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Abstract

Backgrounds Catecholaminergic polymorphic ventricular tachycardia (CPVT) is a rare but lethal cardiac ion
channelopathy. Delayed diagnosis and misdiagnosis remain a matter of concern due to its rarity and insufficient
recognition of this disorder, particularly in developing countries like China.

Aims and methods We reported six catecholaminergic polymorphic ventricular tachycardia (CPVT) children
diagnosed in our center along with a comprehensive review of Chinese pediatric CPVT patients reported in domestic
and overseas literature between January 2013 and December 2021 to provide an essential reference for physicians to
deepen their understanding of pediatric CPVT.

Results A total of 95 children with CPVT, including our six patients from 21 medical centers were identified. The
median age of symptom onset is 8.7+ 3.0 years. Diagnosis occurred at a median age of 12.9+ 6.8 years with a delay

of 43+6.6 years. Selective beta-blockers (Metoprolol and Bisoprolol) were prescribed for 38 patients (56.7%) and 29
(43.3%) patients received non-selective beta-blocker (Propranolol and Nadolol) treatment. Six patients accepted LCSD
and seven received ICD implantation at the subsequent therapy. A total of 13 patients died during the disease course.
Of the 67 patients with positive gene test results, variants in RYR2 were 47 (70.1%), CASQ2 were 11 (16.4%), and RYR2
accompanied SCN5A were 7 (10.4%). Patients with CASQ2 gene mutations presented with younger symptom onset
age, higher positive family history rate and better prognosis than those with RYR2 mutations.

Conclusion Chinese pediatric patients with CPVT had a poorer prognosis than other cohorts, probably due to
delayed/missed diagnosis, non-standard usage of beta-blockers, unavailability of flecainide, and a lower rate of LCSD
and ICD implantation.
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Background

Catecholaminergic polymorphic ventricular tachycardia
(CPVT) is an inherited arrhythmia disorder in the pres-
ence of a structurally normal heart and normal resting
electrocardiograph, characterized by adrenergic-induced
bidirectional and/or polymorphic ventricular tachycar-
dia (bVT/pVT) in an individual younger than 40 years
[1]. Indeed, variants in the ryanodine receptor 2 (RYR2)
gene and the calsequestrin (CASQ2) gene are the main
contributors to approximately 60-70% of CPVT, lead-
ing to excessive calcium leakage from the sarcoplasmic
reticulum and delayed afterdepolarizations and arrhyth-
mias. CPVT is a rare but lethal cardiac ion channelopa-
thy, accounting for one of the most common causes of
syncope and sudden death in children/adolescents dur-
ing exercise or emotional stress [2]. Patients with CPVT
present for medical attention most frequently around the
age of 10 years with exercise-induced syncopal episodes
[3]. The mortality of CPVT is up to 31% by the age of 30
years. If left delayed diagnosis, the risk of sudden death
and mortality is higher. Hence, early identification and
diagnosis should be a significant and vital part of disease
treatment.

CPVT has usually presented as case reports as its rarity,
leading to insufficient recognition for pediatric doctors,
especially in a developing country like China. Therefore,
increasing the recognition of pediatric CPVT and reduc-
ing delayed and misdiagnosis are valuable for improving
prognosis. However, no extensive studies focus on pedi-
atric populations in China. Moreover, CPVT is a gene
mutation-caused disease, different mutation types exist
in separate people, and hotspot mutation and clinical
phenotype may manifest differently. It is vital to make a
detailed understanding of the genetic profiles of Chinese
pediatric CPVT patients. Using a large cohort of pre-
dominately pediatric patients with CPVT, and we sought
to investigate the clinical characteristics, genetic profile,
and long-term outcomes of CPVT in Chinese children
which might present different epidemiology, diagnosis
and treatment, as well as prognosis situations compared
to other countries. In this study, we reported six CPVT
children diagnosed in our center and a comprehensive
review of Chinese pediatric CPVT patients reported in
domestic and overseas literature to provide an essential
reference for physicians to deepen their understanding of
pediatric CPVT.

Methods

We retrospectively reviewed data for children (at <18
years of age) diagnosed with CPVT between January
2013 and December 2021 at the West China Second

University Hospital of Sichuan University (WCSUH-
SCU). Written informed consent was obtained from the
parents following a full explanation of the nature of the
study. The University Ethics Committee on Human Sub-
jects at Sichuan University approved this study.

A pediatric cardiologist confirmed the diagnosis of
CPVT by the 2013 h/EHRA/APHRS Expert Consensus
Statement on the Diagnosis and Management of Patients
with Inherited Primary Arrhythmia Syndromes [1]. The
diagnosis criteria include:1) patients in the presence of
a structurally normal heart and coronary arteries, nor-
mal ECG (Electrocardiogram), and unexplained exercise
or catecholamine-induced bV'T, polymorphic PVCs or
VT in individuals <40 years of age; 2) patients who have
a pathogenic mutation;3) family members of a CPVT
index case with an normal heart who manifests exercise-
induced PVCs or bVT/pVT; 4) patients with unexplained
syncope, unexplained seizures, or sudden cardiac arrest/
death. In total, six patients were diagnosed with CPVT.
Data regarding clinical features at the time of diagnosis,
laboratory parameters, echocardiographic results, treat-
ment, and outcome were systematically collected and
analyzed.

Following the 2013 expert consensus recommenda-
tions on CPVT therapeutic interventions, patients with
CPVT underwent the same treatment program after the
diagnosis of CPVT had been established. In patients with
CPVT, it suggests changing lifestyle: limit and/or avoid
competitive sports, strenuous exercise, and limit expo-
sure to stressful environments. Beta-blockers are rec-
ommended in all symptomatic patients with CPVT, and
implantable cardioverter-defibrillator (ICD) implantation
is recommended in patients with CPVT who experience
cardiac arrest, recurrent syncope or polymorphic/bidi-
rectional VT despite optimal medical management, and/
or left cardiac sympathetic denervation (LCSD). In addi-
tion, the beta-blocker agent is usefully chosen in con-
cealed mutation-positive patients.

To provide a contemporary assessment of variant
pathogenicity, all ultra-rare variants (minor allele fre-
quency 0.005 in the Genome Aggregation Database)
identified in CPVT-susceptibility genes were reclassi-
fied according to the 2015 American College of Medical
Genetics and Genomics guidelines [4]. Cascade genetic
testing of potentially at-risk relatives was undertaken
when appropriate.

In addition, all available literature that described
CPVT in Chinese pediatric patients was reviewed via a
computerized search. This research was performed with
no language restriction via PubMed, Google Scholar
and Scopus, by the terms “Bidirectional Tachycardia
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Induced By Catecholamines or Ventricular Tachycardia,
Catecholaminergic Polymorphic, or Catecholamine-
induced polymorphic ventricular tachycardia or Cat-
echolaminergic polymorphic ventricular tachycardia or
Familial polymorphic ventricular tachycardia or Ven-
tricular Tachycardia, Familial Polymorphic or Ventricu-
lar Tachycardia, Familial or Stress-induced polymorphic
ventricular tachycardia or Cpvt2 or Ventricular Tachy-
cardia, Catecholaminergic Polymorphic, 2” in Chinese
population aged<=18 years old. The articles written in
Chinese were searched using the exact keywords on the
China Medical website. An eligible article was included
if it reported cases with complete clinical data consistent
with the diagnostic criteria of CPVT. The following epi-
demiologic and clinical variables were evaluated for each
patient: demographic data, clinical presentation, diagnos-
tic methods, genetic tests, and outcome. We eliminated
the repetition cases reported in the same center.

All data were analyzed using SPSS version 21.0 (SPSS
Inc. Chicago, IL, USA). Quantitative data are presented
as the mean and range or meantstandard deviation
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(SD), while qualitative data are expressed as n/%. The chi-
squared/Fisher test and unpaired Student’s t-test were
used to compare the differences between the two groups.
P values <0.05 were considered statistically significant.

Results

Patients’ descriptions in our center

Clinical information and diagnosis

Table 1 summarizes six patients with CPVT diagnosed
in our center, including five males and one female. They
were admitted to our hospital for at least 3 times recur-
rent syncope, and all their symptoms were triggered by
exercise or emotional stress and three patients presented
with cardiac arrest during attendance. However, they
have no positive family history of sudden cardiac death
(SCD), seizure, pregnancy loss, and neonatal death. Two
patients first received treatment in neurology and were
misdiagnosed with epilepsy, and the other four patients
were diagnosed with ventricular arrhythmia and early
repolarization syndrome when visiting our department.
Diagnosis occurred at a median age of 8.2+3.1 (5.0-11.4)

Table 1 Clinical characteristic of six children with CPVT in our center

Patient 1 2 3 4 5 6
Sex Male Male Male Male Female Male
Initial admitted Neurology Neurology Cardiology Cardiology Cardiology Cardiology
Department
Primary diagnosis Epilepsy Epilepsy Ventricular Epilepsy? Ventricu-  Ventricular ar- Adam-Stokes
arrhythmia lar arrhythmia rhythmia CPVT? Syndrome;
Early repolarization  Ventricular ar-
syndrome? rhythmia; CPVT?
Age of onset, years 7.0 8.0 7.8 33 11.0 9
Age at diagnosis, years 129 82 838 59 14.1 1.9
Delay of diagnosis, years 5.9 0.2 1.0 26 3.1 29
Positive family history - - - - - -
Syncope Monthly 4 times 7 times Monthly 3 times 6 times
Cardiac arrest + + - + - -
Trigger
Exercise + - + + +
Emotional stress - + - + - -
Genetic results RYR2,c537T>G  RYR2,c6737 C>T  RYR2,c.13952G>T RYR2, c.7580T>G RYR2,c.14876G>A RYR2,
SCN5A, c3183 A>C  SCN5A, 677 C>T C12284G>A
Positive exercise testing + NA + NA + +
Electrocardiogram Sinus Sinus bradycardia  Sinus bradycardia Sinus bradycardia  Sinus bradycardia Sinus
bradycardia bradycardia
Exercise testing result Ventricular Ventricular pre- pVT, bVT Ventricular prema-  Ventricular prema-  pVT, bVT
premature beat  mature beat, bVT ture beat, pVT ture beat, pVT
and bigeminy
Medical therapy Metoprolol Metoprolol Metoprolol Metoprolol Metoprolol Metoprolol
Initial dose 0.5 mg/kg/d 0.5 mg/kg/d 0.6 mg/kg/d 0.4 mg/kg/d 1 mg/kg/d 1 mg/kg/d
Maintain dose 1 mg/kg/d 1 mg/kg/d 2 mg/kg/d 1 mg/kg/d 1 mg/kg/d 1.5 mg/kg/d
Beta-blocker failure - + + - - -
Pacemaker - - - - -
Implantable cardioverter - - + - - -
defibrillator (ICD)
Prognosis Die Die Survive Die Survive Survive
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years with a delay to diagnosis of 2.6+2.0 (0.5-4.7) years
(Fig. 1c). Sinus bradycardia exists in all patients. In all
cases, polymorphic ventricular premature beat (bigeminy
and couplets), polymorphic and bidirectional VT with
degeneration into ventricular tachycardia was detected
during exercise testing. Gene results reported heterozy-
gous mutants of the RYR2 gene in all patients, which is
the most frequent variant of CPVT. The classification of
RYR?2 variant location was based on 4 hotspots: I (amino
acids 44-466); 1I (2246-2534); 111(3778-4201); and IV
(4497-4959) [5]. RYR2 amino acid was divided into sev-
eral different domains according to the study by Dhind-
wal et al. [6] Variant in the NTD domain was found in
patient 1 (N-terminal domain, amino acids 1-643), HD1
in patient 2 and patient 4 (amino acids 2110-2679), VSC
in patient 3 (amino acids 4594—4719), CTD in patient
5 (C-terminal domain, amino acids 4889-4969), and
U-motif in patient 6 (amino acids 4091-4207). Mean-
while, two patients tested more than one potential
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mutation as SCN5A. Patient 3 and Patient 4 in our cohort
were detected with RYR2 mutation accompanied by
SCN5A mutation. In Patient 4, a heterozygous mutation
of SCN5A, c.677 C>T was reported. Dynamic Electro-
cardiogram presented multifocal ventricular premature
beat, 19 episodes of burst ventricular tachycardia, ven-
tricular bigeminy and QT prolongation but no Brugada
pattern in Patient 4. Similarly, a heterozygous mutation
of SCN5A, ¢.3183 A>C emerged in Patient 3. However,
pathogenicity analysis reported uncertain in gene result.
Prolonged QTc and Brugada patterns were not observed
during the therapeutic process.

Treatment and follow up

A summary of the treatment and follow-up is shown in
Table 1. In our center, all patients were recommended
to avoid strenuous exercise and given long-term beta-
blocker (Metoprolol) therapy. No patients received the
flecainide treatment due to its unavailability in China.

a
Years
B Male 157
= Female
10+
5 i
b |
Tianjin Children's Hospital 0 ! J ! T ! Cases
Shanghai Tenth People's Hospital 1 2 3 4 5 6
The First Affiliated Hospital of Zhengzhou University
Children's Hospital of Anhui
Peking Union Medical College Hospital
The Third Affiliated of Chinese PLA General Hospital
The Southwest Hospital of AMU
The First Affiliated of Zhejiang University
Children's Hospital of Shanghai
The Second Hospital of Hebei Medical University
The Third Hospital of Jinan
The Second Affiliated of Nanchang University -
Beijing Tsinghua Changgung Hospital —
Beijing Children's Hospital B — |
Fuwai Hospital, CAMS&PUMC
Guangdong Provincial People's Hospital
Jiangsu Province Hospital
West China second hospital of Sichuan University
Hong Kong
Peking University People's hosipital
The first hospital of Tsinghua University
f T T T T 1 Case
0 5 10 15 20 25sg

Fig. 1 (a) Gender distribution of Chinese CPVT patients. Our study included 95 patients with CPVT, 59.4% of them are male. (b) Cases reported in Chinese
Hospitals. The patients we included are from 21 Chinese pediatric centers. The hospital of Tsinghua University and Peking University People’s Hospital
provided the largest samples of 21 and 20 patients, respectively. (c) Delayed diagnosis in our center. We reported six cases diagnosed in our center and

visually displayed the delay in diagnosis time
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Only patient 3 received ICD therapy and other patients
didn’t receive left cardiac sympathetic denervation
(LCSD) and ICD implantation due to the refusal by their
parents.

In detail, oral Metoprolol was prescribed to Patient 1
(loading dose: 0.5 mg/kg per day; maintenance dose:
1 mg/kg per day). Unfortunately, the patient died sud-
denly during the morning reading after a 16-months
follow-up. The exact dosage of Metoprolol (loading dose:
0.5 mg/kg per day; maintenance dose: 1 mg/kg per day)
was prescribed to Patient 2, and he died of emotional
stress after discharge for 20 months. For patient 3, oral
Propranolol (loading dose: 0.6 mg/kg per day; mainte-
nance dose: 2 mg/kg per day) was taken to him and he
received ICD implantation at our center due to recurrent
syncope and bVT persisted during the disease course
despite on highest tolerated beta-blocker dose. Fortu-
nately, this patient got a successful rescue after the break
out of a ventricular arrhythmia because of the ICD place-
ment, and no syncope and/or cardiac arrest was found
later. For Patient 4, Metoprolol (loading dose: 0.4 mg/kg
per day; maintenance dose: 1 mg/kg per day) was taken
under the doctor’s advice. Unfortunately, Patient 4 died
from suffocation due to gastric reflux caused by syn-
cope after 33 months of beta-blocker therapy. Patient
5 and Patient 6 were prescribed the same (1 mg/kg/d)
Metoprolol dosage in initial medical treatment, and the
maintained dosage was 1 mg/kg/d and 1.5 mg/kg/d. Syn-
cope exists with them in occasional attacks after 28- and
18-month follow-ups.

Patients’ description of the Chinese pediatric cohort
Clinical information and diagnosis

To establish the baseline information of Chinese pediat-
ric patients with CPVT, our study included 95 children
(59.4% male) with CPVT (Table 2) from 21 Chinese pedi-
atric centers (Fig. 1la). Tsinghua University and Peking
University People’s hospital provided the most exten-
sive samples of 21 and 20 patients, respectively (Fig. 1b).
Almost all patients (99.0%) were admitted to the hospital
for recurrent syncope triggered by exercise or emotional
stress and 13 of 34 (38.2%) available patients came up
with a cardiac arrest. 16 patients (25.8%) presented with
a positive family history of possible CPVT, such as sud-
den death after exercise of young relatives and parents as
the carrier of mutated variants. The median age of Chi-
nese pediatric CPVT patients is 8.7+3.0 (3.0-20.0) years
when they present symptomatically. Diagnosis occurred
at a median (range) age of 12.916.8 (2.1-45.0) years with
a delay of 4.316.6 (0.0-36.0) years due to the lack of rec-
ognition of CPVT. 13 patients received a misdiagnosis
of epilepsy. Sinus bradycardia was detected in 20 of 95
(22.1%) patients during ECG and DCG (Dynamic Elec-
trocardiography). 66 of 67 (98.5%) patients performed
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exercise testing, and 9 presented pVT (22.4%), 11 bVT
(18.4%) and 29 (59.2%) had both. Genetic testing was
accepted in 79 of 95 (83.1%) patients (NA=16). Of the 79
patients with genetic test, “negative” genetic results were
observed in 12 cases since they only received the gene
screening of 45 high mutation exons of RYR2 and CASQ
genes and the remaining 60 exons were not screened. In
total, genetic test were positive in 67 patients. In detail,
variants were RYR2 in 47 of 67 (70.1%), CASQ2 in 11
(16.4%), and RYR2 accompany accompanied SCN5A
in 7 (10.4%). Tecrl and LGTs variants were also found
in our cohort, and the proportions were 1.4% and 1.4%,
respectively.

Treatment and follow up

Beta-blocker was administrated for most Chinese pedi-
atric patients (100%, NA=28) as the first-line therapy.
Selective beta-blocker was prescribed for 38 patients
(56.7%) and 29 (43.3%) patients received non-selective
beta-blocker treatment. The medications are as fol-
lows: patients initially used Metoprolol in 36 (53.7%),
Propranolol in 21 (31.3%), nadolol in 8 (11.9%) and 2 in
bisoprolol (3.0%). Chinese doctors prescribed Metopro-
lol to patients from 0.2 mg/kg/d to 1.7 mg/kg/d with dif-
ferent dosages. Propranolol ranges from 1.1 mg/kg/d to
2.5 mg/kg/d. Nadolol from 10 mg/d to 80 mg/d according
to different kilograms. Fewer prescribed Bisoprolol dos-
ages from 2.5 to 5 mg/d. 20 (42.5%) patients got clinical
remission (lack of syncope and/or cardiac arrest), and 24
(51.1%) patients still experienced recurrent syncope after
beta-blocker therapy. 27.3% of patients were prescribed
dosage drugs, 30.3% added other drugs, 6 accepted LCSD
and 7 received ICD implantation at the subsequent ther-
apy due to the treatment failure events. The follow-up
duration of this cohort was 17.3+23.6 months, and 86.7%
(n=75) of patients obtained clinical remission. 3 patients
died in first-line therapy, and 10 died in the whole ther-
apy process.

Genetic analysis

Patients’ distribution of RYR2 variant location was 5 in
I(17.2%), 7 in II (24.1%),6 in III (20.7%),8 in IV (27.6%)
and 3 in non-hotspot (10.3%). 6 patients with the variant
in NTD (24.1%), 1 in SPRY1 (amino acids 1084—1217)
(3.4%), 7 with HD1 (24.1%), 3 with Central (amino acid
3636-4020) (10.3%), 3 with U-motif (10.3%), 2 with VSC
(amino acids 4594-4719) (6.9%), 2 with S6 (amino acids
4836-4888) (2.9%), and 4 with CTD (13.8%). 2 patients
died in variant NTD and HD]1, respectively. 1 patient
died in the variant central domain.

The clinical characteristics of CPVT patients with
RYR2 and CASQ2 mutations were compared and the
results are shown in Table 3. It was found that the age
of symptom onset in patients with RYR2 mutations



Yan et al. Orphanet Journal of Rare Diseases (2023) 18:380 Page 6 of 9

Table 2 The summary of clinical features of Chinese pediatric patients with CPVT

Patients number, n/N (%)

Sex, males 56/95 (58.9)
Age of onset, years (n=90) 8.7+3.0(3.0-20.0)
Age at diagnosis, years (n=92) 129+6.8 (2.1-45.0)
Delay of diagnosis, years (n=87) 43+6.6(0.0-36.0)
Positive family history (n=62) 16/62 (25.8)
Trigger
Exercise, n (%) (n=53) 41/53 (774)
Emotional stress, n (%) (n=51) 32/51(62.7)
Syncope, n (%) (n=95) 94/95 (98.9)
Cardiac arrest, n (%) (n=34) 13/34 (38.2)
Genetic results, n (%) (n=67)
RYR2 47/67 (70.1)
CASQ2 11/67 (164)
RYR2 + SCN5A 7/67 (10.4)
Tecrl 1/67 (1.4)
LGTs 1/67 (1.4)
RYR2 hotspot, n% (n=29)
| 5/29(17.2)
Il 7/29 (24.1)
Il 6/29 (20.7)
vV 8/29 (27.6)
Non-spot 3/29(10.3)
RYR2 domain, n% (n=29)
NTD 7/29 (24.1)
SPRY1 1/29 (3.4)
HD1 7/29 (24.1)
Central domain 3/29(10.3)
U-motif 3/29(10.3)
VSC 2/29 (6.9)
S6 2/29 (6.9)
CTD 4/29(13.8)
Positive exercise testing, n (%) (n=67) 66/67 (98.5)
VT after exercise test, n (%) (n=49)
pVT 9/49(22.4)
bVT 11/49 (18.4)
pVT and bVT 29/49 (59.2)
Sinus bradycardia, n (%) (n=95) 20/95 (22.1)
First-line therapy
Beta-blocker therapy, n (%) (n=67)
Non-selective 29/67 (43.3)
Selective 38/67 (56.7)
Beta-blocker therapy in detail, n (%)
Nadolol, n (%) 8/67 (11.9)
Metoprolol, n (%) 36/67 (53.7)
Propranolol, n (%) 21/67 (31.3)
Bisoprolol, n (%) 2/67 (3.0)
Prognosis after beta-blocker therapy, n (%) (n=47)
Remission, n (%) 20/47 (42.5)
Recurrent scope, n (%) 24/47 (51.1)
Death, n (%) 3/47 (6.4)
Rescue therapy, n (%) (n=33)
Dosage 9/33(27.3)

Beta-blocker and other drugs, n (%) 10/33 (30.3)
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Table 2 (continued)
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Patients number, n/N (%)

Beta-blocker and LCSD, n (%)

Beta-blocker and ICD, n (%)
Follow-up duration, months (n=51)
Pacemaker, n (%)
Outcome, n (%) (n=75)

Remission, n (%)

Deaths, n (%)

5/33 (15.1)
9/33(27.3)
173+236
4/68 (5.9)

65/75 (86.7)
10/75(13.3)

The data are presented as mean (range) for quantitative variables and as n/% for qualitative data as appropriate

Table 3 Clinical comparisons between patients with different
gene mutations in pediatric patients with CPVT

RYR2 muta- CASQ2 P
tion (n=54) mutation value
(n=11)

Sex, males 32/54 (60.4) 6/11 (500 0.743
Age of onset, years 83+26 66+14 0.048
Age at diagnosis, years 11.0+3.6 10.1+3.7 0453
Delay of diagnosis, years 30431 34432 0.671
Positive family history 8/34(18.2) 5/11(455)  0.035
Trigger

Exercise 23/30(76.7)  1/1(100) 0.750

Emotional stress 19/28 (67.9) 1/1 (100) 0.357
Syncope 54/54 (100) 11/11.(100)  /
Cardiac arrest 8/17 (56.3) 0/3(0) 0.145
Positive exercise testing 39/39 (100) 7/7 (100) 0.309
Ventricular arrhythmia 25/25(100)  5/5(100) /
Sinus bradycardia 15/54 (28.3) 1/119.1) 0.179
Beta-blocker therapy 0.301

Non-selective 19/38 (50.0)  3/9(33.3)

Selective 19/38 (50.0) 6/9 (66.7)
Pacemaker 2/39 (5.1) 0/9 (0) 0.657
ICD 5/39(10.2) 1/9(11.1) 0.688
Deaths 9/36 (23.1) 1/10(9.1) 0.375

The data are presented as mean (range) for quantitative variables and as n/% for
qualitative data as appropriate

was older than that in children with CASQ2 mutations
(8.3%2.6 years vs. 6.6+ 1.4 years, p=0.048). Patients with
CASQ2 mutations presented a higher rate of positive
family history (45.5% vs. 18.2%, p=0.035). In addition,
despite no statistical significance, patients with CASQ2
mutations appeared to suffer from a lower rate of cardiac
arrest and mortality rate compared to those with RYR2
mutations.

Discussion

In the present study, we first described the clinical fea-
tures of Chinese pediatric CPVT patients. Several
important issues were uncovered and deserved to be
emphasized. Firstly, due to the limited recognition and
low awareness, a delayed or missed diagnosis of pediatric
CPVT is more common and concerning in China. Sec-
ondly, the overall mortality rate is relatively high in the

Chinese pediatric population, which may result from
delayed/missed diagnosis, non-standard usage of beta-
blockers, unavailability of flecainide, and a lower rate of
LCSD and ICD implantation. Lastly, compared to other
abroad cohorts, CASQ2 mutation is more common in
Chinese pediatric CPVT patients, and these children pre-
sented with a relatively lower trend in onset age, higher
rate of positive family history, and better prognosis in
comparison with those with RYR2 mutation. These find-
ings were beneficial in highlighting the limitations in
China, assisting in clinician awareness of this disorder as
well as making the most optimal decision in treatment.
Overall, several points may contribute to and explain
the high mortality rate (13.3%) in the Chinese pediatric
CPVT cohort. First, owing to the low recognition of this
disorder in general, the median delayed duration from
disease onset to diagnosis in our center and the whole
Chinese cohort were 2.61+2.0 years (0.5-4.7 years) and
4.316.6 years (0.0-36.0 years), which were much longer
than that in other cohorts [7]. Despite the unremark-
able baseline ECG present in CPVT patients, some fea-
tures may help pediatricians to identify individuals.
Most CPVT patients demonstrate a prominent sinus
bradycardia in resting ECG [8], which may result from
the diastolic calcium leakage from the ryanodine recep-
tor, resulting from either RyR2 or CASQ2 mutations.
Indeed, all patients diagnosed in our center had sinus
bradycardia and 20 of 95 (22.1%) patients in the whole
cohort also came up with varying degrees of sinus bra-
dycardia. Therefore, CPVT should be highly suspected
in young patients with sinus bradycardia and syncope/
cardiac arrest induced by exercise or emotional stress,
which could lead to a timely diagnosis and optimal man-
agement. Second, Beta-blocker, ideally non-selective
(nadolol or Propranolol), are recommended in all CPVT
patients since selective Beta-blocker were proved to be
associated with a higher risk of life-threatening arrhyth-
mic events [9, 10]. However, it was found that 56.7%
of CPVT cases in our cohort (including the whole six
patients in our center) received the selective beta-blocker
(Metoprolol and bisoprolol) as the initial choice. More-
over, the issue of sub-therapeutic dosing was also com-
mon in most patients. Third, flecainide could reduce
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ventricular arrhythmias in patients with genotype RYR2-
positive CPVT [11]. However, few patients were pre-
scribed flecainide in our cohort due to the unavailability
in mainland China. Last, LCSD is an effective anti-fibril-
latory intervention for patients with CPVT [12] and ICD
implantation was associated with reduced mortality in
high-risk CPVT cases [13, 14]. However, only nine and
five children received ICD implantation and LCSD sur-
gery, respectively.

Genetic testing is significant and helpful not only for
CPVT diagnosis confirmation but also for risk stratifica-
tion. In the whole Chinese cohort, it was consistent with
previous studies [15] that RYR2 variants were identified
in most of the CPVT cases (68.4%). However, patient
with CASQ2 mutations seems more common in Chinese
CPVT patients (16.9%) than in another cohort (4.6%)
[16]. Compared with patients with RYR2 mutations,
those with CASQ2 mutations presented with an earlier
age of disease onset, more positive family history as well
as fewer malignant cardiac events, which was consistent
with previous studies [17, 18]. Andrea Mazzanti reported
in 2022 [13] that patients with RYR2 variants affecting
the C-terminal domain (CTD, amino acids 4889-4969)
were at higher risk of pB-blocker failure, independently
of clinical presentation and B-blocker type used. Unfor-
tunately, the role of RYR2 variant hotspots and domains
in predicting B-blocker treatment effectiveness as well as
adverse cardiac events could not be investigated in our
Chinese cohort due to the unavailability of genetic infor-
mation in most cases and needs to be further explored
and verified.

In spite of the progress in genetic testing for CPVT,
several issues remain to be determined. First, although
several other genes, including TECRL, TRDN, CALM1-
3, SCN5A and KCNJ2 apart from RYR2 and CASQ2 have
been reported to be associated with CPVT [19]-[21],
negative genetic testing is also observed in some cases
and other underlying genes and/or variants warrant to be
further uncovered. In addition, the negative genetic test-
ing may also be related to gene test methods (gene panel,
GWES or GWAS), sequencing depth as well as variant
classification criteria. Therefore, it should be emphasized
that genetic testing should not be used to rule out the
diagnosis when clinical suspicion exists. Second, some
of the negative genetic testing patients may have vari-
ants of unknown significance (VUS) and the classifica-
tion of VUS indeed remains a current challenge in the
genetic field. Assigning erroneous classifications to vari-
ants carries great danger, both for false positives (assign-
ing pathogenic causality to variants that are not) that can
have severe consequences, for example leading to the
implantation of an unnecessary ICD or, on the contrary,
leaving as VUS variants those that are genuinely caus-
ative of the disease. Therefore, clinical translation of VUS
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should be undertaken with caution and should not be
excluded or used in clinical decision-making until follow-
up testing is completed and its clinical role clarified.

Our study also has some limitations. Our data were
extracted from published literature and we couldn’t get
more valuable information, such as gene tests and exer-
cise stress tests of patients, to conclude precise results.
However, our review still firstly makes the construction
of Chinese pediatric CPVT patients.

Conclusion

Our study first analyzed the Chinese pediatric CPVT
patients, providing that Chinese CPVT children pre-
sented with longer delayed diagnosis and higher death
rates compared to foreign cohorts due to the insufficient
recognition of this disorder, the non-standard use of
beta-blockers, unavailability of flecainide as well as lower
rate of LCSD and ICD implantation. Genetic profiles in
Chinese pediatric patients differ from other cohorts:
CASQ2 mutation is more common in China and was
found to have a relatively lower trend in onset age and
mild symptoms in the clinic. This provides an essential
reference for clinicians to improve the diagnosis and
treatment of CPVT in Chinese children. Heightening the
awareness of disease mechanisms, clinical manifestation,
differential diagnosis, and developing mechanic thera-
peutics might help to improve the prognosis and reduce
mortality.
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