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Left Ventricular Outflow Tract Tachy-
cardia Including Ventricular Tachycardia
from the Aortic Cusps and Epicardial
Ventricular Tachycardia

K.R.Julian Chun, Kazuhiro Satomi, Karl-Heinz Kuck, Feifan Ouyang, Matthias Antz’

Abstract
Idiopathic outflow tract ventricular tachycardia (VT)
can arise from the right (RVOT) or left ventricular out-
flow tract (LVOT). The electrocardiographic (ECG) pat-
tern of RVOT VT is typical in most patients, showing a
monomorphic left bundle branch block (LBBB) QRS
morphology with an inferior axis. Radiofrequency
catheter ablation can be performed with a high suc-
cess rate and provides a curative therapeutic approach.
However, not all VTs with LBBB and inferior axis can be
ablated from the RVOT. It has become apparent that

LVOT VTs including VT originating from the aortic sinus
of Valsalva or epicardium represent underrecognized
VT entities which are also amenable to successful ca-
theterablation.Twelve-lead ECG criteria can contribute
to distinguish between sites of VT origin.

LVOT arrhythmias represent an increasingly rec-
ognized VT entity which can be safely and success-
fully treated by catheter ablation. Identification of VT
origin using ECG criteria and differentiation of LVOT
versus RVOT origin is essential in the careful planning
of the ablation strategy.

Linksventrikuldre Ausflusstrakttachykardien inklusive ventrikularer Tachykardien vom
Aortensinus und epikardialer ventrikuldrer Tachykardien

Zusammenfassung
Idiopathische ventrikulare Ausflusstrakttachykardien
(VTs) konnen sowohl im rechtsventrikuldren (RVOT) als
auch im linksventrikularen Ausflusstrakt (LVOT) ent-
stehen. Das Elektrokardiogramm (EKG) einer RVOT-VT
zeigt typischerweise einen monomorphen Linksschen-
kelblock mit einer inferioren Achse. Die Katheterabla-
tion ist als kurativer Ansatz mit einer sehr hohen Er-
folgsrate gut etabliert. LVOT-VTs einschlief3lich VTs aus
dem Bereich der Aortensinus oder mit epikardialem
Ursprung stellen eher seltener diagnostizierte VT-Enti-

Introduction
Idiopathic ventricular tachycardia (VT) is recognized
as a ventricular arrhythmia without an apparent struc-
tural heart disease and accounts for approximately
10% of all patients referred for an evaluation of VT
[1]. Idiopathic VT can present as a repetitive mono-
morphic VT (RMVT) characterized by frequent short
salvos of monomorphic nonsustained VT or frequent
ventricular premature contractions (VPCs; Figure 1).
It was first observed by Gallaverdin in 1922 [2] and is
variously described in the literature as RMVT, right
ventricular outflow tract (RVOT) VT, adenosine-sen-
sitive VT, exercise-induced VT, or catecholamine-in-
duced VT. Outflow tract arrhythmia (VT or frequent

taten dar, die allerdings ebenfalls mittels Katheterab-
lation erfolgreich behandelt werden kénnen. Zur Un-
terscheidung zwischen VT-Ursprung im RVOT und
LVOT konnen Zwolf-Kanal-EKG-Kriterien verwendet
werden.

Arrhythmien aus dem LVOT konnen sicher und
erfolgreich mit Katheterablation behandelt werden.
Die Identifikation des VT-Ursprungs mittels EKG-Kri-
terien zur Differenzierung zwischen einem VT-Ur-
sprung im LVOT und RVOT ist fiir die sorgfaltige Pla-
nung der Katheterablationsstragie notwendig.

VPCs) is the most common form of idiopathic VT and
typically originates from the RVOT but can also occur
from the left ventricular outflow tract (LVOT), the
aortic sinus of Valsalva and the epicardial surface of
the ventricles [3-5]. Approximately 10-15% of cases
arise from the LVOT [6-8].

The electrocardiographic (ECG) pattern of
RVOT VT is typical in most patients, showing a
monomorphicleft bundle branch block (LBBB) QRS
morphology with an inferior axis (Figure 2). Radio-
frequency (RF) catheter ablation can be performed
with a high success rate and provides a curative ap-
proach [9-11]. Recently, it has become apparent that
LVOT VTs including VT originating from the aortic
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sinus of Valsalva or the epicardium represent an un-
derrecognized VT entity which is also amenable to
successful catheter ablation [3].

Anatomy

It may appear surprising that VT can originate from
the aortic sinuses, not traditionally thought to be as-
sociated with ventricular myocardium. However,
crescent fibers of ventricular myocardium have been
identified in particular at the base of the left and right
aortic sinuses [12] which may serve as the underlying
arrhythmogenic anatomic structure. By contrast, the
base of the noncoronary cusp is composed of fibrous
tissue [13] explaining the very rare incidence of VT
originating from this location [14]. The anterior as-
pect of the LVOT, in particular the right aortic cusp,
is closely related to the posterior aspect of the RVOT
explaining similar twelve-lead ECG characteristics
for arrhythmias arising from this origin. The LVOT is
in close relationship to the right-sided superior septal
region (His). Moreover, the aortic valve is located
more inferior and posterior in comparison to the pul-
monary valve, therefore, subtle twelve-lead ECG dif-
ferences result and help to distinguish the VT origin
which is discussed in detail below.
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Figure 1. Repetitive monomorphic ventricular extrabeats originating from the left

aortic sinus cusp.

Abbildung 1. Repetitive monomorphe ventrikulare Extrasystolen aus dem Bereich

des linken Aortensinus.

Ventricular Tachycardia Mechanism
Outflow tract VT can be induced in the electrophysio-
logical (EP) laboratory, although usually not with pro-

Figure 2. Schematic
drawing of the aor-
tic sinus cusp and
the related anatom-
ic structures with
corresponding ECG
morphology exam-
ples.L:left coronary
cusp; LMCA: left
main coronary ar-
tery; N: noncoronary
cusp; R: right coro-
nary cusp; RCA: right
coronary artery;
RVOT: right ventric-
ular outflow tract.

Abbildung 2. Sche-
matische Darstel-
lung der Aortensi-
nus mit den be-
nachbarten
anatomischen
Strukturen und da-
zu korrespondieren-
den typischen
EKG-Beispielen.

L: linke Koronar-
tasche; LMCA: linker
Hauptstamm;

N: nichtkoronare
Tasche; R: rechte
Koronartasche; RCA:
rechte Koronararte-
rie; RVOT: rechtsven-
trikularer Aus-
flusstrakt.
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Figure 3. ECG analy-
sis and calculation
examples for “R
wave duration in-
dex”and “R/S am-
plitude ratio”. AS:
aortic sinus; RVOT:
right ventricular
outflow tract.

Abbildung 3.
EKG-Analyse mit
Beispielen zur Be-
rechnung des ,,R-
Zacken-Dauer-In-
dex“ und der ,R/S-
Amplituden-Ratio*.
AS: Aortensinus;
RVOT: rechtsventri-
kuldrer Aus-
flusstrakt.
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grammed stimulation [15]. In most patients, sustained
or nonsustained episodes occur in response to burst
pacing and are greatly facilitated by the infusion of iso-
proterenol, atropine or aminophylline [16]. These EP
observations suggest that the triggered activity by de-
layed afterdepolarizations rather than reentry is the
mechanism in RMVT. Outflow tract VT is typically
provoked by physical or emotional stress [15] and ter-
minates in response to verapamil, adenosine and en-
hanced vagal tone which all lead to decreased stimu-
lated intracellular calcium levels [17, 18]. Interestingly,
RVOT and LVOT appear to share the same arrhyth-
mogenic mechanism [19] and termination of VT by
adenosine is considered to be diagnostic of a cyclic ad-
enosine monophosphate-(cAMP-)dependent mecha-
nism mediated by triggered activity dependent on de-
layed afterdepolarizations [20]. Interestingly, an in-
hibitory G protein mutation causing inhibition of
adenylcyclase leading to increased intracellular cAMP
has been identified as one VT mechanism [21]. How-
ever, the lack of specificity and the absence of a uni-
form response support the general consensus that the
VT mechanism is incompletely characterized and
probably varies among individual patients.

Clinical Presentation
In general, outflow tract VT occurs more frequently
in women than men [22] and manifests at a relatively
early age [23-26] with symptoms due to RMVT or
VPCs such as palpitations, lightheadedness or pre-

R wave duration index

Left AS cusp
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L
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46%  (0.98/2.13)

syncope [15, 27, 28]. Most arrhythmias are usually
nonsustained, but in some patients additional epi-
sodes of sustained VT [25] and in others only sus-
tained VT have been observed [15, 29]. Fortunately,
the prognosis is almost uniformly benign [15, 23, 24,
28,30] suggesting a nonprogressive underlying patho-
physiological process and that the tachycardia itself
does not represent an early manifestation of an occult
heart disease. More recently, however, a malignant
variant of RMVT has been identified [31, 32]. In these
patients, VPCs were closely coupled to prior beats
[31] and it was speculated that relatively early trig-
gered beats in the vulnerable period of the repolar-
ization phase resulted in ventricular fibrillation. The
prevalence of this malignant variant remains, how-
ever, unclear (see article by Tilz et al. in this issue).

ECG Criteria: RVOT versus LVOT
The twelve-lead ECG can help to differentiate be-
tween RVOT and LVOT aortic sinus cusp arrhythmia
origin which both present with an inferior axis and an
LBBB morphology. According to Ouyang et al. [3],
ECG analysis should be performed with regard to the
following criteria: (1) R wave duration in lead V, and
V,, determined from the onset of the QRS to the tran-
sition point between the R wave and the isoelectric
line, (2) R wave duration index, calculated as a per-
centage by dividing the QRS complex duration by the
longer R wave duration in lead V, or V,, (3) R/S wave
amplitude ratio, measured from the peak of R and na-
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dir of S to the isoelectric line, expressed as a percent-
age (measured in leads V, and V,, and then the larger
value is used; Figure 3), and (4) R/S wave transition. In
LVOT aortic cusp VT origin, the R wave duration and
R/S wave amplitude ratio (lead V, or V,) were signifi-
cantly increased compared to RVOT VT origin. Ou-
yang et al. suggested “cutoff” values (R wave duration
index > 50% and R/S wave amplitude ratio > 30%)
(which allowed the identification of an LVOT aortic
cusp origin in 6/7 cases (Table 1). In the one remaining
patient (R wave duration index 46%, R/S wave ampli-
tude ratio 27%), the VT did arise from the right aortic
cusp which is closely related to the posteroseptal sec-
tion of the RVOT (Figure 2), thus mimicking an
RVOT origin. By contrast, in LVOT VT originating
from below the aortic valve, a right bundle branch
block (RBBB) morphology is observed. Rarely,
LVOT VT can also originate from epicardial sites
(Figure 4) which can be associated with a so-called
pseudo-delta wave (widening of the initial QRS com-
plex) in the twelve-lead ECG [33].

Therapy

The decision to treat LVOT VT depends on the fre-
quency and severity of symptoms. If clinical symptoms
are absent, infrequent or mild, treatment is not manda-
tory. If, by contrast, symptoms are associated with pre-
syncope, syncope or frequent debilitating extrasysto-
lies, a more aggressive therapeutic strategy should be
chosen. Therapeutic decisions should consider that
many patients are young and otherwise healthy. As a
result, catheter ablation may therefore be preferable
to chronic administration of antiarrhythmic drugs.
Moreover, the concept of a so-called tachycardia-in-
duced cardiomyopathy has been established. Frequent
or incessant tachycardias can lead to a progressive ven-
tricular dysfunction which is reversible after rate con-
trol or successful catheter ablation [34]. Therefore,
frequent or incessant outflow tract VTs with left ven-
tricular dysfunction should be considered an indica-
tion for catheter ablation, if these patients do not ex-
hibit any underlying causes of left ventricular dysfunc-
tion such as coronary heart disease [35].

Medical Treatment
Medical treatment pursues two aims: (1) acute termi-
nation of the arrhythmia, and (2) prevention of recur-
rence. For termination, adenosine, verapamil or
B-blockers can be successfully administered which all
interfere with the cAMP-dependent intracellular cal-
cium level [16, 17, 36-38]. For prevention of recur-
rence, B-blockers or verapamil are often used as
first-line agents. Side effect profiles for both drugs
are mild in comparison to specific antiarrhythmic
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Figures 4a to 4c¢. Subepicardial left focal VT in a patient with repetitive VT. a)
Twelve-lead ECG morphology with widening of the initial ORS complex (see text).
b) Focal activation on the clipped endocardial and epicardial CARTO maps during
tachycardia. The VT was only terminated by irrigated epicardial RF applications in
the left ventricular outflow tract. The red dots indicate endocardial and epicardial
ablation sites. c) Tracings are ECG leads II, V,, and intracardiac electrograms re-
corded from the mapping catheter at the epicardial (Map dis epicardial) and en-
docardial (Map dis endocardial) sites with earliest activation during tachycardia.
Note that the earliest activation recorded from the epicardial site preceded that
from the endocardial site by 13 ms. A steep downslope in the unipolar electrogram
(Map uni) was only present in the epicardial recording.

Abbildungen ga bis 4¢c. Subepikardiale linksventrikuldre VT bei einem herzge-
sunden Patienten mit repetitiver VT. a) Zwélf-Kanal-EKG mit initialer Verbreite-
rung des QRS-Komplexes (s. Text). b) Fokale Aktivierung im endokardialen und
epikardialen VT-Map. Die VT konnte nur durch gekiihlte epikardiale RF-Applikatio-
nenim linksventrikularen Ausflusstrakt terminiert werden. Die roten Punkte mar-
kieren die endokardialen und epikardialen Ablationsorte. c) EKG-Ableitungen II
und V, sowie intrakardiale Elektrogramme vom Mapping-Katheter am Ort der
frithsten Aktivierung wahrend VT, und zwar von epikardial (Map dis epicardial)
und endokardial (Map dis endocardial). Zu beachten ist, dass die friiheste Aktivie-
rung epikardial der friihesten Aktivierung endokardial um 13 ms vorausging. Ein
steiler negativer Ausschlag im unipolaren Elektrogram (Map uni) konnte nur von
epikardial aufgezeichnet werden.

agents. However, success rates are low ranging from
25-50% which is also comparable for class Ic drugs
such as flecainide [39].

Catheter Ablation
Due to the limited efficacy and side effects of the
chronic antiarrhythmic medical treatment, radiofre-
quency (RF) catheter ablation has been increasingly
established in the therapy of outflow tract VT and
can be associated with a high success and low compli-
cation rate [6, 10, 11, 36, 40, 41]. LVOT VT can origi-
nate from several sites including the superior basal
region of the left interventricular septum, the aorto-
mitral continuity, mitral annulus and, in particular,
from the different aortic sinus cusps and epicardial
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Table 1. Suggested ECG criteria to differentiate between right (RVOT) and left ven-
tricular outflow tract (LVOT) aortic cusp arrhythmia origin according to Ouyang et
al.[3]. More detailed description is given in the text.

Tabelle 1. EKG-Kriterien zur Unterscheidung zwischen einem Ursprung der ventri-

kuldren Tachykardie

im rechtventrikuldren Ausflusstrakt (RVOT), linksventriku-

ldren Ausflusstrakt (LVOT) und Aortensinus nach Ouyang et al.[3]. Weitere Details
sind im Text beschrieben.

Formula for calculation RVOT Lvor
Aortic cusp

R wave duration index R wave duration/QRS complex < 50% > 50%

(v,andV,) duration

R/S wave amplitude ratio  Peak R wave/nadir S wave < 30% =>30%

(V,orV,)

R/S wave transition V-V, V-V,

sites. Therefore, approximation of the VT origin us-
ing twelve-lead ECG criteria is essential in the plan-
ning of the optimal ablation strategy [3] (Figure 2), in
order to decide what mapping access is required (ve-
nous, arterial or even epicardial access). If the clinical
VT does not occur spontaneously and is not inducible
during baseline state, isoproteronol (i.v.) is adminis-
tered to provoke the arrhythmia.

If the distal anterior coronary sinus recording
shows very early local activation during VI/VPC, its
origin from the left coronary cusp should be consid-
ered while early local activation during VI/VPC in
the proximal coronary sinus or His bundle region
suggests an either right coronary cusp or RVOT
origin.

With frequent VI/VPC, activation mapping can
be performed: activation mapping identifies the local

LAO 40°

bipolar ventricular electrograms preceding the onset
of the QRS complex. Interestingly, in RMVT from
the left aortic sinus cusp two ventricular activation
components have been observed which were lacking
in RVOT VT [3]. The unipolar signal should exhibit a
sharp QS morphology indicating the activation mov-
ing away from the electrode. The arrhythmia origin
and ablation target are defined by the earliest activa-
tion site. If VI/VPC is infrequent, also pace mapping
(comparing spontaneous vs. stimulated twelve-lead
ECG QRS morphologies) can be helpful to identify
the site for ablation, although this technique has limi-
tations with regard to resolution. Three-dimensional
electroanatomic reconstruction systems (CARTO,
Biosense Webster, NAVX, St. Jude Medical) can
contribute to facilitate catheter navigation and suc-
cessful ablation (Figure 4).

For LVOT VT, RF energy should be delivered
under continuous fluoroscopy to avoid coronary ar-
tery injury (aortic cusp: target temperature: 55 °C,
15-30 W, 120 s; LVOT below the aortic valve: target
temperature: 55 °C, 30-40 W, 120 s). Before applica-
tion of RF energy at epicardial sites (irrigated tip flow
rate 17 ml/min, target temperature: 43 °C, 20-30 W,
110's), a coronary angiogram should be performed to
localize coronary arteries.

A possible explanation for a previous failed
LVOT VT RF ablation is that the arrhythmia arises
from an epicardial (Figure 4) rather than an endocar-
dial focus (see ECG criteria above). In one report of
previously failed ablation, subxiphoid instrumenta-
tion for an epicardial access resulted in successful ab-
lation in 17/24 patients, while six of the remaining
seven patients were ablated from the left aortic cusp

Figures 5a and 5b and 6a and 6b. Aortography reveals major anatomic landmarks in the aortic root in LAO (5a and 5b) and RAO projections (6a and
6b). The mapping catheter is located directly underneath the left coronary cusp. CS: coronary sinus; His: His catheter; LAD: left anterior descending;
LAO: left anterior oblique; LCC: left coronary cusp; LMCA: left main coronary artery; Map: mapping catheter; NCC: noncoronary cusp; RAO: right
anterior oblique; RCA: right coronary artery; RCC: right coronary cusp.

Abbildungen s5a und 5b und 6a und 6b. Die Kontrastmitteldarstellungen in der Aortenwurzel zeigen die verschiedenen Aortensinus in LAO- (5a
und 5b) und RAO-Projektionen (6a und 6b) sowie die Abgange der Kranzarterien. Der Mapping-Katheter liegt direkt unterhalb des linken Aorten-
sinus. CS: Koronarvenensinus; His: His-Katheter; LAD: Ramus interventricularis anterior; LAO: linksanteriore Schragprojektion; LCC: linke Koronar-
tasche; LMCA: linker Hauptstamm; Map: Mapping-Katheter; NCC: nichtkoronare Tasche; RAO: rechtsanteriore Schragprojektion; RCA: rechte
Koronararterie; RCC: rechte Koronartasche.
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[14]. Applying these techniques in conjunction with
the twelve-lead ECG criteria to approximate the ar-
rhythmia origin, LVOT VT can be safely and success-
fully ablated in many patients.

Complications

RF catheter ablation is generally associated with a
low complication rate. However, especially when ab-
lating in the region of the aortic cusps some special
care should to be taken with regard to the coronary
arteries. The aortic root, the ostia of the right coro-
nary artery (RCA) and left main coronary artery
(LMCA) can be visualized by angiography allowing
further anatomic classification of the aortic cusp si-
nuses (Figures 5 and 6). The LMCA can be selective-
ly cannulated as a marker and used as a protection in
the case of catheter dislodgment during RF applica-
tion. In a small series, the mean distance between the
LMCA and the ablation site in the left aortic cusp was
12.2 mm, and the mean distance between the RCA
and the ablation site in the right aortic cusp was
9.2 mm. In all cases, RF ablation was performed with-
out complications [3]. Coronary angiography can be
performed immediately after the ablation procedure
to rule out spasm, dissection or thrombus. Postabla-
tion care should also include transthoracic echocar-
diography to rule out aortic valve damage.

Conclusion
LVOT arrhythmias represent an increasingly recog-
nized VT entity which can be safely and successfully
treated by catheter ablation. Identification of the VT
origin using ECG criteria and differentiation versus
RVOT is essential in the careful planning of the abla-
tion strategy.

Conflict of interest: None.The authors declare that they had
no financial or personal relations to other parties whose in-
terests could have affected the content of this article in any
way, either positively or negatively.
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