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THE INFLUENCE OF EARLY LEFT VENTRICLE REMODELING OVER QTC CHANGES IN HIGHLY TRAINED

PREADOLESCENT FOOTBALLERS
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Zdravkovic , Sergej Prijic”, Vladimir Vukomanovic™, Goran Koracevic ', lvan Soldatovic™, Tijana Acimovic ', lvana Dizdarevic , Sanja Mazic

Aim. To assess the correlation between left ventricle remodeling induced by
physical training with QTc duration in preadolescent professional football players.
Material and methods. Ninety-four highly trained male footballers (mean aged
12,85+0,84) competing in the Serbian Football League (at least 7 training hours/
week) and 47 age-matched healthy male controls were enrolled in the study. Main
outcome measures: They were screened by ECG and echocardiography at a tertiary
referral cardio center. The control group had sedentary life style (less than 2 training
hours/week). QTc values and left ventricle dimensions were compared in these two
groups.

Results. In all participants, normal values of QTc interval were registered. Mean QTc
in athletes was significantly higher compared to non-athletes (419,89+13,07 msec vs
399,78+13,27 msec) (p<0,001). QTc interval had strong positive correlation to left
atrium dilatation, LV dilatation, LV mass and LV mass index. There was no correlation
between QTc interval and LV wall thickness, but there were correlations between QTc
interval duration and specific LV mass indexes (LVM/BSA "and LVM/h 2‘7).
Conclusion. QTc interval prolongation is present in early stage of athlete’s heart
remodeling, hence QTc prolongation could be the early ECG marker of physiological
LV remodeling in young preadolescent footballers, without any other standard ECG
and echocardiographic signs of early LV hypertrophy. This could be explained by a
different pattern of left ventricle remodeling in preadolescent period, where LV wall
thickness increase cannot usually be seen and the predominant characteristic is left
ventricle dilatation.
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BJIMAHUE PAHHEIO PEMOAEJINPOBAHUS JIEBOIO XXENYAOYKA NPU UBMEHEHUAX QTC
Y BbICOKOKBAJIN®GULIUPOBAHHbIX HEMOJIOBO3PEJIbIX ®YTEO0JIUCTOB

Marija Zdra1vkovic1, Branig,lav Milovanovio1, Mirjansa Krotin1, Sinisa Dignnkovi(;], Dragar% Lovicz, Branka Fislipovic1, Olivera Mgrkovio1, Darkcz)
Zdravkovic , Sergej Prijic”, Vladimir Vukomanovic™, Goran Koracevic ', Ivan Soldatovic™, Tijana Acimovic ", lvana Dizdarevic , Sanja Mazic

Lienb. [Ins OLEeHKN KOPPENSLUM MeXy PEMOLENMPOBAHNEM IEBOTO XeNyaouka,
VHAYLMPOBaHHOW GU3NHECKMM Harpy3kamu, M NPOAOIXUTENBHOCTbIO QTC y Heno-
N0BO3peSibIX NPodeccroHanbHbix GyTOOAMCTOB.

Martepuan u metoppl. [1eBIHOCTO YeTbipe BbICOKOKBANNGULMPOBAHHBIX GyTHO-
JINCTOB MYXCKOro rnona (cpeaHwii BospacT 12,85+0,84), TpeHupytowwmxcs B Cepb-
ckoit PyTt6onbHON Jlnre (no kpaiiHei mepe, 7 y4ebHbIx 4acoB B Hefento) u 47 no-
BO3PACTY 3[0POBbLIX MYX4/H Oblnn BKIIOYEHDI B McCnefoBaHNe. OCHOBHbIE KpuTe-
pUKM OUEHKM: OHK Obi obcnenoBaHbl ¢ nomolpto KM n AxoKM B MecTHOM
KapAvonornyeckom LieHTpe. Miccnepyemble B KOHTPOMbHOM Fpynne Benu Manonos-
BUXHbI 00pa3 kun3Hu (MeHee 2 y4ebHbIX Yaca B Hepento). 3HaueHus QTc u pas-
Mepbl IEBOr0 Xenyao4ka CPaBHMBANMCh Y 3TUX ABYX rpynn.

Pe3ynbratbl. HopmManbHble 3HadeHust nHTepBana QTc Gbinv 3aperucTpupoBaHsb!
y BCEX Y4aCTHMKOB. 3HadyeHus QTC y CMOPTCMEHOB OblMv 3HAYUTENBHO BbILLE,
no cpaBHeHUo ¢ He-cnopTcMmeHamu (419,89+13,07 mc vs 399,78+13,27 mc)
(p<0,001). NHTepBan QTc MMEN CUNBbHYIO NOOXMUTENBbHYIO KOPPENSLMIO K annarta-
uMn nesoro npeacepausa, aunaraumm JDK, JDK maccel v ungekcy maccel JIX.
He ObINO HUKAKON Koppenauun Mmexay nHTepsanoM QTC v TONWMHON cTeHKK JIK,
HO MMeNach KOPpenauus Mexay nitepsanom QTC, AMUTENLHOCTBIO 1 CNeLMPrYHO-
CTbio UHAeKkca Maccs JK (LVM/BSA "*and LVM/h *7).

3aknoveHune. YonvHeHne uHtepana QTC NpuCYTCTBYeT B paHHei cTaguu
pemMonenupoBaHve cepaua CnopTCMeHa W, cnefoBaTenbHo, yanuHeHvne QTc

MOXeT ObiTb paHHUM IKI-mapkepom GU3N0N0rMYeckoro pemMoaennpoBaHns
JIK y Mmononbix HenonoBoapesnbix ¢dyT60mcToB, 6€3 kakux-nmbo Apyrux cTaH-
naptHbix OKT 1 axokapamorpadu4eckmx NpuaHakoB paHHei runeptpodum JIX.
310 MOXeT OblTb 06bACHEHO pPas3nuyHoO GopmMoit pemoaenupoBanus JIK
B MOJIOBO3PENbIA NEPVOL, KOTAA YBENNYEHNE TONLWMHBI CTEHKM JIK HEBO3MOXHO
onpefennTb BU3yanbHO M NPESOMUHAHTHAS XapakTepucTuka SBASeTcs yBem-
yeruem JIX.
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Introduction

ECG and echocardiographic changes in athletes are
common and usually reflect structural and electrical
remodeling of the heart as an adaptation to regular
physical training and hemodynamic changes that alter the
loading conditions of the heart, causing the athlete’s heart
syndrome. [1] However, the level and duration of training
or competition, aerobic capacity and type of sports activity
play an important role in the extent of physiological
changes of athlete's heart syndrome.Several studies have
shown that corrected QT interval (QTc) interval in rest,
although still in physiological limits, is prolonged in adult
professional athletes compared to sedentary age-matched
controls, [2] The main cause of this prolongation was
physiological left ventricular hypertrophy, common in
athletes. Left ventricular hypertrophy is related to the level
and duration of physical training and is less common in
adolescent athletes, where the left ventricular dilatation is
frequently seen. [3] However, some new studies proved
that left ventricular dilatation is the main pattern of the
early left ventricle remodeling in the beginning of the
active sports career in the youngest athletes. [4, 5] The
2005 Study Group of Sport Cardiology of the European
Society of Cardiology recommend that a 12-lead ECG
(in addition to a history and physical examination) should
be a part of the pre-participation screening of young
competitive athletes for prevention of sudden death. That
document included criteria for a positive 12-lead ECG
and specified values of the heart rate corrected QT interval
(QTc more then440 ms in males and 460 ms in females)
[6].

In the following study the hypothesis was tested: there
might be a difference in QTc interval duration between two
compared groups in early adolescent period: elite football
players and age-matched sedentary controls, and that QTc
interval, measured from a single lead, would correlate with
echocardiographic parameters of professional football
players. The second aim of this study is to address the
relative lack of data in the literature regarding normal
values of QTc in adolescent population of football players
and to define normal ranges of QTc for the athletes in early
adolescent period.

Material and Methods

Study design

A group of 94 Caucasian elite male footballers aged
12,85 (0,84), all members of the National Football Premier
League clubs age range 12—14 years. The control group
consisted of 47 healthy male age-matched sedentary
controls, who were not exercising regularly (sport-training
for not more than 2 hours a week). None of the participants
had any symptoms attributable to cardiovascular disease.
No subject was taking any form of prescribed drug
treatment. Physical examination was without any
pathological findings in all participants. They all were
normotensive and nonsmokers. All athletes had been

regularly engaged in active training for at least three years
and were in their active training season. They had, on
average, 9 hours of weekly training which included: 5
hours specific football training, 2 hours anaerobic dynamic
training, 1 hour strength training and 1 hour aerobic
endurance activities. The sample size was calculated to
have a power more then 80% to detect a difference at
p<0,05. [7]

Echocardiographic evaluation was performed by the
same experienced cardiologist who was blind to the
subject’s training group, on every occasion using Acuson
Sequoia computed sonography platform with a probe
frequency 3.5 MHz vector array format transducer
following the recommendations of the American Society
of Echocardiography. [7] The images were obtained in the
parasternal long and short axis, in left lateral position and
also in the four chamber view and then analyzed off-line.
Both M—Mode and cross sectional studies were performed.
The measurements of the left atrium (LA), aortic root
(AO), left ventricular end diastolic dimension (LVED),
left ventricle end systolic dimension (LVES), left ventricle
posterior wall diastolic dimension (PWd), interventricular
septal diastolic dimension (IVSd), were done in the
parasternal long axis view, by the average of 3 consecutive
cardiac cycles with concomitant ECG and the average was
calculated. Left ventricular ejection fraction (EF) was
calculated by Simpson's rule. Left ventricular mass
(LV mass) was calculated using the method described by
Devereux et al. [7]

LVM = 1,04x[(LVED+PWd+I1VSd) 3 — LVED3] —
13,6g

Left ventricular mass index (LVMI) was calculated by
standard dividing LV mass by BSA. [7]

All heart valves were assessed by standard technique in
order to exclude significant valvular and subvalvular
obstruction and regurgitation. Valve regurgitation severity was
evaluated according to the recommendations of the American
Society of Echocardiography (ASE) Guidelines [7].

As LVM is known to vary with body size and
composition, normalization of LV dimensions according
to body size is very important in comparisons between
different subjects groups. In children and adolescents
increased cardiac size is directly proportional to the
increases of body height, so these adjustments according to
body size were done for comparison of cardiac dimensions:
LV mass findings were adjusted to BSA'"” and LVM was
additionally adjusted to height”” [7].

Standard 12-lead electrocardiogram (EGC) was
recorded using a Nihon Cohden recorder with a paper
speed of 25 mm/s and amplification of 0.1 mV/mm. The
QT interval was measured in all leads from the onset of QRS
complex to the end of T wave, defined as the intersection of
isoelectric line and the tangent of the maximal downward
limb of the T wave. [15] The U-wave was excluded during
the measurement of the QT interval, except when the T
wave was biphasic or in the presence of T—U complexes
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where the identification of the termination of the T wave
was difficult. In such cases, the U-wave was included if it
exceeded 50% of the T-wave amplitude. In the presence of
biphasic T waves, we have also assessed the QT interval in
other leads that did not exhibit biphasic T waves. The lead
with the longest QT interval was used to obtain an average
QT over three to five consecutive beats. The QTc values were
derived using Bazett’s formula, which has been most widely
used in all large studies evaluating patients with LQTS [16].
The Bazett correction is commonly used in QTc interval
investigations and involves dividing the uncorrected QT
(in seconds) by the square root of the RR interval
(in seconds). The limitations of this method are over-
correction at faster heart rates (lower RR intervals) and
under-correction at slower heart rates (higher RR intervals).

All ECGs were analyzed independently by two
independent cardiologists with a clinical and academic
interest in LQTS, blinded to all clinical details of the
subjects, using a millimeter ruler and calipers. According
to internationally accepted guidelines, males with a QTc
value of 440 ms and females with a QTc value of 460 ms
were considered to have an abnormally prolonged QTc
interval. [8]

Statistical analysis

Continuous data are expressed as mean (SD), with 5th
and 95th percentile ranges to facilitate comparison with
the data belonging to the controls. Statistical analysis was
carried out using unpaired t-tests between groups.
Statistical significance is stated as p<0.05.

Results
Selected physical characteristics of the footballers and
the controls are shown in Table 1.
The footballers had similar height as the control group,
but significantly smaller weight and BSA. Heart rate was

Table 1
The characteristics of the 94 footballers and 47 age-
matched non-athletes (the mean and SD)

Footballers Non-athletes
Age (years) 12,85 (0,84) 12,85 (0,86)
Height (cm) 159,36 (10,65) 162,71 (13,09)
Weight (kg) 48,27 (10,62) * 58,28 (13,07)
BSA (m’) 1,45 (0,20) * 1,61 (0,24)
BMI (kg/M°) 18,75 (1,92) * 21,59 (1,86)
HR (bpm) 83,49 (14,50) * 88,8 (5,19)
Systolic blood pressure (mmHg) 109,95 (8,08) 108,19 (6,71)
Diastolic blood pressure (mmHg) 65,74 (7,89) * 60,75 (5,80)

* —p<0,001.
Abbreviations: BSA — body surface area, HR — heart rate.

significantly lower in athletes then in control subjects.
Values of systolic blood pressure were similar in both
groups, but diastolic blood pressure was higher in athletes,
nevertheless normal.

Table 2 shows the mean, SD, and 5th to 95th percentile
ranges of the echocardiographic measurements and QTc
values of the footballers as well as of the controls.

There was no difference in LV wall thickness and LV
mass in these two compared groups. LVMI was significantly
bigger in adolescent footballers, as well as specific indexes
of left ventricle in athletes, like LVM/BSAL5 (p<0,001)
and LVM/hz‘7 (p<0,0001). Left atrial chamber size
(p<0,001), aortic root diameter (p<0,001), LV end
diastolic dimension (p<0,05) and LV end systolic
dimension (p<0,001) were also significantly increased in
the footballers compared to the age matched control group
data. There also was no significant difference in mean left
ventricular ejection fraction (EF) and shortening fraction
(SF) in the compared groups. The footballers had mean
(SD) ejection fraction 68,23 (4,36)% and the subjects in

Table 2

Comparison of the resting echocardiographic findings in 94 footballers and 47 age-matched non-athletes and correlation
between QTc interval duration and echocardiographic parameters in adolescent young footballers (the mean and SD)

Footballers
Ao (mm per BSA™) 21,87 (2,08) *
LA (mm per BSA™) 23,18 (2,07) *
LVED (mm per BSA *°) 38,72 (2,53) *
LVES (mm per BSA™) 25,83 (2,58) *
IVSd (mm per BSA”™®) 7,08 (0,70)
PWd (mm per BSA™) 6,82 (0,73)
LVM (g) 160,14 (33,14)

LVMI (g per BSA)
LVM/BSA" (g per BSA'®)
LVM/h?” (g per h*")

QTc (msec)

109,79 (15,04) *
91,55 (13,86) *
45,78 (9,47) *
419,89 (13,27) *

Non-athletes QTc correlation

15,65 (1,36) 0,478§
20,15 (2,87) 0,221§
35,68 (2,54) 0,351§
20,75 (2,30) 0,3748
6,53 (0,81) 0,089
6,46 (0,80) -0,045
149,59 (34,01) 0,096
92,84 (18,29) 0,235§
73,73 (16,54) 0,339§
40,65 (9,29) 0,298§
399,78 (13,07) /

* — p<0,01 compared to controls, § — p<0,01 correlation of echocardiographic parameters and QTc interval duration.

Abbreviations: Ao — aortic root diameter, LA — left atrium, LVED — left ventricular end-diastolic dimension, LVES — left ventricular end-systolic dimension, IVSd —
ventricular septal thickness (diastole), PWd — ventricular posterior wall thickness (diastole), LVM — left ventricular mass, LVMI — left ventricle mass index, h — height.
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Table 3
The ECG characteristics of the 94 footballers and 47 age-
matched non-athletes (the mean and SD)

Footballers Non-athletes
QRS d (msec) 82,44 (1,30) * 76,01 (0,71)
QRS v (mV) 159,36 (10,65) * 162,71 (13,09)
PR interval (msec) 174,02 (3,57) * 162,84 (1,56)
Pv(mV) 1,96 (0,16) * 1,34 (0,46)
* — p<0,001.

Abbreviations: QRS d — QRS duration, QRS v — QRS voltage, PR interval —
duration of PR interval, P wave v — P wave voltage.

the control group 68,49 (4,72)%. The mean (SD) fraction
of shortening was 38,01 (3,84)% in footballers and 38,36
(3,95)% in the control group. No regional wall motion
abnormalities of either the right or the left ventricle were
seen. All study participants had normal LV diastolic
function and E/a ratio >1.

All participants (aged 12—14) had normal values of
QTc interval. Mean QTc interval in athletes in rest was
significantly longer 419,89%13,07 msec, compared to
mean QTc in the control sedentary group — 399,78+13,27
msec (p<0.001). The mean and SD of the QTc values in
footballers as well as in non-athletes are shown in Table 2,
together with correlation of these parameters to
echocardiographic measurements.

In Table 2, the mean and SD of the QTc values in
footballers as well as in non-athletes together with
correlation of these parameters to echocardiographic
measurements.

QTc interval duration in athletes had not very strong,
but indeed positive correlation to left atrium dilatation, LV
dilatation, LVMI, and most important to LVM / BSA"’
and LVM / h*’ indexes. There was no correlation between
QTc interval duration and LV wall thickness.

In Table 3 ECG characteristics of footballers and non-
athletes were compared.

Discussion

The study is unique regarding age of the investigated
population widely and the first of the kind in Serbia. The
data indicate normal values of QTc interval in all
participants; however, QTc intervals in athletes were highly
significantly longer. Positive correlations between QTc
interval duration and echocardiographic dimensions of the
left heart's cavities (ventricle and atrial) and aortic root
were proven, suggesting the concomitant morphological,
functional and electrical early heart remodeling even in
the preadolescent period. It was not surprising that the
resting heart rates of the athletes were faster than the
typically reported heart rate in the previous studies, sine
this was the unique age group of athletes.

There was no difference in LV wall thickness and LV
mass in these two compared groups. However, we could
not exactly say there was no LV hypertrophy, since LVMI

was significantly bigger in adolescent footballers, as well as
specific indexes of left ventricle in athletes, like LVM/
BSA"” (p<0,001) and LVM/h> (p<0,0001). It is very
important to observe that, although there are no increased
dimensions of the LV wall, QTc prolongation in
preadolescent footballers is very closely linked to the LV
hypertrophy, characterized by increased LVMI and specific
LV indexes (LVM/BSA'and LVM/h"").

As it is well known, the long QT syndrome (LQTS) is a
genetic disorder characterized by prolongation of the QT
interval in the electrocardiogram (ECG) and a propensity
to torsades de pointes ventricular tachycardia frequently
leading to syncope, cardiac arrest, or sudden death usually
in young otherwise healthy individuals. [9] The first
description of QT interval in athletes during rest and
exercise was given by Ring GC et al. in 1972. [9] In athlete
population the QTc interval prolongation was demonstrated
through a huge number of studies; in all of them there were
also left ventricular hypertrophy with increased left
ventricle wall thickness, suspected to be the cause of the
prolongation. But increased left ventricle wall thickness is
not common in preadolescent period and consequently
QTc prolongation is less likely to be expected.

The relationship between occurrence of arrhythmias
and QT prolongation in athletes was described later [10],
some studies have even linked QT interval prolongation in
physical exercise to some undiagnosed cardiac disease
[11]. The QT interval prolongation was proved even in
animals with high physical exercise — highly trained dogs
[11].

The prevalence of QT interval prolongation in
asymptomatic elite athletes was recently reported as 0,4%,
or 1 in 286 patients. Palatini et al. reported in a group of 30
young athletes the QTc interval prolongation, but no
correlations between QTc prolongation and the degree of
severity of ventricular ectopic beats, heart rate or
echocardiographic dimensional and functional findings
were found [12]. Factors which play a role in these QT
interval changes are a lower intrinsic heart rate, an
increased parasympathetic or vagal tone, a decrease in
sympathetic tone, structural cardiac adaptations, and
non-homogeneous depolarization of the ventricles.
Alterations are mostly seen in athletes engaged in high
intensity dynamic endurance sports. It is important to
recognize that several of the ECG changes that can
accompany athletic conditioning resemble pathological
ECG features and may mimic structural heart disease. QTc
interval prolongation was described by Stolt et al. in female
athletes, much older than our group [13]. In the same
study, QTc prolongation also correlated with LV and RV
mass and increased LV wall thickness. According to
Sharma et al. highly significantly prolonged QTc interval
should be linked to the frequently registered ECG signs of
left ventricle hypertrophy [14].

However, still our data indicate no correlation between
QTc interval duration and LV wall thickness, analysis of
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specific LV mass indexes revealed significant differences
within, suggesting that correlation between these indexes
and QTc prolongation could be the explanation for the
QTc prolongation. Furthermore, QTc prolongation could
be the early ECG marker of physiological LV remodeling
in young preadolescent footballers, without any other
standard ECG and echocardiographic signs of early LV
hypertrophy. This fact could be explained by a different
pattern of left ventricle remodeling in preadolescent
period, where LV wall thickness increase cannot usually be
seen and the predominant characteristic is left ventricle
dilatation. In our opinion QTc prolongation in athletes is
related to the early cardiac remodeling and can be seen
even after a short period of training; nevertheless
recommended normal values of QTc interval in young
preadolescent footballers should be expected [15].

Limitations

The study is limited to Serbian Caucasian preadolescent
footballers and differences with other races can occur.
However, the number of investigated elite footballers in the
preadolescent age is limited by the small number of the
elite footballers of that age — all preadolescent eclite
footballers were enrolled in our study. Although further
studies are necessary, we expect athletes with different
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