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Long QT syndrome is a disease associated with a high risk of sudden cardiac (arrhythmic) death. The frequency of sudden
cardiac death is approximately 1: 100,000 young athletes, while autopsies often do not detect changes, which indicates
a primary arrhythmogenic death. The article describes two clinical cases of young athletes with prolongation of the QT interval.
The possible causes of the long QT syndrome and the difficulties of diagnosing this syndrome in children and adolescents
involved in sports are discussed. Regardless of the reasons leading to the prolongation of the QT interval, there is a risk of
arrhythmic events. Timely diagnosis of long QT syndrome is the way to the primary prevention of sudden cardiac death in
young athletes.

Keywords: sports; young athletes; congenital long QT syndrome; secondary causes of QT interval prolongation; sudden
cardiac death.

To cite this article:
Chuprova SN, Melnikova IYu. Long QT syndrome in young athletes. Cardiac Arrhythmias. 2023;3(1):41-48. DOI: https://doi.org/10.17816/cardar321415

Received: 16.02.2023 Accepted: 19.03.2023 Published: 31.03.2022

&
ECOSVECTOR All rights reserved

© Eco-Vector, 2023


https://doi.org/10.17816/cardar321415
https://crossmark.crossref.org/dialog/?doi=10.17816/cardar321415&domain=PDF&date_stamp=2023-05-12

42

KIMMHNSECKIE CITYHAN Tom 3, Ne 1,2023 Cardiac Arrhythmias

YIIK 616.12-008.318-07-08
DOI: https://doi.org/10.17816/cardar321415

HayuHas craTbs

CungpoM yanuMHeHHoro uutepeana Qr
Y IOHbIX CIOPTCMEHOB

C.H. Yynposa"?, W.10. MenbHuKoBa'

! CeBepo-3anafiHblit rocy1apCTBEHHBIA MeaMLIMHCKMA yHuBepcuTeT uM. WU, Meunnkosa, CankT-Metep6ypr, Poccus;

2 JleTCKMIA HayYHO-KITMHUYECKMA LIGHTP MH@EKLIMOHHBIX 6onesHelt MenepanbHoro MeauKo-6uonornyeckoro areHTcTsa, CaukT-NeTep6ypr, Poccusa

CvHApoM yanuHeHHoro uHTepBana QT — 3aboneBaHue, acCOLMMPOBAHHOE C BLICOKUM PUCKOM BHE3aMHOW CepAeqHom
(apuTMMYecKoit) cMepTu. YacToTa BHe3anHoi cepaedHoi cMeptn coctaBnsiet npumepHo 1 : 100 000 toHbIX CNOpTCMEHOB,
MPM 3TOM Ha BCKPbITUM 3a4acTylo He 0BHapYXKMBAIOT U3MEHEHMIA, UTO YKa3bIBaeT Ha MEPBUMYHO apUTMOreHHY0 cMepTb. B cTa-
Tbe MPUBOAUTCA OMUCAHWE OBYX KIIMHUYECKWX CITyYaeB IOHbIX CMOPTCMEHOB C yAsMHeHueM uHTepBana Q7. Obcyxpatotcs
BO3MOXHblE NMPUYMHBI CUHLPOMA YANUHEHHOro WHTepBana AT, TPYAHOCTU AMArHOCTUKM [AHHOTO CMHAPOMA Y AeTel U NoA-
POCTKOB, 3aHUMAIOLLMXCA CMOPTOM. Hes3aBUCMMO OT MpUYMH, NPUBOASALLMX K YAJMHEHUO WHTepBana AT, cyliecTByeT pucK
pa3BUTUA apUTMUYECKUX cobbITUIA. CBOEBpEMEHHas AMarHOCTMKA CMHAPOMA YANMHEHHOro uHTepBana QT — nyTb K NepBuy-
HOM NpodUNaKTUKe BHE3aMHOM CepAEYHON CMEPTY Y HOHBLIX CMOPTCMEHOB.

KnioyeBble cnoBa: cnopr; 1oHble CNOPTCMEHbI; BPOXAEHHBIN CUHAPOM YAAUHEHHOro WHTepBana QT; BTOPMYHbIE NMPUYUHBI
yauHeHus uHTepeana QT; BHe3anHas cepfieyHas cMepTb.
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Sudden cardiac death (SCD) is a tragic event, particularly
for athletes who undergo routine medical examinations and
are considered healthy. The incidence of SCD is approximately
1:100,000 in young athletes, with autopsy often showing no
abnormalities indicating primary arrhythmogenic death [1].
The causes of SCD can be acquired or genetic. Acquired
causes include myocarditis and coronary artery disease,
and genetic causes include genetically determined structural
heart diseases and channelopathies [2]. An example of
channelopathies is the hereditary (congenital) long QT
syndrome (LQTS). The prevalence of congenital LQTS is
estimated at 1:2000 [3], and for its diagnostics, the criteria
developed by Schwartz in 1985 [4] and supplemented by him
in 2011 [5, 6] are currently used. Over the past 25 years,
17 genes have been associated with LQTS; however, a recent
analysis based on a gene- and disease-specific approach
developed by the Clinical Genome Resource classified several
of these genes as limited or controversial. This analysis
selected seven genes with definitive or conclusive evidence
of a causal relationship [7]. All of these remaining genes,
i.e., KCNQ1, KCNH2, SCN5A, CALM1, CALM2, CALM3, and
TRDN, encode ion channels involved in cardiac repolarization,
their modulating subunits, or proteins that regulate or
modulate ion channel function [7]. The LQTS genotype can
be identified in 75% of sick people with a clear phenotype,
and this is important because it determines the approach to
their treatment [8]. In addition to congenital LQTS, various
causes (conditions) lead to secondary prolongation of the QT
interval. One of them is an electrolyte imbalance, such as
hypokalemia, hypocalcemia, and hypomagnesemia, which
can occur under the influence of many triggers, for example,
with long-term intake of diuretics, especially loop diuretics
(furosemide).
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Young female athlete A, aged 16 years, was referred
for a consultation with a cardiologist because of identified
changes in the electrocardiogram (ECG). The history revealed
that the patient has been doing rhythmic gymnastics since
the age of 3.5 years. At the time of the consultation,
the duration of training was 3.5 h a day 56 times a week,
and she was a sub-master athlete. She coped with exertions,
and syncope conditions were not registered. She underwent
a planned thorough medical examination (TME). During
the regular TME, pathological changes in the ECG, such as
prolongation of the QT interval, were detected. In the analysis
of the family history, cases of SCD and syncope conditions
did not occur in the next of kin. The QT interval duration in
the parents was normal.

On examination, the condition was satisfactory. Her
height, weight, and body mass index were 163 cm, 42 kg, and
15.8 kg/m?, respectively. The skin color was normal. Breath
sounds were heard in all lung fields, there were no rales, and
the respiratory rate was 20 per min. Visually, the region of
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the heart was not abnormal. Percussion borders of relative
cardiac dullness were within the age norm. The heart sounds
were clear, and her heart rate (HR) was 64 per minute and
regular in a lying position. Her blood pressure and oxygen
saturation were 100/60 mm Hg and 99%, respectively.
The abdomen was soft and nontender on palpation. The liver
was not enlarged. There was no peripheral edema. The pulse
on the femoral arteries was determined on both sides. Bowel
and bladder habits were normal.

On a surface 12-channel ECG (computer electrocardiograph
CARDI, Medical Computer Systems, Moscow, Zelenograd,
Russia), with a recording speed of 50 mm/s (Fig. 1),
moderate sinus bradycardia was recorded with an HR of
54-57 beats/min, QT interval (V5) of 460 ms, and corrected
QT (QTc) interval of 438—451 ms.

When taking an ECG in an upright position (Fig. 2)
in the presence of an increase in sinus rhythm up to
82 beats/min, the duration of the QT interval (V5) was 540 ms
and QTc was 635 ms (pronounced prolongation of the QT
interval).

Given the QT interval prolongation, Holter ECG monitoring
(ECG HM) was performed using the Poly-Spectrum-SM
system, Neurosoft, Ivanovo, Russia.

During ECG HM, a prolongation of the QT interval up to
680 ms was registered (Fig. 3).

The QT interval prolongation persisted regardless of
the HR, namely, 680 ms in sinus rhythm with an HR of
53 beats/min, 580 ms with an HR of 85 beats/min (Fig. 4), and
with a norm according to ECG HM findings up to 480 ms [9].

Fig. 1. 12-lead electrocardiogram in young athlete A., 16 years old
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Fig. 2. 12-lead electrocardiogram (standing) in young athlete A.,
16 years old

According to the automatic analysis of QT (the norms
are presented according to the National Russian
recommendations for the use of the HM technique in clinical
practice), an elongation of this interval was also revealed,
where the average QT interval was 471 (normal 342-401) ms,
QTc by Bazett was 500 (normal 396—-447) ms, and QTc by
Fridericia was 490 (normal 384-421) ms.

Rare (total 354, extrasystole density 0.4%) single
ventricular extrasystoles and episodes (3) of trigeminy
(Fig. 5) were registered.
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Transthoracic echocardiography (EPIQ 5 Ultrasound
Device, Philips, Netherlands) showed normal biventricular
systolic function. The valvular apparatus had no pathological
abnormalities, and the transvalvular flow was normal.
No enlargement/hypertrophy of the heart chambers
was detected. To rule out possible secondary causes of
QT interval prolongation in a young athlete, the level of
electrolytes in the blood serum was determined. The analysis
revealed hypokalemia (potassium 2.2 mmol/L; normal,
3.6-5.6 mmol/L). During a conversation with the patient,
it was established that she had been taking furosemide
without control for 1.5 years to reduce weight. After drug
correction of the potassium level, the QT interval was
normalized according to the results of ECG (Fig. 6) and ECG
HM, ventricular extrasystoles were not recorded.

Bicycle ergometry (Corival Lode, Netherlands) at all
stages of the load, with 4 min of recovery, did not reveal an
elongation of the QT interval.

During the follow-up period (catamnesis 2 years),
the athlete fulfilled the standard of mastery of sports in
rhythmic gymnastics, and her blood level of potassium and
the duration of the QT interval remained within the normal
range.

Young female athlete E, aged 10 years, was examined
due to acute respiratory disease at the Children’s Scientific
and Clinical Center for Infectious Diseases of the Federal
Medical and Biological Agency. The prolongation of the QT
interval was revealed by ECG with a recording speed of 50
mm/s. ECG (Fig. 7) recorded sinus arrhythmia, episodes of
bradycardia (HR 63-86 bpm), QT (V5) of 420 ms, and QTc
of 429-506 ms (increase in QTc interval with an increase
in HR). The two-humped T wave morphology and notched
T wave were revealed in leads V4-Vé, which is characteristic

Fig. 3. Fragment of Holter ECG monitoring in young athlete A. The maximum duration of the QT interval

Fig. 4. Fragment of Holter ECG monitoring in young athlete A. Prolongation of the QT interval

Fig. 5. Fragment of Holter ECG monitoring in young athlete A. Ventricular extrasystoles, trigeminy
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Fig. 6. 12-lead electrocardiogram (standing) in young athlete A.,
16 years old, after normalization of potassium concentration in
blood serum. QT (V5) = 350 ms (A heart rate of 96 beats per min),
QTc = 443 ms.

of the molecular genetic variant 2 (LQT2) of the hereditary
LQATS [10].

During ECG HM (Cardioline System, ltaly), the QT
interval was prolonged up to 540 ms (recording channel 3)
at a minimum HR of 46 beats/min (Fig. 8) at a rate of up
to 480 ms. Serum electrolytes were normal. Transthoracic
echocardiography revealed no pathological changes.

The anamnesis revealed that the patient has been
doing rhythmic gymnastics since the age of 4, with
training 5-6 times a week for 3 h. No pathological
changes in the ECG were detected during the scheduled
TME. She had no episodes of loss of consciousness.
As regards heredity, the girl's mother had two episodes
of loss of consciousness (at the age of 33 and 35 years).
The first attack was related to stress, and the other
had no apparent cause. The attacks were accompanied
by convulsions and involuntary urination. Regarding
fainting, the patient was examined in one of the clinics in
St. Petersburg and consulted by a neurologist, and
a diagnosis of autonomic dysfunction syndrome was
made. The ECG of the mother (Fig. 9) revealed sinus
rhythm with an HR of 70-80 beats/min and a significant
prolongation of the QT interval, where the QT (V5) at an
HR of 76 beats/min was 500 ms and QTc was 562 ms.
The T morphology was also characteristic of the molecular
genetic variant 2 of the hereditary LQTS.

Based on the generally accepted diagnostic criteria
proposed by Schwartz [4, 6], patient E was diagnosed with
hereditary LQTS, familial variant (inheritance on the mother’s
side), and molecular genetic variant 2. Whole-genome
DNA sequencing was performed at the EVOGEN Medical
Genetic Laboratory (Moscow), which revealed a previously
undescribed variant p. Met554ValfsTer100 (leading to
the formation of a premature stop codon) in the heterozygous
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Fig. 7. 12-lead electrocardiogram in young athlete E., 10 years old

Fig. 8. Fragment of Holter ECG monitoring in young athlete E.
Prolongation of the QT interval

Fig. 9. Prolongation of the QT interval in the girl's mother.

state in exon 7 of 15 exons of the KCNH2 gene responsible
for the development of the molecular genetic variant 2 of
LQTS (LAT2).

Atenolol was recommended at a daily dose of 1 mg/kg.
Training at the sports school has been discontinued.
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DISCUSSION

LQTS is a disease associated with a high risk of SCD
due to the development of torsade de pointes polymorphic
ventricular tachycardia [11]. Regardless of the causes of
LATS (such as hypokalemia due to long-term intake of
furosemide in clinical case 1 and a mutation in the KCNH2
gene in clinical case 2, which caused the development of
LQT2), patients with LQTS are at risk of life-threatening
arrhythmic events. In a study conducted in the USA, LQTS
causes SCD in 2% of athletes [2], and 0.4% of Olympic
athletes may experience ventricular tachyarrhythmias
associated with this syndrome [12]. Before diagnosing
young athletes with congenital LQTS, acquired causes of
QT prolongation must be ruled out. The most common
causes include medications that prolong QT, metabolic
changes, and electrolyte disorders. One of the routine
methods to detect changes typical for LQTS is a standard
12-lead ECG. The interpretation of the ECG in athletes
includes an estimate of the length of the QTc, calculated
using the Bazett equation. However, difficulties may be
encountered in assessing the QT interval in young athletes.
Approximately 25%-35% of patients with a genetically
confirmed hereditary LQTS may have normal QT interval
on the ECG at rest [2]. Determining the duration of the QT
interval associated with sinus bradycardia characteristic of
athletes is even more difficult, especially when identifying
the prolongation of the QT interval associated with an
increase in HR (an example of a 10-year-old rhythmic
gymnast diagnosed with LQT2). Moreover, when registering
severe sinus arrhythmia on the ECG, the response of the QT
interval to a change in the HR is not instantaneous and
complete adaptation takes 1-3 min [13]. Problems can
also arise when making a differential diagnosis between
the U wave and the two-humped T wave, characteristic of
LQT2, on the body-surface ECG.
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