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L= Video online

The online version of this article (doi: 10.1007/
$00399-017-0507-1) contains a reconstructed
computed tomographic image showing the
anatomy of the outflow tracts (© Samuel

J Asirvatham, Mayo Clinic, Rochester,
Minnesota, U.S.A). You will find the video

at the end of the article as supplementary
material.

Introduction

Outflow tract tachycardia (OT-VT)
classically presents in young females
(30-50 years) without any underly-
ing structural heart disease and is fre-
quently triggered by stress and exercise
[1]. It has three distinct phenotypes,
namely, monomorphic premature ven-
tricular contractions (PVCs), nonsus-
tained monomorphic ventricular tachy-
cardia, and sustained VT [2]. Although
the left and right outflow tracts (LVOT
and RVOT, respectively) are the most
common sites for VT, with the right more
common (60-80%), there are other vari-
ants of OT-VT including origins from
the pulmonic valve [3], the aortic sinus
of Valsalva [4, 5], near the His bundle [6],
and the epicardium of the ventricles [7].
Preliminary localization from surface
ECG analysis is critical to aid in ablation
[8]. In this paper, we will discuss the
basic and advanced interpretation of the
ECG in OT-VT as well as outline the
approach to mapping these arrhythmias.
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Anatomy

The OT are structures located at the base
of the heart [9] (Video 1). The proximal
RVOT begins at the superior margin of
the tricuspid annulus and lies to the right
of the LVOT here. As the RVOT extends
superiorly, the mid and distal RVOT wrap
around the LVOT and therefore contrary
toitsname the RVOT islocated anteriorly
and more leftward than the LVOT. The
structure therefore immediately anterior
to the aortic valve is the posterior mus-
cular infundibular portion of the RVOT
(B Fig. 1). The pulmonic valve is located
to the left and anterior (5-10 cm) to the
aortic valve. The posterior RVOT is im-
mediately anterior to the right coronary
sinus of Valsalva cusp (RCSoV)and a por-
tion of the left coronary sinus of Valsalva
(LCSoV). Therefore, the posterior RVOT
has no true epicardial surface in contrast
totheanterior RVOT. The LVOTisnoten-
tirely muscular (like the RVOT) and has
a fibrous portion. There is no infundibu-
lum below the aortic valve. This differ-
ence in anatomy can be attributed to the
differential absorption of the subvalvular
infudibulae below the aortic (AoV) and
pulmonary valves (PV) [10]. Extensions
of muscle sleeves are noted above the
valves in both the outflow tracts (LCSoV
24%, RCSoV 54% [11], PV 74% [12]).
The aortic valve is the central valve
of the heart and has an intimate relation
with all the other valves of the heart.
The membranous interventricular sep-
tum lies just below the junction of the
RCSoV and the noncoronary sinus of
Valsalva (NCSoV). This corresponds to
the junction of the anterior and septal
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leaflet of the tricuspid valve on the right
side. The aortic valve annulus is anatom-
ically nota true annulus. Itisacomposite
junction between the left ventricle and
the aorta. The left and posterior part of
this annulus is fibrous and is structurally
continuous with the anterior leaflet of the
mitral valve [13]. Apart from the anterior
RVOT, in structurally normal hearts, all
the other sites have proximity to the coro-
nary arteries. As the pulmonary valve is
superior to the aortic valve, the posterior
RVOT is located at the level of the aortic
cusps and coronary artery ostia. The left
main coronary artery runs posterior to
the distal RVOT and can be at risk of in-
jury due to ablation in its posteroseptal
aspect [14].

The region on the epicardial aspect
bounded by the division of the left
main coronary artery (LM) into its main

Fig. 1 A Intracardiac echocardiography im-
age showing the relationship of the RVOT and
the aorta. N noncoronary sinus of Valsalva;

L left sinus of Valsalva; R right sinus of Valsalva;
RVOT right ventricular outflow tract; MPA main
pulmonary artery; TV tricuspid valve
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branches and the great cardiac vein
(GCV) laterally forms the triangle of
Brocq and Mouchet [15]. This surface is
close to the anteroseptal RVOT and the
LCSoV forming the highest portion of
the LV epicardium (LV summit).

Generic ECG

Any VT that originates from the LVOT
and RVOT will tend to have an inferior
axis (tall positive R waves in leads II, III,
and aVF) with negative QS complexes
in leads aVR and aVL [8]. If the origin
is from the RVOT, the ECG will typi-
cally display a left bundle branch block
(LBBB) and R wave transition at lead V4
or greater, while LVOT origin will typ-
ically have a right bundle branch block
(RBBB) with R wave transition leads at
V3 or earlier [16].

Importance of lead V1

Lead V1 is a right sided and anterior
chest lead. It sits directly above and very
close to the anterior RVOT. Therefore,
the vector of activation from the ante-
rior RVOT (directly behind V1) will be
away from this lead resulting in a pre-
dominately negative complex in lead V1
(QS wave, left bundle branch morphol-
ogy). The presence of an R wave in lead
V1 should raise suspicion of the possi-
bility of a more posterior origin owing
to anteriorly directed forces and myocar-
dial activation towards V1 [17] includ-
ing the posterior RVOT, RCSoV/LCSoV
or aorto-mitral continuity (AMC).A pos-
terior RVOT origin therefore will have
asmall but noticeable R wave in V1, while
origin in either sinus of Valsalva or the
AMC will have a larger R wave due to
their more posterior location (@ Fig. 2).

Importance of lead |

Lead I being a left sided lead provides
valuable insight in differentiating be-
tween the various sites of origin of OT-
VT with an R wave in lead V1 [18].
Presence of a large R wave in lead I is
suggestive of an origin from the right
and posterior RVOT or the anterior and
right LVOT (RCSoV). A biphasic QRS in
lead I with predominant S wave (R/R +
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Abstract

Ventricular arrhythmia arising from the
outflow tracts can manifest itself as frequent
premature ventricular complexes (PVCs),
salvos of ventricular tachycardia (VT), and/or
sustained VT. It is amenable to management
with medication and catheter ablation
without need for an intracardiac defibrillator.
The electrocardiogram (ECG) is a crucial tool
in the management of these patients as it is
can help localize the site of origin, thereby
helping guide the electrophysiologist. An
appreciation of the unique anatomy of the
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outflow tracts as well as their relationships
with the surrounding structures is essential

in interpreting the ECG. In this review, we
examine the ECG features of the various
outflow tract arrhythmia morphologies with a
focus on anatomy and provide an approach
to the ablation of these abnormal rhythms.
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Zusammenfassung

Die ventrikuldre Arrhythmie aus einem
Ausflusstrakt kann sich als haufige vorzeitige
ventrikuldre Komplexe (PVC), Salven von
ventrikuldren Tachykardien (VT) und/oder
anhaltende VT manifestieren. Sie ist

mittels medikamentoser Therapie und
Katheterablation behandelbar, ohne dass ein
intrakardialer Defibrillator notwendig ist. Das
Elektrokardiogramm (EKG) ist ein wichtiges
Instrument bei der Behandlung dieser
Patienten, da es bei der Lokalisierung des
Ursprungsorts helfen kann und damit dem
Elektrophysiologen leitende Hilfestellung
bietet. Die Beachtung der einzigartigen

Ventrikuldre Ausflusstraktarrhythmien. Elektrokardiographische
Charakteristika in Bezug auf Mapping und Ablation

Anatomie der Ausflusstrakte sowie ihrer
Beziehung zu den umliegenden Strukturen
ist fiir die Interpretation des EKG essenziell.

In diesem Review untersuchen wir die
EKG-Charakteristika der unterschiedlichen
Ausflusstraktarrhythmie-Morphologien mit
dem Fokus auf die Anatomie und stellen ein
Verfahren fiir die Ablation dieser Arrhythmien
vor.

Schliisselworter
Ausflusstraktarrhythmie - Sinus Valsal-
vae - Anteriore interventrikulare Vene -
Pulmonalarterie - Aorta

S ratio < 0.7) localizes the origin to the
peri PV region. This corresponds to the
anatomical location of these sites with
the peri PV region being located more
leftward than the posterior RVOT or the
RCSoV. In keeping with its leftward and
anterior location, the anterior RVOT has
the smallest R wave (R/R + S ratio < 0.4)
in lead I, but the absence of R wave in
lead V1 makes the distinction relatively
easier (B Fig. 3)

Epicardial versus endocardial
origin

PVCs arising from the epicardial surface
at the LV summit show slurring of the
initial portion of the QRS complex which
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can be quantified by use of the maximum
deflection index (MDI: shortest interval
to the maximal positive or negative de-
flection divided by the QRS duration)
=55 ms. Another useful clue is the pres-
ence of a ‘pattern break’ in the precordial
lead progression of the R wave consisting
of an abrupt loss of the R wave in lead V2
coinciding with a septal epicardial origin
of the PVC (opposite lead V2) [19].

In addition, a QS pattern in lead I also
suggests an epicardial origin over an en-
docardial origin. This is attributed to
the absence of any vector towards lead I
when the origin is epicardial as com-
pared to an endocardial site where the
depolarization of the myocardium begins
endocardially and is directed to the sur-
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Fig. 2 A Premature ventricular complex (PVC) morphologies corresponding to common locations in
the outflow tracts. a Anterolateral right ventricular outflow tract (RVOT). b Posteroseptal RVOT. c Right
coronary sinus of Valsalva
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Fig. 2 (continued) A Premature ventricular complex (PVC) morphologies corresponding to common
locations in the outflow tracts.d Left coronary sinus of Valsalva. e Epicardium anterolaterally close to
the left ventricular outflow tract (LVOT). f PVC mapped and ablated at muscle sleeve above pulmonic

valve
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Intracardiac signals

Fluoroscopic Imaging
RAO

Fig. 3 < Reconstructed
computed tomographic
image showing the
anatomy and interrelation-
ship between the outflow
tracts. RVOT right ventricu-
lar outflow tract; LVOT left
ventricular outflow tract;
RVright ventricle; LV left
ventricle; PA pulmonary
artery; SoV sinuses of Val-
salva; CS coronary sinus;
MCV middle cardiac vein;
GCV great cardiac vein,
RAOright anterior oblique;
LAO left anterior oblique

LAO

Fig. 4 A Mapping of a premature ventricular complex (PVC) with triangulation of intracardiac signals based on catheter posi-
tion and relative anatomy.a During the PVC, the timing of the far field (FF) ventricular signals on CS 1.2 corresponds to the FF
ventricular signals on the His (H) catheter indicating that neither of these sites are early and a third site along a line connect-

ing these is the site of origin. The ventricular signals on the right ventricular (RV) catheter is late. The FF signals on the ablation
catheterinthe RV basally is the earliest signal during the PVCindicating that the His location is also late, but a nearby site is the
early site. b Therightanterior oblique (RAO) and left anterior oblique (LAO) views show the catheter positions at the site of final
ablation of the PVC. The distal tip of the ablation catheter lies along a line between the tip of the His catheter and the tip of the
coronary sinus (CS) catheter in both views validating the observation made in a

face of the heart traveling through the
transmural myocardial thickness [20].

No specific ECG features differenti-
ating intramural origin of PVCs from
endocardial origin have been described.

Other unique features in the origin of
PVCs from various sites are summarized
in @ Table 1.

Approach to mapping

Role of ECG and Holter

PVC mapping is tailored to the mech-
anism of the underlying PVC. It begins

with the recording of the PVC morphol-

ogy and estimation of the PVC count

on surface ECG recordings and 24-48 h

Holter records which are extremely use-

ful in the following ways:

== Estimation of total PVC burden

== Identification of the predominant
PVC morphology

= Comparative assessment to identify
morphological variants of PVC

= Assessment of the sinus beat-PVC
coupling interval (8 Table 2)
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Role of preoperative imaging

Preoperative imaging with magnetic res-
onance imaging (MRI) can help in the
identification of abnormal substrate in
arrhythmogenic right ventricular dys-
plasia (ARVC), subepicardial scar in
the RVOT in athletes having ventricu-
lar arrhythmias and periaortic scar in
elderly patients due to localized fibro-
sis. In patients with surgically repaired
conotruncal anomalies, it provides de-
tailed information about the variant
coronary anatomy and cardiac structure.
Functional mapping using positron emis-
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Table 1  Features of PVCs arising from various locations

Origin

Inflow outflow
region of RVOT

RVOT: below
the pulmonary
valve

Right coro-
nary sinus of
Valsalva

Left coronary
sinus of Val-
salva
Aorto-mitral
continuity

LVOT origin
below the
aortic sinuses
of Valsalva
Mitral annulus
a. Anterolateral
(AL)

b. Posterior
(Pos)

c. Posteroseptal
(PS)

LV summit

ECG features
V1 Morphology
QSinlead V1

No R wave, all nega-
tive

Initial R wave, then
bigger S wave (due
to more posterior
location than an-
terior wall of RVOT
— which would be
most anterior)

R wave > S wave

Positive (R wave
>S wave)

Small R wave (89%)

Monophasic R wave
Monophasic R wave
Monophasic R wave

Prominent R wave

Lead |

Monophasic
R wave

Positive

Positive/
biphasic

Biphasic/
negative

Biphasic/
negative

Biphasic/
negative

RS mostly
R>s

R>s

Biphasic/negative

Inferior leads

Amplitude of R wave is
reduced. R wave in lead
lll<R wave in lead Il

Tall R waves with R wave
in lead IlI<R wave in
lead Il

Tall R waves with R in
lead lll<Rin lead Il

Tall R waves in with R in
lead llI>Rin lead Il

Positive for anterior
locations

Tall R waves with,
R wave ratio in lead IlI/Il
>1.1

R wave

rS

rS

Tall R waves
with, R wave
ratio in lead llI/I1
>1

Precordial transition

Early precordial transition
[21]

Late precordial transition
[23]

Early/late precordial tran-
sition

Early precordial transition

Positive precordial concor-
dance/early transition

Positive precordial concor-
dance/early transition

Positive precordial
concordance in all 3 types

Positive precordial concor-
dance/early transition

Special comments

Conus papillary muscle may be
present [22], varying morphology
of PVC depending on the exit site
of the PVC

qrS in lead V1 for origin at the
commissure between RCSoV and
LCSoV [24]

gR pattern, LBBB morphology in

V1, transition> V1, varied morphol-
ogy of PVC may be associated with
remnant conduction tissue here
[25, 26]

aVL/aVR Q-wave amplitude ratio
>1.4[27]

S wave was always present in lead
V6 in all the types. Late notching in
the inferior leads seen in AL and
Pos sites of origin and absent in PS
site of origin [28]

Initial slurring in QRS (pseudo-

delta) wave. Increased maximum
deflection index. Pattern break in
precordial R wave in lead V2 [19]

PVC premature ventricular complex, RVOT right ventricular outflow tract, LVOT left ventricular outflow tract, LV left ventricular, LCSoV left coronary sinus
of Valsalva, RCSoV right coronary sinus of Valsalva, LBBB left bundle branch block, ECG electrocardiogram

Table2 Association of the coupling interval of premature ventricular complexes (PVC) with the

underlying mechanism of PVC production
Coupling interval

Constant

Changes

PVC decreases with increase in prior pacing

rate/sinus rate

PVCincreases with increase in prior pacing

rate/Sinus rate

sion tomography (PET) detects areas of

increased glucose uptake in suspected

inflammatory cardiomyopathies [30].

Morphology Interpretation
Changes Varying exits of reentrant
circuit/
Digoxin toxicity (DAD)
Constant Reentrant circuit/
cul-de-sac regions
Constant Triggered activity
Constant Reentry

Cul-de-sac locations in the outflow tract include the muscle sleeves above the pulmonary and the
aortic valves, the aortomitral continuity, any regions of scar post-surgery, periaortic scar in elderly

(29]

DAD delayed after depolarizations
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Catheterization laboratory

Anesthesia has an unquantified role in
PVC suppression and should be used
minimally at the outset. If PVC numbers
are low, pacing maneuvers from ventri-
cleortheatrium, adrenergic medications,
caffeine, and calcium may be used to in-
duce PVCs. Caution may need to be
exercised in the patients with coronary



Fig. 5 « Slide
showing far field
(FF) and near field
(NF) reversal be-
tween sinus rhythm
and the premature
ventricular complex
(PVQ)

Left main artery

3 Aorto mitral
Aorto mitral continuity

continuity

Great cardiac

vein ., Right
coronary
Non coronary sinus of Coronary
)
Valsalva sinus

Fig. 6 A Imaging of the left ventricular outflow tract (LVOT). a,b Reconstructed computed tomographicimages of the LVOT
showing the relation of the LVOT to the mitral valve (M). cIntracardiac echocardiographicimage showing the ablation catheter
beneath the left coronary sinus of Valsalva: ablation catheter tip (white arrow), left coronary sinus of Valsalva (black arrow).

d Biplanar fluoroscopic image of the catheter position in image: ablation catheter tip (whitearrow)
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RAO

_ Ablation |
Catheter and

CS catheter ;-”

LAO

Fig. 7 A Utility of biplanar views in the mapping of the outflow tract and anatomically contigu-
ous regions. a Relation of the AIC-GCV junction and the aortomitral continuity.b Relation of the of
the AIC-GCV junction and the anterior RVOT. RAO right anterior oblique; LAO left anterior oblique;
RVOT right ventricular outflow tract, AIC-GCV anterior interventricular vein—great cardiac vein

artery disease, chronic kidney disease,
and the elderly.

After catheters have been placed, an
assessment of the site of PVC origin
is done by triangulating its location
(BFig. 4). A suitable stable reference
either off the surface QRS or off an
intracardiac catheter is then chosen. The
window of interest can be initially broad
to include an interval that is split in half
before and after the reference and en-
compassing the entire coupling interval
of the PVC. Care to map the same PVC
is important with appropriate exclusion
of fused or variant PVC morphologies
from the map.

A high-density map at the site of in-
terest is important with analysis of the
prepotentials and their timing in sinus
rhythm. There may be reversal of signals

with the prepotential coming earlier than
the PVC (@ Fig. 5).

Intraprocedural echocardiography is
useful to assess regional anatomy and
contact (BFig.6). If the PVC burden is
low, then pace mapping may be a use-
ful technique. Potential pitfalls include
capture of tissue at remote sites, inabil-
ity to capture local tissue, and the phe-
nomenon of preferential conduction [31].
Pace mapping at an output just above the
threshold at the local site with adequate
contact is important.

It is important to map anatomically
contiguous regions since the unique
anatomy of the outflow tracts predispose
to functionally disparate structures con-
tributing to the production of similar
PVCs. Biplanar fluoroscopic imaging
may help with the understanding of
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the regional anatomy during mapping
(BFig. 7). Reentry may involve compo-
nents of all these structures and may
need to be mapped separately. Sev-
eral theories including scar formation
[3], loss of electronic interaction with
surrounding myocardium in cul-de-sac
regions [32] are proposed for reentry.
Clues for identification of reentry during
mapping include mapping >70% of cou-
pling interval of PVC, reset of PVC with
fusion, long stimulus to R wave during
pace mapping, and suppression of PVC
using subthreshold stimuli. Additional
clues may include multiple closely related
morphologies, inducibility of PVC using
programmed ventricular stimulation and
presence of fragmented electrograms in
areas of interest [29].

After mapping the site of origin for
focal PVCs or the circuit for reentrant
PVCs, it is important to assess the safety
of ablation [14, 33]. A routine angiogram
to demarcate the course of the vessels,
keeping the ablation catheter at the pro-
posed site of energy delivery, is the safest
way to gauge the risk. Ablation from
multiple sites may be needed especially
if there is proximity to coronary vessels
(B Fig. 8). In case suppression of PVCs is
not achievable by this technique, it may
be of use to revisit the mapping to identify
alternate sites or reevaluate the decision
to ablate in consultation with the patient.
Ablation within the coronary venous sys-
tem may be difficult owing to increased
impedance and poor delivery of power in
this region along with concerns of caus-
ing damage to the arterial system. For
PVCs arising from the LV summit, suc-
cess is usually dependent on the proxim-
ity to the coronary arteries with greater
success achieved at the more lateral re-
gions away from the bifurcation of the
LM (@ Fig. 8).

Intramural origin of PVCs can be rec-
ognized by the absence of a clear early
site of activation during mapping >10
ms ahead of the PVC, poor pace maps,
early far field prepotentials in the venous
system or at the AMC, transient suppres-
sion of PVC despite ablation from corre-
sponding sites at both sides of the muscle
[34]. Potential solutions may include ab-
lating at all sites of relative early activation



left main
LCX AlV-

4

.

Non coronary / right and left
sinuses of valsalva

b

left main

or use of bipolar ablation techniques or
use of venous tributaries for ablation.

Origin from the conus papillary mus-
cle should be suspected when there are
spatially displaced sites of early signals
within the RVOT with prepotentials sug-
gestive of conduction tissue when map-
ping. Adequate contactisachieved by use
of intracardiac echocardiography during
mapping and ablation. Ventricular fib-
rillation may be induced when ablating
at this site [22].

Sites lower in the outflow tracts and
in the basal ventricular septum carry the

GCV
junction

"

AIV-GCV junction

LAD inaccessible area
of heart LAD

potential to cause atrioventricular blocks
while ablation [35]. Cryomapping and
ablation may be preferable to use of ra-
diofrequency energy here [36]. At the
AMC, prepotentials during mapping are
associated with narrower QRS duration
of the PVC, poorer pace map scores, and
short local electrogram to QRS duration
(VEGM-QRS) at sites of successful abla-
tion [37].

Post ablation, it is important to check
for inducibility of sustained monomor-
phic arrhythmia localized to the site of
ablation. If present, additional ablation
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LCX

Fig. 8 « Proximity of the
coronary vessels to the pos-
teroseptal RVOT. a Ablation
catheter in the posterosep-
tal RVOT close to the origin
of the left main coronary
artery (LM) and the left
anterior descending artery.
b Reconstructed com-
puted tomographic image
showing the proximity of
the coronary arteries and
the posteroseptal RVOT.
RAO right anterior oblique;
LAO Left anterior oblique;
RVOT right ventricular out-
flow tract, AIC-GCV anterior
interventricular vein—
great cardiac vein; LV left
ventricle; RVright ven-
tricle; LCX left circumflex
artery; LAD left anterior de-
scending artery; GCV great
cardiac vein

lesions to ensure noninducibility should
also be given.

Special situations

ARVC. Testing for sustained VT and ad-
ditional substrate mapping of the RV and
LV (if indicated) to ablate areas of ab-
normal substrate may be needed.

Congenital heart disease. Inaccessible
areas owing to recreation of the outflow
tract by synthetic material or xenograft
tissue may pose special challenges ne-
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cessitating mapping at contiguous sites
from the adjacent cardiac chamber or
puncturing baffles or homografts to gain
access to the underlying native cardiac
tissue.

Conclusion

Arrhythmias arising from the outflow
tract may either be independent in their
etiology or a part of a larger spectrum
of disease. They are usually calcium-de-
pendent for their production; however,
alternate mechanisms are currently be-
ing recognized. ECG provides a clue to
the site of origin and the success rates
of ablation are high with low incidence
of major complications.
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