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Ventricular premature complexes successfully
ablated from the non-coronary cusp:
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Background Ventricular premature complexes (VPCs) occasionally originate from the aortic sinus of Valsalva. Because the anterior part of
the left coronary cusp (LCC) and right coronary cusp (RCC) are connected through the ventricular musculature at their bases,
VPCs are more common in the LCC and the RCC than in the non-coronary cusp (NCC). We herein report a case in which
VPCs were successfully ablated from the NCC, which is considered rare.

Case summary A 30-year-old woman was admitted to our hospital for the ablation of VPCs, which comprised 43% of the total heart beats. The
clinical VPCs had an inferior axis and left bundle branch block morphology with a precordial transition between V4 and V5.
Three-dimensional mapping of the target VPCs indicated that the earliest activation site was RCC. After radiofrequency
(RF) energy application at the RCC, VPCs were temporally suppressed but recurred after 24 min. Remapping of the recurrent
VPCs revealed that the earliest activation site shifted from the RCC to the His region. To avoid the risk of atrioventricular block,
RF energy was applied from the NCC, which resulted in successful elimination of the VPCs without any complications.

Discussion The present case suggests that RF energy application from the NCC may be a safe and effective option for the ablation of VPCs
with the earliest activation at the RCC and His region.

Keywords Ventricular premature complexes ® Non-coronary cusp ® Right coronary cusp ® His region ® Radiofrequency
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ESC Curriculum 5.1 Palpitations ® 5.6 Ventricular arrhythmia

* Corresponding author. Tel: 481 92 771 8151, Email: nanahachi2744@gmail.com

Handling Editor: Rami Riziq Yousef Abumuaileq

Peer-reviewers: Fabian Barbieri and Richard Ang

Compliance Editor: Debbie Falconer

Supplementary Material Editor: Katharine Kott

© The Author(s) 2022. Published by Oxford University Press on behalf of European Society of Cardiology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https:/creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com


https://orcid.org/0000-0002-3591-8976
mailto:nanahachi2744@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/ehjcr/ytac129

A. Tanaka et al.

Learning points

with the earliest activation at the RCC and His region.

e |diopathic ventricular arrhythmias (VAs) from the aortic sinus of Valsalva are more common in the left coronary cusp and the right cor-
onary cusp (RCC), and rarely arise from the non-coronary cusp (NCC).

e Electrocardiography and the electrophysiological characteristics of NCC VAs were similar to those of RCC VAs.

e Radiofrequency energy application from the NCC may be a safe and effective option for the ablation of ventricular premature complexes

Timeline

1 year before Palpitations and fatigue appeared
Premature ventricular complexes
(VPCs) were diagnosed

Palpitations and fatigue worsened
Holter ECG—VPCs comprised 43%

of the total heart beats

3 months before

Bisoprolol 2.5 mg daily was started
Holter ECG—VPCs comprised 44% of
the total heart beats

1 month before
Drug treatment for 2
months Her symptoms were not resolved
Day of ablation Ablation of VPCs was performed as
follows:
9:05  Femoral vein puncture
9:32  RVOT mapping
9:48  Femoral artery puncture
9:53  Aortic cusps mapping
10:21  VPCs elimination after RCC
ablation
10:45 VPCs recurrence
10:52 RVOT and aortic cusps
remapping
11:30  VPCs elimination after NCC
ablation
11:53  Ablation was finished
3 days later Discharged without any complications
1 month later Holter ECG—no recurrence of the
Post-ablation follow-up VPCs
Palpitations and fatigue disappeared
1 year later Palpitations and fatigue disappeared

Post-ablation follow-up

Introduction

Approximately 70% of idiopathic ventricular arrhythmias (VAs) ori-
ginate from the right ventricular outflow tract (RVOT).! Other ori-
gins of idiopathic VAs include the aortic sinus of Valsalva, the left
ventricular outflow tract (LVOT), great cardiac veins, epicardial myo-
cardium, aorta-mitral continuity, and rarely the pulmonary artery.
Right ventricular outflow tract VAs typically present between the
ages of 20 and 50 years and more frequently occur in women.
Recent progress of three-dimensional mapping technology has in-

creased the success rates of VAs ablation remarkably. The success

rates of RVOT VAs catheter ablation are reported to be >95% in
patients without structural heart disease when performed by experi-
enced operators.! Therefore, according to the current European
Society of Cardiology (ESC) guidelines," catheter ablation of RVOT
VA:s is ranked as Class | and recommended in symptomatic patients
and/or in patients with a failure of antiarrhythmic drug therapy or in
patients with a decline in their left ventricular function due to the
RVOT VAs burden.

Ventricular arrhythmias originating within the aortic sinus of
Valsalva account for ~20% of idiopathic VAs, most from the left
coronary cusp (LCC), followed by the right coronary cusp
(RCC), and rarely the fibrous non-coronary cusp (NCC)." The
main complication from ablation within the aortic cusps is the acute
occlusion of the left main coronary artery. Therefore, the current
ESC guidelines' rank catheter ablation of aortic cusp VAs as Class
lla and it should be performed by experienced operators in symp-
tomatic patients after the failure of one or more sodium channel
blockers (Class IC agents).

Because aortic cusp VAs from the NCC are considered to be rare,
we herein report a case of idiopathic ventricular premature com-
plexes (VPCs) that were successfully ablated from the NCC without
any complications.

Case presentation

A 30-year-old woman visited our hospital with a chief compliant of
palpitations and fatigue. No significant abnormal findings were
found on physical examination. Electrocardiography (ECG) re-
vealed that the rhythm was sinus with frequent VPCs. Holter
ECG demonstrated that the VPCs comprised 43% of the total
heart beats. Echocardiography indicated no evidence of clinically
overt structural or organic heart disease. Because she had no par-
ticular medical history, bisoprolol 2.5 mg daily was started.
However, since bisoprolol did not either alleviate her symptoms
or reduce the frequency of VPCs, the drug was discontinued
and radiofrequency (RF) catheter ablation was instead recom-
mended. The clinical VPCs had an inferior axis and left bundle
branch block morphology with a precordial transition between
V4 and V5 (Figure 1A).

Radiofrequency catheter ablation was performed in accordance
with our protocol for VPC ablation (Figure 2). In brief, under local an-
aesthesia, a 20-polar electrode monorail catheter (Inter-Nova,
Tokyo, Japan) was positioned percutaneously through the coronary
sinus (CS) into the anterior interventricular vein (AlV) using a 0.014
guidewire. Since the surface ECG morphology suggested that the
clinical VPCs were of an RVOT origin, the VPC mapping was first ob-
tained at the RVOT using a THERMOCOOL SMARTTOUCH®
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Figure 1 (A) Twelve-lead electrocardiography of the ventricular premature complexes. Clinical ventricular premature complexes had an inferior
axis and left bundle branch block morphology with a precordial transition between V4 and V5. The QRS morphology has the left bundle ranch block,
left axis, and upright R waves in Lead | with the QRS duration of 128 ms and lll/Il ratio of 0.62. (B) Pace mapping at the right ventricular outflow tract
septum. No good pace mapping was obtained at the right ventricular outflow tract (8 of 12 leads were identical to the clinical ventricular premature
complexes). (C) Pace mapping at the right coronary cusp. Pacing at the earliest activation site was similar to target ventricular premature complexes,
but a perfect pace map was not obtained (10 of 12 leads were identical to the clinical ventricular premature complexes). RCC, right coronary cusp;
RVOT, right ventricular outflow tract; VPCs, ventricular premature complexes.

ablation catheter (Biosense Webster, Irvine, CA, USA). We prefer to
use the ablation catheter for RVOT VA mapping because of its
manoeuvrability and lower incidence of catheter-induced VPCs
compared with multipolar catheters. The earliest activation was
recorded at the septal side of the RVOT and preceded surface
ECG by 11 ms. However, no good pace mapping was obtained
at the RVOT (8 of 12 leads were identical to the clinical VPCs,
Figure 1B). Therefore, the VPC mapping was performed at the
LVOT using a multi-electrode catheter PENTARAY® (Biosense
Webster) after aortic angiography (Figure 3A). The geometry of
the aortic cusp was reconstructed by CARTOSOUND®
(Biosense Webster) (Figure 4A). Three-dimensional mapping by
the CARTO 3 system (Biosense Webster) demonstrated that
the earliest activation was at the RCC and preceded surface
ECG by 28 ms (Figures 2, 4B, and 5A). Pacing at the earliest

activation site provoked a waveform similar to the target VPCs,
but no perfect pace mapping was obtained (10 of 12 leads
were identical to the clinical VPCs, Figure 1C). Radiofrequency
energy was applied at the earliest site of the RCC with a maximal
temperature of 42°C, a maximum power of 35 W, and an irriga-
tion rate of 12 mL/min for 120 s. The VPCs were suppressed in
3's but recurred after the cessation of RF energy application.
After the third energy application, the VPCs were finally
eliminated.

However, the VPCs recurred 24 min after the last energy applica-
tion. Although the morphology, QRS transition, and rate of the re-
current VPCs were almost the same as the target VPCs, additional
ablation from the RCC did not diminish the recurrent VPCs.
Remapping of the recurrent VPCs using CARTO3 system indicated
that the earliest activation site was not at the RCC but below the
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Figure 2 Our protocol for ventricular premature complex ablation. We always map the right ventricular outflow tract first to minimize the risk of
complications, even if the electrocardiography morphology is compatible with that of the left ventricular outflow tract. If no good pace mapping or
earlier potential preceding to surface electrocardiography at the right ventricular outflow tract is obtained, then we map the aortic cusps and the left
ventricular outflow tract. A 20-polar electrode monorail catheter is routinely positioned into the anterior interventricular vein for monitoring the
great cardiac vein and anterior interventricular vein. Only after unsuccessful left ventricle endocardial ventricular premature complex ablation, left
ventricle epicardial mapping may thus be considered. AlV, anterior interventricular vein; ECG, electrocardiograms; GCV, great cardiac vein; LV, left
ventricle; LVOT, left ventricular outflow tract; RVOT, right ventricular outflow tract; VPCs, ventricular premature complexes.

aortic valve (Figure 3B), where the His potential was recorded during
sinus rhythm. The earliest activation preceded surface ECG by
16 ms. Mapping of the RVOT revealed that the earliest activation
site was in the His region (Figure 3C), where local potentials preceded
surface ECG by 34 ms during VPCs, and a clear His potential was re-
corded during sinus rhythm (Figure 5B). To avoid the risk of atrioven-
tricular (AV) block, we preferred to apply energy from the aortic
valve cusps. Because RF energy application at the RCC had failed
to diminish the VPCs, RF energy was delivered from the NCC where
the His potentials were neither sharp nor split (Figure 3D). Because
far-field His potentials were recorded at the NCC, CS pacing
(120 b.p.m.) was continued during RF energy application to monitor
AV conduction. Although the local potentials at the NCC preceded
surface ECG by only 22 ms (Figure 5C), RF energy delivery from the
NCC successfully eliminated the VPCs within 5 s. Energy application
for 120 s was repeated several times to secure the elimination of the
VPCs. The session was finished without any complications. The total
procedure time was 2 h 48 min.

Echocardiography after ablation indicated no evidence of either
aortic valve injury or regurgitation. Holter ECG at 1 month after
catheter ablation revealed no recurrence of the VPCs. The patient
never complained of either palpitations or fatigue after undergoing
catheter ablation.

Discussion

Idiopathic VAs often originate from the RVOT and sometimes from
the aortic sinus of Valsalva." Idiopathic VAs from the aortic sinus are
more common in the LCC than in the RCC and rarely arise from the
NCC.>™ Because the anterior part of the LCC and RCC is con-
nected with the ventricular musculature at their bases,(”7 it has
been recognized that some VAs were curatively treated by RF cath-
eter ablation from the LCC and RCC. In contrast, the NCCis rarely a
target of VAs, because the NCCis not in direct contact with the ven-
tricular musculature and is exclusively surrounded by fibrous
walls.>”® Yamada et al.* reported that NCC VAs were rare (7%)
among 90 cases of idiopathic aortic root VAs and occurred in signifi-
cantly younger patients in comparison to patients with other aortic
root VAs.

Previous studies reported that an early QRS transition (V1-2) pre-
dicts VAs with an origin in the sub-valvular LVOT or aortic sinus
cusps, while a late QRS transition (V4-5) predicts those with an ori-
gin in the RVOT or His region.>*? Since the NCC is located poster-
ior to the RCC which is attached to the interventricular septum,
ECG and the electrophysiological characteristics of NCC VAs
were similar to those of RCC VAs.>’ However, Yamada et al? re-
ported that among six cases with NCC VAs, the QRS morphologies
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Figure 3 (A) Angiography of the left ventricular outflow tract in the right anterior oblique view. The 20-polar electrode catheter was positioned
percutaneously through the coronary sinus into interventricular vein. (B) Fluoroscopic image of the earliest activation site of recurrent ventricular
premature complexes in the left ventricular outflow tract in the right anterior oblique view. The ablation catheter was located at the right coronary
cusp. The diagnostic catheter was placed in the coronary sinus-interventricular vein. (C) Fluoroscopic image of the earliest activation site of recur-
rent ventricular premature complexes in the right ventricular outflow tract in the right anterior oblique view. The ablation catheter was in the His
region. (D) Fluoroscopic image of the successful ablation site in the right anterior oblique view. Energy application to the non-coronary cusp suc-
cessfully eliminated the ventricular premature complexes. AlV, anterior interventricular vein; CS, coronary sinus; LVOT, left ventricular outflow
tract; NCC, non-coronary cusp; RCC, right coronary cusp; RV, right ventricular; RVOT, right ventricular outflow tract; TA, tricuspid annulus;

VPCs, ventricular premature complexes.

of NCC VAs were characterized by a left bundle branch block and
left-axis QRS morphology and upright R waves in Lead | in all cases,
upright R waves dominantly in Lead aVL, and the frequent presence
of S waves in Lead IIl (50%). The QRS duration of NCC VAs was typ-
ically narrower (<150 ms), and the Ill/Il ratio typically was <0.65.
The A/V ratio was >1 at the successful ablation site. These ECG
characteristics may predict an NCC origin among aortic root VAs
sites with high accuracy. In the present case, the QRS morphology
was a left bundle branch block and upright R waves in Lead | and a
small R wave in Lead aVL. The QRS duration was 128 ms (<150).
The lII/Il ratio was 0.62 (<0.65). The A/V ratio at the successful ab-
lation site was >1. These findings were consistent with the QRS

morphology of the NCC VAs reported by Yamada et al.* except
left-axis QRS morphology and S waves in Lead |ll.

Previous studies reported that in all VA patients with an RCC or
NCC origin, the earliest RV activation preceding the QRS onset was
recorded in the His bundle region, and some VAs with the earliest
ventricular activation site at the His bundle region were successfully
ablated from the NCC.>*® In the present case, energy application
from the NCC resulted in the successful elimination of the VPCs,
while the first energy application from the RCC might have blocked
the exit of the VPCs towards the RCC without eliminating the VPCs.
Therefore, we think that the origin of the VPCs in the present case
may have been located at the NCC or the NCC-RCC commissure.
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Figure 4 (A) CARTOSOUND and intracardiac echocardiography images of the aortic cusp. (B) Activation map of ventricular premature com-
plexes. The geometry of the aortic cusp was reconstructed by CARTOSOUND. Three-dimensional mapping using CARTO 3 revealed the earliest
activation at the right coronary cusp. ICE, intracardiac echocardiography; LV, left ventricle; NCC, non-coronary cusp; RCC, right coronary cusp;

VPCs, ventricular premature complexes.
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Figure 5 (A) Electrograms of target ventricular premature complexes were obtained by the ablation catheter. The local potential at the right
coronary cusp preceded surface electrocardiography by 28 ms. Electrograms of the coronary sinus (coronary sinus; 19-20 proximal and 1-2 distal)
are shown from top to bottom at a paper speed of 100 mm/s. (B) Electrograms of the earliest activation site of the recurrent ventricular premature
complexes in the right ventricular outflow tract. The pre-potential preceded surface electrocardiography by 34 ms during ventricular premature
complexes, and a clear His potential was recorded during sinus rhythm. (C) The electrograms of the recurrent ventricular premature complexes
were obtained at the non-coronary cusp. The local potential at the non-coronary cusp preceded the surface electrocardiography by 22 ms; how-
ever, that was not the earliest. Far-field His potentials were recorded at the non-coronary cusp during sinus rhythm. CS, coronary sinus; ECG, elec-
trocardiograms; NCC, non-coronary cusp; RCC, right coronary cusp; RVOT, right ventricular outflow tract; VPCs, ventricular premature

complexes.

According to the current ESC guidelines,” ablation of aortic cusp
VAs should only be performed at highly experienced ablation centres
after the failure of at least one Class IC agent." Our hospital, which
has two electrophysiology (EP) rooms with 16 cardiologists including
three board-certified EP consultants, performed 1675 cases of abla-
tion in the last 5 years, of which 112 cases were VAs. Ablation at the
aortic sinus of Valsalva can involve greater procedural complexity as
well as some periprocedural risk (stroke, aortic valve cusp injury, or
coronary artery injury) when compared with ablation at RVOT.

Aortography to detect the coronary artery and/or intracardiac echo-
cardiography monitoring was recommended.

Ventricular arrhythmias arising from the RV septum near the His
bundle can be successfully ablated in ~70-90% of patients, with sev-
eral series reporting a higher likelihood of abandoning attempts at ab-
lation due to concerns about inducing AV block.'® Therefore, catheter
ablation of VAs from para-Hisian sites should be considered only in pa-
tients with the symptomatic disease for whom antiarrhythmic medica-
tions are ineffective, not tolerated, or not the patient’s preference.'®
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Contrary to the current ESC guidelines," we did not use any Class
IC agents before performing ablation. Because the surface ECG
morphology had suggested that the clinical VPCs were of an RVOT
origin, we therefore used B-blockers instead. As the drug therapy
for 2 months did not alleviate her symptoms, the patient was reluctant
to continue the drug therapy. Therefore, we performed catheter ab-
lation, in which RF delivery at the NCC eventually proved to be effect-
ive. If VPCs had an obvious aortic cusp origin before the ablation, then
we used Class IC agents first.

We experienced a case in which VPCs were successfully ablated
from the NCC, which is considered rare. Radiofrequency energy ap-
plication from the NCC may be a safe and effective option for the ab-
lation of VPCs with the earliest activation at the RCC and His region.
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