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Background: Little is known about the differences among ventricular arrhythmias

(VAs) ablated in different subregions of the aortic sinuses of Valsalva (ASVs). We aim

to investigate the distribution, precordial electrocardiographic patterns, and bipolar

electrogram characteristics of VAs ablated in different subregions of the ASVs.

Methods: We divided the right ASV and the left ASV into a total of 6 subregions and

studied 51 idiopathic VAs ablated first time successfully in the ASVs.

Results: These 51 VAs were inhomogeneously distributed among the 6 subregions,

which comprised the right-lateral ASV (1/51), the right-anterior ASV (11/51), the regions

along the right (13/51) and left (9/51) sides of the ASV junction, the left-anterior ASV

(5/51), and the left-lateral ASV (12/51). Fractionated potentials were dominant (39/51,

76%) among the 3 types of target electrograms. From the right-lateral ASV to the

left-lateral ASV, the percentage of fractionated potentials gradually decreased from 100 to

59%. A precordial rebound notch in V3-V4 or V4-V5 had sensitivity of 90.9%, specificity

of 85.0%, and negative predictive value (NPV) of 97.1% to predict VAs ablated in

the right-anterior ASV. A precordial rebound notch in V2-V3 had sensitivity of 50.0%,

specificity of 94.9%, and NPV of 86.0% to predict VAs ablated in the left-lateral ASV.

Conclusion: VA targets were mainly distributed in the anterior and the left-lateral

ASVs. Fractionated potentials were common among target electrograms, especially

in theright-anterolateral ASV. Precordial electrocardiographic rebound notch has high

predictive accuracy in identifying different subregions of the ASVs as target ablation sites.

Keywords: ventricular arrhythmias, aortic sinuses of Valsalva, bipolar electrogram, target distribution, precordial

notch, radiofrequency catheter ablation
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INTRODUCTION

Idiopathic ventricular arrhythmias (VAs) with the
electrocardiographic inferior axis frequently originate from
the aortic sinuses of Valsalva (ASVs) (1, 2). Compared to VAs
originating from the right ventricular outflow tract (RVOT),
mapping and ablation are usually challenging for VAs from the
ASV (ASV-VAs) due to the complicated anatomical construction
of the ASVs, confusion of ECG locations, and the difficulty of
confirming target electrograms. Thus, a lower radiofrequency
catheter ablation (RFCA) success rate was observed for ASV-VAs
than for VAs originating from the RVOT. Previous studies
have described the electrocardiographic or electrophysiological
characteristics of VAs from the left ASV (3), the right ASV
(4), and the left-right commissure (5, 6), while little is known
about the distributions of VAs in the subregions of the ASVs.
In this study, we further divided the left and right ASVs into 6
subregions, with the aim of investigating the target distribution,
the specific precordial electrocardiographic patterns, and
the bipolar electrographic characteristics of VAs ablated in
different subregions.

METHODS

Study Population
This single-center retrospective study enrolled 65 consecutive
patients with inferior axis deviation and monomorphic VAs who
had no RFCA history and were referred for a first acute successful
RFCA in the ASVs from September 2016 to September 2020 in
the Department of Cardiology, Fuwai Hospital. The exclusion
criteria were as follows: (1) structural heart disease was diagnosed
before RFCA and (2) VAs with the same ECG morphology that
had been ablated in the 1st procedure recurred during a follow-
period of at least 6 months. The clinical data that were analyzed
in the study included baseline characteristics, standard 12-lead
ECGs, intracardiac electrograms, 3-dimensional electroanatomic
mapping data, imaging information, and follow-up outcomes.
This study was approved by the Ethics Committee of Fuwai
Hospital (approval no. 2021-1523), Chinese Academy of Medical
Sciences, and followed the Declaration of Helsinki. A written
informed consent was obtained from all the patients.

Three-Dimensional Mapping and RFCA
After discontinuing antiarrhythmic drugs for at least 5 half-
lives and completing preoperative examinations, patients
underwent mapping and RFCA procedures. We obtained the
12-lead ECGs (bandpass filter: 0.05–100Hz) and intracardiac
electrograms (bandpass filter: bipolar 30–500Hz; unipolar 0.1–
500Hz) from a multichannel electrophysiology recorder (Bard
Electrophysiology, Lowell, Massachusetts, USA). Activation
mapping was performed using a 3-dimensional electroanatomic
mapping system (CARTO3, Biosense Webster Incorporation,
Diamond Bar, California, USA) with an irrigated catheter
(NaviStar ThermoCool, Biosense Webster Incorporation,
Diamond Bar, California, USA) or contact force catheter
(Thermocool SmartTouch, Biosense Webster Incorporation,
Diamond Bar, California, USA). The mapping catheter was

advanced via an SL1 or SR0 long sheath, if necessary. Heparin
was administered after accessing the femoral artery and was used
to maintain an activated clotting time of 200–250 s. For patients
with a transitional zone index (7) ≥ −0.5, we performed 3-
dimensional mapping in the RVOT first; those with a transitional
zone index < −0.5 underwent direct mapping in the ASVs by a
transaortic approach. Electroanatomic maps were constructed
via fast anatomic mapping, point-by-point mapping, or
intracardiac echocardiography (ICE) reconstruction (Soundstar,
Biosense Webster Incorporation, Diamond Bar, California,
USA). An ideal target for ablation was based on 3 criteria: (1)
the earliest activated site during mapping (≥20ms earlier than
the QRS onset of VAs); (2) a synchronized onset of distal bipolar
and unipolar (QS shape) electrogram; and (3) if possible, a
pace mapping (match ≥ 95%) was performed to confirm the
final target if the earliest activated site was unclear or showed
little difference (<5ms) from other sites. Before ablation, we
used selective coronary angiography (using a pigtail catheter or
irrigated catheter) or an ICE image to confirm that the distance
between the target and the coronary ostia was greater than 5mm.
RFCA was delivered with a maximum power of 35W and a
maximum temperature of 55◦C (irrigated flow rate: 2 ml/min)
for up to 60–90 s. An effective RFCA was defined as reduction,
disappearance, or acceleration with the same ECG morphology
of VAs within the 1st 10 s. If RFCA did not influence VAs, it was
discontinued and the catheter was repositioned. The endpoint
for RFCA consisted of the disappearance of VAs for at least
20min and the non-inducibility of VAs during isoproterenol
infusion and/or programmed stimulation.

Subregions of the ASV
To determine the differences of VAs in
electrocardiographic/electrophysiological characteristics from
different regions in the ASVs, we further divided the right and
left ASVs into 6 subregions (Figure 1): (1) Right-lateral ASV:
the lateral and posterior portions of the right ASV, usually
located behind the right coronary ostium; (2) Right-anterior
ASV: the anterior portion (center section) of the right ASV,
which contained the nadir of the semilunar hinges, usually
located between the right coronary ostium and the adjacent
left-right commissure; (3) Right side adjacent to the left-right
commissure; (4) Left side adjacent to the left-right commissure;
(5) Left-anterior ASV: the anterior portion (center section) of
the left ASV, which contained the nadir of the semilunar hinges,
usually located between the left coronary ostium and the adjacent
left-right commissure; and (6) Left-lateral ASV: the lateral and
posterior portions of the left ASV, usually located behind the
left coronary ostium. The location of different subregions was
based on 3-dimensional maps and imaging confirmation (ICE
and/or angiography).

Analysis of ECG and Intracardiac
Electrograms
A notch was defined as an extra deflection (not in initiation
and termination) in downstroke or upstroke. A precordial
electrocardiographic rebound notch of VAs was defined as a
downstroke notch on the earlier lead followed by an upstroke
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FIGURE 1 | Anatomic distributions of ventricular arrhythmias ablated in the ASVs. ASV, aortic sinus of Valsalva; N, non-coronary ASV; L, left ASV; R, right ASV; RCA,

right coronary artery; LCA, left coronary artery; R-Lat., right-lateral ASV; R-Ant., right-anterior ASV; R-Comm., right side adjacent to the left-right commissure;

L-Comm., left side adjacent to the left-right commissure; L-Ant., left-anterior ASV; L-Lat., left-lateral ASV.

notch on a later lead (Figure 2); this feature can also be quantified
as the difference of peak R-wave deflection interval (from the
earliest QRS onset to the peak R-wave deflection) (8) between
the adjacent precordial leads (Figure 3). Data from the bipolar
electrograms of the target in different ASV subregions were
focused on amplitude, duration, and earliest activation. The
bipolar electrogram characteristics of the target were reflected in
the deflection and potential elements (Figure 4).

Follow-Up
All the patients underwent a 12-lead ECG and 24-h Holter
monitoring on the same day, 1 month, 3 months, 6 months,
and 12 months after the procedure. Meanwhile, outpatient
or telehealth visits were performed when patients experienced
clinical symptoms such as palpitation. Recurrence was defined
as a clinical VA (same ECG morphology) burden ≥ 2% in 24-h
Holter monitoring.

Statistical Analysis
Continuous variables are expressed as the mean ± SD
(normal distribution) or median with interquartile range (non-
normal distribution), while categorical variables are described as
numbers or percentages. Continuous variables were compared
using the one-way ANOVA (normal distribution) or the Mann–
Whitney U test (abnormal distribution). Categorical variables
were compared using the chi-squared test. The Bonferroni

correction was applied to multiple comparisons among the
different subregions. A box-and-whisker graph and the receiver
operating characteristic curve were used to obtain the best
diagnostic values. A two-sided p-value < 0.05 was considered
as statistically significant. Data analysis was performed using the
SPSS version 21 (IBM Corporation, Armonk, New York, USA).
Graphs were obtained using the Prism version 8.0 (GraphPad
Software Incorporation, La Jolla, California, USA).

RESULTS

Characteristics of the Patient
After excluding 14 patients (4 patients with structural heart
disease and 10 patients with VA recurrence), a total of 51 patients
with successfully ablated VAs in the ASVs were enrolled in
this study. More than half of the patients were male. Most of
them were middle aged (Q1–Q3, 39–59 years). All the patients
presented with normal cardiac structure and function with
the clinical symptoms of palpitation and/or presyncope before
ablation. The details of the baseline characteristics are shown in
Table 1.

Characteristics of Distribution and Bipolar
Electrograms in Ablation Target
A total of 20 patients underwent remapping and reablation in the
ASVs after failed attempts to find an ideal target and/or achieved
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FIGURE 2 | Patterns of rebound notches on the precordial lead. (A) Left-sided (V3-V5) rebound notches (a downstroke notch on the earlier lead followed by an

upstroke notch on a later lead; peak R-wave deflection interval: (a < b) is more common in ventricular arrhythmias ablated in the right-anterior ASV. (B) Right-sided

(V2-V3) rebound notches are more common in ventricular arrhythmias ablated in the left-lateral ASV. (C) The accuracy of rebound notches in identifying ventricular

arrhythmias originating from the right-anterior ASV and/or the left-lateral ASV. ASV, aortic sinus of Valsalva; PPV, positive predictive value; NPV, negative predictive

value.

an effective RFCA (reduction, elimination, and morphology
change of VAs) in the RVOT. All the VAs were eventually
mapped and ablated successfully in the ASVs. Targets were
most commonly (39/51, 76%) located in the anterior portion
(in front of the coronary ostia) of the ASVs, which comprised
the right-anterior ASV (11/51, 21.6%), the right side adjacent to
the left-right commissure (13/51, 25.5%), the left side adjacent
to the left-right commissure (9/51, 17.6%), and the left-anterior
ASV (5/51, 9.8%). Only 1 VA was located in the right-lateral
ASV, while 12 VAs (12/51, 23.5%) were located in the left-
lateral ASV (Figure 1). The mean earliest activation on bipolar
electrogram was 28ms. As shown in Table 2, when compared to
VAs in the left-right commissure, those in the left-anterior/lateral
ASVs had lower amplitudes of the target bipolar electrogram
(0.50–1.16 vs. 0.35–0.67, p = 0.044). A total of 3 kinds of

target bipolar electrograms were found in this study including
the single potential (6/51, 12%), the prepotential (6/51, 12%),
and the fractionated potential (39/51, 76%). From the right-
lateral ASV to the left-lateral ASV, the percentage of fractionated
potential gradually decreased from 100 to 59% (Figure 4 and
Supplementary Table 1).

Electrocardiogram Characteristics of VAs
Originating From Different Subregions of
the ASV
A positive “R” wave in the initiation and termination of lead
I was more common (91.7 vs. 40.9 vs. 11.8%, p < 0.05) in
VAs from the right-anterior/lateral ASV than in those from
other subregions. From the right-lateral ASV to the left-lateral
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FIGURE 3 | The peak R-wave deflection interval difference between V4-V3 and V5-V4 during ventricular arrhythmias ablated in the ASVs. (A) The R-Ant./Lat. group

had a longer peak R-wave deflection interval difference between V4-V3 and V5-V4 than other groups. (B) The box-and-whisker plots show the V4-V3 or V5-V4 peak

R-wave deflection interval difference between R-Ant./Lat. and other groups. (C) The receiver operating characteristic analysis for peak R-wave deflection interval

difference between V4-V3 and V5-V4 in patients with ventricular arrhythmias ablated in the ASVs. ASV, aortic sinus of Valsalva; R-Ant./Lat., right-lateral/anterior ASV;

AUC, area under the curve.

ASV, the percentage of a negative “S/QS” in lead I increased
gradually (8.3 vs. 13.6 vs. 52.9%, p < 0.05). More than 80% of
VAs from the right-anterior/lateral ASV precordial transited ≥

V2. A precordial transition before V2 was most common in the
left-right commissure and the left-anterior/lateral ASV (45.4 vs.
58.8%). A precordial electrocardiographic rebound notch was
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FIGURE 4 | Distributions and characteristics of the target bipolar electrogram. (A) 3 types of target electrograms. (B) Distributions and (C) proportions of fractionated

potentials. Bip, bipolar electrogram; Uni, unipolar electrogram; ASV, aortic sinus of Valsalva; N, non-coronary ASV; L, left ASV; R, right ASV; R-Ant./Lat.,

right-lateral/anterior ASV; R-L Comm., left-right commissure; L-Ant./Lat., left-lateral/anterior ASV.

more common in VAs from the right-anterior/lateral ASV (100
vs. 28.3 vs. 41.2%) than in those from the left-right commissure
or the left-anterior/lateral ASV. The detailed ECG comparisons
are shown in Table 2.

Diagnostic Value of Precordial Rebound
Notch
A rebound notch in V3-V4 or V4-V5 (Figure 5) was observed
in 91% (10/11) of VAs from the right-anterior ASV, while it was
less likely to appear in other subregions (6/40, 15%). Among

VAs ablated in the right and left ASV, a rebound notch in
V3-V4 or V4-V5 had a sensitivity of 90.9%, a specificity of
85.0%, a positive predictive value (PPV) of 62.5%, and a negative
predictive value (NPV) of 97.1% to predict VAs ablated in
the right-anterior ASV (Figure 2). Meanwhile, the peak R-wave
deflection interval difference between V4-V3 and V5-V4 during
VAs was significant between the right-anterior/lateral ASV and
other subregions (41 ± 19 vs. 13 ± 17, p < 0.01); a cutoff
value of 32ms (area under the curve, 0.82; CI, 0.67–0.98; p
< 0.01) predicted an ablated target in the right-anterior/lateral

Frontiers in Cardiovascular Medicine | www.frontiersin.org 6 December 2021 | Volume 8 | Article 778866

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Weng et al. VAs Ablated in the ASV-Subregions

ASV with a sensitivity of 83.0% and a specificity of 87.0%
(Figure 3).

A rebound notch in V2-V3 during VAs was more common
in the left-lateral ASV (6/12; 50 vs. 5%, p < 0.05). Among VAs
ablated in the right and left ASV, a rebound notch in V2-V3 had
a sensitivity of 50.0%, a specificity of 94.9%, a PPV of 75.0%,

TABLE 1 | Baseline characteristics.

Patient characteristics (N = 51)

Age, y 53 (39–59)

Male, n (%) 31 (61)

Clinical symptoms, n (%)

Palpitations 51 (100)

Presyncope 1 (2)

Syncope 0

Clinical VAs, n (%)

Only PVCs 41 (80)

PVCs, non-sustained VT 8 (16)

PVCs, sustained VT 2 (4)

LVEDD (mm) before ablation 49 (45–54)

LVEF (%) before ablation 64 (60–65)

No. of patients LVEF < 50% 0

VA burden before ablation, beats/24 h 24445 (15000–36000)

Values are presented as the median (Q1–Q3) or n (%). VA, ventricular arrhythmia; PVC,

premature ventricular contraction; LVEDD, left ventricular end-diastolic dimension; LVEF,

left ventricular ejection fraction.

and a NPV of 86.0% to predict VAs ablated in the left-lateral
ASV (Figure 2). Meanwhile, the peak R-wave deflection interval
difference between V3 and V2 during VAs seemed greater in the
left-lateral ASV, but showed no significance when compared with
other subregions (19 ± 16 vs. 12 ± 11, p > 0.05). A cutoff value
of 31ms had a sensitivity of 33.3% and a specificity of 92.3% to
predict VAs ablated in the left-lateral ASV.

The details of different peak R-wave deflection intervals and
precordial rebound notches are given in Supplementary Table 2.

DISCUSSION

Major Findings
This study revealed the distribution and
electrocardiographic/electrophysiological characteristics of
VAs ablated in different subregions of the ASVs. The main
findings are as follows:

1. Ventricular arrhythmias from the ASVs aremainly distributed
in the anterior and the left lateral portions.

2. Among the 3 kinds of VAs targeting bipolar electrograms in
the ASVs, the fractionated potential was in the majority, but
its percentage decreased gradually from the right-lateral to the
left-lateral ASV.

3. Precordial electrocardiographic rebound notch is a simple
and distinct ECG pattern that has a high predictive accuracy
for identifying VA origins in the right-anterior ASV or the
left-lateral ASV.

TABLE 2 | Bipolar electrogram and ECG characteristics during ventricular arrhythmias.

R-Ant./Lat. (N = 12) R-L comm.(N = 22) L-Ant./Lat. (N = 17) P value

Target amplitude, mV 0.56 (0.33–0.99)a,b 0.76 (0.50–1.16)a 0.41 (0.35–0.67)b 0.044*

Target duration, ms 138.9 ± 14.5 139.1 ± 42.6 124.9 ± 35.4 0.416

Earliest activation, ms 25.8 ± 6.0 27.4 ± 7.4 29.5 ± 8.3 0.469

Lead I morphology, n (%)

R/RR’/RSR’ 11 (91.7)a 9 (40.9)b 2 (11.8)b <0.05*

Rs (R/S ≥ 1) 0 6 (27.3) 3 (17.6) >0.05

rS (R/S <1) 0 4 (18.2) 3 (17.6) >0.05

QS, QRS 1 (8.3)a 3 (13.6)a 9 (52.9)b <0.05*

Precordial transition, n (%)

V1 1 (8.3)a 7 (31.8)a,b 9 (52.9)b <0.05*

V1-2 1 (8.3) 3 (13.6) 1 (5.9) >0.05

V2 1 (8.3) 2 (9.1) 0 >0.05

V2-3 4 (33.3) 5 (22.7) 7 (41.2) >0.05

≥V3 5 (41.7) a 5 (22.7) a,b 0b <0.05*

Precordial rebound notch, n (%)

None 0a 16 (72.7)b 10 (58.8)b <0.05*

V1-2 1 (8.3) 0 0 >0.05

V2-3 0 2 (9.1) 6 (35.3) >0.05

V3-4 9 (75) a 2 (9.1) b 1 (5.9) b <0.05*

V4-5 2 (16.7) 2 (9.1) 0 >0.05

Values are presented as the mean ± SD, median (Q1–Q3), or n (%). ASV, aortic sinus of Valsalva; R-Ant./Lat., right-lateral/anterior ASV; R-L Comm., left-right commissure; L-Ant./Lat.,

left-lateral/anterior ASV. a or bDifferent letters indicate intergroup significance; e.g., for the “target amplitude,” significance is shown between R-L Comm. and L-Ant./Lat.

The Bold values and the symbol * highlight the P value < 0.05.
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FIGURE 5 | A patient who suffered from premature ventricular contraction (PVC) with left bundle branch block morphology and inferior axis deviation ablated in the

right-anterior ASV. (A) The ECG of PVC showed a rebound notch on leads V4-V5; the final target revealed a reversal potential (compared with sinus rhythm) that

preceded the onset of QRS for 39ms during PVC and the pace mapping showed a similarity of 98%. (B) The ventricular bigeminy rhythm disappeared immediately

after radiofrequency (RF) initiation and the late potential (blue arrow) during sinus rhythm was eliminated after 60 s of RF. (C) The ablated target was located at the

right-anterior ASV through intracardiac echocardiography. ABL-D/P, distal or proximal bipolar electrogram; Uni-D, distal unipolar electrogram; SR, sinus rhythm; PM,

pace mapping; ABL, ablation catheter; ASV, aortic sinus of Valsalva; N, non-coronary ASV; L, left ASV; R, right ASV; Pos., posterior; Ant., anterior.

Correlation Between Anatomy and
Electrophysiology of the ASV-VAs
As a part of the aortic root, the ASVs are located in the center
of the heart, surrounded by the RVOT, the left ventricle, the
right atrium, and the left atrium. As for the relative anatomic
location, the right ASV forms the right anterior portion of
the ASVs and abuts the RVOT, resulting in an electrogram
that shows a large ventricular potential and a small (or absent)
atrial potential; the left ASV located higher and lateral, which
is stuck in the middle of the RVOT and the left atrium and
usually shows a local ventricular and atrial electrogram; the non-
coronary ASV, which is the lowest and most posterior part, is
close to the interatrial septum and shows a large atrial potential
(9). Meanwhile, histological study (10) found that ventricular
musculature mainly extends into the anterior portion of the
ASVs, while the non-coronary ASV, the right-lateral ASV, and
the left-lateral ASV are embraced by the fibrous skeleton (11). In
keeping with such anatomic substrate, the targets of the ASV-VAs
in this study weremainly distributed in the anterior portion of the
ASVs, while only a quarter (13/51) of the VA targets was located
in the lateral ASVs. However, according to the distributional
difference (left-lateral ASV, 13/51 vs. right-lateral ASV, 1/51),
the left-lateral ASV should receive more attention than the
right-lateral ASV during mapping and ablation, probably due

to the anatomic proximity between the left-lateral ASV and the
aortomitral continuity [another arrhythmogenic region (12)].
Similarly, Yang et al. (3) reported a case series about the ablation
of VAs with predominant monophasic “R” waves in precordial
leads from the left ASV. They found that those with small
“s” waves in ECG-V2 and a single “V” electrogram in the
target were located more inferior and lateral in the left ASV.
This anatomic distribution (left-lateral ASV) and these target
potential characteristics (lower amplitude and less fractionation)
are similar to those in this study, which is why VA targets
were more common in the left-lateral ASV than in the right-
lateral ASV.

Electrocardiogram Characteristics of the
ASV-VAs
Due to the distinct posterior-anterior and blurry left-right
anatomic relationship between the pulmonary root and the aortic
root, ECG differentiation of left- and right-sided outflow tract
VAs is mainly based on the precordial lead (13). Many ECG signs
and prediction algorithms, such as an R-wave duration index ≥

50% and R/S-wave amplitude index≥ 30% in V1 and/or V2 (1), a
V2 transition ratio ≥ 0.60, a transitional zone index < 0 (7), and
an R-wave deflection interval of modified precordial lead (8), can
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predict an origin of the left ventricular outflow tract VAs. Within
the ASVs, different sinuses have different VA ECG characteristics.
The right ASV is located inferior, anterior, and to the right of
the left ASV, which usually presents as a lower amplitude in the
inferior lead, a greater positive portion in lead I, and a later
transition in the precordial lead (V2-V3) during VAs recorded
in ECG. In contrast to VAs from the right ASV, VAs from the left
ASV usually show a larger amplitude in the inferior lead, a greater
negative portion in lead I, and an early transition in the precordial
lead (before V2) (2).Moreover, someVAs from the left ASV could
show predominant monophasic “R” waves in precordial leads
with an “s” wave in lead V2 (3). In addition, a “QRS” pattern
(5) in leads V1-V3 and/or a “QS” pattern plus a downstroke
notch (6) in lead V1 with a precordial transition at lead V3
might suggest a site of VA origin in the left-right commissure.
Occasionally, an ECG pattern of narrower QRS duration, “s”
wave in lead III, and smaller III/II ratio indicate an ablation in
the non-coronary ASV, which might be of a para-Hisian origin.
However, none of those studies focused on subregions of the
ASV. This study further divided the right and the left ASVs
into 6 subregions according to the anatomic marks revealed by
ICE or coronary angiography. In addition to the typical ECG
characteristics of the ASV-VAs, such as a positive “R” wave in
the initiation and termination of lead I being more common in
the VAs from the right ASV, we also found that the contiguous
precordial electrocardiographic notch patterns could be a novel
ECG signature for locating different subregions of the ASV. A left
precordial rebound notch (V3-V4/V4-V5) during VAs indicates a
right-anterior subregion, while a right precordial rebound notch
(V2-V3) during VAs indicates a left-lateral subregion. Above
all, this novel precordial ECG sign could provide supplemental
evidence for the localization of the ASV-VAs, thus improving the
precision and efficiency of mapping in the ASVs.

Underlying Mechanism of the Precordial
Electrocardiographic Rebound Notch
An electrocardiographic notch in VAs might be related to slow
or prolonged conduction. Marchlinski et al. first reported that an
R wave notch of the inferior lead was more common in the free
wall than in the septum during RVOT pacing, which could be
explained by the sequential activation of the right ventricle and
the left ventricle during pacing from free-wall sites leading to
prolonged activation time and causing the electrocardiographic
inferior notch (14). Yamada et al. found that VAs originating
from the parietal band always presented with a notch in the
middle of any QRS in all the cases, which suggested prolonged
time conduct from the VA origin to the Purkinje system (15).
In addition, the “notch” could be a sign of epicardial VAs. A
precordial pseudodelta wave (upstroke notch) ≥ 34ms has a
sensitivity of 83% and a specificity of 95% to predict an epicardial
origin (16). Both the upstroke and downstroke notches of the
R wave in lead III have a sensitivity of 40.6% and a specificity
of 97.5% to predict VAs arising from the distal great cardiac
vein (17). Similarly, this study showed that VAs located in the
right-anterior ASV, which always show a fractionated potential
(slow conduction) in the target bipolar electrogram, are covered
by different kinds of precordial rebound notches (V1-V2, 8.3%;
V3-V4, 75%; and V4-V5, 16.7%).

A precordial electrocardiographic rebound notch is defined as
a downstroke notch on the earlier lead followed by an upstroke
notch on the later lead, indicating that the adjacent precordial
leads have shorter and longer peak R-wave deflection intervals,
respectively. Thus, a precordial electrocardiographic rebound
notch is always followed by a larger difference in the peak R-
wave deflection interval between the adjacent precordial leads,
which may reflect a difference in the local depolarized time. In
summary, activations from different subregions of the ASVs are
conducted by different vectors, resulting in different patterns of
the precordial electrocardiographic rebound notch. Interestingly,
we never found a precordial sequential notch (an upstroke notch
on the earlier lead followed by a downstroke notch on the later
lead) in the study population.

LIMITATIONS

This retrospective study is limited by the small sample size and
single center, which prevented us from testing the diagnostic
value of precordial electrocardiographic rebound notches in
patients with the ASV-VAs in an external validation cohort.
Meanwhile, the mechanism of the rebound notch remains
speculative and unclear. High-density epicardial and endocardial
electroanatomic mapping can reveal the activation pattern
of the ASV-VAs and may explain this specific precordial
electrocardiographic notch change. Moreover, any target that
was confirmed by local activation mapping [28ms (22–33ms)]
and matching pace mapping could not be definitively recognized
as an origin site because we did not perform high-density
epicardial and endocardial ventricular outflow tract mapping in
all the patients. Thus, we used the verb “originate” prudently.
In addition, ICE, considered the gold standard for the location
of VAs, was used in only approximately 40% of the population
due to the retrospective nature of this study. For the rest of
the patients, detailed coronary angiography plus 3-dimensional
maps can be an alternative solution. Finally, this study did not
enroll patients with VAs originating from the non-coronary ASV
because of their low incidence rate and uncertain origin (possibly
para-Hisian origin).

CONCLUSION

The targets of the ASV-VAs were distributed mainly in the
anterior and the left-lateral ASVs. The fractionated potential
was dominant in the 3 types of target electrograms, while
the percentage of target fractionation gradually decreased
from the right-lateral to the left-lateral ASVs. A precordial
electrocardiographic rebound notch has high predictive accuracy
for the localization of VAs in the right-anterior or left-
lateral ASVs.
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