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Electrocardiography (ECG) remains a fundamental tool in sports cardiology, yet interpretation of athletes’ ECGs
is complicated by the overlap of physiological adaptations and pathological patterns. Regular training induces struc-
tural and electrophysiological remodeling of the myocardium, resulting in variable ECG findings that require careful
differentiation.

The aim is summarize current knowledge on exercise-induced ECG changes in athletes of different sport disci-
plines, with emphasis on adaptive mechanisms and diagnostic challenges.

Endurance athletes typically demonstrate sinus bradycardia, PR prolongation, high QRS voltages, and eccentric
left ventricular hypertrophy. Strength athletes present concentric hypertrophy, rightward axis deviation, and fre-
quent incomplete right bundle branch block. Mixed-sport athletes exhibit intermediate patterns with variable T-wave
and ST-segment changes. Across all groups, electrolyte imbalances (hypokalemia, hypercalcemia, hypomagnesemia,
hyponatremia) significantly modulate ECG responses. Most changes represent benign adaptation; however, bor-
derline or pathological findings—such as marked T-wave inversion, pathological QT prolongation, or persistent ST
depression—necessitate advanced diagnostics to exclude cardiomyopathy, ischemic disease, or channelopathies.

ECG profiles in athletes reflect both adaptive remodeling and potential diagnostic risks. Accurate interpretation
requires consideration of sport type, training level, age, sex, and electrolyte status. Standardized screening protocols
and interdisciplinary evaluation are essential for safe differentiation between physiological and pathological vari-
ants.

Key words: myocardium, sport, physical exercise, electrocardiography, cardiac adaptation.

Connection of the publication with planned re-
search works.

The material of this article was prepared within the
framework of the research project “The influence of ex-
ogenous and endogenous factors on the course of adap-
tive responses of the organism to physical loads of vary-
ing intensity” (state registration number 012U108187).

Introduction.

In modern sports physiology, increasing attention is
being paid to the study of cardioelectrical adaptation
as a key marker of the functional state of an athlete’s
cardiovascular system [1-4]. Changes in myocardial elec-
trical activity induced by prolonged and regular athletic
training are considered not only a variant of physiologi-
cal remodeling, but also a potential source of diagnostic
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uncertainty, particularly in cases of borderline ECG pat-
terns [5-8].

It has been established that the nature of the elec-
trocardiographic response largely depends on the type,
duration, and intensity of training load, as well as on
the morpho-functional characteristics of the athlete [9-
11]. The presence of variable findings—such as sinus
bradycardia, different types of conduction blocks, re-
polarization changes, and T-wave inversions — compli-
cates clinical interpretation and necessitates clear dif-
ferential criteria. In recent years, several international
documents, including the International Recommenda-
tions for Electrocardiographic Interpretation in Athletes
(2017), have been proposed to define the physiological
boundaries of adaptive ECG responses across different
sport disciplines [12].

However, even within these protocols, questions re-
main unresolved regarding sex-, age-, and discipline-spe-
cific differences in ECG profiles. This issue is particularly
relevant in light of the growing need for standardized
approaches to cardiac screening of athletes at various
stages of training. Such circumstances highlight the ne-
cessity for a comprehensive review and systematization
of existing literature. This review summarizes current
perspectives on cardiac electrical activity changes in ath-
letes of various sport specializations, with a focus on the
interpretation of ECG patterns in the context of training
adaptation, exercise type, and potential diagnostic risks.

The aim of the study.

To summarize current knowledge on exercise-in-
duced ECG changes in athletes of different sport disci-
plines, with emphasis on adaptive mechanisms and di-
agnostic challenges.

Main part.

High-intensity physical exercise can induce overload
of the cardiovascular system, accompanied by metabolic
disturbances in cardiomyocytes. This, in turn, may lead
to the development of functional impairments both at
the myocardial level and in the overall homeostatic bal-
ance of the athlete’s body [13-15]. Sustained increases
in cardiac output, characteristic of periods of systematic
training, are associated with structural and electrophys-
iological remodeling of the heart, reflected in corre-
sponding changes in electrocardiographic (ECG) param-
eters [16, 17].

Electrocardiography remains a leading non-invasive
and diagnostically significant method for assessing myo-
cardial electrical activity, enabling early detection of
rhythm disturbances, conduction defects, hypertrophic
or ischemic changes, as well as other forms of adapta-
tion or pathology [18, 19]. Athletes demonstrate con-
siderable variability in ECG parameters, influenced by
the combination of sport type, training level, age, and
sex. Notably, adaptation to chronic physical load differs
between males and females, resulting in variations in
ECG patterns. Clinical and physiological observations
indicate that only a small proportion of athletes exhibit
entirely normal resting ECGs, highlighting the relevance
of in-depth analysis of electrocardiographic phenotypes
in different sport specializations [20, 21], with consid-
eration of age- and gender-specific features — an issue
further explored in this review.

Morpho-functional reactivity and adaptation of the
cardiovascular system to regular training loads involve
multilevel changes in neurohumoral regulation, skeletal

muscle and myocardial morphology, and electrophysio-
logical activity [22-25]. One of the key regulatory mech-
anisms of heart rhythm in athletes is the shift in the va-
gal-sympathetic balance toward enhanced vagal nerve
activity. This shift increases cardiomyocyte permeability
to potassium under conditions of regular training and
plays a central role in regulating action potential dura-
tion and ECG parameters [26, 27]. Activation of ATP-de-
pendent potassium channels facilitates K* efflux from
cells, accelerating the repolarization phase of myocardi-
al action potentials (APs). As a result, AP duration in car-
diomyocytes shortens, leading to a reduced QT interval
on ECG - often observed in athletes as a physiological
variant [28, 29].

Electrophysiological adaptations due to regular phys-
ical training may also manifest as changes in T-wave mor-
phology. In trained individuals, the T-wave frequently be-
comes taller, narrower, and more asymmetric, reflecting
an accelerated repolarization phase in typical ventricular
cardiomyocytes. While such T-wave morphology is gen-
erally considered physiologically normal, it requires dif-
ferential diagnosis from pathological variants — such as
short QT syndrome, ischemic heart disease, or channel-
opathies [19, 29, 30]. Moreover, physical training con-
tributes to stabilization of the cardiomyocyte membrane
potential by enhancing potassium channel activity and
optimizing the redistribution of K* between intracellular
and extracellular compartments. This creates conditions
for more efficient electrical activity and reduced meta-
bolic cost of cardiac contractions, which is particularly
evident in the development of training-induced sinus
bradycardia [30, 31]. Thus, increased potassium perme-
ability in the context of regular muscular work reflects
not only electrophysiological remodeling but also an
essential mechanism for maintaining myocardial energy
homeostasis during repeated training stimuli.

Vagal dominance in response to chronic muscular
activity not only reduces resting heart rate (HR) while
enhancing myocardial contractile function [31, 32], but
also increases heart rate variability — indicating a higher
level of adaptive reserve and neurovegetative plasticity
in athletes.

Physiological sinus bradycardia at rest is consid-
ered normal in athletes and is defined as a HR below
60 bpm; it is observed in approximately 80% of highly
trained athletes (average 56 bpm in men and 59 bpm in
women) [32-34]. Bradycardia promotes energy-efficient
cardiac function, as the reduced HR lowers myocardial
oxygen demand. However, the earlier assumption that
bradycardia is solely a consequence of enhanced vagal
tone is now questioned. Experimental data indicate
that in trained animals, even isolated hearts deprived of
vagal innervation continue to beat at lower frequencies.
Marked bradycardia (<40 bpm), which raises doubts
about its physiological nature, is more frequently ob-
served in male athletes than in females [33, 35, 36]. In
the presence of preserved sinus rhythm — characterized
by upright P waves in leads I, Il, lll, and aVF that consis-
tently precede QRS complexes and maintain stable mor-
phology across all leads—the ECG of endurance athletes
often exhibits prolongation of the P—R interval [37-39].
This is considered a hallmark of sinus bradycardia and
serves as an indicator of a high level of cardiorespiratory
fitness.
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Prolonged adaptation to training loads is also associ-
ated with morphological remodeling of the myocardium,
including left ventricular hypertrophy, chamber dilation,
and increased stroke volume [40, 41]. Combined with
electrophysiological changes such as prolonged diastol-
ic filling time, altered repolarization characteristics, and
slowed sinoatrial conduction, these factors contribute
to the development of physiological sinus bradycardia
[41, 42]. Its presence in athletes is viewed as a normal
variant and does not require medical intervention unless
accompanied by hemodynamic symptoms.

Chronic athletic training imposes significant mechan-
ical stress on the myocardium, leading to remodeling of
cardiac chambers and changes in myocardial wall thick-
ness — most prominently in the ventricles [43, 44]. In
the context of exercise adaptation, these changes are
predominantly classified as eccentric hypertrophy — a
morphological type common among endurance-trained
athletes. In contrast, athletes engaged in strength-based
disciplines may exhibit features of concentric hypertro-
phy [45, 46].

During the early stages of myocardial hypertrophy,
coronary blood flow typically remains adequate to meet
the metabolic demands of the myocardium for oxygen
and substrates necessary for energy production and tis-
sue maintenance [47]. However, excessive cardiac mass
and wall thickening may eventually lead to a mismatch
between myocardial oxygen demand and coronary per-
fusion capacity, increasing the risk of insufficient vascu-
larization [48]. In such cases, physiological hypertrophy
may transition into a pathological form, characterized by
ischemia, tissue hypoxia, and impaired cellular metab-
olism.

The mechanisms underlying cardiac hypertrophy in
athletes are closely linked to endocrine and neurohu-
moral factors, among which insulin, catecholamines,
atrial natriuretic peptide, and angiotensin Il play key
roles [49, 50]. These regulatory systems mediate both
adaptive tissue remodeling and the potential transition
to pathological forms of cardiac adaptation.

Myocardial hypertrophy that develops in response
to chronic exercise exerts a pronounced effect on the
heart’s electrical activity and is reflected in the ECG. In
cases of physiological left ventricular hypertrophy — typi-
cal of endurance athletes — increased R-wave amplitude
in left precordial leads and deep S waves in right precor-
dial leads are commonly observed, reflecting enhanced
electrical forces of the left ventricle [51, 52]. The electri-
cal axis may shift to the left, and repolarization intervals
may be altered, manifesting as ST segment depression
and T-wave inversion, particularly in the chest leads.
QT interval prolongation may also occur as a secondary
manifestation of myocardial remodeling.

Right ventricular hypertrophy, although less com-
mon, is typically associated with sports that involve in-
termittent hypoxia or elevated pulmonary pressures.
This condition is characterized by increased R-wave am-
plitude in lead V1, rightward axis deviation, and ST-seg-
ment changes in anterior chest leads [52, 53]. When
atrial enlargement occurs, P-wave morphology changes
accordingly: left atrial enlargement results in a broad,
notched P wave, while right atrial hypertrophy is indicat-
ed by tall, peaked P waves in inferior leads [54].

Despite the presence of marked ECG deviations,
most of these findings in athletes are benign and adap-

tive, lacking clinical symptoms. Therefore, distinguishing
physiological hypertrophy from pathological forms —
such as hypertrophic cardiomyopathy — remains a crit-
ical task for both sports medicine and cardiology. In this
context, ECG serves not only as a verification tool for ab-
normalities but also as a means for dynamic monitoring
of cardiac adaptation processes in athletes.

Sustained and high-intensity physical exercise, par-
ticularly in the presence of inadequate recovery or
electrolyte imbalance, can lead to transient shifts in
electrolyte homeostasis that significantly impact the
heart’s electrophysiological activity. Of particular clinical
importance are disturbances in potassium and calcium
metabolism. While such changes typically remain within
physiological limits, in cases of dehydration, insufficient
recovery, or dietary imbalance, they may present as re-
polarization abnormalities or mild arrhythmias.

Hypokalemia, which may result from excessive
sweating or diuretic use, impairs the repolarization pro-
cess in cardiomyocytes [55]. On ECG, this manifests as
ST-segment depression and a progression from flattened
to inverted T waves. These changes indicate reduced
electrical stability of the myocardium and an increased
risk of arrhythmogenic events [56].

In cases of hypercalcemia — occasionally observed as
a result of metabolic shifts under chronic training stress
—there is notable shortening of the ST segment [57]. The
T wave may alter its morphology, becoming flattened,
biphasic, or inverted, indicating changes in the repolar-
ization phases [57, 58].

Thus, electrolyte balance serves as a sensitive mark-
er of both adaptive and stress-related processes in the
athlete’s myocardium. Even subclinical disturbances
can significantly influence ECG parameters, supporting
the rationale for monitoring potassium-calcium profiles
during cardiovascular adaptation assessment.

Magnesium deficiency exerts effects similar to hy-
pokalemia on cardiac electrical stability, prolonging the
QT interval and increasing the risk of ventricular tach-
yarrhythmias [59, 60]. Conversely, hypermagnesemia is
associated with slowed conduction through the sinoatri-
al and atrioventricular nodes, manifesting as decreased
heart rate, AV blocks, and alterations in P-wave mor-
phology [61].

Hyponatremia — caused by pathological states or
excessive fluid intake in endurance athletes — can re-
duce the amplitude of P and QRS waves, induce sinus
bradycardia, and increase the risk of seizure syndromes
[62]. These findings underscore the strong relationship
between electrolyte status and the myocardium’s abili-
ty to maintain electrophysiological stability under train-
ing-induced stress. Hence, electrolyte homeostasis is a
critical factor in shaping either adaptive or pathological
electrocardiographic responses in athletes, particularly
during phases of intense training.

Cardiac electrical activity changes in athletes are
heterogeneous and largely dependent on training type,
training duration, body morphology, and the dominant
energy system involved in their sport. Based on these
factors, modern sports cardiology identifies several typ-
ical ECG patterns characteristic of specific sports dis-
ciplines. Careful analysis of such patterns helps more
precisely distinguish physiological adaptations from po-
tentially pathological conditions, which is essential for
both screening and clinical follow-up.

60 ISSN 2077-4214. Bicuuk npo6nem 6ionorii i meauuunn — 2025 — Bun. 3 (178) / Bulletin of problems in biology and medicine — 2025 — Issue 3 (178)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/



OornAaAaun NITEPATYPU / LITERATURE REVIEWS

In athletes engaged in cyclic endurance sports (e.g.,
long-distance running, cycling, rowing, cross-country
skiing), a characteristic electrocardiographic phenotype
reflects prolonged cardiovascular adaptation. The most
common feature is resting sinus bradycardia, indicating
parasympathetic dominance and decreased sinoatrial
node firing rate [63, 64]. This rhythm pattern does not
impair hemodynamics and is considered a physiological
adaptation to training.

Additional findings typically include prolonged P-R
intervals (AV conduction), widened QRS complexes due
to left ventricular dilation, and increased Q and R wave
amplitudes in chest leads [64, 65]. In some cases, ST seg-
ment changes and T-wave inversions may occur, mimick-
ing pathological conditions but representing borderline
physiological variants in highly trained individuals [65,
66]. Morphological changes, such as eccentric left ven-
tricular hypertrophy, underlie these ECG features and
require differentiation from cardiomyopathic signs. In
female athletes of similar profiles, such adaptive electro-
physiological changes tend to be less pronounced, partly
due to hormonal factors, muscle mass type, and shorter
professional careers [66]. Therefore, ECG interpretation
in endurance athletes must consider training type, dura-
tion, age, sex, and the morpho-functional features of a
heart adapted to physical exertion.

In contrast to cyclic sports, strength disciplines (e.g.,
weightlifting, powerlifting, bodybuilding, shot put, dis-
cus, javelin, hammer throw) primarily involve anaero-
bic, static-dynamic loads, which induce a different type
of cardiovascular remodeling [67-69]. In these athletes,
concentric left ventricular hypertrophy is predominant
and results from chronically elevated afterload during
brief yet intense muscle contractions. This adaptation
is accompanied by moderate reductions in resting HR,
though not to the extent seen in sinus bradycardia typical
of endurance athletes [69-71]. ECG changes most com-
monly observed in strength athletes include increased
R-wave amplitude in right precordial leads (V1-V2) and
deep S waves in left precordial leads (V5-V6), indicating
electrophysiological signs of left ventricular hypertrophy
[71, 72]. A mild rightward shift of the electrical axis is fre-
quently noted, attributed to sympathetic predominance
and remodeling of the conduction system.

Some athletes exhibit T-wave flattening or inver-
sion, predominantly in anterior chest leads. In the ab-
sence of pathological symptoms, this is interpreted as
a physiological adaptation [73]. ST-segment changes
generally lack ischemic characteristics but may appear
pseudo-pathological, necessitating differentiation from
cardiomyopathies [73, 74]. Observational data suggest
an increased prevalence of incomplete right bundle
branch block among strength-trained athletes, which, in
this context, is a benign adaptation without functional
impairment [74, 75].

The ECG profile of strength athletes reflects specif-
ic cardiac remodeling aimed at maintaining adequate
hemodynamics during peak exertion and periods of
elevated intrathoracic pressure. In clinical practice, dis-
tinguishing these physiological changes from patholog-
ical ones is of critical importance, particularly during
pre-competition screenings or in the evaluation of symp-
tomatic athletes.

Mixed sports disciplines — including team sports
(football, basketball, handball), combat sports (boxing,

wrestling, judo), tennis, and dance — combine aerobic
and anaerobic exertion with wide variability in intensity
and duration. This type of physical activity leads to a hy-
brid cardiovascular adaptation, incorporating elements
of both endurance and strength remodeling. Athletes in
these disciplines display a broad range of ECG changes
reflecting individual patterns of myocardial adaptation.

Common ECG manifestations in mixed-sport athletes
include moderate sinus bradycardia, normal or slightly
prolonged P-R and Q-T intervals, mild T-wave amplitude
reduction in chest leads, and signs of left ventricular or
biventricular hypertrophy [76, 77]. Unlike endurance
athletes who exhibit stable vagotonia, those in mixed
disciplines demonstrate a more labile vagosympathet-
ic balance, resulting in higher rhythm variability and a
tendency toward sinus arrhythmia [77, 78]. Particular
attention should be paid to the ST segment and T wave,
as they are the most sensitive indicators of training over-
load, metabolic disturbance, or stress-induced alter-
ations. Studies show that isolated T-wave changes and
minor ST-segment depressions occur more frequently
in mixed-sport athletes than in endurance or strength
athletes and, while often asymptomatic, require careful
monitoring [8, 11, 51, 79].

The presence of specific ECG changes in mixed-load
sports underscores the need for an individualized ap-
proach to interpretation, considering sport type, training
level, age, and sex. Incorporating 24-hour ECG monitor-
ing, echocardiography, and heart rate variability assess-
ments enhances the accuracy of distinguishing adaptive
responses from potentially pathological alterations that
could endanger the athlete’s health.

Although most ECG variations in athletes represent
physiological adaptations, some findings warrant close
attention due to their potential association with un-
derlying cardiac pathology. These changes are general-
ly classified as borderline or pathological, the latter of
which may carry a risk of life-threatening outcomes [8,
11, 23, 80]. Borderline changes include isolated atrial hy-
pertrophy, QT prolongation at the upper limit of normal,
axis deviation, or atypical T-wave morphology without
clinical symptoms [8, 11, 80, 81]. While such patterns
typically do not impair hemodynamics, their presence
necessitates dynamic follow-up, especially during peri-
ods of increased training load, transitions in sport spe-
cialization, or symptom onset.

Potentially pathological ECG findings deserving
heightened scrutiny include persistent ST-segment
depression, T-wave inversion in >2 contiguous leads
(particularly V2-V4), pathological QT prolongation or
shortening, bundle branch blocks, signs of ventricular
pre-excitation, and ventricular arrhythmias [8, 11, 82].
These may indicate hypertrophic or arrhythmogenic
cardiomyopathy, myocarditis, ischemic heart disease, or
congenital electrophysiological abnormalities. In young-
er athletes, T-wave inversions may sometimes reflect
transient or ethnic-specific variants but, when accom-
panied by echocardiographic evidence of hypertrophy,
dilation, or fibrosis, become diagnostically significant.
This is especially relevant in strength and mixed-sport
athletes, where eccentric or concentric myocardial re-
modeling may mask early stages of cardiomyopathy.

Thus, borderline and pathological ECG changes pres-
ent a diagnostic challenge in sports cardiology. Their
presence requires a comprehensive assessment utilizing
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not only standard ECG but also exercise testing, Holter
monitoring, cardiac MRI, and molecular-genetic testing
when hereditary pathology is suspected. Proper ECG in-
terpretation demands a deep understanding of exercise
adaptation physiology, taking into account sport type,
sex, age, ethnicity, training history, and any accompany-
ing symptoms.

On one hand, physiological adaptations — such as
sinus bradycardia, prolonged PR intervals, high QRS volt-
age, early repolarization, and mild ventricular hypertro-
phy — are normal features of the trained heart. These
require no treatment and are predictors of high physical
performance. On the other hand, the presence of T-wave
inversion in anterolateral or inferior leads, pathological
QT prolongation, conduction abnormalities, ventricular
arrhythmias, or pre-excitation syndromes necessitates
extended evaluation to rule out cardiomyopathies or
ischemic conditions. In this context, a stratified risk ap-
proach to ECG interpretation is essential. Dynamic mon-
itoring throughout the training cycle — especially during
periods of increased intensity or shifts in sport special-
ization —is also crucial.

Therefore, ECG in athletes is not only a diagnostic
tool but also a means of prognostication, adaptation
control, and sudden cardiac death prevention. Given the
prevalence of borderline changes, particularly in endur-
ance and strength athletes, a multidisciplinary approach
involving sports cardiologists, functional diagnostic spe-
cialists, coaches, and, when needed, geneticists is rec-
ommended. The development of standardized criteria
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for normal versus pathological ECG findings across sport
groups, verification of electrophysiological risk markers,
and the broad implementation of screening programs
are among the key objectives in modern sports physiolo-
gy, medicine, and preventive cardiology.

Conclusions.

Current literature highlights the broad variability in
ECG parameters among athletes depending on sport
type, sex, and training level. Most cardioelectric changes
are physiological and reflect cardiovascular adaptation
to training loads. However, certain patterns may be bor-
derline or pathological, necessitating careful differentia-
tion to avoid false-positive or false-negative conclusions
in clinical practice. Particular attention should be paid to
electrolyte homeostasis and its impact on cardiac elec-
trophysiology. The ECG profile serves as an informative
marker of both adaptive status and potential cardiopa-
thologies, and its interpretation must consider the ath-
lete’s individual characteristics.

Prospects for further research.

Future investigations should focus on in-depth anal-
ysis of ECG patterns in athletes of varying ages, sexes,
and sport specializations, with particular attention to
electrolyte balance, integration of ECG monitoring with
advanced imaging techniques, and the application of
personalized diagnostic algorithms for early detection of
borderline and potentially pathological changes.
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Enekmpokapdioepagpia (EKI) 3aauwiaemosca OCHOBHUM iHCMpymMmeHmom y crniopmusHili Kapdionoeii, npome
iHmepnpemauia EKI cnopmcmeHie YyCKAaOHEMbCA MOEOHAHHAM (hidionoziyHux adanmauili ma namosoziyHux
3MIH. PeaynapHi mpeHy8aHHA CrpU4YUHAMb CMPYKMypHe ma enekmpodgizionoziyHe pemooentosaHHA miokapoa,
W0 3yMO8sHE pi3HOMAHIMHI npossu Ha EKT, ski nompebyrome pemensHoi dugpepeHuyiayii.

Mema —y3a2anbHuUmMu cy4acHi 3HaHHA npo EKM-3miHu, iHOyKOB8aHI ¢hi3UYHUMU HABAHMAMEHHAMU Y CTOPMCMEHI8
Pi3HUX criopmusHUX cneyianizayili, 3 aKUeHMoM Ha a0aNMUBHI MexaHi3mMmu ma diazHOCMUYHI MpyOHOWi.

Y crnopmcmeHie YuKaidHux eudie crnopmy mumnosumu € cuHycosa 6padukaplid, MoO0BMEHHA iHmMepsasny

PR, sucoka eosnbmaxcHicmb QRS ma exkcueHmpuyHa einepmpodisa niso2o winyHo4ka. Cusaoei cropmcmeHu
XAPaKmMepu3ytomscs KOHUEHMpPUYHOK 2inepmpocgieto, 8iOXUMAEHHAM eneKmpuYyHoi oci 8npaso ma 4Yacmoro
HasAsHicMo HernosHoi 6s10kadu Npasoi HixcKu rny4ka lica. lpedcmasHUKU 3MiWaHUX 8udie ciopmy 0emMoHCMpyomeo
MPOoMIiXCHi namepHu 3 sapiabenbHumu 3miHamu 3ybysa T ma ceameHma ST. B ycix 2pynax enekmponimHi nopyuweHHs
(einokaniemis, 2inepkanvyiemis, 2inomazHiemis, 2inoHampiemia) cymmeso modugikytome EKI-8i0nogiosb.
Binbwicme 3miH marome 0obposkicHuli adanmauiliHuli xapakmep; 00HAK HASBHICMb supaxceHol iHeepcii 3ybus T,
namosoziyHo2o0 nodosxeHHs iHmepsasy QT yu cmilikoi denpecii ST nompebye po3wupeHoi 0ia2HOCMUKU 3 Memoto
BUK/IOYEHHSA Kapdiomionamil, iwemivyHoi xeopobu abo kaHanonamid.

EKT-npoghini cnopmcmeHie gidobpaxcarome AK adanmueHe pemoOesnto8aHHsA, MakK i nomeHyiliHi diazHocmu4Hi
pusuKku. ToyHa [HMepnpemauia euMa2a€e ypaxysaHHAs 8udy criopmy, pieHA nid2omosKu, s8iky, cmami ma
enekmponimHo2o cmamycy. CmaHOapmu308aHi MPOMOKOAU CKPUHIHEY ma MIiXOUCYUNAIHAPHA OUiHKa €
KovosuMu 015 besneyHoi dugepeHuyiauii izionoziyHux i namoso2iyHUx eapiaHmie.

Knro4voei cnosa: miokapd, criopm, ¢isuyHe HaOBAHMAMEHHSA, enekmpokapdiozpadis, cepuesa adanmauyis.
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3B’A30K nyb6aikauii 3 nnaHoOBMMM HayKOBO-AOCAIg-
HUMK poboTamu.

Martepian cTaTTi NiAroToBAEHO B pPaMKax HayKo-
BO-A0CNIAHOI TeMU «BnivMB eK30reHHWX Ta eHA0TreHHUX
dakTOopiB Ha nepebir aganTauiliHUX peakLiit opraHis-
My A0 Oi3MYHMX HaBaHTaXeHb Pi3HOI iIHTEHCUMBHOCTI»
(Homep peprkaBHOi peecTpauii 012U108187).

Bctyn.

Y cyyacHi crnopTuBHilt ¢isionorii gepani 6inbwoi
yBarn HabyBa€ BMBYEHHA KapaioeneKTpMUHOI aganTauii
AK KHOYOBOro MapKepa GpyHKLiOHAaNbHOrO CTaHy cepLe-
BO-CYAMHHOI cuctemmn cnoptcmeHa [1-4]. 3miHn enek-
TPUYHOI aKTMBHOCTI MiOKapga nig BN/JAMBOM TPMBAAUX
perynsapHux CnOpPTUBHUX HABAHTaXeHb PO3rAL4a0TbCA
He NInLLe AK BapiaHT ¢isionoriyHoi nepebynosu, ane i aK
NoTeHUjiNHe AKepeno AiarHOCTUYHOI HeBM3HAYEHOCTI,
ocobnnBO y BUNagKax norpaHnMyHmx EKT-natepHis [5-8].

BcTaHOBNEHO, WO XapaKTep eneKkTpoKapaiorpadiy-
HOi BiANOBIAi ICTOTHO 3aneXWTb Bi4, TMNY TPeHyBab-
HOTO HaBaHTA)XEHHA, MOro TPWUBAOCTI, IHTEHCMBHOC-
Ti, @ TakoX Mopdo-dyHKLioOHanbHMX ocobansocTel
cnoptcmeHa [9-11]. HaABHicTb BapiaTUBHMX 3MiH, TaKUX
AK CUHycoBa OpaauKapais, pPi3HOMaHITHI BapiaHTU
6n10KagKn, 3MiHM penonapwm3auii Ta iHBepcii 3ybuis,
YCKNAAHIOE KANiHIYHY iHTepnpeTauilo 1 noTpebye uiT-
Kux gudepeHuinHmMx KpuTepii. OCTaHHIMKM  poOKa-
MW 3aNpPONOHOBAHO HWU3KY MIiXKHAPOAHUX [AOKYMEH-
TiB, 30Kpema International Recommendations for
Electrocardiographic Interpretation in Athletes (2017),
AKi geTanisytoTb ¢i3ioNoriyHi Mmexki aaanTUBHOT eNeKTpo-
Kapgiorpamu y cnopTCMeHiB pisHux Buais cnopty [12].

MpoTe HaBiTb Y MeXax LMX MPOTOKOAIB 3a/1MLWatoTbCA
HEepOo3B’A3aHMMM MUTAHHA LLOAO MIMKCTATEBUX, BIKOBUX
Ta AMcumnaiHapHux BiamiHHocten EKIM-npodinto. Oco-
6AMBOI aKTyanbHOCTI LA Npobsema HabyBa€ y 3B'A3Ky 3
notpeboto yHipikoBaHMX NiAXoAiB A0 KapAionoriyHoro
CKPUHIHTY CMOPTCMEHIB Ha Pi3HMX eTanax MiaAroToBKU.
TakulA cTaH peyelt aKkTyanisye notpeby y KOMMAEKCHO-
My nepernagi n cuctemaTmsalii HaaBHUX NiTepaTypHUX
oxepen. Y uboMy OrnAgi y3arasibHeEHO Cy4acHi yaBneHHsA
Npo 3MiHW eNeKTPUYHOI aKTUBHOCTI cepuA y cnopTcme-
HiB Pi3HMX CMOPTUBHMX Cneujianisauii i3 akUueHTOM Ha
ocobamsocTi iHTepnpeTauii EKI B KOHTEKCTi TpeHyBasb-
HOT aZanTauii, TUNY HAaBAHTAXKEHHSA Ta NOTEHLUNHUX Aja-
THOCTUYHUX PU3KKIB.

MerTta gocnigKeHHs.

Y3aranbHEHHA Cy4YacHMX 3HaHb Npo EKIM-3miHuM, iH-
OYKOBaHi i3sMYHMMM HaBaHTAXKEHHAMMW Yy CMOPTCMEHIB
Pi3HMX CMOPTUBHMX CNeLianisaliii, 3 akLeHTOM Ha ajan-
TUBHI MeXaHi3MM Ta 4iarHOCTUYHI TPYLHOLL.

OcHOBHa YacTuHa.

@i3MYHi BNpaBM BUCOKOT IHTEHCUMBHOCTI 34aTHI iHiLi-
I0BaTW MNepeBaHTaXKEeHHA CepLeBO-CYAMHHOI cUCTeMU,
LLLO CYNPOBOAMKYETLCA METaboNIYHUMM NOPYLUEHHAMM B
KapaiomiounTax. Lle, y cBOl Yepry, moxke npu3BoguTm
00 GopMyBaHHSA PYHKLIOHANbHUX PO3/1aAiB AK Ha PiBHI
MiOKapAa, TaK i Ha PiBHI LiNICHOro romeocTasy opraHis-
My cnoptcmeHa [13-15]. TpuBane nigBuLEeHHA cepue-
BOrO BWMKWAY, NPUTaMaHHe nepiofgam CUCTEMATUYHUX
TPEHyBaHb, aCOL,IIOETLCA 3i CTPYKTYPHOI Ta enekTpodi-
3ion0riyHoO nepebynoBoto cepus, Wo BigobpaxkaeTbea
Y Bi4NOBIAHMX 3MiHax NapameTpiB eNeKTpoKapAiorpamm
(EKI) [16, 17].

EnektpoKapgiorpadia 3anmwaerbca nNposBigHMM He-
iHBA3MBHMM i AiarHOCTUYHO 3HAYYLLMM METOAOM OLLiH-

KM eNneKTPUYHOI aKTMBHOCTI MioKapaa, 3abesneuvyroun
paHHE BUABNEHHA NOPYLUEHb PUTMY, NPOBIAHOCTI, rinep-
TpodiuHMX abo ileMiYHNX 3MiH, a TAKOK iHLLMX BapiaHTiB
apanTauii um natonorii [18, 19]. Y cnopTtcmeHiB cnocTe-
piraeTbca 3HayHa BapiabenbHicTb EKM-MoKasHuKiB, WO
3yMOB/IEHA MOEAHAHHAM TUNY CNOPTUBHOI AiANBHOCTI,
piBHA TPEHOBAHOCTI, BiKy Ta cTaTi. 30Kpema, aganTauis
00 XPOHIYHOro i3sMYHOro HABAHTAXKEHHS Y YOJIOBIKIB i
KIHOK Ma€ HU3KY BigMiHHOCTEN, AKi 06YMOBIOIOTL PO3-
6ixkHOCTI y xapakTepi EKM-3miH. 3a gaHUMK KNiHiKO-di-
3i0/10TIYHMX CnOCTepeXeHb, /Mlle He3HayHa 4YacTka
CNOPTCMEHIB AEMOHCTPYE abCcoNOTHO HopManbHy EKT
Yy CTaHi CMOKOM0, WO TaKOX MiATBEPANKYE AKTYasbHIiCTb
rMMBLIOro aHani3y enekTpokapaiorpadiyHmux eHoTmnis
y NPeACTaBHUKIB Pi3HMX CMOPTUBHMX cneuianisauin [20,
21], 3 ypaxyBaHHAM BiKOBMX i reHAepHUX 0cobanBOCTEN,
WO CTAaHOBUTb NpeaMeT MOoAANbLIOr0 PO3rsaAy B Lin
CTaTTi.

Mopdo-dyHKLiOHaNbHA pPeaKTUBHICTb | aganTauis
CepLeBO-CYAMHHOI CUCTEMU [0 PEryiApHUX TPeHyBasb-
HUX HaBaHTa)eHb nepenbayae GaraTopiBHEBi 3MiHU Y
HENPOryMmopasbHOMY KOHTPOJi, MOPQONOriYHill CTPYK-
Typi CKeneTHUx m’s3iB i Miokapaa Ta 1Moro enektTpooisi-
O/I0TIYHIM aKTUBHOCTI [22-25]. OgHMM i3 K/HOUYOBUX pery-
NIATOPHUX MEXaHi3MiB CepLLeBOro pUTMy y CNOPTCMEHIB
€ 3CyB Baro-cMMnaTMyHoro 6anaHcy B 6iK MOCUAAHHA
aKTMBHOCTI 6/1yKatouoro HepBa. lMos’s3aHe 3 uum 36inb-
LWEHHA NMPOHWUKHOCTI KapAiomiouuTiB A8 Kanito B yMO-
BaX PerynapHuX 3aHATb CMOPTOM € K/TFOYOBUM YMHHUKOM
Yy perynauii TpMBaNOCTI NOTeHLUiany Aii Ta napameTpis
eneKkTpokapaiorpamu [26, 27]. Aktusauia ATD-3anex-
HUX KanieBux KaHanis cnpuse suxody K* 3 KAiTuHU, Wwo
npuwsnawye ¢asy penonspusauii B noTeHuianax aii
(M 4) kniTMH miokapaa. Hacnikom LbOro € CKOpoYeHHs
TpuBanocti N[ KapAioMiounTiB Ta SMEHLUEHHA TPMUBaOo-
cTi iHTepsany QT Ha EKT, wo Hepigko cnoctepiraeTbea y
CNOPTCMEHIB fIK BapiaHT ¢disionoriyHoi Hopmu [28, 29].

EnekTtpodisionoriyni agantauii, 3ymoBneHi perynsap-
HUMM QI3MYHUMM BNPaBaMM, MOXKYTb TAaKOXK NPOABAATU-
€Ay 3MiHi KoHoirypauii xauai T. Y TpeHOoBaHMX iHAUBIAIB
BOHA YacTO CTA€ BULLOID, BYXKYOK Ta aCMMETPUYHOLO,
Wwo Bigobparkae npouecy NPUCKOPEHHs ¢asu penons-
pu3aLii TUMOBUX KapAioMiOUMTIB WAYHOUKIB. Takuit TMn
T-XxBUANI € AONYCTUMUM Y MeXKax PisionoriyHoi Hopmu,
oaHakK notpebye andepeHLiiHOI AiarHOCTMKK 3 NaToo-
rMYHUMKU 3MiHAMKM, 30Kpema Npu CUHAPOMiI KOPOTKOTrO
QT, iwemiyHin xBopobi cepua abo KaHaNbLEBUX aHOMa-
niax [19, 29, 30]. Kpim Toro, ¢piznyHe TpeHyBaHHSA CNpUse
cTabinisauii membpaHHOro NoTeHLWiany KapAiomiouuTis,
NOCU/IIOIOYN aKTUBHICTb Ka/iEBUX KaHaniB Ta ONTUMI3y-
toun nepeposnogin K* mix BHYTPILWHbOKAITUHHUM i No-
3aKNITUHHUM KOMMapTMeHTamu. Lie cTBoptoe ymosu ana
6inbly epeKTUBHOT €IeKTPUYHOT aKTUBHOCTI Ta 3HUMKEH-
HA MeTaboNiYHOI BApTOCTi CEPLIEBUX CKOPOYEHD, L0, 30-
Kpema, npoABAAeTbca y GopMyBaHHI TPEHYBa/bHOI CU-
HycoBoi 6bpaauKkapgaii [30, 31]. TaKMm YMHOM, NocUAEHA
NPOHMKHICTb ANA IOHIB Kanito B KOHTEKCTI aganTauii Ao
perynspHoi mA30B0i pob0TH € He NuLLe BigobpaXKEeHHAM
eNeKTpodi3ioNoriYyHOro pPemoentoBaHHA, a M BaXKIu-
BMM MEXaHI3MOM 36epeeHHs eHepreTMYHoro rome-
0CTa3y MioKapaa niZ Yac NOBTOPHOBAHUX TPEHYBAIbHUX
CTUMYNIB.

JoMiHyBaHHA BarycHOi aKTMBHOCTI Yy BiAMNOBiAb Ha
XPOHiYHY m’A30BY pobOTY, 3abe3neuye He NnLLE 3HUMKEH-
HS 4acToTU cepueBmx ckopodeHb (YCC) Ha Tai 3pocTaHHA
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HarHiTanbHoOi GyHKUiT miokapaa [31, 32], a 1 36inblueH-
HA BapiabenbHOCTI CepLEBOro pUTMY, WO CBIAYMTL NPO
BULMI piBEHb afaNTaLLiMHOrO pe3epBy Ta HelpoBsereTa-
TMBHOI NJ1IACTUYHOCTI CNOPTCMEHA.

BapiaHTOM HOpMU A5 CNOPTCMEHIB BBaXKa€eTbcA Oi-
3ion10riyHa cMHycoBa GpaamKapAia y CTaHi CnoKoto, siKa
XapaKTepusyeTbca 3HMMeHHAM YCC<60 ya/xs i BuaBns-
eTbca y 80% BMCOKOKBaNidpikoBaHMX COPTCMEHIB (y ce-
peaHbomy — 56 ya/xB y 4onoBiKis Ta 59 ya/xB y KiHOK)
[32-34]. BpaguKapgia cnpusae ekoHoMiI3aLii cepueBoi
LiANbHOCTI, OCKiNbKM 3meHLwWweHHsA YCC 3HMKYE noTpeby
MioKapaa B KWCHI. MpoTe npunylieHHA nNpo Te, wo 6pa-
OUNKAPA4iA € BMKAOYHO HACAILKOM MigBULLEHHA TOHYCY
6/1yKalo4oro Hepsa (K BBaXKanocs paHille), Hapasi Bu-
K/NIMKa€E neBHi 3anepeyeHHA. EkcnepumeHTanbHi AaHi
CBigYaThb, WO Y TPEHOBAHUX TBAPWH HaBiTb i30/1bOBaHe
cepue, nosbasBneHe BarycHoi iHHepBaLjii, NMPOAOBKYE
CKOPOYYBATUCA 3 HUMKYOKO YacToToto. BuparkeHa bpaau-
Kapaia (meHwe 40 ya/xs), WO BUKAMKAE CYMHIBK LLLOAO
il dpisionorivHoro noxoayKeHHs, i yacTiwe 3ycTpivaeTbCA
cepes 4Y0NoBiKiB, Hix cepep, KiHoK [33, 35, 36].

3a HasABHOCTI 36epeXKeHoro CMHyCcoBOro putmy (Moro
KpUTepiasmMmKn € NO3UTUBHO CNpsAmMOBaHi 3ybui P y Biase-
penHsx 1, 11, 111, aVF, aki cTabinbHO nepeayroTb KOMMAEK-
cam QRS, nocTiltHa dpopma 3ybua P B ycix BigBeaeHHAX
Towo), EKI cnopTcmeHiB-nerkoatneTis xapaKTepusyeTb-
CA MOAOBXKEHHAM iHTepBany P—R [37-39]. Lle BBarKa€eTb-
€S OAHUM i3 MapKepiB CUHYCOBOT BpaanKapAii i cyXutb
NMOKa3HMKOM BMCOKOrO pPiBHA TPEHOBAHOCTI CNMOPTCMEHA
B ACMeKTi KapaiopecnipaTopHOi BUTPUBAJOCTI.

TpvBana aganTaia A0 TPEHYBa/IbHOTO HaBaHTAXeH-
HA CYNpPOBOAMKYETHCA TaKOXK MOPPONOriYHUM pemose-
NOBaHHAM MioKapaa — rineptpodieto NiBOro WAYHOUKa,
niaBuweHHAM 06’eMy NOPOXKHUH cepuA, 36iNbeHHAM
yaapHoro o6’emy [40, 41]. Y noeaHaHHi 3 enekTpodisi-
O/IOTIYHUMM 3MiHaMM, TAaKUMWU AK MOAOBXKEHHA dasu
0iacTONIYHOro HAMoOBHEHHS, 3MiHa PenosApPU3aLiNHUX
XapaKTepPUCTMK Ta YNOBIIbHEHHA IMMNY/IbCHOT NPOBigHO-
CTi Yepes CMHO-aTpia/IbHUI BY30/, LLi 3MiHM TaKOX CTBO-
plOOTb YMOBW AN PO3BUTKY @isionoriyHoi cnHycoBoi
6paaukapaii [41, 42]. Ti HasABHICTb y CMOPTCMEHIB BBa-
YKAETbCA BapiaHTOM HOpPMU i He NoTpebye NiKyBanbHOro
BTPYYaHHA, AKWO He CYNpOBOAMKYETbCA CMMMTOMaMMU
NOPYLUEHHA reMOANHAMIKM.

MigBuLLLEHEe HAaBAHTAXXEHHA HA MiOKapA Nig vac pery-
NAPHUX CNOPTUBHUX HaBaHTaXKeHb CNPUYMHAE pemose-
JIIOBAHHA Kamep cepua Ta 3MiHW TOBLUMHM MiOKapaianb-
HWX CTIHOK, NepeBa*KHO WAYHOUKIB [43, 44]. Y KOHTEKCTI
ajanTauii O TPeHYBa/NbHOrO HaBaHTAXKEHHA TaKi 3MiHU
KNacuikyoTb NepeBaXKHO AK EKCLLEeHTPUYHY rinepTpo-
obito — mopdonoriyHmii TMN, WO nepeBakae y cnopTc-
MEHIB, fAKi crewiani3yoTbCa Ha PO3BUTKY aepobHOT BU-
TpuBanocTi. HaTOMiCTb Yy CNOPTCMEHIB, YMA NigroTOBKA
AKLEHTOBAHA HA CMNOBI AKOCTI, MOXYTb popmyBaTUCA
03HaKM KOHLLeHTpUYHOI rineptpodii [45, 46].

Ha nouaTKoBMX eTanax PO3BUTKY rinepTpodii Ko-
POHAPHWMIA KPOBOTIK 34aTeH 3abe3neynTn ageksaTHe
HAAXOAMKEHHA KUCHIO Ta cybCcTpaTiB A/1A eHepreTUyHmX
i MNacTMYHMX NpoueciB y MioKapai BignosigHo ao oi-
3ionoriyHmx notpeb [47]. MpoTe 3a YyMOB HaAMipPHOTO
36iNblWEHHA MacK cepua Ta NOTOBLUEHHS CTIHOK MOXK-
NINBe BUHUKHEHHA AucbanaHcy MixK metaboniyHumum
3anMTammn MioKapZaa i 34aTHICTIO KOPOHApPHOro pycsa Ao
iXHbOro 3abesneyeHHs, WO BKA3YE Ha PU3UK HeaoCTaT-
HbOI BackynapusaLii [48]. Y Takux BMNagKax MOXKAMBA

TpaHchopmain disionorivHoi rinepTpodii y natonoriyHy
bopmy, AKa CynpoOBOANKYETLCA iLUEMIEID, TKAHUHHOO Fi-
MOKCI€EI Ta MOPYLUEHHAM KAITUHHOIrO MeTaboniamy.

MexaHi3mu po3BuUTKY rineptpodii cepua y cnoptcme-
HiB TICHO NMOB’A3aHi 3 aKTMBALEID EHAOKPUHHUX Ta Hel-
POryMopasibHUX YMHHWKIB, cepen AKMX KAHOYOBY pO/b
BiZirpaloTb iHCYNiH, KaTexonamiHw, nepeacepaHuUin Ha-
TPiAypeTUYHUIA NenTua, a TakoX aHrioteH3uH Il [49, 50].
Li perynaTopHi cnctemmn onocepenKoBytOTb AK aganTta-
LiMHI nepebynoBun cepLeBOi TKAHWHM, TaK i NOTEHLiNHI
PU3MKKM nepexoay A0 naTonorivHMXx Gbopm pemogento-
BaHHA.

MiokapgianbHa rinepTpodia, wo dopmyeTbes vy
BignoBiAb Ha TpuBani Gi3WYHI HaBaHTaXKEHHA, YMHUTb
BMPA3HUIA BNIMB Ha ENEKTPUYHY aKTUBHICTb cepud Ta,
BignoBiaHo, BigobparkaeTbca y cTpykTypi EKI. Mpn odi-
3ionorivHin rinepTpoodii NiBOro WAYHOUKA, XapaKTepHil
ONA NpeACTaBHUKIB BUAIB CNOPTY HA BUTPUBANICTb, CMO-
cTepiraeTbcA 36inbleHHA amnniTyan 3ybuis R y niBmx
TPYAHMX BifBeAEHHAX Ta S y npaBux, WO MoB’A3aHO 3
NOCUJIEHHAM €NIeKTPUYHOI CUAKN NiBOTO WYHOYKA [51,
52]. EneKkTpuyHa BiCb Cepus MOXKe 3MilllyBaTUCS BAiBO,
a iHTepBanM penonapu3alii 3a3HalOTb 3MiH Yy BUMALI
aenpecii cermeHTa ST Ta iHBepcii 3ybua T, ocobamso y
rPYAHUX BiBEAEHHAX, WO MOTEHLIMHO BigA3epKastoe
afjanTauiiiHe nepeBaHTAXEeHHA LW/YHOYKOBOI CTiHKMU.
MopoBeHHsA iHTepBany QT y AeAKUX BUMNALKAX TaKOXK
PEECTPYETLCA AK BTOPMHHA O3HAaKa PEMOAEOBAHHA.

MpaBolwayHoOYKoBa rinepTpodia, AKa TpanaseTbCcA
pifwe i 3a3BMYail Nos’A3aHa 3 BMAAMM CMOPTY, WO Cy-
NPOBOAKYOTbCA MePIOAUYHUMM FINOKCUYHUMM CTaHAMMU
abo nigBuLWEHMM NereHeBMM TUCKOM, XapaKTepUsyeTb-
cA NigBUWEHHAM amnnityam 3ybusa R y V1, siaxuneH-
HAM e/IeKTPUYHOI OCi BMPaBo Ta 3MiHamu cermeHTa ST
y nepegHbo-rpyaHux BigseaeHHAx [52, 53]. Y sunaa-
Kax 3a/y4yeHHs nepeacepab B rinepTpodiyHmMin npouec
enekTpokapgiorpadiuHi 03HaKM NONATaOTb Y 3MiHi KOH-
oirypauii 3ybusa P: npu 36inbweHHi niBoro nepeacepan
BUABNAETLCA MOro ylwunpeHHA 3 asoropboto dopmoto,
TOAi AK rinepTpodia npaBoro nepeacepan NPOABNAETHCA
BMCOKMMMU i 3aroctpeHuMu 3ybuamum P B HUXKHIX BigBe-
AeHHax [54].

BoaHouac, He3Barkatouu Ha BupasHi EKI-BigxmuneHHs,
BiNbLLICTb i3 HUX Yy CMOPTCMEHIB MOXKYTb MaTK 406pos-
KiCHMI, afanTaliHW XapaKTep i He CYNnpOBOAMKYOTHCA
KNiHIYHUMK nposaBamu. Came TOMy NUTaHHA AndepeH-
uiauii ¢isionoriyHoi rineptpodii Big natonoriyHoi (Ha-
npuKnag, rineptpodiyHoi Kapaiomionartii) 3anuwaeTbes
NPWHUMMNOBUM fIK ANA CNOPTUBHOI MeAULMHM, TaK i AnA
Kapaionorii B wiziomy. Y LLbOMy KOHTEKCTi eIeKTPOKapai-
orpadia po3rnaaacTbcs He Anwe AK meTos Bepudikauii
NopyLLEeHb, ase 1 AK 3acib AMHaMIYHOro CrnocTepeXKeHHsA
33 nepebirom aganTaliliHMX NPOLECiB y cepui cnopTc-
MeHa.

TpuBani i BUCOKOIHTEHCUMBHI i3nYHi BNpaBu, oco-
6/11BO 32 YMOB HEOCTAaTHLOrO BiAHOBAEHHA abo nopy-
WeHb BOAHO-eIeKTPONITHOrO H6anaHcy, MOXyTb Cynpo-
BOZKYBATUCA TPAH3UTOPHUMM 3MiHAMM €NEKTPONITHOTO
romeocTasy, AKi CyTTEBO BN/IMBAlOTb Ha enekTpodisiono-
riYHY aKTUBHICTb cepuA. HaibinbL KAIHIYHO 3HaUYLWMMK
B LlbOMY aCMeKTi € MOPYLUEHHA KaNi€BOTO Ta KaJibLiEBOTO
06MiHy. Xo4a Ui 3MiHM 33a3BUYAN He BUXOAATb 33 MEMXI
¢disionoriyHoi HopMmK, 33 YMOB 3HEBOAHEHHSA, HeadeK-
BaTHOTO BifHOBNEHHA abo XapyoBMX AMCOANAHCIB BOHU
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30aTHI NPOABNATUCA AK NOPYLUEHHA penonapwm3aLii abo
He3HauHi apuUTMii.

Finokaniemin, AKa MoXe BUHUKATM BHACNIAOK NiaBU-
LLLeHOrO MOTOBUAEHHA ab0o BXMBAHHA CEYOTNIHHUX 3a-
cobiB, NopyLwye npouec penonspusadii KapgiomioymTis
[55]. Ha eneKktpokapaiorpami Le nposBAfeTbcA Aenpe-
cieto cermeHTa ST, @ TAKOXK CNOYATKY 3rNagKeHUM, a 3ro-
OOM HeraTMBHUM 3ybuem T. MoaibHi 3miHK cBigyaTb Npo
3HMMEHHS eNeKTPUUHOI cTabinbHOCTI MioKapaa Ta no-
TEHLIMHO NiABULLYIOTb PU3NK apUTMOTeHHUX nogiv [56].

Y pasi rinepkanbuieMii, iKa iHOAI cnocTepiraeTbca AK
pe3ynbTaT 3MilleHHs meTaboniyHoro npodinto B ymosax
XPOHIYHOrO TPEHYBA/IbHOTO CTPECY, BUABNAETLCA 3HAYHE
yKopoueHHs cermeHTa ST [57]. 3ybeup T 3miHIOE CBOIO
KOHOIirypauito: BiH MOXKe CTaBaTu 3rnafrKeHum, bidas-
HUM abo HeraTMBHMM, LLO CBiAYUTbL MPO 3MiHU y pasax
penonsapwusau,i [57, 58].

TakKMM YMHOM, ENEKTPONITHWI OBMIH € YyTAMBUM
MapKepoM aianTaLinHUX i CTpecoBuMx NPOLLECiB y cepLe-
BOMy M’A3i cnopTcmeHa. Moro nopylueHHs, HasiTh cy6-
KNiHIYHI, MOXYTb 3Ha4yHO BN/AMBaTU Ha EKM-napametpwy,
O 3YMOB/IIOE AOUINbHICT MOHITOPUHIY Kani€eBO-Kanb-
uieBoro npodinto npu ouiHui cepuesoi aganTtauii go di-
3MYHOrO HaBaHTAXEHHA.

[ediunt marHito YNHUTb NoAiOHY A0 rinoKaniemii ajto
Ha eneKkTPUYHy cTabiNbHICTb cepus, 3yMOBIOKOYM MO-
[oBXeHHA iHTepsany QT Ta NiABULLYIOYM PU3MK PO3BUT-
KY LIIYHOYKOBMX Taxiaputmin [59, 60]. HaTomicTb rinep-
MarHiemia acoLOETbCA 3 YMNOBIIbHEHHAM MPOBIAHOCTI
B CMHOATpiabHOMY Ta aTPiOBEHTPUKYNAPHOMY BY3/1aX,
LLLO NPOABNAETLCA 3HUMKEHHAM YaCTOTU CEPLLEBUX CKOPO-
yeHb, AV-610Kagamm Ta 3miHamum 3ybusa P [61].

linoHaTpiemia, 3ymoBneHa AK MaTONOrYHMMWU CTa-
HamK, TakK i HagMIPHMM BOAHWUM HABAHTAXKEHHAM Y
CNOPTCMEHIB Ha BUTPUBANICTb, CMPUYNHAE 3MEHLUEHHA
amnnitygm 3ybuis P i QRS, noaBy cuHycoBoi bpaaunkap-
Aii, @ TaKOX NigBULLYE PU3UK PO3BUTKY CYAOMHOTO CUH-
apomy [62]. LLi 3MiHM BKa3yOTb Ha TICHWUI 3B'A30K MiXK
€NeKTPONITHUM CTaTyCOM i 34aTHICTIO MiOKapAa nigTpu-
MyBaTK eneKkTpodisionoriyHy cTabinbHicTb Nig ymosamu
TpeHyBasibHOro ctpecy. TaKUM YMHOM, ENeKTPONITHUN
rOMeoCTas BWUCTYMAE OAHMM 3 KAHOYOBUX aKTopiB Yy
dopmyBaHHi aganTMBHOI abo NaToNOriYHOT eN1eKTPOoKap-
aiorpadiyHoi Bignosigi cepua cnoptcmeHa, ocobamBo y
¢bazax iHTEeHCUBHOTO TPEHYBaHHS.

3MiHM eNneKTPUYHOI aKTUBHOCTI cepuAa y crnopTcme-
HiB € reTeporeHHMMM Ta 3HAYHOK MIPOIO 3a/s1eXKaTb Bif,
XapaKTepy CMOPTMBHOTO HABAHTAXEHHA, TPWBANOCTI
TpeHyBasIbHOTO CTaxy, mopdoTnny aTaeTa Ta cneumndiku
eHepro3abesneyeHHs B AOMiIHYOHOMY BUA| AiSNbHOCTI.
3 ypaxyBaHHAM LMX YMHHWKIB Yy Cy4acHii CMOPTUBHIMN
Kapaionorii BUOKPeMoTb HU3KY TMnoBux EKIM-natep-
HiB, AKI NMpUTamMaHHi NpeacTaBHMKAM OKpemMux BUAIB
cnopty. [leTanbHUA aHani3 Takux 3MiH 403BOASE BiNbLu
TOYHO BigmerKyBaTh disionoriyHi aganTauii Big noTex-
LiMHO NaToO/IOrYHMX CTaHiB, WO Ma€E NPUHLMUMNOBE 3Ha-
YEHHA AK 4NA CKPUHIHTY, TaK | 4NA KNIHIYHOro cynposoay
CMOPTCMEHIB.

Y CNOPTCMEHIB LUMKAIYHMX BUAIB CMOPTY, WO XapaK-
TEPU3YIOTbCA TPUBANUM aAEPOBHMM HaBAHTAXKEHHAM
(6ir Ha moBri gMCcTaHLii, BENOCNOPT, BECAYBAHHSA, NMUMKHI
FOHKWM TOLLO), CNocTepiraeTbca cneundiyHnin enekTpo-
KapaiorpadiyHnini peHotmn, wo Bigobparkae TpuBani
aganTauiiHi nepebynoBu cepLeBO-CYANHHOI CUCTEMMU.
HaluacTilwmm npoaBom € cuHycoBa bpagmKapain B cTaHi

CMOKO0, WO CBiAYMTb NPO AOMiIHYBAHHA Mapacumna-
TUYHOTO TOHYCY Ta 3MEHLWEeHHA 4acToTM iMmnynbcauii
CMHyCOBOrO By3/a [63, 64]. Takuit TUM PUTMY He Cynpo-
BOXKYETbCA MOPYLIEHHAM reMOAMHAMIKW | BBAXKAETbCA
¢disionoriyHow afganTauieto 40 TPEHYBAIbHOTO HaBaHTa-
YKEHHSA.

TaKOX TMMNOBO PEECTPYETLCA NOAOBKEHHSA iHTEPBANY
P—R (AV-nposigHicTb), 36iNblieHHA TPWUBANOCTI KOMI-
nekcy QRS 3a paxyHOK pO3LIMpPEHHA NiBOro LWAYHOYKA,
a TaKOX MiABULLEHHA amnniTyam 3ybuis Q i R y rpyaHux
BiABeAeHHAX [64, 65]. B oKpemux BMNaaKax PeeCTpy-
10TbCA 3MiHK cermeHTa ST Ta iHBepcia 3ybus T, Wo moxKe
iMiTYBaTW MATONOrIYHI CTAHM, OAHAK Y KOHTEKCTi BUCO-
KOTPEHOBaHWUX OCib TPAKTYOTbCA AK MeXKOBi ¢izionoriy-
Hi BapiaHTK [65, 66]. MopdonoriyHi 3miHM — 30Kpema,
EeKCLEeHTpUYHa rinepTpodia NiBOro WaAyHO4YKa — 3yMOB-
NIotoTb NoABy Takmnx EKM-ocobansocTei, saki noTpebytoTb
peTenbHoi gudepeHuiauii 3 npoasamu KapgiomionarTii.
Y }KiHOK-CMOPTCMEHOK aHaoriyHoro npodinto aganTme-
Hi enekTpodizionoriyHi 3amiHM MaloTb MEHLLY BUpaXKe-
HICTb, WO YaCTKOBO 3YMOBJ/IEHO FOPMOHA/IbHUMMU UYMH-
HUKaMK, TUNOM M’A30BOT MacK Ta MEHLLOK TPUBAICTHO
Kap’epu B npodeciliHomy cnopTi [66].

Takum UnmHOM, iHTepnpeTauia EKI y cnoptcmeHis ae-
pobHoro npodinto Mae BpaxoByBaTU TUN HAaBaHTaXKEH-
HA, TPMBaNiCTb TPEHYBA/IbHOTO CTaXy, BiK, CTaTb Ta MOp-
dodyHKUioHanbHi ocobamBocTi cepus, aAanToBaHOro
[0 XPOHIYHOro Gi3MYHOro HaBAHTAXKEHHS.

Ha BiaMiHY Big, UMKAIYHUX BUAiB, CUNOBI AUCLUNAIHK
(BaykKa aTneTuKa, nayepnidTmHr, 604ANBINANHT, METaHHSA
A4pa, ANCKa, CnNnca, MmonoTa) obymoBAOOTL NepeBa-
HO aHaepobHWI, CTAaTOAMHAMIYHUI TUM HAaBAHTAXKEHHSA,
LLLO 3YMOBIOE iHLWY MopdodyHKLioHaNbHY Nepebyaosy
cepueBo-cyaMHHOI cuctemm [67-69]. Y cnopTcmeHiB L€l
rpynu OOMIHYE KOHLLEHTPUYHMI TUN rinepTpodii niso-
ro LWAYHOYKA, NOB'A3aHUI 3 XPOHIYHUM MiABULLEHHAM
nicNAHaBaHTaXXEHHA NiZ Yac KOPOTKOYACHUX, ane iHTeH-
CMBHMX M’I30BMX CKOpOYeHb. Taka aZanTalia cynpoBo-
OXKYETbCA NOMiIPHMM 3HMKeHHAM YCC y cTaHi cnokoto,
O, O4HAK, He A40CAra€ 3Ha4YeHb BMpPAXKEHOI CUHYCOBOI
6paaunKapaii, TMNoOBOI ANA UMKNIYHUX BUAIB cnopTy [69-
71]. 3 60Ky EKT Hanbinbw TMNOBUMM 3MiIHAMM Y CUTOBUX
CNOPTCMEHIB € 36i/blIEHHA amnAiTyam 3ybus R y npaBux
rpyaHux BigseaeHHax (V1-V2) Ta rnmbokoro 3y6ua Sy
NiBUX rpygHUX BigBedeHHax (V5-V6), Wwo cBiguntb npo
eneKkTpodisionoriyHi 03HakKM rinepTpodii niBoro way-
HouKa [71, 72]. Hepiako ¢dikcyeTbca NomipHe BiaxuieH-
HA eNeKTPUYHOI OCi cepuAa BNpaBo, Lo NoB’A3aHe 3 ne-
peBarod CMMMATUYHOTO BMJIMBY Ta PEMOAE/IOBAHHAM
NpoBiAHOI cucTemu.

Y YacTUHKW aTNeTiB PEECTPYETbCA CRNOLWEHHA abo
iHBepcia 3ybua T, nepeBa)KHO B MNepeaHbOrPYAHMUX
BiABEAEHHAX, AKe, 3a BiACYTHOCTI CynyTHiX MaTonoriy-
HMUX CMMNTOMIB, PO3LIHIOETbCA K BapiaHT ¢isionoriy-
Hoi apganTauii [73]. 3miHM cermeHTa ST 3a3Buyall He
MatoTb iLLEMIYHOIO XapaKTepy, O4HAK MOXYTb HabyBaTu
nceBAONATONOMYHOIO BUINAAY, WO noTpebye andepeH-
uiauii 3 Kapaiomionatiamn [73, 74]. Okpemi cnoctepe-
YKEHHS BKA3yloTb HA BMLLY YacCTOTy HemnosHOI 610Kaau
NpaBoi Hi*KKKM My4yKa lica, AKa B KOHTEKCTi TPEeHOBAHOTO
CMNOBOr0 HaBaHTaXeHHA He CYMPOBOAXKYETbCA BYHKL-
OHA/NIbHUMW MOPYLEHHAMW Ta BBAXKAETbCA A0bposAKic-
Holo aganTauieto [74, 75].

Takum ymHom, EKM-npodinb cnmnosmx CnopTCMeHiB
Bisobparkae cneundiyni kapaianbHi nepebynosu, cnps-
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MOBaHi Ha 3abe3neyeHHA afeKBATHOI reMoAMHaAMIKK
nia 4ac MiKOBMX HaBaHTa*KEHb Ta BWCOKOrO BHYTPILU-
HbOTPYAHOrO TUCKY. Y KAIHIYHIN NpakTMLi HaA3BMYaMHO
BaXK/IMBO YiTKO AndepeHLitoBaTh Ui di3ionoriynHi 3miHm
BiZ, NATONOrYHMX, 30KPEMA MPU CKPUHIHTY nepej, 3ma-
raHHAMM abo NPU OLHLI CUMATOMHMX CTaHiB y CNOPTC-
MEHIB.

3miwaHi BMAM CnopTy, A0 AKMX HanexaTb irposi
(dyT60n, backetbon, raHpbon), egmHobopcTBa (HOKC,
b6opoTbba, A3t0A40), TeHiC, CMOPTUBHI TaHLi TOLWO, Mo-
€AHYIOTb enemeHTU aepobHOro Ta aHaepobHOro Ha-
BaHTa)KEHHA 3 BMCOKOK BapPiaTUBHICTIO iIHTEHCUBHOCTI i
TpuBanocti. Taknii xapakTep ¢i3nYHOI aKTUBHOCTI dop-
MYE KOMMIEKCHUIA TUM CepLeBO-CYAMHHOI aganTaLii, y
AKOMY NOEAHYIOTLCA PUCK AK LIUKAIYHOTO, TaK i CUL10BOTO
pemogentoBaHHA. Ha EKI cnopTcmeHiB uux gucumnnid
MO’KHa CMOCTepiraTv LWMPOKUIN CNEKTP 3MiH, WO Bigo-
bparkatoTb iHAMBIAYaNbHI BapiaHTM aganTauii miokapaa.

Cepep, xapaKktepHux EKl-nposgsis y npeactaBHuMKIB
3MilLAHUX BUAIB CMOPTY BiA3HAYAlOTbCA NOMIPHA CUHY-
coBa bpaguKapaia, HopmanbHi abo Aello NoAOBMKEHi
iHTepBanu P—R Ta Q—T, nOMipHe 3HMKEHHA aMnaiTyam
3ybua Ty rpyaHUX BiaBeAeHHAX, @ TaKOX O3HaKM rinep-
Tpooii niBoro wayHo4Ka abo ABOLW/IYHOUYKOBOI aganTauii
[76, 77]. Ha BigmiHy Big, cnOpTCMEHIB LMKAIYHUX BUAIB,
Yy AKMX AOMiHYe cTabinbHa BaroToHiA, y NpeacTaBHUKIB
3MiLLAHMX AMCLMMNAIH BarOCUMNATUYHWUI BanaHc € 6inbLu
NabiNbHUM, 3 BMCOKOO BapiabenbHicTio pUTMy Ta TeH-
OeHLji€elo A0 cMHycoBoi apuTmii [77, 78]. Ocobamsy yBary
TaKMX CNOPTCMEHIB CAig, NPUAINATK ouiHLi cermeHTa ST i
3y6uA T, OCKiNbKM came Lii KOMMOHEHTU € HaUYYTUBILLM-
MW [,0 O3HAK TPEHYBa/IbHOrO NepeBaHTaXKeHHA, MeTabo-
nivHoro 3cysy abo cTpec-iHAyKOBaHMX 3MiH. [okasaHo,
WO Yy CNOPTCMEHIB 3MillaHMX BMAiIB CMOPTY 4YacTiwe,
HIXK Y LMKNIYHUX aBO CMNOBUX, PEECTPYIOTHCA BapiaHTK
i301b0BaHMX 3MiH 3ybusa T abo MiHiManbHUX Aenpecin
cermeHTa ST, W0 He CynpOBOAKYIOTLCA KNIHIYHOK CUMI-
TOMATUKOIO, ane NoTpebyroTb PeTeIbHOr0 MOHITOPUHTY
[8, 11, 51, 79].

HasagHicTb cneumdiyHmnx 3miH EKI npu 3miwaHmx
BUAAX HABAHTAXEHHA MiAKPECNtOE BaXKAMBICTb iHAWUBI-
OYyanbHOro Nigxo4y Ao iHTepnpeTaLii pe3ynbraTis, 3 ypa-
XyBaHHAM BMAY CNOPTY, PiBHA MiArOTOBKM, BiKy, CTaTi.
3anyyeHHs metogiB AoboBoro moHiTopuHry EKI, exo-
Kapaiorpadii Ta gocnigKeHHa BapiabenbHOCTi cepue-
BOr0 pUTMy A03BOIAE NiABULNTU TOYHICTb AiarHOCTUKM
MiX a4anTMBHUMM BapiaHTaMM | NOTEHL,IMHO NaToNoriy-
HUMW 3MiIHAMW, AKI MOXYTb CTaHOBUTU PU3MK ANA 300-
poB’a cnopTcmeHa.

Monpw Te, wo bGinbwictb 3miH EKI y cnoptcmeHis
€ BapiaHTaMM HoOpMK Ta BigobparkatoTb ¢isionoriyHy
afanTauito A0 HaBaHTaXKeHb, iHOAI BUABNAIOTLCA efleK-
TpoKapaiorpadiyHi 03HakK, siKi NoTpebytoTb 0cobanBoT
yBaru yepes MMOBIpHiCTb Kapaionatonorii. Taki 3miHK
YMOBHO MOAINAKTb Ha rPaHMYHI Ta MaTONOriYHI, OCTaH-
Hi 3 AKMX MOXYTb CTAHOBUTWU MOTEHLINHUA PUSKK ONA
KUTTA cnopTcmeHa [8, 11, 23, 80]. paHMYHI 3MiHW BKAtO-
YaloTb, 30KPeEMa, i30/1bOBaHy rinepTpodito nepeacepab,
noAoBXKeHHA iHTepBany QT Ha MexXi HopMU, BiAXMNEHHA
eIeKTpUYHOI oci cepusa abo HeTMnoBiI 3MiHM 3ybua T 6e3
KNiHiYHOT cumnTomaTuku [8, 11, 80, 81]. Xoua 6inbLuicTb
i3 HUX He CYynpOBOAMKYIOTbCA FeMOANHAMIYHMMU NOPY-
LWEHHAMM, TX HaaBHICTb NOTpebye AMHaMIYHOro cnocrte-
peXeHHs, 0cob6MBO 3a YMOB 3POCTaHHA iIHTEHCUBHOCTI

HaBaHTAXKEHHA, 3MiHW TPEHYBaNbHOTO LUKy abo nosAsK
CKapr.

Cepep, 03HaK, AKi TPAKTYIOTbCA SIK MOTEHLMHO NaTo-
NoriyHi, 0cobanBOI yBarM 3ac/yroByoTb CTiliKi genpecii
cermeHTa ST, iHBepcin 3ybus Ty 22 cyMmixKHUX BigBeaeH-
HaX (ocobnmBo V2-V4), naTonoriyHe nNofoBXKeHHA abo
BKOpoOYeHHA iHTepsany QT, 6n10Kaam Hixok nydka Tica,
O3HaKM nepeayvacHoro 30yAsKeHHs LAYHOYKIB, LAy-
HOYKoBI apuTmii [8, 11, 82]. Taki 3miHM MOXKyTb CBiA-
YATK NPO HaABHICTb KapaiomionaTii (rinepTpodiyHoi,
APUTMOTEHHOI), MiOKapAuUTy, iluemiuyHOT XBopobu cepus
abo BpoarKeHUX enekTpodisionoriyHnux aHomanin. Y
MOJIOANX CMOPTCMEHIB 3MiHW TUNy iHBepcCih 3ybua T
iHOAi PO3rAZATLCA AK TPAH3UTOPHI abo eTHiYHI oco-
6AMBOCTI, O4HaK Yy NOEAHAHHI 3 exoKapaiorpadpiyHMmu
3Haxiakamu (rineptpodin, annatauisa, ¢ibpos) BOHM Ha-
6yBatoTb BUCOKOI AiarHOCTMYHOI 3HavyLwocTi. OcobamBo
Le aKTya/lbHO ANA CMOPTCMEHIB CUMI0BUX Ta 3MillaHMX
BMAIB, A€ EKCLeHTpUYHe abo KOHLUEHTpUYHE pemoge-
JIIOBAHHA MIOKapAa MOXe MacKyBaTW MOYaATKOBI NPOABU
Kapgiomionarii.

TakKMM YMHOM, FPAHWYHI Ta NATONOrYHI 3MiHM Ha
EKI cTaHOBNATb AiarHOCTUYHWUIA BUKAUK Y CMOPTUBHIN
Kapaionorii. Ix HasBHiCTb BMMarae KOMMAEKCHOI OLLiH-
KN 3 BUKOPUCTAHHAM He nuwe ctaHgapTHoi EKI, ane
N HaBaHTaXKyBa/IbHUX TeCTiB, J,O0OOBOro MOHITOPUHTY,
MarHiTHO-pe30HaHCHOI Tomorpadii cepus Ta MoseKy-
NAPHO-TEHETUYHMX SOCNIAXKEHb Yy Pasi Nig03pM Ha cnaja-
KOBY natonorito. IHTepnpeTauia EKI-3miH y cnopTcmeHis
notpebye rnmboKoro po3ymiHHa ¢isionorii aganTauii oo
BMpPaB, 3 ypaxyBaHHAM TUMNY CMOPTY, CTaTi, BiKy, ETHIYHOI
HANEXHOCTI, TPMBANOCTI TPEHYBaHb, CYyNyTHbOI CUMNTO-
MATMKM TOLLO. Y KNiHIYHIM NpaKTUL BaXKIMBO YiTKO Big-
MeOBYBAaTW BapiaHTU HOPMW, XapaKTepHi ana gobpe
TPEHOBAHOrOo cepuA, BiZ, MAaTONONYHUX 3HAXIAOK, WO MO-
KYTb CBIAYUTM NPO MOTEHLIMHO 3arpo3unBI ANA KUTTA
CTaHW.

3 opgHoro 60Ky, ¢isionoriyHi aganTaujii — AK-0T cu-
HycoBa bpaauKapais, NogoBXKeHHs iHTepBany PR, Bu-
COKa BOJIbTaXKHiCTb 3ybuiB QRS, paHHA penonapusadin,
nomipHa rinepTpodia LWAYHOUKIB — € HOPMaNbHUMMU
nposBamMmu TpeHOBaHoOro cepudA. BoHM He noTpebyoTb
NiKyBaHHA | € NpegMKTOopaMmn BUCOKOI $i3nyHOT npaues-
AaTHOCTI. 3 iHWworo 6oKy, HaABHICTb iHBepcii 3ybua Ty
nepeaHbo0O0KOBUX abo HUNKHIX BigBeAEHHAX, NaToso-
riYHOro NogoBKeHHA iHTepsany QT, nopyweHb NPoBig-
HOCTI, LUYHOYKOBUX apUTMIlA UM CMHAPOMY Mepeayac-
HOro 36yA)KeHHA BUMarae po3LWMpPeHoro obCTerxKeHHs 3
METOI BUK/OYEHHS KapaiomionarTil, iwwemivyHoi naTo-
norii Towo. Y uboMy KOHTEKCTI NPUHLUMNOBUM € Nigxia,
wo nepepbayae ctpatmdikauito 3miH EKI 3a piBHem Kni-
HiYHOrO PM3MKY. BarKNMBUM TaKOX € MHAMIYHe crnocTe-
peXeHHA YNpOAOBX TPEHYBa/JIbHOrO UMKAY, 0cOb6aMBO
B Nepioan niaBuLLEHNX HaBaHTaxeHb abo nepexoay A0
HOBOI CMOPTMBHOI crevianisay,ii.

Takum 4ynHom, EKI y cnopTcmeHiB — ue He auwe
OiarHOCTUYHWUI IHCTPYMEHT, ane 11 3acibé nNporHosysaH-
HA, KOHTPOJIIO aganTauiiHMX pe3epsiB i NPOdINAKTUKM
panToBOi cepLeBoi cmepTi. 3 ornagy Ha NOWMpPEHiCTb
rPAaHUYHUX 3MiH, 0COBNBO cepen, NPeaCcTaBHUKIB LU-
KNIYHUX | CMIOBUX BUAIB CNOPTY, AOWINBHUM € MYNbTU-
OMCUMNAIHAPHUIA NigXig 3 y4acTo CMOPTUBHOIO Kapgio-
nora, nikapsa PyHKLiOHAaNbHOI AiarHOCTUKK, TpeHepa Ta,
3a HeobxigHoCTI, reHeTUKa. HaykoBa po3pobKa Kpute-
piiB HOPMW Ta NaToONOTrii ANA PISHUX CMOPTUBHUX Tpyn,
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BepuoiKaLia enekTpodisioNoriyHNX MapKepiB PUIUKY
Ta WMPOKe BMPOBALKEHHA CKPWMHIHFOBUX MPOrpam — €
BaXMBUMM 3aBAAHHAMM Cy4acHOI CMOPTMBHOI ¢isiono-
rii i MeguMUMHKM Ta NPEeBEHTUBHOI KapAionorii.

BucHoBKM.

CyyacHi niTepaTypHi AaHi cBig4aTb NPO LUMPOKY Ba-
piabenbHicTb NnapameTpiB EKI y cnopTcmeHiB 3ai1exHO
Bif, BUAY CNOPTMBHOI AiANbHOCTI, CTATi Ta PiBHA TPEHO-
BaHOCTI. binbLWicTb 03HAK KapAioenekTpuYHMUX 3MiH Mi-
oKapZa MatoTb di3ionoriyHMi xapakTep i BigobpaxKatoTb
apanTalilo cepueBo-CyAMHHOI CUCTEMU A0 TPeHyBasb-
HMUX HaBaHTa*KeHb. BogHoYac NeBHi 3MiHWM MOXYTb Ha-
6yBaTM MmorpaHMYHOro abo MATONOrNYHOrO XapakTepy,
LLLO 3YMOBJ/IIOE HEObXiAHICTb iX YiTKOT AndepeHuiauii ana
3anobiraHHA XMBHONO3UTUBHUM 360 XMOHOHEraTUBHUM

BMCHOBKAM Y KAiHIYHI npaktuui. Ocobamsy yBary npu-
BEPTAE 3HAYEHHA eNEeKTPONITHOrO FOMeocTasy Ta Moro
BM/AMB Ha KapaioenekTpuyHi napametpu. EKM-npodinb
€ iHPOPMATMBHUM MapKepoM AK afanTaLiiHOrO CTaHy,
TaK i NOTeHUiMHNX KapaionaTonorii, a oro iHTepnpeTa-
Lia NMOBMHHA BPaxoByBaTW iHAMBIAyanbHi ocobnmBoCTi
atneTa.

MepcnekTMBM NOAANbLUNX AOCAIAMXKEHD.

MornubneHnin aHanis EKM-naTepHiB y cnoptcmeHis
Pi3HOro BiKy, CTaTi Ta CNOPTMBHOI cnewianisaLii 3 ypaxy-
BAHHAM BMAMBY €NEKTPONITHOro 6anaHcy, 3 NOEAHAH-
HAM EKI-MOHITOpPMHrY 3 cy4acHMMM meTogamu Bisyani-
3auii Ta anropuMTMammM NepcoHanNi3oBaHOI AiarHOCTUKU
ONA CBOEYACHOTO BUABMEHHA FPAHWYHUX i MOTEHLINHO
NaToNOrYHUX 3MIH.
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ENEKTPOKAPAIOTPA®IYHI OCOB/IMBOCTI CMOPTCMEHIB PI3HUX BUAIB CNOPTY: ®I310/10TI4HI ABANTALLIT
TA AIATHOCTUYHI PUSUKU

Nyk’aHuyesa I. B., MactyxoBa B. A., Ckopo6oratos A. M., OniiiHuk T. M.,

XmenbHuupbKa 0. K., Inbid B. M., CocHoBcbKuit B. B.

Pestome. Enektpokapaiorpadis (EKT) € K1l04OBMM METOA0M Cy4acHOT CNOPTUBHOI KapAionorii Ta pyHKLUioHanbHOT
AiarHOCTMKMK, npoTe ii iHTepnpeTaLia y CNOPTCMEeHiB yCKIagHeHa NoeaHaHHAM disionorivHmMx aganTtauin i natonoriy-
HWX 3MiH. TpUBai Ta CUCTEMATUYHI TPEHYBAHHA 3YMOBAIOIOTb CTPYKTYPHE 11 enekTpodisionoriuHe pemoaentoBaHHA
MioKapaa, Wo NposBAAETbLCA WMPOKMM cnekTpom EKr-BapiaHTiB i noTpebye peTenbHOI KNiHiYHOI andepeHuialii.
Y CNOpPTCMEHIB UMKNIYHMX BUAIB CNOPTY TUMOBUMW € CUHYCOBA BpaauKapAaia, NogoBXKeHHs iHTepBany PR, BUCOKa
BOJIbTaXKHICTb KomnaeKkciB QRS Ta eKcueHTpuuHa rinepTpodia NiBoro W/AyHOUKa, WO BigobparkatoTb AOMiIHYBaHHSA
napacMMnaTMYHOI aKTUBHOCTI 1 aganTuBHe mopdonoriyHe pemoaentoBaHHA. CUN0BI CMOPTCMEHW XapaKTepusyoTb-
CA KOHLLEHTPUYHOIO rinepTpodieto NiBOro LWAYHOUYKA, BiAXMNEHHAM eNeKTPUYHOI Oci BNpaBo Ta BMLLOK 4YacTOTOHO
HenoBHOT 6/10KagM NPaBoi HiXKKK Ny4Ka lica, WO 3yMOBAEHO XPOHIYHMM NiABULWEHHAM MiCAAHABAHTAXKEHHS NPU
CTaTO-AMHAMIYHUX 3yCUANAX. Y NpeacTaBHUKIB 3MilLaHMX AUCUMNAIH, AKi NOEAHYIOTb aepobHi 1 aHaepobHi pexnmm
po60TH, peecTpytoTbcs NPoMixKHi EKI-naTtepHu 3 BapiabenbHMmM 3miHamum cermeHTa ST Ta 3ybua T, WO BUMaratoTb
0co6MBOT yBarn Npu KNiHIYHOMY CNoOCTEPEXKEHHI. Y BCiX rpynax CyTTEBUI BMIMB MalOTb €/1€KTPONITHI NOpPYLLEH-
HA (rinokaniemin, rinepkasbLiemis, rinomarHiemis, rinoHaTpiemisn), aKki moandikyoTb NapameTpu penonapusadii Ta
MOKYTb iMiTyBaTK naTtonorito. binbwicte EKM-3MiH matoTb A06poAKiCHUI aganTauiiHUi XxapakTep, NPOTe HaABHICTb
BUpPaKeHOI iHBepcii 3ybus T, naTonoriYyHOro NoAoBKeHHaA iHTepsany QT um cTinKoi genpecii cermeHTa ST noTpebye
PO3LIMPEHOro 0bCTEXEHHA ANA BUKIOUYEHHA Kapaiomionariii, iluemiyHoi xBopobu un KaHanonatiii. TouHa iHTep-
npeTauis EKI noBMHHa BpaxoByBaTK BMA, CNOPTY, PiBEHb MiArOTOBKM, BiK, CTaTb i MeTaboniyHuit ctatyc. CTaHaap-
TM30BaHi NPOTOKOAN CKPUHIHTY Ta MyNbTUANCUMNAIHAPHUIA NiAXia € KAY0BUMK ANs 3anobiraHHA AiarHOCTUYHUM
NOMWJIKAM i 3BHUMKEHHA PU3NKY PAaNTOBOI CepLLEBOi CMEPTi y CMOPTCMEHIB.

Knrouosi cnoBa: miokapa, cnopT, ¢pisnyHe HaBaHTaXKEHHSA, eNeKTpoKapaiorpadis, cepuesa aganTaLia.

ELECTROCARDIOGRAPHIC FEATURES OF ATHLETES IN DIFFERENT SPORTS: PHYSIOLOGICAL ADAPTATIONS AND
DIAGNOSTIC RISKS

Lukyantseva H. V., Pastukhova V. A., Skorobohatov A. M., Oliinyk T. M.,

Khmelnytska Yu. K., llyin V. M., Sosnovski V. V.

Abstract. Electrocardiography (ECG) is a cornerstone of modern sports cardiology and functional diagnostics,
yet the interpretation of athletes’ ECGs is challenging due to the overlap between physiological adaptations and
pathological changes. Prolonged and systematic training induces structural and electrophysiological remodeling
of the myocardium, generating variable ECG manifestations that require careful clinical differentiation. Endurance
athletes most often demonstrate sinus bradycardia, PR prolongation, increased QRS voltages, and eccentric left
ventricular hypertrophy, reflecting vagal dominance and adaptive morphological remodeling. In strength athletes,
concentric left ventricular hypertrophy, rightward axis deviation, and a higher prevalence of incomplete right bundle
branch block predominate, associated with chronic pressure overload during intense static-dynamic contractions.
Mixed-sport athletes, exposed to both aerobic and anaerobic workloads, show intermediate or hybrid ECG patterns,
with variable ST-segment and T-wave changes that require particular attention in clinical assessment. Across all
groups, electrolyte disturbances (hypokalemia, hypercalcemia, hypomagnesemia, hyponatremia) significantly
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modify repolarization parameters, often mimicking pathological variants. Although most ECG changes are benign
and reflect effective cardiac adaptation, borderline or pathological findings — such as marked T-wave inversion,
pathological QT prolongation, or persistent ST-segment depression —demand in-depth diagnostic evaluation
to exclude cardiomyopathy, ischemic heart disease, or channelopathies. Accurate ECG interpretation requires
consideration of sport type, training level, age, sex, and metabolic background. Standardized screening protocols
and a multidisciplinary approach are critical for preventing misdiagnosis and reducing the risk of sudden cardiac
death in athletes.
Key words: myocardium, sport, physical exercise, electrocardiography, cardiac adaptation.
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RELEVANCE OF FIXED ORTHODONTIC TREATMENT TODAY AND ITS POSSIBLE EFFECTS

ON ORAL TISSUES AND PATIENTS' QUALITY OF LIFE
I. Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine
(Ternopil, Ukraine)
Luchka_asp@tdmu.edu.ua

The demand for orthodontic treatment, particularly using fixed orthodontic appliances (FOA), is rapidly increas-
ing worldwide. The high prevalence of malocclusions and their impact on patients’ quality of life underscore the
relevance of this issue. However, despite their effectiveness, the use if FOA can lead to significant changes in the oral
mucosa (OM).

The aim of this review article is to systematize current data on the demand for and prevalence of orthodontic
treatment with fixed orthodontic appliances — the global and national perspectives on its impact on quality of life
— as well as to analyze the spectrum of pathological changes in the oral mucosa associated with the use of these
appliances.

An analysis of global and national literature confirms that malocclusions have a high prevalence and significantly
affect patients’ psychosocial state, self-esteem, and social activity. FOA treatment effectively improves these indica-
tors. At the same time, the use of FOA is often accompanied by mechanical, inflammatory, and proliferative changes
in the OM. Studies indicate a high frequency of traumatic injuries, hypertrophic gingivitis, and reactive proliferation
which necessitate constant clinical monitoring and a multidisciplinary approach.

The high need for orthodontic care is evident, but its provision requires considering the potential risks to the state
of the OM. Regular monitoring appliance adaptation, and interdisciplinary collaboration are key to ensuring patient
safety and comfort, which significantly enhances the effectiveness and success of the treatment.

Key words: orthodontics, fixed orthodontic appliances, oral mucosa, gingivitis, quality of life.
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