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Abstract: Objective: To explore the characteristics of optimal ablation site and its surrounding tissue in terms of
unipolar and bipolar voltage mapping in idiopathic arrythmias from right ventricular outflow tract (RVOT) to under-
stand if there is any difference between the two arrhythmias in matrix. Method: A total of 40 patients with idiopathic
arrhythmias originated from RVOT (28 PVCs/12 VT) were enrolled in the study group. The control group consisted of
five patients with supraventricular tachycardia (SVT). Before ablation, the CARTO system was applied to establish a
detailed three-dimensional electroanatomic voltage map (EVM) of RVOT during the sinus rhythm. Results: A band-
like LVA of similar size was observed under the pulmonary valve on not only the bipolar map, but also unipolar map,
for every patient. Both unipolar and bipolar voltage values in areas within 5 mm were significantly different from
those in other areas above ablation targets, whereas similar differences were observed only in unipolar voltage
values below the optimal ablation site for either of the two arrhythmias. Significant difference was present between
VT group and VPCs group in voltage values for every area including target site. In terms of the overall LVA areas and
the scar areas displayed on the unipolar and bipolar voltage maps, there was a significant difference between the
unipolar value and bipolar value for the LVA areas and the scar areas in the VT or PVC group (P<0.05). Conclusions:
There was focal micro-scarring around the optimal ablation site. The ectopic focus is probably located in mid- or epi-
myocardium. The distributions of majority of optimal ablation sites were regular especially at the noteworthy border
of the band-like LVA on bipolar voltage map, or in the band-like LVA on unipolar voltage map.

Keywords: Electroanatomic voltage mapp (EVM), right ventricular outflow tract (RVOT), ventricular tachycardia (VT),
premature ventricular contractions (PVCs)

Introduction involvement of epi- and mid-myocardium which
is commonly present in ARVC patients [5-7]. In

The mechanism of idiopathic arrhythmias origi- this study, we investigated the targets of IRVOA

nated from right ventricular outflow tract (RVOT)
is not fully understood currently. To date, few
studies on the relationship between the two
types of arrhythmias including premature ven-
tricular contractions (PVCs) and ventricular
tachycardia (VT) have been reported [1, 2]. In
recent years, electroanatomic voltage mapping
(EVM) has become a new and sensitive method
for matrix research of arrhythmias to identify
and characterize low-voltage regions and con-
duction. It is increasingly used for substrate-
based mapping and catheter ablation of scar-
related VT [3, 4]. It has been suggested that
unipolar EVM provide a larger antenna than
bipolar EVM to detect fibro-fatty subatrate

patients with different forms of arrhythmias
and performed unipolar and bipolar voltage
mapping around the target to characterize the
similarities and differences between IRVOT PVC
and VT matrixes, thus providing clinical guid-
ance for the treatment of IRVOA.

Materials and methods
Patients

We recruited IRVOA patients and supraventri-
cular tachycardia patients with successful abla-
tion who were admitted to the Cardiovascular
Medicine Department of Jiangsu Province Hos-
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pital and Sugian First Hospital in China be-
tween January 2014 and September 2019. All
included patients signed the informed consent
form. The study was approved by the ethics
committees of the respective hospitals (NCT-
03895413).

Study group

Before the operation, ventricular arrhythmia
patients with a preoperative electrocardiogram
conforming to the origin characteristics of right
ventricular outflow underwent cardiac ultra-
sound or coronary angiography and MRI to
exclude ARVC and were clinically diagnosed as
idiopathic PVC or VT [8, 9]. During the opera-
tion, all patients received detailed electrophysi-
ological examination and radio-frequency abla-
tion. The study group comprised the patients
with successful ablation targets under the pul-
monary valve. Pure PVC was defined as single
PVC with the same form or continuous PVC <2
identified in electrocardiogram and dynamic
electrocardiogram examinations; VT was defin-
ed as continuous PVC >3 recorded by electro-
cardiogram or dynamic electrocardiogram exa-
mination, and a tachycardia with a frequency
>100 beats/min or single consistent form PVC.
In total, 40 patients were enrolled in the study
group (11 males and 29 females), with an aver-
age age of 42.38+13.90 years (18-69 years).
Preoperative dynamic electrocardiogram exam-
ination showed that the total number of PVCs
exceeded 6,000 beats/24 h, with an average
premature contraction number of 31442.9+
20407.1 beats/24 h, and a premature con-
traction load of 25%%14%. Cardiac ultra-
sound using the Simpson method showed that
the cardiac ejection fraction (EF) value was
63.88%+3.86%.

Control group

Patients with supraventricular tachycardia and
radio-frequency ablation with no clinical history
and no echocardiography to indicate organic
heart disease were considered as the control
group. The control group consisted of two male
and three female patients, with an average age
of 43.6+11.6 years.

All patients stopped using anti-arrhythmia
drugs (Quinidine Sulfate Tablets, H11020970,
China Resources Double-Crane Pharmaceutical
Co., Ltd., 200 mg) for at least five half-lives
before the operation and signed informed con-
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sent for electrophysiological study (EPS) and
radiofrequency ablation procedure.

Methods

All patients were required to undergo a detailed
electrophysiological examination to exclude
those with left ventricular outflow origin, right
ventricular outflow epicardial origin, and supra-
valvular pulmonary artery origin. Before abla-
tion, EVM for RVOT during sinus rhythm was
completed, including the supravalvular pulmo-
nary artery portion and the near His bundle
portion.

Electrophysiological examination: When the
baseline of preoperative electrocardiogram
monitoring showed spontaneous PVC or no
spontaneous PVC, isoproterenol (Penglai Nuo-
kang Pharmaceutical Co., Ltd., H37020549,
batch number: 100166-201004, specification:
50 mg) was administered by intravenous drip
(1-5 pg/min). In addition, electrocardiograms
showing clinical PVC induced by routine proce-
dures during the operation were further investi-
gated. The Seldinger vascular puncturing meth-
od was used to puncture the right femoral vein
and a 4-mm non-perfusion diagnostic/ablation
deflectable tip catheter or a 3.5-mm perfusion
diagnostic/ablation deflectable tip catheter
(Navistar thermocool, biosense webster) was
introduced to guide the voltage mapping during
sinus rhythm and for activation mapping under
PVC using the three-dimensional mapping
CARTOXP system.

EVM: All patients underwent preoperative rou-
tine EVM for RVOT during sinus rhythm and
sample collection (=50 points) was performed
between the supravalvular pulmonary artery
portion and the near His bundle portion. We
estimated the location of the pulmonary valve
by the guidance of bi-axial fluoroscopy and right
ventriculography. For the cases mapped by the
CARTOXP system, the merged image of cardiac
computer tomography and electrical mapping
was used to confirm the location of the pulmon-
ic valve. The bipolar frequency was 30-500 Hz,
the unipolar frequency was 1-240 Hz, and the
electrogram was generated at a speed of 200
m/s. The center of Wilson was used as the
other pole in unipolar voltage mapping. The
variation in the perimeter of recorded points
was within 2%, the variation of local ventricular
activation time was within 3 mm, and the varia-
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Table 1. Baseline data of the patient in the PVC and VT groups in the study group

Group Number Sex (F/M) Age (years) LVEF (%) Premature contraction load
VT group 12 10/2 45.0+10.5 64.6+£4.0 27%+20%

PVC group 28 22/6 42.5+12.5 63.6£3.9 25%+10%

X2/t 3.65 1.365 1.254 1.964

P-value (VT vs PVC) 0.227 0.538 0.436 0.649

Note: Data represent mean + standard deviation. LVEF, left ventricular ejection fraction (Simpson method); premature contrac-
tion load, the ratio of the total number of individual PVCs to the total number of heartbeats in a 24-hour dynamic electrocardio-
gram. Electrophysiological examination and radio-frequency ablation. There were no significant differences in the ventricular
rhythm data collected (81.1+51.1 points) between the PVC and VT groups (P=0.74). Ablation was successful in all the patients,
and no arrhythmia appeared after half an hour or intravenous drug administration by drip.

tion of the local catheter location was within 4
mm. All these data were then integrated into
images. In addition, the movement of the cath-
eter was coordinated with the movement of the
heart under fluoroscopy to determine whether
the catheter and the heart were sufficiently
abutted. In addition, different colors from the
purple area (bipolar voltage >1.5 m or unipolar
voltage =6 mV) to gray area (bipolar voltage
<0.5 mV or unipolar voltage <3.5 mV) repre-
sented different regions from normal myocar-
dium to the scar area, with the middle color
representing the low voltage myocardium area
according to previously reported criteria [10-
12]. The distances from targets to the pulmo-
nary valve on the bipolar voltage map of the
study group were measured, and the unipolar
and bipolar voltage values at optimal ablation
sites were recorded. In addition, the LVA and
scar area acreage on unipolar and bipolar volt-
age maps in the study group were measured,
and the acreage of band-like LVA above the pul-
monary valve in the study and control groups
were measured, thus comparing the indexes in
the study groups (the PVC group, the VT group)
and the control group.

Radio-frequency ablation: The site of PVC or VT
onset was determined by activation or pace
mapping, and the ablation target was identified
as the location of earliest local activation dur-
ing arrhythmia or the amplitude of surface ECG
with pace mapping displayed on at least 11
leads, consistent with that of spontaneous
arrhythmia ECG. Ablation with the 4-mm cath-
eter was carried out at 50-60°C, with a maxi-
mum power of 50 W and ablation time of
60-120 s. Ablation with the 3.5-mm head-end
perfusion saline catheter was carried out at
42°C, with a maximum power of 50 W and abla-
tion time of 60-120 s. When the routine proce-
dure stimulation or intravenous drip of isopro-
terenol did not induce clinical PVC or VT, and no
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recurrence was observed after 30 min, it was
regarded as a successful acute ablation, and
was defined as the true target of the arrhyth-
mia. According to the anatomy of the right ven-
tricular outflow, the locations of targets were
divided into ventricular septum (front, middle,
rear) and free walls (front, middle, rear).

Statistical analysis

All data were analyzed using SPSS16.0 sta-
tistical software. The measurement data were
expressed as mean +* standard deviation (SD),
and t-test was adopted for comparisons be-
tween two samples. Count data were express-
ed as rate, and comparisons between two
samples were analyzed by chi-square test or
Fisher exact probability test. P<0.05 was con-
sidered to indicate statistically significant
difference.

Results
Baseline

As shown in Table 1, there were no significant
differences in the baseline data of the patients
in the PVC and VT groups in the study group in
terms of sex, age, LVEF, and premature contrac-
tion load (P>0.05).

Location distribution of targets

As shown in Table 2, 75% of patients had suc-
cessful ablation targets located in the ventricu-
lar septum (30 of 40 cases), while 25% had
targets in the free wall (10 of 40 cases). There
was no significant difference between the VT
and PVC group in the target distribution in ven-
tricular septum or free wall (P>0.05).

The average distance of the targets from the
pulmonary valve was 19.8+10.9 mm, among
which, the distance was 19.2+8.9 mm in the
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Table 2. Target location distribution in the PVC and VT groups

voltage map (P<0.05). Uni-

Target location PVC group VT group X2

P-value (VT vs PVC)

polar and bipolar EVM of right

Ventricular septum 4.369
Front 11 5
Middle 4 3
Rear 6 1
Free wall
Front 6 2
Middle 0 0
Rear 1 1

ventricular outflow under dif-
ferent planes (PA, RAO, LAO)
in the control group was
shown in Figure 1.

0.896

EVM of the study groups (PVC
and VT groups)

In the study group, an average

Note: P>0.05. There was no significant difference in the distribution of target loca-
tion (septum and free wall of RVOT) between the PVC and VT groups.

6%¢

LAO age value and the bipolar volt-

Figure 1. Right ventricular outflow unipolar and bipolar EVM under different

planes (PA, RAO, LAO) in the control group.

PVC group, and 21.4+14.9 mm in the VT group,
with no significant difference between the two
groups (P>0.05).

EVM of the control group

The unipolar and bipolar voltage maps showed
similar band-like LVAs under the pulmonary
valve in different planes. Specifically, the areas
of the pulmonary valve and band-like LVAs dis-
played in the unipolar voltage map were signifi-
cantly lower and wider than those in the bipolar
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of 106+60.1 points were col-
lected during the sinus rhy-
thm, with no significant differ-
ence between the PVC and
VT groups (P=0.57). In the
study group, the unipolar vo-
ltage value at targets was
9.90+4.71 mV and bipolar
voltage value was 3.27+2.71
mV. As shown in Table 3, th-
ere was no significant differ-
ence in unipolar and bipolar
values between the PVC and
VT groups (P>0.05), although
there were significant differ-
ences between unipolar volt-

age value within the groups
(P<0.05).

Relationship between targets
and the location of band-like
LVAs under the pulmonic
valve in the study group

Both unipolar and bipolar ma-
ps displayed a similar band-
like LVA under the pulmonary
valve for every patient. Rela-
tionships between target and
the band-like LVA on both uni-
polar and bipolar voltage map
of a VPCS patient in different views (PA: Po-
stero-anterior; RL: Right lateral; and LL: Left
lateral) are shown in Figure 2 and Table 4 (The
blue dot denotes the target, which is at the bor-
der of the LVA on bipolar voltage map and in the
LVA on unipolar map). Relationships between
target and the band-like LVA on both unipolar
and bipolar voltage map of a VT patient in dif-
ferent views (PA: Postero-anterior; RL: Right lat-
eral; and LL: Left lateral) are shown in Figure 3
(The blue dot denotes the target, which is at the
border of the LVA on bipolar voltage map and in
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Table 3. Comparison of voltage data at targets between the PVC and VT groups

Voltage at PVC targets (mV) Voltage at VT targets (mV) t P-value (VT vs PVC)

Unipolar voltage map 9.79+5.20
Bipolar voltage map 2.86+2.05
t 2.654
P-value (Unipolar VS Bipolar) 0.001

10.14+3.47 1.374 0.486
3.96+2.46 1.569 0.523
2.987
0.001

Note: The difference between the unipolar voltage value and bipolar voltage value at targets within the groups was statistically
significant (P<0.001). The difference in both the unipolar and bipolar voltage values between the PVC and VT at targets was

not statistically significant (P>0.05).

Figure 2. Relationship between target and the band-like LVA on both unipolar
and bipolar voltage map of a VPCS patient in different views (PA: Postero-
anterior; RL: Right lateral; and LL: Left lateral). The blue dot denotes the
target, which is at the border of the LVA on bipolar voltage map and in the

LVA on unipolar map.

the LVA on unipolar map). Specifically, there
was no significant difference in the band-like
LVAs area under pulmonic valve among the con-
trol, VT and PVC groups (P>0.05), as shown in
Table 5.

On the bipolar map, the targets for 22.5%
(9/40 cases) patients located in the band-like
LVA under the pulmonic valve, for 47.5%
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(19/40 cases) patients at the
border of the band-like LVA,
and 30.0% (12/40 -cases)
patients below the band-like
LVA border (in the normal
area).

But on the unipolar map, the
targets for 47.5% (19/40 cas-
es) patients located in the
band-like LVA, 40% (16/40
cases) at the border of the
band-like LVA, and 12.5%
(5/40 cases) outside the
band-like LVA (2 patients
below the band-like LVA bor-
der, 3 patients above the
band-like LVA in the scar
area). There was no signifi-
cant difference in target dis-
tribution between VPCs and
VT group on the bipolar or uni-
polar map. But there was sig-
nificant difference in target
distribution between the uni-
polar and bipolar voltage
maps only for VPCs group,
but not for VT group, as
shown in Table 5. There were
significant differences in the
amplitude index and time
limit index of the R wave in
lead V2, and the R wave
transition zone in the ECG axis and chest leads
(Figure 4).

EVM of myocardial tissues in the vicinity of
targets

The RAO posture was selected, and the EVM in

areas of 0-5 mm, 5-10 mm, and 10-15 mm
around the targets were compared. Schematic

Am J Transl Res 2021;13(8):8952-8964



Different idiopathic right ventricular outflow arrhythmias

Table 4. Comparison of unipolar and bipolar voltage map areas of the band-like LVAs under pulmo-

nary valve among the three groups (cm?)

Band-like LVA area Control group PVC group VT group F P-value (Uni vs Bi)
Unipolar voltage map 7.02+2.53 11.06+6.05 11.34+3.69 45.964 0.001
Bipolar voltage map 4.22+1.34 6.52+3.07 4.97+4.00 56.389 0.001

t 2.677 4.634

P-value (control vs study group) 0.161 0.524

Note: The difference in the band-like LVAs area between the unipolar and bipolar voltage map among the three groups was
statistically significant (P<0.001). The difference in the band-like LVAs area among the three groups on the bipolar or unipolar

map was not statistically significant (P>0.05).

'3V

PA RL

8%24

Figure 3. Relationship between target and the band-like LVA on both unipolar
and bipolar voltage maps of a VT patient in different views (PA: Postero-an-

The unipolar voltage value in
the area 0-5 mm below the
targets was significantly dif-
ferent from those in the areas
5-10 mm and 10-15 mm
below the targets (P<0.05),
while the unipolar voltage
value in the area 5-10 mm
below the targets was not sig-
nificantly different from that
in the area 10-15 mm below
the targets (P>0.05). In addi-
LL tion, there were no significant
differences among the volt-
age values in the three areas
on the bipolar voltage map
(P>0.05).

Comparison of the unipolar
and bipolar voltage values of
different areas around the
targets between the PVC and
VT groups is shown in Table 6.

Overall areas of LVA and scar
area in the voltage map of
the study group

terior; RL: Right lateral; and LL: Left lateral). The blue dot denotes the target,

which is at the border of the LVA on bipolar voltage map and in the LVA on

unipolar map.

diagrams of different areas of targets under
unipolar and bipolar voltage mapping are
shown in Figure 5.

The unipolar voltage value in the area 0-5 mm
above the targets was significantly different
from those in the areas 5-10 mm and 10-15
mm above the targets (P<0.05), while the uni-
polar voltage value in the area 5-10 mm above
the targets was not significantly different from
that in the area 10-15 mm above the targets
(P>0.05). The bipolar voltage maps followed a
similar pattern.
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In terms of the overall LVA
areas displayed in the unipo-
lar and bipolar voltage maps,
there was no significant difference between the
PVC and VT groups (P>0.05), while there was a
significant difference between the unipolar and
bipolar voltage maps in the VT and PVC groups
(P<0.05). A similar pattern was observed in the
scar area. The overall LVAs in the study group
are shown in Table 7, while the overall scar area
is shown in Table 8.

Discussion

In this study, we explored the characteristics of
optimal ablation sites and their surrounding tis-
sues in terms of unipolar and bipolar voltage
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Table 5. Relationship between the targets and the band-like LVA under the pulmonic valve

Within Border of Outside VE vs VT Target

Location LVA  thelVA  LVA distribution
Bipolar EVM PVC group targets 6 12 10 x?=1.655 P=0475 (in bipolar EVM)
VT group targets 3 7 2
Unipolar EVM  PVC group targets 15 10 3 x?=5.369 P=0.499 (in unipolar EVM)
VT group targets 4 6 2

Note: Unipolar EVM vs bipolar EVM PVCs group VT group in targets distribution. x?=5.789, P=0.020; Target distribution

x?=4.559, P=0.896.

v v y (i s s e e

C3

-
<
<4

V2

Vi
V4 J k

e

Figure 4. 12-lead ECG pace maps.

mapping in idiopathic arrythmias from RVOT to
understand if there is any difference between
the two arrhythmias (VPCs and VT) in matrix.
The main results of the study include that the
matrix of the two types of arrhythmia from
RVOT appeared alike; there was focal micro-
scarring around the optimal ablation site. The
ectopic focus may be located in mid- or epi-
myocardium. The distributions of majority of
optimal ablation sites were regular to some
extent, especially the noteworthy border of the
band-like LVA on bipolar voltage map or in the
band-like LVA on unipolar voltage map. The
addition of EVM to intracardiac electrophysio-
logical study provided significant added value
for successful ablation.

Location of successful ablation targets
In this study, we showed for the first time that

there were no significant differences in the
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areas of the band-like LVAs under the pulmo-
nary valves in the three groups, indicating that
LVA is caused by a common anatomical struc-
ture. During the development of the heart in
human embryo, part of the myocardium in the
distal outflow tract degenerates and evolves
into the ascending aorta or pulmonary artery
trunk. In addition, partially degenerated RVOT
myocardial tissues may form residual myocar-
dial sleeves, which can reach 3-6 mm in thick-
ness, and extend to any height in the valve,
even reaching the supravalvular pulmonary
artery and connecting the right ventricular myo-
cardium and pulmonary valve. However, the
lack of homogeneity in the electrophysiological
characteristics of the incompletely degenerat-
ed cardiomyocytes and surrounding normal
myocardium cells may induce related arrhyth-
mia [11, 12]. Additionally, the band-like LVA
under the pulmonary valve in the control and
study groups faced this part, showing lower
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Different idiopathic right ventricular outflow arrhythmias

Figure 5. Schematic diagram of different areas of targets under unipolar and

bipolar voltage mapping.

edge gaps and band-like protrusions, connect-
ing the RVOT and the pulmonary valve, which
may represent the area of the myocardial
sleeve. The area displayed in unipolar voltage
mapping was significantly larger than that in
the bipolar voltage map, suggesting that there
is a large transition area under the intima near
the right ventricular outflow pulmonary valve,
which is an area of low voltage, and consistent
with the actual anatomical structure.

In accordance with the results of our study, pre-
vious research using traditional two-dimension-
al X-ray and three-dimensional electrophysiolo-
gy anatomy mapping systems suggested that
targets tend to occur on the side of the RVOT
septum, below the pulmonary valve [12, 13], or
the transition area between the outflow tract
and the pulmonary valve [14]. Specifically,
among the 40 patients in the study group, 75%
of the targets were distributed in the ventricular
septum. There was no significant difference
between the PVC and VT group targets in terms
of the target distribution in the ventricular sep-
tum and free wall. In addition, most patients
with ventricular septum targets were anterior
(53%, 16 of 30 cases), and most patients with

8959

free wall targets were anterior
(80%, 8 of 10 cases), which is
consistent with the results
reported by Yu et al. [15].
Specifically, there were more
patients with subvalvular tar-
gets than those with supraval-
vular targets, and the majori-
ty of supravalvular were left
sinus, which may not be con-
sistent with the criteria for
defining the pulmonary valve.

The analysis of relationship
between the targets and the
band-like LVA under the pul-
monary valve showed that the
voltage transition zone (band-
like LVA) under the pulmonary
valve, especially the LVA bor-
der, is the site where the VA
originating from the RVOT
easily occurs. On the bipolar
map, the targets for 22.5%
(9/40 cases) patients locat-
ed in the band-like LVA under
the pulmonic valve, for 47.5%
(19/40 cases) patients at the
border of the band-like LVA, and for 30.0%
(12/40 cases) patients below the band-like LVA
border (in the normal area). But on the unipolar
map, the targets for 47.5% (19/40 cases)
patients located in the band-like LVA, 40%
(16/40 cases) at the border of the band-like
LVA, and 12.5% (5/40 cases) outside the band-
like LVA (2 patients below the band-like LVA bor-
der, 3 patients above the band-like LVA in the
scar area). There was no significant difference
in target distribution between VPCs and VT
group on the bipolar or unipolar map. However,
there was significant difference in target distri-
bution between the unipolar and bipolar volt-
age maps only for VPCs group, but not for VT
group, which is consistent with the results of
previous studies at home and abroad. Furu-
shima et al. [16, 17] and Yamashi et al. [18]
found that the origin or exit of RVOT arrhythmia
was located predominantly at the voltage junc-
tion and the edge of LVA. Wang et al. [19]
showed that 91.7% of ablation targets were in
the voltage transition zone of the pulmonary
valve, 2.0% were in the LVA under the pulmo-
nary valve, and 6.7% of the local voltage of the
ablation targets was normal. Lin et al. [20]
found that 67% of the targets were in the transi-
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Table 6. Comparison of the unipolar and bipolar voltage values of different areas around the targets
between the PVC and VT groups (Data represent the mean + standard deviation)

Group  Location (targets above or below, mm) PVC group voltage (mV) VT group voltage (mV) t P-value

Unipolar 0-5 mm above 4.52+2.41 4.94+1.90 1.894 0.001*#
5-10 mm above 3.34+1.69 3.37+1.95 5.689 0.001"

10-15 mm above 3.02+2.04 3.64+2.21 6.597 0.999*

F=5.987 P=0.582° 0.001°

0-5 mm below 5.39+2.67 5.65+2.30 6.358 0.001*

5-10 mm below 6.38+£2.67 7.81+2.85 7.645 0.002"

10-15 mm below 7.25+3.11 7.85+4.79 1.324 0.999¥

F=9.674 P=0.385° 0.001°

Bipolar 0-5 mm above 1.68+1.78 2.03+2.54 7.546 0.006%
5-10 mm above 1.35+1.64 0.77+0.77 8.654 0.006"

10-15 mm above 0.84+1.23 0.94+1.06 9.687 0.999*

F=7.978 P=0.923° 0.001°

0-5 mm below 3.18+1.99 3.05+3.11 1.325 0.999¢

5-10 mm below 3.42+1.55 3.49+2.69 1.645 0.999"

10-15 mm below 3.91+2.08 3.09+1.83 1.756 0.999*

F=5.478 P=0.593° 0.555°¢

Note: *comparison of the 0-5 mm radius above the target and 5-10 mm radius above the target, and comparison of the 0-5
mm radius below the target and 5-10 mm radius below the target; “comparison of the 0-5 mm radius above the target and 10-
15 mm radius above the target, and comparison of the 0-5 mm radius below the target and 10-15 mm radius below the target;
¥comparison of the 5-10 mm radius above the target and 10-15 mm radius above the target, and comparison of 5-10 mm
radius below the target and 10-15 mm below the target. “comparison of the voltages in the three areas (0-5 mm, 5-10 mm,
10-15 mm radius) above target between the PVC and VT groups; "comparison of the voltages in the three areas (0-5 mm, 5-10
mm, 10-15 mm radius) below target between the PVC and VT groups; ccomparison of the voltages in the three areas (0-5 mm,
5-10 mm, 10-15 mm radius) above and below target between the PVC and VT groups.

Table 7. Comparison of the overall LVA between the PVC and VT groups (cm?)

PVC group LVA area VT group LVA area  Area difference, P (Uni vs Bi)

Unipolar voltage map 15.16+9.20 13.94+6.17 5.228 (P=0.001)
Bipolar voltage map 8.42+3.43 10.2348.75 95% Cl: 2.157, 8.299
Area difference (PVC vs VT group) 0.296 (P=0.879) (95% CI: -3.625, 4.217)

Note: The difference in LVA areas between unipolar and bipolar voltage maps for either of arrhythmias was statistically signifi-
cant at 5.228 (P=0.001) (95% Cl: 2.157, 8.299). The difference in LVA areas between PVC and VT groups on unipolar voltage
map or bipolar voltage map was not statistically significant at 0.296 (P=0.879) (95% Cl: -3.625, 4.217).

Table 8. Comparison of overall scar areas in the PVC and VT groups (cm?)

PVC group scar area VT group scar area Difference P (Uni vs Bi)
Unipolar voltage map 17.60+10.23 14.59+12.18 7.060 (P=0.001)
Bipolar voltage map 10.07+7.88 8.001£5.50 95% Cl: 3.449, 10.671
Area difference (PVC vs VT group) 2.540 (P=0.341) (95% Cl: -2.796, 7.876)

Note: The difference in the scar area between unipolar and bipolar voltages map for either of arrhythmias was statistically
significant at 2.540, 7.060 (P=0.001) (95% CI: 3.449, 10.671). The difference in the scar area between PVC and VT groups on
unipolar voltage map or bipolar voltage map was not statistically significant at 2.540 (P=0.341) (95% CI: -2.796, 7.876).

tion area in the VT group, which had more tar- transition zone concept. Liu et al. [21] showed
gets than the PVC group due to the difference that isolated diastolic potentials (IDPs) were
in the origin of LVAs. These findings are in con- recorded at the origin region in right ventricular
flict with the results of our study, but may be outflow ventricular arrhythmia patients, and
related to the inconsistency of the relevant the successful ablation targets were located in
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the IDP area or at the edge. It is thought that
the voltage junction area may be composed of
normal myocardial tissue, fibrous tissue or pri-
mary myocardium and injured myocardium,
leading to heterogeneous conduction in elec-
trocardiograms. This concept validates our con-
clusions from another perspective. In addition,
the distribution of targets on the bipolar voltage
map during sinus rhythm mapping seems to be
similar to that on the unipolar voltage map. If
the bipolar voltage map is distributed in the
normal area, the unipolar voltage map shows
that the targets are mostly in unipolar LVA or
LVA edge. If the bipolar voltage map is in LVA,
the unipolar voltage map may be in the scar
area. In conclusion, our findings suggest the
existence of matrix differences between the
superficial layer and deep layers of the right
ventricular outflow wall.

Analysis of voltage at targets and its surround-
ing voltage mapping

In this study, there was no significant difference
in the voltage values of targets in the unipolar
and bipolar maps between the PVC and the VT
groups. However, further comparisons of the
voltage maps revealed that there was a signifi-
cant difference in the voltage values between
the areas located 0-5 mm, 5-10 mm and 10-15
mm around the targets in the bipolar mapping.
In addition, the average voltage within the
range of 0-5 mm above the target was normal,
indicating the existence of obvious matrix
changes outside the area 5 mm above the tar-
gets, as well as low voltage and areas of scar-
ring. There was little change in the matrix in dif-
ferent regions 5-15 mm below the bipolar volt-
age map targets. In contrast, the unipolar volt-
age map showed that the area 0-5 mm above
the targets was LVA, while scarring occurred
beyond the 5-mm areas, with obvious matrix
changes. Because the unipolar voltage map
reflects deeper myocardial scars, the focal
point is in the deep region. Additionally, there
were micro-scars in the region 5 mm around
the focal point, which differed significantly from
the matrix in the area beyond 5 mm. This is
consistent with the experimental model show-
ing that the presence of a non-excitable con-
duction damage zone around the pacemaker is
a prerequisite of premature contraction, ven-
tricular parasystole and activation of VT of the
outflow tract. Nevertheless, this result was not
found in previous studies. It was clear that
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there was focal micro-scarring around the ecto-
pic beats of the right ventricular outflow ven-
tricular arrhythmia. There was no significant
difference in the unipolar and bipolar mapping
in the different areas near the targets in the VT
and PVC groups, suggesting that the matrixes
in the VT and PVC groups are similar. In addi-
tion, the LVA and the total scar area in the right
ventricular outflow constructed in VT and PVC
patients were analyzed. The results showed
that the area on the unipolar voltage map was
significantly greater than that on the bipolar
voltage map, and there was no difference in the
LVA area or the total scar area on the unipolar
and bipolar voltage maps between the PVC
group and VT group, further supporting the role
of focal micro-scarring in the mechanism sup-
porting their occurrence. At the same time, the
above comparisons showed that the unipolar
voltage map is superior to the bipolar voltage
map in reflecting the depth and breadth of the
scars.

All successful RVOT PVC ablation targets in this
study were located under the anatomic pulmo-
nary valve. The distance between the target
and the anatomic pulmonary valve was 19.8+
10.9 mm, with the nearest distance approxi-
mately 4 mm and no significant difference
between the PVC and the VT groups. However,
the conventional catheter operation method
(non-inverted U-shape) has been adopted in
many studies, including our own, and the pul-
monary valve mapping ablation effectively sup-
ports the ablation targets of abnormal voltage
regions under the pulmonary valve, which may
be the origin of PVC. Nevertheless, because
the valve was not crossed before ablation, and
the inverted U was used to routinely map the
area of the intrapulmonary sinus, it cannot be
ruled out that this is not the only outlet for PVC
transmission. Liao et al. [28] found that pul-
monary sinus ablation successfully resolved
many cases of failure or recurrence of ablation
during the PVC, suggesting that the pulmonary
sinus is also one of the origins of RVOT PVC.
Subsequently, Yang et al. [29] studied the PVC
of the origin of the left pulmonary sinus by
using conventional non-inverted U catheters to
accomplish ablation. Zhang et al. [30] routinely
used inverted U-shape catheter behind the
transpulmonary valve to successfully ablate
96.3% of RVOT VA patients in the pulmonary
sinus, thus providing challenges for convention-
al subvalvular ablation. Notably, in early clinical
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studies of RVOT PVC ablation, a success rate of
almost 90% was also achieved using traditional
mapping and ablation strategies. Targets were
successfully ablated under the valve using
traditional non-inverted U-shaped catheters,
including some targets that were distant from
the LVA, so the argument that the use of sub-
valvular ablation targets is just the outlet of
activation cannot be supported. In this study,
we found that the actual anatomic location of
the pulmonary sinus was lower than that of the
pulmonary valve, and the ablation targets of
some lower sinuses were even closer to the tri-
cuspid annulus. The abnormal region of the pul-
monary valve voltage measured using the tradi-
tional mapping method can extend to the por-
tion of the pulmonary valve, but was higher in
the anatomical location than the so-called
“supervallar” region in the pulmonary sinus.
Moreover, this part of the voltage abnormal
area also includes the corresponding subval-
vular area in the pulmonary sinus. Therefore,
although the pulmonary sinus is regarded as
supervallar anatomical structure, if the level of
the pulmonary annulus is taken as the dividing
line, the pulmonary sinus and the area of abnor-
mal subvalvular voltage in the traditional sense
are located at the same level anatomically and
are adjacent to each other. Hence, the particu-
lar characteristics of this anatomical structure
cause some difficulties in determining the ori-
gin of PVC. Gami et al. [31] found that myocar-
dial sleeve tissues near the pulmonary valve
were present in 74% of the subjects without VA.
Additionally, myocardial sleeve tissues were
commonly found above the pulmonary sinuses
and between the sinuses, but occurred at much
lower frequency (1.7%) in the sinuses. However,
using a combination of three-dimensional map-
ping and intracardiac echocardiography, Liu et
al. [32] found that about half of the RVOT PVC
originated above the pulmonary valve (6-10
mm from the valve). In conclusion, despite dif-
ferences in the anatomical structure of the pul-
monary sinus, supravalvular pulmonary artery
and subvalvular pulmonary artery, these struc-
tures are actually located in the abnormal volt-
age region in three-dimensional voltage map-
ping, which is consistent with the conclusions
of this study. Regardless of the use of the new
inverted U-shaped catheter operation method
or the traditional catheter mapping strategy, in
fact, the myocardial sleeve distribution area
(the so-called abnormal voltage area) near the
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pulmonary valve cannot be completely covered.
For example, patients in this study with targets
below the LVA also had a high proportion of
abnormal voltage areas. There were two cases
close to the anatomic pulmonary valve in the
LVA, which did not fully support the explanation
of the ablation point as the outlet. However,
intra-sinus ablation is also a stable catheter
operation method that is carried out near the
targets, especially the so-called focal origin of
the LVA above the sinus floor.

Limitations

As the location of the pulmonary valve cannot
be identified by a specific mark, and there is
no clear definition of the annulus, the combina-
tion of X-ray and potential characteristics is
usually adopted for preliminarily judgments.
Therefore, the critical point of the intraluminal
bipolar voltage map was used as the location of
the pulmonary valve annulus. Indeed, the inter-
face between the scar area and the low voltage
on the electroanatomic mapping was used as
the lower boundary of the pulmonary valve
annulus in the electrical sense, thereby provid-
ing an anatomical relationship between the
sinus floor, annulus, and electrical annulus. On
the other hand, LVA is the transition area during
the pulmonary valve annulus. Because the right
ventricular outflow appears as a tubular struc-
ture, the LVA below the pulmonary valve annu-
lus also appears as an irregular, ring-shaped
structure; thus, it is impossible to measure its
actual width. Moreover, because there were not
enough patients with successful sinus abla-
tion, further studies should be performed later.
The selected patients were diagnosed by ultra-
sound and electrocardiogram imaging, and
high-risk patients were examined by coronary
contrast CT (CTA) and other clinical examina-
tions to rule out common ischemic and non-
ischemic heart disease. For patients with a
large RVOT LVA distribution, no cardiac MRI was
performed, so ARVC and sarcoidosis could not
be ruled out.

Conclusions

In this study, based on the analysis of the char-
acteristics of IRVOT targets and the compari-
son of unipolar and bipolar voltage maps in dif-
ferent ranges around the targets, we further
confirmed that similar band-like LVAs exist
below the pulmonary valve of IRVOA patients
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and supraventricular tachycardia patients in
the control group. In addition, the band-like
LVAs, especially the band-like LVA border, is the
position most prone to VA of RVOT origin. In
addition, both the unipolar and bipolar voltage
maps showed that LVA exists within a certain
range around the targets in the VT and PVC
group, and the unipolar voltage map provides
greater clarity than bipolar voltage map. Hence,
it can be inferred that focal micro-scarring
occurs around the right ventricular outflow ven-
tricular arrhythmia. More importantly, the local
matrixes of the VT and PVC are the same.
Specially, the unipolar electrogram is superior
to the bipolar electrogram in terms of the LVA
and area and depth of scar area. The distribu-
tion characteristics contribute to identification
of intraoperative targets. Notably, supravalvu-
lar pulmonary artery sinus in patients with tar-
gets that are difficult to ablate is not a trivial
issue, and the results can be unexpected.
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