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The review article discusses current aspects of diagnostics of hereditary arrhythmic syndromes, according to clini- 

cal guidelines, and dificulties that have arisen in real clinical practice, as well as possible ways to solve them. A systemic 

and multidisciplinary approach to solving these problems will contribute to increasing the effectiveness of clinical genetic 

studies and thereby improving the prevention of malignant arrhythmias and sudden cardiac death. 
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Hereditary arrhythmias account for more than half 

of all initially unexplained cases of sudden cardiac death 

(SCD) in young individuals [1-3]. Among these, inherited 

arrhythmias caused solely by abnormalities in cardiac ion 

channels - known as channelopathies - are identified in 

approximately 30% of cases, whereas idiopathic structur- 

al heart abnormalities, particularly hypertrophic cardio- 

myopathy (HCM), are detected in around 70% of cases 

[1, 4]. Inherited arrhythmic syndromes without structural 

cardiac changes are responsible for approximately 10% 

of the 1.1 million annual cases of SCD in Europe and 

the United States [5-7]. Early diagnosis of hereditary ar- 

rhythmias may significantly reduce the risk of SCD, as in 

roughly 30% of cases, SCD is the initial manifestation of 

these disorders [4, 8]. 

Monogenic diseases may underlie SCD, and the 

most frequently encountered entities include the follow- 

ing major nosological forms, which present with unique 

but often overlapping clinical phenotypes and genetic as- 

sociations: Long QT syndrome (LQTS), Short QT syn- 

drome (SQTS), Brugada syndrome (BrS), Catecholamin- 

ergic polymorphic ventricular tachycardia (CPVT), Early 

repolarization syndrome (ERS), and idiopathic ventricu- 

lar fibrillation (VF) [6, 9]. 

The detection rate of hereditary arrhythmias and the 

overall effectiveness of SCD prevention depend, in addi- 

tion to medico-social factors, on the awareness and prac- 

tical competencies of general practitioners and non-spe- 

cialised clinicians [10, 11]. This may partly explain the 

discrepancy between the reported prevalence of hereditary 

arrhythmias in the general population and actual clinical 

practice, which typically involves the documentation of 

isolated case reports. According to a survey conducted by 

the European Heart Rhythm Association (EHRA) across 

23 European countries, more than 50% of clinical centres 

do not participate in any form of registry - whether national 

or European - for hereditary arrhythmias, likely due to the 

low detection rate of such conditions [1, 6, 10]. 

In clinical practice, hereditary arrhythmias are most 

often identified in their syndromic forms - such as Bruga- 

da syndrome, Jervell and Lange-Nielsen syndrome, Timo- 

thy syndrome, and Andersen-Tawil syndrome - which are 

characterised by both cardiac and extracardiac phenotypes 

[12-14]. However, hereditary arrhythmias may also pres- 

ent with non-specific symptoms - such as syncope, palpita- 

tions, or seizures - and are frequently overlooked by clini- 

cians. This can be attributed to the presence of functionally 

risky alleles or low-penetrance genetic variants in the gen- 

eral population, whose phenotypic expression requires the 

presence of additional risk factors, including drug effects, 

electrolyte imbalances, fever, and others [7, 10]. 

In recent years, the accessibility of high-tech medi- 

cal care for patients with cardiovascular diseases, includ- 

ing those with life-threatening arrhythmias, has signifi- 

cantly improved in the Russian Federation. As a result, 

the number of implantations of cardioverter-defibrillators 

and pacemakers, as well as the frequency of ablation pro- 

cedures, has increased substantially [15]. Consequently, 

this necessitates the optimisation of specialised medical 

services to improve access to medical genetic testing for 

patients with hereditary cardiac arrhythmias, along with 

the development and implementation of educational pro- 

grammes aimed at raising awareness and enhancing the 

competencies of healthcare professionals. 
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Given the above, it is of particular interest to present 

a systemic approach to the diagnosis of hereditary arrhyth- 

mias and to analyse the potential causes of misdiagnosis or 

delayed diagnosis of these conditions in real-world clinical 

practice. It is important to note that a detailed analysis of 

diagnostic challenges - particularly those related to known 

limitations or misinterpretation of test results - may en- 

hance the effectiveness of medical genetic care for patients 

with suspected channelopathies. 

The literature review was conducted using interna- 

tional databases such as PubMed, Scopus, Web of Science, 

and the Cochrane Library, as well as Russian-language 

sources including eLibrary. 

PREVALENCE OF HEREDITARY 

ARRHYTHMIAS IN THE GENERAL 

POPULATION 

It is important to note that current data on the prev- 

alence of individual cardiac channelopathies in the gen- 

eral population are primarily derived from international 

multicentre studies. These studies have contributed to the 

development of electronic databases that account for the 

ethnic, racial, and geographic characteristics of specific 

hereditary arrhythmic syndromes [3, 5, 10]. For example, 

the prevalence of Brugada syndrome (BrS) in European 

and North American populations ranges from 0.012% to 

0.26%, whereas in endemic regions of Southeast Asia, it 

is significantly higher, reaching 0.7% to 1.0% [12]. The 

global prevalence of Jervell and Lange-Nielsen syndrome 

is estimated at 1 to 6 cases per 1 million people, with 

a rate of approximately 1 per 200,000 in Scandinavian 

countries [3, 16]. Cardiac channelopathies, together with 

genetic cardiomyopathies, are among the leading causes 

of morbidity and mortality in the paediatric population, 

with an annual incidence of 1.1 to 1.5 per 100,000 chil- 

dren under the age of 18 [7, 17]. 

The variability in the detection rates of cardiac 

channelopathies may also be explained by the exten- 

sive genetic heterogeneity of specific populations and 

the influence of environmental factors [18, 19]. For in- 

stance, the prevalence of SQTS, defined by a corrected 

QT interval (QTc) ≤300 ms, was highest among African 

Americans (5.8 per 100,000), followed by Caucasians 

(3.2), Latin Americans (1.8), and individuals of Asian or 

Pacific Islander descent (1.6) [3, 15]. The asymptomatic 

course of latent hereditary diseases further reduces the 

apparent population frequency of inherited arrhythmias. 

For example, in 40% of genotyped cases of LQTS, QT 

intervals fall within the normal range [20, 21]. Thus, the 

actual prevalence of LQTS is believed to be higher than 

currently reported figures [13, 16]. Epidemiological stud- 

ies estimate that the individual prevalence of LQTS, BrS, 

and CPVT is approximately 1 in 2,000 [5, 22]. The rarest 

hereditary arrhythmia is SQTS, with a prevalence ranging 

from 0.1% to 0.003% in the general population [7, 15], 

whereas ERS is considerably more common, with a re- 

ported prevalence ranging from 1% to 13% [23]. 

The prevalence estimates of LQTS and SQTS are 

affected by several methodological limitations, including 

inaccuracies in QT interval measurement on standard elec- 

trocardiograms (ECG), as well as the absence of universal- 

ly accepted diagnostic threshold values for QT intervals, 

which serve as ECG markers for LQTS and SQTS [13, 

24]. Furthermore, the widespread clinical use of ajmaline 

challenge testing has significantly increased the reported 

frequency of BrS, leading to what has been termed drug-in- 

duced “Brugada phobia” [25]. In this context, it has been 

reported that in Europe, 70% of asymptomatic patients di- 

agnosed with BrS received this diagnosis following a pos- 

itive ajmaline test [6]. 

CLINICAL APPROACH TO THE DIAGNOSIS 

OF CARDIAC CHANNELOPATHIES 

The clinical diagnosis of hereditary arrhythmias is 

often challenging due to their non-specific symptoms, the 

occasional absence of ECG patterns, and the predominance 

of latent (asymptomatic) presentations. The key compo- 

nents for establishing a diagnosis of channelopathy include 

a thorough evaluation of presenting symptoms, targeted 

exploration of the patient’s medical and family history, and 

a rational approach to diagnostic testing [6, 26, 27]. Given 

that affected individuals may initially present to physicians 

of various specialities - such as general practitioners, inter- 

nists, paediatricians, or neurologists - it is crucial that the 

ability to recognise signs of hereditary arrhythmias is not 

limited to cardiologists alone. 

Symptomatic presentations of hereditary arrhythmias 

allow for earlier and more frequent detection compared 

to asymptomatic forms [1, 28]. The most common and 

life-threatening manifestations include syncope, seizures, 

and sudden cardiac death, often triggered by specific stim- 

uli. Syncope, in particular, presents a significant diagnostic 

dilemma, as it may range from a benign vasovagal episode 

to a potentially fatal event caused by polymorphic VT or 

VF [2, 13, 29]. 

In channelopathies, arrhythmogenesis may present as 

various types of VT, each carrying differential diagnostic 

significance. For instance, LQTS is most commonly as- 

sociated with polymorphic VT of the torsades de pointes 

type; in Brugada syndrome (BrS), polymorphic VT is also 

characteristic [27, 30]. CPVT typically manifests as bidi- 

rectional VT, characterised by alternating polarity of the 

dominant QRS complexes [31], whereas arrhythmogenic 

right ventricular cardiomyopathy (ARVC) is marked by 

monomorphic VT with a left bundle branch block mor- 

phology. These arrhythmias may terminate spontaneously, 

but they also carry the risk of degenerating into VF, re- 

quiring electrical defibrillation. During such arrhythmic 

episodes, patients frequently report palpitations, dizziness, 

dyspnoea, chest pain, profound fatigue, and sensations of 

fear or panic. 

It should be noted that in syndromic variants of 

channelopathies, the cardiac phenotype is often accom- 

panied by extracardiac, multisystemic manifestations, 

which may aid in diagnosis but can also lead to misman- 

agement. For example, LQTS combined with congenital 

bilateral sensorineural deafness is characteristic of Jervell 

and Lange-Nielsen syndrome [13], while facial dysmor- 

phism and syndactyly are features of Andersen-Tawil 

syndrome [14]. 

Identifying potential arrhythmic triggers often pro- 

vides valuable diagnostic clues for channelopathies. For 
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example, arrhythmic events occurring during physical 

exertion, particularly swimming, are suggestive of LQT1, 

while syncope induced by sudden loud auditory stimuli 

is typical of LQT2 [32]. As both physical and emotion- 

al triggers are physiologically associated with increased 

catecholamine release, syncope in such contexts is a hall- 

mark of CPVT [33]. Arrhythmias that occur during sleep 

or rest, or in the context of fever, may indicate LQT3 or 

BrS, which are associated with pathogenic variants in the 

SCN5A gene [12, 22]. 

It is also important to emphasise that the likelihood 

of phenotypic expression - and thus the probability of di- 

agnosing a hereditary arrhythmia - is determined by in- 

complete penetrance and variable expressivity of the dis- 

ease-causing genes [7, 18]. Nearly all hereditary arrhythmic 

syndromes exhibit incomplete penetrance (i.e. <100%) [4]. 

For example, the clinical penetrance of various LQTS gen- 

otypes ranges widely from 25% to 100%, with an average 

of approximately 40% [16]. This implies that a portion of 

affected individuals will remain asymptomatic. Therefore, 

a normal corrected QT interval (QTc) on ECG does not 

exclude LQTS in first-degree relatives of affected individ- 

uals. In this regard, the likelihood of a positive genetic test 

is highest in individuals with the strongest phenotypic ex- 

pression [18]. Additionally, due to age-related penetrance 

in several hereditary arrhythmias, repeat evaluation during 

adolescence or early adulthood is recommended for at-risk 

children [17, 34]. 

ALTERNATIVE DIAGNOSES REQUIRING 

DIFFERENTIAL CONSIDERATION 

Given that symptomatic patients with recurrent syn- 

cope due to VTor VF may be misdiagnosed and followed 

for extended periods under the label of “epilepsy,” they 

may receive ineffective antiepileptic therapy [29]. There- 

fore, a detailed family history and ECGevaluation are 

mandatory in all patients with seizure-like episodes that 

are negative on electroencephalography (EEG), in young 

children with atypical seizures during febrile episodes, and 

in families with a history of sudden infant death syndrome 

(SIDS) [17, 35]. 

Unlike arrhythmic syncope, epileptic seizures typ- 

ically have a prodromal phase, including premonitory 

symptoms (auras). In the case of aborted cardiac arrest, 

syncope is usually brief and only rarely accompanied by 

convulsions. In contrast, most epileptic seizures are asso- 

ciated with prolonged, generalised convulsions, followed 

by profound fatigue, postictal exhaustion, and sometimes 

tongue biting. Malignant arrhythmias have been shown 

to occur in a substantial proportion of generalised seizure 

episodes and are considered a possible pathophysiological 

link between unexplained sudden death and epilepsy [29]. 

In one cohort of patients with LQTS, abnormal EEG find- 

ings were observed in 71% of cases compared with 13% 

in the control group (p < 0.01) [35]. Detailed evaluation 

of these patients revealed mutations in the KCNQ1 gene, 

which is responsible for LQT1. Notably, KCNQ1, which 

encodes a potassium channel, is expressed not only in the 

heart but also in the forebrain and brainstem [24, 35]. Thus, 

some patients with a diagnosis of epilepsy may have coex- 

isting hereditary arrhythmias and face a particularly high 

risk of fatal arrhythmias [13]. Consequently, any history 

of sudden death in a family with a member presenting with 

atypical seizure activity should prompt a thorough cardio- 

logical investigation. 

Primary periodic paralyses and neuromuscular chan- 

nelopathies in children also merit attention in the context 

of cardiac channelopathies. For example, in patients with 

Andersen-Tawil syndrome (the classic form of LQT7), 

potassium-sensitive transient periodic paralysis is almost 

invariably present. These episodes often occur against the 

background of generalised weakness and typically pres- 

ent without myotonic signs [14]. Such episodes of muscle 

weakness usually begin before the age of 10 or during ad- 

olescence. 

ECG PATTERNS OF HEREDITARY 

ARRHYTHMIAS AND CHALLENGES 

IN RESTING ECG INTERPRETATION 

A common manifestation of the cardiac phenotype 

in hereditary arrhythmias is ECGabnormalities, including 

various rhythm and conduction disturbances [4]. ECG pat- 

terns specific to individual channelopathies play a critical 

role in their diagnosis. Therefore, resting 12-lead ECG is 

an essential component of the initial evaluation in suspect- 

ed cases of channelopathy. A detailed analysis of all ECG 

parameters should be conducted, as abnormalities in atrial 

and ventricular depolarisation and repolarisation may co- 

exist [27, 30]. 

A corrected QT interval (QTc) ≥500 ms on serial 

standard ECGs, in the absence of secondary causes of QT 

prolongation, serves as a strong diagnostic criterion for 

LQTS according to the LQTS scoring system (Fig. 1) [13, 

20]. Conversely, a QTc ≤330 ms is a key criterion for the 

diagnosis of SQTS [15]. However, these cut-offs represent 

extreme QTc deviations, potentially resulting in underdiag- 

nosis of LQTS and SQTS in milder cases. 

Certain pathological ECG findings at rest, when un- 

explained by other conditions, may raise suspicion for car- 

diac channelopathies: 

• Prolonged or shortened QT/QTc intervals; 

• Ventricular extrasystoles triggered by exercise stress 

testing; 

• Downsloping (coved-type) or saddle-back ST-segment 

elevation in leads V1-V3 (Fig. 2); 

• T-wave alternans (inverted or abnormal T waves); 

• Conduction delays (sinoatrial, atrioventricular, or intra- 

ventricular blocks); 

• Epsilon waves in leads V1-V3; 

• Prominent U waves in precordial leads, extending the 

QT-U interval; 

• Prominent J waves, with or without ST-segment eleva- 

tion, particularly in posterior or posterolateral leads; 

• PQ (PR) segment depression in inferior leads. 

Despite the diagnostic value of resting ECG, it 

presents limitations across nearly all types of channel- 

opathies. Accurately determining the QT interval can be 

difficult, adversely affecting the timely and accurate di- 

agnosis of LQTS and SQTS. This is particularly the case 

in the presence of ST-T wave morphological abnormali- 

ties (e.g. biphasic, low-amplitude, or inverted T waves), 

which may result from bundle branch block, electrolyte 
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imbalances, ventricular hypertrophy, digoxin effect, and 

other causes [8, 24]. 

The most precise method for determining the end of 

the T wave is the tangential method, in which a tangent is 

drawn from the steepest slope of the T wave to intersect the 

isoelectric line. To correct for heart rate (HR) variability, 

the QT interval is converted to QTc using mathematical 

formulae, most commonly Bazett’s formula. Even among 

experts, QT measurement errors in LQTS may range from 

10 to 70 ms [16]. A prevalence study of SQTS based on 

more than 6.3 million ECG recordings from 1.7 million 

individuals using automated ECG analysis identified 1,086 

cases with QTc ≤300 ms; however, only 45 of these were 

confirmed upon manual QT measurement [5]. 

It is also known that prominent U waves in precor- 

dial leads - commonly seen in Andersen-Tawil syndrome 

and ankyrin-B syndrome - may mimic QT-U interval pro- 

longation. When U waves are excluded from the QT cal- 

culation, the resulting QT intervals are typically normal 

or borderline (Fig. 3) [8, 18]. Accordingly, ongoing de- 

bates persist as to whether ankyrin-B syndrome and An- 

dersen-Tawil syndrome should be classified as “typical” 

forms of LQTS [13]. 

EXPANDED EVALUATION OF PATIENTS 

WITH SUSPECTED HEREDITARY 

ARRHYTHMIA 

When clinical assessment raises a strong suspicion of 

a specific cardiac channelopathy, additional investigations - 

including genetic testing - are warranted. Situations such 

as sudden death in young family members, unexplained 

syncope, documented VT or VF, or atypical epilepsy in the 

presence of specific triggers should prompt further diag- 

nostic work-up. 

Exercise Stress Testing 

In patients presenting with symptoms suggestive of 

channelopathy and a seemingly normal resting ECG, an 

exercise stress test may be performed. According to the 

EHRA, exercise testing was used in 36-82% of patients 

with syndromic inherited arrhythmias [6]. Given that ap- 

proximately 40% of LQTS cases show a normal QT in- 

terval at rest, assessing the QT/QTc response during ex- 

ercise is recommended [32]. QTc shortening is expected 

in LQT2 and LQT3, while paradoxical QTc prolongation 

during exercise is characteristic of LQT1. The appearance 

of polymorphic or bidirectional VT during the active phase 

of the test, which subsides during recovery, is a hallmark 

of CPVT [22, 33]. However, only 63% of CPVT patients 

exhibit a positive exercise test, and a negative result does 

not exclude the diagnosis [31]. When the standard stress 

test fails to induce arrhythmias despite strong clinical sus- 

picion, a “burst” exercise protocol - designed to provoke a 

rapid heart rate increase - can improve the likelihood of VT 

induction [34]. 

High Precordial Lead ECG Placement 

It has been shown that recording leads V1-V3 at one 

to two intercostal spaces higher than standard positions 

can unmask a concealed type 1 BrS ECG pattern, partic- 

ularly in cases with saddle-back ST elevation [12]. Echo- 

cardiographically guided lead placement at the anatomi- 

cal location of the right ventricular outflow tract increases 

the detection rate of type 1 BrS ECG pattern compared to 

standard lead positioning: 100% vs. 43% (p < 0.001) [25]. 

Additional diagnostic criteria include the Corrado index 

for type 1 ECG and β-angle measurement for type 2 [8]. 

Holter ECG Monitoring 

Holter monitoring is used to detect latent rhythm and 

conduction abnormalities in patients with suspected heredi- 

tary arrhythmias. It also helps in identifying the presence of 

arrhythmic triggers. In Europe, Holter ECG was used in 63- 

83% of cases involving suspected inherited arrhythmias [6]. 

The BrS ECG pattern is often intermittent, with a re- 

producibility rate of only 25% in repeat ECGs [26]. In such 

cases, Holter monitoring may help reveal a dynamic type 1 

BrS pattern, avoiding the need for drug provocation. Holter 

is also useful for children who cannot perform exercise 

testing and for patients whose symptoms are emotional- 

ly, rather than physically, triggered [32]. When arrhythmic 

syncope is suspected, implantable cardiac monitors capa- 

ble of recording ECG continuously for 6 to 24 months may 

assist in diagnosing arrhythmias [36]. 

Electrophysiological Study (EPS) 

In most channelopathies, EPS to induce VT has lim- 

ited diagnostic value and is not a standard test [8]. The 

positive predictive value of EPS in channelopathies rang- 

es from 37-50%, and the negative predictive value from 

46-97% [22]. Induction of VT using less aggressive pac- 

ing protocols (one or two extrastimuli) improves the test’s 

prognostic accuracy. EPS is primarily recommended for 

risk stratification, determining indications for implantable 

cardioverter-defibrillator (ICD) implantation in asymptom- 

atic patients, and assessing the efficacy of drug or ablation 

therapy [8]. However, failure to induce VT does not nec- 

essarily indicate low arrhythmic risk, especially in patients 

with high-risk clinical features. 

According to EHRA, EPS is not routinely used to 

provoke ventricular arrhythmias in 82-98% of European 

centres, except in BrS, where 39% report its use [6]. VT or 

VF, the primary endpoints of EPS, are inducible in 60-70% 

of cases [22]. 

Drug Provocation Testing 

If no other diagnosis is established and the circum- 

stances of sudden cardiac death suggest BrS, provocation 

testing with class I antiarrhythmic drugs (e.g. ajmaline, 

flecainide, procainamide) is recommended in first-degree 

relatives with structurally normal hearts [30]. After in- 

travenous administration, ECG should be recorded using 

12-lead Holter or standard ECG with high precordial lead 

placement (V1-V3). Ajmaline has demonstrated a higher 

rate of positive results than procainamide or flecainide 

[12]. However, despite its high sensitivity, the ajmaline 

test lacks specificity: a type 1 BrS ECG pattern may be 

induced in patients with LQT3, ARVC, or r’-ST complex- 

es in V1-V3 [30]. Therefore, a positive ajmaline test does 

not provide useful prognostic information in asymptomatic 

individuals with type 2 or 3 BrS ECG patterns [8]. 

Low-dose adrenaline infusion is an alternative diag- 

nostic method in LQTS patients unable to perform stress 

testing. The adrenaline test has low sensitivity (28%) but 

high specificity (98%) compared to exercise testing [13]. 

EHRA data show that pharmacological provocation 

is used inconsistently across Europe: 90% of centres used 
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sodium channel blocker tests to diagnose BrS; 36% used 

isoproterenol testing for CPVT. However, drug provo- 

cation is avoided in 80-92% of centres when diagnosing 

LQTS, SQTS, or early repolarization syndrome (ERS), and 

in 67% of centres for idiopathic VF [6, 33]. 

Cardiac Imaging 

In cases where arrhythmia is associated with struc- 

tural heart disease - such as HCM, dilated cardiomyopathy 

(DCM), or ARVC - modern imaging techniques, including 

echocardiography and cardiac magnetic resonance imag- 

ing (MRI), may provide additional diagnostic insights [1, 

7]. Repeat MRIs are recommended to monitor potential 

phenotypic evolution. According to EHRA, echocardiog- 

raphy is the most frequently used imaging modality, per- 

formed in 72-84% of arrhythmology centres in Europe [6]. 

MRI is more commonly used in patients with BrS, 

ERS, and idiopathic VF than in those with LQTS, SQTS, 

or CPVT (27-54% vs. 11-17%). Some centres also include 

coronary angiography in the evaluation of suspected idio- 

pathic VF (62%) and CPVT (27%) [33]. Myocardial bi- 

opsy and signal-averaged ECG are included in diagnostic 

protocols for idiopathic VF and BrS, although they are 

rarely recommended as alternatives. 

DIAGNOSTIC SCORING SYSTEMS 

FOR HEREDITARY ARRHYTHMIAS 

In clinical practice, diagnostic scoring systems are 

widely employed to confirm hereditary arrhythmic syn- 

dromes. These systems integrate multiple criteria, includ- 

ing ECG patterns, symptom characteristics, family history, 

and results of genetic testing [13, 15, 33]. This approach is 

justified by the absence of absolute QTc interval thresholds 

for diagnosing LQTS or SQTS, as well as the difficulties in 

distinguishing BrS ECG patterns from QRS-T configura- 

tions seen in J-wave syndromes [6, 23, 31]. 

For example, the QTc threshold for suspecting or di- 

agnosing SQTS varies broadly - from 220 to 360 ms - cre- 

ating a “grey zone” between 330 and 370 ms [15]. This un- 

certainty is addressed in the SQTS diagnostic score, which 

assigns different point values based on the degree of QTc 

shortening and the strength of diagnostic suspicion. A QTc 

<370 ms scores 1 point, <350 ms scores 2 points, and <330 

ms scores 3 points. 

Moreover, diagnostic scores allow for stratifica- 

tion of the likelihood of a specific hereditary arrhythmic 

syndrome. In the initial evaluation of patients with sus- 

pected LQTS using the scoring system proposed by P. J. 

Schwartz et al. (2020), a total score of ≤1 indicates a low 

probability of LQTS, 1.5-3 points suggests an intermedi- 

ate probability, and ≥3.5 points denotes a high likelihood 

of LQTS [13]. Despite their structured framework, diag- 

nostic scores may have limited sensitivity when applied 

to relatives of a proband due to the incomplete penetrance 

of these syndromes [8, 28]. 

For Brugada syndrome, the standard diagnostic 

framework relies on the expert consensus from the Heart 

Rhythm Society (HRS), EHRA, and Asia Pacific Heart 

Rhythm Society (APHRS). In cases of drug-induced BrS 

ECG patterns, the Shanghai scoring system is recommend- 

ed [12]. In this model, the diagnosis requires not only a 

type 1 BrS ECG pattern but also the presence of at least one 

of the following criteria: documented VF or polymorphic 

VT, unexplained syncope, sudden cardiac death (SCD) in 

a family member under 45 years of age with negative au- 

topsy, type 1 BrS ECG pattern in a first-degree relative, or 

nocturnal agonal respiration [8, 25]. 

To objectively assess the pre-test probability of 

CPVT, a dedicated diagnostic score was developed that 

incorporates modern CPVT phenotype features [31]. The 

score includes factors that increase (age <40 years, geno- 

type-positive status, family history) or decrease (presence 

of ventricular ectopy, ischaemic heart disease, prolonged 

QT interval) the likelihood of CPVT. According to this 

scale, a score of 3.5 to 12 points corresponds to a high 

pre-test probability, i.e., a definitive or >90% likelihood of 

CPVT. Notably, stress-induced polymorphic VT occurring 

at a heart rate >100 bpm is assigned 4 points - equivalent to 

a positive genetic test for a pathogenic variant [31]. 

Given the central diagnostic role of stress-induced 

polymorphic VT in CPVT, a broad spectrum of patients 

may fall into the “possible CPVT” category. Future guide- 

lines are likely to refine the criteria for a “high probability” 

diagnosis of CPVT, especially in light of the substantial 

proportion of patients who remain genetically inconclusive 

or genotype-negative. 

DIAGNOSTIC GENETIC TESTING 

According to the EHRA, approximately 40% of pa- 

tients and their relatives do not undergo genetic testing 

[6, 19]. Understanding the genetic and molecular basis 

of cardiac channelopathies can improve the prevention of 

SCD. Modern next-generation sequencing (NGS) tech- 

nologies enable comprehensive assessment of arrhyth- 

mia gene panels, typically covering up to 40 genes and 

their mutations associated with channelopathies [19]. A 

key element of genetic testing is establishing the clinical 

relevance of identified variants, as the likelihood of a pos- 

itive test is highest in individuals with high phenotypic 

penetrance [18]. 

For all suspected diagnoses involving channelopa- 

thies, the indication for genetic testing should be care- 

fully justified. Genetic testing plays a critical role in 

identifying “presymptomatic” or “mildly symptomatic” 

individuals with genotypes associated with increased 

SCD risk, enabling early implementation of preventive 

strategies [19, 37]. 

It is important to note that Russian clinical guide- 

lines on Ventricular Arrhythmias, Ventricular Tachycardia 

and Sudden Cardiac Death are based on European Soci- 

ety of Cardiology (ESC) recommendations, adapted to the 

national context, including diagnostic, therapeutic, and 

accessibility considerations [38, 39]. The level of recom- 

mendation (LoR) and level of evidence (LoE) supporting 

diagnostic genetic testing are closely linked to the likeli- 

hood of a positive result, depending on the specific heredi- 

tary arrhythmic syndrome. 

According to these guidelines [38, 39], comprehen- 

sive genetic testing for mutations in KCNQ1, KCNH2, 

and SCN5A(associated with LQT1-LQT3, the most com- 

mon subtypes) is recommended for all patients with clin- 

ical manifestations of LQTS, a positive family history, 

and QTc prolongation on resting or provoked ECG (ESC 
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class I, level A; LoR C, LoE 5). It is also recommended for 

asymptomatic individuals with no clear clinical signs of 

LQTS but with a QTc >500 ms on ECG, provided second- 

ary causes of QT prolongation have been excluded (ESC 

class I, level A; LoR C, LoE 5). 

When pathogenic mutations are identified in pa- 

tients with LQTS or Brugada syndrome, cascade screen- 

ing of first-degree relatives is recommended - even in the 

absence of clinical symptoms or ECG abnormalities - to 

aid in individual risk stratification (ESC class IIa, level 

B; LoR C, LoE 5) [38, 39]. Conversely, genetic testing 

is not recommended for individuals with type 2 or type 

3 BrS ECG patterns in the absence of symptoms or a 

family history of SCD (ESC class III, level C; LoR C, 

LoE 5) [38, 39]. 

Genetic testing for mutations in RyR2 and CASQ2 

is recommended for all patients with CPVT and for those 

with clinical features strongly suggestive of the condi- 

tion, especially when a family history is present, to guide 

risk stratification (ESC class I, level C; LoR C, LoE 5) 

[38, 39]. For patients with SQTS, comprehensive mo- 

lecular screening for mutations in KCNH2, KCNQ1, and 

KCNJ2 is recommended to identify individual risk (ESC 

class I, level C; LoR C, LoE 5), although the sensitivity 

of available tests remains low. 

Genetic variants are classified based on the strength 

of evidence as: benign, likely benign, variant of uncertain 

significance (VUS), likely pathogenic, or pathogenic [18]. 

A pathogenic variant supports the clinical diagnosis and 

may inform both prognosis and treatment, as well as serve 

as the basis for family screening. With few exceptions, a 

VUS should not guide clinical management or risk assess- 

ment in asymptomatic relatives [40]. 

The EHRA/HRS/APHRS/LAHRS 2022 consensus 

introduced the concept of “key genes” (as per the ClinG- 

en resource), which should be prioritised in genetic testing 

panels to improve clinical yield [18]. The average sensitiv- 

ity of routine genetic testing is ~65% for LQTS, ~60% for 

CPVT, ~40% for SQTS, and only 25-30% for BrS [18]. 

Segregation analysis - the co-segregation of gen- 

otype with phenotype in multiple family members - re- 

mains the most robust support for pathogenicity [8, 28]. 

A positive genetic result in a proband enables cascade 

testing of first-degree relatives for the pathogenic vari- 

ant. In general, cascade screening is recommended when 

the outcome will impact clinical decision-making. If no 

pathogenic or likely pathogenic variant is found in rel- 

atives, regular clinical monitoring is advised, as pheno- 

typic expression may vary widely within the same family 

and may emerge later in life [25, 34]. 

In 30-40% of unexplained sudden deaths, autopsy 

fails to identify the cause of death despite comprehensive 

toxicological and histopathological assessment [41]. In 

such cases, the presumed cause is often sudden arrhyth- 

mic death due to a concealed hereditary arrhythmia [8]. 

Therefore, in accordance with guidelines, post-mortem 

genetic testing (molecular autopsy) is recommended in all 

cases of unexplained SCD, and if a pathogenic or likely 

pathogenic variant is found, cascade screening should be 

offered to surviving relatives (ESC class I, level C; LoR 

C, LoE 5) [38, 39]. 

The advent of high-throughput sequencing technol- 

ogies has enabled large-scale sequencing using pan-car- 

diac panels (typically 50-100 heart-related genes), exome 

sequencing, or even whole-genome sequencing in cohorts 

with previously unexplained SCD [41]. One major find- 

ing has been the high frequency of pathogenic variants in 

genes associated with hereditary cardiomyopathies, which 

account for up to 70% of actionable variants in cases of 

unexplained SCD [41-43]. 

The combination of molecular autopsy and clini- 

cal-genetic evaluation of surviving family members sig- 

nificantly increases the likelihood of identifying a patho- 

genic or likely pathogenic variant. In fact, molecular 

autopsy alone yields unique findings in 15-30% of cases 

[44]. Nevertheless, only about 70% of clinicians report 

considering molecular autopsy in suspected hereditary 

cases of sudden death [2, 10]. 

CHALLENGES IN INTERPRETING GENETIC 

TEST RESULTS 

Genetic and phenotypic heterogeneity continues to 

expand, and increasing evidence suggests that some hered- 

itary arrhythmias are oligogenic in nature - that is, caused 

by interactions between multiple genetic variants [18, 45]. 

This adds substantial complexity to genetic identification 

and diagnosis. As a result, selecting the appropriate genetic 

testing panel and interpreting genotyping results requires 

specialised expertise and a multidisciplinary approach. 

The identification of a pathogenic variant indicates an in- 

creased risk of phenotype expression, but it is not equiva- 

lent to a clinical diagnosis. Conversely, a negative genetic 

test result does not exclude a clinically justified diagnosis. 

When a variant is identified, its relevance must be critically 

evaluated, as it may not represent the primary or sole cause 

of the condition [18]. 

Due to phenotype overlap and genetic heterogeneity, 

choosing the appropriate genotyping strategy can be chal- 

lenging. The same phenotype may be caused by mutations 

in different genes - a phenomenon known as “genetic over- 

lap” [11, 17]. Conversely, the same mutation can lead to 

distinct phenotypes even within a single family (variable 

expressivity). For example, family members with the same 

SCN5A mutation may present with BrS, LQTS, or conduc- 

tion system disease [19]. 

Therefore, in the absence of a specific suspected 

diagnosis, there is little rationale for broad screening of 

all known genes associated with SCD. Such testing often 

reveals variants or mutations that are not causally related 

to the individual’s disease. Even when a working diag- 

nosis is available, interpretation may still be impossible 

without both genetic and clinical evaluation of family 

members - especially when the identified variant has not 

been previously described. Additionally, the detection of 

numerous low-impact genes associated with a range of 

potential effects increases the uncertainty surrounding 

test interpretation [18]. 

It is important to note that many genetic variants 

associated with sudden death in young individuals remain 

classified as VUS for years, which complicates clinical 

decision-making [38]. These families should be managed 

as though they carry a negative genotype, and VUS find- 
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ings should not inform treatment decisions. However, 

some of these variants may later be reclassified as likely 

pathogenic following re-evaluation, in which case tar- 

geted lifestyle modifications or avoidance of known ar- 

rhythmic triggers in asymptomatic individuals may offer 

clinical benefit. 

Genetic research has predominantly focused on 

mutations in the primary DNA sequence that affect gene 

transcription and translation [18]. However, a consider- 

able number of cases involving hereditary ventricular ar- 

rhythmias with structurally normal hearts do not reveal a 

causative gene mutation. Among the potential contributors 

to such genetically elusive cases are epigenetic mecha- 

nisms that alter the expression of arrhythmia-susceptibility 

genes [46]. In BrS, for instance, although approximately 

20 pathogenic genes have been identified, monogenic and 

polygenic mechanisms together still account for only 20- 

40% of known cases, leaving 60-80% genetically unex- 

plained [12, 45]. 

Moreover, many primary cardiomyopathies (CMPs) 

initially present with arrhythmias prior to the develop- 

ment of overt cardiomyopathic changes, and may there- 

fore be misinterpreted as primary electrical diseases [44]. 

Thus, in patients with suspected cardiomyopathy or he- 

reditary arrhythmia, comprehensive genetic testing holds 

high diagnostic value and may outweigh the burden of 

ambiguous findings. 

AWARENESS AND COMPETENCIES 

OF PHYSICIANS REGARDING HEREDITARY 

ARRHYTHMIAS 

Given the rarity of hereditary arrhythmias in the 

general population, their phenotypic variability, and the 

predominance of asymptomatic carriers among probands’ 

relatives, physician awareness plays a critical role in identi- 

fying affected individuals in clinical practice [5, 28]. More- 

over, these patients frequently consult physicians across a 

range of specialties, which may lead to delayed or incorrect 

diagnoses and result in missed opportunities for effective 

intervention - despite a high risk of SCD [2, 6, 35]. 

In recent years, increasing attention has been directed 

towards evaluating physicians’ awareness of hereditary ar- 

rhythmias and their attitudes towards implementing appro- 

priate diagnostic procedures, including referrals to special- 

ised centres [6]. A multicentre study conducted under the 

auspices of the EHRA assessed current management prac- 

tices for young patients who had survived an SCD episode 

[1]. The results of this online survey revealed inconsisten- 

cies in the application of exercise stress testing, pharma- 

cological provocation, and genetic testing. Notably, two- 

thirds of physicians did not consult with a geneticist when 

interpreting genetic test results. Autopsies were performed 

in only 43% of cases of sudden death, and post-mortem 

genetic testing in just 37%. 

General practitioners can play a significant role in 

identifying individuals at risk for hereditary arrhythmias 

by referring them for genetic counselling. A survey of 106 

general practitioners found that only 40% had encountered 

young patients with a family history of SCD in their practice 

[28]. Despite the importance of family history in the iden- 

tification and appropriate management of genetic diseases, 

only 21% of general practitioners and 46% of cardiologists 

reported having diagnosed hereditary arrhythmias through 

family screening. Furthermore, approximately 40% of gen- 

eral practitioners and 30% of cardiologists indicated that 

they would not pursue further investigations even in the 

presence of a family history of early-onset SCD. 

In another study involving 154 surgeons (including 

general surgeons, obstetricians, and anaesthesiologists), 

the majority (80%) lacked sufficient knowledge about SCD 

or hereditary arrhythmias [47]. When asked about the rel- 

evance of such knowledge to their professional practice, 

35% considered it “not at all important,” 32% rated it as 

“moderately important,” and 28.5% believed it to be “very 

important.” Following the survey, 95% of respondents ex- 

pressed interest in receiving further education on heredi- 

tary arrhythmias via online sessions or in-person seminars. 

Patient education on managing arrhythmia-related 

triggers is also crucial. According to EHRA data, nearly 

all clinics (86-93%) provided patients diagnosed with he- 

reditary arrhythmias with counselling on the importance 

of avoiding specific arrhythmic triggers [6]. Furthermore, 

patients were informed about their condition through ded- 

icated websites (77%) and informational brochures (56%). 

After initiating therapy, 68% of patients were followed by 

cardiologists in university hospitals, 14% by electrophysi- 

ologists, 13% by hospital-based cardiologists, and only 5% 

by general practitioners. 

Collectively, these findings reflect suboptimal ad- 

herence to established guidelines in real-world clinical 

settings. Eliminating the causes of delayed or missed di- 

agnoses - particularly through the implementation of ed- 

ucational programmes targeting physicians on topics such 

as SCD and hereditary arrhythmias - can enhance the ef- 

fectiveness of medical and genetic care for patients with 

suspected channelopathies and their family members. 

CONCLUSION 

The analysis of real-world clinical practices in the 

diagnosis and management of patients with hereditary ar- 

rhythmias suggests that, despite the life-threatening con- 

sequences of cardiac rhythm and conduction disorders for 

patients and their families, there remains no optimal, com- 

prehensive solution to the complex challenges posed by 

cardiac channelopathies. Although clinical guidelines for 

the identification and management of patients at high risk 

of sudden arrhythmic death - including those with inherit- 

ed arrhythmic syndromes - are continuously being devel- 

oped and refined, their implementation in clinical settings 

remains fraught with difficulties, which may sometimes 

result in catastrophic outcomes. 

In addition to unresolved issues related to the ge- 

netic identification of inherited arrhythmic syndromes, 

the strict adherence to up-to-date clinical guidelines by 

healthcare providers is of paramount importance. Equally 

critical is the adoption of a multidisciplinary approach to 

patient management and the promotion of educational pro- 

grammes aimed at improving the competencies of relevant 

medical specialists. Furthermore, there is an urgent need to 

consolidate efforts across healthcare institutions to develop 

a unified patient registry and to establish additional dedi- 

cated cardiogenetic centres or departments responsible for 
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coordinating medical and genetic care for affected individ- 

uals and their families. 

When determining the diagnostic strategy for pa- 

tients with suspected hereditary arrhythmias, it should also 

be taken into account that LQTS and BrS together account 

for more than two-thirds of all cases. Syncope and sudden 

cardiac death occur in approximately 40% of individuals 

with hereditary arrhythmias, while the majority of patients 

are diagnosed during asymptomatic stages. 

In conclusion, addressing these challenges in a sys- 

tematic and integrated manner may contribute to a more 

accurate understanding of the epidemiology of hereditary 

arrhythmias and enhance the effectiveness of preventive 

strategies aimed at reducing sudden arrhythmic death. 

REFERENCES 

1. Behr ER, Scrocco C, Wilde AAM, et al. Investigation 

on sudden unexpected death in the young in Europe: re- 

sults of the European Heart Rhythm Association Survey. 

Europace. 2022;24(2): 331-339. https://doi.org/10.1093/ 

europace/euab176. 

2. Priori SG, Marino M. Sudden cardiac death in the young: 

are we still missing the opportunity to prevent recurrenc- 

es in the family? Heart Rhythm. 2021;18(10): 1645-1646. 

https://doi.org/10.1016/j.hrthm.2021.06.1179. 

3. Wong CX, Brown A, Lau DH, et al. Epidemiology of 

sudden cardiac death: global and regional perspectives. 

Heart, Lung and Circulation. 2019;28(1): 6-14. https://doi. 

org/10.1016/j.hlc.2018.08.026. 

4. Schwartz PJ, Ackerman MJ, Antzelevitch C, et al. In- 

herited cardiac arrhythmias. Nature Reviews Disease 

Primers. 2020;6(1): 58. https://doi.org/10.1038/s41572- 

020-0188-7. 

5. Offerhaus JA, Bezzina CR, Wilde AAM. Epidemiolo- 

gy of inherited arrhythmias. Nature Reviews Cardiology. 

2020;17(4): 205-215. https://doi.org/10.1038/s41569-019- 

0266-2. 

6. Conte G, Scherr D, Lenarczyk R, et al. Diagnosis, fam- 

ily screening, and treatment of inherited arrhythmogenic 

diseases in Europe: results of the European Heart Rhythm 

Association Survey. Europace. 2020;22(12): 1904-1910. 

https://doi.org/10.1093/europace/euaa223. 

7. Zeljkovic I, Gauthey A, Manninger M, et al. Genetic 

testing for inherited arrhythmia syndromes and cardiomy- 

opathies: results of the European Heart Rhythm Associa- 

tion survey. EP Europace. 2024;26(9): euae216. https:// 

doi.org/10.1093/europace/euae216. 

8. Shlyahto EV, Arutyunov GP, Belenkov YuN, et al. Na- 

tional guidelines on risk stratification an prevention of sud- 

den cardiac death (2-nd edition) M.: MEDPRACTICA-M 

2018:247p. (In Russ.). ISBN: 978-5-98803-397-4. 

9. Janzen ML, Davies B, Laksman ZWM, et al. Man- 

agement of inherited arrhythmia syndromes: a HiRO 

consensus handbook on process of care. Canadian Jour- 

nal of Cardiology Open. 2023;5(4): 268-284. https://doi. 

org/10.1016/j.cjco.2023.02.006. 

10. van den Heuvel LM, Do J, Yeates L, et al. Global ap- 

proaches to cardiogenetic evaluation after sudden cardiac 

death in the young: a survey among health care profession- 

als. Heart Rhythm. 2021;18(10): 1637-1644. https://doi. 

org/10.1016/j.hrthm.2021.03.037. 

11. Peltenburg PJ, Crotti L, Roston TM, et al. Current gaps 

in knowledge in inherited arrhythmia syndromes. Nether- 

lands Heart Journal. 2023;31(7-8): 272-281. https://doi. 

org/10.1007/s12471-023-01797-w. 

12. Nakano Y, Shimizu W. Brugada syndrome as a major 

cause of sudden cardiac death in Asians. Journal of the 

American College of Cardiology: Asia. 2022;2(4): 412- 

421. https://doi.org/10.1016/j.jacasi.2022.03.011. 

13. Wilde AAM, Amin AS, Postema PG. Diagnosis, man- 

agement, and therapeutic strategies for congenital long 

QT syndrome. Heart. 2022;108: 332-338. https://doi. 

org/10.1136/heartjnl-2020-318259. 

14. Pérez-Riera AR, Barbosa-Barros R, Samesina N, et 

al. Andersen-Tawil syndrome: a comprehensive review. 

Cardiology in Review. 2021;29: 165-177. https://doi. 

org/10.1097/CRD.0000000000000326. 

15. Bockeria LA, Pronicheva IV, Serguladze SYu. Short 

QT syndrome and sudden cardiac death: recent clinical 

and genetic advances. Annaly aritmologii. 2022;19(3): 

196-206. (In Russ.). https://doi.org/10.15275/annarit- 

mol.2022.3.9. 

16. Bains S, Neves R, J. Bos M, et al. Phenotypes of 

overdiagnosed long QT syndrome. Journal of the Ameri- 

can College of Cardiology. 2023;81(5): 477-486. https:// 

doi.org/10.1016/j.jacc.2022.11.036. 

17. Martínez-Barrios E, Cesar S, Cruzalegui J, et al. Clini- 

cal genetics of inherited arrhythmogenic disease in the pe- 

diatric population. Biomedicines. 2022;10(1): 106. https:// 

doi.org/10.3390/biomedicines10010106. 

18. Wilde AAM, Semsarian C, Marquez MF, et al. Europe- 

an Heart Rhythm Association (EHRA)/Heart Rhythm So- 

ciety (HRS)/Asia Pacific Heart Rhythm Society (APHRS)/ 

Latin American Heart Rhythm Society (LAHRS) Expert 

Consensus Statement on the state of genetic testing for car- 

diac diseases. Heart Rhythm. 2022;19(7): e1-e59. https:// 

doi.org/10.1016/j.hrthm.2022.03.1225. 

19. Specterman MJ, Behr E, Cardiogenetics: the role of 

genetic testing for inherited arrhythmia syndromes and 

sudden death. Heart. 2023;109(6): 434-441. https://doi. 

org/10.1136/heartjnl-2021-320015. 

20. Iskenderov BG, Lokhina TV, Molokova EA, et al. 

Congenital long QT syndrome: genetic architecture, risk 

stratification and treatment approaches. International Jour- 

nal of Heart and Vascular Diseases. 2024;12(42): 5-15 (In 

Russ.. https://doi.org/10.24412/2311-1623-2024-42-5-15. 

21. Lahrouchi N, Tadros R, Crotti L, et al. Transeth- 

nic genome-wide association study provides insights in 

the genetic architecture and heritability of long QT syn- 

drome. Circulation. 2020;142(4): 324-338. https://doi. 

org/10.1161/CIRCULATIONAHA.120.045956. 

22. Singh M, Morin DP, Link MS. Sudden cardiac death 

in long QT syndrome, Brugada syndrome, and catechol- 

aminergic polymorphic ventricular tachycardia. Progress 

in Cardiovascular Diseases. 2019;62(3): 227-234. https:// 

doi.org/10.1016/j.pcad.2019.05.006. 

23. Voskoboinik A, Hsia H, Moss J, et al. The many fac- 

es of early repolarization syndrome: a single-center case 

series. Heart Rhythm. 2020;17(2): 273-281. https://doi. 

org/10.1016/j.hrthm.2019.09.013. 



70 REVIEWS 

JOURNAL OF ARRHYTHMOLOGY, № 2 (120), 2025 

 

 

 

24. Schwartz PJ. 1970-2020: 50 years of research on the 

long QT syndrome: from almost zero knowledge to pre- 

cision medicine. European Heart Journal. 2021;42(11): 

1063-1072. https://doi.org/10.1093/eurheartj/ehaa769. 

25. Minier M, Probst V, Berthome P, et al. Age at diagno- 

sis of Brugada syndrome: influence on clinical character- 

istics and risk of arrhythmia. Heart Rhythm. 2020;17(5 Pt 

A): 743-749. https://doi.org/10.1016/j.hrthm.2019.11.027. 

26. Domain G, Steinberg C, Davies B, et al. Long-term 

monitoring to detect risk of sudden cardiac death in inher- 

ited arrhythmia patients. Canadian Journal of Cardiolo- 

gy Open. 2024;6(9): 1066-1074. https://doi.org/10.1016/j. 

cjco.2024.05.007. 

27. Guo S, Zha L. Pathogenesis and clinical characteris- 

tics of hereditary arrhythmia diseases. Genes. 2024;15(11): 

1368. https://doi.org/10.3390/genes15111368 

28. Piciacchia F, Auricchio A, Behr ER, et al. Family his- 

tory of sudden cardiac death in the young and inherited 

arrhythmia syndromes: awareness and attitudes of general 

practitioners and private practice cardiologists. Circula- 

tion: Genomic and Precision Medicine. 2023;16: 92-93. 

https://doi.org/10.1161/CIRCGEN.122.003913 

29. Franklin WH, Laubham M. Neurologic complications 

of genetic channelopathies. Handbook of Clinical Neurol- 

ogy. 2021;177: 185-188. https://doi.org/10.1016/B978-0- 

12-819814-8.00014-7. 

30. Badura K, Bufawska D, Dabek B, et al. Primary elec- 

trical heart disease - principles of pathophysiology and 

genetics. International Journal of Molecular Sciences. 

2024;25(3): 1826. https://doi.org/10.3390/ijms25031826 

31. Aggarwal A, Stolear A, Alam MM, et al. Catechol- 

aminergic polymorphic ventricular tachycardia: clinical 

characteristics, diagnostic evaluation and therapeutic strat- 

egies. Journal of Clinical Medicine. 2024;13(6): 1781. 

https://doi.org/10.3390/jcm13061781. 

32. Yang Y, Lv TT, Li SY, et al. Utility of provocative test- 

ing in the diagnosis and genotyping of congenital long QT 

syndrome: a systematic review and meta-analysis. Journal 

of the American Heart Association. 2022;11(14): e025246. 

https://doi.org/10.1161/JAHA.122.025246. 

33. Kim CW, Aronow WS, Dutta T, et al. Catecholamin- 

ergic polymorphic ventricular tachycardia. Cardiology in 

Review. 2020;28(6): 325-331. https://doi.org/10.1097/ 

CRD.0000000000000302. 

34. Kallas D, Roston TM, Franciosi S, et al. Evaluation of 

age at symptom onset, proband status, and sex as predictors 

of disease severity in pediatric catecholaminergic polymor- 

phic ventricular tachycardia. Heart Rhythm. 2021;18(11): 

1825-1832. https://doi.org/10.1016/j.hrthm.2021.07.061. 

35. Shlobin NA, Thijs RD, Benditt DG, et al. Sudden death 

in epilepsy: the overlap between cardiac and neurological 

factors. Brain Commun. 2024;6(5): fcae309. https://doi. 

org/10.1093/braincomms/fcae309. 

36. Balfe C, Durand R, Crinion D, et al. The evidence for 

the implantable loop recorder in patients with inherited ar- 

rhythmia syndromes: a review of the literature. Europace. 

2022;24(5): 706-712. https://doi.org/10.1093/europace/ 

euab256. 

37. Loginova EN, Kirkh EA, Nechaeva GI, et al. Role 

of genetic research in the prevention of life-threatening 

rhythm and cardiac conduction disorders in young people. 

Russian Journal of Cardiology. 2022;27(10): 4991. (In 

Russ.). https://doi.org/10.15829/1560-4071-2022-4991. 

38. Lebedev D.S., Mikhailov E.N., Neminuschiy N.M. et 

al. Ventricular arrhythmias. Ventricular tachycardias and 

sudden cardiac death. 2020 Clinical guidelines. Russian 

Journal of Cardiology. 2021;26(7):4600. Russian Journal 

of Cardiology. (In Russ.). https://doi.org/10.15829/1560- 

4071-2021-4600. 

39. Zeppenfeld K, Tfelt-Hansen J, de Riva M, et al. ESC 

Scientific Document Group. 2022 ESC Guidelines for the 

management of patients with ventricular arrhythmias and 

the prevention of sudden cardiac death. European Heart 

Journal. 2022;43(40):3997-4126. https://doi.org/10.1093/ 

eurheartj/ehac262. 

40. Martin S, Jenewein T, Geisen C, et al. Re-evaluation 

of variants of uncertain significance in patients with hered- 

itary arrhythmogenic disorders. BMC Cardiovascular Dis- 

orders. 2024;24(1): 390. https://doi.org/10.1186/s12872- 

024-04065-w. 

41. Martínez-Barrios E, Grassi S, Brión M, et al. Mo- 

lecular autopsy: twenty years of post-mortem diagnosis 

in sudden cardiac death. Frontiers of Medicine. 2023;10: 

1118585. https://doi.org/10.3389/fmed.2023.1118585. 

42. Lynge TH, Albert CM, Basso C, et al. Autopsy of all 

young sudden death cases is important to increase surviv- 

al in family members left behind. Europace. 2024;26(6): 

euae128. https://doi.org/10.1093/europace/euae128. 

43. Isbister JC, Semsarian C. The role of the molecular 

autopsy in sudden cardiac death in young individuals. Na- 

ture Reviews Cardiology. 2024;21: 215-216. https://doi. 

org/10.1038/s41569-024-00989-0. 

44. Dellefave-Castillo LM, Cirino AL, Callis TE, et al. As- 

sessment of the diagnostic yield of combined cardiomyop- 

athy and arrhythmia genetic testing. Journal of the Ameri- 

can Medical Association: Cardiology. 2022;7(9): 966-974. 

https://doi.org/10.1001/jamacardio.2022.2455 

45. Campuzano O, Sarquella-Brugada G, Cesar S, et al. 

Update on genetic basis of Brugada syndrome: monogenic, 

polygenic or oligogenic? International Journal of Molec- 

ular Sciences. 2020;21(19): 7155. https://doi.org/10.3390/ 

ijms21197155. 

46. Wang M, Tu X. The genetics and epigenetics of ven- 

tricular arrhythmias in patients without structural heart dis- 

ease. Frontiers in Cardiovascular Medicine. Med. 2022;9: 

891399. https://doi.org/10.3389/fcvm.2022.891399. 

47. McGlinchey L, Barr O, Black P. Healthcare profes- 

sionals’ knowledge of inherited cardiac arrhythmias (ICA) 

their views towards and confidence in caring for a person 

with an ICA in a surgical environment. European Heart 

Journal. 2022;43(Suppl.2): ehac544.670. https://doi. 

org/10.1093/eurheartj/ehac544.670. 



REVIEWS 71 

JOURNAL OF ARRHYTHMOLOGY, № 2 (120), 2025 

 

 

 



72 REVIEWS 

JOURNAL OF ARRHYTHMOLOGY, № 2 (120), 2025 

 

 

 


