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This review article discusses current and controversial is-
sues related to the diagnosis, risk stratification, and man-
agement of patients with congenital long QT syndrome 
(LQTS). Recent data on the genetic architecture of LQTS 
are presented, a risk stratification model is analyzed, 
and new potential cardiovascular prognostic factors are 
characterized. Much attention is given to the description 
of genotype-phenotype correlations of LQTS and molecu
lar genetic mechanisms of cardiac transmembrane ion 
channel abnormalities that are key in the arrhythmogen-
esis of LQTS. The main methods of management of pa-

tients with LQTS, especially those at high risk of cardiac 
events, including a genotype-specific approach to man-
agement, are also presented.
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Introduction
Congenital long QT syndrome (LQTS) is the most com-
mon inherited arrhythmia in the absence of structur-
al heart disease [1–3]. LQTS is characterized by a ge-
netically and phenotypically heterogeneous cardiac 
repolarization disorder manifested by an increased 
risk of polymorphic ventricular tachycardia (VT) and 
sudden cardiac death (SCD) [4, 5].

The prevalence of congenital LQTS in the popula-
tion is not well known, but is thought to be between 
1:2500 and 1:5000 [6]. Considering that it is undetect-
able in up to 2⁄3 of patients and 10 % to 35 % of patients 
have a normal QTc, it is likely that the true prevalence 
of LQTS is much higher [6, 7]. In general, the clinical 
penetrance of LQTS for all genetic types ranges from 
25 % to 100 %, with an average of about 40 % [8, 9]. 
However, the penetrance is significantly increased by 
additional factors, especially by drugs that prolong 
the QT interval [10].

The molecular/genetic (cellular) mechanism of 
LQTS is based on ion channel dysfunction caused by 
mutations in LQTS susceptibility genes, which con-
tributes to a decrease in the currents of inward-recti-
fier potassium channels (IKs, IKr, IK1) and/or an increase 
in the depolarizing inward sodium or calcium currents 
(INa and ICaL), resulting in prolongation of the action po-
tential (AP) and QT interval [2, 4, 11]. In the presence 
of significant slowing of ventricular repolarization and 
increased transmural dispersion of repolarization, 
early postdepolarizations (electrical substrate) occur 
that act as trigger activity from the Purkinje network 
and initiate the development of polymorphic VT, espe-
cially the pirouette-type torsades de pointes (TdP) that 
is a distinctive feature of LQTS [1, 10, 12].

The aim of this review article is to detail the cur-
rent genetic architecture of congenital LQTS, de-
scribe new potential risk factor (RF) stratification 
and current therapeutic strategies, including a gen-
otype-specific approach in the management of pa-
tients with LQTS.

Current genetic architecture of congenital 
LQTS
Congenital LQTS is a polygenic disease and currently 
about 17 LQTS genotypes (referred to as LQT — ​long 

QT) and more than 760 mutations have been identi-
fied, leading to a revision of the LQTS classification [3, 
13]. LQTS is known to be associated with mutations in 
6 potassium channel genes (KCNQ1, KCNH2, KCNE1, 
KCNE2, KCNJ2, KCNJ5), 2 sodium channel genes 
(SCN5A, SCN4B), 1 calcium channel gene (CACNA1C) 
and 4 specific binding and assembly protein genes 
(AKAP9, ANK9, CAV3, SNTA1) [13, 14]. The contribution 
of genes involved in cellular calcium homeostasis, 
such as calmodulin (CALM1, CALM2, CALM3) and tria-
din (TRDN), which cause malignant variants of LQTS, 
is also increasingly recognized [1, 3, 13].

It should be noted that 6 LQTS susceptibility genes 
are classified as “defined” or definitive (KCNQ1, KCNH2, 
SCN5A, CALM1, CALM2, CALM3), 1 gene is TRDN, with 
strong evidence and 1 gene is CACNA1C with moder-
ate evidence [8]. Therefore, genetic testing for these 
genes should be considered in patients with LQTS 
whose clinical manifestations correspond to a specific 
phenotypic expression. These extremely rare, patho-
genic or probable pathogenic variants that significant-
ly reduce repolarization reserve define the penetrant 
monogenic variants of congenital LQTS [13].

According to ClinGen, most of the identified LQTS 
susceptibility genes (ANK2, KCNE1, KCNE2, KCNJ2, 
KCNJ5, SNTA1, AKAP9, SCN4B, CAV3) have controver-
sial or limited evidence [8] and should not be routinely 
tested in the evaluation of patients and families with 
LQTS. These genes are associated with potentially 
proarrhythmic “functional risk alleles” and poorly 
penetrant functional genetic variants in congenital 
LQTS [13].

Over the past two decades, the accumulated clini-
cal experience has set the stage for a revision of the 
genetic architecture of LQTS with a possible down-
regulation of about 40 % of LQTS susceptibility genes. 
Taking into account the syndromic approach, a new 
classification of LQTS has been proposed, distin-
guishing the following genotype-phenotype correla-
tions 1) non-syndromal variants of LQTS with ca-
nonical or “major” genes   non-syndromal variants 
of LQTS with “minor” genes   syndromal variants of 
LQTS with multisystem involvment (in 5–10 % of LQTS 
cases). Syndromal LQTS (Ankyrin-B, Andersen-Tawil, 
Timothy, and Jervell and Lange-Nielsen syndromes), 
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in which QT interval prolongation is possible, are as-
sociated with a pathogenic variant in one of the addi-
tional minor LQTS susceptibility genes [13, 15].

The 3 most common LQTS genotypes are caused 
by mutations in canonical genes — ​KCNQ1, KCNH2, 
and SCN5A, which are designated LQT1, LQT2, and 
LQT3, respectively (Table 1). These genes account 
for 85–95 % of all gene-positive LQTS cases [1, 6, 16]. 
The LQT1 genotype is the most common, occurring 
in 35–50 % of all LQTS variants and causing the de-
velopment of Jervell and Lange-Nielsen syndrome in 
90 % of cases [2, 17]. The LQT2 genotype is detected 
in 25–40 % and the LQT3 genotype in 5–10 % of cas-
es. The other LQTS genotypes are found in less than 
1.5 % of cases [13].

The KCNQ1 gene responsible for the development 
of LQT1 encodes the α-subunit of the potassium chan-
nel that regulates slow delayed rectifier potassium 
currents (IKs). Loss-of-function mutations in KCNQ1 

cause a decrease in IKs, contributing to prolonged re-
polarization and QT interval, particularly during ex-
ercise [1, 2, 16]. The LQT2-related KCNH2 gene en-
codes the α-subunit of the voltage-gated potassium 
channel and mediates the fast delayed rectifier po-
tassium current (IKr) [4]. Loss-of-function mutations 
of the KCNH2 gene result in decreased IKr current and 
are more likely to be associated with cardiac events. 
The SCN5A gene, responsible for LQT3, encodes a 
voltage-gated sodium channel (NaV1.5). SCN5A gain-
of-function mutations result in increased late sodium 
depolarizing current (INaL) and AP prolongation [13].

It should be noted that genetic variants of minor 
LQTS susceptibility genes, the population frequency 
of which significantly exceeds the prevalence of con-
genital LQTS with canonical genes, may cause proar-
rhythmic state in the background of QT prolonging 
drugs, electrolyte abnormalities, structural heart 
disease and genetic background with repolarization 

Table 1. Characteristics of LQTS susceptibility genes [13]
Gene Locus Protein Mutation effect Frequency (%)

Non-syndromal LQTS with canonical genes
KCNQ1 (LQT1) 11p15.5 KV7.1 Decrease of IKs 30–35
KCNH2 (LQT2) 7q35-36 KV11.1 Decrease of IKr 25–30
SCN5A (LQT3) 3p21-p24 NaV1.5 Increase of INa 5–10

Non-syndromal LQTS with minor genes
AKAP9 7q21-q22 Yotiao Decrease of IKs < 1
CACNA1C 12p13.3 CaV1.2 Increase of ICaL ~ 1-2
CALM1 14q32.11 Calmodulin-1

Increase of ICaL
(Ca2+-dependent inactivation)

~ 1-2
CALM2 2p21.3 Calmodulin-2 ~ 1
CALM3 19q13.32 Calmodulin-3 < 1
CAV3 3p25 Caveolin-3 Increase of INa < 1
KCNE1 21q22.1 MinK Decrease of IKs < 1
KCNE2 21q22.1 MiRP1 Decrease of IKr < 1
KCNJ5 11q24.3 Kir3.4 Decrease of IK, Ach < 1
SCN4B 11q23.3 β4-subunit/ NaV1.5 Increase of INa < 1
SNTA1 20q11.2 α1-syntrophin Increase of INa < 1

Cardiac phenotype of Timothy syndrome (type II)
CACNA1C 12p13.3 CaV1.2 Increase of ICaL ~ 1

Syndromal LQTS with multisystem involvement
Jervell and Lange-Nielsen syndrome (JLNS).
KCNQ1 (JLNS 1) 11p15.5 KV7.1 Decrease of IKs Very rare
KCNE1 (JLNS 2) 21q22.1-q22 MinK Decrease of IKs

Ankyrin-B syndrome
ANKB 4q25-q27 Ankyrin-B Decrease of Ankyrin-B < 1
Andersen-Tawil syndrome
KCNJ2 17q23 Kir2.1 Decrease of IK1 < 1
Timothy syndrome (type I)
CACNA1C 12p13.33 CaV1.2 Increase of ICaL Very rare
Triadin knockout syndrome
TRDN 6q22.31 Triadin Increase of ICaL ~ 2
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reserve deficiency [10, 13]. These variants result in 
a moderate decrease in cardiac repolarization re-
serve and rarely cause syncope or SCD due to LQTS. 
Therefore, these variants may serve as major drivers 
of so-called oligogenic variants of congenital LQTS 
when present in genetic backgrounds containing 
other QT-related genetic modifiers, such as common 
variants in NOS1AP [11].

The involvement of calmodulin (CALM) and triadin 
(TRDN) genes in LQTS has been linked to their con-
nection to calcium signaling mechanisms, includ-
ing regulation of cardiac ion channels [3, 13]. Three 
CALM1-3 genes located on different chromosomes 
encode the same calmodulin protein, and their rare 
genetic variants are associated with LQT14, LQT15, 
and LQT16. The phenotypic features of these variants 
are manifestation of symptoms in infancy or early 
childhood, with marked sinus bradycardia or atrio-
ventricular block, prolongation of the QT interval, 
seizures, and developmental delay. The TRDN gene, 
which encodes L-type calcium channels (triadin pro-
tein), has been classified as having strong evidence 
for causation of atypical LQTS, a triadin knockout syn-
drome. Atypical features include autosomal recessive 
inheritance, onset in infancy or early childhood, and 
negative T-peaks in the precordial leads of the ECG.

Homozygous or compound heterozygous muta-
tions in the KCNQ1 (type I) and KCNE1 (type II) genes, 
which encode the α- and β-subunits of the potassi-
um channel IKs, respectively, have been shown to be 
associated with different types of Jervell and Lange-
Nielsen syndrome [2, 17]. This syndrome is char-
acterized by bilateral sensorineural deafness, QTc 
prolongation usually greater than 550 m/s, and the 
occurrence of VT or ventricular fibrillation (VF) [15]. 
Cardiac features are most commonly inherited as an 
autosomal dominant trait, and sensorineural deaf-
ness is inherited as an autosomal recessive trait [13]. 
Pathogenic variants in the KCNE1 gene have been 
shown to be relatively benign compared to pathogenic 
variants in the KCNQ1 gene. In addition, expression of 
the KCNQ1 gene in nervous tissue may contribute to 
the combination of channelopathy and epilepsy [16].

Loss-of-function variants of ankyrin-B encod-
ed by ANK2 have been shown to be associated with 
ankyrin-B syndrome (LQT4, according to the tradi-
tional classification), which is manifested by different 
phenotypes of arrhythmias resulting from impaired 
cellular calcium homeostasis [13]. The ANK2 gene 

has an extremely low mutation frequency and func-
tional features uncharacteristic of LQTS: atrial fibril-
lation, complete atrioventricular block or sinus node 
dysfunction.

KCNJ2 gene variants are usually associated with 
Andersen-Tawil syndrome, which is characterized by 
a triad of features: 1) hypokalemic periodic paraly-
sis  craniofacial and skeletal dysmorphism; and 3) QT 
interval prolongation with a high risk of polymorphic 
VT [15]. Mutations in the KCNJ2 gene (type I), which 
encodes the Kir2.1 protein of the abnormal potassium 
rectifier channel (IK1 current), an important regulator 
of resting membrane potential, are detected in 80–
90 % of cases. In 10–20 % of cases, Andersen-Tawil 
syndrome is associated with a mutation in the KCNJ5 
gene (type II), which encodes the G protein-coupled 
Kir3.4 potassium channels that conduct the IK,Ach 
current. It should be noted that in Ankyrin-B and 
Andersen-Tawil syndromes, QT interval prolongation 
is not a permanent feature of the cardiac phenotype.

Mutations in the CACNA1C  gene, encoding the 
L-type calcium channel (CaV1.2), are associated 
with Timothy syndrome, which has two molecular 
genetic variants: the “classical” variant (type I) with 
a multisystem phenotype and the “atypical” variant 
(type II) — ​an isolated cardiac phenotype [13, 15]. The 
“classical” variant (LQT8, according to the tradition-
al classification) is caused by a mutation in exon 8a 
of the CACNA1C  gene and polymorphism of clinical 
manifestations: facial dysmorphism, autism, syn-
dactyly, congenital heart defects, immunodeficien-
cy states and early family history of SCD before the 
age of 30  years. In addition to possible QT interval 
prolongation, the ECG shows notable sinus brady-
cardia, macroalternation of the T-wave, conduction 
abnormalities, and ventricular arrhythmias, often 
drug-induced.

Risk stratification for cardiac events 
in congenital LQTS
Despite its rarity, congenital LQTS is the leading 
cause of SCD  in otherwise healthy young adults, 
highlighting the importance of robust risk stratifica-
tion to reduce the burden of SCD [5, 18, 19]. Genetic 
testing can identify the molecular substrate and thus 
genotype-specific proarrhythmic conditions [9, 10, 
14]. However, the risk of arrhythmia in individual pa-
tients varies widely even within families carrying the 
same variant. This makes individual risk stratification 
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a challenging task, especially when antiarrhythmic 
treatment or cardioverter-defibrillator implantation 
is indicated [20, 21].

The developed system for risk stratification of car-
diac events in patients with congenital LQTS under 40 
years of age includes such markers as resting QTc 
interval value, sex, and the 3 main genotypes of the 
disease — ​LQT1, LQT2, and LQT3 (Table 2) [16, 18, 21]. 
Based on these markers, 3 risk levels or groups of 
patients have been identified: low risk (<30 %), inter-
mediate risk (30–40 %), and high risk (>50 %).

Thus, a baseline QTc ≥500 m/s at rest is considered 
definitely abnormal when observed in the absence of 
QT-prolonging RF. It is an independent predictor of 
cardiac events and serves as a class I recommenda-
tion for genetic testing for LQTS [21]. Of note, numer-
ous prospective studies have demonstrated the high 
predictive value of prognostic stratification in patients 
with LQTS [1, 22, 23].

Table 2. Risk stratification in patients with congenital 
LQTS [14]

Risk of cardiac events by 
the age of 40 Resting QTc Genotype Gender

High risk (>50 %) ≥ 500 m/s
LQT1 male/female
LQT2 male/female
LQT3 male

Intermediate risk 
(30–49 %)

< 500 m/s
LQT2 female
LQT3 female
LQT3 male

≥ 500 m/s LQT3 female

Low risk (<30 %) < 500 m/s
LQT2 male
LQT1 male/female

Determination of LQTS genotype is a determinant 
of RF of SCD along with QT interval duration [21, 24]. 
Women with LQT2 and men with LQT3 who have a 
QTc interval >500 m/s fall into a higher risk catego-
ry for SCD independent of other RF [12, 15]. In addi-
tion, women with LQT2 are at highest risk for cardiac 
events in the peripartum period, especially in the first 
9 months after delivery [25]. The onset of arrhythmic 
events in childhood has been shown to be an import-
ant predictor of their recurrence in later life [5, 18]. 
However, in individuals with a positive genotype, a 
family history of SCD in a first-degree relative is not 
associated with an increased risk of SCD in LQTS [19].

In recent years, new markers for prognostic strat-
ification in LQTS have been proposed to differentiate 
risk groups among patients with LQTS. In addition, 

new risk stratifiers for LQTS have demonstrated 
a high predictive value in the prediction of cardiac 
events, superior to the resting QTc interval [26-28]. 
In particular, the Tpeak – Tend interval has been shown 
to be an indicator of cardiac proarrhythmic potential 
due to transmural and local repolarization dispersion 
in patients with LQTS [27]. It has also been demon-
strated that QT interval dispersion (QTd) — ​the vari-
ability of the QT interval between the leads of a stan-
dard ECG — ​reflects the heterogeneity of ventricular 
repolarization and may therefore serve as a marker 
of cardiac electrical instability [29].

The assessment of exercise repolarization reserve 
is of practical interest, although genotype-specific 
proarrhythmic triggers, particularly QTc response, 
are not included in risk stratification schemes for pa-
tients with LQTS. This is particularly important given 
that approximately 40 % of patients with genetically 
confirmed LQTS have a normal resting QTc interval. 
It is known that the QTc interval is prolonged during 
exercise in LQT1 (impaired adaptation of QT interval 
to HR), shortened in LQT2, and significantly short-
ened in LQT3 [2, 16].

It has also been shown that in LQTS, heteroge-
neously prolonged ventricular repolarization and 
impaired regional repolarization lead to changes in 
myocardial mechanical function, creating an electro-
mechanical substrate capable of causing pathologi-
cal myocardial excitability and triggers the re-entry 
mechanism [26, 28]. In this context, a new criterion of 
electromechanical dispersion has been proposed — ​
the “electromechanical window”, an indicator deter-
mined by tissue Doppler cardiac imaging.

Importantly, these potential markers of cardiac 
event risk have been shown to be strongly correlat-
ed with outcomes of BAB therapy and sympathetic 
denervation, to have genotypic risk differences, and 
to allow differentiation between symptomatic and as-
ymptomatic patients with LQTS [27].

In addition, the correct diagnosis of LQTS in pa-
tients with a normal resting QTc interval but genet-
ically confirmed LQTS is important for risk stratifi-
cation. Recently, the use of artificial intelligence in 
the interpretation of standard ECGs has allowed the 
identification of patients with electrocardiographi-
cally hidden LQTS and provides almost 80 % accurate 
pretest assessment of LQTS genotype in patients with 
normal resting QTc interval [30].
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Role of genetic risk in the prediction of 
cardiac events in LQTS
Given that LQTS is the most common channelopathy 
in which SCD  is often the first manifestation of the 
disease, the clinical importance of genetic type iden-
tification is high [12, 18, 21].

The impact of genotype, sex and age on the prog-
nosis of LQTS has been described in detail by the 
International LQTS Registry study group in patients 
with LQT1-3 variants [16]. Mortality from cardiac 
events was highest in men and women with LQT3 
(19 % and 18 %, respectively), followed by men with 
LQT1 and LQT2 (5 % and 6 %, respectively), and final-
ly women (2 % for both types). In addition, affected 
males have an increased incidence of cardiac events 
in childhood, but the trend is reversed in adolescence 
and early adulthood [12]. The risk of cardiac events in 
childhood has been shown to be significantly higher 
in men with LQT1 than in women with LQT1 (OR 1.72), 
whereas there were no significant gender differences 
in patients with LQT2 and LQT3. In adulthood, wom-
en with LQT1 and LQT2 had a higher risk of cardiac 
events than men. Earlier symptom manifestation was 
associated with a more severe LQTS outcome.

Goldenberg I. et al. [25] evaluated the individual 
risk of cardiac events in 767 women with LQT1 and 
LQT2 types aged 15–60 years based on the developed 
prognostic model. The risk prediction model included 
the following variables: genotype/mutation position, 
specific QTc thresholds, history of syncope, and beta 
blockers (BAB) therapy. The predicted 10-year cardi-
ac event rate was shown to be 2 % at low risk, 5 % at 
intermediate risk, and 14 % at high risk. The authors 
believe that the model developed to estimate progno-
sis in LQTS may help to improve gender-specific risk 
stratification and therapeutic decision making.

Carriers of LQTS mutations are shown to have an 
increased risk of cardiac events even in the absence 
of QTc prolongation. At the same time, the pene-
trance of mutations in patients with normal QTc may 
be reflected in the abnormal shape of the T-wave [16, 
19]. Cortez D. et al [31] demonstrated the predictive 
value of the three-dimensional vector of the T wave 
as a quantitative indicator of repolarization in KCNH2 
(LQT2) mutation carriers with normal QTc at high risk 
for cardiac events.

In addition, the prognostic significance of assess-
ing the effect of BAB therapy on the incidence of 
cardiac events depending on the LQTS genotype has 

been demonstrated [32]. Thus, in patients younger 
than 40 years, the incidence of cardiac events during 
BAB therapy was significantly higher in LQT2 (46 %) 
and LQT3 (42 %) types than in patients with LQT1 type 
(30 %) [12]. Arrhythmic events in LQT3 have been 
shown to be more likely to be fatal.

Mutations that result in amino acid substitutions 
in specific regions of the ion channel also increase 
the risk of arrhythmias [12, 23]. For example, in LQT1 
type, mutations in the cytoplasmic loops of the KCNQ1 
protein or mutations with dominant negative ion cur-
rent effects are associated with a worse prognosis, 
especially when compared to mutations affecting the 
C-terminal regions of the protein. It is also known 
that single nucleotide polymorphisms in NOS1AP and 
KCNQ1 are associated with an increased risk of cardi-
ac events in patients with LQTS and can therefore be 
used in clinical risk stratification [12, 18].

Treatment tactics for congenital LQTS
When choosing management tactics for patients with 
LQTS, it should be considered that specific manifes-
tations of the disease are syncope and SCD  caused 
by polymorphic VT or VF, often provoked by acute ad-
renergic activation. Patients diagnosed with LQTS are 
advised to make lifestyle changes and refrain from 
taking drugs that prolong the QT interval (Class I; 
Level of Evidence B) [21, 33]. It is important to note 
that the choice of therapeutic tactics should be deter-
mined by the phenotype, but knowledge of the LQTS 
genotype may help in prescribing genotype-specific 
therapy [1, 14].

Genotype-specific pharmacotherapy for LQTS. 
Currently BAB, especially nadolol and propranolol 
remain the main drugs used for the treatment of 
LQTS [32, 34, 35]. According to clinical guidelines, 
prescription of BAB is indicated in patients with LQT1 
and LQT5 diagnosed by genetic testing (class IIa; level 
of evidence B). In patients with LQT3, the prevailing 
opinion for a long time was that there was no effect or 
contraindication to BAB [32]. However, recent stud-
ies have shown that BAB significantly reduce the risk 
of cardiac events in patients with LQT3, especially in 
women [25].

From the point of view of genotype-specific treat-
ment of LQTS, not all BAB are equivalent [35]. Four 
BABs studied — ​nadolol, metoprolol, propranolol, bi-
soprolol — ​showed similar efficacy in preventing ar-
rhythmic events in LQT1, but in LQT2, nadolol proved 
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to be the only BAB that caused a significant reduc-
tion in risk. In pregnant women diagnosed with LQTS, 
nadolol is also recommended because it is the most 
effective BAB for LQTS and is well tolerated [25].

For LQT2 and LQT6, additional therapy may include 
long-term potassium supplements and/or spirono-
lactone (class IIa; level of evidence B), and calcium 
channel blockers are recommended (class IIb; level 
of evidence B). Because LQT3 is caused by an excess 
of INa sodium current entry, mexiletine, which has an-
tiarrhythmic effects (class IIa; level of evidence B), is 
recommended [21, 36]. In addition, mexiletine signifi-
cantly shortened the QTc interval in 2⁄3 of patients with 
potassium channel-mediated LQT2 [37]. The drug is 
effective both as monotherapy and in combination 
with BAB [37].

Long-term treatment with amiodarone has been 
shown to prolong the QT interval, but TdP is very rare 
[1, 21]. This is because amiodarone slows repolar-
ization uniformly in all layers of the cardiac wall and 
therefore does not cause an increase in transmural 
dispersion of repolarization, which is a substrate for 
TdP [1, 4, 9]. In addition, the low risk of developing 
TdP with amiodarone is related to the drug’s addition-
al effect of inhibiting INaL, which reduces the arrhyth-
mogenic potential.

Ranolazine has also been successfully used to treat 
ventricular arrhythmias in patients with LQT3. The 
drug blocks late sodium and fast potassium currents 
(INaL, IKr) and therefore has the effects of class IC and 
III antiarrhythmic drugs [38]. During long-term thera-
py with ranolazine, the degree of QT interval prolonga-
tion is limited, which is explained by the drug’s effect 
of blocking the INaL current. In addition, like flecainide, 
ranolazine counters TdP inducers and can therefore 
be used in patients with LQT3, especially when fle-
cainide is contraindicated [37]. In Andersen-Tawil syn-
drome, calcium channel blockers (verapamil) and fast 
sodium channel blockers (flecainide) are recommend-
ed to control ventricular arrhythmias [21, 33].

Non-pharmacologic treatment options for 
LQTS
Implantation of a cardioverter-defibrillator (ICD) is an 
integral part of the current therapeutic options for 
LQTS [33, 39, 40]. This is because the recurrent ep-
isodes of sudden cardiac arrest are often observed 
despite optimal medical therapy. Therefore, the use 
of ICD  is recommended for the primary prevention 

of SCD  in patients diagnosed with LQT3 by molecu-
lar genetic testing and for the secondary prevention 
of SCD in patients diagnosed with LQTS: LQT1, LQT2, 
LQT5 and LQT6 (Class I, Level of Evidence B). The 
ICD is also indicated in patients with a clinical diagno-
sis of LQTS in the presence of significant RF of SCD in 
the background of BAB administration (Class IIa, 
Level of Evidence B). The ICD may be recommended 
in patients with recurrent VT or SCD who have contra-
indications for BAB [21, 34].

Independent RF that closely correlate with moti-
vated ICD discharges in the setting of adequate BAB 
therapy have been identified [39, 40]: previous sud-
den cardiac arrest; long (>500 m/s) or very long QTc 
interval (>550 m/s); LQT2 genotype and multiple mu-
tations associated with LQTS (mainly patients with 
Jervell and Lange-Nielsen syndrome).

The artificial cardiac pacemaker (ACP) implantation 
remains one of the most effective methods of VT pre-
vention in patients with LQTS, especially in those with 
“pause-dependent” arrhythmias [2, 18]. Indications 
for ACP are: absence of BAB effect or their intoler-
ance; presence of spontaneous atrioventricular or 
sinoatrial block; “jagged rhythm” in AF [1, 2, 16]. To 
optimize the effectiveness of ACP, it is necessary to 
meet the requirements for programming the elec-
trostimulation parameters: 1) set a sufficiently high 
lower frequency limit of electrostimulation   disable 
ACP algorithms that allow HR deceleration below the 
lower frequency limit or can cause pauses (hysteresis 
function)  use the “rhythm frequency smoothing” al-
gorithm to prevent pause-dependent TdP.

The beneficial effects of ACP may be related to the 
shortening of the QTc interval and the elimination of 
the pause-dependent TdP trigger. It should be not-
ed that a relatively frequent imposed resting rhythm 
and/or absence of pauses after extrasystoles (with-
out ACP hysteresis function) prevents TdP. ACP im-
plantation combined with BAB is probably an effective 
method in patients with LQTS by preventing episodes 
of TdP and/or reducing the effects of BAB-induced 
bradycardia [34]. An ICD  with integrated anti-bra-
dycardia electrical stimulation function may provide 
more benefit by preventing bradycardia-dependent 
TdP and/or managing VT/VF episodes [39, 40].

Cardiac sympathetic denervation (CSD) has been 
proposed as an effective therapy for LQTS in addition 
to antiarrhythmic drugs and ICD [21, 39]. Removal of 
the left stellate ganglion has been shown to elimi-
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nate the asymmetric sympathetic innervation of the 
heart, which is an arrhythmogenic factor, leading 
to a shortening of the QT interval and the reduced 
risk of SCD [20]. Current clinical guidelines consider 
the use of left-sided CSD in patients diagnosed with 
LQTS who have underlying RF for SCD despite receiv-
ing BAB (class IIa recommendation, level of evidence 
B) [21]. (Complete) surgical removal of the ganglia 
and bilateral sympathectomy compared to video tho-
racoscopic (partial) sympathectomy has been shown 
to significantly shorten the QTc interval and reduce 
the incidence of cardiac events in patients with LQTS 
[11].

Dusi V. et al. [41] found in 125 patients with LQTS, 
including those with ICD, a reduction in the mean 
annual cardiac event rate of 86 % (p<0.0001) after 
CSD. Patients with QTc ≥500 m/s had a 50 % chance 
of achieving a mean QTc shortening of 60 m/s. For 
primary prevention of SCD, the CSD  procedure was 
effective in 97 % of cases. Thus, there is a compel-
ling evidence for the long-term benefit of left-sided 
CSD in LQTS complicated by arrhythmic events. At the 
same time, antiarrhythmic protection depends on the 
phenotype of LQTS and the degree of QTc shortening 
after CSD.

Conclusion
As demonstrated, the high frequency of background 
genetic variability observed in recent years, particu-
larly in minor LQTS susceptibility genes, is changing 
paradigms about the genetic architecture of congen-
ital LQTS. As a result, a number of minor LQTS sus-
ceptibility genes previously thought to be responsible 
for 5–10 % of non-syndromal LQTS variants may be 
downgraded to the status of gene with limited or con-
troversial evidence or categorized as oligogenic/poly-
genic variants.

Given these issues, there is a need for ongoing 
reassessment (reclassification) of functional risk 
alleles and poorly penetrant LQTS genetic variants 
that may contribute to the pathogenesis of LQTS and 
therefore reflect the true genetic risk of the disease. 
Despite advances in the management of patients with 
LQTS, including effective genotype-specific pharma-
cotherapy and the widespread use of implantable an-
tiarrhythmic devices, congenital LQTS remains a dan-
gerous disease with potentially fatal consequences. 
Therefore, further large prospective clinical trials are 
urgently needed, especially to improve risk stratifica-
tion for cardiac events and early detection of patients 
and their family members with LQTS.

Conflict of interests: none declared.
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