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Abstract
Purpose This study evaluated the efficacy and safety of transcatheter radiofrequency ablation (RFCA) in treating ventricular
premature contractions (PVCs) in children, summarized the countermeasures during intraoperative ventricular fibrillation (VF),
and improved the safety of ventricular premature treatment.
Methods A retrospective analysis was conducted on 75 children with PVCs who received RFCA in the Second Affiliated
Hospital of Wenzhou Medical University from January 2010 to April 2019. Data including age, sex, body weight, ejection
fraction, left ventricular end diastolic diameter, burden and number of PVCs/24 h, origin of PVCs, and its complications were
collected. Paired t test was used to compare changes in cardiac function before and after surgery.
Results Among the 75 cases treated with RFCA, 68 were successfully ablated, giving a success rate of 90.67%. After ablation,
the left ventricular ejection fraction (LVEF) of the children was 69.13 ± 3.81%, which was significantly higher than that before
surgery (69.13 ± 3.81% vs. 66.21 ± 3.22%, P = 0.012). One of the patients experienced VF during the operation, with no other
complications. The initial locus of origin was the anterior septum of the right ventricular outflow tract, but VF occurred during the
ablation process. Mean follow-up time was 39 ± 33 months, with two recurrent cases (2.94%).
Conclusions Performing RFCA in children is safe and effective, with a low recurrence rate and few complications. VF is not an
indication to cease surgery; the key to eliminating complications is repositioning the catheter and finding a more accurate origin
point.
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1 Introduction

Premature ventricular contraction (PVC) is a common cardiac
arrhythmia in children, and 24-h Holter monitoring has detect-
ed PVCs in up to 40% of healthy children [1]. The clinical
manifestations of PVCs are complex and diverse, such as
dizziness, palpitations, chest tightness, chest pain, and other
discomforts. They can exist for a long period of time and
attack intermittently. Particularly, frequent PVCs may poten-
tially induce malignant arrhythmias, such as ventricular tachy-
cardia (VT) [2]. Long-term high-load PVCs can lead to in-
creased left ventricular end diastolic diameter (LVDd),

decreased left ventricular ejection fraction (LVEF), cardiac
insufficiency, and arrhythmia-induced cardiomyopathy [3,
4]; these bring great harm to the patient’s health. At present,
beta-receptor blockers and other drugs are mainly used to treat
frequent PVCs that cause obvious symptoms [5]. However,
medications are sometimes ineffective or difficult to tolerate
due to their adverse reactions, or children have poor oral drug
adherence, bringing about the difficulty in treating PVCs. The
long-term existence of PVCs limits the sports activities of
children [6], and drug use affects the sleep cycle of children,
which increases the psychological burden on the children and
their families.

Several studies have shown that radiofrequency catheter
ablation (RFCA) has a high success rate and curative effect
in the treatment of most tachyarrhythmias, which greatly im-
proved the quality of life of patients [7]. However, its efficacy
and safety in the treatment of ventricular arrhythmia in chil-
dren are still unknown [8, 9]. It has been reported that the
success rate of catheter ablation for PVCs is between 60 and

* Mao-Ping Chu
hyezcw2008@hotmail.com

1 Children’s Heart Centre, The Second Affiliated Hospital and Yuying
Children’s Hospital of Wenzhou Medical University,
Wenzhou 325027, Zhejiang, China

https://doi.org/10.1007/s10840-020-00753-7

/ Published online: 20 May 2020

Journal of Interventional Cardiac Electrophysiology (2021) 60:535–542

http://crossmark.crossref.org/dialog/?doi=10.1007/s10840-020-00753-7&domain=pdf
mailto:hyezcw2008@hotmail.com


90%, and the total incidence of complications ranges from 3.1
to 5.2% [7, 10]. The complications are mainly related to ma-
nipulation methods, ablation technique, and the access sites
[11]. Ventricular fibrillation (VF) is a rare complication that
may be associated with inappropriate ablation, such as in-
creased local myocardial sensitivity and mechanical stimula-
tion of the catheter. Thus, we conducted this retrospective
study to evaluate the efficacy and safety of PVC ablation in
children. Since ablation treatment of PVCs can be complicat-
ed with VF during operation, countermeasures were done to
improve the safety of treatment.

2 Methods

2.1 Study population

A retrospective analysis was conducted on 75 children with
PVCs who underwent radiofrequency catheter ablation treat-
ment in the Second Affiliated Hospital of Wenzhou Medical
University from January 2010 to April 2019 (mean age 13.35
± 3.15 years). The guidelines for radiofrequency ablation of
ventricular arrhythmias in children were used as reference
[12]. Inclusion criteria were as follows: (1) frequent or contin-
uous PVCs, the average PVC count ≥ 10,000/24 h; (2) weight
≥ 15 kg; (3) inability to tolerate PVCs or failure to treat with at
least two anti-arrhythmic drugs; (4) did not wish to take long-
time anti-arrhythmic drugs for specific reasons. Exclusion
criteria were as follows: (1) recent infectious disease; (2) du-
ration of viral myocarditis < 6 months; (3) severe chest defor-
mity; (4) serious heart, lung, liver, kidney, and coagulation
dysfunction making them unfit to undergo surgery. Before
RFCA, all children underwent routine biochemical, coagula-
tion function, x-ray, echocardiography, electrocardiogram,
and dynamic electrocardiogram, and anti-arrhythmic drugs
were discontinued for at least five half-lives. Demographic
and clinical data were collected, including age, sex, body
weight, EF, LVDd, burden and number of PVCs/24 h, the
origin of PVCs, and its complications.

2.2 Ethics approval and consent to participate

The Ethics Committee of the Second Affiliated Hospital of
Wenzhou Medical University approved this study, which
was conducted in accordance with the principles of the
Declaration of Helsinki. Informed consent was obtained from
the parents of all individual participants included in the study.

2.3 Electrophysiological examination
and radiofrequency ablation

Mapping and ablation were performed under the guidance of
conventional x-ray fluoroscopy and three-dimensional

mapping system EnSite NavX or Carto. After induction of
local or general anesthesia, a 5–7F sheath was inserted into
the right femoral vein or femoral artery. Surface electrocardio-
gram (ECG) preliminarily determined the origin of the PVCs.
A single four-grade ablation catheter was inserted directly
through the sheath tube to the predicted site for electrophysi-
ological examination, mapping, and ablation. A temperature-
controlled or cold saline infusion ablation catheter, together
with an excited order standard measurement complementary
with the standard pacemaker test, was carried out with the
PVC standard and ablation test. During pacing, the 12-lead
electrocardiogram and QRS waves of spontaneous PVCs
should at least be the same in at least 11 leads, or the early
ablation target is considered as the QRS wave that was more
than 25 ms ahead of the ventricular electrical PVCs; hence,
continuous or intermittent discharges located the ablation
catheter position. We set the ablation energy to 25–30 W,
and controlled the temperature to 55 °C. The effective target
was when the PVCs disappeared within 10 s of discharge, or
the increased PVCs that appear were similar to spontaneous
PVCs or short-burst VT that disappeared quickly.
Consolidated discharges were continued for 60–180 s. After
30 min of ablation, the end point of ablation was determined
with the disappearance of PVCs and when the original
methods of inducing PVC, such as electrical stimulation and
isoproterenol intravenous drip, were not effective. If the PVCs
did not disappear after 10 s of discharge, the target was re-
calibrated. Discharges were stopped when it was noted that
the catheter was displaced.

2.4 Follow-up methods

(1) After ablation, routine ECG monitoring was performed
for 48 h.

(2) Each patient was documented and followed up to date.
(3) All anti-arrhythmic drugs were discontinued.
(4) Routine ECG and 24-h dynamic electrocardiogram

(ECG) were re-examined 1 and 3 months after the oper-
ation to evaluate long-term efficacy.

(5) Echocardiography was performed 3 months after the op-
eration to evaluate cardiac function.

(6) Patients were followed up by telephone 6, 12, and
18 months after surgery.

(7) ECG and 24-h dynamic ECG were performed whenever
patients had symptoms that indicated PVC recurrence.

2.5 Criteria for success in ablation

The criteria for immediate success were as follows [13]: (1)
when the PVCs disappeared or there was only occasional
PVCs (≤ 1 bpm) after ablation; (2) the total number of PVCs
was less than 10 beats after 30 min of close observation (the
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morphology was completely similar to that of preoperative
PVCs). The criteria for long-term success were: (1) the disap-
pearance of PVCs, (2) reduction of the total number of PVCs
on the 24-h dynamic ECG during a period of 3 months post-
operatively, with an obvious improvement of symptoms.

2.6 Statistical analysis

SPSS 18.0 was used for statistical analysis. The measurement
data were expressed as mean ± standard deviation (x ± s),
while the counting data were expressed as the number of cases
and percentage (%). Paired t test was used to compare the
changes in cardiac function before and after RFCA. A p value
of < 0.05 was considered statistically significant.

3 Results

3.1 Baseline characteristics

A total of 75 children was enrolled in this study, 40 males
(53.33%) and 35 females (46.67%), with an average age of
13.35 ± 3.15 years (range 5~18 years) and an average weight
of 48.50 ± 14.77 kg (range 19.5~91 kg). Thirty-six cases
(48%) had obvious symptoms, such as palpitations, weakness,
chest tightness, and dizziness (Fig. 1). All examined ECG
tests showed no abnormalities, except for frequent PVCs
and/or PVTs. For all patients with on/off treatment, the dy-
namic ECG recorded a PVC count of 27,738 ± 12,497/24 h
(range 100,091~60,407/24 h), and the PVC load was 22.91 ±
10.04% (range7~45.8%). Seventy-three patients had been

treated with two or more anti-arrhythmic drugs before abla-
tion, which were ineffective or intolerable. Two patients had
not used anti-arrhythmic drugs due to obvious symptoms. The
a v e r a g e d u r a t i o n wa s 3 8 . 1 2 ± 31 . 7 5 mon t h s .
Echocardiography showed an average LVEF of 66.21 ±
3.22% in all patients, with three cases having LVEF of <
55%. The mean LVDd was 42.92 ± 5.99 mm. There were
seven cases of left ventricular enlargement, three cases of
mitral regurgitation, and seven cases of tricuspid
regurgitation.

3.2 Electrophysiological study and ablation results

Among the 75 cases treated with RFCA, 68 cases (90.67%)
were successfully ablated, while seven cases (9.3%) failed.
Two of them had a significant reduction of PVCs after abla-
tion, but they did not disappear. The form of PVCs remained
the same as before. Two cases had polymorphous PVCs in-
duced during surgery, which were traced by pacemaker map-
ping and excitation mapping. Multi-point ablation was per-
formed, and premature ventricular flow still did not disappear.
Two cases had origin right ventricular outflow tract revealed
by routine electrocardiogram; however, no optimal origin was
found in the right ventricular outflow tract or the left and right
coronary sinus during the operation, and trial ablated ventricle
did not disappear. One patient presented without PVCs after
intraoperative anesthesia.

The origin of the PVCs was widely distributed in the vi-
cinity of ventricular and vascular structures. Table 1 and Fig. 2
show the distribution of the origin of PVCs. Among the 68
cases of successful ablation of PVCs, 32 cases (47.06%)

Fig. 1 Distribution of symptoms.
39 of the 75 patients showed no
symptoms of discomfort, while
the other 36 showed varying
degrees of PVC-related symp-
toms, such as chest tightness be-
ing the most common (23 cases),
followed by palpitations (18
cases). One child developed syn-
cope. PVCs, premature ventricu-
lar contractions
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originated from the right ventricular outflow tract (RVOT)
(Fig. 3), 14 cases (20.59%) from the tricuspid annulus (TA)
(Fig. 4), three cases (4.41%) from the left coronary sinus of
aorta, five cases (7.35%) from the right coronary sinus, ten
cases (14.71%) from the left ventricular septum, and the other
four cases (5.88%) originated from the great cardiac veins
(one case), the anterior left ventricular lateral wall (one case),
and the papillary muscle (two cases).The starting point of the
ventricular potential of the effective target site was 32.66 ±
5.03ms earlier than the onset of the QRSwave of PVCs on the
surface ECG in 68 patients with successful ablation (Table 1).

3.3 Complications

In the 74 children with PVCs who underwent RFCA, only one
case had ventricular fibrillation, and no other complications
occurred in the other cases. This was a 15-year-old male who

underwent excitation and pacing mapping under the guidance
of Carto three-dimensional mapping system. The QRS wave
pattern was similar to that of the 12-lead ECG on the RVOT
and was recorded in the anterior septum of the RVOT. The
starting point of the ventricular potential of the effective target
site was 28 ms earlier than the onset of the QRS wave of the
surface 12-lead ECG. With this site as the target, VF occurred
after 10 s of discharge. Discharge was stopped immediately,
and sinus rhythm was restored after defibrillation (200 J). A
similar pattern was then recorded nearby, where the ventricu-
lar local potential was recorded 32 ms earlier than the surface
ECG QRS wave. With this as the target, VF occurred again
after 8 s of discharge; the discharge stopped. The rhythm was
restored again after defibrillation. Therefore, the site was
abandoned and transferred to the right pulmonary sinus valve,
where similar QRS patterns were recorded. The ventricular
local potential was recorded 42 ms earlier than the surface

Table 1 Baseline characteristics of patients with PVCs of different origins

RVOT TA Left coronary sinus Right coronary sinus Left ventricular septum Other origin

Cases (%) 32 (47.06) 14 (20.59) 3 (4.41) 5 (7.35) 10 (14.71) 4 (5.88)

Sex (M/F) 18/16 8/6 0/3 2/3 9/1 3/1

Age (years) 13.63 ± 3.17 14.00 ± 3.39 14.33 ± 2.52 10.00 ± 3.81 12.70 ± 2.16 12.50 ± 4.51

Weight (kg) 50.92 ± 14.25 48.54 ± 16.52 44.33 ± 7.37 39.70 ± 14.64 48.30 ± 11.89 36.13 ± 11.79

Duration of illness (months) 34.06 ± 30.78 40.21 ± 37.41 42.00 ± 32.23 36.20 ± 14.18 46.70 ± 24.63 49.50 ± 47.59

Symptoms (%) 13 (40.63) 9 (64.29) 2 (66.67) 1 (25.00) 4 (40.00) 2 (50.00)

Number (/24 h) 30,368 ± 10,814 20,685 ± 5521 19,467 ± 13,054 39,456 ± 14,672 20,144 ± 12,657 37,471 ± 32,435

PVCs load (%) 24.80 ± 8.51 16.77 ± 5.08 16.85 ± 9.97 26.60 ± 14.59 18.64 ± 14.14 28.90 ± 23.90

LVEF (%) 67.13 ± 6.38 68.77 ± 4.15 66.00 ± 1.73 64.00 ± 4.83 67.33 ± 2.06 66.67 ± 2.89

LVDd (mm) 45.03 ± 5.49 41.77 ± 3.49 41.33 ± 10.06 39.75 ± 7.36 45.00 ± 4.60 36.67 ± 3.79

PVCs, premature ventricular contractions; RVOT, right ventricular outflow tract; TA, tricuspid annulus; LVEF, left ventricular ejection fraction; LVDd,
left ventricular end diastolic diameter

Fig. 2 Distribution of PVC origin. Of the 68 cases with successful
ablation, the RVOT was the most common, accounting for 32 cases
(47.06%), followed by 14 cases (20.59%) of PVCs originated from the
TA, three cases (4.41%) originated from the left coronary sinus, five cases
(7.35%) from the right coronary sinus, 10 cases (14.71%) from the left

ventricular septum, and the other 4 cases (5.88%) originated from the
great cardiac veins (1 case), the anterior left ventricular lateral wall (1
case), and the papillary muscle (2 cases). PVCs, premature ventricular
contractions; RVOT, right ventricular outflow tract; TA, tricuspid
annulus
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ECG QRS, which was then taken as the target. After repeated
discharges of 180 s × 3, the PVCs disappeared. Isoproterenol
was administered as an intravenous drip; 15 min observation
was done twice. No recurrence was found; hence, the opera-
tion was successful (Fig. 5).

3.4 Post-operation follow-up

Seventy-five children were followed up for 2 months to
8 years, with an average follow-up of 39 ± 33 months.
Recurrence occurred in two cases (2.94%). Among the 68
cases with successful ablation, ECG monitoring observed
PVCs < 1000/24 h again in 10 children 48 h after surgery,
and the morphology was the same as that before surgery.

However, 1 month after the operation, the dynamic ECG
was reviewed, and the PVCs disappeared. One case of PVC
from TA recurred on the same night after the surgery. During
the follow-up, there was no reduction. Re-operation was sug-
gested, but the guardian of the child refused. Another case of
PVC that originated from the papillary muscle of the posterior
left ventricle group recurred 3 months after the surgery. One
year later, another RFCA was successfully performed. The
intraoperative standard point of origin was still the papillary
muscle of the posterior left ventricle group. To date, the chil-
dren with VF during the operation had no PVCs since the
postoperative follow-up; their heart functions were normal.
In seven patients who gave up or failed, PVCs gradually de-
creased during follow-up.

Fig. 3 PVC originated from the RVOT ablation and activation mapping
using the Carto system. (A) Normal sinus rhythm. (B) The earliest ven-
tricular potential timewas 30ms earlier than the onset of the QRSwave of
PVCs on surface ECG. (C) The pacemaker 12-lead ECG QRS pattern
was similar to that of spontaneous ventricular premature beat. (D) Carto

mapping system indicated that the target was located in the anterior and
right sinus of the pulmonary artery (red). PVCs, premature ventricular
contractions; RVOT, right ventricular outflow tract; ECG,
electrocardiogram

Fig. 4 PVC originated from the TA ablation and activation mapping
using the Carto system. (A) Normal sinus rhythm. (B) The earliest ven-
tricular potential timewas 28ms earlier than the onset of the QRSwave of
PVCs on surface ECG. (C) The pacemaker 12-lead ECG QRS pattern

was similar to that of spontaneous ventricular premature beat. (D) Carto
marking system indicates that the target is located 7 points in the tricuspid
ring (red). PVCs, premature ventricular contractions; TA, tricuspid annu-
lus; ECG, electrocardiogram
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All children underwent a 3-month postoperative electrocar-
diogram, the mean LVEF was 69.13 ± 3.81%, significantly
higher than before the operation (P = 0.012). All three cases
with LVEF of < 55% recovered during the review. The LVDd
was 41.83 ± 4.93 mm, which was smaller than before surgery;
however, the difference was not statistically significant (P =
0.182). Among the seven cases with preoperative left ventric-
ular enlargement, only one case did not return to normal
(Table 2).

4 Discussion

RFCAwas successful in 68 out if 75 children with PVCs, with
a success rate of 90.67%. The recurrence rate during follow-
up was low (2.94%). Our results were consistent with litera-
ture reports [7, 14]. There was only one case that had intraop-
erative complications, suggesting that the complications from
RFCA were low. After the successful elimination of compli-
cations, no adverse reactions were observed in the long-term
follow-up.

In clinical practice, PVCs is the most common type of
arrhythmia in both healthy children with normal functioning
hearts and children with organic heart diseases. Although
many clinical trials have shown that the prognosis of most
children with PVCs is good, there are still some children at
risk of developing fatal arrhythmias such as VT and/or VF.
Recently, studies have also shown that high-load PVCs may
be a subclinical stage of cardiac dysfunction. Long-term high-
load PVCs have an adverse effect on cardiac function that can
lead to increased LVDd, decreased LVEF, cardiac insufficien-
cy, and tachyarrhythmia-induced cardiomyopathy [15–17].
However, cardiac function of the children can be improved,

and cardiomyopathy can be reversed after RFCA. Our re-
search showed similar findings. Before RFCA, some children
showed PVC-related symptoms, such as chest tightness, pal-
pitations, and post-exercise fatigue. Among them, two chil-
dren strongly required surgery because of obvious symptoms.
Therefore, they were treated with RFCA without using anti-
arrhythmic drugs. Among the 75 cases, the preoperative echo-
cardiography showed an average LVEF of 66.21 ± 3.22%,
with three cases having EF of < 55%. The LVDd was 42.92
± 5.99 mm, with seven patients showing varying degrees of
left ventricular enlargement. These results suggest that high-
load PVCs may lead to decreased cardiac function. Post-
RFCA, symptoms disappeared. Re-examinationwith echocar-
diography 3 months postoperative showed LVEF of 69.13 ±
3.81%, which was significantly higher than preoperative
LVEF (P = 0.012). All three patients with EF of < 55%
returned to normal, and only one of seven patients with left
ventricular enlargement did not recover. These results sug-
gested that RFCA could effectively improve cardiac function
in children. Postoperative LVDdwas 41.83 ± 4.93 mm, which
was slightly smaller than the previous one; however, the

Fig. 5 Surface 12-lead ECG feature of this child; effective target site
pacing and activation mapping using CARTO system. ① Spontaneous
surface ECG features with sinus rhythm on the left and PVC on the right.
② The origin of the first plot. At the anterior septum of the RVOT, a QRS
pattern similar to that of the surface 12-lead ECG was recorded. The
starting point of the ventricular potential of the effective target site was
28 ms earlier than the onset of the QRS wave of the surface 12-lead ECG.
③ The origin of the second plot. A similar pattern was then recorded
nearby the first plot, where the ventricular local potential was recorded

32 ms earlier than the surface ECG QRS wave. ④ Target of successful
ablation. At the right pulmonary sinus valve where similar QRS patterns
were recorded again, the ventricular local potential was recorded 42 ms
earlier than the surface ECG QRS. ⑤ The site ablation was successful,
which is shown in red in the CARTO mapping system diagram.⑥ ECG
characteristics of VF. VF characterized by tip torsion, triggered by R-ON-
T, and recovered after 200 J unsynchronized cardioversion or
defibrillation

Table 2 Changes of cardiac function before and after RFCA

LVEF (%) LVDd (mm)

RFCA preoperative 66.21 ± 3.22 42.92 ± 5.99

3 months after RFCA 69.13 ± 3.81 41.83 ± 4.93

P 0.012 0.182

RFCA, radiofrequency catheter ablation; LVEF, left ventricular ejection
fraction; LVDd, left ventricular end diastolic diameter
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difference was not statistically significant (P = 0.182). We as-
sumed that it can be related to the short time of review.

With the development of cardiac electrophysiological tech-
nology, treatment through RFCA in adults with PVCs is effi-
cacious and safe and has become the only definitive therapy
[12]. However, its use on children is still worth discussing
because the pediatric heart is still developing and the myocar-
dial wall is thin. Presently, there is still lack of a large sample
size thematic study on the use of RFCA for PVCs in children
[18]. Long-term high-load PVCs can cause harm to children.
Children who suffer from symptoms are at risk of
tachyarrhythmia-induced cardiomyopathy. They also cannot
participate in physical exercise normally, affecting their
growth and development. Anti-arrhythmic drugs are only pal-
liative, but are not definitive therapy. Long-term medication
can also affect a child’s sleep schedule and the quality of life.
The parents and the children have to bear with this psycho-
logical burden for a long time.

The treatment of ventricular arrhythmia has become a
much talked about and difficult topic in pediatric arrhythmia
research. With RFCA, PVC-related symptoms disappeared
after the surgery. The children did not need medications and
participated in physical exercise normally, which greatly im-
proved their quality of life, benefitting their physical and men-
tal health. Therefore, RFCA is recommended for patients who
weigh more than 15 kg, have symptoms, unable to tolerate
long-term drug treatment or have no effect on their symptoms,
and seriously affect their quality of life.

Akdeniz et al. [18] found that the common risks of RFCA
failure for PVCs in children were male sex, origin site close to
the His bundles, and epicardial origin. Our data were similar to
their findings; five of the seven children with failed RFCA
were male. We also analyzed the possible reasons for RFCA
failure: children with multifocal origin; inability to find the
critical ablation zone by using the traditional mapping method
in an abnormal ventricular structure; high-risk localization of
PVCs origin near the His bundle region; some origins are
located in areas that are not accessible to ablation catheters,
such as the epicardium and endocardium; insufficient preop-
erative assessment of PVCs in few patients who may have
underlying conditions, such as structural heart disease and/or
genetic dysrhythmia; failure to induce PVCs after anesthesia.
Therefore, the key to improve the success of surgery is accu-
rate preoperative evaluation and strict control of indications.

Currently, the complications of RFCA for ventricular ar-
rhythmias in children are at 2.2% [19], and deaths are rare.
The main complications are microvascular complications at
the puncture site, such as arteriovenous fistula, second- or
third-degree atrioventricular block, cardiac perforation, cardiac
tamponade, and thromboembolism [20, 21]. Complications are
mainly related to the operator’s proficiency, the origin site of
PVCs, catheter operation, and ablation technology [16, 17]. In
this case, the origin site was determined to be in the RVOT

septum using pacing and excitation mapping. Intraoperative
VF has been reported in adults [18], which has also not been
reported in children. In this study, our results showed that VF
occurred after 10 s of ablation, which may be related to me-
chanical catheter stimulation and increased local myocardial
sensitivity during ablation. The child recovered after defibrilla-
tion. Subsequently, the QRSwave pattern similar to the 12-lead
surface ECG was recorded under the right pulmonary sinus
valve. The local ventricular potential was recorded 42 ms ear-
lier than the QRS wave in the ECG, which was the target of
successful ablation. In order to prevent the occurrence of com-
plications, preoperative defibrillation preparations should be
secured, including routine bounding of defibrillator electrodes,
connection of defibrillators, and preparation of medications.
Catheter insertion should be done carefully and gently; catheter
tension should not be too high, and positioning should be ac-
curate. From the start of intubation, the patient’s ECG changes,
and response should be closely monitored. Once paroxysmal
VT is detected, local stimulation should be stopped, and the
catheter position should be adjusted. Once VF occurs, imme-
diate defibrillation should be performed. After successful abla-
tion, there was no recurrence of PVCs during the postoperative
follow-up, and cardiac function was normal. The key to elim-
inating complications is repositioning the catheter and finding a
more accurate origin point.

We also found an interesting phenomenon. In the postop-
erative 48-h ECG monitoring, some children had recurrence
of PVCs < 1000/24 h, and the QRS wave morphology was
similar to that before surgery. However, upon follow-up
1 month after surgery, the dynamic ECG was reviewed, and
it showed that those PVCs disappeared. To our knowledge,
there are no similar reports found in literature. We hypothe-
sized that the PVCs may have been due to the increased stress
and local myocardial edema induced by intraoperative abla-
tion. Long-term prognosis of the children will not be affected
since the PVCs disappeared after the local myocardial edema
subsided. Therefore, the occurrence of a few episodes of
PVCs after surgery may not be too alarming; however, com-
plete psychological comfort for the children and their families
is necessary.

This paper also has some limitations. First, this is a single-
center study; hence, it is not representative of other patient
populations. Secondly, the number of cases in this group
was not large, especially with few cases of VF. The follow-
up time for the VF cases was only 3 months, which may not
have been long enough. We recommend increasing the num-
ber of cases and extending the follow-up time. Additionally,
the patient did not undergo cardiac nuclear magnetic reso-
nance imaging; there was no quantitative assessment of the
quality of life improvement after ablation; hence, long-term
efficacy was not assessed.

In conclusion, RFCA in children is safe and effective with a
low recurrence rate and few complications. Intraoperative VF
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is rare, and may be related to mechanical stimulation of the
catheter and increased local myocardial sensitivity during ab-
lation. However, intraoperative VF is not an indication to
cease surgery, and the key to eliminate complications is to
reposition the catheter and find a more accurate origin point.

Acknowledgments We would like to thank Editage (www.editage.com)
for English language editing.

Compliance with ethical standards

Conflict of interest The authors declare that they have no competing
interests.

References

1. Jiang J, He Y, Qiu H, Zhang Y, Chu M, Li Y, et al. Analysis of
morphological characteristics and origins of idiopathic premature
ventricular contractions under a 12-lead electrocardiogram in chil-
dren with structurally normal hearts. Int Heart J. 2017;58:714–9.

2. Ip JE, Lerman BB. Idiopathic malignant premature ventricular con-
tractions. Trends Cardiovasc Med. 2018;28:295–302.

3. Liu Q, Qin F, Liu N, Tu T. Is the new risk factor algorithm accurate
to predict frequent premature ventricular contraction-induced car-
diomyopathy? Int J Cardiol. 2017;247:27.

4. Lee AK, Deyell MW. Premature ventricular contraction-induced
cardiomyopathy. Curr Opin Cardiol. 2016;31:1–10.

5. Hamon D, Swid MA, Rajendran PS, Liu A, Boyle NG, Shivkumar
K, et al. Premature ventricular contraction diurnal profiles predict
distinct clinical characteristics and beta-blocker responses. J
Cardiovasc Electrophysiol. 2019;30:836–43. https://doi.org/10.
1111/jce.13944.

6. Ben Halima A, Ben Halima M, BelHadj Z, Boukhris M, Ayachi S,
Ben Salah H, et al. Assessment of premature ventricular beats in
athletes. Tunis Med. 2018;96:155–9.

7. Wang JS, Shen YG, Yin RP, Thapa S, Peng YP, Ji KT, et al. The
safety of catheter ablation for premature ventricular contractions in
patients without structural heart disease. BMC Cardiovasc Disord.
2018;18:177.

8. Miszczak-Knecht M, Szumowski Ł, Posadowska M, Brzezińka-
Paszke M, Pręgowska K, Walczak F, et al. Idiopathic ventricular
arrhythmia in children and adolescents: early effectiveness of radio-
frequency current ablation. Kardiol Pol. 2014;72:1148–55.

9. Pietrzak R, Lodziński P, Książczyk T, Balsam P, Gawałko M,
Opolski G, et al. Initial experience of catheter ablation for cardiac
arrhythmias in children and adolescents at a newly built ablation
centre. Kardiol Pol. 2018;76:130–5.

10. Fichtner S, Senges J, Hochadel M, Tilz R, Willems S, Eckardt L,
et al. Safety and efficacy in ablation of premature ventricular con-
traction: data from the German ablation registry. Clin Res Cardiol.
2017;106:49–57.

11. Ogunbayo GO, Charnigo R, Darrat Y, Shah J, Patel R, Suffredini J,
et al. Comparison of complications of catheter ablation for ventric-
ular arrhythmias in adults with versus without structural heart dis-
ease. Am J Cardiol. 2018;122:1345–51.

12. Philip Saul J, Kanter RJ, WRITING COMMITTEE, Abrams D,
Asirvatham S, Bar-Cohen Y, et al. PACES/HRS expert consensus
statement on the use of catheter ablation in children and patients
with congenital heart disease: Developed in partnership with the
Pediatric and Congenital Electrophysiology Society (PACES) and
the Heart Rhythm Society (HRS). Endorsed by the governing bod-
ies of PACES, HRS, the American Academy of Pediatrics (AAP),
the American Heart Association (AHA), and the Association for
European Pediatric and Congenital Cardiology (AEPC). Heart
Rhythm. 2016;13:e251–89.

13. Lin C, Zheng C, Zhou DP, Li XW,Wu SJ, Lin JF. Origins location
of the outflow tract ventricular arrhythmias exhibiting qrS pattern or
QS pattern with a notch on the descending limb in lead V1. BMC
Cardiovasc Disord. 2017;17:124.

14. Ozyilmaz I, Ergul Y, Akdeniz C, Tanidir IC, Tuzcu V. Catheter
ablation of idiopathic ventricular tachycardia in children using the
EnSite NavX system with/without fluoroscopy. Cardiol Young.
2014;24:886–92.

15. EI Kadri M, Yokokawa M, Labounty T, Mueller G, Crawford T,
Good E, et al. Effect of ablation of frequent premature ventricular
complexes on left ventricular function in patients with nonischemic
cardiomyopathy. Heart Rhythm. 2014;5271:1425–8.

16. Lü F, Benditt DG, Yu J, Graf B. Effects of catheter ablation of
“asymptomatic” frequent ventricular premature complexes in pa-
tients with reduced (<48%) left ventricular ejection fraction. Am J
Cardiol. 2012;110:852–6.

17. Wojdyła-Hordyńska A, Kowalski O, Hordyński GJ, Dinov B,
Sommer P, Hindricks G, et al. The effect of radiofrequency catheter
ablation of frequent premature ventricular complexes and arrhyth-
mia burden on left ventricular function. Kardiol Pol. 2017;75:698–
704.

18. Akdeniz C, Gul EE, Celik N, Karacan M, Tuzcu V. Catheter abla-
tion of idiopathic right ventricular arrhythmias in children with
limited fluoroscopy. J Interv Card Electrophysiol. 2016;46:355–60.

19. Li XM, Jiang H, Li YH, Zhang Y, Liu HJ, Ge HY, et al.
Effectiveness of radiofrequency catheter ablation of outflow tract
ventricular arrhythmias in children and adolescents. Pediatr
Cardiol. 2016;37:1475–81.

20. Nakamura T, Narui R, Zheng Q, Yarmohammadi H, Tedrow UB,
Koplan BA, et al. Atrioventricular block during catheter ablation for
ventricular arrhythmias. JACC Clin Electrophysiol. 2019;5:104–
12.

21. Van Hare GF, Witherell CL, Lesh MD. Follow-up of radiofrequen-
cy catheter ablation in children: results in 100 consecutive patients.
J Am Coll Cardiol. 1994;23:1651–9.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

542 J Interv Card Electrophysiol (2021) 60:535–542

http://www.editage.com
https://doi.org/10.1111/jce.13944
https://doi.org/10.1111/jce.13944

	Efficacy of radiofrequency catheter ablation for premature ventricular contractions in children
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Study population
	Ethics approval and consent to participate
	Electrophysiological examination and radiofrequency ablation
	Follow-up methods
	Criteria for success in ablation
	Statistical analysis

	Results
	Baseline characteristics
	Electrophysiological study and ablation results
	Complications
	Post-operation follow-up

	Discussion
	References


