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Aim: The correct estimation of the VA origin as RVOT or LVOT results in reduced abla-
tion duration reduced radiation exposure and decreased number of vascular access. In 
our study, we aimed to detect the predictive value of S-R difference in V1-V2 for dif-
ferentiating the left from right ventricular outflow tract arrhythmias.
Methods: We included 123 patients with symptomatic frequent premature ventricular 
outflow tract contractions who underwent successful catheter ablation (70 male, 53 
female; mean age 46.2 ± 13.9 years, 61 RVOT, 62 LVOT origins). S-R difference in V1-
V2 was calculated with this formula on the 12-lead surface ECG: (V1S + V2S) – 
(V1R + V2R). Conventional ablation was performed in 101 (82.1%) patients, CARTO 
electroanatomic mapping system was used in 22 (17.9%) patients.
Results: V1-2 SRd was found to be significantly lower for LVOT origins than RVOT ori-
gins (p < .001). The cutoff value of V1-2 SRd obtained by ROC curve analysis was 
1.625 mV for prediction of RVOT origin (sensitivity: 95.1%, specificity: 85.5%, positive 
predictive value: 86.5%, negative predictive value: 94.5%). The area under the curve 
(AUC) was 0.929 (p < .001).
Conclusion: S-R difference in V1-V2 is a novel and simple electrocardiographic crite-
rion for accurately differentiating RVOT from LVOT sites of ventricular arrhythmia ori-
gins. The use of this simple ECG measurement could improve the accuracy of OTVA 
localization, could be beneficial for decreasing ablation duration and radiation expo-
sure. Further studies with larger patient population are needed to verify the results of 
this study.
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1  | INTRODUCTION

Outflow tract (OT) ventricular arrhythmias (OTVA) are usually con-
sidered a benign clinical condition. But cardiomyopathy induced 
or worsened by premature ventricular complexes (PVC) is a serious 
problem which can be reversed with ablation (Yarlagadda et al., 2005). 
Radiofrequency catheter ablation is accepted as safe and becoming a 
standard therapeutic strategy for idiopathic OTVAs (Ito et al., 2003; 
Kumagai et al., 2008; Takemoto et al., 2005). There are complex three 

dimensional anatomic relationships between the two outflow tract 
regions. So, it is challenging to recognize the origin of the OTVAs. 
Different electrocardiographic (ECG) algorithms have been proposed 
for differentiation of left ventricular (LV) outflow tract (LVOT) and right 
ventricular (RV) outflow tract RVOT origin of OTVAs (Bala et al., 2010; 
Ouyang et al., 2002; Yamada et al., 2008; Yang et al., 2007; Zhang 
et al., 2009). Their accuracy and usefulness remain limited especially 
when the transition in the precordial leads occurs in V3 (Yoshida et al., 
2014).
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The prediction of RVOT or LVOT origin based on ECG is of great 
value. Because the correct estimation of the VA origin as RVOT or 
LVOT results in reduced ablation duration, reduced radiation exposure, 
decreased number of vascular access. This information is also import-
ant for patient counseling, physician procedural planning, and logistics.

In our study, we aimed to detect the predictive value of S-R differ-
ence in V1-V2 (V1-2 SRd) for differentiating the left from right ventric-
ular outflow tract arrhythmias.

2  | METHODS

2.1 | Study protocol and study population

We included 123 patients with symptomatic frequent premature ven-
tricular outflow tract contractions (PVCs) who underwent successful 
catheter ablation in a retrospective manner (53 male, 70 female; mean 
age 46.2 ± 13.9 years, 61 RVOT, 62 LVOT origins). Nineteen of these 
123 patients underwent redo procedures, others were de novo abla-
tion. No patient fulfilled Task Force criteria for arrhythmogenic right 
ventricular cardiomyopathy (McKenna et al., 1994). Patients with VAs 
originating from tricuspid annulus or mitral annulus were excluded 
from the study. We included all consecutive patients from January 
2013 to May 2017 except of the patients with unsuccessful ablation 
or patients with aforementioned exclusion criteria. The Local Ethics 
Committee approved the study protocol and informed consent for the 
EPS and ablation procedure was taken from all patients.

The baseline characteristics of patients including age, sex, prior 
history of ablation, complete blood count, creatinine values, LV ejec-
tion fraction (LVEF) were recorded for all patients. LVEF were assessed 
using Simpson’s equation in the apical 4-chamber view.

2.2 | Electrocardiographic assessment

The surface 12 lead ECGs were recorded during sinus rhythm and dur-
ing the PVCs at 25 mm/s speed with chest and limb leads placed in a 
standard position in all patients. Special attention was paid to the cor-
rect positioning of V1 and V2. QRS duration was measured in the lead 
with widest QRS complex on the 12-lead surface ECG (Zhang et al., 
2009). S-R difference in V1-V2 was calculated with this formula on 
the 12-lead surface ECG: V1-2 SRd (mV): (V1S amplitude + V2S ampli-
tude) – (V1R amplitude + V2R amplitude) (Figure 1). All measurements 
were performed by two electrophysiologists who were blinded to the 
final diagnosis and the site of origin in order to eliminate the interob-
server variability and bias.

2.3 | Ablation protocol

All antiarrhythmic medications were discontinued at least five half 
lives before the ablation. We performed the ablation procedure with 
no sedation. Conventional ablation was performed in 101 (82.1%) pa-
tients using a Marin 7 Fr 4-mm deflectable tip catheter (Medtronic 
Inc., Minneapolis, MN, USA), with an Atak II RF generator (Medtronic 
Inc). The operation was performed in temperature control mode, with 

a target temperature of 70°C and a power limit of 50 W in RVOT 
and the subvalvular LVOT, with a target temperature of 60°C and a 
power limit of 40 W in aortic root. VA ablation was performed with 
the CARTO (Biosense Webster, Diamond Bar, CA, USA) electroana-
tomic mapping system in 22 (17.9%) patients to guide ablation. In 
these patients, a 3.5-mm irrigated-tip catheter (NaviStar, Biosense 
Webster) was used for mapping and ablation. Target ablation sites 
were chosen with the combination of activation mapping and pace 
mapping as described previously (Arya et al., 2011). If radiofrequency 
application was successful, it was maintained for 60 s in RVOT and for 
30–45 s in aortic root. If PVC persisted after a 30-second application, 
radiofrequency delivery was stopped and another target was chosen 
for another ablation. Mapping and ablation of the LVOT area was 
performed with a retrograde aortic approach under 60 IU/kg hepa-
rin bolus. Further doses were administered if necessary in order to 
maintain an activated clotting time 250–350 s. Coronary angiography 
was performed in order to detect the anatomic proximity of the main 
coronary artery ostia to the ablation site. A distance >5 mm was ac-
cepted as safe to perform ablation. Acute procedural ablation success 
was defined as the absence of spontaneous or induced clinical PVCs 
at 30 min after the last radiofrequency energy application.

2.4 | Statistical analyses

Statistical analyses were conducted using SPSS, version 14.0, (SPSS 
Inc. Chicago, IL, USA). Data are expressed as mean ± SD for continu-
ous variables and percentage for categorical variables. The Shapiro-
Wilk test was used to test normality and a p value >.05 was defined 
as normally distributed data. Continuous variables that showed nor-
mal distribution were compared using the Student t test and ANOVA, 
whereas the Mann-Whitney U test and Kruskal-Wallis test were used 
for nonnormally distributed samples. Associations of the categori-
cal variables between groups were tested using the chi-square test. 

F IGURE  1 Calculation of the S-R difference in V1-V2. S-R 
difference in V1-V2 was calculated with this formula on the 12-lead 
surface ECG: V1-2 SRd (mV): [V1S amplitude (b) + V2S amplitude (d)] 
– [V1R amplitude (a) + V2R amplitude (c)]
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Statistical significance was defined as a p value <.05 for all compari-
sons. Pearson’s and Spearman’s correlation were used to examine the 
relationship between continuous variables. ROC analysis was made to 
determine cutoff value of V1-2 SRd for differentiating the left from 
right ventricular outflow tract arrhythmias.

3  | RESULTS

3.1 | Comparison of baseline characteristics

A comparison of the baseline characteristics is shown in Table 1. 
Successful ablation was accomplished in all patients. OTVA was local-
ized in the LVOT in 62 patients (50.4%), and in the RVOT in 61 patients 
(49.6%). Among patients with LVOT VA, in 43 patients the successful 
ablation site was localized in the aortic cusps, in 19 patients the suc-
cessful ablation site was localized in subvalvular LVOT. Among patients 
with RVOT VA, in 60 patients the successful ablation site was localized 
in subvalvular RVOT, in one patient the successful ablation site was lo-
calized in the pulmonary artery. All clinical and demographic character-
istics, laboratory, echocardiographic parameters were similar in the two 
groups (p > .05, for all). Patients with LVOT VA were significantly older 
(p < .05) as compared with RVOT VA patients. V1-2 SRd was found to 
be significantly lower in LVOT origins than RVOT origins (p < .001).

3.2 | ROC curve analysis to determine predictive 
value of V1-2 SRd for differentiating the left from right 
ventricular outflow tract arrhythmias

The cutoff value of V1-2 SRd obtained by ROC curve analysis was 
1.625 mV for prediction of RVOT origin (sensitivity: 95.1%, speci-
ficity: 85.5%, positive predictive value: 86.5%, negative predictive 
value: 94.5%). The area under the curve (AUC) was 0.929 (p < .001) 
(Figure 2). Scatterplots diagram of V1-2 SRd for RVOT and LVOT ori-
gins was shown in Figure 3.

4  | DISCUSSION

We developed a novel ECG criterion, S-R difference in V1-V2, for dif-
ferentiating the LVOT and RVOT origin by using 12 lead surface ECG 
measurements. To our knowledge, this is the first study that demon-
strates the predictive value of S-R difference in V1-V2 for differen-
tiating the left from right ventricular outflow tract arrhythmias. The 
main finding of the present study is that: [1] If we take the cutoff value 
as 1.625 mV, V1-2 SRd was found to predict RVOT origin with 95.1% 
sensitivity and 85.5% specificity.

Outflow tract ventricular arrhythmias are considered idiopathic 
and benign VA, not associated with structural heart disease and cardio-
vascular risk factors. They are frequently observed in young women. 
OTVAs are known to mostly originate from RVOT in the literature 
(Buxton et al., 1983). However, contrary to the previously accepted 

TABLE  1 Comparison of the baseline clinical, demographic, 
laboratory, electrocardiographic, and echocardiographic parameters

RVOT n = 61 LVOT n = 62 p

Age (years) 43.1 ± 13.0 49.2 ± 14.2 .015

Gender (Male,%) 24 (39.3) 29 (46 .8) .405

Hemoglobin (g/dl) 13.4 ± 2.0 13.3 ± 1.6 .903

Creatinine (mg/dl) 0.70 ± 0.21 0.76 ± 0.28 .256

LV ejection fraction (%) 60.7 ± 7.1 58.7 ± 6.3 .128

QRS duration (ms) 139.4 ± 15.7 135.3 ± 20.1 .203

V1-2 SRd (mV) 2.46 ± 0.74 0.52 ± 1.13 <.001

Prior ablation history (n,%) 5 (8.2) 2 (3.2) .273

TICMP, n (%) 4 (6.6) 4 (6.5) .981

Patients treated with 
CARTO (n,%)

7 (11.5) 15 (24.2) .066

Bold values indicate statistical significance. V1-2 SRd, S-R difference in V1-
V2, LVOT, left ventricular outflow tract; RVOT, right ventricular outflow 
tract; TICMP, tachycardia-induced cardiomyopathy. 

F IGURE  2 ROC curve analysis to determine predictive value of 
V1-2 SRd for differentiating the left from right ventricular outflow 
tract arrhythmias

F IGURE  3 Scatter plot diagram V1-2 SRd for RVOT and LVOT 
origins
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profile, the present patient population of OTVAs from a single-center 
experience had a mean age of 46.2 years. In this population, more than 
half of the patients had OTVA with LV origin. This higher rate of LVOT 
origin has clinical implications because it results in the mapping of 
more complex structures such as the aortic root or the distal coronary 
sinus. The correct estimation of the VA origin as RVOT or LVOT results 
in reduced ablation duration, reduced radiation exposure, decreased 
number of vascular access. So, predicting the probability of LVOT ori-
gin is important for patient counseling, operator procedural planning, 
and estimating the probability of complications. Localization of VA 
origin before ablation is important for increasing rates of successful 
ablation for minimizing the risk of complications.

In patients whose hearts are normally positioned, the RVOT is lo-
cated anteriorly relative to the LVOT in the level of the aortic cusps. 
The pulmonary valves are positioned approximately 1–2 cm superior 
to the aortic valves (Asirvatham, 2009). Even though the posterosep-
tal part of the RVOT has a close contiguity to the anterior portion of 
the RCC, the RVOT and LVOT have no muscular fibers connecting 
them. So, impulse conduction can only occur through fibers connect-
ing both ventricles transseptally. Regarding this anatomical back-
ground, V1 and V2 are the closest chest leads to LVOT and RVOT. So 
V1 and V2 are the best derivations to distinguish OTVAs. According 
to V1-2, the RVOT is located anteriorly compared to LVOT. The closer 
a focus of an impulse is to a lead, the greater the degree of S wave in 
that lead. The R-wave amplitude increases and the S-wave amplitude 
decreases as the focus of the impulse gets far away from that lead. 
This contiguity can be thought to result in higher R-wave amplitude 
and lower S-wave amplitude in the frontal leads V1-2 during OT-VAs 
originating from the LVOT than those from the RVOT (Hutchinson 
& Garcia, 2013; Suleiman & Asirvatham, 2008a, 2008b). Because 
RVOT is closer to V1-2 than LVOT. Even the most posterior part of 
the RVOT is located anteriorly to the most anterior part of the LVOT. 
Therefore, it would be reasonable to develop an ECG algorithm with 
using the R- and S-wave amplitude in lead V1 or V2. S-R difference 
in V1-V2 is a quantitative measure of the proximity of the focus of 
the impulse to V1-2 leads. In our study, V1-2 SRd was found to be 
significantly higher in VAs originating from RVOT. With the cutoff 
value of 1.625 mV, V1-2 SRd was found to predict RVOT origin with 
95.1% sensitivity and 85.5% specificity. It is difficult to distinguish 
the RVOT-originated VAs from an LVOT-originated VAs with a 100% 
precision. Because the QRS morphology of OTVAs can be affected 
by several factors such as lead position, cardiac anatomy, cardiac 
rotation, aorta deformities, obesity, effect of medications, effect of 
breasts in women, ventricular hypertrophy, chest wall deformities, 
and preferential conduction (Betensky et al., 2011; Yamada et al., 
2007; Yoshida et al., 2011).

There have been a lot of studies aiming at localizing OTVAs. We 
compared our criteria to the V2S/V3R index (Yoshida et al., 2014) 
and the V2 transition ratio (Betensky et al., 2011) in our population. 
The cutoff value of V2S/V3R index obtained by ROC curve analysis 
was 1.45 for prediction of LVOT origin (sensitivity: 78.7%, specific-
ity: 91.8%). The area under the curve (AUC) was 0.909 (p < .001). The 
cutoff value of V2 transition ratio obtained by ROC curve analysis 

was 0.41 for prediction of LVOT origin (sensitivity: 52.1%, specificity: 
100.0%). The area under the curve (AUC) was 0.925 (p < .001).

There were some limitations in our study. As a single-center 
study, our patient cohort might be different from that in other cen-
ters. The sample size is relatively small and our results need to be 
confirmed in future large multicenter prospective trials. Because of 
the retrospective nature of our study, we did not have the chance 
to investigate the confounding factors that affect QRS morphology 
of OTVAs such as lead position, cardiac anatomy, cardiac rotation, 
aorta deformities, obesity, effect of medications, effect of breasts in 
women, ventricular hypertrophy, chest wall deformities, and prefer-
ential conduction.

In conclusion, S-R difference in V1-V2 is a novel and simple elec-
trocardiographic criterion for accurately differentiating RVOT from 
LVOT sites of ventricular arrhythmia origins. The use of this simple 
ECG measurement could improve the accuracy of OTVA localization, 
could be beneficial for decreasing ablation duration and radiation ex-
posure. Further studies with larger patient population are needed to 
verify the results of this study.
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