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Abstract

significant determinants of lesion size and thus has a considerable
Background: The catheter-tissue contact force (CF) is one of the
impact on the effectiveness of ablation procedures. This study aimed to evaluate the impact of CF on the lesion size during right
ventricular outflow tract (RVOT) ablation in a swine model.
Methods: Twelve Guangxi Bama miniature male pigs weighing 40 to 50 kg were studied. After general anesthesia, a ThermoCool
SmartTouch contact-sensing ablation catheter was introduced to the RVOT via the femoral vein under the guidance of the CARTO
3 system. The local ventricular voltage amplitude and impedance were measured using different CF levels. We randomly divided the
animals into the following four groups according to the different CF levels: group A (3–9 g); group B (10–19 g); group C (20–29 g);
and group D (30–39 g). Radiofrequency ablations were performed at three points in the free wall and septum of the RVOT in power
control mode at 30W for 30 s while maintaining the saline irrigation rate at 17mL/min. At the end of the procedures, the maximum
depth, surface diameter, and lesion volume were measured and recorded. A linear regression analysis was performed to determine
the relationship between continuous variables.
Results: A total of 72 ablation lesions were created in the RVOT of the 12 Bama pigs. The maximum depth, surface diameter, and
volume of the lesions measured were well correlated with the CF (free wall: b= 0.105, b= 0.162, b= 3.355, respectively, P< 0.001;
septum: b= 0.093, b= 0.150, b= 3.712, respectively, P< 0.001). The regional ventricular bipolar voltage amplitude, unipolar
voltage amplitude, and impedance were weakly positively associated with the CF (b= 0.065, b= 0.125, and b= 1.054, respectively,
P< 0.001). There was a significant difference in the incidence of steam pops among groups A, B, C, and D (free wall: F= 7.3,
P= 0.032; septum: F= 10.5, P= 0.009); and steam pops occurred only when the CF exceeded 20 g. Trans-mural lesions were
observed when the CF exceeded 10 g in the free wall, while the lesions in the septum were non-trans-mural even though the CF
reached 30 g.
Conclusions: CF seems to be a leading predictive factor for the size of formed lesions in RVOT ablation. Maintaining the CF value
between 3 and 10 gmay be reasonable and effective for creating the necessary lesion size and reducing the risk of complications, such
as steam pops and perforations.
Keywords: Catheter ablation; Ventricular Premature Complexes; Tachycardia, Ventricular; Animal Experimentation

to achieve successful acute catheter ablation or experience
Introduction
subsequent recurrences.[1-4]
Radiofrequency catheter ablation (RFCA) has been widely
accepted as an effective non-pharmacological treatment in
patients with idiopathic ventricular arrhythmias (VAs),
including frequent premature ventricular contractions and
ventricular tachycardia. The most common candidate
ablation focus for idiopathic VAs is located in the outflow
tract, especially the right ventricular outflow tract
(RVOT).[1,2] However, according to previous studies,
7% to 20%of cases of VAs originating from the RVOT fail
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The contact force (CF) between the catheter tip and
myocardial tissue has been shown to be one of the major
determinants of lesion size in experimental studies and thus
has a significant impact on the effectiveness of VAs
ablation procedures.[5,6] On the contrary, excessive CF
may lead to an increased risk of severe procedural
complications, such as cardiac tamponade and steam
pops.[6-8] Unfortunately, the range of effective and safe CF
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values that need to be maintained during ablation in
RVOT remains unclear. Our study aimed to evaluate the

and advanced into the right atrium under the guidance of
the CARTO 3 electroanatomic mapping system (Biosense
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impact of the catheter-tissue CF on the lesion size during
RVOT ablation in an experimental swine model using a
novel CF-sensing ablation catheter. The heart size of a pig
that weighs 40 to 50 kg is comparable to that of a normal
human adult, and the hemodynamic condition of a pig
heart is similar to that of a normal human adult heart.[9,10]

Therefore, Guangxi Bama miniature pigs weighing 40 to
50 kg were selected as experimental animals in our study.

Methods
and impedance
Animals and ethical approval

Twelve Guangxi Bama miniature male pigs provided by
the Experimental Animal Center of Guangxi Medical
University weighing 44.8± 2.4 kg (range 40–50 kg) were
studied. The study protocol was approved by the Ethics
Committee of the First Affiliated Hospital of Guangxi
Medical University (No. 2016 KY-E-069). All procedures
used in this study were in accordance with our institutional
guidelines that complied with the international ethics and
humane standards for animal use. Every effort was made
to minimize the number of animals and reduce their
suffering. All experiments were performed in the Animal
Imaging Laboratory of Guangxi Medical University from
August 2015 to February 2016. We estimated the sample
size by reviewing the relevant animal experiment literature
reporting radiofrequency ablation lesions in animal atria
or ventricles,[11-14] and we believed that 12 swine might
meet the design requirements of this study.

Animal preparation
681
After an intra-muscular injection of a mixed solution of
ketamine hydrochloride (10 mg/kg; Zhejiang Jiuxu
Pharmaceutical Co., Ltd., Zhejiang, China) and midazo-
lam (0.5 mg/kg; Jiangsu Enhua Pharmaceutical Co., Ltd.,
Jiangsu, China) for sedation, basic anesthesia was
administered with an intra-muscular injection of sodium
pentobarbital (15 mg/kg; Beijing Borking Technology Co.,
Ltd., China). Then, general anesthesia was maintained by
using a continuous intravenous infusion of propofol (50–
100 mg/h; Sichuan Guorui Pharmaceutical Co., Ltd.,
Sichuan, China). All the pigs were intubated and then
mechanically ventilated with oxygen. A continuous
infusion of amiodarone (Hangzhou Sanofi Pharmaceutical
Co., Ltd., Zhejiang, China) at a rate of 1 mg/min
throughout the procedure and an intravenous bolus of
lidocaine (1 mg/kg; Hebei Tiancheng Pharmaceutical Co.,
Ltd., Hebei, China) just before ablation were used to
prevent the occurrence of radiofrequency-induced malig-
nant VAs.

Establishment of a three-dimensional geometric model of
the RVOT

A ThermoCool SmartTouch Ablation Catheter (Biosense
Webster Inc., Irvine, CA, USA), which is a novel CF-
sensing quadripolar ablation catheter with a 3.5-mm
external irrigation tip electrode, was used in our study. The
ablation catheter was inserted into the right femoral vein
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Webster Inc.). When the catheter was suspended in the
right atrial cavity without endocardial contact, the CF
value was calibrated to 0 g (the non-contact baseline
value). Then, real-time CF data and the direction of the
force vector were shown to the operators. We recon-
structed the three-dimensional geometric model of the
right atrium and the RVOT under the guidance of the
CARTO 3 mapping system in fast anatomical mapping
mode.

Measurements of the local ventricular voltage amplitude
Three to four points were selected and manually marked in
the free wall and septum of the RVOT under the guidance
of the CARTO 3 mapping system. The operator attempted
to manipulate the distal end of the ablation catheter to
sequentially contact the ventricular endocardium at each
point under four different levels of CFs (3–9, 10–19, 20–
29, and 30–39 g).When the location of the catheter and the
CF range remained stable for more than 5 s, the ventricular
bipolar voltage amplitude, the unipolar ventricular voltage
amplitude, and the real-time impedance obtained from the
distal electrodes were measured with the help of the
measurement software provided by the CARTO 3 system.

Ablation protocol
Through the random number table method, we randomly
divided the 12 animals into the following four groups
according to the different CF ranges: group A (CF 3–9 g);
group B (CF 10–19 g); group C (CF 20–29 g); and group D
(CF 30–39 g). Three Bama pigs were included in each
group. The radiofrequency signals were administered at
three different sites in the free wall and septum of the
RVOT in each group, and the distance between those sites
was required to be greater than 7 mm. Before administer-
ing the radiofrequency signals, the catheter tip was kept
stable at the selected ablation sites for longer than 5 s, while
the CF value was maintained within a preset range. Then,
the radiofrequency signals were delivered between the
distal electrode of the ablation catheter and an adhesive
patch (Biosense Webster Inc.) that was placed on the back
skin of the pig. A Stockert Radiofrequency Power
Generator (Biosense Webster Inc.) was set to the power-
controlled irrigation mode for radiofrequency energy
delivery. During ablation discharge, the ablation param-
eters were monitored and kept constant. The radio-
frequency signals were delivered at 30 W for 30 s while
maintaining the saline irrigation rate at 17 mL/min.

Measurement and pathologic study

At the end of the ablation procedure, 20 mL of 2%
triphenyl tetrazolium chloride solution (Shanghai Ton-
gyuan Biotechnology, Co., Ltd., Shanghai, China) was
intravenously administered. The experimental animals
were humanely euthanized by an intravenous injection of
20 mL of 10% potassium chloride solution 30 min after
the triphenyl tetrazolium chloride injection. Thoracoto-
mies were performed to remove the hearts from the
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experimental animals. The gross anatomy of the ablation
lesions in the RVOT region was visually observed, and the

linear regression analysis was performed to determine the
relationship between continuous variables. Categorical

amplitude and impedance
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presence or absence of trans-mural injuries and steam pops
were recorded. Radiofrequency lesions that formed over
the myocardium were measured macroscopically with a
high-precision digital caliper (Shanghai Minnet Industrial
Co., Ltd., Shanghai, China). The maximum depth,
maximum diameter, depth at the maximum diameter,
and surface diameter were measured and recorded, and the
lesion dimensions and lesion volume were determined
using a previously reported formula,[6] as shown in
Figure 1. Sections from the lesions were obtained and
fixed in 10% neutral-buffered formalin (Nanchang Yulu
Experimental Equipment Co., Ltd., Nanchang, China).
The tissue was dehydrated, embedded in paraffin,
sectioned at a thickness of 5 mm, and stained with
hematoxylin and eosin. The specimens were examined
under light microscopy (Olympus Inc., Tokyo, Japan).

Statistical analysis
Data analysis was performed using IBM SPSS Statistics for
Windows version 17 (IBM Corp., Chicago, IL, USA). The
lesion size parameters (including the maximum depth,
maximum diameter, depth at the maximum diameter, and
surface diameter) and the electrophysiology parameters
(including the ventricular bipolar voltage amplitude, the
ventricular unipolar voltage amplitude, and the real-time
impedance) conform to normal distribution since none of
the normality of the distribution test was found to be
significant at alpha = 0.05 level using the Kolmogorov-
Smirnov test. Simple descriptive statistics (mean ±
standard deviation) of continuous variables were calculat-
ed. An independent t test was used to compare themeans of
variables between the two groups. Comparisons of
independently measured variables among four groups
were performed using one-way analysis of variance, and
Tukey test was performed for multiple comparisons. A
Figure 1: A schematic of the formula for calculating the ablation lesion volume. a: maximum
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variables (including the incidence rate of steam pops and
trans-mural lesions) were described as proportion and
compared with Fisher exact test. Two-tailed P values of
P< 0.05 were considered statistically significant.

Results
In this study, 72 ablation lesions were created in the RVOTs
of 12 Bama pigs. Thirty-six of the lesionswere distributed in
the freewalls, and theother36 lesionsweredistributed in the
septums. The thicknesses of the free wall and septum of the
RVOT were 5.0± 0.7mm and 11.3± 1.8mm, respectively
(t= 19.33, P< 0.001). The effect of contact pressure
applied during ablation therapy on the effects of ablation
is as follows.

Relationship between CF value and ventricular voltage
Linear regression analysis showed that the ventricular
bipolar voltage amplitude, unipolar voltage amplitude,
and impedance values obtained from the distal electrodes
of the catheters were positively correlated with the CF
value (bipolar voltage amplitude: b= 0.065, R2= 0.141,
P< 0.001; unipolar voltage amplitude: b= 0.125,
R2= 0.113, P< 0.001; impedance: b= 1.054, R2=
0.166, P< 0.001). However, the correlation coefficient
was low. A comparison between the groups with different
CF ranges showed that the mean bipolar voltage
amplitude, unipolar voltage amplitude, and impedance
in the CF 10 to 19 g and CF 20 to 29 g groups were
significantly higher than those in the CF 3 to 9 g and CF 10
to 19 g groups, respectively. However, those values in the
CF 30 to 39 g and CF 20 to 29 g groups were not
statistically significantly different. The details of these
results are shown in Table 1.
depth; b: maximum diameter; c: depth at the maximum diameter; d: surface diameter.
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Lesion size as measured by maximum depth, surface
diameter, and lesion volume

D (free wall: F= 7.3, P = 0.032; septum: F= 10.5,
P= 0.009). The average CF value when the steam pops

Table 1: Comparison of local ventricular voltage amplitude and impedance among groups with different CF ranges.

Variables Group A (n= 45) Group B (n= 45) Group C (n= 45) Group D (n= 45) F P

CF (g) 6.67± 1.98 15.53± 2.37
∗

25.16± 2.33† 35.36± 2.70‡ 2273.00 <0.001
Bipolar voltage amplitude (mV) 1.71± 1.57 2.84± 2.09

∗
3.71± 2.92x 3.50± 1.60 21.50 <0.001

Uipolar voltage amplitude (mV) 8.34± 3.78 10.00± 3.60jj 11.76± 5.02x 12.22± 3.81 6.43 <0.001
Impedance (V) 185.60± 26.35 193.70± 26.52jj 209.90± 29.54† 210.00± 21.74 15.72 <0.001

Values are shown as mean± standard deviation. Data were compared with one-way analysis of variance among the four groups. The four groups were
divided according to the different CF levels: group A (3–9 g), group B (10–19 g), group C (20–29 g), and group D (30–39 g). Comparison between group
B and group A:

∗
P< 0.001, jjP< 0.01; comparison between group C and group B: †P< 0.001, xP< 0.05; comparison between group D and group C:

‡P< 0.001. CF: Contact force.

Figure 2: Linear regression analysis of the CF and ablation lesion size in the RVOT. (A–C) Linear regression analysis of the CF and ablation lesion size in the free wall of the RVOTL: (A)
maximum depth, (B) surface diameter, (C) lesion volume. (D–F) Linear regression analysis of the CF and ablation lesion size in the septum of the RVOT: (D) maximum depth, (E) surface
diameter, (F) lesion volume. CF: Contact force; RVOT: Right ventricular outflow tract.
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Linear regression analysis showed that the maximum
depth, surface diameter, and volume of the lesions in the
RVOT were well correlated with the CF when the
radiofrequency power, time, and irrigation rate remained
constant [Figure 2]. The comparison results of the mean
maximum depth, surface diameter, and volume of the
ablation lesions between groups A, B, C, and D are shown
in Table 2. Figure 3A–3C shows gross pathological
specimens of the ablation lesions, and Figure 3D shows
histological changes in an ablation lesion created in the free
wall of the RVOT.

Steam pops and trans-mural lesions as possible indicators

of complication from treatment

683
As shown in Table 3, there was a significant difference in
the incidence rate of steam pops among groups A, B, C and

1

occurred was 30.8± 4.5 g in the free wall and 31.5± 5.2 g
in the septum. There was no significant difference between
these two CF values (t= –0.249, P= 0.808). A difference in
the incidence of trans-mural lesions in the free wall of the
RVOT on gross inspection among the four groups was
significant (F= 17.2, P= 0.001). Nevertheless, trans-mural
lesions were not observed in the septum of the RVOT in all
the groups.

Discussion
The most notable findings observed in our study were as
follows: (1) The lesion size in the RVOT was well
correlated with the CF when the radiofrequency power,
time, and irrigation rate remained constant; (2) The lesion
depth and volume stopped increasing when the CF reached
20 to 29 g in the free wall, but those values constantly
increased as the CF increased in the septum; (3) Steam pops
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occurred only when the CF exceeded 20 g; and (4) Trans-
mural lesions were observed when the CF exceeded 10 g in

blood flow velocity, irrigation rate of saline, and the CF
between the tip of the ablation catheter and myocardial

Table 2: Comparison of lesion size among groups with different CF ranges.

Variables Group A (n= 9) Group B (n= 9) Group C (n= 9) Group D (n= 9) F P

Free wall
CF (g) 6.78± 1.72 15.00± 2.83

∗
24.44± 2.70† 33.56± 2.74‡ 188.00 <0.001

Thickness of ventricular wall (mm) 4.91± 0.60 4.81± 0.85 4.51± 0.12 4.89± 0.19 0.81 0.500
Maximum depth (mm) 1.81± 0.43 3.16± 0.62

∗
4.22± 0.32† 4.62± 0.60 54.98 <0.001

Surface diameter (mm) 4.07± 0.95 6.16± 1.16x 7.09± 1.50 8.77± 0.77jj 27.24 <0.001
Lesion volume (mm3) 8.42± 6.61 40.83± 18.17¶ 73.84± 27.63

∗∗
93.22± 30.89 24.00 <0.001

Septum
CF (g) 5.89± 2.03 13.89± 3.26

∗
24.33± 2.35† 33.56± 2.79‡ 187.60 <0.001

Thickness of ventricular wall (mm) 11.33± 1.86 11.89± 2.26 10.94± 1.62 10.97± 1.69 0.50 0.685
Maximum depth (mm) 2.28± 0.50 3.61± 0.52

∗
4.16± 0.45 5.02± 0.76jj 36.21 <0.001

Surface diameter (mm) 4.60± 1.02 6.47± 0.59
∗

7.70± 0.77
∗∗

9.06± 0.64†† 53.75 <0.001
Lesion volume (mm3) 11.62± 5.37 50.73± 20.47

∗
69.71± 12.41 121.2± 21.26‡ 70.82 <0.001

Values are shown as mean± standard deviation. Data were compared with one-way analysis of variance among the four groups. The four groups were
divided according to the different CF levels: group A (3–9 g), group B (10–19 g), group C (20–29 g), and group D (30–39 g). Comparison between group
B and group A:

∗
P< 0.001, xP< 0.01, ¶P< 0.05; comparison between group C and group B: †P< 0.001,

∗∗
P< 0.05; comparison between group D and

group C: ‡P< 0.001, jjP< 0.05, ††P< 0.01. CF: Contact force.

Figure 3: Pathological specimens of ablation lesions from the RVOT. (A) Examples of three endocardial lesions on the septum of the RVOT are indicated by white arrows. (B) Examples of two
endocardial lesions on the free wall of the RVOT are indicated by white arrows. (C) Examples of a trans-mural lesion section at a CF of 32 g on the free wall of the RVOT. (D) Representative
microscopic images (hematoxylin and eosin staining, original magnification�40) of a lesion section from the free wall of the RVOT shows corrugated, arranged and broken myocardial fibers,
substantial swelling, and necrosis of myocardial fibers, which is consistent with the pathological presentation of electrical current damage. CF: Contact force; RVOT: Right ventricular outflow
tract.

Table 3: Comparison of the incidence rate of steam pop and trans-mural lesion among groups with different CF ranges.

Variables Group A (n= 9) Group B (n= 9) Group C (n= 9) Group D (n= 9) Fisher exact test P

Free wall
Trans-mural lesions 0 2 5 8 17.2 0.001
Steam pops 0 0 2 4 7.3 0.032

Septum
Trans-mural lesions 0 0 0 0 – –

Steam pops 0 0 3 5 10.5 0.009

Values are shown as n. The four groups were divided according to the different CF levels: group A (3–9 g), group B (10–19 g), group C (20–29 g), and
group D (30–39 g). CF: Contact force.
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the free wall, while trans-mural lesions were not observed
in the septum.

The factors that influence lesion size during ablation
include the distal diameter of the ablation catheter, local
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tissue; among these factors, the CF plays the most
important role.[5,6,8,11] However, ablations were per-
formed on the atrial endocardium or epicardium in most
previous studies, and ablations were performed on animal
skeletal muscle or ventricular muscle in a few in vitro
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studies.[11-14] So we performed this in vivo experimental
study to evaluate the effect of CF on the size of ablation

perforations and cardiac tamponades when ablating the
free walls of the RVOT. We found the occurrence of steam

Chinese Medical Journal 2020;133(14) www.cmj.org
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lesions when using CF-sensing catheters to perform an
ablation procedure in the RVOT.

Shah et al[11] found lesion size correlates linearly with
measured CF-time integral. Constant contact produced the
largest, and intermittent contact produced the smallest
lesions despite constant RF power and identical peak CFs.
Study from Matia Frances et al[15] showed that lesions
were never trans-mural with average forces <10 g and the
mean depth was very low (0.75mm). CFs of at least 20 g
were required to achieve trans-mural lesions. Besides, the
lesions were positively correlated to the average force
during the applications. Di Biase et al[16] evaluated lesions
in the left atrium at six settings by using a robotic
navigation system with a constant duration (40 s) and flow
rate of either 17 or 30 mL/min with an open irrigated
catheter. They concluded lower power settings (�35W)
and lower/medium contact pressure were more likely to
show a “relative” spared endocardial surface. Contact
pressure between 20 and 30 g and a power setting of 40W
appeared to achieve trans-murality by preserving safety. In
our study, the CF between the distal end of the ablation
catheter and myocardial tissue was positively correlated
with the maximum depth, surface diameter, and volume of
the ablation lesion. The results are consistent with those of
previous studies.[5,6,8,14] In addition, we found when the
CF was 10 g or greater; a trans-mural lesion might appear
on the free wall of the RVOT. If the lesion became a trans-
mural lesion, the maximum depth, and volume of the
lesion stopped increasing as the CF increased. These results
are significantly different from the results of previous
experimental studies, in which thick skeletal muscle or left
ventricular muscle was ablated.[17-19]

Furthermore, excessive CF could result in severe cardiac
complications, such as mechanical perforations and steam
pops.[6-8] Our study also showed that the incidence of
steam pops increased as the CF increased. When the CF
reached 30 to 39 g, the incidence of steam pops was as high
as 50%, and all the steam pops occurred only when the CF
exceeded 20 g. In our study, the mean CF that led to steam
pops was 30.8 ± 4.5 g on the free wall and 31.5± 5.2 g on
the septum of the RVOT, which were lower than the CF
reported by Nazeri et al[7] and Perna et al.[20] These results
may be due to the following: (1) In contrast to the research
conducted by Nazeri et al and Perna et al, we performed
ablation in the RVOT instead of the left atrium, and the
local blood flow conditions and the myocardial thickness
were significantly different; and (2) In the study conducted
by Nazeri et al, the radiofrequency power was 40 W,
and the saline irrigation flow rate was 30 mL/min. In
comparison, the radiofrequency power in our study was
30 W, and the saline perfusion flow rate was 17 mL/min.

Our study also suggested a low possibility of mechanical
perforation and pericardial effusion when the CF is less
than 40 g during the mapping and ablation procedure.
Since we did not attempt to perform a mapping and
ablation procedure with CF levels greater than 40 g, we
could not further assess the minimum CF that leads to
mechanical perforations. Steam pops may lead to acute
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pops was very likely during ablation when the CF exceeded
20 g, and the occurrence of steam pops was especially more
likely when the CF was greater than 30 g. Therefore,
operators should pay close attention to the real-time
change in the CF and attempt to maintain the CF at a level
that does not exceed 20 g during ablation.

The mechanism of idiopathic VAs originating from the
RVOT is mostly focal triggering activity or an autonomic
abnormality.[2] Most of the origins are located just under
the endocardium instead of the epicardium. This result is
greatly different from the ablation of atrial fibrillation or
atrial flutter,[21-24] which causes trans-mural injury at the
time of circumferential pulmonary vein isolation or linear
blocking. Therefore, when performing the ablation
procedure in the RVOT, achieving trans-mural injury
may not be as necessary. When performing ablation on
patients with idiopathic RVOT-VAs, maintaining the CF
value between 3 and 10 g or performing the ablation with
lower energy may be reasonable and effective. Considering
that the origin of VAs is located deep under the septal
endocardium of the RVOT, increasing the CF from 10 to
20 g during ablation should be considered; however, CF
levels greater than 20 g should be avoided.

Before administering CF-sensing catheters, the contact
condition between the distal end of the ablation catheter
and myocardial tissue was evaluated by operators using
indirect indicators, including the local voltage amplitude,
the temperature recorded from the distal end of the
ablation catheter, the change in impedance, and the swing
condition of the ablation catheter observed under
fluoroscopy.[25-27] However, many studies have shown
that these alternative indicators are not sufficiently reliable
to reflect the real-time contact condition.[27-29] Therefore,
the direct measurement of the CF is the only reliable
indicator.

In this study, the ventricular bipolar voltage amplitude,
unipolar voltage amplitude, and initial impedance showed
weak positive correlations with the real-time CF shown by
the CARTO 3 system. However, these indicators over-
lapped substantially; therefore, it could be difficult for
operators to assess CFs accurately according to these
indicators in clinical practice. Theoretically, the reduction
in the local ventricular voltage is related not only to poor
contact but also to pathological factors, such as local
ventricular muscle fibrosis, ventricular low voltage area,
past ablation injury, and temporary tissue congestion.
Although high ventricular voltage can be used to predict a
good contact condition, excessive CF cannot be excluded.
Therefore, the clinical application value of predicting the
real-time CF by measuring the local ventricular voltage
amplitude before ablation is very limited.

The limitations of this study are as follows: (1) Although
Guangxi Bama miniature pigs are good animal models for
cardiac studies, anatomical differences undoubtedly exist
between pigs and humans; therefore, the clinical applica-
bility of the results could be limited; (2) The number of
experimental animals and ablation lesions in this studywas
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limited, which might lead to statistical bias; (3) Intra-
cardiac echocardiography, trans-esophageal echocardiog-

10. Douglas WR. Of pigs and men and research: a review of applications
and analogies of the pig, sus scrofa, in humanmedical research. Space
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raphy, and digital subtraction angiography, which might
affect the precise positioning of the catheters, were not used
in our study; (4) Due to the influence of the heartbeat and
respiratory movement, the relative displacement of the
ablation catheters could not be avoided entirely during the
mapping and ablation procedure, and the slight fluctuation
of the CF, which might affect the lesion size, could also not
be avoided; and (5) The optimal CF range when ablating
the RVOT of humans remains uncertain, and further basic
experiments and clinical studies are required for evaluating
and validating the effectiveness and safety of CF-sensing
catheters in patients with RVOT-VAs.

In conclusion, the CF seems to be the leading predictive
factor of lesion size in RVOT ablation. Maintaining
the CF value between 3 and 10 g may be reasonable
and effective for creating the necessary lesion size and
reducing the risk of complications, such as steam pops and
perforations.
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