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Abstract

Aims Ventricular arrhythmias (VAs) from the left ven-

tricular outflow tract (LVOT) can originate from within or

below the aortic sinus of valsalva (ASV). Mapping and

ablation below the ASV is challenging and there are lim-

ited data predicting VA origins using electrocardiographic

and electrophysiological features.

Methods Thirty-four patients (56.7 ± 15.2 years; 19

males) with symptomatic VAs were analyzed. VA origins

were determined by successful ablation. Patients were

classified into 2 groups (group 1, VAs within the ASV;

group 2, VAs below the ASV). Local activation and QRS

morphology were compared between these 2 groups.

Results Twelve patients were classified as group 1 and 22

as group 2. Presystolic potentials (PPs) during VAs were

present in 11 patients (91 %) in group 1 and 3 (13 %) in

group 2. S-wave amplitude and duration in lead I were

lower and shorter in group 1 vs. group 2, respectively.

Q-wave aVL/aVR ratio (Q-aVL/aVR) was smaller in group

1 vs. group 2. No group 1 patients had Q-aVL/aVR[1.45.

PPs in the ASV was the strongest independent predictor for

VAs originating within the ASV (OR: 30.003, P = 0.006).

Conclusion Deeper and longer S-waves in lead I and

Q-aVL/aVR[1.45 suggest VAs originating below the ASV.

Local PPs strongly suggest an origin within the ASV. ECG

characteristics combined with local PPs can be a practical

guide for ablating LVOT-VAs.

Keywords Ablation � Ventricular arrhythmias � Left
ventricular outflow tract � Electrocardiography � Local
presystolic activation

Introduction

Ventricular arrhythmias (VAs) including ventricular tachy-

cardia (VT) and frequent premature ventricular complexes

(PVC) can originate from the left ventricular outflow tract

(LVOT) [1–4]. These can originate from the aortic sinus of

valsalva (ASV), as well as the LVOT below the ASV such as

the aortomitral continuity, superior basal septum, left ven-

tricular (LV) summit and epicardial myocardium [5–10].

VAs originating from these locations are amenable to cath-

eter ablation [11–13]; however, mapping and ablation below

the ASV is still challenging via both trans-aortic and trans-

septal approaches [14]. LVOT-VAs are generally classified

anatomically as originating within or below the ASV. In the

present study, we analyzed electrophysiological and elec-

trocardiographic features of LVOT-VAs originating within

and below the ASV to determine predictors of localization.

Methods

Study subjects

Between June 2011 and September 2013, 121 consecutive

patients referred to our center for VAs ablation of the right

or left ventricular outflow tract were assessed (Fig. 1).
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Ablation was not performed due to the earliest ventricular

activation site being located near the left-sided His in 1

patient, and due to no spontaneous or provoked clinical VAs

during the procedures in 2 patients. Therefore, ablation suc-

cess rate was in 115 of the remaining 118 patients (97.5 %)

(Fig. 1). The successful site of catheter ablation was located

in the right ventricular outflow tract (RVOT) in 65, theLVOT

in50patients. In the50patientswithLVOTorigins, 9 patients

were excluded due to the VA origin located at the aortomitral

continuity in 4, near the leftHis bundle in 2 and epicardially in

3 patients. Additionally, pathologic substrate with low

amplitude and fractionated potentials in the LVOT was

identified in 7 patients with sustained macro-reentrant VT

[large anterior myocardial infarction = 4; idiopathic dilated

cardiomyopathy (DCM) = 3]. These 7 patients were exclu-

ded from this study due to macro-reentrant tachycardia.

Therefore, 34 patients (56.7 ± 15.2 years; 19 male) with

symptomatic LVOT-VAs (PVC = 28, non-sustained

VT = 6) were included in this study. Clinical characteristics

are shown in Table 1. Patients were classified into 2 groups

based only on the anatomical location of VAs. Group 1 was

defined as patients with VAs originating within the ASV and

group 2 with VAs below the ASV. Previous Failed ablation

was attempted in 3 patients in group 1 and 4 patients in group

2 in other centers. All patients were highly symptomatic

(palpitation: 34/34 patients, dyspnea with motion: 5/34,

presyncope: 2/34).Additionally, themajority of patientswere

refractory to oral ß-blocker (Table 1).

Electrophysiological study

The study was approved by our institutional review com-

mittee on human research and all patients provided written

informed consent prior to the procedure. Antiarrhythmic

Fig. 1 Number of patients who

underwent assignment. AMC

aortomitral continuity, ASV

aortic sinus of valsalva, LVOT

left ventricular outflow tract,

RVOT right ventricular outflow

tract, PA pulmonary artery, VAs

ventricular arrhythmia
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drugs (AADs) were withheld for at least five half-lives.

Procedures were performed while patients were awake or

sedated with intravenous propofol and midazolam. Cathe-

ters were positioned in the right ventricle via femoral veins

and advanced into the great cardiac vein (GCV) from the

coronary sinus (CS) via left subclavian or femoral veins.

Twelve-lead surface ECGs and intracardiac electrograms

were recorded simultaneously by a digital multichannel

system (EPMed, SJM), filtered at 30–400 Hz for bipolar

and 0.05–400 Hz for unipolar electrograms. If clinical

arrhythmias did not occur spontaneously, programmed

stimulation was performed. The standard protocol con-

sisted of ventricular stimulation at two basic drive cycle

lengths with up to two extrastimuli, to a minimal coupling

interval of 230 ms. If VAs were not inducible, intravenous

isoproterenol infusion (2–5 lg/min) was administered to

provoke clinical arrhythmias.

Mapping and radiofrequency ablation

3-D electroanatomical mapping of the RVOT and GCV via

the CS was initially performed, then the aortic root. LV

access was achieved via a trans-aortic approach and/or a

trans-septal approach [14]. Point-by-point mapping was

performed using a steerable 7.5 French (Fr), D-curve

catheter with a 3.5-mm irrigated-tip electrode (Navi-Star

ThermoCool, Biosense Webster, Diamond Bar, CA, USA).

The site of earliest ventricular activation was annotated on

the 3-D mapping system. Aortic root angiography was

performed either with a 5 Fr pigtail catheter or the irrigated

ablation catheter to confirm the catheter’s anatomical

location. No intracardiac echocardiography was used in

this study. Pacemapping using the lowest pacing output

(2–20 mA) and pulse width (0.5–10 ms) to capture the

ventricular myocardium was performed at the site of ear-

liest ventricular activation before ablation. During the

procedure, unfractionated heparin was administered to

maintain an activated clotting time between 250 and 300 s.

If ablation of VAs was performed within the ASV, the

irrigated catheter was switched to non-irrigated RF mode

without flow rate. RF energy was used starting at 20 Watts

(W) and titrated to a maximal of 30 W and temperature

limit of 55 �C. If VAs terminated during the first 10 s of

application, RF energy was maintained for 120 s. When

VAs were performed below the ASV, irrigated RF energy

was delivered with irrigation at 20 ml/min, maximum

power of 40 W and temperature limit of 43 �C. An extra

RF application, applying the same RF settings, was

deployed in all VAs below the ASV. After successful

ablation, intravenous isoproterenol administration and

programmed stimulation were performed to provoke clin-

ical VAs.

Electrocardiographic analysis

Detailed analysis of clinical VAs was performed offline

using either the EPMed System (SJM) with a recording

speed of 50–100 mm/sec, or 12-lead ECGs at 25–50 mm/

sec.

The following parameters of clinical PVCs or the first

beat of VT were analyzed:

1. QRS duration, precordial lead transition zone, presence

of S-wave in V6

Table 1 Baseline

Characteristics

ICD implantable cardioverter

defibrillator, LVEDD left

ventricular end-diastolic

diameter, LVEF left ventricular

ejection fraction, PVC

premature ventricular

contractions, VT ventricular

tachycardia

Group 1 (n = 12) Group 2 (n = 22) P value

Age (year) 54 ± 16 57 ± 15 0.577

Sex (male) 8/12 (66.7 %) 11/22 (50.0 %) 0.365

Structural heart disease 2/12 (16.7 %) 8/22 (36.3 %) 0.261

Ischemic heart disease 1/12 (8.3 %) 3/22 (13.6 %) 0.658

Dilated cardiomyopathy 1/12 (8.3 %) 3/22 (13.6 %) 0.658

Others 0/12 (0 %) 2/22 (9.1 %) 0.469

Ventricular arrhythmias

PVC 11/12 (91.7 %) 17/22 (77.3 %) 0.307

PVC/Non-sustained VT 1/12 (8.3 %) 5/22 (22.7 %) 0.307

ICD implantation 0/12 (0 %) 1/22 (4.5 %) 0.469

Echo data

LVEDD (mm) 53.1 ± 7.7 56.8 ± 7.4 0.244

LVEF (%) before ablation 55.6 ± 7.4 49.8 ± 11.8 0.153

Medication

Class I 1/12 (8.3 %) 2/22 (9.1 %) 0.527

b-blocker 7/12 (58.3 %) 13/22 (59.1 %) 0.967

Class III 1/12 (8.3 %) 2/22 (9.1 %) 0.527
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2. Amplitude and duration of R-waves and S-waves in

each lead, duration from onset to peak of each QRS

3. Ratio in lead aVL and aVR Q-wave amplitudes (Q-aVL/

aVR), ratio in lead III and II R-wave amplitudes (R-III/

II)

4. V1 and V2 R/S-wave amplitude ratios, R/S-wave

amplitude index

5. R-wave duration index (QRS duration/the longer

R-wave duration in lead V1 or V2)

6. Maximum deflection index (MDI) (duration from QRS

onset to maximum positive or negative deflection of

any precordial lead/QRS duration). A MDI[ 0.55 was

used as a cut-off value [15]

7. Peak deflection index (PDI) (in the inferior lead with

the tallest R-wave: Time from QRS onset to peak

deflection/QRS duration) [16]. A PDI[ 0.6 was used

as a cut-off value.

All measurements were performed by two investigators

blinded to the site of VA origin; discrepancies were adju-

dicated by a third investigator.

Follow-up

Ablation success was defined as; (1) absence of sponta-

neous or provoked clinical VAs at the end of the procedure,

and (2) absence of VAs on 48-h ECG monitoring post-

ablation off AADs. VA burden was documented on 24-h

holter monitoring before and after ablations. All patients

were followed up at 1, 3, 6, 9 and 12 months after the

ablation procedure.

Statistical analysis

Continuous data were analyzed using independent-samples

t test and presented as mean ± standard deviation (SD).

A Chi-square test was used to compare dichotomous data,

presented as numbers and percentages. Differences

between two groups were detected by Wilcoxon rank-sum

test with two-tailed P values\0.05. Multivariate logistic

regression analysis was used to investigate the association

between covariates and the incidence of VAs originating

within the ASV. Variables with statistical significance

(P\ 0.05) in univariate analyses were entered into the

multivariate analysis to obtain the final model. Receiver-

operating characteristic (ROC) analysis was performed to

calculate sensitivity, specificity, area under the ROC curve

and the optimal cut-off with 95 % confidence limits. All

analyses were performed with SPSS for Windows, version

17.0 (SPSS Inc., Chicago, Illinois). All statistical tests were

2-sided. A P value \0.05 was considered statistically

significant.

Results

Patient characteristics

Clinical characteristics are shown in Table 1. There was a

trend toward group 2 for structural heart disease [8/22

(36 %) vs. 2/10 (16 %), P[ 0.05] and non-sustained VT

(NSVT) [5/22 (23 %) vs. 1/12 (8 %), P[ 0.05]. NSVT

occurred mainly in patients with ischemic heart disease and

DCM. LV ejection fraction (LVEF) tended to be lower in

group 2 compared to group 1 (49.8 ± 11.8 vs.

55.6 ± 7.4 %, P[ 0.05). 4/12 patients (33 %) in group 1

and 8/22 (36 %) in group 2 had undergone previous failed

procedures.

Mapping and ablation

Electrophysiological study was performed under sedation

in 19 patients and in 13 patients who were awake. In the 19

sedated patients, VAs were completely suppressed in 4 and

intravenous isoproterenol was required to induce clinical

VAs. Clinical VAs were not inducible by programmed

stimulation.

In group 1, mapping and ablation was performed only

via the trans-aortic approach in all 12 patients. In group 2,

the procedure was performed only via the trans-aortic

approach in 4 patients (before March 2012) and via a

combined trans-aortic and trans-septal approach in the

other 18/22 patients. In group 2, ablation was successfully

achieved via the trans-aortic approach in 4 and via the

trans-septal approach in the remaining 18 patients.

The anatomical location of VA origins was identified

within the ASV in 12 patients and below the ASV in 22

patients. There was no difference in the activation time

preceding the QRS (group 1; 36.4 ± 6.9 ms vs. group 2;

39.5 ± 15.7 ms, P[ 0.05). VA origins in group 1 were the

right coronary cusp (RCC) in 3, left coronary cusp (LCC)

in 5, and LCC/RCC junction in 4; anatomical locations in

group 2 were below the RCC in 6, below the LCC in 9, and

below the LCC/RCC junction in 7 patients. The distance

from the VA origin to the closest ASV was 4.4 ± 2.6 mm.

In group 1, a presystolic potential (PP) was seen pre-

ceding the QRS on bipolar recordings in 11 patients

(Fig. 2a, b). No PP was identified in one patient, who had

VAs originating from the RCC. Pacemapping was

attempted in 11 patients, 10 of these 11 patients had paced

QRS morphologies similar to the clinical VAs. A paced

QRS morphology identical to clinical VA QRS morphol-

ogy was not found in any patient. All VAs were success-

fully eliminated with 3.3 ± 2.9 RF applications. The time

to VA disappearance during the successful RF application

was 6.3 ± 3.0 s.
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In group 2, complete mapping of the aortic root was

achieved in all 22 patients. PPs were seen in the ASV in

only 3 patients (Fig. 3), in whom the earliest activation in

the ASV preceded the QRS by 32.0 ± 16.7 ms (range

22–47 ms). In these 3 patients, RF delivery in the ASV

failed to eliminate the clinical VAs. Mapping below the

ASV demonstrated an earlier ventricular activation, pre-

ceding the QRS by 53.0 ± 15.1 ms (range 35–72 ms). The

site with earliest ventricular activation below the ASV was

successfully reached via the trans-aortic approach in 4 and

trans-septal approach in 18 patients (Fig. 4a–c). Pace-

mapping was successfully achieved in all patients at the

site of earliest local ventricular activation; however, the

QRS morphology during pacemapping did not match the

clinical VAs in any patient from group 2. All VAs were

successfully ablated with 5.9 ± 3.7 irrigated RF applica-

tions. The time to VA disappearance during the successful

RF application was 8.6 ± 5.8 s.

Fig. 2 a Left upper panel an aortogram in RAO 30�. Right upper
panel the ablation catheter location in RAO 30�. The catheter tip is

located in the left coronary cusp (LCC). A brown and pink tag

demonstrates the successful ablation site and the left main coronary

artery, respectively. b A local potential from the LCC in group 1. The

first beat is sinus rhythm (SR) with a small atrial potential followed by

a ventricular potential, then a short duration of fractionation. The third

beat is a PVC. The fractionated potential recorded in SR is reversed

and precedes the ventricular potential (presystolic potential) by 37 ms

Fig. 3 The ratio of the presence of a presystolic potential at the

earliest activation site in the ASV. A larger percentage of pre-

potentials was seen at the earliest site in VAs within the ASV (group

1) than in VAs below the ASV (group 2) (91 vs. 13 %, P\ 0.001)

548 Clin Res Cardiol (2015) 104:544–554

123



Ventricular arrhythmias with different morphologies

(non-clinical VAs) were infrequently observed in one

patient from group 1 and 4 patients from group 2. Non-

clinical VAs were not targeted for ablation.

QRS analysis during clinical VAs on surface ECG

ECG parameters are shown in Table 2. Twenty-nine

patients had VAs with left bundle branch block (LBBB)

morphology and 5 with right bundle branch block (RBBB)

morphology. In clinical VAs with RBBB, 2 originated from

within the ASV and 3 below the ASV. S-waves in V5–6 on

surface ECGs were seen in only one patient, in whom a

small S-wave in V6 was documented only on the EP

recording system, and the VA origin was located supero-

lateral to the LCC. There are no significant differences in

the QRS duration, R-wave amplitudes in lead I and the

inferior leads, duration of QRS onset to peak of R-wave or

nadir of S-wave in all leads, R- or S-wave duration in the

inferior leads, lead V2 and V3, the R-wave duration in the

inferior leads, lead V2 and V3, the R/S amplitude index

and V2 R-wave duration index between group 1 and 2.

There were statistically significant differences between the

two groups in the S-wave depth and duration and R-wave

duration in lead I, S-wave amplitude in aVL, R-wave

amplitude, duration and R-wave duration index in V1,

R-III/II and Q-aVL/aVR (Table 2). Of note, no patient in

group 1 had a Q-aVL/aVR [1.45, however 11 patients in

group 2 had a Q-aVL/aVR[1.45.

In addition, ROC curve analysis of all parameters was

performed to distinguish VAs originating within ASV from

that below the ASV. S-wave duration in lead I was excluded,

because of no statistically significant difference during ROC

curve calculations. The cut-off value of S-wave amplitude in

lead I (S in I) was 0.19 mV (68.2 % sensitivity, 83.3 %

specificity), of theR-wave duration in leadV1 (Rd inV1)was

66 ms (72.7 % sensitivity, 66.7 % specificity), of the Q-aVL/

aVR was 1.35 (50.0 % sensitivity, 99.2 % specificity), of the

R-III/II was 0.93 (86.4 % sensitivity, 66.7 % specificity), of

the S-wave amplitude in lead aVL (S in aVL) was 0.61 mV

(90.9 % sensitivity, 66.7 % specificity), of the R-wave

amplitude in lead V1 (R in V1) was 0.18 mV (77.3 % sen-

sitivity, 75.0 % specificity), of the R-wave duration in lead I

(Rd in I) was 100 ms (66.7 % sensitivity, 81.8 % specificity)

and of the R-wave duration index in leadV1 (Rd index inV1)

was 0.37 (77.3 % sensitivity, 67.7 % specificity) (Fig. 5a–h).

Predictors for successful ablation site

within or below the valve

In univariate analysis, S in I, S in aVL, R in V1, Rd in 1, Sd

in I, Rd in V1, Rd index in V1, R-III/II, Q-aVL/aVR and

PPs within the ASV were associated with predicting VAs

originating within the ASV using the unadjusted odds ratio

(OR) (Table 3). Multivariate analysis was performed using

covariates that had significance in univariate analysis. After

adjustment of covariates, the existence of PPs within the

ASV remained an independent predictor (OR: 30.003,

Fig. 4 a Catheter location of

successful ablation below the

LCC/RCC junction in RAO 30�
(top panel) and LAO 50�
(bottom panel). A trans-septal

approach was used to access the

anatomical location. b Earliest

local activation in patients with

VAs originating from below the

LCC/RCC junction. An early

ventricular activation potential

preceding the QRS onset by

35 ms without a presystolic

potential is represented. c 3-D

electroanatomical map in a

patient with VA origin arising

from the LCC/RCC junction.

Blue point the successful

ablation site
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95 % confidence interval (CI): 2.638–341.245, P = 0.006).

This indicates that the absence of PPs at the earliest site in

the ASV strongly predicts VAs originating below the ASV.

Clinical outcome

Procedure duration was 136.8 ± 55.4 min in group 1 vs.

154.2 ± 73.9 min in group 2 (P[ 0.05) with fluoroscopic

time of 11.3 ± 2.5 min in group 1 vs. 16.2 ± 2.7 min in

group 2 (P[ 0.05). Procedure-associated hematomas not

requiring surgical intervention occurred in one patient from

group 1 and one from group 2. During a mean follow-up of

10.1 ± 5.2 months, no patient had clinical VA recurrence

and VA burden was much reduced from 20,327 ± 7,015/24-

h before ablation to 547 ± 804/24-h 3 months after ablation.

Discussion

The current study in patients with left ventricular outflow

tract-VAs describes: (1) Electrophysiological findings during

mapping at the aortic sinus of valsalva, (2) ECG QRS mor-

phology differences in VAswithin and below the aortic sinus

of valsalva, and (3) Predictors to identify the successful

ablation site within or below the aortic sinus of valsalva.

Electrophysiological findings during mapping

at the aortic root

Ventricular arrhythmias frequently occur from the aortic

root and the left ventricular endocardial and epicardial

myocardium adjacent to the GCV and left anterior

descending artery (LAD), near the mitral anulus (MA) [1,

4–9]. In VAs within the aortic sinus of valsalva, a low-

amplitude, high-frequency presystolic potential can be

found in the majority of patients [1, 4, 5, 17]. However,

there was limited information about mapping below the

aortic sinus of valsalva. We demonstrated a PP in 12/13

patients with VAs within the aortic sinus of valsalva and in

only 3/22 with VAs below the aortic sinus of valsalva. This

significant difference can provide important information

during ablation of left ventricular outflow tract-VAs. The

PPs in the aortic sinus of valsalva can be explained by slow

conduction areas with preferential conduction between the

ventricle and left aortic sinus of valsalva [1, 17], which can

produce a different QRS morphology on surface ECG. The

existence of preferential conduction near the left ventric-

ular outflow tract with slow conduction may explain why a

perfect pacemap match to the clinical VA QRS morphol-

ogy is very difficult to achieve in clinical practice [8, 17].

QRS morphology during VAs on Surface ECG

In our study, VAs predominantly had LBBB morphology

(LBBB = 29, RBBB = 5), in line with previous studies

[18, 19]. A V6 S-wave indicates an origin close to the

aortomitral continuity, but not in the LCC or left ventric-

ular summit, which was consistent with our finding where

only one patient had a tiny S-wave in V6 [18]. Hachiya

et al. studied the electrocardiographic characteristics of left

ventricular outflow tract-VT originating from the supra-

valvular region of the coronary cusps and infra-valvular

Table 2 Electrocardiographical

differences of VAs originating

within or below the ASV

P values in bold are statistically

significant

MDI maximum deflection

index, PDI peak deflection

index, RBBB right bundle

branch block

Group 1 (n = 12) Group 2 (n = 22) P value

QRS duration (ms) 171.0 ± 15.9 168.0 ± 23.5 0.701

S-wave amplitude in I (mV) 0.06 ± 0.10 0.24 ± 0.17 0.003

S-wave amplitude in aVL (mV) 0.65 ± 0.29 1.03 ± 0.35 0.005

R-wave amplitude in V1 (mV) 0.15 ± 0.23 0.40 ± 0.31 0.026

R-wave duration in I (ms) 116.6 ± 43.2 77.8 ± 36.1 0.009

S-wave duration in I (ms) 31.1 ± 32.7 76.3 ± 42.7 0.003

R-wave duration in V1 (ms) 46.0 ± 48.3 81.6 ± 40.9 0.030

S-wave in V6 0/12 (0 %) 1/22 (4.5 %) 0.469

Transition zone[V2 5/12 (41.6 %) 12/22 (54.5 %) 0.488

RBBB morphology 2/12 (16.6 %) 3/22 (13.6 %) 0.818

R/S amplitude index (%) 62.5 ± 12.3 84.9 ± 187.7 0.586

R-duration index in V1 (%) 27.4 ± 30.2 49.2 ± 24.0 0.028

III/II R-wave amplitude ratio 0.83 ± 0.29 1.06 ± 0.26 0.026

aVL/aVR Q-wave amplitude ratio 0.85 ± 0.11 1.49 ± 0.18 0.023

PDI 0.58 ± 0.07 0.56 ± 0.10 0.500

Number of PDI[ 0.6 6/12 (50.0 %) 11/22 (50.0 %) 1.000

MDI 0.57 ± 0.09 0.55 ± 0.14 0.552

Number of MDI[ 0.55 6/12 (50.0 %) 13/22 (59.1 %) 0.623
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endocardial region of the aortic sinus of valsalva within the

left ventricle of 17 patients. They showed that a S-wave in

lead I and V6, and a taller R-wave in V1 or V2 suggest

VAs originating below the valve [19]. Abularach et al. [8]

recently concluded that a Q-aVL/aVR\1.45 can be used as

a predictor for successful ablation either from the aortic

sinus of valsalva or the endocardial left ventricle.

Using quantitative ECG analysis, we found that VAs

originating from below the aortic sinus of valsalva had

deeper S-wave amplitudes in lead I and aVL and taller

R-wave amplitudes in lead V1 compared to that within the

aortic sinus of valsalva. An arrhythmia origin below the

aortic sinus of valsalva produces a slightly different vector

due to the anatomical location being more anterosuperior

and leftward. In this study, the mean distance from the VA

origin to the closest aortic sinus of valsalva valve in group

2 was 4.4 ± 2.6 mm (Fig. 4c). Furthermore, using the

ROC curves and cut-off values, we found a significant

difference between the 2 groups. However, this difference

was very small, with large overlap, and may not be clini-

cally practical (Fig. 5a–h). Previous studies have demon-

strated that a Q-aVL/aVR [1.4 or 1.45 indicated that the

VA origin was far from left aortic sinus of valsalva leading

to ablation failure within the aortic sinus of valsalva [20].

In the present study, A Q-aVL/aVR[1.45 was seen only in

group 2 patients, and this confirms the results of the pre-

vious studies that the Q-aVL/aVR can be useful to predict

VAs originating from below the aortic sinus of valsalva.

However, again due to much overlap in patients with

Q-aVL/aVR\1.45 between group 1 and 2, this index alone

is insufficient to distinguish VAs originating from within or

below the aortic sinus of valsalva. Therefore, it is necessary

to develop a strong set of predictors using a combination of

electrophysiological and ECG features.

Predictor for successful ablation of left ventricular

outflow tract-VAs

Catheter ablation is effective in abolishing VAs from the

aortic root [1, 2, 4, 12, 14]. The LCC is the most common

location, followed by the RCC, then LCC/RCC junction [4,

14, 18], which is consistent with our study. However, VAs

originating below the aortic sinus of valsalva are generally

difficult to ablate [7, 8, 14, 21, 22]. Our new technique via

a trans-septal approach using a reversed S-curve of the

ablation catheter allows improved accessibility, and can

abolish the majority of VAs from below the aortic sinus of

valsalva [14]. Therefore, a simple method to differentiate

VAs originating within aortic sinus of valsalva from that

below the aortic sinus of valsalva can allow planning and

preparation prior to obtaining access to this area. There-

fore, in this study, a combination of ECG and intracardiac

electrogram features within the aortic sinus of valsalva was

investigated to develop a simple method that predicts the

origin of left ventricular outflow tract-VAs. In addition,

local PP at the aortic sinus of valsalva suggests a VA origin

within the aortic sinus of valsalva in the majority of

bFig. 5 ROC curve analysis for S-wave amplitude in I (S in I: a),
R-wave duration in V1 (Rd in V1: b), aVL/aVR Q-wave amplitude

ratio (Q-aVL/aVR: c), III/II R-wave amplitude ratio (R-III/II: d),
S-wave amplitude in aVL (S in aVL: e), R-wave amplitude in V1 (R in

V1: f), R-wave duration in I (Rd in I: g) and R-duration index in V1

(Rd ind of V1: h). The Area under the curve (AUC) for S in I was

0.807 (0.670–0.933, P = 0.002); Rd in V1, 0.748 (0.581–0.915,

P = 0.011); Q-aVL/aVR, 0.73 (0.556–0.906, P = 0.028); R-III/II,

0.767 (0.619–0.914, P = 0.006); S in aVL 0.746 (0.585–0.906,

P = 0.014); R in V1 0.765 (0.607–0.924, P = 0.007); Rd in I 0.711

(0.526–0.896, P = 0.031); Rd index in V1 0.735 (0.555–0.914,

P = 0.016)

Table 3 Univariate and Multivariate logistic regression analysis to predict the origin of VAs within or below the ASV

Univariate analysis Multivariate analysis

Odds ratio 95 % CI P value Odds ratio 95 % CI P value

S-wave amplitude in I 0.0001 0.0001–0.146 0.01

S-wave amplitude in aVL 0.031 0.002–0.397 0.002

R-wave amplitude in V1 0.021 0.001–0.804 0.038

R-wave duration in I 1.026 1.005–1.048 0.017

S-wave duration in I 0.971 0.950–0.993 0.009

R-wave duration in V1 0.981 0.963–0.999 0.04

R-duration index of V1 0.043 0.002–0.823 0.037

III/II R-wave amplitude ratio 0.035 0.001–0.906 0.043

aVL/aVR Q-wave amplitude ratio 0.148 0.027–0.820 0.029 0.001 0.0001–1.302 0.058

Presystolic potential within the ASV 69.667 6.436–754.158 0.0001 30.003 2.638–341.245 0.006

The other abbreviations as in Table 2

P values in bold are statistically significant

CI confidence interval
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patients. Using multivariate logistic regression analysis, the

existence of PPs within the aortic sinus of valsalva is the

strongest independent predictor for VAs originating within

the aortic sinus of valsalva.

Conclusion

VAs within and below ASV present with similar ECG

features. Some of these parameters showed significant

differences that can discriminate VAs originating within

the ASV from that below the ASV. However, due to much

overlap between group 1 and 2, these parameters should be

used with caution. The existence of PPs at the earliest site

in the ASV strongly predicts a VA origin within the ASV,

whereas the absence of PPs within the ASV as well as a

Q-aVL/aVR [1.45 strongly indicates VAs originating

below the ASV.
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