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Clinical and genetic characteristics and course of congenital long QT 
syndrome in children: A nine-year single-center experience

Introduction

Congenital long QT syndrome (LQTS) is an inheritable ar-
rhythmic disorder that may present with malignant arrhythmia 
and, occasionally, the risk of sudden death. Abnormal ventricular 
repolarization in these patients predisposes them to malignant 
cardiac arrhythmia, such as torsades de pointes and ventricular 
fibrillation (1). The prevalence of LQTS is believed to be as high 
as 1 in 2500 individuals (2). Based on mutations associated with 
15 autosomal dominant genes, LQTS has been classified into 17 
subtypes: LQT1–15 (3, 4). LQTS is an important disease of sudden 
cardiac death (SCD) in children. The risk in affected patients is 

not uniform because of variable penetrance and is influenced by 
age, gender, genotype, environmental factors, therapy, and pos-
sibly other modifier genes (5). Lifestyle modification, beta-block-
ers, and implantable cardioverter-defibrillator (ICD) implanta-
tion are the most important therapeutic modalities in the proper 
management of patients with LQTS. To establish the extent of the 
disease, the main focus in the management of individuals with 
LQTS is to identify the individuals at high risk of cardiac events 
(6). In this study, we review and identify the clinical characteris-
tics, genetic profile, management strategy, and the risk factors 
for major cardiac events and outcomes of our local pediatric 
patients with LQTS.

Objective: Long QT syndrome (LQTS) is an inherited primary arrhythmia syndrome associated with life-threatening ventricular arrhythmias 
and sudden death. This study aimed to report the clinical and genetic characteristics and outcomes of children diagnosed as having LQTS in a 
tertiary pediatric cardiology center in Turkey.
Methods: This was a retrospective review of pediatric patients diagnosed as having LQTS at our center from January 2011 to April 2020.
Results: A total of 145 patients (76 males) were included, with a mean age of 9.2±4.5 years and a mean weight of 35.7±18.5 kg; 38 (26.2%) were 
identified as having LQTS during family screening, whereas a significant proportion of patients were asymptomatic at presentation, 15 patients 
(10.3%) were diagnosed after previous cardiac arrest, and 26 patients (18%) had syncope. The mean Schwartz score was 4.5 points (range, 3–7.5 
points). Furthermore, 107 patients (82%) were confirmed to have a pathogenic mutation for LQTS genes. All patients received beta-blockers. 
Implantable cardioverter-defibrillator insertion was performed in 34 patients (23.4%). Left or bilateral cardiac sympathetic denervation was 
performed in 9 patients (6.2%). Median follow-up time was 35.6±25.8 months. Five (3.4%) patients died during the follow-up. Statistical analyses 
of risk factors for major cardiac events revealed that the QTc was >500 ms and that T wave alternans, high Schwartz score, and Jervell and 
Lange-Nielsen syndrome were strong and significant predictors of cardiac events.
Conclusion: LQTS has a variety of clinical manifestations. Patients’ symptoms ranged between asymptomatic and sudden cardiac death (SCD). 
By raising the awareness of physicians regarding the disease, SCD might be prevented in the early period.
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Methods

The study included 145 patients (female-to-male ratio, 69:76) 
diagnosed as having congenital LQTS between January 2011 and 
April 2020. LQTS was diagnosed based on clinical background 
using the 2013 Heart Rhythm Society, European Heart Rhythm 
Association, and Asia Pacific Heart Rhythm Society (HRS/EHRA/
APHRS) consensus guidelines (7). QT interval was measured in 
lead II or V5 and corrected for differences in heart rate using the 
Bazett’s formula. LQTS was diagnosed through careful exami-
nation of clinical and family history, including symptoms of syn-
cope, anoxic seizures, or, occasionally, palpitations, and through 
targeted investigations, including electrocardiograms (ECGs), 
24-hour Holter recording analysis, and exercise stress testing. 
Occasionally, provocative drug challenges were used to differ-
entiate the diagnoses from other primary arrhythmia syndromes. 
Patients with a Schwartz score of ≥3.5 points in the absence of a 
secondary cause for QT prolongation were diagnosed as having 
LQTS. The presence of a confirmed pathogenic LQTS mutation, 
irrespective of the QTc, was also used to diagnose LQTS.

The collected data included demographic features, clinical 
presentation, family history, genetic tests, and other special car-
diac investigations (i.e., routine ECG, 24-hour Holter monitoring, 
epinephrine challenge test, or exercise stress testing). Schwartz 
score (LQTS), which was calculated with the data collected from 
each patient, was retrospectively reviewed, and follow-up data 
were obtained from hospital records (using FileMaker® online 
database).

After detailed evaluations, patients were classified accord-
ing to SCD risk stratification using the 2013 HRS/EHRA/APHRS 
consensus guidelines (7). We determined our treatment modality 
after the risk assessment. Lifestyle modifications, such as avoid-
ance of strenuous exercise (especially swimming without super-
vision) in patients with LQT1, reduction of exposure to abrupt loud 
noises (e.g., alarm clock or phone ringing) in patients with LQT2, 
and avoidance of drugs that prolong QT interval in all patients with 
LQTS, are routine. All patients were offered beta-blocker therapy. 
Device therapy (ICD) and left or bilateral cardiac sympathetic de-
nervation (BCSD) were considered for high-risk patients.

Major cardiac events were defined as LQTS-attributable 
syncope, aborted cardiac arrest (ACA), appropriate ventricular 
fibrillation-terminating ICD shocks, and SCD. We also investigat-
ed the association of various factors, such as gender, age, QTc 
duration, T wave alternans, Schwartz score, genetic subtypes, 
and deafness, with major cardiac events.

Genetic tests
To detect the af¬fected individuals, the genetic studies for 

3 major long QT genes (KCNQ1, KCNH2, and SCN5A) were per-
formed sequentially. Genetic testing for other relatively infre-
quent mutations, such as KCNJ2 (LQT7) or CACNA1C (LQT8), was 
performed upon specific requests. Genetic tests were offered 
to all patients after informed consent was obtained from their 
parents or guardians, according to local ethic committee rec-
ommendations. Mutations in the LQTS loci that were classified 
as pathogenic or likely pathogenic were considered as genotype 
positive in our cohort. Cascade testing was offered to first-de-
gree relatives of patients identified as genotype positive.

Statistical analysis
The Statistical Package for the Social Sciences for Windows 

(SPSS) program version 22 was used for descriptive statistics. 
The distribution of each continuous variable was tested for nor-
mality using the Kolmogorov-Smirnov test. Demographic data are 
reported as mean±standard deviation, median (range), number, 
and percentage. Furthermore, χ2 or Fisher’s exact test was used 
for comparison of categorical parameters, and Mann-Whitney 
U test (The variables were heterogenous and few in number) 
was used for comparison between continuous parameters. Lo-
gistic regression was used to assess confounding variables and 
Kaplan-Meier analysis to assess survival analysis, with signifi-
cance based on the log-rank test. P<0.05 was considered statis-
tically significant.

Results

General observations
All demographic and clinical characteristics of patients are 

listed in Table 1. A total of 145 patients (76 male) were identi-
fied. The mean age at diagnosis was 9.2±4.5 years (12 days to 18 
years), and the mean weight was 35.72±18.45 kg (4.1–95 kg). The 
mean Schwartz score was 4.5 points (range, 3–7.5 points). Nota-
bly, 12 patients (8.3%) had congenital heart defects.

Mode of presentation
A significant proportion of patients with LQTS (n=71; 49%) 

did not have clinically important presentation at diagnosis; 
most of them had incidental ECG findings of prolonged QTc 
during cardiac evaluation because of nonspecific symptoms, 
such as chest pain or murmur (n=30; 20.7%), during the evalua-
tion before participating in competitive sports (n=3; 2.1%), or by 

HIGHLIGHTS

• LQTS presents a wide variety of symptoms and prognoses, 
ranging from no symptoms and normal life expectancy to 
the presence of SCD. It also presents bradycardia and AV 
blocks in early infancy.

• Genetic analysis could be helpful in families with LQTS by 
providing presymptomatic diagnoses and genetic coun-
selling.

• A markedly prolonged QT interval (>500 msec), T wave al-
ternans, high Schwartz score, and the JLN genotype were 
associated with a high risk of major cardiac events.
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family cascade screening (n=38; 26.2%). However, 15 patients 
(10.3%) were diagnosed after a previous cardiac arrest and 
successful resuscitation. At the time of diagnosis, 26 patients 
(18%) had syncope complaints. Syncopal episodes were found 
during exercise in 15 cases (57.7%) and without stress or at 
rest in 11 cases (42.3%).

Moreover, 3 patients presented with sinus bradycardia, 2 of 
whom were detected prenatally. Three patients, including 2 in-
fants, had 2:1 atrioventricular (AV) block, and 1 patient had com-
plete AV block at diagnosis.

The initial complaints of the patients are presented in Table 
1. A total of 22 cases (15.1%) were accompanied by congenital 
deafness and could be classified as having Jervell and Lange-
Nielsen syndrome (JLNS).

Electrocardiographic and Holter characteristics
The mean QTc of the cohort was 508±27.8 ms (range, 450–

730), and the mean heart rate was 80.2±20.6 bpm (46–125). In 28 
cases (19.3%), T wave alternans was observed in the ECG, and in 
31 (21.4%) cases, it was observed in Holter monitoring. Detailed 
ECG and Holter findings of patients are presented in Table 1.

Treatment and outcome
Treatment modalities of patients with LQTS in our cohort are 

presented in Table 1.

Beta-blockers
All patients were offered beta-blocker therapy. Propranolol 

was the initial choice as the beta-blocker. There were 7 patients 
who received propranolol and later switched to nadolol to en-
hance compliance. Mexiletine was added as an adjuvant ther-
apy for 7 patients with LQT3 who were symptomatic. Flecainide 
was started in addition to dideral in 3 patients with Andersen-
Tawil syndrome (LQT7) with polymorphic VT.

Implantable cardioverter-defibrillator
ICD was performed in 34 patients (23.4%). The mean age at 

ICD implantation was 9.08±4.65 years (0.83–17.2), and the mean 
weight was 36.27±18.57 kg (9–95). The mean QTc was 532.5±23.6 
msec. Although 19 of these (55.9%) were female, no significant 
difference was found in ICD implantation between genders 
(p=0.268). ICD implantation was performed in 13 patients for sec-
ondary protection and in 21 patients (61.8%) for primary protec-
tion. Indications for ICD implantations were presentation with 
resuscitated cardiac arrest (n=13; 38.2%), syncope despite beta-
blocker therapy (n=9; 26.5%), a family history of sudden death 
(n=4; 11.8%), and patients with syncope complaints who had not 
received beta-blocker therapy before and who were diagnosed 
as having JLNS with a QTc duration of > 550 msec (n=8; 23.5%). 
Notably, 18 of them (53%) were transvenous, and the remainder 
(n=16; 47%) were epicardial. A total of 13 patients (38.2%) expe-
rienced appropriate ICD shocks despite beta-blocker treatment. 
T wave oversense (TWOS)-related inappropriate shock was ob-

Table 1. Clinical characteristics of the study subjects

Patients 145
Male 76 (52)
Age at diagnosis (year) mean (±SD) 9.2±4.5
Weight at diagnosis (kg) mean (±SD) 35.7±18.5
Congenital cardiac disease n (%)
 • Atrial septal defect 5 (3.4)
 • Ventricular septal defect 2 (1.4)
 • Patent ductus arteriosus 1 (0.7)
 • PAPVC 1 (0.7)
 • Mitral valve pathology(opere) 1 (0.7)
 • Pulmonary stenosis 1 (0.7)
 • Mitral valve prolapsus 1 (0.7)
Presenting symptoms
 • Incidental ECG findings 71 (48.9)
 • During medical check-ups 30 (20.7)
 • Family cascade screening 38 (26.2)
 • Evaluation before participating
 in competitive sports 3 (2.1)
 • Aborted cardiac arrest 15 (10.3)
 • Syncope 26 (17.9)
 • Palpitation 9 (6.2)
 • Seizure 2 (1.4)
 • Bradycardia 3 (2.1)
 • AV block 4 (2.8)
 • Chest pain 15 (10.3)
Total Schwartz score (points) mean±SD (range) 4.5±2.1 (3-7.5)
Electrocardiographic characteristics
 • T-wave alternans 28 (19.3)
 • Bradycardia 3 (2.1)
 • 2:1 AV block 3 (2.1)
 • Complete AV block 1 (0.7)
 • QTc (ms) mean±SD (range) 508±27.8 ms (450-730)
 • HR (bpm) mean±SD (range) 80.2±20.6 (46-125)
Holter characteristics
 • T-wave alternans 31 (21.3)
 • Monomorphic PVC 4 (2.8)
 • Polymorphic PVC 1 (0.7)
 • Bidirectional PVC 1 (0.7)
 • Monomorphic VT 1 (0.7)
 • Polymorphic VT 2 (1.4)
Medical Treatments
 • Propranolol 128 (88.3)
 • Nadolol 7 (4.8)
 • Propranolol+mexiletine 7 (4.8)
 • Propraoalol+flecainide 3 (2.1)
ICD 34 (23.4)
Pacemaker 2 (1.4)
Left or bilateral cardiac sympathetic denervation 9 (6.2)

Values are expressed mean±SD or n (%)
AV - atrioventricular; bpm- beat per minute; ECG - electrocardiography; HR - heart rate; 
ICD - implantable cardioverter-defibrillator; QTc - corrected QT interval; PAPVC - partial 
anomalous pulmonary venous connection; PVC - premature ventricular contraction;
SD - standard deviation; VT - ventricular tachycardia
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served in 1 patient (2.9%). Apart from this, no major complica-
tions were observed.

Left or BCSD
Initially, left cardiac sympathetic denervation (LCSD) was 

performed in 1 patient, but this patient was admitted owing to re-
currence events after 6 months. Therefore, right cardiac sympa-
thetic denervation was also performed in this patient. After this 
clinical experience, BCSD was initially performed in 8 patients. 
Eight of them were performed because the patients continued to 
experience ICD shocks despite optimal care, and the rest was 
because of patients’ refusal to ICD implantation. The procedure 
was performed at a mean age of 9.5±4.6 years (4.3–14.5). None 
of the patients who underwent BCSD experienced a life-threat-
ening cardiac event after the procedure. Alteration in sweating 
pattern was observed in 1 patient, and he returned to normal 
after 6 months. No more complications were observed.

Genetic testing
The details of the genotype information of the identified LQTS 

genes are presented in Figure 1. Genetic testing was performed 
in 143 patients (98.6%), and an abnormality was identified in 117 

patients (82%). Notably, 15 patients had genetic test results that 
were negative for known mutations, and test results are pending in 
11 patients. A KCNQ1 mutation was the most commonly identified 
defect (n=86; 59.3%). Of these, 21 were homozygous inheritance, 
whereas 65 were heterozygous inheritance; 11 patients (7.6%) 
had LQT2 (KCNH2), whereas 7 patients (4.8%) had LQT3 (SCN5A). 
Moreover, 22 patients with congenital deafness (JLNS) were test-
ed for KCNQ1 (n=21, 95.4%) and KCNE1 (n=1; 4.6%) gene mutations. 
There were 2 patients with LQT8 resulting from a rare pathogenic 
mutation in CACNA1C. LQT8 is linked to Timothy syndrome with 
multiple extracardiac manifestations [syndactyly, developmental 
delay, and congenital heart defect (ventricular septal defect)].

Follow-up
The mean follow-up time was 35.6±25.8 months. During 

follow-up, 5 patients (3.4%) died. The mean age of exitus was 
6.2±5.3 years; 3 patients were female, and 2 were male. Further-
more, 3 patients who were diagnosed after sudden cardiac ar-
rest died shortly because of TDp. Patient with LQT1 who refused 
to use beta-blocker therapy died while swimming. The remaining 
one was followed up owing to fetal bradycardia. An epicardial 
pacemaker was implanted owing to sinus node dysfunction, 
pathological bradycardia, and long QTc interval in the postnatal 
follow-up of a 4.5-month-old. The patient died 29 months later. 
The Kaplan-Meier survival curve is depicted in Figure 2. Cardiac 
event-free survival was 96.0%, 94%, and 92% at 1 year, 5 years, 
and 10 years, respectively.

Risk factors affecting the development of major events
We investigated the association of various factors with major 

cardiac events defined as syncope, ACA, appropriate ventricular 
fibrillation-terminating ICD shocks, and SCD (Table 2). The QTc 

Figure 2. The Kaplan-Meier graph shows that the probability of survival 
is >90 in the average follow-up time
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Figure 1. Genotypes of patients with long QT syndrome
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was significantly longer (>500 ms) in those who had experienced 
major cardiac events (p=0.001). The risk was 5.1 times higher in 
cases with QTc of >500 ms [odds ration (OR), 5.1; 95% confidence 
interval (CI), 2.3–11].

T wave alternans was significantly higher in patients who 
experienced major cardiac events (p=0.001). The presence of 
T wave alternans in the Holter ECG increased the probability of 
major cardiac events by 9 times (OR, 9; 95% CI, 3.9–21).

Notably, 22 patients with JLNS had deafness. Patients born 
with congenital deafness had >2.6-fold increase in the risk of 
major cardiac events during childhood (p=0.047; OR, 2.6; 95% CI, 
1.1–6.5).

The mean Schwartz score was 5.1±1.2 in the group that had 
a major cardiac event, whereas it was 4.01±0.74 in the group that 

did not. We observed that the risk of encountering a major car-
diac event was statistically higher in those with high Schwartz 
scores (p=0.001).

Globally, there is no statistical difference in gender and age of 
initial presentation. Dividing the subjects into 2 groups according 
to the age of initial symptom development by the age of 13 years, 
males predominated in the <13 category (male-to-female ratio, 
20:14) and females predominated in the ≥13 category (male-to-fe-
male ratio, 2:9), without statistical significance (p=0.535, p=0.271, 
respectively). In terms of genetic distribution, exposure to major 
cardiac events was higher especially in type 1 and JLNS patients 
at the age of <13 years (p=0.04), whereas LQT2 was higher in pa-
tients at the age of >13 years (p=0.03). For general distribution, 
most patients who experienced major cardiac events had type 1 
(27%). The risk of encountering a major cardiac event was signifi-
cantly higher in patients who were followed up with a diagnosis of 
JLNS and Timothy syndrome (p=0.005).

Furthermore, a family history of sudden death in a first-degree 
relative was not shown to be a significant predictor of outcomes 
during childhood (hazard ratio, 0.82; 95% CI, 0.26–2.60; p=0.991).

Moreover, 90 patients had LQTS in a first-degree relative. 
We observed that an encounter with a major cardiac event was 
significantly lower in patients with LQTS in their family history 
(p=0.005). We attributed this to the fact that many asymptom-
atic patients were detected early, and early medical treatment 
was initiated, especially with family screening, owing to the in-
creased awareness of LQTS.

Discussion

To the best of our knowledge, this is one of the largest pedi-
atric studies that evaluated the clinical and genetic character-
istics of LQTS and its outcomes in children in a single-center. 
This study was also the first and largest systematic study from a 
developing country such as Turkey.

The most noteworthy findings are as follows:
1) LQTS presents with a wide variety of symptoms and progno-

ses, ranging from no symptoms and normal life expectancy to 
the presence of SCD. It also presents with bradycardia and 
AV blocks in early infancy.

2) Screening of all first-degree relatives of patients with LQTS 
led to the identification of individuals with potentially unrec-
ognizable disease.

3) Genetic analysis could be helpful in families with LQTS by pro-
viding presymptomatic diagnoses and genetic counseling.

4) A markedly prolonged QT interval (>500 msec), T wave alter-
nans, high Schwartz score, and the JLNS genotype were as-
sociated with a high risk of major cardiac events.

LQTS diagnosis and presentation
LQTS is a clinical diagnosis and should be suspected in indi-

viduals on the basis of clinical presentation, family history, and 

Table 2. Risk factors affecting the development of major 
events

  Major cardiac Major cardiac P value
  event (-) event (+)

Age (month) 108.36±54.18 115.64±54.68 0.415
Schwartz score 4.01±0.74 5.1±1.2 0.001
Gender
 Female 46 (67) 23 (33) 0.269
 Male 54 (71) 22 (29)
Age (year)
 <13 year 77 (69) 34 (31) 0.778
 ≥13 year 23 (68) 11 (32)
≥13 year
 Female 14 (61) 9 (39) 0.271
 Male 9 (82) 2 (18)
<13 year
 Female 32 (70) 14 (30) 0.535
 Male 45 (69) 20 (31)
JNLS
 (+) 11 (50) 11 (50) 0.047
 (-) 89 (72) 34 (28)
QTC duration (ms)
 ≤500 65 (84) 12 (16) 0.001
 >500 35 (51) 33 (49)
Family history of LQTS
 (+) 70 (78 ) 20 (22) 0.005
 (-) 30 (55) 25 (45)
Family history of SCD
 (+) 26 (68) 12 (32) 0.991
 (-) 74 (69) 33 (31)
Holter T wave Alternans
 (+) 10 (30) 23 (70) 0.001
 (-) 90 (80) 22 (20)

Values are expressed mean±SD or n (%)
JNLS - Jervell and Lange-Nielsen syndrome; LQTS - long QT syndrome; SCD - sudden 
cardiac death
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ECG characteristics (6). LQTS has a variety of clinical manifes-
tations. Patients can be detected incidentally without any com-
plaints, or they can present with palpitations, convulsions, syn-
cope, and even cardiac arrest. Sinus bradycardia and functional 
AV block are also well reported in perinatal LQTS (8, 9). Further-
more, a known family history of syncope or sudden death in a 
child or young adult supports the diagnosis of LQTS (6). In this 
study, a significant proportion of patients with LQTS (49%) did 
not have clinically important presentation at diagnosis; most of 
them had incidental ECG findings of prolonged QTc during cardi-
ac evaluation or were identified through family cascade screen-
ing. However, 15 patients were diagnosed after ACA. There were 
2 patients in our group who presented with fetal bradycardia; 3 
patients, including 2 infants, had 2:1 AV block, and 1 patient had 
complete AV block at diagnosis. Pediatricians or gynecologists 
should suspect LQTS in young infants with slow heart rates (10).

LQTS genotype
Congenital LQTS results from mutations involving one of the 

many genes coding for ion channels that facilitate the transport 
of potassium, sodium, and calcium. Despite having at least 17 
genetically distinct types of LQTS, at least 75% of the mutations 
are found in 3 genes: KCNQ1 (potassium channel), KCNH2 (po-
tassium channel), and SCN5A (sodium channel), which cause 
LQT1, LQT2, and LQT3, respectively (11). LQT1, the most common 
subtype, affects 30% to 35% of LQTS individuals (12). Pathogenic 
LQTS genetic mutations were identified in 81.1% of the patients, 
and LQT1 was the most common type (44.8%) in our cohort. In 
a recent single-center study of LQTS in China and Hong Kong, 
LQT2 was the most common genotype (10, 13). Genetic studies 
could serve as a confirmative test, which will not exclude the di-
agnosis with negative test result in patients with probable LQTS, 
or it could provide additional information for the management of 
certain types of LQTS, such as LQT3 (14).

LQTS management
Beta-blockers are the primary treatment for LQTS and are 

clinically indicated in all individuals with QTc of >470 ms. They 
can also be useful in asymptomatic LQTS with QTc of <470 ms if 
there is concern for a significant family history of sudden death 
events or questionable history (7). It is important to know that 
LQT1 and LQT2 mutations are more responsive to beta-blockers 
than LQT3. Pharmacotherapy in LQT3 can be challenging. Beta-
blockers remain the first-line drugs for treatment, and the use of 
a sodium channel blocker, such as mexiletine, might be consid-
ered for adjunctive therapy (7). In addition to beta-blockers, we 
provided mexiletine treatment in 7 of our patients diagnosed as 
having LQT3. Education of adult individuals and the parents of 
affected children, especially about beta-blocker compliance, is 
an important aspect of management (6).

ICDs and LCSD are therapies typically reserved for high-risk 
patients. High-risk patients have been defined as patients who 
have had cardiac events while on beta-blocker therapy, who 

have a history of cardiac arrest, or who have an inability to toler-
ate beta-blockers (i.e., severe asthma, level of evidence class I) 
(7). Prophylactic ICD therapy should be considered in very-high-
risk patients, such as symptomatic patients with 2 or more gene 
mutations, including those with the JLNS variant with congeni-
tal deafness (15). In our study, ICD was performed in 34 patients 
(23.4%), 13 of whom had ICD implantation for secondary protec-
tion after ACA. ICD implantation comes with certain side effects. 
The most common ones include inappropriate shocks, lead prob-
lems, vascular occlusion, infection, psychological adjustment, 
and social discrimination (16, 17). TWOS-related inappropriate 
shock was observed in 1 patient (2.9%). Apart from this, no major 
complications were observed.

In the HRS guidelines, class I LCSD is recommended for 
patients with LQTS who are resistant to or unable to use beta-
blockers, patients who refuse an ICD device, or patients who 
have symptoms despite ICD implantation (7). In this study, LCSD 
or BCSD was indicated in 8 patients who continued to experi-
ence ICD shocks despite optimal care and in 1 patient who re-
fused to have ICD implantation. We performed LCSD in 1 patient 
and BCSD in 8 patients. Complications of LCSD were as follows: 
unilateral hand dryness, color or temperature variations be-
tween the sides of the face, and alterations in sweating patterns 
(18, 19). The advantage of BCSD is that it does not create asym-
metric discomfort, which may be caused by LCSD (20). Alteration 
in sweating pattern was observed in 1 patient and returned to 
normal after 6 months. No more complications were observed 
during follow-up.

Risk factors affecting the development of major events
In a previous study, boys with LQTS experienced a signifi-

cantly higher rate of fatal or near-fatal cardiac events than girls 
during childhood (21). Two recent studies from the International 
LQTS Registry that focused on adolescents (22) and adults (23) 
with LQTS reported that the gender-related risk reverses after 
childhood and that female patients maintained a higher risk than 
male patients throughout adolescence and during adulthood. 
The underlying mechanisms of this gender prevalence are in-
completely defined but are believed to involve gonadal steroids 
(24). In accordance with the literature, in our study, encounter-
ing a major cardiac event was higher in males at the age of <13 
years, whereas it was more common in females at the age of >13 
years.

A baseline QTc interval of >500 ms has consistently been 
shown to be associated with a high risk of cardiac events (com-
prising syncope, ACA, or SCD) in patients with LQTS (21-23). In a 
study by Hobbs et al. on adolescents with LQTS, a baseline QTc 
duration of >530 ms was shown to be independently associated 
with a 2.3-fold increase in the risk of ACA or SCD compared with 
shorter QTc values (p=0.001) (22). Similarly, Sauer et al. (23) re-
ported that in LQTS adults, baseline QTc durations between 500 
and 549 ms were associated with a 3.3-fold increase in the risk 
of ACA or SCD compared with shorter QTc values and QTc >550 

Ergül et al.
Long QT syndrome in children

Anatol J Cardiol 2021; 25: 250-7
DOI:10.14744/AnatolJCardiol.2020.08791 255



Ergül et al.
Long QT syndrome in children

Anatol J Cardiol 2021; 25: 00-00
DOI:10.14744/AnatolJCardiol.2020.08791SN

ms was associated with a 6.3-fold increase in risk. In our study, 
similar to the literature, we found that the risk of major cardiac 
events was 5.1 times higher in cases with a QTC duration of >500 
ms (OR, 5.1; %95 CI, 2.3–11).

Furthermore, 15% of cases had JLNS, as a distinct subgroup 
of LQTS. This high proportion of children with JLNS among all chil-
dren with LQTS can probably be explained by the fact that our in-
stitute has become a specialized center for inherited arrhythmias. 
As previous studies of a large number of patients with JLNS have 
demonstrated, these children should be considered as a high-risk 
group for LQTS-related symptoms (15, 25). According to the litera-
ture, we found that patients with JLNS had a 2.6-times higher risk 
of experiencing major cardiac events (p=0.047).

T wave alternans, a phenomenon of beat-to-beat variability 
in the repolarization phase of the ventricles, has been closely 
associated with an increased risk of ventricular tachyarrhythmic 
events and SCD (26). In our study, we found that patients with 
T wave alternans were 9 times more likely to experience major 
cardiac events.

Study limitations
There are some limitations in this study. The genetic tests of 

some patients have not been completed. The most important lim-
itation to this study was its retrospective design. Because LQTS 
is defined by a set of heterogeneous clinical characteristics and 
genetic disorders, the number of participants with major cardiac 
events was not large enough to allow comparisons or relation-
ships based on demographic features or assignment to genetic 
subgroups.

Conclusion

LQTS has a variety of clinical manifestations. Patient rep-
resentations range from asymptomatic to SCD. By raising the 
awareness of physicians concerning the disease, SCD might be 
prevented in the early period. It is also important to screen all first-
degree relatives of patients with LQTS to identify individuals with 
potentially unrecognizable disease. Early identification and risk 
assessment of LQTS could help predict the development of ma-
jor cardiac events. A markedly prolonged QT interval (>500 msec), 
T wave alternans, high Schwartz score, and the JLNS genotype 
were associated with a high risk of major cardiac events.
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