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Abstract
In young individuals, sudden cardiac death (SCD) is often caused by genetic heart diseases, which are usually classified
into inherited cardiomyopathies and primary electrical heart diseases.
The aim of the review is to describe primary electrical diseases and define predictors of SCD. Primary electrical diseases
(more commonly) encountered in clinical practice including Brugada syndrome (BrS) and long QT syndrome (LQTS).
Several risk prediction tables have been developed to estimate the likelihood of SCD after identifying multiple risk
factors. Syndromes that need ICD, cardiac arrest survivors, arrhythmogenic right ventricular dysplasia, LQTS or BrS with
syncope or + need for electrophysiological study, early repolarization syndrome, Wolff-Parkinson-White Syndrome with
ventricular tachycardia, catecholaminergic polymorphic ventricular tachycardia.
Congenital arrhythmogenic syndromes are relatively common and represent an important cause of SCD in athletes and
young individuals. Early recognition requires a high index of suspicion, particularly in cases of unexplained syncope or
tachyarrhythmia, to enable timely risk stratification and preventive intervention.
Key words: Anti-arrhythmic drugs, Early repolarization syndrome, Long QT syndrome, Sudden cardiac death, Brugada
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Highlights

Congenital arrhythmogenic syndromes (CAS) are often the cause of SCD in athletes and young
individuals. Early recognition requires a high index of suspicion, particularly in cases of
unexplained syncope or tachyarrhythmia, to enable timely risk stratification and preventive
intervention. We highlight the risk factors, predictors, and management of CAS in accordance
with guidelines.

What is new in the current study?

We offer a practical, visually rich summary of key inherited arrhythmia syndromes, designed
specifically for clinicians:

eA concise, accessible overview of critical information on conditions like Brugada syndrome,
Long QT syndrome, etc.

eA visual emphasis, with high-quality figures and ECG illustrations to aid rapid recognition of
arrhythmic patterns.

e A clinician-focused format, streamlining complex guideline content into easily digestible points
for use in daily practice.
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| In young individuals, sudden cardiac death (SCD) is often caused by genetic heart
fH,’\/’\[\/“\P/”\(‘\f diseases. Objective: To define predictors of SCD. Primary electrical diseases (more
i | commonly) encountered in clinical practice include Brugada syndrome (BrS) and long
QT syndrome (LQTS). Managing patients with genetic heart diseases requires careful
risk stratification for SCD. This paper reviews the up-to-date literature on risk
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stratification in ARVC and other ACMs, as well as in BrS and LQTS, and summarizes
current recommendations for ICD use.

What is new in the current study? This article provides a practical, visually rich

overview of key inherited arrhythmia syndromes, specifically designed for clinicians.
Unlike traditional, lengthy guidelines, this study provides 1. A concise, accessible
overview of critical information on conditions like Brugada syndrome, Long QT
syndrome, etc. 2. A visual emphasis, with figures and ECG illustrations to aid rapid

recognition of arrhythmic patterns. 3. A clinician-focused format streamlines
complex guideline content into easily digestible points for use in daily practice.

http://hvt-journal.com/articles/art602

Introduction

In young individuals, sudden cardiac death (SCD) is
often caused by genetic heart diseases, which are
usually classified into inherited cardiomyopathies and
primary electrical heart diseases.

The aim of the review is to describe primary electrical
diseases and define predictors of SCD. Primary electrical
diseases include: arrhythmogenic right ventricular
cardiomyopathy (ARVC), early repolarization syndrome
(ERS), Brugada syndrome (BrS), Long QT Syndrome
(LQTS), Wolff-Parkinson-White syndrome (WPW) with
hemodynamically unstable ventricular tachycardia (VT),
and catecholaminergic  polymorphic  ventricular
tachycardia (CPVT) (1-4). Other syndromes not included
in this paper are: hypertrophic cardiomyopathy (HCM),
short QT syndrome, congenital complete heart block
and idiopathic ventricular tachyarrhythmias.

Arrhythmogenic right ventricular cardiomyopathy
(ARVC)

ARVC is a hereditary disease characterized by fibrofatty
replacement of the right ventricular (RV) myocardium,
increasing the risk of ventricular arrhythmias and
sudden cardiac death (SCD) (5-10). Several key risk
indicators have been identified (5, 6, 8, 11).

d0i:10.24969/hvt.2025.602

Diagnostic Criteria

Imaging (echocardiography, computed tomography, CT
and magnetic resonance imaging, MRI) reveals
structural and/or functional abnormalities of the right
ventricle (RV) (5, 8):

RV Dilatation: enlargement of the RV outflow tract
(RVOT) in parasternal short- and long-axis views,
indexed RV end-diastolic area > 110 mm?%m? suggests
dilatation.

Regional wall motion abnormalities of RV: akinesia,
dyskinesia, or aneurysmal bulging, often in the “triangle
of dysplasia”: RV inflow, RV outflow tract (RVOT), apex.
Reduced RV fractional area change (FAC): FAC < 33%
indicates systolic dysfunction.

RVOT Diameter: 32 mm (parasternal long-axis) or > 36
mm (short-axis) are abnormal.

B. Right ventricular function: TAPSE (Tricuspid Annular
Plane Systolic Excursion) - decreased (<16 mm) reflects
RV systolic impairment. Tissue Doppler S' velocity
(lateral tricuspid annulus) - < 10 cm/s is suggestive of
dysfunction.
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Electrocardiogram (ECG): Often shows right bundle
branch block (RBBB). Updated criteria emphasize left
ventricular (Lv) depolarization/repolarization
abnormalities and arrhythmias originating from the LV
(8,9).
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Signal-Averaged ECG: May show late potentials,
supporting the diagnosis (8).

Late gadolinium enhancement (LGE) on MRI: Detects
myocardial scarring. A "ring-like" LGE pattern suggests
arrhythmogenic left ventricular cardiomyopathy (ALVC)
(8, 11).

i R R (il (O NG ERR E S S
i

LN

Figure 1. Demonstrates an epS|Ion wave and RBBB, characterlstlc of ARVC (8, 10)

ARVC - arrhythmogenic right ventricular cardiomyopathy, ECG — electrocardiogram, RBBB — right bundle branch block

(ECG — authors’ collection )

Risk of Sudden Cardiac Death (SCD)
Major Risk Predictors (5, 6, 8, 11-15):

. Prior cardiac arrest or documented ventricular
fibrillation (VF)

. Unexplained syncope

o Sustained or non-sustained VT (especially
sustained)

. Severe RV dysfunction

. Male sex and younger age at diagnosis

o Symptomatic patients with definite ARVC,

moderate RV/LV dysfunction, non-sustained VT (NSVT),
or inducible sustained monomorphic VT during
programmed electrical stimulation (PES)

o T-wave inversion in multiple leads (8, 9)

. High burden of premature ventricular
contractions (PVCs) (5, 6)

Management of ARVC

Lifestyle: Avoid or limit strenuous physical activity (5, 6,
8).

Pharmacological Therapy:

o Beta-blockers (first-line)

. Antiarrhythmic drugs (e.g., sotalol, amiodarone)
in selected cases

. Standard heart failure therapy (including

transplant in advanced cases) (5, 6, 11)

Device Therapy (Implantable Cardioverter-Defibrillator -
ICD): Indicated in patients with (5, 6, 11):

. Resuscitated cardiac arrest

. Hemodynamically unstable sustained VT

. Severe RV or LV systolic dysfunction

. Hemodynamically stable sustained VT (Class lla)
. Syncope likely due to arrhythmia (Class lla)

. Multiple risk factors (Class lla/Ilb)

Interventional therapy:

Catheter ablation targeting VT substrates may be
considered. Recurrence is common and repeat
procedures may be necessary (6, 11).

Class | Recommendations

o CMR (cardiac magnetic resonance):
Recommended for patients with suspected ARVC (Class
1) (11).

o ICD (implantatble cardioverter-defibrillator):

Recommended for patients with confirmed ARVC and
arrhythmic syncope.

. Secondary prevention of SCD (Class I): ICD
implantation is recommended for patients with
documented VF or hemodynamically significant VT, in
the absence of reversible causes (5, 6, 11).
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Early repolarization syndrome (ERS)

Unlike ARVC, which is a structural heart disease, ERS is a
purely electrical abnormality identified by specific ECG
patterns (8, 16-21). Once considered benign (18-20),

ERS is now recognized as a potential cause of idiopathic
VF and SCD—particularly in patients without structural
heart disease (2, 19, 21-26, 27-29) (see Fig. 2).
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Figure 2. ECG shoWing features of ERS—J-point elevation and ST-segment elevation in the inferior leads (LII, LIII, aVF)

or lateral leads (V4-V6)

ECG — electrocardiogram, ERS — early repolarization syndrome
(Republished from ref. 21 with permission under CC-BY license)

Major Risk Indicators for SCD in ERS

ECG features (20-24)

eJ-point elevation >0.1 mV, especially >0.2 mV, is linked
to increased arrhythmic risk.

*ST-segment morphology: Horizontal or descending ST
segments are associated with higher risk.

*QRS complex: Notching or slurring at the J-point is
considered pro-arrhythmic.

eJ-wave dynamics: Longer duration and wider angle
indicate a more malignant substrate.

*T/R wave ratio: A lower ratio suggests a more
arrhythmogenic profile.

Demographic Factors (16-18, 23)

ERS is more common in:

eMales, particularly younger athletes

eIndividuals of African descent

The risk of SCD is highest in middle-aged adults (23, 24).
Clinical history (8, 22-24)

eUnexplained syncope or resuscitated cardiac arrest
significantly increases risk.

oA family history of SCD or arrhythmias in first-degree
relatives indicates a possible genetic predisposition.
Coexisting cardiac conditions (16, 20, 24)

Although ERS usually occurs in structurally normal
hearts, the presence of underlying cardiomyopathies or
other heart diseases significantly elevates the risk of
malignant arrhythmias.
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Clinical Implications

ERS should be considered in:

ePatients with unexplained syncope

eIndividuals with a history of sudden cardiac arrest, even
in the absence of structural abnormalities (8, 19, 21-24).
Risk stratification requires:

eDetailed ECG analysis

eAssessment of symptoms

eThorough family history evaluation

In high-risk individuals, EPS may guide management
decisions (21-24).

ICD implantation may be considered for patients with
high-risk ERS patterns, but treatment should be
individualized (22-24).

Guidelines

Class | Recommendations for ICD implantation (11, 24):
*ERP (Early repolarization pattern): Defined as J-point
elevation >1 mm in 22 contiguous inferior and/or lateral
leads.

*ERS (Early repolarization syndrome): Confirmed in
patients with: a resuscitated VF or polymorphic VT and
ERP is present on ECG. This combination (a documented
arrhythmic event + ERP) confirms the diagnosis of ERS.

Brugada syndrome and SCD risk factors

Brugada Syndrome (BrS) is an inherited cardiac
channelopathy associated with life-threatening
ventricular arrhythmias, including polymorphic VT and
VF, leading to an increased risk of SCD (2, 27, 28).
Diagnosis is typically based on ECG findings, particularly
coved-type ST-segment elevation in the right precordial
leads (V1-V3), sometimes accompanied by right bundle
branch block (RBBB). Arrhythmic events often occur
spontaneously, triggered by VF episodes (29, 30).
Genetics and Pathophysiology

BrS is frequently linked to mutations in the SCN5A gene,
which is also associated with LQT3. The
pathophysiological mechanism involves the loss of the
action potential dome in the right ventricular epicardium
(but not the endocardium), leading to transmural
dispersion of repolarization and phase 2 reentry,
promoting VF (30, 31).

Because the ECG pattern can be concealed, sodium
channel blockers such as ajmaline, flecainide, and
procainamide are used during pharmacologic testing to
unmask the Brugada phenotype (30-32). ICD implantation
remains the only proven preventive therapy for SCD in
high-risk patients (29, 30, 33).

ECG patterns and diagnosis (see Fig. 3 and Table 1)

Table 1. Summary table of risk factors in Brugada syndrome (30)

Risk factor Sudden death risk Strength of evidence
Previous cardiac arrest Very high Strong

Spontaneous type 1 ECG High Strong

Syncope Moderate to high Moderate
Inducibility on EPS Moderate Moderate

Family history of SCD Variable Weak to moderate
Fever Trigger factor Moderate

Male sex Higher incidence Strong

ECG — electrocardiogram, EPS — electrophysiological study, SCD- sudden cardiac death
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Figure 3: ECG showing BrS with coexisting early repolarization—prominent J-point elevation, coved ST-segment

elevation, and inverted T-waves in V1-V2 (2, 27)
BrS — Brugada syndrome, ECG- electrocardiogram
(ECG — authors’ collection)

Note: These ECG types are phenotypic expressions.
Patients may shift between types depending on factors
such as fever, medications, or autonomic changes (29-
33).

Major SCD risk predictors in Brugada Syndrome (30-33)
1.History of sudden cardiac arrest or documented VF —
strongest predictor of future events.

2.Spontaneous Type | ECG pattern — carries a higher risk
than drug-induced Type .

3.Syncope — especially if of arrhythmic origin (e.g.,
transient VT or VF).

4.Inducible VT/VF during electrophysiological study (EPS)
— controversial but may suggest increased risk.

5.Family history of SCD before age 45 — raises clinical
suspicion; predictive value remains variable.

6.Male sex — BrS is more prevalent and arrhythmogenic in
males, possibly due to hormonal or ion channel
differences.

7.Fever — can unmask the Brugada ECG pattern and
trigger arrhythmias, particularly in children and young
adults (28, 29).

Summary

BrS is a high-risk electrical disorder with well-defined ECG
criteria and a known genetic basis. Key markers such as a
spontaneous type | pattern, arrhythmic syncope, or prior

VF should prompt strong consideration of ICD
implantation for the prevention of SCD.

Guidelines and risk stratification

Predictors of sudden death in BrS include:

eInducible VF during programmed stimulation

eHistory of resuscitated sudden cardiac arrest

eFamily history of SCD

eSpontaneous type | ECG, particularly when combined
with early repolarization

eFragmented QRS

e Arrhythmic syncope (29, 31, 32)

Recommendations:

¢|ICD implantation is indicated for BrS patients with a
history of cardiac arrest or sustained VT (Class 1) (29, 32).
*|CD should be considered in patients with a
spontaneous Type | ECG pattern and arrhythmic syncope
(Class lla) (29, 30, 32)

eA provoked Type | ECG alone (drug-induced) does not
establish a diagnosis (29).

eRisk stratification in asymptomatic patients with
spontaneous Type | ECG remains controversial (29, 31,
32)

*Routine catheter ablation is not recommended in
asymptomatic BrS patients (29, 32)
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Long QT syndrome (LQTS)

LQTS is a genetic or acquired condition characterized by
QT interval prolongation on ECG, which increases the risk
of Torsades de Pointes and SCD (5, 6, 12, 34). A normal
corrected QT (QTc) interval is approximately 0.44
seconds. The upper limits are considered 0.46 s for men
and 0.47 s for women, with a physiological variation of
+15% (35). Prolonged QT is strongly associated with
ventricular arrhythmias. Additional ECG findings, such as
T-wave notching, may further support the diagnosis (5,

6).

Forms of LQTS

1.Inherited (Familial):

- Jervell and Lange-Nielsen Syndrome: Autosomal
recessive; associated with congenital sensorineural

hearing loss (7)

-Romano-Ward syndrome: Autosomal dominant; typically
presents with normal hearing (7).
2.Acquired (Non-familial)

-Usually secondary to medications or
disturbances; no family history (5, 6).
Major LQTS Subtypes (5,7)

¢LQTS1 (KCNQ1): ~50% of cases
¢|.QTS2 (KCNH2): 35-40% of cases
*LQTS3 (SCN5A): <10%; involves
inactivation

eRare types:

-LQTS7 (Andersen—Tawil syndrome)
-LQTS8 (Timothy syndrome)

These subtypes often involve multisystem features.
Common triggers by subtype: LQTS1 - physical exertion,
especially swimming, LQTS2 - sudden auditory stimuli or
emotional stress, LQTS3 - rest or sleep (5, 6).

ECG patterns by subtype:

*LQTS1: Broad, symmetrical T-waves

¢LQTS2: Low-amplitude, notched T-waves

¢LQTS3: Prolonged ST segment with relatively normal T-
waves (5, 6)

Risk predictors for SCD in LQTS (5, 6, 12-15, 34, 35):

¢QTc >500 ms

eHistory of unexplained syncope

*Trigger exposure consistent with gene subtype (see
above)

*Sex differences:

-Higher risk in males during childhood

-Higher risk in females after puberty (12, 14, 15)

ePositive family history of SCD

eDrug-induced QT prolongation or electrolyte imbalance
eHigh-risk ECG features (e.g., biphasic or notched T-
waves)

electrolyte

impaired sodium

ePrior history of Torsades de Pointes or cardiac arrest
Clinical example (Fig. 4).

1 L B
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Figure 4. A. A patient with LQTS and an implanted ICD
developed Torsades de Pointes. Progressed to
ventricular fibrillation, which was successfully
terminated by ICD shock. B. The first two beats showed
marked QT prolongation followed by ventricular
tachycardia

Management and prevention

1.Risk assessment

Early identification of high-risk features allows for timely
and individualized management (5, 6, 15).

2.Device therapy

ICD implantation is indicated in:

-Survivors of cardiac arrest

-Patients with recurrent syncope despite medical therapy
(5,6)

3.Medications

-Beta-blockers (e.g., nadolol, propranolol) are first-line
treatment

-Mexiletine may be beneficial in LQTS3

-Avoid QT-prolonging drugs

fha ANAA A A A "h'.\‘
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-Correct electrolyte disturbances (potassium, magnesium,
calcium)

4.Lifestyle modifications

-Avoid known triggers (e.g., swimming in LQTS1, loud
noises in LQTS2)

Guideline-Based Recommendations

eDiagnostic criteria include QTc 2480 ms on serial ECGs
(with or without symptoms)

eUse of LQTS clinical scores and genetic testing aids
diagnosis

e Asymptomatic carriers should be assessed using tools
such as the 1-2-3 Risk Score to guide decision-making (5,
6)

Essential preventive measures

¢Avoid medications known to prolong QT interval
*Maintain normal serum electrolytes

AF VF

S e

vy,

-Restrict  participation in competitive sports as
appropriate

5.Family screening and genetic counseling

-All first-degree relatives should undergo clinical and
genetic evaluation if a familial mutation is identified (7)
eTailor preventive strategies to the specific genetic
subtype

eIn high-risk patients, combined therapy with ICD and
beta-blockers is often indicated (5, 6)

Wolff-Parkinson—White Syndrome (WPW)
Wolff-Parkinson—White (WPW) syndrome is a pre-
excitation disorder, typically congenital, though familial
cases are rare. Most cases occur sporadically (11).
Ventricular Tachycardia in WPW (Fig. 5).

PP EHHH AR

Figure 5. ECG during atrial fibrillation conducted via an accessory pathway, resulting in extremely rapid and irregular
ventricular activation. Ventricular rates may exceed 350 bpm, increasing the risk of degeneration into ventricular

fibrillation and sudden death (5, 11)
(From authors’ collection)

Mechanism of SCD in WPW:

AF that conducts rapidly through an accessory pathway
can result in ventricular rates >300 bpm. The presence of
very short RR intervals and high beat-to-beat variability
can lead to degeneration into VF and sudden cardiac
death (SCD) (5, 6, 11, 34).

Predictors of SCD in WPW (1, 3, 5, 6, 11, 34-37):
eSymptomatic tachyarrhythmias ( atrial fibrillation, AF,
supraventricular tachycardia, SVT)

eShortest pre-excited RR interval <250 ms during AF
ePresence of multiple accessory pathways

eInducibility of AF or atroventricular reentry tachycardia
(AVRT) during EPS

*Male sex, particularly in individuals under 35 years
eFamily history of SCD

eUnexplained syncope

eHistory of resuscitated cardiac arrest (strongest
predictor)

eInducible VF during EPS

eShort antegrade effective refractory period (<250 ms)
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*AF triggered by AVRT during EPS

Demographic Risk Factors

*Male sex

eYoung age (<35 years)

*Prior history of AF or AVRT

Risk-Based Management Strategies

eHigh-risk patients (e.g., with syncope, symptomatic
arrhythmias, or high-risk findings on EPS):

Catheter ablation is recommended (1, 5, 11).

e Asymptomatic patients:

Generally considered low risk; however, EPS may be
considered in select cases:

-High-risk occupations (e.g., pilots, firefighters)
-Competitive athletes

-If the shortest pre-excited RR interval <250 ms during AF
is suspected

Treatment of AVRT in WPW (1)

1.Hemodynamically unstable patients:

Immediate  synchronized cardioversion (Class |
recommendation)

2.Hemodynamically stable patients:

-Initial approach: Vagal maneuvers (e.g., supine leg raise)
-If unsuccessful: Administer intravenous adenosine (6—18
mg/kg) for orthodromic AVRT (Class | recommendation)

Catecholaminergic Polymorphic Ventricular Tachycardia
(cpvT)

CPVT is a rare inherited cardiac channelopathy
characterized by stress-induced ventricular arrhythmias,
typically occurring in structurally normal hearts with
normal resting ECGs. It often presents in childhood or
adolescence, with symptoms such as syncope or sudden
cardiac arrest during exercise or emotional stress (5, 6,
12-14, 34, 36).

Etiology and genetics

eAutosomal dominant: Most commonly due to mutations
in the RYR2 gene

eAutosomal recessive: CASQ2 mutations

eOther associated genes: CALM1, TRDN (7)
Pathophysiology

Adrenergic stimulation (e.g., exercise, emotional stress)
leads to abnormal calcium release from the sarcoplasmic
reticulum via dysfunctional ryanodine receptors. This
triggers delayed afterdepolarizations (DADs) and initiates
bidirectional or polymorphic ventricular tachycardia (5-7).
Clinical presentation

*Typical onset: Childhood or adolescence

eSymptoms:

-Syncope (with exertion or emotional stress)

-Palpitations

-Sudden cardiac arrest (in some cases)

eFamily history: Sudden cardiac death or unexplained
early death (5, 6, 12, 15, 38)

ECG and provocative testing

eResting ECG: Typically normal

eExercise testing or isoproterenol challenge may reveal:
-Bidirectional VT (alternating QRS axis)

-Polymorphic VT

-Exercise-induced ventricular ectopy (5, 6)

Diagnostic red flags

eSyncope or ventricular arrhythmias triggered by
exertion or emotion, despite a normal ECG
eBidirectional or polymorphic VT during stress testing
eStrong family history of arrhythmias or SCD

eKnown RYR2 or CASQ2 mutation carriers (7)
Management Strategies

A. Lifestyle Modifications

e Avoid:

-Competitive or intense physical activity

-Emotional stress and high-stimulation environments
-Stimulants (e.g., caffeine, decongestants) (5, 6, 36)

B. Medical Therapy

eFirst-line: Non-selective beta-blockers (nadolol or
propranolol) (5, 6, 11)

eAdjunct therapy: Flecainide to suppress arrhythmias (5,
6)

C. Device Therapy —ICD

eIndicated in:

-Survivors of cardiac arrest

-Patients with breakthrough arrhythmias despite optimal
medical therapy

eCaution: High risk of electrical storm and inappropriate
shocks; ICDs must be used with careful programming and
adjunctive therapy (5, 6, 11)

D. Left cardiac sympathetic denervation (LCSD)
eConsider in cases of:

-Refractory arrhythmias despite beta-blockers and/or ICD
-Complications related to ICD shocks

eMechanism: Reduces adrenergic input to the heart,
lowering arrhythmic risk (5, 6)

Prognosis and guidelines

eUntreated CPVT carries a high risk of SCD

eAppropriate treatment significantly improves long-term
outcomes (11-14, 34, 36)
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Figure 6. A 12-lead ECG showing bidirectional ventricular tachycardia, characterized by alternating QRS axis and a right
bundle branch block (RBBB) morphology, suggesting a left ventricular origin

ECG — electrocardiogram

Guideline-based recommendations (ESC & AHA/ACC/HRS)
oClass | diagnosis is supported in patients with:
-Structurally normal hearts and normal resting ECG
-Bidirectional or polymorphic VT induced by exercise or
emotional stress (5, 6, 11)

eGenetic testing is recommended for RYR2 or CASQ2
mutations (7)

eAvoidance of competitive sports and stress is advised
eFirst-line treatment: Non-selective beta-blockers

¢|CD implantation is indicated for cardiac arrest survivors,
in combination with medications + flecainide (11, 38, 39)

Conclusion

Inherited arrhythmogenic syndromes such as CPVT are
significant contributors to SCD, especially in young
individuals and athletes. While often underdiagnosed,
these conditions are not rare. Clinical vigilance is
essential, particularly in patients with unexplained
syncope or exertional arrhythmias. Early recognition
enables effective risk stratification and implementation of

life-saving interventions.
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