

RESULTS

      In our study, the mean age of the patients was 43
± 12.1 yeras and the female gender ratio was 37.8%.
The study population was found to have hypertension
(n = 45, 20.7%), hyperlipidemia (n = 45, 20.7%), dia-
betes mellitus (n = 31, 14.3.7%) and smoking ( n = 60,
27.6%). In echocardiographic evaluation of patients,

LVEF was 45.9 % ± 8.2%. VEB load was determined
as 22.4% in 24-hour Holter monitoring. Demographic,
laboratory, electrocardiographic and echocardio-
graphic features of the study population are shown in
Table 1. 
      Considering the characteristics of the catheter ab-
lation procedure of the patients included in the study
population; When catheter ablated PVC foci were
evaluated, it was seen that 81 (37.3%) originated from
right ventricular outlet (RVOT), 56 (25.8%) originated
from coronary cusp. In addition, a total of 80 (36.8%),
6 (2.8%) aortomitral continuity, 22 (10.1%) left ven-
tricular summit/epicardial, 17 (7.8%) parahisian, are
of rare localization. In addition, 6 (2.8%) of the cases
were due to multiple foci. 
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      Radiofrequency (RF) catheter ablation procedure
time, scope duration and RF application time of the
patients included in the study population are 81 ± 31
minutes, 19 ± 8.7 minutes and 466 ± 117 seconds, re-
spectively. It was observed that procedure success was
92.6% in the acute period and 83% of long-term pro-
cedure success. Coronary angiography was performed
in 36.9% of the patients in the study. In addition, when
the complication rates were examined, the most com-
mon complication site was hematoma 9 (4.1%). In ad-
dition, AV block was observed in 1 (0.4%) patient with
Parahisian origin and tamponade was observed in 2
(0.9%) patients, but no procedure-related death oc-
curred. Considering the PVC localizations of patients
with tamponade, the first was RVOT free wall and the
second was LV summit-induced and was observed
during the ablation procedure through the coronary
sinus. The procedural features and complications of
the study population are shown in Table 2. 
      When the patients in our study were analyzed ac-
cording to their PVC locations and procedure suc-
cesses, those with rare localization compared to those
with RVOT and coronary cusp origin were 66
(87.5%), 79 (96.3%), and 53 (94.6%); respectively (p
= 0.03) and long-term successes were 58 (72.5%), 73
(90.1%), and 49 (87.5%); respectively (p <0.05).
Long-term transaction success was lower. In addition,
it was observed that the procedure, fluoroscopy and

RF ablation times (101 ± 32.7 minutes, 27.2 ± 7.9 min-
utes, and 812 ± 96 seconds, respectively) were longer
in those with rare localization. Interventional variables
according to the clinical results related to ventricular
extra beat locations and process successes of the study
population are shown in Table 3.

DISCUSSION

      With this study, we determined the demographic
characteristics of the patients undergoing PVC abla-
tion and the success and complication rates of the
catheter ablation procedure in a high-volume center
where catheter ablation was performed. Most of our
patients were under 50 years old and 37.8% were fe-
males. This rate is Nakagawa et al. [15] compared to
his study, it is seen that he has similar age and gender
ratios. In addition, 85.2% of our patients were non-di-
abetic and 72.4% were non-smokers. When analyzed
by PVC foci, most of the study population was non-
RVOT (62.7%) originated group. Acute and long-term
success rates of patients with PVC ablation were
92.6% and 83%, respectively. When the PVC foci
were examined in detail, it was seen that the patients
with rare localized PVC had low acute and long-term
success rates, and longer procedure, fluoroscopy and
RF ablation times. 
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      The incidence of PVC in healthy subjects was ex-
amined by various researchers and PVC was detected
in 1-4% of healthy people without asymptomatic and
structural heart disease in standard twelve-lead ECG
recordings. This rate increased to 39-67% when sub-
jects were monitored for 24 hours with Holter moni-
toring [16]. The first step in the treatment of patients
with PVC with mild symptoms without structural
heart disease is the education of the benign nature of
this arrhythmia. Beta-blockers or non-dihydropyridine
calcium channel blockers may be considered in pa-
tients whose symptoms cannot be managed effec-
tively, but these agents are effective only in a very
limited proportion of 10-15% of patients [17, 18]. Al-
though membrane active anti-arrhythmic drugs are
more effective in PVC suppression, risk-benefit rates
have not been carefully evaluated in those without
structural heart disease. In patients with severe struc-
tural heart disease, these drugs (except amiodarone)
should be used carefully in PVC suppression due to
increasing mortality [17-19]. Although suppression
can be achieved with pharmacological agents, a
prospective study has shown that the effectiveness of
drugs alone is poor in PVC suppression.  Although the
goal of medical therapy is to improve symptoms with
a decrease in PVC load, catheter ablation is potentially
curative by directly targeting abnormal cells where
clinical PVCs appear. In a randomized study involving
330 patients with RVOT PVC, the 1-year recurrence
rate of PVCs (defined as > 300 beats/day) was signif-
icantly lower in patients undergoing radiofrequency
ablation (RFA) than medically treated with
propafenone or metoprolol (19.4 vs 88.6%, p < 0.001)
[20]. Similarly, in a retrospective study of 510 patients
by Zhong et al. [21], catheter ablation showed a
greater reduction in PVC load compared to class I/III
antiarrhythmic drugs (93% vs 82%, p = 0.04). As a re-
sult, catheter ablation is an important option in the
management of these patients. 
      Premature ventricular complexes are considered
benign when there is no structural heart disease. There
is a clear relationship between frequent premature ven-
tricular contractions and cardiomyopathy and is re-
versible with catheter ablation in selected patients
[22-24]. In our study, we evaluated those with LVEF
< 50% as PVC related cardiomyopathy. The number
of patients with PVC-related cardiomyopathy in our

study was 77 (35.5%). The number of PVCs /24h as-
sociated with impaired LV function is usually reported
at loads above 15-25% of total cardiac beats, but this
rate may even be below 10% [6, 25, 26]. Many studies
have reported PVC burden as an important predictor
of the development of left ventricular (LV) systolic
dysfunction. However, no exact cut-off value related
to this load was found [27, 28]. Baman et al. [25]
showed that more than 24% PVC load was associated
with PVC-induced cardiomyopathy in 24-hour Holter
monitoring. When the results of our study are evalu-
ated, it is seen that the PVC load is 22.4% and the rate
of PVC-related cardiomyopathy is 35.5%. In addition,
PVC morphology, origin and PVC duration are other
factors associated with cardiomyopathy [29]. 
      Idiopathic PVCs generally originate from the exit
path of the right and left ventricles, mitral and tricus-
pid annulus, His-Purkinje system, left ventricular sum-
mit and papillary muscles [30]. In our study, the
majority of PVC localizations constitute 81 (37.3%)
PVCs originating from RVOT. In addition, as a rare
localized source of PVC, aorta-mitral continuity 6
(2.8%), parahisian 17 (7.8%), left ventricular
summit/epicardial 22 (10.1%), papillary muscle 10
(4.6%), tricuspid 7 (3.2%) and mitral. annulus 8
(3.7%), fascicular 4 (1.8%) and multiple focus 6
(2.8%) were detected. In addition, the rate of PVC
from coronary cusp is 56 (25.8%). In Lee et al.’s study
[31], catheter ablation was performed in 152 patients,
54 of whom had CMP. In this study, those with and
without CMP were 6 (11%) - 15 (15%) and those with
papillary muscle were 9 (17%) -7 (7%), respectively.
In a study by Tada et al. [32], catheter ablation was
applied to 454 patients in total. According to this
study, the majority of the patients were 223 (49%) pa-
tients with RVOT. Again, in this study, the rare local-
izations of PVC are mitral 24 (5%) and tricuspid 38
(8%) annulus and LV epicardial 93 (21%) origin [35].
Latchamsetty et al. [14] were included 1185 idiopathic
PVC patients who underwent ablation therapy in their
study, and 45% of the cases were shown to be RVOT,
15% were coronary cube and 40% were other rare ori-
gin PVCs. When the single central case series we have
published is compared with other studies, it is seen that
the rate of RVOT-induced PVC is lower and the rate
of PVC with coronary cuspis is higher. 
      In our study, we compared the acute and long-term
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success rates of RF ablation applied to rare localized
foci with RVOT and coronary cusp-derived foci. Ac-
cording to this, acute procedure and long-term success
rates of rare localized foci were found to be lower than
other foci. Acute procedure success in our study was
92.6%. When evaluated as RVOT, coronary cusp and
rare localizations according to PVC origins, this rate
was 96.3%, 94.6% and 87.5%, respectively. The de-
tection of PVC load lower than 80% in holter moni-
toring of the 6th month and 24 hours after catheter
ablation treatment was evaluated as a long-term suc-
cess. In our study, the long-term process success was
83%, when it was evaluated as RVOT, coronary cusp
and rare localizations according to PVC origins, this
rate was found to be 87.5%, 90.1%, and 72.5%, re-
spectively. It has been observed that these rates over-
lap with many studies in the literature. In a study by
Wang et al. [33], when RF ablation success rates were
examined, it was seen that the highest rate was RVOT
and the lowest rate was epicardially sourced PVCs.
Latchamsetty et al. [14], in their study, it was observed
that the focal points in which RF ablation applied was
the highest and the lowest in terms of acute procedure
success were RVOT and epicardial, respectively (93%
and 67%, respectively). When long term procedure
successes were examined, it was determined that the
highest and lowest foci were RVOT and papillary
muscle. (82% and 60%, respectively). 
      In another case series evaluating 815 patients who
underwent idiopathic PVC/VT ablation, the success of
acute procedure ranged from 76% to 100% and the re-
currence rate was 0 - 23%. Acute procedure successes
vary between 85% and 100% in fascicular and RVOT-
induced VTs, and recurrence rates have been shown
to range from 0 to 25% in this group of patients. In ad-
dition, acute period success was observed in 89 pa-
tients in the intracavitary PVC/VT group (96 patients).
High recurrence rates such as 0-58% and 40% were
found after a single ablation in papillary muscle and
moderator band VT, respectively. In PVC / VT (81 pa-
tients) originating from tricuspid and mitral rings, the
acute success of catheter ablation varies between 66%
and 100%, and the lowest success rate in those origi-
nating from septal tricuspid rings has been observed
[32]. 
      Acute treatment success was achieved in 17 of 22
PVCs with epicardial and summit origin, and 6 of

these patients were subxiphoid. Previous studies have
reported similar success rates for epicardial regions of
PVC origin (via the coronary sinus) even without
using an epicardial subxiphoid approach [34, 35]. The
subxiphoid approach was further questioned when the
additional complication deficit and higher complica-
tion rate were considered when compared with the ab-
lation approach of the coronary venous system and
surrounding structures (coronary cusp or subcuspus).
Unless medical treatment is desired or if there is no
cardiomyopathy caused by PVC, medical treatment
may be preferred as the first treatment in patients with
epicardial PVC [36]. 
      Acute treatment success was achieved in 8 of 10
PVCs of papillary muscle origin in our single center
case series, and this number decreased to 7 in the long
term. PVCs from papillary muscles also tend to be as-
sociated with a lower ablation success rate. Papillary
muscle PVCs have a high recurrence rate and require
longer procedure times and greater radiofrequency en-
ergy delivery [37]. For these arrhythmias, intracardiac
echocardiography (ICE) has been shown to assist in
guiding the procedure [38]. However, it was per-
formed without using ICE in our cases. 
      In addition, we found in our study that rare local-
ized PVC foci have longer RF ablation, fluoroscopy
and processing times compared to other foci. These
relatively long periods of time, Latchamsetty et al.
[14], in their study, it was observed that rare localized
PVC foci overlapped with the length of the procedural
duration. 
      Complications of catheter ablation procedures of
idiopathic PVC are rare, and the reported complication
rate is 3-5%. The most common is the site of vascular
complications. Less common complications include
cardiac tamponade/hemopericardium, thromboem-
bolic events, AV block and coronary artery injury [39].
When the complication rates in our study were evalu-
ated, vascular complications were the most common
intervention site and percutaneous intervention due to
pseudo aneurysm was performed in one patient. Car-
diac tamponade was observed in 2 patients and evac-
uated without surgical need. In addition, in 1 patient
with parahisian PVC, AV block was observed 2 days
after the procedure. No mortality was observed after
the procedure. Comparing the complication rates in all
three groups, this rate was higher in those with rare lo-
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calization and was not statistically significant. These
rates are observed to be compatible with the data of
other studies. 

Limitations

      The primary limitation of our study is that the pa-
tients included in our study are from our clinic, a ter-
tiary referral center, and may not reflect other patient
populations. Second, the PVC load before and after
ablation was assessed by 24-hour rhythm Holter mon-
itoring. Since the frequency of PVCs is variable, one-
time rhythm Holter follow-up may not accurately
show the true load of PVCs, but in similar studies, the
PVC load was also evaluated by a 24-hour Holter [40].
Third, in this study, the sample size was relatively
small. Larger sampling sizes are needed to obtain
more precise results regarding the parameters we ex-
amine after PVC ablation.

CONCLUSION

      Frequent PVCs can be treated with elec-
troanatomic mapping and radiofrequency ablation
with high success rate and low complication rate. Pa-
tients with RVOT and coronary cusp-derived PVC had
a high acute and long-term success rate, while success
rates were lower in rare localized PVCs from epicar-
dial / summit, papillary muscle, parahisian and tricus-
pid-mitral anulus. In addition, process, fluoroscopy
and RF ablation times were determined longer in rare
localized PVCs. 
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