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We aimed to assess the risk factors for left ventricle (LV) enlargement in children with idi-
opathic frequent ventricular premature complexes (VPC) and discuss the clinical features
and treatment strategies. Children diagnosed with idiopathic frequent VPC at Xinhua
Hospital affiliated to the Shanghai Jiao Tong University during 2013 to 2019 were retro-
spectively evaluated. Gender, age, body mass index, weight, number and sources of fre-
quent VPC, and changes in the LV structure were analyzed and compared. A total of 29
patient showed changes in LV enlargement at diagnosis [age 7.3 § 4.0 years, 8 (24.1%)
had symptoms such as syncope, palpitations, fatigue, and dizziness], whereas 220 showed a
normal LV structure [age 7.2 § 4.5 years, 77 (32.3%) with symptoms]. Patients with LV
enlargement showed a higher percentage of VPC on Holter recordings (30.2 § 10.7 versus
9.4 § 6.9, p < 0.05), higher prevalence of ventricular tachycardia [22 (75.9%) vs 36
(16.4%), p < 0.0001], higher number of couplets [26 (96.7%) vs 132 (60.0%), p = 0.002],
higher number of trigeminy [27 (97.8%) vs 133 (83.2%), p < 0.001], higher QRS wave
width [80.0 § 5.9 vs 77.8 § 6.8, p = 0.021], and higher incidence of right bundle branch
block [11 (37.9%) vs 2 (0.9%), p < 0.001]. Multivariate analysis suggested that right bun-
dle branch block (Odds Ratio = 143.9 p <0.001) and VPC burden (>20%) (Odds
Ratio = 132.6, p <0.001) were the risk factors for LV enlargement in children with idio-
pathic frequent VPC. In conclusion, frequent VPC can induce prominent enlargement or
LV dysfunction in children. LV enlargement are reversible after catheter ablation or med-
ication. © 2020 Published by Elsevier Inc. (Am J Cardiol 2020;131:49−53)
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Ventricular premature complexes (VPC), one of the
most common arrhythmias, occur in patients with heart
abnormalities as well as in healthy patients.1,2 In recent
years, the incidence has increased significantly in children.3

Idiopathic frequent VPC were always considered benign.1

However, recent studies in adult have showed that the bur-
den of frequent VPC might be a key factor for left ventricu-
lar (LV) dysfunction, LV dilatation and even congestive
heart failure.4−9 The relation between VPC and LV dys-
function or structural changes are still unclear in children .
The current guidelines of the European Society of Cardiol-
ogy recommend anti-arrhythmic drug therapy or catheter
ablation as a treatment option for children with symptom-
atic VPC /VT and rapid nonsustained VT (nsVT).10−12

Nevertheless, particularly in children, the data regarding
treatment of frequent VPC /VTs to prevent LV dysfunction
in asymptomatic patients is still lacking. In our study, we
aimed to evaluate the risk factors for LV enlargement and
dysfunction in asymptomatic children with frequent VPC.
Methods

We retrospectively reviewed the medical records of pedi-
atric patients diagnosed with VTs and VPC admitted to Xin-
hua Hospital Affiliated to the Shanghai Jiaotong University
between January 2003 and November 2019. All patients ful-
filled the following inclusion criteria: (1) with frequent
monomorphic VPC (defined as 5% VPC burden on a Holter
recording) with or without asymptomatic VTs; (2) under the
age of 14 years. Patients with structural heart disease, history
of cardiac surgery, myocarditis, cardiomyopathy, and pro-
longed QT syndrome were excluded. The demographic and
clinical data were collected, such as gender, age, weight,
body mass index, symptoms, triggering factors, laboratory
test indicators, treatment, prognosis, and other relevant
parameters. A 12-lead surface electrocardiogram (ECG) was
used to analyze the characteristics of VPC and evaluate the
following VPC parameters: PR interval, QRS interval, block
pattern, and QT interval (QTc). The percentage of VPC in a
heartbeat was recorded by the Holter, and the absence of cou-
plets, trigeminy, VT (3 or more consecutive VPC and <30 s)
in the results of Holter was collected. Frequent VPC was
defined as VPC burden >5%.The LV function and structure
were evaluated by echocardiograms in all patients. Left ven-
tricular ejection fractions (LVEF), and LV diameter at the
end of the diastole (LVEDd) were measured on sinus beats.
LV dysfunction was defined as SF <28% or LVEF< 50%.
The ventricular structural changes (LV enlargement) were
defined as the LVEDd larger than the normal range for this
age group.

The patients who weighed >15 kg, had VPC burden
>10%, and showed no effect from treatment with oral anti-
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arrhythmic drugs were ablated under general anesthesia.
Mapping was facilitated by an electroanatomical mapping
system (CARTO, Biosense Webster, USA) using a transve-
nous or retrograde aortic approach. At the site of the earliest
activation based on the onset and reversed polarity in the
bipolar electrogram and/or QS-wave configuration in the
unipolar electrogram, pace-mapping was performed to con-
firm the ≥11/12 lead QRS pace match. Radiofrequency
energy was delivered with a maximum target temperature
of 60˚C and power output of 30 to 60 W depending on age,
weight, and focus. After the operation, the same shape of
ventricular premature beat was reduced by > 80% and VT
disappeared on the Holter, indicating success of the radio-
frequency ablation.

After drug treatment, Holter was reviewed every 1 to 3
months. A 12-lead surface electrocardiogram, Holter, and
echocardiography were reviewed 24 hours after catheter
ablation. Patients with LV enlargement were reviewed for
echocardiography every 1 to 3 months until the LV size
was almost normal or completely normal.

The software package SPSS 20.0 (IBM Armonk, NY,
USA) was used to perform the statistical analyses. Continu-
ous data are presented as mean § standard deviation, and
analyzed using the chi-square test and Fisher’s exact test
where appropriate. Although categorical data are presented
as numbers with percentage and analyzed by independent
sample t tests . The multivariate logistic regression models
to examine the independent predictors. A p value <0.05
was considered statistically significant.
Table 1

Patient characteristics in relation to LV enlargement

Variable

Yes (n =

Age (years) 7.3 §
Male 19 (65.

Weight (kg) 33.3 §
Height (cm) 127.9 §
Body mass index (kg/m 2) 20.4 §
Systolic blood pressure (mm Hg) 100.2 §
Diastolic blood pressure (mm Hg) 63.1 §
Symptoms 8 (24.

Cardiac arrest 0

Syncope 1 (12.5

Palpitations 6 (75.0

Fatigue 0

Chest pain 2 (25.0

Reduced physical activity 0

Dizziness 0

Triggering factor 21 (72.

Infection 21 (72.

Exercise 0

Others 0

Creatine kinase -MB (U/L) 8.9 § 1

Serum troponin I (mg/L) 0.1 §
Na+ (mmol/L) 139.5 §
K+ (mmol/L) 4.3 §
Ca2+ (mmol/L) 2.3 §
N-terminal pro-B-type natriuretic peptide (pg/ml) 139.9 §

All values are expressed as mean § SD or n (%).

LV = left ventricle; SD = standard deviation.
All patients enrolled in this study has signed the broad
consent, which permits the researchers to engage in
research using identifiable biospecimens and identifiable
data during the hospitalization period and future follow-up.
And the study was strictly in accordance with the Declara-
tion of Helsinki and International Ethical Guidelines for
Health-related Research Involving Humans. Ethical
approval was given by the medical ethics committee of Xin-
hua Hospital.
Results

249 children (142 boys and 107 girls) with frequent VPC
with or without asymptomatic VTs were included in this
study. The average age of the patients in this study was
7.39 § 4.31 years(range 0 to 14 years). 29 (11.6%) children
showed LV enlargement, of which 3 patients (1.2%)
showed LV dysfunction, having an SF < 28% or LVEF <
50% at diagnosis. 220 (88.3%) patients showed a normal
LV function and structure at diagnosis. And a total of 79
children (31.7%) had symptoms of heart failure, including
syncope, palpitations, chest pain, fatigue, and haze. Com-
pared with the LV structural change group, there were no
significant differences in age, gender, weight, height, body
mass index blood pressure, symptoms, triggering factor,
troponin-I, myocardial enzymes, electrolytes and other
aspects in the group with normal LV structure (Table 1).

The VPC parameters of both groups are presented in
Table 2. Patients with LV enlargement had higher QRS
Left ventricular enlargement p-value

29) No (n = 220)

4.0 7.2 § 4.5 0.172

5%) 132 (57.6%) 0.657

16.5 32.7 § 18.5 0.461

29.1 125.5 § 32.9 0.706

6.9 19.3 § 6.2 0.380

11.6 104.4 § 14.9 0.143

8.9 64.1 § 12.0 0.662

14) 71 (32.3) 0.374

0 -

%) 16 (22.5%)

%) 28 (39.4%)

6 (8.45%)

%) 39 (54.9%)

5 (7.0%)

5 (7.0%)

4%) 140 (63.6%) 0.353

4%) 125 (89.3%)

9 (6.4%)

6 (4.3%)

0.7 17.2 § 28.6 0.126

0.1 0.1 § 0.4 0.633

2.7 138.9 § 9.8 0.726

0.4 4.4 § 0.5 0.697

0.3 2.4 § 0.2 0.414

159.4 116.9 § 193.6 0.897
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Table 3

Logistic regression analysis data

p-value OR 95% OR

QRS duration 0.116 1.103 0.976-1.245

Right bundle branch block <0.001 167.8 10.590-2658.017

PVC burden >20% <0.001 132.624 13.363-1316.277

Couplets 0.591 2.514 0.088-72.173

Trigeminy 0.845 0.696 0.019-26.203

Ventricular tachycardia 0.298 2.214 0.496-9.885

Table 2

Comparison of the determinants of premature ventricular contractions in

patients with different left ventricular structure

Variable Left ventricular enlargement p- value

Yes (n = 29) No (n = 220)

QRS duration (ms) 80.9 § 5.9 77.8 § 6.8 0.021

QT interval (ms) 396.9 § 8.4 399.7 § 23.4 0.556

PR interval (ms) 119.5 § 8.4 119.7 § 11.9 0.917

Block pattern 11 (37.9%) 8 (3.6%) <0.001
Atrioventricular block 0 6 -

Right bundle branch block 11 (37.9%) 2 (0.9%) -

Left bundle branch block 0 0 -

PVC burden 30.2 § 10.7 9.4 § 6.9 <0.001
5−20 5 (17.2%) 204 (92.7%) <0.001
>20 24 (82.8%) 16 (7.3%)

Couplets 26 (96.7%) 132 (60.0%) 0.002

Trigeminy 27 (97.8%) 133 (83.2%) 0.001

Ventricular tachycardia 22 (75.9%) 36 (16.4%) <0.001

All values are expressed as mean § SD or n (%).
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wave width (p = 0.021) and higher incidence of right bundle
branch block (RBBB)(p < 0.001). Other determinants, such
as PR duration and QTc showed no statistically significant
difference (p > 0.05).

On the Holter, the burden of VPC markedly increased
and was significantly higher in the group with LV enlarge-
ment than in the group with a normal LV structure
(p <0.05). All patients in the LV enlargement group had
higher prevalence of VT (p < 0.001), a higher number of
couplets(p = 0.002), a higher number of trigeminy (p <
0.001) than those in the normal LV group.

Multiple logistic regression analysis is presented in
Table 3. Multiple logistic regression analysis are presented
in table 3. The results showed that RBBB (Odds
Ratio = 167.7, 95% Confidence Interval: 10.59 to 2658
p <0.001), and the VPC burden (Odds Ratio = 632.1, 95%
Confidence Interval: 17.81 to 22428.99 p <0.001) were the
Independent risk factors for LV enlargement. The other
indicators were not statistically significant.
Discussion

Idiopathic frequent VPC are usually considered benign,
and in most patients with frequent VPC, the cardiac func-
tion is preserved during follow-up. But the result from an
adult study suggested that a causal link between frequent
VPC and LV dysfunction and improvement in LV function,
after an treatment reducing VPC burden effectively.13,14

Kakavand et al15 analyzed 28 children with arrhythmia, and
the results showed that the burden of VPC was significantly
higher in patients with LV dysfunction (36%) than in
patients without barriers (18%). However, Guerrier et al,16

who included 123 patients with frequent VPC (defined as
>5%), suggested no correlation between LV function and
VPC burden. Spector et al,17 who included 36 children with
high VPC burden (> 20%), proposed that LV dysfunction
was more common in the cohort, but did not further explore
the risk factors related to LV dysfunction. Currently, due to
the lack of studies on the idiopathic VPC and asymptomatic
VTs related to LV function or structure in pediatric patients,
the relation between the 2 is not yet clear .

The results of our study showed that 29 children (11.6%)
had LV enlargement, 3 of them (1.2%) had LV dysfunction,
and 27 of them (93.1%) could return to normal after effec-
tive treatment. These results were different from those of
previous research. Bertels et al18 showed that the burden of
VPC was a significant risk factor for development of LV
dysfunction in children. However, this study did not focus
on the relevance of VPC to the heart structure. In our study,
patients with LV enlargement had wider QRS waves, sig-
nificantly increased VPC burden, and higher rates of the
doublet, triplet, and VT, consistent with the results in previ-
ous studies.18 Previous studies showed that the existence of
the doublet and triplet was associated with LV dysfunction,
and 76% nsVT patients with dysfunction and 1% to 40%
nsVT patients with normal function,7,8,19 which is in con-
currence with the results of our study. A study reported that
reduction in LVEF in patients with VPC was associated
with short coupling intervals and extended QT intervals.20

However, no association was found in our study on pediat-
ric patients.

Meanwhile, our study indicated that the high VPC bur-
den (>20%) and existence of blockages were important fac-
tors influencing LV enlargement; 82.8% of children with
LV enlargement (including 3 children with dysfunction)
had VPC burdens above 20%. Further, children with high
VPC burden were more prone to LV enlargement, which
appear earlier to dysfunction. This may be related to the
stronger compensatory capacity of children’s hearts. When
VPC occurs, the venous return and preload on the heart
increases, which leads to the lengthening of the cardiac
muscle fibers and increase in contractility. Sustained VPC
will cause changes in the structure of the heart, and decom-
pensation in the later stages of the disease resulting in dys-
function.21 However, due to majority of patients being
asymptomatic, the time from the onset of VPC is unclear,
and the influence of the duration of high VPC burden on
LV function remains unknown. None of the patients with
normal LV structure at diagnosis LV enlargement during
the follow-up, including those patients with a high VPC
burden.

In addition, the incidence of RBBB in the LV enlarge-
ment group was higher than that in the normal LV structure
group (37.9% vs 0.9%), which is different from the results
of previous studies. Spector et al,17 who included 123
patients with frequent VPC (defined as> 5%), showed no
correlation between LV function and RBBB. This may be
attributed to the long and thin right bundle branch, which
makes it easier to block. When RBBB occurs, the left and
right ventricles contract asynchronously, and the right ven-
tricle influences LV function and structure through
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mechanical traction and pressure transmission.22 A large-
scale clinical study has also confirmed the relation between
RBBB and LV dysfunction.23 In our study, 31.9% of patients
had clinical symptoms, and 10.1% of them had LV dyfunc-
tion or LV enlargement. Symptoms, such as palpitations
might have been caused by arrhythmia rather than hemody-
namic disorders. Our results showed that LV enlargement
was reversible with a decrease in the burden of VPC by cath-
eter ablation or medication. This is in concordance with stud-
ies on adult patients, which describe reversibility of VPC -
and VT-induced LV dysfunction after treatment, with radio-
frequency ablation or pharmacologic therapy.13−15,24 How-
ever, this conclusion was not explored in children. In our
study, 93% of patients had normal heart structure after effec-
tive treatment, with an overall significant increase of 10% in
LVEF and an overall increase of SF in 7%.

It is justifiable to conclude that frequent ventricular
ectopy can induce LV enlargement in children and it is
reversible by treatment with medication or ablation. A high
burden of VPC and the presence of VTs, RBBB, couplets,
and trigeminy are associated with LV enlargement and
might be used in stratification of patients at risk of develop-
ing LV enlargement. However, more data are needed to
warrant treatment for prevention of LV enlargement. At the
moment, patients with frequent ventricular ectopy must be
followed regularly with Holter recordings and echocardiog-
raphy. If LV enlargement develop, medication or ablation
is indicated to reduce the amount of ectopy.

Although this study included a large sample, it was a ret-
rospective, single-center study with a short follow-up time.
The relation between VPC duration and LV dysfunction
and enlargement cannot be determined accurately owing to
these limitations. Future multicenter, prospective studies
are warranted to further explore other factors that may
cause LV enlargement and provide evidence for preventive
treatment. Frequent VPC can induce prominent LV enlarge-
ment and LV dysfunction in children. Children with struc-
tural changes have wider QRS waves, higher VPC burden,
and higher rates of conduction block, couplets, trigeminy,
and VT. VPC burden > 20% and presence of RBBB are
independent risk factors. Early intervention is recom-
mended for this group of children to prevent LV dysfunc-
tion or enlargement. LV enlargement are reversible after
catheter ablation or medication.
Disclosures

The authors declare that they have no known competing
financial interests or personal relation that could have
appeared to influence the work reported in this study.

1. Simpson RJ Jr., Cascio WE, Schreiner PJ, Crow RS, Rautaharju PM,
Heiss G. Prevalence of premature ventricular contractions in a popula-
tion of African American and white men and women: the Atheroscle-
rosis Risk in Communities (ARIC) study. Am Heart J 2002;143
(3):535–540.

2. Brugada J, Blom N, Sarquella-Brugada G, Blomstrom-Lundqvist C,
Deanfield J, Janousek J, Abrams D, Bauersfeld U, Brugada R, Drago
F, de Groot N, Happonen JM, Hebe J, Yen Ho S, Marijon E, Paul T,
Pfammatter JP, Rosenthal E, European Heart Rhythm A. Association
for European P, Congenital C. Pharmacological and non-pharmaco-
logical therapy for arrhythmias in the pediatric population: EHRA and
AEPC-Arrhythmia Working Group joint consensus statement. Euro-
pace 2013;15(9):1337–1382.

3. Nagashima M, Matsushima M, Ogawa A, Ohsuga A, Kaneko T,
Yazaki T, Okajima M. Cardiac arrhythmias in healthy children
revealed by 24-hour ambulatory ECG monitoring. Pediatr Cardiol
1987;8(2):103–108.

4. Agarwal SK, Simpson RJ Jr., Rautaharju P, Alonso A, Shahar E,
Massing M, Saba S, Heiss G. Relation of ventricular premature com-
plexes to heart failure (from the Atherosclerosis Risk In Communities
[ARIC] Study). Am J Cardiol 2012;109(1):105–109.

5. Hasdemir C, Kartal Y, Simsek E, Yavuzgil O, Aydin M, Can LH.
Time course of recovery of left ventricular systolic dysfunction in
patients with premature ventricular contraction-induced cardiomyopa-
thy. Pacing Clin Electrophysiol 2013;36(5):612–617.

6. Baman TS, Lange DC, Ilg KJ, Gupta SK, Liu TY, Alguire C, Arm-
strong W, Good E, Chugh A, Jongnarangsin K, Pelosi F Jr., Crawford
T, Ebinger M, Oral H, Morady F, Bogun F. Relationship between bur-
den of premature ventricular complexes and left ventricular function.
Heart Rhythm 2010;7(7):865–869.

7. Ban JE, Park HC, Park JS, Nagamoto Y, Choi JI, Lim HE, Park SW,
Kim YH. Electrocardiographic and electrophysiological characteris-
tics of premature ventricular complexes associated with left ventricu-
lar dysfunction in patients without structural heart disease. Europace
2013;15(5):735–741.

8. Hasdemir C, Ulucan C, Yavuzgil O, Yuksel A, Kartal Y, Simsek E,
Musayev O, Kayikcioglu M, Payzin S, Kultursay H, Aydin M, Can
LH. Tachycardia-induced cardiomyopathy in patients with idiopathic
ventricular arrhythmias: the incidence, clinical and electrophysiologic
characteristics, and the predictors. J Cardiovasc Electrophysiol
2011;22(6):663–668.

9. Simantirakis EN, Koutalas EP, Vardas PE. Arrhythmia-induced car-
diomyopathies: the riddle of the chicken and the egg still unanswered?
Europace 2012;14(4):466–473.

10. Crosson JE, Callans DJ, Bradley DJ, Dubin A, Epstein M, Etheridge S,
Papez A, Phillips JR, Rhodes LA, Saul P, Stephenson E, Stevenson W,
Zimmerman F. PACES/HRS expert consensus statement on the evalu-
ation and management of ventricular arrhythmias in the child with a
structurally normal heart. Heart Rhythm 2014;11(9):e55–e78.

11. Priori SG, Blomstrom-Lundqvist C, Mazzanti A, Blom N, Borggrefe
M, Camm J, Elliott PM, Fitzsimons D, Hatala R, Hindricks G, Kirch-
hof P, Kjeldsen K, Kuck KH, Hernandez-Madrid A, Nikolaou N, Nor-
ekval TM, Spaulding C, Van Veldhuisen DJ, Group ESCSD. 2015
ESC guidelines for the management of patients with ventricular
arrhythmias and the prevention of sudden cardiac death: the task force
for the management of patients with ventricular arrhythmias and the
prevention of sudden cardiac death of the European Society of Cardi-
ology (ESC). Endorsed by: association for European paediatric and
congenital cardiology (AEPC). Eur Heart J 2015;36(41):2793–2867.

12. Brugada J, Katritsis DG, Arbelo E, Arribas F, Bax JJ, Blomstrom-
Lundqvist C, Calkins H, Corrado D, Deftereos SG, Diller GP, Gomez-
Doblas JJ, Gorenek B, Grace A, Ho SY, Kaski JC, Kuck KH, Lam-
biase PD, Sacher F, Sarquella-Brugada G, Suwalski P, Zaza A, Group
ESCSD. 2019 ESC guidelines for the management of patients with
supraventricular tachycardia the task force for the management of
patients with supraventricular tachycardia of the European Society of
Cardiology (ESC). Eur Heart J 2020;41(5):655–720.

13. Wijnmaalen AP, Delgado V, Schalij MJ, van Huls van Taxis CF, Hol-
man ER, Bax JJ, Zeppenfeld K. Beneficial effects of catheter ablation
on left ventricular and right ventricular function in patients with fre-
quent premature ventricular contractions and preserved ejection frac-
tion. Heart 2010;96(16):1275–1280.

14. Yokokawa M, Good E, Crawford T, Chugh A, Pelosi F Jr., Latcham-
setty R, Jongnarangsin K, Armstrong W, Ghanbari H, Oral H, Morady
F, Bogun F. Recovery from left ventricular dysfunction after ablation
of frequent premature ventricular complexes. Heart Rhythm 2013;10
(2):172–175.

15. Kakavand B, Ballard HO, Disessa TG. Frequent ventricular premature
beats in children with a structurally normal heart: a cause for revers-
ible left ventricular dysfunction? Pediatr Cardiol 2010;31(7):986–
990.

16. Guerrier K, Anderson JB, Czosek RJ, Mays WA, Statile C, Knilans
TK, Spar DS. Usefulness of ventricular premature complexes in
asymptomatic patients </=21 years as predictors of poor left ventricu-
lar function. Am J Cardiol 2015;115(5):652–655.

http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0001
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0001
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0001
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0001
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0001
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0004
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0004
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0004
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0004
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0013
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0013
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0013
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0013
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0013
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0016
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0016
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0016
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0016
www.ajconline.org


Arrhythmias & Conduction Disturbances/Risk Factors for Left Ventricle Enlargement 53
17. Spector ZZ, Seslar SP. Premature ventricular contraction-induced car-
diomyopathy in children. Cardiol Young 2016;26(4):711–717.

18. Bertels RA, Harteveld LM, Filippini LH, Clur SA, Blom NA. Left
ventricular dysfunction is associated with frequent premature ventricu-
lar complexes and asymptomatic ventricular tachycardia in children.
Europace 2017;19(4):617–621.

19. Del Carpio Munoz F, Syed FF, Noheria A, Cha YM, Friedman PA,
Hammill SC, Munger TM, Venkatachalam KL, Shen WK, Packer DL,
Asirvatham SJ. Characteristics of premature ventricular complexes as
correlates of reduced left ventricular systolic function: study of the
burden, duration, coupling interval, morphology and site of origin of
PVCs. J Cardiovasc Electrophysiol 2011;22(7):791–798.

20. Fulton DR, Chung KJ, Tabakin BS, Keane JF. Ventricular tachycardia in
children without heart disease. Am J Cardiol 1985;55(11):1328–1331.
21. Delicce AV, Makaryus AN. Physiology, frank starling law. Stat Pearls
2020;20(9):13–15. Treasure Island (FL).

22. D’Andrea A, Caso P, Sarubbi B, D’Alto M, Giovanna Russo M,
Scherillo M, Cotrufo M, Calabro R. Right ventricular myocardial
activation delay in adult patients with right bundle branch block
late after repair of tetralogy of fallot. Eur J Echocardiogr 2004;5
(2):123–131.

23. Hesse B, Diaz LA, Snader CE, Blackstone EH, Lauer MS. Complete
bundle branch block as an independent predictor of all-cause mortal-
ity: report of 7,073 patients referred for nuclear exercise testing. Am J
Med 2001;110(4):253–259.

24. Zang M, Zhang T, Mao J, Zhou S, He B. Beneficial effects of catheter
ablation of frequent premature ventricular complexes on left ventricu-
lar function. Heart 2014;100(10):787–793.

http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0018
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0018
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0018
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0018
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0020
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0020
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0023
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0023
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0023
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0023
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0024
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0024
http://refhub.elsevier.com/S0002-9149(20)30619-6/sbref0024

	Risk Factors for Left Ventricle Enlargement in Children With Frequent Ventricular Premature Complexes
	Methods
	Results
	Discussion
	Disclosures


