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Abstract 

Background An idiopathic outflow tract premature ventricular complex (OT‑PVC) is a common arrhythmia, 
and the accuracy of site of origin prediction using the 12‑lead electrocardiogram (ECG) algorithm is not high. There 
are no studies about a systematic strategy that can provide practical help to electrophysiologists in OT‑PVC map‑
ping and ablation. This study aims to evaluate the efficacy and safety of the proposed ablation protocol and establish 
an optimal catheter ablation strategy by simultaneously investigating and synthesizing various indicators observed 
during the mapping procedure.

Methods and design This study (ABOUT‑PVC) was designed as a prospective multicenter study to enroll 210 
patients from 11 tertiary university hospitals over an estimated 27 months. Patients with idiopathic OT‑PVC requiring 
catheter ablation will receive the procedure through a proposed ablation strategy and will be followed up for at least 
12 months. The primary outcome is the acute procedural success rate. The secondary outcomes are clinical success 
rate, procedure time, complication rate, symptom relief, and changes in echocardiographic parameters.

Conclusions The ABOUT‑PVC study was designed to investigate the efficacy and safety of the proposed abla‑
tion strategy and establish an optimal catheter ablation strategy. We expect this study to overcome the limitations 
of the ECG prediction algorithms and provide a practical guide to electrophysiologists, increasing the procedure’s 
success rate and reducing complications and procedure time.
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Introduction
Premature ventricular complexes (PVCs) are common 
arrhythmias in clinical practice and mainly originate 
from the outflow tract (OT) of both ventricles [1–3]. 
In outflow tract premature ventricular complexes 
(OT-PVC), catheter ablation has been established as 
a curative treatment option by demonstrating efficacy 
and safety in randomized controlled trials and obser-
vational studies [4–9]. An OT-PVC is a focal arrhyth-
mia caused by triggered activity, and finding the site 
of origin (SOO) using activation mapping is pivotal 
to successful ablation [10]. The most important part 
prior to mapping is to determine whether the SOO is 
the right ventricular outflow tract (RVOT) or the left 
ventricular outflow tract (LVOT) using a 12-lead elec-
trocardiogram (ECG). The precordial transition is 
widely accepted because it is simple and intuitive. If the 
R-/S-wave transition is ≥  V4, the SOO is likely to be the 
RVOT, whereas if it is  V1-2, the origin is likely the LVOT 
[11]. However, there are several limitations to 12-lead 
ECG-based prediction algorithms. First, the position 
and degree of rotation of the heart vary from person 
to person [12, 13]. It has also been reported that subtle 
misplacement of ECG electrodes could markedly alter 
precordial transition, leading to an erroneous ablation 
procedure [14]. In addition, because the OT is a com-
plex anatomic structure in which myocardial fibers are 
intertwined with each other, cases of LVOT origin with 
preferential conduction to the RVOT have also been 
reported [15]. Due to these limitations of ECG predic-
tion algorithms, the mapping and ablation process may 
fail, which can confuse the operators and reduce the 
ablation success rate. Therefore, we propose a simple 
and practical ablation strategy to guide the electrophys-
iologist during the entire procedure while avoiding the 
limitations of the ECG prediction algorithms.

Because OT-PVC is a focal mechanism, finding the 
earliest activation site using mapping determines the 
procedure’s success [10]. According to two review 
articles, the earliest local activation time (from local 
electrogram to QRS onset) of the site of origin is 
approximately 20 ms or more [16, 17]. However, no pro-
spective studies found the optimal cutoff value of the 
earliest local activation time (EAT) that could predict 
acute and clinical success. We previously reported the 
optimal cutoff value of the EAT at earlier than 30  ms 
to predict successful ablation in a single-center retro-
spective study involving 193 patients [18]. Through this 
prospective multicenter study, we tried to establish a 
practical OT-PVC ablation strategy while validating the 
cutoff value of the EAT suggested in the previous study.

Methods
Study design and population
This study (ABOUT-PVC) was designed as a prospective 
multicenter study to enroll 210 patients from 11 tertiary 
university hospitals over an estimated 27  months. All 
consecutive patients visiting each institution who meet 
the inclusion/exclusion criteria and agree to participate in 
this study will be enrolled. From October 2020 to Decem-
ber 2023, a total of 210 patients were finally enrolled. The 
trial will enroll OT-PVC patients who (1) are older than 
18 years and (2) satisfy the following indications for cath-
eter ablation: (a) symptomatic frequent PVCs with a bur-
den of 15% or more on the 24-h Holter monitor despite 
continuing antiarrhythmic drugs for two months or (b) 
PVC-mediated cardiomyopathy, frequent PVCs causing 
left ventricular systolic dysfunction (left ventricular ejec-
tion fraction < 50%). Patients will be excluded if they have 
(1) valvular heart disease (more than a moderate amount 
of valve stenosis or regurgitation), (2) suspected or defin-
itive cardiomyopathy, (3) prior cardiac surgery, (4) prior 
catheter ablation for any reason, or (5) congenital heart 
disease. As the institution in charge, the Samsung Medi-
cal Center Institutional Review Board first approved the 
research protocol on October 15, 2020 (IRB File No. 
2020–09-090–002). The other participating centers’ local 
institutional review boards have approved the study pro-
tocol. Written informed consent will be obtained from all 
patients. The study complies with the ethical guidelines 
of the 1975 Declaration of Helsinki.

Definitions and outcomes
Idiopathic OT-PVC is defined as PVC with an inferior 
axis occurring in the absence of structural heart disease 
and identified by echocardiography and/or other imag-
ing studies. Among patients with a PVC burden greater 
than 15% and LVEF less than 50%, patients without evi-
dence of other cardiomyopathies on cardiac computed 
tomography (CT) and/or cardiac magnetic resonance 
imaging (MRI) were defined as possible PVC-induced 
cardiomyopathy. PVC-induced cardiomyopathy was con-
firmed by LVEF restoration (LVEF ≥ 50%) after successful 
clinical PVC ablation. The EAT is measured from initial 
deflection on distal bipolar electrogram (EGM) to the 
earliest onset of PVC-QRS on the 12-lead surface ECG. 
The characteristic shapes of bipolar (fractionated vs. non-
fractionated potential) and unipolar (QS vs. rS) potentials 
are also investigated. Detailed measurements of the vari-
ous electrocardiographic and electrophysiologic param-
eters are depicted in Fig. 1. Acute procedural success will 
be defined as complete absence of clinical PVC during 
a waiting period longer than 30  min after ablation with 
a programmed electrophysiologic stimulation. Clinical 
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success is defined as complete elimination of clinical PVC 
or a PVC burden reduction ≥ 80% in 24-h Holter moni-
toring performed within 6–12  months after the index 
procedure. The primary outcome is acute procedural suc-
cess rate, and the secondary outcomes are clinical success 
rate, procedure time, complication rate, symptom relief, 
and changes in echocardiographic parameters.

Electrophysiologic study and OT‑PVC ablation strategy
Before the procedure, all patients will discontinue anti-
arrhythmic drugs for at least five half-lives. A 12-lead 
surface ECG and intracardiac EGM will be displayed 
and recorded by an electrophysiology data acquisition 
system. A three-dimensional electroanatomic mapping 
(EAM) system will be guided by the CARTO3® naviga-
tion system (Biosense Webster, Diamond Bar, CA, USA) 

with a 3.5-mm irrigated tip catheter (ThermoCool® or 
ThermoCool® SmartTouch®, Biosense Webster). Before 
EAM, endocardial shells of both ventricles, especially 
the outflow tract, will be delineated by intracardiac 
echocardiography.

In a retrospective study involving 193 OT-PVC 
patients undergoing catheter ablation, we suggested the 
optimal cutoff value of EAT, which may predict success-
ful ablation in the RVOT and LVOT.18 Importantly, 20% 
of patients with precordial transition in lead  V2 had a 
successful ablation at the RVOT, and about 5% with 
precordial transition ≥ lead  V4 had a successful abla-
tion at the LVOT. Based on the above study, the follow-
ing ablation strategy is devised (Fig. 2), and all patients 
enrolled in ABOUT-PVC will be mapped and ablated 
according to this protocol. With the exception of PVC 

Fig. 1 Specific measurements of echocardiographic and electrophysiologic parameters. The distal and proximal bipolar electrograms (EGM) are 
presented as MAP‑d and MAP‑p, respectively. The Uni‑d refers to the distal unipolar EGM. PVC premature ventricular complex; QRSd QRS duration; 
RWd R‑wave duration; RWa R‑wave amplitude; SWd S‑wave duration; SWa S‑wave amplitude; EAT earliest local activation time; MDI maximum 
deflection index; EGM electrogram
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with right bundle branch block (RBBB) morphology 
(R-/S-wave ratio > 1 in  V1), mapping was first started in 
the RVOT. If different EAT criteria are satisfied at each 
position (EAT ≥ 30  ms in the RVOT and EAT ≥ 26  ms 
in the LVOT), ablation will be performed without map-
ping on the opposite side. If the EAT criteria are not all 
satisfied in both the RVOT and LVOT, ablation will be 
performed according to the operator’s discretion.

Radiofrequency (RF) applications will be delivered 
initially at the earliest site of endocardial activation 
with a maximal power of 25–35 Watt (W) using an 
RF generator (Stockert, Biosense Webster). RF output 
will be upward titrated independently from 25 to 35 W 
according to impedance and an upper temperature limit 
of 50 °C. If clinical PVCs are suppressed within 20–30 s 
(sec), RF application will be maintained for 60–90 s. If 
the appearance of PVC during the procedure is insuffi-
cient to perform precise activation mapping, the proce-
dure will be postponed. Since the ABOUT-PVC study 
is designed to evaluate the efficacy of the proposed 
mapping and ablation protocol, specific techniques and 
power settings are determined at the operator’s discre-
tion. Additionally, about 10% of outflow tract PVC may 
originate from unusual locations (such as intramural or 
LV summit) inaccessible by a conventional endocardial 
approach [19]. If EAT is not satisfied or ablation fails 
with the conventional endocardial approach, mapping 
the greater cardiac vein and its tributaries or epicardial 
approach is conducted at the operator’s discretion [20]. 

In these cases, alcohol ablation or bipolar ablation was 
performed as needed [19].

All eleven tertiary medical centers only used the Carto3 
navigation system for this study. For the bipolar electro-
gram, setting the high-pass filter at 25–30 Hz and a low-
pass filter at 300–500  Hz was allowed. For the unipolar 
electrogram, setting the high-pass filter at 0.1–1 Hz and 
a low-pass filter at 500  Hz was accepted. A notch filter 
is generally not turned on but is sometimes turned on if 
needed.

Data collection and follow‑up
Detailed information about variables to be collected in 
the study is presented in Table 1. The following 12-lead 
ECG-based algorithms will be analyzed to evaluate the 
accuracy of predicting the SOO: R-wave duration index, 
R-/S-wave amplitude index, R-wave deflection inter-
val combined with R-wave amplitude index,  V2S/V2R 
index, and  V2 transition ratio. Two experienced elec-
trophysiologists, unaware of the clinical endpoint, will 
measure all ECG parameters using a digital caliper with 
magnification.

Follow-up will be scheduled at the outpatient clinic at 
1, 3, 6, and 12 months after the index ablation procedure. 
At each outpatient visit, a symptom check, 12-lead ECG, 
and 24-h Holter will be performed. Patients with LV 
systolic dysfunction before the procedure will undergo 
follow-up echocardiography within six months of the 
procedure. Antiarrhythmic drugs, including beta-block-
ers and calcium channel blockers, will be routinely dis-
continued after the procedure.

Sample size calculation and statistical analysis
Acute procedural success is estimated to be 86%, and a 
superiority margin of 5% is considered meaningful for 
the outcome [6, 9, 18]. For a power of 0.90 and an α error 
of 0.05 to detect superiority margin, 204 patients are 
needed after accounting for a 7% dropout rate. Sample 
size was calculated by PASS 15.0 (NCSS, LLC, Kaysville, 
UT, USA).

Quantitative variables will be expressed as mean ± stand-
ard deviation or median (interquartile range [IQR]) accord-
ing to the normality test. Qualitative variables will be 
presented as numbers with percentages. To compare the 
means of two variables, the Student’s t-test and Mann–
Whitney test will be performed for continuous variables 
and Pearson’s Chi-square and Fisher’s exact test for cat-
egorical variables. Receiving operating characteristic 
(ROC) analysis will be used to evaluate the optimal cut-
off value of EAT for predicting acute and clinical success. 
Two ROC curves will be compared using DeLong’s test. 
Statistical significance is defined as a two-tailed P < 0.05. 

Fig. 2 Mapping and ablation protocol diagram. OT outflow tract; PVC 
premature ventricular complex; LBBB left bundle branch block; RBBB 
right bundle branch block, RVOT right ventricular outflow tract; LVOT 
left ventricular outflow tract; EAT earliest local activation time
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All statistical analyses will be performed using SPSS sta-
tistical software version 26.0 (IBM, Armonk, NY, USA).

Discussion
As catheter ablation is a safe and effective treatment 
option for idiopathic OT-PVC, recent guidelines recom-
mend that catheter ablation be considered first in patients 
with frequent symptomatic PVC and suspected PVC-
induced cardiomyopathy [21]. Predicting the location of 
PVC through standard 12-lead ECG is essential for effec-
tive catheter ablation. In particular, estimating whether 
the SOO is located in the RVOT or the LVOT is most 
important because the vascular approach might differ, 
and the procedure time could be reduced [11]. In patients 
without structural heart disease, the electrical activity of 
the ventricles by PVC is conducted through the normal 
myocardium, resulting in a characteristic ECG shape 
depending on the location of the SOO [12]. Various 
prediction algorithms based on 12-lead ECG have been 
introduced. Because the LVOT is located posteriorly to 
the RVOT, algorithms relying on the assumption that the 
R-wave in  V1-2 (precordial transition, R-/S-wave dura-
tion index, and R-/S-wave amplitude ratio) will be larger 
and longer than the S-wave have been reported [22–24]. 
A transition zone index to overcome cardiac rotation 
has been suggested [25]. However, in the R/S transi-
tion in  V3, the accuracy of various prediction algorithms 
using 12-lead ECG is particularly disappointing [13]. 
Thus, subsequent studies  (V2 transition ratio and  V2S/
V3R index) should focus on the PVC with  V3 transition 
[26, 27]. In a retrospective study, we evaluated the accu-
racy of five ECG prediction algorithms (R-wave duration 

index, R-/S-wave amplitude index, R-wave deflection 
interval combined with R-wave amplitude index,  V2S/
V2R index, and  V2 transition ratio) in 40 patients with  V3 
transition OT-PVC.18 All five algorithms had an accuracy 
less than 80%, which did not meet expectations. Yosida 
et  al. suggested clear evidence for the limitation of the 
ECG prediction algorithm [15]. They reported that PVCs 
originating from the LVOT often show preferential con-
duction to RVOT, and 20% of PVCs originating from the 
LVOT were late transition after  V3. In summary, using 
ECG algorithms to predict the SOO is not sufficiently 
accurate and should not solely be relied upon.

Incorrect prediction can result in catheter ablation 
being performed in the wrong place and may increase the 
procedure time and complication rate, ultimately reduc-
ing the success of the procedure. Therefore, we thought 
that more effective catheter ablation could be achieved if 
there is a milestone that can help determine the next step 
during the mapping procedure, apart from the predic-
tion algorithm using 12-lead ECG. Since more than two-
thirds of OT-PVC cases originate from the RVOT[1], the 
biggest concern is how fast the EAT in the RVOT can be 
considered the SOO. Two review articles on OT-PVC 
ablation indicated that a successful ablation site is where 
a sharp bipolar signal is observed 20–30 ms ahead of the 
QRS complex [16, 17]. However, that opinion is based on 
experience rather than concrete evidence. There are sev-
eral studies dealing with EAT of successful ablation sites 
in OT-PVC. Guodong et  al. [28] showed that the EAT 
at successful ablation sites was significantly earlier com-
pared to unsuccessful sites (− 40 ± 10 ms vs. − 28 ± 11 ms; 
p < 0.01). The proposed 30 ms is the optimal cutoff value 

Table 1 Detailed clinical and electrophysiologic variables

LV left ventricle; PVC premature ventricular complex; VT ventricular tachycardia; EAT earliest local activation time; RVOT right ventricular outflow tract; LVOT left 
ventricular outflow tract

Clinical variables

Demographic data Age, sex, height, weight, body mass index, hypertension, diabetes, coronary artery disease, revascularization, symptoms

Medical history Beta‑blocker, calcium channel blocker, antiarrhythmic drugs

Laboratory data Hemoglobin, blood urea nitrogen, creatinine, estimated glomerular filtration rate

Echocardiographic data LV end‑diastolic volume, LV end‑systolic volume, LV ejection fraction

Electrocardiographic and electrophysiologic variables

Electrocardiographic data

  QRS during PVC Types of bundle branch block morphology, precordial transition, QRS duration, R‑wave duration (RWd) in  V1, QRS duration 
(QRSd) in  V1, RWD in  V2, QRSd in  V2, R‑wave amplitude (RWa) in  V1, S‑wave amplitude in (SWa) in  V1, RWa in  V2, SWa in  V2, 
RWa in  V3, maximum deflection index

  QRS during sinus rhythm RWa in  V2, SWa in  V2

24‑h Holter data Preprocedural PVC beats/burden, post‑procedural PVC beats/burden, preprocedural VT type (no VT, non‑sustained VT, 
sustained VT), post‑procedural VT type (no VT, non‑sustained VT, sustained VT)

Electrophysiologic data EAT in RVOT, EAT in LVOT, degree of match by pace mapping at the ablation site, nature of potential (fractionated, non‑
fractionated), shape of unipolar signal, maximal slope of negative unipolar deflection (− dV/dTmax), ablation number, total 
ablation time, minimum and maximum power energy, procedure time
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for EAT to predict successful sites [28]. However, Yamada 
et  al. suggested that there was no significant difference 
in EAT between the initial success group and the failure 
group [29]. We have reported a single-center retrospec-
tive study in which clinical success was achieved in 99% of 
patients when the EAT was earlier than 30 ms in RVOT 
PVC [18]. In LVOT PVC, clinical success was achieved 
in 97% of patients when the EAT was earlier than 26 ms. 
Based on the result of that study, the OT-PVC ablation 
strategy described in Fig. 1 will use a stepwise approach 
using EAT as a milestone for decision making. The pur-
pose of this study is to evaluate the efficacy and safety of 
the proposed ablation protocol and to establish an opti-
mal catheter ablation strategy by simultaneously inves-
tigating and synthesizing various indicators observed 
during the mapping procedure. Establishing an effective 
ablation strategy for OT-PVC is expected to increase 
clinical success, shorten the procedure time, and reduce 
complications.

Meanwhile, about 10% of idiopathic OT-PVC may 
originated from the intramural foci [19]. PVC originating 
from intramural foci requires unique mapping and abla-
tion techniques because the conventional endocardial 
approach is inaccessible. The ABOUT-PVC study was 
designed with PVC originating from a common location 
where the conventional endocardial approach is accessi-
ble. Therefore, in challenging situations (intramural or LV 
summit PVC), mapping the greater cardiac vein and its 
tributaries or epicardium was performed at the operator’s 
discretion [20]. After non-conventional mapping, unique 
ablation techniques such as alcohol or bipolar ablation 
were also allowed [19].

In conclusion, the ABOUT-PVC study was designed to 
demonstrate the efficacy of the proposed ablation strat-
egy and establish an optimal catheter ablation strategy by 
simultaneously investigating various indicators observed 
during OT-PVC RFCA. We expect this study to over-
come the limitations of the 12-lead ECG algorithms and 
provide a practical guide to the operator, increasing the 
procedure’s success rate and reducing complications and 
procedure time.
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