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Circulation: Arrhythmia and Electrophysiology

REVIEW

Differentiating Right- and Left-Sided
Outflow Tract Ventricular Arrhythmias
Classical ECG Signatures and Prediction Algorithms

ABSTRACT: Idiopathic ventricular arrhythmias commonly originate
from the right ventricular and left ventricular outflow tracts (OTs).
Advances in real-time imaging have refined our understanding of

the intimate anatomic structures implicated in the genesis of OT
arrhythmias, making catheter ablation for arrhythmias beyond the right
ventricular OT a feasible option for cure—indeed ablation is now a class
| indication in recent guidelines. The surface 12-lead ECG is routinely
used to localize the anatomic site of origin before catheter ablation.
However, the intimate and complex anatomy of the OT limits predictive
value ECG criteria alone for localization for these arrhythmias.

Multiple ECG algorithms have been developed to assist preprocedural
localization, and hence predict safety and efficacy for catheter ablation
of OT ventricular arrhythmias. This review will summarize all of the
published 12-lead ECG algorithms used to guide localization of OT
ventricular arrhythmias.

idiopathic VA. It typically presents in young patients—and has a notably

increasing incidence." It is classically a benign, focal arrhythmia but patients
can be highly symptomatic and refractory to medical therapy. Moreover, frequent
ectopy can progress to a premature ventricular complex (PVC)—-induced cardiomy-
opathy. For both indications, catheter ablation (CA) can be considered. CA has a
low procedural complication risk (<1%) that is outweighed generally, by a high
success rate with long-term probability of cure. Before CA, it is imperative to have
an appreciation of the OTVA origin. Distinguishing between right or left OT site of
origin (SO0) preprocedurally is useful in terms of guiding access for the ablation,
counseling patients on specific risks and may even involve referral to a specialist
unit if localized to a high-risk or difficult position.

The surface ECG is a simple noninvasive tool and is particularly conducive to
localize the SOO of ectopic foci in patients with structurally normal hearts, but
the close anatomic proximity of the OTs and the complex overlay of the anterior
and leftward directed right ventricular OT (RVOT) with the posterior and right-
ward directed left ventricular OT (LVOT) makes clear separation and the applica-
tion of morphological characteristics at each site challenging. This has led to
the creation of a number of algorithms to refine the predictive accuracy of ECG
localization including the development of new ECG configurations. We reviewed
published algorithms to assess their clinical utility and applicability different types
of OTVA.

0 utflow tract ventricular arrhythmias (OTVAs) are the most common type of
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CLASSICAL ECG SIGNATURES
OF RVOT SITES

The majority (70%-80%) of OTVAs originates from
the RVOT and is the most common SOQO.? The RVOT
is tubular structure located anterior and leftward rela-
tive to the LVOT (Figure 1). It is bounded cranially by
the pulmonary valve (orientated horizontally and 1-2
cm superior to the aortic valve) and caudally by the RV
inflow/top of tricuspid valve (orientated vertically). The
RVOT is divided into rightward (referred to as free wall),
anterior, leftward, and posterior (referred to as septal)
parts.* The posterior RVOT is directly anterior to the
LVOT and anterior interventricular septum, separated by
the ventriculo-infundibular fold that extends between
the septomarginal trabeculation and pulmonary valve.®
It is important to highlight that the more distal poste-
rior RVOT is adjacent to the sinus of Valsalva and aortic
leaflets: right coronary aortic sinus (RCAS) and part of
the left coronary aortic sinus (LCAS). The anteroseptum
is in close proximity to the LV epicardium and summit
(Figure 1). The following summarizes all published ECG
features from specific RVOT sites (Figure 2; Table 1).

RVOT: Septal and Free-Wall Sites

Early pacemapping studies established the typical mor-
phological features of RVOT foci.’ In their series of
patients with structurally normal hearts, Jadonath et
al,® divided the RVOT in 11 patients into 9 distinct sites.
In all locations, a QS was seen in aVR and a monophasic
R wave in the inferior leads. Lead | discriminated pos-
terior and anterior sites: a Q wave pointed to an ante-
rior site (QR, Qs, and Qr), whereas pacing posteriorly
produced an R wave (monophasic R, Rs). Although less
discriminatory than lead I, aVL was used to differenti-
ate anterior and posterior sites. Anterior sites always
produced a QS in aVL, whereas an R wave was always
present in posterior sites (gR, rS, and rSr).

Other morphological features were described by
Dixit et al,'> where pace maps were generated from
different locations in the RVOT in 14 patients. Septal
RVOT sites showed taller R-wave amplitude in the infe-
rior leads, were narrower, had an earlier transition (<V,)
and lacked notching (monophasic) compared to free-
wall sites. Notching is potentially explained by sequen-
tial (not simultaneous) RV and LV activation when the
free wall is paced. Similar morphological characteristics
were described by Joshi et al.®# A QRS duration =140 ms
with R-wave notching in =2 inferior leads has a sensi-
tivity of 74% and specificity of 93% to predict a free-
wall RVOT site.® A negative or isoelectric QRS in lead |
positioned the site anterior and an isoelectric or positive
QRS in aVL placed the site caudal (>2 cm from the pul-
monary valve) with high sensitivity and specificity (96%
and 86%, respectively).

Circ Arrhythm Electrophysiol. 2019;12:e007392. DOI: 10.1161/CIRCEP.119.007392

Pulmonary Valvular Sinuses

A small proportion of OTVAs (=4%) originate from
above (>10 mm) the pulmonary trunk or pulmonary
leaflets and can be mapped with a reversed U-shape
configuration of the ablation catheter to allow map-
ping on top of the valve leaflets.®'" Histologically, the
pulmonic valve leaflets have thin sleeves of myocardial
musculature extensions from the RVOT admixed with
fibrous and fatty tissue (containing ganglionated plex-
uses influenced by the autonomic nervous system) con-
tributing to this sites arrhythmogenesis.?®

The 3 pulmonary valvular sinuses are located poste-
riorly (left cusp), anterosuperior septal (anterior cusp),
and anterosuperior rightward (right cusp). The pul-
monary valvular sinuses are not at the same level: left
cusp is the lowest with the anterior cusp and right cusp
being more superior. Compared to the anterior cusp
and left cusp, a right cusp origin classically has larger
R wave in lead I, notching in the inferior leads and a
smaller aVL/aVR ratio (of the Q-wave amplitude)® (Fig-
ure 2; Table 2). It is important to recognize that the left
cusp of the pulmonary valve is intimately related to the
left main coronary artery and the anterior horn of the
RV can be in close proximity to the mid-left anterior
descending (Figure 3B and 3C).?3" Pulmonary artery
VAs typically shows tall R-wave amplitudes inferiorly
and greater aVL/aVR ratio®? due to the extreme leftward
orientation of the pulmonary artery compared to the
other relevant structures.

CLASSICAL ECG SIGNATURES
OF LVOT SITES

Less commonly (15%-25%), idiopathic ventricular
tachycardia (VT) originates from the LVOT.3?® Anatomi-
cally, it occupies the central location in the heart and
is bounded by the aortic root, aortomitral continuity
(AMCQ), the superior basal septum and LV summit. The
left and right aortic sinuses sit adjacent to the left and
right atrial appendages, respectively. The nomenclature
of the OTVA origins from the aortic valvular sinuses
must be clarified. Although ablation sites are commonly
referred to as coronary cusps, this term is misleading
as myocardial arrhythmogenic tissue arises from the
bases of the aortic sinuses or the interleaflet commis-
sures.? Distinguishing these sites is clinically relevant as
aortic sinus OTVA are optimally approached transaorti-
cally, typically wedged in tissue crescents at the base
of the aortic sinuses. OTVA originating from interleaflet
commissures may be better approached from below
the leaflets to optimize proximity to the arrhythmo-
genic source and catheter stability. The posterior por-
tion of the LVOT contains fibrous tissue and a septal
region containing both fibrous and musculature tissue
(Figure 1). The close anatomic relationship of the RVOT
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Figure 1. lllustration of typical sites of outflow tract ventricular arrhythmia (OTVA) sites using an anatomic model.

The left-sided image shows a sagittal section viewed posteriorly highlighting the relationship of the aortic (red circle) and pulmonary valves (PVs; blue circle). The
right coronary aortic sinus (RCAS) and left coronary aortic sinus (LCAS) are most anterior, adjacent to the pulmonary infundibulum (yellow arrows) and the noncor-
onary aortic sinus (NCAS) is posterior. The dotted line represents the ventriculo-arterial junction dividing the pulmonary trunk and right ventricular (RV) muscle. The
right-sided image shows the coronal image of the OT to highlight that the posterior septal right ventricular OT (RVOT) is adjacent to the left ventricular OT (LVOT),
separated by the ventriculo-infundibular fold (yellow arrows). The PV (blue circle) is positioned 1 to 2 cm superior to the aortic valve (red circle). LAA indicates left
atrial appendage; MV, mitral valve; PT, pulmonary trunk; RCA, right coronary artery; TV, tricuspid valve; and VS, ventricular septum. Adapted from Ouyang et al®

with permission. Copyright © 2002, Elsevier.

and LVOT can easily be appreciated on transesophageal
and transthoracic echocardiography (Figure 3A). The
following summarizes all the published ECG features
from specific LV sites of origin (Figure 2; Tables 1 and 2).

Aortic Valvular Sinuses and Interleaflet
Commissures

Foci from the aortic sinuses are reported to have a lon-
ger R-wave duration and earlier R/S transition in the
precordial leads® than adjacent RVOT sites. The change
in vector is proposed to be due to the posterior location
of the aortic root, increasing the distance (and time) for
the signal to reach V, or V,.

RCAS

As the RCAS is positioned posterior to the septal RVOT,
similar morphologies can be seen.? Pacing this site will
produce a left bundle branch block (LBBB) pattern with
arSinV, andV, (small broad R wave) and transition in
V.." Lead | can also be used to discriminate RCAS ori-
gins as its rightward annular position produces a more
positive vector in this lead compared to the LCAS.'9%

LCAS
The more posterior LCAS produces an early R/S tran-
sition in V,/V,.? The R waves in V, and V, are char-

Circ Arrhythm Electrophysiol. 2019;12:e007392. DOI: 10.1161/CIRCEP.119.007392

acteristically tall and broad and the basis behind Ouy-
ang’s finding of a R wave >50% of the QRS duration
combined with a R/S ratio of >30% was predictive of
an LCAS origin.? The characteristic multiphasic M or W
pattern in V. unique to this site has been explained by
early transeptal activation from the LCAS."78

RCAS/LCAS

The seminal description of an arrhythmogenic source
in the LCAS/RCAS commissure described a reproduc-
ible grS pattern in V, through V, when pacing this site
(n=5 patients).’® Subsequently, Bala et al' identified a
QS in V, (with notching in the downward deflection)
and precordial transition in V, was seen in 15 of the
19 (79%) patients with an RCAS/LCAS focus and con-
firmed with electroanatomic mapping and intracardiac
echocardiography.

Noncoronary Aortic Sinus
VAs are rarely seen at this site due to the proximity to
the atrium and lack of myocardial sleeves.?

AMC and Anterolateral Mitral Annulus

Although once thought of consisting of fibrous tissue
(wedged between the aortic and mitral valve annuli),
the AMC region is a source of idiopathic VTs?° due to the
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Figure 2. Typical premature ventricular complex (PVC) 12-lead ECG morphologies from common outflow tract sites.

Sagittal image of typical outflow tract sites (left, labeled 1-11) with the characteristic 12-lead morphologies for each of the outflow tract PVCs (right) as described
from seminal studies. AMC indicates aortomitral continuity; FW, free wall; LCAS, left coronary aortic sinus; LV, left ventricular; LVOT, left ventricular outflow tract;
MA, . anterolateral mitral annulus; MV, mitral valve; PS, posteroseptal; PSC,, left pulmonary sinus cusp; PSC,, right pulmonary sinus cusp; RCAS, right coronary

Ant’
aortic sinus; RVOT, right ventricular outflow tract; and TV, tricuspid valve.

presence of Purkinje-like conduction tissue.?* Arrhythmo-
genic foci originating below the aortic valvular sinuses are
anterosuperior and more leftward, creating deep S waves
in lead I and aVL and taller R-wave amplitude in V,.*"

The absence of a S wave in V, can be used to help
distinguish between AMC and anterior mitral annular
sites. In a series of 45 patients with LVOT VT, all AMC
sites had monophasic R waves in the precordial leads
compared to those with anterior mitral annular foci who
exhibited an Rs pattern in the precordial leads (with lon-
ger intrinsicoid deflection times),?° suggesting ventricu-
lar activation from the AMC is directed anteriorly only
due to its position between the left and right fibrous tri-
gone.?? Furthermore, pacing from the AMC produced a
gR pattern that was not seen in any other LVOT site. This
unique morphology is due to the initial leftward electri-
cal activation from the left fibrous trigone."”

The posterior positioned anterolateral mitral annulus
is distant from the precordial leads explaining the typi-
cal right bundle branch block (RBBB) pattern in V, and
positive precordial concordance. Compared to septal
sites, pacing from this site produces late notching in
the inferior leads and a long QRS duration and negative
vector in lead 1.2

LV Summit VT

The LV summit is the most superior portion of the epi-
cardial LV (as shown in Figure 4B, star) and accounts
for =12% of OTVAs.* It is bounded by the triangle of
Brocq and Mouchet: left anterior descending artery,
left circumflex artery, and an arc from the left anteri-

Circ Arrhythm Electrophysiol. 2019;12:e007392. DOI: 10.1161/CIRCEP.119.007392

or descending superior to the first septal perforating
branch anterior to the left circumflex artery laterally
(Figure 4A).353” The base of the summit is intersected by
the great cardiac vein into a lateral accessible zone (dot-
ted yellow line) and a superior inaccessible zone (dotted
white line) due to the close proximity to coronary arter-
ies and thick layer of pericardial fat.>

ECGs clues to an epicardial origin are the same as
those used for epicardial scar-related VT, slurring of the
initial QRS pseudo delta wave. Typically, an RBBB mor-
phology, as the great cardiac vein becomes the ante-
rior interventricular vein at the interventricular septum
(more anterior), it can become an LBBB (Figure 4A). This
location at the interventricular sulcus corresponds to
the characteristic V, pattern break, where the R wave in
V, is less positive than V. and V, (and lacks transition).*
Nagashima et al*® have demonstrated that a success-
ful endocardial-approached LV summit ablation can
be predicted by an initial R wave in lead |, suggesting
closer proximity to the endocardium in this subgroup.

Parahisian VT

Parahisian VAs represent =3% of all idiopathic VT.
The His bundle penetrates the membranous septum
through the fibrous body and below the RCAS and
noncoronary aortic sinus on the left side to become the
left and right bundle branches. The posterior location of
this region produces a distinctive ECG pattern'*'* with
a narrow QRS LBBB (with a higher maximum deflection
index suggesting an epicardial origin), inferior axis (R
wave in lead Il larger than lead ) and early precordial
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Table 1. Common Sites of OTVA Matched to Characteristic ECG Features
Location of Ventricular Precordial
Tachycardia BBB Frontal Axis | Transition V, V, | Leadl Other Features
Right ventricle—RVOT
1. Free wall (anterior)®-® LBBB Inferior 2V, rs R rs Late transition, broad, notched inferior leads, and
negative lead |
2. PSC (RC)>" LBBB Inferior 2V, S R R Tall R wave in lead I, small g-wave aVL/aVR ratio
3. PSC (LC)> LBBB Inferior 2V, rS R S Negative lead |, tall, larger g-wave aVL/aVR ratio,
R-wave amplitude inferiorly
4. Septal (posterior)' LBBB Inferior <V, rS R R Earlier transition
5. Parahisian' 14 LBBB Inferior >V, Qs R R Isoelectric or positive aVL, large R-wave amplitude in I,
V, and V,, tall inferior R wave (II>Ill)
Left ventricle—ASOV
6. LCAS/RCAS junction'® LBBB Inferior v, qrS R R/Rsr Notched on the downward deflection in V,
7. LCAS? 1718 LBBB Inferior <V, rS, RS R rs Notched M or Win V,, QS or RS in lead |
8. RCAS®"? LBBB Inferior <V, rS, RS R R Early transition, broad R-wave in V,
Left ventricle—annular
9. AM(C?0-22 RBBB Inferior None gR R R/Rs Positive precordial concordance and no S wave in V,
11. Anterolateral MA? RBBB Right inferior Early R Rs rS Late phase notching of the QRS in the inferior leads
Epicardial
10. AIV/GCV junction?*?° LBBB Inferior Early rS/QS R rs Precordial pattern break (abrupt loss of R wave in V),
slurred intrinsicoid deflection (pseudodelta)
Crux2e:27 RBBB Left superior Early Variable R Rs Positive concordance V, through V,, slurred intrinsicoid
deflection

AV indicates anterior interventricular vein; AMC, aortomitral continuity; ASOV, aortic sinus of Valsalva; BBB, bundle branch block; GCV, great cardiac vein;
LBBB, left BBB; LCAS, left coronary aortic sinus; MA, mitral annulus; OTVA, outflow tract ventricular arrhythmia; PSC (LC), left cusp of the pulmonary sinus cusps;
PSC (RC), right cusp of the pulmonary sinus cusps; RBBB, right BBB; RCAS, right coronary aortic sinus; RVOT, right ventricular outflow tract; and VT, ventricular

tachycardia.

transition (V, typically has a QS pattern). The low and
rightward position produces an R waves in aVL (which
can be notched) and lead I.

ECG PREDICTION ALGORITHMS

We identified 18 publications describing specific ECG
algorithms to differentiate OTVA sites (Table 3). Four-
teen studies developed algorithms using the standard
ECG configuration (8 studies developed algorithms to
separate RVOT/LVOT sites, 3 to distinguish between
RVOT sites, 2 studies to predict LVOT sites, and 1 to
differentiate LV summit sites) and 4 studies devel-
oped algorithms based on alternative ECG configura-
tions. These include R-wave duration index, R/S-wave
amplitude index, transition zone (TZ) index, V,S/V,R
index, and the V, transition ratio. Each of these will be

2
explained in Figure 5.

RVOT Versus LVOT

Earliest Onset or First Peak/Nadir in V,

If V, has the earliest QRS onset or peak/nadir in the
PVC, it predicts an RVOT focus, whereas a later onset in
V, or later initial peak/nadir in the inferior leads predicts
an aortic valvular sinus origin.

Circ Arrhythm Electrophysiol. 2019;12:e007392. DOI: 10.1161/CIRCEP.119.007392

Yang et al*® studied 45 patients with OTVA (LBBB
and inferior axis VT), where the earliest onset in any of
the 12 leads and the initial peak or nadir of the QRS
complex in each lead was measured. V, showed the
earliest QRS onset in the RVOT compared to aortic sinus
group and was strongly predictive of an RVOT focus
with a sensitivity of 92% and specificity of 88%. It is
hypothesized that the closer anatomic location of the
RVOT makes the onset and initial vector earlier than the
aortic sinuses.*®

R-Wave Duration Index and R/S-Wave
Amplitude

Using V, and V,, if the R-wave duration index (dividing
R-wave/QRS duration of the PVC) is <0.5 and R/S-wave
amplitude index (calculated as the greater value of the
R/S-wave amplitude ratio in V, or V,) is <0.3, the OTVA
is an RVOT origin (Figure 5A and 5B). This was tested in
88 patients with a sensitivity of 88% and specificity of
95%% and 15 patients where it was found to predict
an RVOT origin.?

V, R-Wave Deflection Interval and V, R-Wave
Amplitude

In clinical practice, it is often difficult to predict the site
when the precordial transition is at V, (Figure 5C).*
Cheng et al*® demonstrated that V, transition was com-
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Table 2. Key Morphological Features Corresponding to Each Anatomic
Outflow Tract Site

Site Key Morphological ECG Feature(s)
RVOT
Free wall Late transition, inferior notching
PSC (RC) Taller R wave in lead |, smaller aVL/aVR ratio
PSC (LC) Negative lead |, taller R-wave amplitude
inferiorly
Posteroseptal Positive lead |, aVR more negative than aVL
Parahisian Narrow LBBB, QS in V,, voltage lead II>lll
LvVOT
RCAS Early transition and rS in V,
LCAS/RCAS QS notch in V, and V, transition
LCAS Multiphasic M or W in V,

Aortomitral continuity | gRin V, with positive precordial concordance

LV summit V, pattern break, negative lead I, more
negative avVL>aVR
LV septal Narrow LBBB, QS ratio lead Il and Ill >1

Anterolateral MA Late phase notching in the inferior leads

LBBB indicates left bundle branch block; LCAS, left coronary aortic sinus;
LV, left ventricle; LVOT, left ventricular outflow tract; MA, mitral annulus;
PSC (LC), left cusp of the pulmonary sinus cusps; PSC (RC), right cusp of the
pulmonary sinus cusps; RCAS, right coronary aortic sinus; and RVOT, right
ventricular outflow tract.

mon and present in 38% of patients. They developed
an algorithm using V, R-wave deflection interval >80
ms and V, R-wave amplitude >0.3 to predict LVOT VT
and if these were not fulfilled it predicted RVOT VT. In
12 patients with V, transition, the sensitivity was 100%
and specificity of 83% in predicting an RVOT origin.
The more posterior positioned LCAS resulted in later
precordial transition (>V,) in 30% of patients with ori-
gins from this site. In comparison, the more anteriorly
positioned RCAS transitioned <V..

V, Transition Ratio
Betensky et al*' developed the V, transition ratio in sinus
rhythm and the PVC (calculated as R-wave/QRS ampli-
tude in the PVC divided by R-wave/QRS amplitude in
sinus rhythm), where a ratio >0.6 predicted LVOT origin
with a sensitivity of 95% and specificity of 100% and
accuracy in 21 prospective cases of 91% (Figure 4E). A
greater V, transition ratio has also been shown to pre-
dict unsuccessful RVOT ablation.*®

To simplify the algorithm, a more practical approach
was formulated: if the PVC transition was later than SR
transition, it predicted an RVOT site with 100% speci-
ficity and corrected for cardiac rotation.

TZ Index

The TZ is defined as the precordial lead, where the ratio
of the R/S-wave amplitude during SR or PVC is between
0.9 and 1.1. A TZ score is calculated based on the pre-
cordial lead, where R/S transition occurs in SR and PVC
(eg, if in TZ in SR of V,, 2 points assigned; if the TZ

Circ Arrhythm Electrophysiol. 2019;12:e007392. DOI: 10.1161/CIRCEP.119.007392

occurred between 2 precordial leads 0.5 was deducted
from the latter lead—eg, between V, and V_, 2.5 points
assigned).

The TZ index is calculated as the TZ score (PVC) minus
TZ score (SR) with an index <0 predicting an LVOT site
(regardless of cardiac rotation). This was applied to 112
patients and found it was significantly more accurate
than R-wave duration and R/S-wave amplitude index to
distinguish RVOT from aortic valve VT (Figure 4G).*?

V,S/V,R Index

This is defined as the PVC S-wave amplitude in lead
V, divided by R-wave amplitude in V, (Figure 4D). The
longer duration R wave and higher R/S ratio from OTVA
originating from the more posterior aortic valvular sinus
location, results in a smaller ratio compared to the
RVOT.

In 207 patients, a cutoff V,S/V.R <1.5 predicted an
LVOT origin with a sensitivity of 89% and specificity
of 94%.% A major advantage of this algorithm is its
superiority to differentiate the site in patients with a
V, transition. In a subgroup of 77 patients, the V,S/V_R
index <1.5 had a sensitivity of 94% and specificity of
78%. The previously mentioned and highly accurate
V., R-wave deflection interval and V, R-wave amplitude
were not directly compared in this subanalysis of V,
transition only.

Combined TZ and V,5/V R Index

Recently, the diagnostic accuracy of all of the previously
discussed ECG algorithms were prospectively assessed
in 207 patients using a standardized mapping and abla-
tion technique (Figure 4F).** The most accurate algo-
rithm was the V,S/V_R index, followed by the TZ index.
Based on a logistic regression analysis, a mathemati-
cal formula was created: Y=-1.15x(TZ)-0.494x(V,S/
V.R) which combined both TZ and V,S/V R indexes. If
Y>-0.76 is predicted an LVOT origin. The combined
index had the highest Youden index of 0.77 corre-
sponding to a high sensitivity of 90% and specificity
of 87% at predicting an LVOT origin. The accuracy of
the combined TZ index was superior when compared
to 6 previously validated ECG algorithms and also in
a subgroup analysis of V, transition. In particular, the
other indices assessing cardiac rotation (TZ index and V,
transition ratio) had much lower sensitivities.

S-R Amplitude Difference (d) in V, Through

V, (V,-V, S-Rd)

Kaypakli et al*> developed an algorithm to differentiate
LVOT and RVOT OTVA sites. Their formula was calcu-
lated as follows: (V,S amplitude+V,S amplitude)~(V,R
amplitude+V R amplitude). One hundred twenty-three
patients with OTVA were retrospectively analyzed,
where a V.-V, S-Rd>1.625 predicted an RVOT site with
a sensitivity of 95% and specificity of 85%. The closer
anatomic position of the RVOT (compared to the LVOT)
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Anterior

Figure 3. Anatomic relationship of the right- and left-sided outflow tracts.

A, Mid-transesophageal short-axis view demonstrating anatomic position of right ventricular outflow tract (RVOT)/pulmonary valve (PV) with the aortic valvular
sinuses. The right coronary aortic sinus (RCAS) and left coronary aortic sinus (LCAS) are positioned closer to the RVOT and PV compared to the noncoronary aortic
sinus (NCAS) which is positioned posterior and in close proximity to the intraatrial septum (IAS). B and C, Left anterior view and axial computed tomographic (CT)
image demonstrating relationship between aortic and PVs and the left coronary system. The different craniocaudal levels of the pulmonary valvular sinuses are
seen: left cusp (LC) most inferior and anterior cusp (AC)/right cusp (RC) more superiorly. The left main coronary artery (LMCA) exits 20 mm above the left aortic
sinus of Valsalva (ASOV) between the main pulmonary artery and left auricle before entering the coronary sulcus and bifurcating into the left anterior descending
(LAD) and left circumflex artery (LCx) arteries. The LAD continues around the left side of the pulmonary artery then descends obliquely towards the apex via the
anterior interventricular sulcus. D and E, Right lateral view and axial CT image demonstrating relationship of the RC of the RVOT and right coronary artery (RCA).
The RC has also been shown to be <5 mm of the RCA (most commonly proximal) in 82% of patients.*® AH indicates anterior horn (of RV); AS, anterior sinus; LA,
left atrium; LAS, left adjacent sinus; LASV, left aortic sinus of Valsalva; MPA, main pulmonary artery; NCASV, noncoronary aortic sinus of Valsalva; RA, right atrium;
RAS, right adjacent sinus; RASV, right aortic sinus of Valsalva; and TV, tricuspid valve. B-E, Adapted from Dong et al*® with permission. Copyright © 2018, John

Wiley and Sons.

toV, and V,, result in a larger amplitude in the S wave
in those leads from this site. The more posterior LVOT
will generate a larger amplitude in the R wave at these
sites. Hence, the V-V, S-Rd is a measure of the proxim-
ity of the impulse foci from V., and V,.

Septal Versus Free Wall RVOT

PVC-QRS Duration/QRS Duration of the Preceding
Sinus Beat

Further delineation with the RVOT location was devel-
oped in an algorithm.“® If transition was greater than
V, or the R-wave duration index or R/S amplitude index
pointed towards the RVOT a further step was intro-
duced to distinguish between septal and free-wall sites.
If the QRS duration of the PVC divided by the QRS of
the sinus beat >1.9, this suggests a free-wall site.

Anterolateral Mitral Annulus

Inferior R-Wave Polarity and Notching

Kumagai et al*® devised an algorithm to localize mitral
annular idiopathic VT in 35 patients. Those with early
precordial transition (V, or V,), S wave in V, inferior axis
(positive inferior leads) and an R wave in avF >1.6 mV
predicted an anterolateral site.

Circ Arrhythm Electrophysiol. 2019;12:e007392. DOI: 10.1161/CIRCEP.119.007392

LV Summit

Accessible Versus Inaccessible LV Summit Sites
ECG algorithms have also been developed to assist
in distinguishing LV summit site that are outside the
ablation inaccessible zone and within the more lateral
accessible zone (Figure 5). An RBBB, TZ <V, aVl/aVR
ratio >1.1 and S wave in V, or V, predicted whether
an LV summit OTVA could be ablated in the accessible
area.®®

ECG ALGORITHMS USING
ALTERNATIVE ECG CONFIGURATIONS
We identified 4 studies that have used alternative ECG

positions to improve the diagnostic accuracy of predict-
ing OTVA origin.

VIRTUAL RIGHT-SIDED LEADS

The use of right-sided precordial leads has been recent-
ly described by Nakano et al.>! Virtual synthesized right-
sided leads/waveforms (Syn-V.R, Syn-V,R, Syn-V.R)
were generated. In their study, 63 patients who had
undergone successful OTVA ablation were studied.>" In
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Figure 4. Left ventricular (LV) summit: boundaries, anatomic landmarks, and typical ECG morphologies.

The LV summit is the most superior portion of the LV (star, B) and an important anatomic landmark as it is the region on the epicardial surface, where the left main
coronary artery (LMCA\) bifurcates and is recognized as the commonest source of idiopathic epicardial ventricular arrhythmias (VAs).>> Anatomic landmarks defin-
ing the LV summit are divided into an accessible zone at the proximal great cardiac vein (GCV; dotted yellow line) and inaccessible zone at the distal GCV (dotted
white line; A). The inaccessible zone is less likely to be a successful site of ablation due to overlaying perivascular fat and additional risk of left coronary injury.
Characteristic ECG morphologies for these sites as described by*” demonstrate the typical right bundle branch block (RBBB) in the proximal accessible zone with
reversal of R-wave transition in V. (left bundle branch block [LBBB]) at a more distal GCV site in the inaccessible zone. AlV indicates anterior interventricular vein;
CS, coronary sinus; LA, left atrium; LAA, left atrial appendage; LAD, left anterior descending; LCx, left circumflex artery; LMCA, left main coronary artery; RCA,

right coronary artery; and SP, septal perforator. Adapted from Baman et al*” with permission. Copyright © 2010, American Heart Association, Inc.

all of the RVOT free wall VTs, there was no R/S transition
(sensitivity of 100% and specificity of 85%), whereas in
all of the LVOT VT there was R>S concordance (sensi-
tivity and specificity of 100%). In the remaining septal
RVOT cases, a R/S transition was seen in the majority of
cases. R>S in all synthesized right-sided leads could be
used to distinguish LVOT from RVOT sites. An additional
pacemapping study also using synthesized right-sided
leads found V.R morphology pattern was able to pre-
dict OTVA. Specifically, a Rs or rS pattern in this lead
predicted RVOT origin with 87% sensitivity and 91%
specificity.>?

HIGH PRECORDIAL V, THROUGH V,
LEAD POSITIONS

Mimicking the superiority of the improvised lead
positioning in the diagnosis of Brugada syndrome,>
altering the vertical position of V, and V, has also
been studied in OTVA localization.>* In a group of 34
patients, moving from the fourth to the third (supe-
riorly) or the fifth (inferiorly) intercostal space altered
the R/S ratio of OTVA significantly. Superior displace-
ment reduced the R-wave amplitude, resulting in a
decrease in R/S ratio. Conversely, inferior displacement
increased R-wave amplitude, increasing the R/S ratio.

Circ Arrhythm Electrophysiol. 2019;12:e007392. DOI: 10.1161/CIRCEP.119.007392

The change in precordial transition lead to errors in
site prediction as the increased ratio (inferior position)
suggested LVOT origin in patients with RVOT foci and
those with a decreased ratio (superior position) point-
ed to an RVOT site when the arrhythmia was originat-
ing from the LVOT.

V,/V, INDEX

Recently, an algorithm modifying the precordial V, to
a posterior position (V,), just left of the spine at the
same level has been created.® Using the V /V, index
(dividing V /V, ratio of the PVC by the V /V, ratio in
sinus rhythm), this allowed the anteroposterior ratio
to be calculated and was able to differentiate left- and
right-sided OTVA with high predictive accuracy in a
prospective cohort (n=40 patients) with a specificity of
96% and positive predictive value of 89%.>° Right-sid-
ed PVCs had significantly lower V,/V, ratios compared
to left-sided foci (2.3+2.4 versus 11.7+10.6, P<0.001,
respectively). Using a cutoff of >2.28, the V /V, index
had a sensitivity of 67%, specificity of 98%, and posi-
tive predictive value of 89% to predict left-sided OTVA.
The V,/V, index was more accurate when compared to
the V, transition ratio, V,S/V,R and a selective group
that transitioned at V..
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Table 3. Summary of the Published Algorithms and the Predictive Valve Used to Differentiate RVOT and LVOT OTVA

Site Patients Study Type Algorithm Used Predictive Value
Yang et al*® RVOT/LVOT 45 Retrospective and multicenter Earliest onset of QRS and peak/nadir in V, Sensitivity 92%;
Males: 16 (35) predicting RVOT origin specificity 88%
Mean age: 41+14
EAM: 31 (68)
Cheng et al*® RVOT/LVOT 42 Retrospective (n=31), prospective V, transition: R-wave deflection interval in | Sensitivity 100%;
(n=11), and single-center V, (>80 ms) and R-wave amplitude index specificity 83%
Males: 11 (35) in V, (>0.3) predicting LVOT origin
Mean age: 45+18
EAM: NR
Ito et al*® RVOT/LVOT 168 Retrospective (n=80), prospective S-wave amplitude V, and transition zone | RVOT septum 68%;
(n=88), and single-center inV, or S wave in lead |; following this, RVOT free wall
Males: 79 (47) R/S amplitude index and R-duration index 81%; RVOT His
in lead | 73%
Mean age: 53+15
EAM: NR
Betensky et al*! RVOT/LVOT 61 Retrospective (n=40), prospective V, transition ratio 0.6 predicting LVOT Sensitivity 95%;
(n=21), and single-center origin specificity 100%
Males: 19 (48)
Mean age: 44+14
EAM: 61 (100)
Yoshida et al*? RVOT/LVOT 112 Retrospective and single-center Transition zone index <0 predicting LVOT Sensitivity 88%;
igi ificity 829
Males: 56 (50) origin specificity 82%
Mean age: 48+17
EAM: 25 (22)
Yoshida et al** RVOT/LVOT 207 Retrospective and multicenter V,S/V,R index <1.5 predicting LVOT origin Sensitivity 89%;
ificity 949
Males: 83 (40) specificity 94%
Mean age: 48+16
EAM: 207 (100)
He et al* RVOT/LVOT 695 Retrospective (n=488), prospective Combined TZ index and V,S/VR, Sensitivity 90%);
(n=207), and single-center Y==1.15x(T2)-0.494x(V,S/V,R). If >-0.76 specificity 87%
Males: 158 (32) predicts LVOT origin
Mean age: 41+13
EAM: NR
Kaypakli et al*® RVOT/LVOT 123 Retrospective and single-center V-V, SR Sensitivity 95%;
] difference=(V,S+V,S)=(V R+V,R). If >1.625 specificity 85%
Males: 70 (57) predicted RVOT origin
Mean age: 46+13
EAM: 22 (18)
Joshi et al® RVOT (septal 46 Prospective and single-center QRS duration 2140 ms and R wave, Sensitivity 74%;
vs free wall) notching in inferior leads and V, R/S ratio specificity 93%
Males: NR - L2 .
<1 predicting free-wall origin; following
Mean age: NR this, lead | (to determine anterior or
26 (100 posterior) and aVL (to determine caudal
EAM: 46 (100) or cranial)
Dixit et al' RVOT (septal 14 Prospective and single-center Notching in the R waves in the inferior | RVOT septum 41%;
vs His vs free ) leads and R>S in V, predicting free-wall RVOT free wall
wall) Males: 8 (57) origin 72%; RVOT His
Mean age: 44+13 53%
EAM: 14 (100)
(Continued)

Circ Arrhythm Electrophysiol. 2019;12:e007392.
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Table 3. Summary of the Published Algorithms and the Predictive Valve Used to Differentiate RVOT and LVOT OTVA

Site Patients Study Type Algorithm Used Predictive Value
Zhang et al*® RVOT (septal 65 Retrospective (n=52), prospective LBBB/inferior axis—transition zone RVOT septum 79%;
vs free wall) (n=13), and multicenter >V,—absence of an RR” or RSR” in RVOT free wall
Males: 21 (40) aVL—PVC duration/sinus beat duration 92%; RVOT His
’ >1.9 predicting free-wall origin 88%
Mean age: 42+14
EAM: 65 (100)
Yamada et al*® LV (summit) 27 Retrospective and multicenter Accessible site prediction (cured by Sensitivity 87%;
Males 13 (48) ablation in th.e.GCV, AlV reg|on). RBBB specificity 100%
pattern (transition zone earlier than V),
Mean age: 46+11 aVLl/aVR amplitude ratio >1.1, and S wave
in 'V, or Vg
EAM: NR
Ouyang et al® LVOT (aortic 15 Retrospective and single-center R/S amplitude index (>0.5) and R-duration Statistically
valvular Males: 8 (53) index (>0.3) predicting LVOT significant.
sinus) compared with
Mean age: 36+20 RVOT origin
EAM: NR
Li et al?® LVOT (ISP) 7 Retrospective and multicenter ISP site prediction: RBBB, transition in V,, Not assessed
Males: 5 (71) left superior axis, and small S wave in V,
Mean age: 60+14
EAM: 7 (100)
Tada et al’ Anterolateral 19 Prospective and single-center Anterolateral MA prediction: precordial Sensitivity 60%;
MA transition <V, and R or Rsin V, through V, specificity 99.7%
. 2 2 5!
Males: 10 (52) positive QRS vector inferiorly and notching
Mean age: 61+12 of the R wave in the inferior leads
Kumagai et al*® Anterolateral 35 Prospective and single-center Anterolateral MA prediction: 85% accuracy
MA Males: 24 (69) precordiall ‘transition \/‘1 or yz, S wave in
V,, positive R-wave inferiorly, and R
Mean age: 53+14 wave >1.6 mV aVF

AlV indicates anterior interventricular vein; GCV, great cardiac vein; EAM, electroanatomical mapping; ISP, inferoseptal process; LBBB, left bundle branch block;
LVOT, left ventricular outflow tract; MA, mitral annulus; NR, not recorded; OTVA, outflow tract ventricular arrhythmia; PVC, premature ventricular complex; RBBB,
right bundle branch block; RVOT, right ventricular outflow tract; and TZ, transition zone.

V,R/V, INDEX

Modifying the standard precordial leads to create a right-
sided (V,R) lead and posterior lead (V) has been recently
shown to successfully differentiate RVOT from LVOT sites
with high accuracy. Cheng et al*® demonstrated a V,R/
V. index >0.85 (n=97 patients) predicted an LVOT origin
with 87% sensitivity and 96% specificity and prospec-
tively validated their index in a further 94 patients with
a 98.6% accuracy. The area under the curve was highest
for the V,R/V, index (0.95) compared to V,5/V_R (0.89), V,
transition ratio (0.79) and lowest for the TZ index (0.66).
It was also shown to have the highest accuracy in sub-
analyses in those with cardiac rotation or transition at V.

An algorithm guiding clinicians to the SOO of OTVA
incorporating ECG prediction algorithms (standard or
alternative ECG configurations) with typical ECG signa-
tures is shown in Figure 6.

ANATOMIC CONSIDERATIONS AND
PITFALLS OF CLASSICAL ECG SIGNATURES

The OT is a complex and anatomically condensed
region with overlaying critical structures in close prox-

Circ Arrhythm Electrophysiol. 2019;12:e007392. DOI: 10.1161/CIRCEP.119.007392

imity. The use of typical ECG rules to identify the SOO
may erroneously point to an alternative site, distinct
from the arrhythmogenic foci. SOO prediction is impor-
tant before catheter mapping and ablation potentially
being able to hone in on the region of interest, limiting
unnecessary mapping and ablation. It also has implica-
tions for disclosing additional risks to patients preproce-
durally, procedural factors, and anticipated procedural
success. Furthermore, non-RVOT sites are more likely
to develop PVC-induced cardiomyopathy®” and are at
higher risk of cardiac events due to greater variations in
coupling interval.>®

ECG signatures are typically based on classical mor-
phological characteristics using the bundle branch pat-
tern in V, and precordial transition. Activation from
anterior structures such as the free wall of the RVOT will
have LBBB morphology due to the net electrical forces
propagating away from this site. Conversely, activation
from posteriorly located structures such as the mitral
annulus will have RBBB pattern morphology as the net
activation forces are toward V.. In general, there is a
gradual progression in V., morphology from a complete
LBBB to an RBBB as the SOO shifts from anterior to
posteriorly directed structures (ie, anterior RVOT to
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Figure 5. ECG prediction algorithms used to differentiate right and left-sided outflow tract ventricular arrhythmia (OTVA) origins.
From top to bottom, R-wave duration index, V,S/V,R index, R/S amplitude index, V, transition ratio, R-wave deflection interval, combined index, and transition
zone (TZ) index (with an right ventricular outflow tract [RVOT] and aortic valvular sinus example). LVOT indicates left ventricular outflow tract; and PVC, premature

ventricular complex.

posterior RVOT, RCAS-LCAS commissure, LCAS, AMC,

great cardiac vein/anterior interventri

summit). The only break from this pattern of progres-
sion are foci originating from the AMC which have clas-

cular vein, and LV

sically have a gR in V,'” which may be due to a unique
exit from remnant His-Purkinje tissue.?*

The more anterior RVOT free wall will transition later
(V, orV,) than the septal RVOT (V, or V,) which is more

V1/Inferior leads

LBBB/Inferior axis

RBBB/Inferior axis

qR in V1 ||No transition

v v
R-wave Duration Index <0.5 V2 Transition ratio 20.6
Standard ECG R/S Amplitude Index <0.3 Combined Index (V2S/V3R + TZ Index = -0.76
configuration T (VT
Alternative ECG V4/V8 Index: RVOT < 2.28 < LVOT
configuration V3R/V7 Index: RVOT < 0.85 < LVOT

Outflow tract site

RVOT Sites

Aortic Sinus Sites

LVOT Sites

|

Putative sites

y
Initial QRS slurring and
V2 transition break
ECG A A h 4 v h 4 4 4 L 4 v v h 4
r=n o Inferior || Tall R-wave | | Tall R-wave | | Positive lead || | Narrow LBBB rSin Vi1 Q@S ‘notch’in || Multiphasic | |Narrow LBBB,| Late Early Monophasic Rsin
S[gnatures notching lead | inferiorly aVR<aVL asinVi | |Pesitive lead | vi+ ‘M or 'Win || QS ratio in transition transition R-wave in precordial
Smaller aVL/| | Negative R- transition V3 Vi lead I/llI>1_| | aVL/aVR <1.1 | | aVL/aVR >1.1 precordial leads and
aVRratio | | wave lead | leads natching
inferior leads
L h 4 r
[Free-wai] [pscrai] [Pscic) Parahisian RCAS/LCAS LCAS| Septal LVOT] Distal Proximal ‘ Jp——

“Inaccessible”
LV Summit

“Inaccessible”
LV Summit

Figure 6. Algorithm guiding localization of outflow tract ventricular arrhythmia (OTVA).
The initial step is to examine V, and the inferior leads. If the pattern is a right bundle branch block (RBBB)/inferior axis, this point to a aortomitral continuity (AMC)
or anterolateral mitral annulus (MA) site of origin (S00). A left bundle branch block (LBBB)/inferior axis allows application of ECG prediction algorithms (either

standard or alternative ECG configuration can be used) to distinguish between right ventricular outflow tract (RVOT) and left ventricular outflow tract (LVOT) sites.

Typical morphological signatures can be applied to position the SOO to a putative site. LCAS indicates left coronary aortic sinus; PSC (LC), left cusp of the pulmo-

nary sinus cusps; PSC (RC), right cusp of the pulmonary sinus cusps; and RCAS, right coronary aortic sinus.

Circ Arrhythm Electrophysiol. 2019;12:e007392. DOI: 10.1161/CIRCEP.119.007392
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posterior (Figure 2; Tables 1 and 2). Similarly, the anteri-
orly positioned RCAS (directly posterior to the septal or
posterior RVOT) will transition later (V, or V,) than those
arising from the posterior LCAS (R wave typically seen
in V,) with a multiphasic morphological appearance (W
or M)'®3 (Figure 2; Tables 1 and 2). A QS notch in V,
and transition at V, is typically seen with an origin at the
RCAS-LCAS junction (Figure 2; Tables 1 and 2)."> The
absence of an intrinsicoid deflection, precordial lead
monophasic R wave, and absence of an S wave in V,
suggests a SOO in the aortic sinuses as opposed to the
AMC or anterior mitral annulus.?

These ECG signatures are simple to use, however,
are inaccurate to locate specific sites within each side of
the tracts, particularly if transition occurs at V,. Further-
more, these studies are based on only limited patient
numbers, reducing their generalizability. More detailed
analyses have predominantly correlated morphology to
pacemapping, however, the major limitation of pace
mapping is the risk of remote ventricular pacing (far-
field capture). Prior studies mapping idiopathic RVOT
VT patients have shown the spatial resolution of pace-
mapping to be inferior to activation mapping.>:°

The deficiencies in accurate morphological assess-
ment of OTVA foci prediction led to the development
of a multitude of algorithms. Similar to the morphol-
ogy studies, a pitfall of algorithm-prediction studies are
limited patient numbers. Nonetheless, these algorithms
have particularly focused on separating right-sided and
left-sided OTVA by utilizing the smaller R-wave ampli-
tude and shorter durations that are seen in RVOT foci.
Anatomically, RVOT foci are more anterior (and closer)
to V, and V,. This explains why the initial vector moving
away from the anterior site will have smaller R-wave
duration and amplitude compared to aortic sinus vec-
tor which will activate more myocardium (and take a
longer time, hence larger R-wave duration index) from
the central location to the anterior wall. Interestingly,
in the description by Ito et al,*® there was no overlap in
ratios using their cutoffs comparing septal RVOT and
RCAS sites, despite their close anatomic proximity. One
explanation for this is the fact that the posterior RVOT is
not strictly septal but is formed by the ventriculo-infun-
dibular fold with an extracardiac tissue plane that can
be seen in Figure 1 (yellow arrows).

DISADVANTAGES OF ECG PREDICTION
ALGORITHMS

An issue encountered with published algorithms is the
chance of calculation errors which can be perpetuated
by the intricate, computational method to derive mea-
surements and multiple steps making it difficult to eas-
ily calculate. Indeed, a recent study compared 2 of the
more easily applicable algorithms (Dixit et al'? and Joshi

Circ Arrhythm Electrophysiol. 2019;12:e007392. DOI: 10.1161/CIRCEP.119.007392

et al®) to more complicated algorithms (Zhang et al*®
and Ito et al*) in 99 patients with RVOT tachycardias.®'
The latter had a higher predictive accuracy at the detri-
ment of more intricate steps and more difficult to use in
routine clinical practice.

A limitation of early developed algorithms was the
inability to correct for cardiac rotation which is com-
monly present even in a cohort of patients with pre-
dominantly structurally normal hearts. This has led to
the development of the V, transition ratio and TZ index
which take into account cardiac axis variation, respira-
tory variation and ECG lead position to normalize pre-
cordial transition. This involves not only calculating the
absolute transition of the PVC, but correcting it to the
sinus rhythm precordial transition. Yoshida et al** dem-
onstrated that cardiac malrotation of the electrical axis
is common. Thirty-seven percent of their cohort had
counter-clockwise rotation (defined as SR TZ <V.) and
13% had clockwise rotation (defined as an SR TZ >V).
Other factors that influence the predictive accuracy of
algorithms include lead positions, aorta deformities,
chest wall thickness (ie, obesity, chest wall deformity),
medications, ventricular hypertrophy, and preferential
conduction.##62

Another factor that may reduce the accuracy of ECG
predictive algorithms in the OT is the finding that some
patients with aortic valvular sinus arrhythmias have
preferential conduction to the RVOT with early break-
out at this site, possibly due to myocardial fiber orienta-
tion or shared muscle. The posterior subpulmonic valve
is positioned in close proximity to the anterior subaortic
LVOT and distal RCAS; whereas parts of the aortic val-
vular sinuses (eg, the lateral and distal LCAS) are adja-
cent to the RVOT.* The possibility of shared myocardial
connections bridging left and right OTs (with different
exits) has clinical implications as it may allow for alter-
native CA approaches (including from the other OT) to
be used in failed or challenging cases. Yamada et al®
demonstrated that =25% of patients with OTVA origi-
nating from the aortic sinuses (as determined by earli-
est activation site) had better pacemap match in RVOT
breakout sites compared to aortic sinus sites. Further-
more, a significantly longer stimulation-QRS interval
was present when pacing the RVOT compared to the
aortic sinuses suggestive of fiber extensions connect-
ing the aortic sinus to the RVOT or LV septum exist in
some patients. When mapping the posterior RVOT, the
presence of early but far-field signals may be the result
of preferential conduction through bridging fibers from
a deeper LVOT focus. Ablation at the early RVOT site
may fail to eliminate the focus despite the presence
of an excellent pacemap. Mapping the adjacent LVOT
may result in equally early but near-field signals which
result in successful ablation. Conversely, a poor pace-
map match may be encountered at the site of earliest
activation due to preferential conduction of the paced
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beat away from the putative focus to a remote exit site.
In this situation, careful interrogation looking for the
earliest near-field signal in the region of interest may
be more useful than pacemapping.* It has also recently
been shown that 4% of patients with OTVA have a
change in preferential exit following initial RF delivery
associated with alteration of the original ECG morphol-
ogy to an adjacent site.®® Ablation at the new earliest
site eliminated ectopy in 88 %, possibly suggestive of an
intramural VA origin with a shift in the surface breakout
due to ablation at the first preferential exit.

Finally, alternative ECG configurations can be used
to maximize the largest deviations in vector ratios and
may improve the prediction accuracy beyond what
can be achieved using conventional configurations.
Relatively small lead displacements in the anterior
precordium have been to significantly alter the tran-
sition vector ratio.> Furthermore, V, through V, are
distinctly distant from these sites (lateral and lower)
and are of limited value in differentiating OTVA sub-
types as precordial transition is most discriminatory
between V., and V.. The synthesized right-sided leads
are useful as they offer binary differentiation between
RVOT and LVOT foci. Future expansion of this study
to include all subtypes of LVOT foci is desired. Other
novel configurations such as the V /V, index and V,R/
V, indices are highly specific and particularly strength-
ened by a large validation cohorts, corrected to car-
diac rotation, and accurately differentiate those with
a V, transition.

CONCLUSIONS

Ablation outcomes can be improved if the OTVA origin
can be predetermined before CA. Differentiating left-
sided and right-sided OTVA can be predicted with a
variable accuracy using the ECG algorithms before CA.
A combined model using the TZ index and V,S/V.R is
the most accurate, but its clinical utility may be limited.
Promising novel techniques altering the ECG configu-
ration have been developed and can also be used to
predict OTVA with high accuracy.
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