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Brugada syndrome (BrS) and arrhythmogenic right ventricular cardiomyopathy (ARVC) are inherited cardiac
disorders with distinct electrocardiographic findings and lethal ventricular arrhythmias. BrS is primarily asso-
ciated with loss-of-function SCN5A variants, which cause repolarization abnormalities such as coved-type ST

elevation based on transmural action potential gradient in the right ventricular outflow tract (RVOT). Fibrosis on

the epicardial side of RVOT, as well as abnormalities of the gap junction provide the arrhythmogenic substrate and

cause depolarization abnormalities. BrS typically appears in middle age and is 8-10 times more common in males.
Although testosterone is thought to cause male predominance, estrogen may act as a protective factor in female

BrS. ARVC is predominantly induced by abnormalities in desmosome-related genes, which disrupt intercellular

adhesion and the Wnt/f3-catenin pathway, leading to the replacement of cardiomyocytes with fibro-fatty tissues. This
abnormality causes electrocardiographic findings like e-waves and negative T waves in the right precordial leads.
ARVC with right ventricular involvement is diagnosed using revised Task Force criteria, whereas arrhythmogenic
cardiomyopathy (ACM) with left ventricular or biventricular involvement is diagnosed using Padua criteria. BrS and

ARVC are uncommon in children, but the frequency of lethal ventricular arrhythmias is higher than in adult patients.

Additional research is required to determine risk stratification and treatment options for pediatric patients.
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Fig. 1 Brugada ECGs in the right precordial leads
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(a) Type 1 Brugada ECG patterns (coved-type) are characterized by a prominent coved ST-segment elevation =2mm at
its peak followed by a negative T-wave. (b) Type 2 Brugada ECG patterns (saddleback-type) have a high ST-segment
=2mm and a descending part = 1mm above the baseline. (c) Type 3 Brugada ECG patterns have a high ST-segment
=2mm and ST-segment elevation of <1mm of saddleback-type, coved-type, or both. ECG=electrocardiogram.
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Fig. 2 Mechanism of the coved-type ECG pattern

(a) Normal, (b) Brugada syndrome. ECG=electrocardiogram.
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Fig. 3 Normalization of the coved-type ECG pattern in a female patients

In five of nine female BrS patients, coved-type ECG patterns were normalized after puberty. Black arrows indicate coved-type
ECG patterns. A black dotted line separates pre- and post-puberty. BrS=Brugada syndrome; ECG=electrocardiogram.
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Fig. 4 Factors unmasking coved-type ECG patterns
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(a) Placement of the right precordial leads in the higher position (3rd or 2nd intercostal spaces) unmasks coved-type
ECG patterns. (b) Febrile ilinesses induce coved-type ECG patterns. (c) Drug provocative tests using sodium channel
blockers, such as 1mg/kg pilsicainide iv. over 10 minutes, induce coved-type ECG patterns. ECG=electrocardiogram.
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Table 1 Shanghai criteria
Factors Points
I. ECG
A. Spontaneous type 1 Brugada ECG pattern at nominal or high leads 3.5
B. Fever-induced type 1 Brugada ECG pattern at nominal or high leads 3
C. Type 2 or 3 Brugada ECG pattern that converts with provocative drug challenge 2
1. Clinical history
A. Unexplained cardiac arrest or documented VF/ polymorphic VT 3
B. Nocturnal agonal respirations 2
C. Suspected arrhythmic syncope 2
D. Syncope of unclear mechanism/ unclear etiology 1
E. Atrial flutter/ fibrillation in patients <30 years old without alternative etiology 0.5
Il. Family history
A. First- or second-degree relative with definite BrS 2
B. Suspicious SCD (fever, nocturnal, Brugada aggravating drugs) in first- or second-degree relative 1
C. Unexplained SCD <45 years old in first- or second-degree relative with negative autopsy 0.5
IV. Genetic test result
A. Probable pathogenic mutation in BrS susceptibility gene 0.5

Score (requires at least 1 ECG finding)

=3.5 points: Probable/definite BrS; 2-3 points: Possible BrS; <2 points: Nondiagnostic
BrS=Brugada syndrome; ECG=celectrocardiogram; SCD=sudden cardiac death; VF=ventricular fibrillation; VT=ventricular

tachycardia.
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Fig. 5 Triangle of dysplasia in the right ventricle

The myocardium is commonly replaced with fatty
and fibrous tissue in the triangle of dysplasia,
which consists of the right ventricular outflow tract,
apex, and inferior wall.

Fig. 6 Epsilon-wave

Notch or slur-like low potential waves appearing
immediately after the QRS waves in V1-V3 leads.
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Fig. 7 Pathogenesis of arrhythmogenic right ventricular cardiomyopathy

Desmosome contains three major components (desmoplakin, desmocollin-2, and desmoglein-2) and two linker proteins
(plakoglobin and plakophilin-2). Abnormal desmosomes lead to disruption of the intracellular junction by increased
mechanical stress. Translocated plakoglobin from the sarcolemma to the nucleus antagonizes the canonical Wnt/3-cat-
enin signaling pathway, which involves in myocyte differentiation, resulting in fibro-fatty replacement.
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HIFINOWIET 4 S AV MR % (Fig. 7).
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Table 2 Revised Task Force criteria

Major

Minor

1. Global or reginal dysfunction and structural alteration

Echo

MRI

RV angiography

Regional RV akinesia, dyskinesia, or aneurysm
and 1 of the following (end diastole)

a) PLAX RVOT=32mm (=19mm/m2 BSA)

b) PSAX RVOT=36 mm (=21 mm/m2 BSA)

c) Fractional area change =33%

Regional RV akinesia or dyskinesia or dynssyn-
chronous RV contraction and 1 of the following:
a) Ratio RVEDV/BSA =110mL/m2 (male),
=100mL/m2 (female)

b) RVEF =40%

Regional RV akinesia, dyskinesia, or aneurysm

Regional RV akinesia, dyskinesia, or aneurysm and 1
of the following (end diastole)

a) PLAX RVOT=29mm to <32mm (=16 to <19mm/
m2 BSA)

b) PSAX RVOT=32mm to <36mm (=18 to <21mm/
m2 BSA)

c) Fractional area change >33 to =40%

Regional RV akinesia or dyskinesia or dynssynchro-
nous RV contraction and 1 of the following:

a) Ratio RVEDV/BSA =100 to <100mL/m2 (male),
=90 to 100mL/m2 (female)

b) RVEF >40 to =45%

2. Tissue characterization of wall

Endocardial biopsy show-
ing fibrous replacement of
the RV free wall myocar-
dium in=1 sample, with or
without fatty replacement
and with:

Residual myocytes <60% by morphometric
analysis (or <50% if estimated)

Residual myocytes 60% to 75% by morphometric
analysis (or 50% to 65% if estimated)

3. Repolarization abnormalities

ECG

Inverted T waves in right precordial leads (V1,
V2, and V3) or beyond in individuals > 14 years
of age (in the absence of complete RBBB QRS
=120ms)

a) Inverted T waves in leads V1 and V2 in individuals
> 14 years of age (in the absence of complete RBBB
QRS =120ms) or in V4, V5, or V6

b) Inverted T waves in leads V1, V2, V3, and V4 in
individuals > 14 years of age in the presence of com-
plete RBBB

4. Depolarization/conduction abnormalities

ECG

Epsilon wave (reproducible low-amplitude sig-
nals between end of QRS complex to onset of
the T wave) in the right precordial leads (V1 to
V3)

1. Late potentials by SAECG in=1 of 3 parameters in
the absence of QRS duration of =110ms on the stan-
dard ECG

a) fQRS =114 ms

b) LAS40 =38uV

c) RMS40 =20uV

2. Terminal activation duration of QRS =55ms mea-
sured from the nadir of the S wave to the end of the
QRS, including R" in V1, V2, or V3 in the absence of
complete RBBB

5. Arrhythmias

ECG and Holter ECG

Non-sustained or sustained VT of LBBB with
superior axis (negative or indeteminate QRS in
leads Il, 1ll, and aVF and positive lead aVL)

1. Non-sustained or sustained VT or RVOT configu-
ration, LBBB morphology with inferior axis (positive
QRS in I, lll, and aVF and negative in lead aVL) or of
unknown axis

2. > 500 PVC per 24 hours (Holter)

6. Family history

Family history and Genetics

1. ARVC confirmed in a first-degree relative
who meets current Task Force Criteria

2. ARVC confirmed pathologically at autopsy or
surgery in a first-degree relative

3. Identification of a pathogenetic mutation cat-
egorized as associated or probably associated
with ARVC on the patient under evaluation

1. History of ARVC in a first-degree relative in whom
it is not possible or practical to determine whether the
family member meets current Task Force Criteria

2. Premature sudden death (<35 years of ag) due to
suspected ARVC in a first-degree relative

3. ARVC confirmed pathologically or by current Task
Force Criteria in second-degree relative

Definite: 2 major, OR 1 major and 2 minor, OR 4 minor criteria from different categories

Borderline: 1 major and 1 minor, OR 3 minor criteria from different categories

Possible: 1 major, OR 2 minor criteria from different categories

ARVC=arrhythmogenic right ventricular cardiomyopathy; BSA=body surface area; ECG=electrocardiogram; fQRS=filtered QRS
duration; LAS40=duration of the low-amplitude signal after the voltage decreased to less than 40yV; LBBB=left bundle branch block;
PLAX=parasternal long axis; PSAX=parasternal short axis; PVC=premature ventricular contraction; RBBB=right bundle branch
block; RMS40=root-mean-square voltage of the signal in the last 40 ms; RV=right ventricle; RVEDV=right ventricular end-diastolic
volume; RVEF=right ventricular ejection fraction; RVOT=right ventricular outflow tract; VT=ventricular tachycardia.
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Fig. 8 Comparison between normal and ARVC ECGs

(b)

iscontinuity

(a) Normal ECG. Healthy children have normal juvenile patterns (T-wave is deepest in V1, and becomes gradually shal-
lower toward the lateral wall in V4 and V5). (b) ARVC ECG. ARVC children exhibit T-wave discontinuity (T-wave is deepest
in V3 and V4, turns positive in V5). ARVC=arrhythmogenic right ventricular cardiomyopathy; ECG=electrocardiogram.
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Table 3 Padua criteria

Right ventricle Left ventricle

1. Morpho-functional ventricular abnormalities

Echo, CMR, Major Minor
or angiogra- Regional RV akinesia, dyskinesia, or bulging plus one of the Global LV systolic dysfunction (depression of LVEF
phy following: or reduction of echocardiographic global longitudi-
1) Global RV dilatation (increase of RVEDV according to the nal strain), with or without LV dilatation (increase of
imaging test specific nomograms LVEDV according to the imaging test specific nomo-
2) Global RV systolic dysfunction (reduction of RVEF according grams for age, sex, and BSA)
to the imaging test specific nomograms) Minor
Minor Regional LV hypokinesia or akinesia of LV free wall,
Regional RV akinesia, dyskinesia or aneurysm of RV free wall septum, or both
2. Structural myocardial abnormalities
CMR Major Major
Transmural LGE (stria pattern) of =1 RV region(s) (inlet, outlet, LV LGE (stria pattern) of =1 Bull's Eye segment(s) (in
and apex in 2 orthogonal views) 2 orthogonal views) of the free wall (subepicardial or
midmyocardial), septum, or both (excluding septal
junctional LGE)
Endomyo-  Major
cardial Fibrous replacement of the myocardium in =1 sample, with or
biopsy without fatty tissue
3. Repolarization abnormalities
ECG Major Minor
Inverted T waves in right precordial leads (V1, V2, and V3) or Inverted T waves in left precordial leads (V4-V6) (in
beyond in individuals with complete pubertal development (in the absence of complete LBBB)
the absence of complete RBBB)
Minor
1) Inverted T waves in leads V1 and V2 in individuals with com-
pleted pubertal development (in the absence of complete RBBB)
2) Inverted T waves in leads V1, V2, V3, and V4 in individuals
with completed pubertal development in the presence of com-
plete RBBB
4. Depolarization abnormalities
ECG Minor Minor
1) Epsilon wave (reproducible low-amplitude signals between Low QRS voltages (<0.5mV peak to peak) in limb
end of QRS complex to onset of the T wave) in the right ventric- leads (in the absence of obesity, emphysema, or
ular leads (V1 to V3) pericardial effusion)
2) Terminal activation duration of QRS =55ms measured from
the nadir of the S wave to the end of the QRS, including R’, in
V1, V2, or V3 (in the absence of complete RBBB)
5. Ventricular arrhythmias
ECG, Major Minor
Holter ECG Frequent PVC >500/24hr, non-sustained or sustained VT of Frequent PVC >500/24hr, non-sustained or sus-
LBBB morphology tained VT with a RBBB morphology (excluding
Minor “fascicular pattern”)
Frequent PVC >500/24hr, non-sustained or sustained VT of
LBBB morphology with inferior axis (“RVOT pattern”)
6. Family history
Family Major
history/ 1) ACM confirmed in a first-degree relative who meets diagnostic criteria
genetics 2) ACM confirmed pathologically at autopsy or surgery in a first-degree relative

3) Identification of a pathogenic or likely pathogenic ACM mutation n the patient under evaluation

Minor

1) History of ACM in a first-degree relative in whom it is not possible or practical to determine whether the family
member meets diagnostic criteria

2) Premature sudden death (<35 years of age) due to suspected ACM in a first-degree relative

3) AM confirmed pathologically or by diagnostic criteria in a second-degree relative

ACM=arrhythmogenic cardiomyopathy; BSA=body surface area; CMR=cardiovascular magnetic resonance; ECG=electrocardio-
gram; LBBB=left bundle branch block; LGE=late gadolinium enhancement; LV=left ventricle; LVEDV=left ventricular end-diastolic
volume; LVEF=left ventricular ejection fraction; PVC=premature ventricular contraction; RBBB=right bundle branch block; RV=right
ventricl; RVEDV=right ventricular end-diastolic volumee; RVEF=right ventricular ejection fraction; RVOT=right ventricular outflow
tract; VT=ventricular tachycardia.
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