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Abstract

Background Catecholaminergic polymorphic ventricular tachycardia (CPVT) is an inherited ion channelopathy
characterized by a structurally normal heart sensitive to catecholamines. It primarily presents as Bidirectional
ventricular tachycardia (BiVT) and is a significant cause of sudden cardiac death in children.

Case presentation We report our experience with central Extracorporeal Membrane Oxygenation (ECMO) therapy
in a 4-year-old boy with CPVT. Despite these measures, his CPVT was refractory to standard medical treatment and
mechanical ventilatory support, with symptom progression. Consequently, ECMO support was initiated in addition to
existing treatment. The patient was successfully weaned off ECMO on the 10th day of therapy and was discharged in
a good condition. Follow-up after discharge showed favorable outcomes.

Conclusions The successful outcome in this case was attributed to the application of ECMO, which helped maintain
the patient’s circulatory status and address progressively worsening cardiogenic shock and uncontrolled ventricular

patients, as demonstrated in this case.

(CPVT), Hemodynamics, Pediatrics

arrhythmia. In such situations, the early use of ECMO can provide essential circulatory support and stability for
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Background

Catecholaminergic Polymorphic Ventricular Tachycardia
(CPVT) is a rare but potentially fatal inherited ion chan-
nelopathy characterized by heightened sensitivity to cate-
cholamines despite a structurally normal heart [1, 2]. The
primary clinical manifestation of CPVT is Bidirectional
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ventricular tachycardia (BiVT), which predominantly
occurs in children and adolescents, and often presents
as syncope or sudden cardiac arrest. CPVT is a signifi-
cant cause of sudden cardiac death in children. Due to
its presentation being often triggered by emotional stress
or physical exertion, and the fact that the heart appears
structurally normal, diagnosing CPVT can be challeng-
ing and complex [3, 4]. Genetic testing plays a crucial role
in the definitive diagnosis of CPVT, allowing for the iden-
tification of specific mutations and guiding personalized
treatment.
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The main goal of managing CPVT is to prevent and
control episodes of ventricular arrhythmias. Current
clinical strategies primarily involve antiarrhythmic medi-
cations such as beta-blockers and the implantation of an
Implantable Cardioverter Defibrillator (ICD) [5]. How-
ever, experience in managing severe CPVT during the
acute phase is relatively limited, particularly in patients
who do not respond adequately to conventional medica-
tions and ICD therapy. In this study, we report the case of
a pediatric patient with severe CPVT who was success-
fully managed with Extracorporeal Membrane Oxygen-
ation (ECMO). Through this case, we aimed to enhance
the understanding of the diagnosis and management of
CPVT, especially in the context of severe cases.

Case presentation
A 4-year-old male was admitted to the First Hospital of
Jilin University following a 9-hour syncope episode. Nine
hours prior, the patient experienced sudden abdominal
pain, nausea, and vomiting, followed by syncope, loss
of consciousness, and weak spontaneous respiration.
His parents administered Cardiopulmonary Resuscita-
tion (CPR), briefly restoring consciousness, though he
relapsed into syncope shortly after, necessitating further
CPR. Emergency services transported him to a local hos-
pital, where resuscitative efforts, including CPR, restored
cardiac rhythm with fluctuating rates between 50 and
200 bpm, alternating between sinus and ventricular
rhythms. He had a history of unexplained syncope epi-
sodes at ages 3 and 4, which resolved without interven-
tion. He had no relevant medication or family history. On
admission, physical examination indicated poor general
condition, mild conjunctival edema, equal and reactive
pupils, a heart rate of 96 bpm with muffled sounds and
irregular rhythm, and cold extremities up to the elbows
and knees, with a Capillary Refill Time (CRT) of 4 s.
Upon admission, laboratory tests revealed the follow-
ing: pro-BNP, 2610 pg/ml; troponin I, 5.8 ng/ml, CK-MB
mass, 70.92 ng/ml, myoglobin>400 ng/ml; and lactate,
2.4 mmol/L. Infection markers, electrolytes, and immune
function were all within the normal ranges. Electro-
cardiogram (ECG) indicated BiVT (Fig. 1). Preliminary
diagnoses were ventricular arrhythmia and cardiogenic
shock. The patient was treated with metoprolol and
propafenone for arrhythmia, and dopamine combined
with mechanical ventilation for cardiogenic shock.
Within the first 24 h of admission, the patient repeat-
edly experienced BiVT and ventricular fibrillation (VF)
occurred twice. After defibrillation, the sinus rhythm
was briefly restored but was followed by recurrent BiVT.
Concurrently, the cardiogenic shock progressively wors-
ened. Despite the administration of inotropic agents (ino-
tropic score of 44), the blood pressure fluctuated between
83-108/53-79 mmHg. Echocardiography revealed
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an enlarged Left Ventricular End-Diastolic Diameter
(LVEDD) of 37.5 mm (z-score: 2.5), reduced cardiac sys-
tolic function, Left Ventricular Ejection Fraction (LVEF)
of 23%, and Tricuspid Annular Plane Systolic Excursion
(TAPSE) of 8 mm (z-score: -0.67) (Fig. 2). Lactate lev-
els increased to 7 mmol/L, and chest radiography indi-
cated a cardiothoracic ratio (CTR) of 0.55. Given that
the primary ventricular arrhythmia was not effectively
controlled and the severity of cardiogenic shock pro-
gressively worsened, there was a therapeutic conflict,
and the patient’s circulatory status became difficult to
maintain. Consequently, ECMO was initiated in addi-
tion to the existing treatment, with femoral artery and
vein cannulation in VA-ECMO mode to support cardiac
function. The flow rate was set at 80 ml/kg-min, air flow
at 60 ml/kg-min, and oxygen concentration at 0.4. Dur-
ing ECMO support, the metoprolol dose was increased.
The patient’s condition gradually improved, and approxi-
mately 20 h after ECMO initiation, the cardiac rhythm
transitioned from ventricular tachycardia (VT) to ven-
tricular bigeminy. Echocardiography showed that the
LVEDD remained enlarged, with LVEF ranging from
23 to 27%. By day 6 of ECMO, the cardiac rhythm had
fully returned to sinus rhythm with occasional premature
ventricular beats (PVBs), and the LVEDD had decreased
to 36.4 mm (z-score: 2.13), with an LVEF of 51%. On
day 10 of ECMO, the cardiac rhythm stabilized at sinus
rhythm, echocardiography demonstrated a reduction
in the LVEDD to 32.4 mm (z-score: 0.8), and the LVEF
improved to 72.3%. The CTR on chest radiography
decreased to 0.50, prompting discontinuation of ECMO.

During the diagnostic and treatment processes, thyroid
function, immune function, tandem mass spectrometry
of blood and urine, cranial MRI, and amplitude-inte-
grated electroencephalography (aEEG) were performed,
and no abnormalities were detected. Following parental
consent and approval from the medical ethics committee,
second-generation sequencing (SGS) was conducted. The
results identified a heterozygous mutation ¢.491 C>A in
the Ryanodine receptor 2 (RyR2), leading to a substitu-
tion of proline with histidine at amino acid position 164.
Parental genetic testing confirmed that this was a de novo
mutation in the patient (Fig. 3).

Oral metoprolol was administered, initially at 0.5 mg/
kg/day, increased to 1.5 mg/kg/day. The patient showed
no palpitations or chest tightness, with improved exer-
cise tolerance. By day 20, Holter monitoring indicated an
85 bpm heart rate, ST-segment depression, bidirectional
T wave changes, and no ventricular arrhythmias. Echo-
cardiography showed normal left ventricular function.
The patient was hospitalized for 40 days, during which no
cardiac symptoms were reported in the later stages, and
rehabilitation therapy became the primary focus.
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Fig. 1 The Electrocardiogram (ECG) of Bidirectional ventricular tachycardia (BiVT)

At the 1-month follow-up, a single VT episode was  during adolescence and is associated with high mortality

noted, resolving after metoprolol adjustment to 2 mg/kg/
day. By 2 months, exercise tolerance improved, but Holter
monitoring showed frequent polymorphic PVBs, occa-
sional bigeminy/trigeminy, and brief VT episodes with
sporadic QT prolongation, though echocardiography was
normal. At the 4-month follow-up, echocardiography
again showed left ventricular enlargement, prompting
the placement of an ICD via the transvenous route, with
continued oral administration of beta-blockers and addi-
tion of propafenone. Three months post-ICD, all findings
normalized. The patient, now one year post-follow-up,
remains asymptomatic with marked growth in height and
weight.

rate [2]. According to the literature, CPVT accounts for
approximately 10-15% of cases of sudden cardiac death
in children and young adults [6-9]. This condition is pri-
marily characterized by BiVT or polymorphic ventricu-
lar tachycardia (PMVT) induced by physical exertion
or emotional stress, which can lead to syncope or even
sudden death [3]. The true prevalence of CPVT remains
unknown, although international studies have estimated
an incidence of approximately 1 in 10,000 individuals.
However, because the resting ECG and cardiac struc-
ture in patients with CPVT are often normal, and some
patients present directly with unexplained sudden death,
the actual prevalence may be underestimated. In terms

of sex differences, the incidence rate is similar between
males and females, although some studies suggest that
the age of onset may be earlier in males, with a mean age
of onset of 8 years [10, 11]. In this case, the patient first
presented with symptoms at the age of 3 years, earlier

Discussion and conclusions

CPVT is an inherited primary arrhythmia syndrome
categorized as a channelopathy resulting from calcium
ion channel dysfunction. It predominantly manifests
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Fig. 2 The Echocardiography on the second day of hospitalization. The arrow in A indicates a Left Ventricular End-Diastolic Diameter (LVEDD) of 37.5 mm,
while the arrow in B indicates a Tricuspid Annular Plane Systolic Excursion (TAPSE) of 8 mm

than the typical age of onset. Survival was dependent on
ECMO support, and the early onset may be considered a
contributing factor to the poorer prognosis.

CPVT primarily arises from dysfunction of the cardiac
RyR2 in cardiomyocytes [12, 13]. Current research has
identified that 60—65% of CPVT cases are attributed to
genetic mutations that follow either autosomal dominant
or recessive inheritance patterns. Based on the currently
known pathogenic genes, CPVT is classified into five
types: CPVT1 to CPVT5, corresponding to mutations in
RyR2, CASQ2, TRDN, CALM]1, and TRDN, respectively
[14]. Among these, CPVT]1, resulting from mutations in
RyR2, is the most common, accounting for approximately
55-60% of all cases. CPVT2, associated with CASQ2
gene mutations, has an incidence rate of approximately
1-2%, whereas the incidence rates of the remaining three
types are all below 1% [15, 16]. The patient in this case
presented with a mutation in RyR2, corresponding to
CPVT1, which follows an autosomal dominant inheri-
tance pattern. RyR2 is located in the chromosomal region
1gq42-q43 and encodes RyR2, a protein that primarily
functions as a calcium release channel in the sarcoplas-
mic reticulum (SR) of cardiomyocytes [17]. Mutations
in RyR2 result in abnormal regulation of this calcium
release channel [18]. Under stress or stimulation that
leads to sympathetic nervous system activation, abnor-
mal diastolic release of calcium ions from the SR can
occur, causing intracellular calcium overload [19]. This
process may subsequently trigger delayed after depolar-
ization and triggered activity, leading to VT and VE.

In CPVT patients, cardiac structure and resting ECG
are generally normal, though mild sinus bradycardia
may occur. Typical ECG findings during CPVT episodes

include BiVT and PMVT. This patient predominantly
exhibited BiVT, occasionally with VF, aligning with lit-
erature reports. However, this case showed more severe
arrhythmias, significantly impacting hemodynamics.
Hemodynamic instability hindered adequate myocardial
perfusion, leading to ischemia and potential secondary
myocardial injury. Post-episode ECG revealed VT and
sinus rhythm restoration, with pathological Q waves and
ST-T changes confirming acute myocardial ischemia.
Literature indicates that CPVT patients generally have
normal cardiac structure initially. In this case, the patient
showed normal structure at onset, but persistent ventric-
ular arrhythmias led to progressive deterioration, marked
by reduced contractile function and enlargement of the
left ventricle and atrium. The evolution of cardiac func-
tion and structure in this patient reflected the severity
progression of the disease.

The diagnosis of CPVT is primarily based on ECG/
ambulatory ECG monitoring, exercise provocation
tests, and genetic testing. The detection or induction (by
exercise or epinephrine challenge tests) of characteris-
tic BiVT or PMVT is a hallmark of CPVT [3]. Exercise
provocation testing is suitable for older children who are
generally in good condition and are able to tolerate exer-
cise. The typical manifestation during the exercise test is
the gradual onset of premature ventricular contractions,
which progressively evolve into polymorphic premature
ventricular contractions or BiVT and PMVT; abnormal
rhythms gradually decrease or disappear after cessation
of exercise [20]. In this case, the patient was in criti-
cal condition following CPR upon admission, rendering
them unsuitable for exercise provocation testing. How-
ever, typical BiVT changes have already been detected
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Fig. 3 Second-generation sequencing results. The arrow indicates a heterozygous mutation c491 C> A in the Ryanodine receptor 2 (RyR2), leading to a

substitution of proline with histidine at amino acid position 164

using routine ECG monitoring. Some studies suggest
that adrenaline can be used as a provocative agent, but
its sensitivity is significantly lower than that of exercise
provocation testing, and is therefore not recommended
as a primary diagnostic method [21, 22]. Genetic test-
ing is an important adjunctive tool for diagnosing CPVT.
Currently, 60—65% of patients with CPVT show positive
results in genetic screening [15, 23], and genetic testing
is recommended for all probands diagnosed with CPVT.
Given that sudden cardiac death may be the first presen-
tation of CPVT, genetic screening is also recommended
for first-degree proband relatives.

The primary treatment goal during CPVT onset is to
control ventricular arrhythmias and manage compli-
cations like cardiogenic shock and hypoxic-ischemic
encephalopathy (HIE). This patient presented with
severe hemodynamic instability and worsening cardio-
genic shock, meeting ECMO support criteria. A search
of PubMed and Web of Science databases revealed that

literature on the use of ECMO for CPVT treatment is
currently limited. One case report described a 9-year-
old girl who experienced cardiorespiratory arrest due to
CPVT-induced broad and narrow complex tachycardia.
During the diagnostic and therapeutic process, the team
utilized ECMO as standby support during electrophysi-
ological studies to ensure patient safety while managing
complex arrhythmias [24]. The case report emphasizes
the optimization of arrhythmia control through electro-
physiological studies and combination pharmacother-
apy, while this case report highlights the critical role of
ECMO in providing acute circulatory support for criti-
cally ill patients. Both the reported case and this study
highlight the critical role of ECMO in the management
of critically ill CPVT patients. This case not only provides
practical insights into CPVT treatment but also offers a
valuable contribution to the exploration of ECMO appli-
cations in CPVT management.
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Long-term management for CPVT includes beta-
blockers (propranolol, metoprolol, nadolol) to reduce
malignant events and, in some cases, adjunctive cal-
cium or sodium channel blockers. Preventive lifestyle
modifications to limit sympathetic excitation, like avoid-
ing intense exercise and stress, are essential. For refrac-
tory cases, ICD implantation or left cardiac sympathetic
denervation (LCSD) may be necessary [5]. ICDs are rec-
ommended for high-risk CPVT patients, with genetic
testing playing a crucial role in determining the indica-
tions for ICD implantation. For instance, patients with
RyR2 gene mutations are often better candidates for
ICD therapy. While ICDs terminate VF, they don't pre-
vent BiVT or PMVT [25]. Therefore, ICDs are commonly
combined with beta-blockers (e.g., propranolol, nadolol)
and antiarrhythmic agents such as flecainide to reduce
the occurrence of arrhythmic events. In conclusion,
ICDs represent a critical therapeutic option for high-risk
CPVT patients. Additionally, gene therapy for CPVT is
still in the exploratory stage. Researchers are working
on gene editing and intervention strategies to correct
the associated genetic mutations in an effort to improve
cardiac electrophysiological function. With advance-
ments in technology and genetic research, their effi-
cacy and indications are expected to improve, providing
safer and more effective treatment strategies for CPVT
management.

In conclusion, this case report highlights several key
aspects that contribute to the comprehensive under-
standing of CPVT management. This report presents a
complete set of clinical data, including dynamic changes
in ECGs that clearly demonstrate the progression of the
disease. The inclusion of follow-up data provided a full
picture of the patient’s clinical course, particularly in
the context of severe CPVT complicated by cardiogenic
shock. The successful use of ECMO therapy is a notable
feature, showing its vital role in stabilizing hemodynam-
ics and managing refractory ventricular arrhythmias.
This case underscores the importance of early ECMO
intervention in cases where conventional therapies fail,
providing essential circulatory support and improving
patient outcomes in life-threatening situations.
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