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Background: Although multiple algorithms based on surface electrocardiographic criteria have been introduced to
localize idiopathic ventricular arrhythmia (VA) origins from the outflow tract (OT), their diagnostic accuracy and clini-
cal usefulness remain limited. We evaluated whether local activation time of the His bundle region could differentiate
left and right ventricular OT VA origins in the early stage of electrophysiology study.

Methods: We studied 30 patients who underwent catheter ablation for OT VAs with a left bundle branch block pat-
tern and inferior axis QRS morphology. The interval between the local V signal on the mapping catheter placed in the
RVOT and His bundle region (V(RVOT)-V(HB) interval) and the interval from QRS complex onset to the local V signal on
the His bundle region (QRS-V(HB) interval) were measured during VAs.

Results: The V(RVOT)-V(HB) and QRS-V(HB) intervals were significantly shorter in patients with LVOT VAs. The area
under the curve (AUC) for the V(RVOT)-V(HB) interval by receiver operating characteristic analysis was 0.865. A cutoff
value of <50 ms predicted an LVOT origin of VA with sensitivity, specificity, and positive and negative predictive values
of 100%, 62.5%, 40%, and 100%, respectively. The QRS-V(HB) interval showed similar diagnostic accuracy (AUC, 0.840),
and a cutoff value of < 15 ms predicted an LVOT origin of VA with a sensitivity, specificity, and positive and negative
predictive values of 100%, 70.8%, 45.2%, and 100%, respectively.

Conclusion: The V(RVOT)-V(HB) and QRS-V(HB) intervals could differentiate left from right OT origins of VA with high
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Introduction

Idiopathic ventricular arrhythmia (VA) in the structur-
ally normal heart is a distinct entity with relative benign
prognosis that differs from VA associated with struc-
tural heart diseases [1-4]. The outflow tract (OT) is
the most common site of idiopathic VA origin [5], and
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radiofrequency catheter ablation of OT VA has been
established as a reliable treatment option with high effi-
cacy and acceptable safety [6, 7].

The complex anatomy of the OT renders difficulties in
the evaluation and treatment of VAs originating from this
region. Analysis of the 12-lead ECG morphology of clini-
cal arrhythmias serves as a starting point for the effective
localization and ablation of VAs by reducing unnecessary
invasion through additional vascular access and cath-
eter manipulation during mapping. The OTs are located
superiorly, and OT VAs will tend to have an inferior axis
with negative QS complexes in leads aVR and aVL [8].
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Additional leads can further refine localization on ECG,
and multiple algorithms based on surface ECG have
been introduced to predict the origin of OT VAs [9-13].
However, the diagnostic accuracy of surface ECG-based
algorithms is influenced by multiple factors [14-17],
and precise prediction of the origin of OT VAs remains
challenging.

Parameters with intracardiac electrogram obtained in
the early stage of electrophysiology study (EPS) would
assist in preemptive VA localization. The temporal rela-
tionship between the activation of a specific intracardiac
region and another stable anatomical reference point
should be consistent. His bundle catheters are routinely
placed during EPS in many laboratories, and consist-
ency of catheter location can be confirmed by His bundle
deflection and atrial and ventricular electrograms.

We hypothesized that the local V signals at the His
bundle region would be recorded earlier in the cardiac
cycle in cases of VAs originating from the left ventricu-
lar outflow tract (LVOT) compared with those from the
right ventricular outflow tract (RVOT) and that depiction
of the differences in local activation time could provide a
useful criterion for regionalizing the origin of OT VAs.

Methods

Study participants

This retrospective study enrolled 30 consecutive patients
with OT VA who underwent radiofrequency catheter
ablation at Seoul National University Hospital between
April 2009 and November 2016. All patients had clinical
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VAs with left bundle branch block pattern (R/S<1 in
lead V1) and inferior axis QRS morphology documented
with 12-lead ECGs. Transthoracic echocardiography
was performed before radiofrequency catheter abla-
tion, and patients with structural heart disease including
arrhythmogenic right ventricular cardiomyopathy were
excluded from the current analysis. All patients provided
written informed consent for the EPS and catheter abla-
tion procedure.

Cardiac electrophysiological study and radiofrequency
catheter ablation
Antiarrhythmic drugs were discontinued for at least five
half-lives before the radiofrequency catheter ablation
procedure. We performed the EPS and catheter ablation
in a non-sedated state. Multipolar catheters were rou-
tinely positioned in the His bundle region, right ventricu-
lar apex, and inside the coronary sinus under fluoroscopy
guidance via the femoral veins (Fig. 1). All 12-lead ECG
and intracardiac electrograms were recorded using a dig-
ital recording system (Prucka Cardio Lab electrophysiol-
ogy system, GE Healthcare Milwaukee, W1, USA).
Electroanatomical mapping for VAs was performed
using the CARTO 3 system (Biosense Webster, Inc.,
Diamond Bar, CA, USA) with a circular mapping cathe-
ter (Lasso, Biosense Webster) and a 7-Fr 3.5-mm open-
irrigation-tip ablation catheter (Navistar Thermocool,
Biosense Webster). In the case of absent or infrequent
spontaneous VA during the EPS, the induction of VA
was attempted by rapid pacing, programmed electrical

Fig. 1 Fluoroscopic images exhibiting the location of catheters used for the mapping of outflow tract ventricular arrhythmia. CS coronary sinus, His
His bundle, RV right ventricle, RVOT right ventricular outflow tract, LAO left anterior oblique view, RAO right anterior oblique view
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stimulation, or isoproterenol infusion. When sustained
ventricular tachycardia (VT), non-sustained VT, or
premature ventricular contractions (PVCs) with the
morphology of QRS complex matched to the clinical
VA were induced, activation mapping was performed
to identify the site of the earliest ventricular activa-
tion. Pace mapping was also performed using the distal
bipolar electrodes of the mapping catheter, and paced
12-lead ECGs at the areas of interest were compared
with those of the clinical VA. Mapping of VA was per-
formed in the RVOT at first. When the RVOT mapping
was not successful in identifying the earliest activation
site, mapping of the LVOT was performed via transaor-
tic approach. Intravenous heparin was administered to
maintain an activated clotting time >250 s during the
left-sided procedure.

After activation and pace mapping of VA, radiofre-
quency energy was delivered at a power output of 30
to 40 W at sites with the earliest ventricular activation.
When an acceleration or reduction in the incidence of
VT or PVCs was observed during the first 10 s of appli-
cation, the radiofrequency delivery was continued for
30 to 60 s. The end point of catheter ablation was the

Page 3 of 8

elimination and noninducibility of all clinically docu-
mented VAs.

Measured parameters

The 12-lead ECG and intracardiac electrogram record-
ings were retrospectively reviewed at a rate of 200 mm
per second, and electrophysiological parameters were
measured using the digital calipers of the Prucka Cardio
Lab system. If intravenous isoproterenol was required to
induce the clinical VA, measurements were performed
under isoproterenol infusion. The QRS-V(HB) interval
was measured from the onset of the QRS complex on a
surface 12-lead ECG to the onset of the ventricular com-
ponent of intracardiac His bundle electrograms during
the clinical VA (Fig. 2). The onset of the QRS complex
was defined as the earliest initial deflection from the iso-
electric line on the 12-lead surface ECG. Additionally, the
V(RVOT)-V(HB) interval was measured from the local
ventricular signal on the mapping catheter placed in the
RVOT region to the onset of the ventricular component
of the intracardiac His bundle electrograms under fluoro-
scopic and electroanatomical guidance. To collect the
local ventricular signals, the Lasso mapping catheter was
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Fig. 2 Representative measurements of V(RVOT)-V(HB) intervals (interval from the RVOT electrogram to the V signal in the His bundle electrogram)
and QRS-V(HB) intervals (interval from the onset of the earliest QRS complex in 12-lead surface electrocardiogram to the V signal in the His bundle

electrogram) in cases of ventricular arrhythmia originating from the RVOT




Choe et al. IntJ Arrhythm (2020) 21:15

advanced into the RVOT to the level of conus arteriosus.
The cranio-caudal position of the mapping catheter was
adjusted to the earliest set of endocardial activation times
by visual estimation. While attempting to maintain the
circular part of the catheter in a transverse position, local
ventricular signals were recorded and the earliest local
activation time in the RVOT (V(RVOT)) was obtained.
All retrospective measurements were performed by two
electrophysiologists. The inter-observer differences in
measured parameter did not exceed 10 ms in any case,
and the mean value of the measurements was used in the
final analysis.

Statistical analysis

Baseline characteristics are presented as mean=+ SD for
continuous variables and number and percentage for
categorical variables. Comparisons of baseline charac-
teristics between groups with different VA origins were
performed with independent-samples t tests for continu-
ous variables and y* tests for categorical variables. The
receiver operating characteristic (ROC) curve analysis
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was used to assess sensitivity and specificity. Accuracy
was measured by the area under the curve (AUC) of the
ROC, with a discrimination point that represented the
maximum value of sensitivity and specificity. Statisti-
cal analyses were performed using SPSS Statistics 20.0
(SPSS, Inc., Chicago, IL, USA). Differences between
groups were considered to be significant at a two-tailed
Pvalue<0.05.

Results

Baseline clinical characteristics

The baseline clinical characteristic of 30 patients is sum-
marized in Table 1. In the clinical evaluation, 28 patients
had VT (18 patients had only non-sustained VT and
ten patients had sustained VT in addition to non-sus-
tained VT), and two patients had symptomatic prema-
ture ventricular contractions without VT. The origin
of ventricular arrhythmia was localized in the RVOT in
24 patients (80%) and the LVOT in six patients (20%).
Among patients with RVOT VA, the ventricular arrhyth-
mia was eliminated by ablation in the septal aspect in 17

Table 1 Baseline clinical and procedural characteristics of the study subjects

Origin of ventricular arrhythmia

Total cohort RVOT LvoT P value
(n=30) (n=24) (n=6)
Clinical variables
Age, years 524+126 515+136 56277 0428
Female (%) 16 (53.3) 12 (50.0) 4(66.7) 0.657
BMI 252+£39 252142 25431 0912
LV EF (%) 56.2+83 55.1+86 60.6+58 0.191
LV diameter (mm) 50.0£6.9 503+£75 488440 0.673
Holter monitoring
Average HR (min) 740+£87 742+£90 720£7.1 0.743
PVC burden 154£119 133£104 355425 0.008
Non-sustained VT (%) 28(93.3) 22(91.6) 6(100.0) >0.999
Sustained VT (%) 10(333) 5(20.8) 5(833) 0.009
R/S transition in the precordial leads during VA <0.001
V1-V2 1(42) 5(83.3)
V3 5(20.8) 1(16.7)
V4-V6 18 (75.0) 0
Procedural variables
Origin of ventricular arrhythmia (n) Septum Ant 1 LCC
Mid 3
Post 4
Free wall Ant 4 RCC
Mid 0
Post 3
Fluoroscopy time (min) 4554320 3394233 89.4420.1 <0.001

Data are shown as mean 4=SD or n (%)

BMI body mass index, EF ejection fraction, LCC left coronary cusp, LV left ventricle, LVOT left ventricular outflow tract, PVC premature ventricular contraction, RCC right
coronary cusp, RVOT right ventricular outflow tract, VA ventricular arrhythmia, VT ventricular tachycardia
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patients and the free wall in seven patients. For patients
with LVOT VA, the successful site of ablation was the left
coronary cusp in four patients and right coronary cusp
in two patients. The mean fluoroscopy time was signifi-
cantly longer among patients with LVOT VA compared
to RVOT VA.

The V(RVOT)-V(HB) interval
The V(RVOT)-V(HB) intervals of patients with VA
originating from the RVOT and LVOT are presented in

Table 2 Distinguishing electrophysiological features
of ventricular arrhythmias originating from RVOT
and LVOT

Origin of ventricular arrhythmia

RVOT LvVOT P value®
(n=24) (n=6)
V(RVOT)-V(HB), ms 0.004
Mean £ SD 563159 3424126
Median (range) 58.5 (29-88) 36.0 (13-50)
QRS-V(HB), ms 0.025
Mean £+ SD 206£16.1 38+130
Median (range) 225 (—=20to044) 95(—18to 15)

LVOT left ventricular outflow tract, RVOT right ventricular outflow tract, V(HB) V
signal at the His bundle region, V(RVOT) V signal at the RVOT region

@ The independent-samples t test is used to compare the means of two groups
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Table 2 and Fig. 3a. Significant differences in mean and
median values for the V(RVOT)-V(HB) interval were
observed between two groups. The V(RVOT)-V(HB)
interval was shorter in patients with LVOT VA, compared
to that in patients with RVOT VA (mean 34.24+12.6 ms
vs. mean 56.3+15.9 ms; P=0.004). Receiver operating
characteristic (ROC) analysis showed that the best discri-
minant value was <50 ms, with a sensitivity, specificity,
positive predictive value, and negative predictive value of
100%, 62.5%, 40%, and 100%, respectively. The area under
the curve (AUC) obtained by ROC analysis for V(RVOT)-
V(HB) interval was 0.865 (Fig. 3b).

QRS-V(HB) interval

QRS-V(HB) interval was also significantly different
between patients with RVOT VA and LVOT VA (Table 2).
The QRS-V(HB) interval was shorter in patients with
LVOT VA, compared to that in patients with RVOT VA
(mean 3.84+13.0 ms vs. mean 20.6 =16.1 ms; P=0.025).
All patients with LVOT VA had a QRS-V(HB) inter-
val of <15 ms (range — 18 to 15 ms), whereas 17 of 24
patients with RVOT VA had a QRS-V(HB) interval of
16 ms or more (Fig. 4a). Some overlap in QRS-V(HB)
interval value between LVOT VA and RVOT VA was
observed, and ROC analysis showed that the best dis-
criminant value was <15 ms, with a sensitivity, speci-
ficity, positive predictive value, and negative predictive
value of 100%, 70.8%, 45.2%, and 100%, respectively
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Fig. 3 a Boxplots of the V(RVOT)-V(HB) intervals (interval from the RVOT electrogram to V signal in the His bundle electrogram) for idiopathic
ventricular arrhythmia originating from the RVOT and LVOT. b ROC curve of the V(RVOT)-V(HB) interval. A V(RVOT)-V(HB) interval cutoff of <50 ms
predicted an origin from the LVOT with 100% sensitivity and 62.5% specificity
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Fig. 4 a Boxplots of the QRS-V(HB) intervals (interval from the onset of the earliest QRS complex in 12-lead surface electrocardiogram to the V
signal in the His bundle electrogram) for idiopathic ventricular arrhythmia originating from the RVOT and LVOT. b ROC curve of the QRS-V(HB)
interval. A QRS-V(HB) interval cutoff of < 15 ms predicted an origin from the LVOT with 100% sensitivity and 70.8% specificity

(AUC=0.840) for the prediction of LVOT origin of VA
(Fig. 4b).

Discussion

In our retrospective analysis of a single-center registry,
the interval from V(RVOT)-V(HB) and interval from
QRS-V(HB) during VA were found to be useful in the
localization of the origin of OT VAs. A V(RVOT)-V(HB)
interval of <50 ms and QRS-V(HB) interval of <15 ms
were the best cutoff values for the prediction of LVOT
VA origin with high sensitivity and negative predictive
value. Although there were substantial overlaps in these
parameters between VAs of RVOT and LVOT origin, the
median values were significantly different, and the cur-
rent cutoff values were clinically practical to rule out an
LVOT origin of VA.

Ventricular OTs have a complex three-dimensional
anatomical structure, which complicates the recognition
of VAs originating from these regions. Knowledge of the
anatomy is crucial to understanding the electrophysi-
ological features during the mapping of OT VAs. The His
bundle is consistently located in the membranous por-
tion of the interventricular septum, which lies between
the juncture of the right and noncoronary cusps on the
left side and the tricuspid annulus on the right side [18,
19]. Only the proximal portion of the RVOT merges
with the tricuspid annulus and inflow portion of the RV
close to the membranous septum, and the subpulmonary

infundibulum of the RVOT overlies the anterior wall of
the aortic sinuses. Consequently, the plane of the pul-
monary valve and RVOT is located more superiorly than
that of the aortic valve and LVOT, and the RVOT region
is more distant from the His bundle compared with the
LVOT in general. We measured the intervals of electrical
activation time between references of the QRS complex
or RVOT signal and the local V signal at the His bundle
region; distinct anatomical distances from the RVOT or
LVOT to His bundle region are reflected in a different
range of parameters of OT VAs originating from each
side.

The 12-lead surface ECG during VA provides com-
prehensive cues to regionalizing the origin of OT VA
and assists in planning a focused EPS and ablation pro-
cedure. However, the precise differentiation of the VA
focus is often not possible by examining the surface QRS
morphology alone, primarily because VAs originating
from separate locations of the OT can produce overlap-
ping surface ECG morphologies. In addition, factors such
as rotation of the cardiac axis [15], body habitus of the
patients [14], and deviation of electrode placements [16]
can alter the spatial relationship of the heart and surface
electrodes and impair the consistency of surface ECG
results, which limit the accuracy of algorithms predict-
ing the origin of OT VAs based on these signals. Fur-
thermore, as the surface ECG-based algorithms become
more able to localize VAs with high accuracy and detail,
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multiple parameters are required, which may increase
the chance of measurement error and increase intra- and
inter-observer variability [17]. A number of surface ECG-
based algorithms have been introduced and validated to
distinguish the origin of OT VA [9-13], but each method
has limitations. No single solution for every circumstance
has been elucidated.

Although the noninvasive pre-procedural prediction of
OT VA origin with surface ECG is helpful for planning
ablation, differentiation of VA origin usually requires
detailed mapping of both OTs. In this regard, parameters
obtained during the EPS would supplement the initial
localization of OT VA and contribute to an effective abla-
tion procedure. The limited diagnostic accuracy of ECG-
based algorithms has been concerning, especially in the
case of OT VAs with precordial transition at lead V3 [12,
20]. In our cohort, six patients presented with left bun-
dle branch block and inferior axis QRS morphology with
precordial transition at lead V3 (RVOT VA, 5; LVOT VA,
1). Of these patients, both a V(RVOT)-V(HB) interval
of <50 ms and QRS-V(HB) interval of <15 ms correctly
classified the origin of VA with 100% accuracy.

The His bundle region and RVOT are routinely assessed
with catheters during EPS for OT VAs, and hence,
V(RVOT)-V(HB) and QRS-V(HB) target intervals could
readily be measured without the additional introduction
of catheters. Current data showed that V(RVOT)-V(HB)
interval and QRS-V(HB) interval could reliably discrimi-
nate VAs of LVOT origin from those of RVOT origin. In
particular, our cutoff values effectively discriminated an
LVOT origin with a high negative predictive value. Based
on these parameters, operators could avoid the unneces-
sary risk of LVOT exploration and focus on detailed map-
ping in the RVOT region with confidence.

Study limitations

The results of the present study should be interpreted in
the context of several limitations. First, we performed a
retrospective analysis with pre-acquired electrogram
in established OT VA cases to construct the proposed
criteria. A relatively small number of OT VA cases
are included, especially in the LVOT VA group, which
included only six cases. A prospective analysis with
adequate sample size should be performed to validate
and generalize our results. Second, the V(RVOT)-V(HB)
interval and the QRS-V(HB) interval showed high sen-
sitivity, but only moderate specificity, in discrimination
of an LVOT origin of VA. Considerable RVOT VA cases
were over the proposed cutoff points regarding these
parameters, and the practical utility of our criteria is cur-
rently limited to excluding an LVOT origin of VA with
high negative predictive values. Although our criteria
do not contribute to identification of an LVOT origin of
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VA, unnecessary invasive procedures requiring access to
left-sided cardiac chambers could possibly be avoided, as
these procedures are accompanied by the risk of stroke or
inadvertent coronary artery damage. Focused mapping of
the RVOT can also be accomplished with our criteria.

Conclusions

The current study presents novel parameters based on
intracardiac His bundle electrogram, which can differ-
entiate the origin of OT VAs with acceptable diagnostic
accuracy. The V(RVOT)-V(HB) and QRS-V(HB) inter-
vals have practical utility in assisting the early recogni-
tion and exclusion of an LVOT origin of VAs by simple
methods with routine catheter placement during EPS.
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