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Abstract

The athlete’s heart is a set of morphological and functional characteristics that develop over time due to sports training. These adaptive
changes result in increase in cardiac work efficiency and economy. They are manidested as cardiac muscle hypertrophy and dilation,
with accompanying angiogenesis and slower heart rate, that are influenced by variable regulatory systems and genetic predisposition.
The problem of sudden cardiac death in athletes, which persists despite numerous activities aimed at prevention, creates the need for a
better definition of the athlete's heart, especially in terms of its differentiation from certain pathological conditions. This is of particular
importance in the context of cardiac electrical activity. Right heart adaptations, hormonal regulatory mechanisms and the effects of non-
physiological adaptations during training, that may lead to pathologic alterations direction, are all relevant in the investigation of adverse
cardiac events in athletes. In order to prevent sudden cardiac death in athletes, it is necessary to examine competitive athletes as well
as apparently health individsuals who recreationally exercise at a high volume. There are guidelines for mass screening and individual
examinations, for all age groups and both genders, as well as for public service staff who require intense physical activity during their
occupation. Both American and European recommendations require a detailed anamnesis and physical examination, whereas European,
apart from that, require initial electrocardiography. The implementation of additional tests is necessary if the existence of any underlying
pathophysiologic process is suspected. Checks should be performed before engaging in sports activities, as well as during training and
competition periods.
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THE CONCEPT OF
ATHLETE’S HEART

To safely and efficiebtly perform physical activ-
ity, homeostasis and the integrated action of several
physiologic systems is necessary. The cardiovascular
system is particularly exposed to major and crucial
changes during intense and prolonged physical activ-
ity and certain competitive sports. Morphological,
functional and electrophysiological changes that oc-
curin heart muscle that occur as a result of chonic,
high-volume exercise training has been termed ,,ath-
letic heart syndrome” or ,athlete’s heart” (Levine,
2001; Sharma, Merghani, Mont, 2015).

In 1899, Henchen S. had noticed that people who
participated in sport competitions had an enlarged
heart and reported certain symptoms. However, these
symptoms were considered as a result of adjusting
the body to increased physical activity, and therefore
these changes were not given clinical significance at
the time (Popovic et al, 2007). Today, the advance-
ment of science has led us to new insights and the
concept of the athlete’s heart is regarded as a com-
plex entity in terms of differential diagnosis, due to
the overlapping of morpho-functional characteristics
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with some pathological conditions that can signifi-
cantly increase the risk for sudden cardiac death. Re-
search suggests that besides the clinically well-defined
»gray zone” between physiology and pathology of the
heart, a well-organised forensic database is needed,
for the more transparent epidemiology of sudden
cardiac death, in order to improve prevention of this
event (Oliva et al, 2017). This problem is even more
complex considering that the changes that character-
ize the athlete’s heart are highly variable and depend
largely on individual characteristics, sports discipline
and level of training (Kastkcioglu, 2011).

Today, the athlete’s heart is defined as a set of mor-
phological and functional characteristics of the heart
that develop over time under the influence of intense
physical training over a prolonged period. Adapa-
tions include enlarged cardiac cavities and thickness
of the walls of the heart as well as a decline in heart
rate, which results in an increased in cardiac fun-
cition during both rest and exercise (Popovic, Mazic,
Djordjevic-Dikic, 2004).

The goal of this review is to present a more detailed
overview of morpho-functional adaptive changes in
the heart of athletes, in regards with the latest find-
ings, as well as to revew the latest recommendations
for screening of athletes presented by the European
and American Cardiologists Association as well as
the International Olympic Committee for early detec-
tion of cardiovascular abnormalities that can lead to
sudden cardiac death.

GENESIS OF ADAPTIVE
MORPHO-FUNCTIONAL
CHANGES IN ATHLETE’S HEART

Although the athlete’s heart can be seen as myo-
cardial hypertrophy (Maron, 2015), it is very im-
portant to define precisely the morphological char-
acteristics of the heart, since these changes can also
develop as a result of an unrecognized pathological
condition (Beaudry, Haykowsky, Baggish, La Gerche,
2016). During the process of formation of an athlete’s
heart, the role of intensity, duration and type of exer-
cise training is important, but the influence of ethnic-
ity, years and a gender cannot be neglected (Beaudry,
Haykowsky, Baggish, La Gerche, 2016). Mitchell and
colleauges proposed the classification of sports based

140

on the amount of static and dynamic training com-
ponent, which has been modified in recent years to
classify sports into four groups: 1) skills; 2) strength;
3) endurance; and 4) mixed disciplines (Mitchell,
Haskell, Snell, Van Camp, 2005; Eijsvogels, Fernan-
dez, Thompson, 2016). In each of these categories,
different cardiac adapations and characteristics can
be expected (Pluim, 1999).

Adaptive changes in the heart of athletes result in
an increased strength of cardiac contraction with, de-
pending on type of training, variable effects on stroke
volume and cardiac output. Static training leads to
increased strength of cardiac contraction but has less
effect on cardiac output (Levine, 2001; Serneri, Boddi,
Modesti et al, 2001), while dynamic training signifi-
cantly increases cardiac output in order to overcome
peripheral resistance in the blood vessels with pur-
pose of effective perfusion of the active skeletal mus-
culature. When performing static exercises, diastolic
arterial pressure increases, while changes in systolic
pressure are minimal. While by performing dynamic
exercises, mean arterial pressure is constant or in-
creases slightly (Levine, 2001). Thus, predominantly
static training usually causes the so-called concentric
adaptation, which involves myocardial hypertrophy
without a noticeable dilatation of the heart cavities
(Nakamura, Soares-Caldeira, Laursen, Polito, Leme,
Buchheit, 2009), thereby increasing the mass/volume
ratio of the heart (Toufan, Kazemi, Akbarzadeh, Ataei,
Khalili, 2012; Boettger et al, 2010). Consequences of
dynamic training because of increased heart rate, are
enlarged heart cavities with minor thickening of the
heart walls. (Oxborough et al, 2016).

In normal conditions, with preserved heart com-
pliance, contractility and subsequent filling (pressure
in systemic circulation), the main factors effecting
the pumping ability of the heart are the effective fill-
ing pressure and chamber siffness at the end of di-
astole. The pump capacity of the heart, depends on
the length of the smallest contractile heart unit - sar-
comeres before contraction, which is directly related
to the chamber filling. If the chambers are filled with
more blood before contraction, sarcomeres grow to a
certain level (2.25 microns), and according to Frank
- Starling’s law, there is an increase in stroke volume
Contractility of the heart also depends on the com-
position of the myocardium (mass and distribution
of actin and myosin fibers) and the effects of humoral
factors and myocardial exposure to stress. (Popo-
vig, el al, 2007). The most important humoral factor,
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which leads to hypertrophy of cardiomyocytes and,
consequently, changes in the morphology of the ath-
lete’s heart, is an insulin stimulating factor in cooper-
ation with norepinephrine. The main carrier of sym-
pathetic activity, noradrenaline, is highly pronounced
during high-volume exercise training and has inotro-
pic effects through increased calcium influx. (Serneri,
Boddi, Modesti et al, 2001).

In untrained individuals at rest, the parasym-
pathetic component dominates, which reduces heart
rate as well as the rate of conduction. The high tonus
of the vagal nerve is initially reduced with increased
physical effort and the dominance of sympathetic
activity begins. Athletes whose training is primarily
dynamic, stimulate the development of a stronger va-
gal tone (Dong, 2016), which postpones the excessive
increase in the sympathetic component during exer-
cise. Many studies point to the general parasympa-
thetic dominance of the sympathetic regulatory com-
ponent in athletes, which leads to morpho-functional
changes in the heart (Dong, 2016; Naylor, George,
O’Driscoll, Green, 2008; Fagard, 1992). Consequent-
ly, the regulatory range of cardiac rhythm, contractil-
ity, diastolic function and blood pressure is increased.

Although it has been shown that the athletic heart
will inevitably develop in high-level athletes, the de-
gree of morphological and functional changes may
vary from person to person. For example, carriers
of the adrenocorticotropic receptor polymorphism
(ACTHRP) have a reduced number of cardiac con-
tractions per minute, enlarged mass and left chamber
diameter, better systolic function, and decreased left
ventricular compliance. It has been proven that AC-
THRP has a predictive role in terms of the structure
and function of the heart, indicating that the activa-
tion of the hormonal stress system and the sensitiv-
ity to stress hormones influence cardiac remodeling.
Also, the correaliton between stress hormone and
body composition has been found. Thus, adaptive
changes in the heart of athletes are partly mediated by
the repetitive and prolonged activation of the hypo-
thalamic-pituitary-adrenal axis, which is influenced
by genetic predisposition (Popovic et al, 2014).

In addition to all of the above factors, cardiac ad-
aptation leads to functional and structural changes in
the coronary circulation, resulting in improved work
efficiency. (Dickhuth, Rocker, Mayer, Konig, Korsten-
Reck, 2004). Recent research shows that the kinin-
kallikrein system as well as angiogenesis has a role
inprotecting the heart from excessive sympathetic

activity, and both are triggered during exercise. Cap-
illary maintenance and prevention of apoptosis, fi-
brosis and myocardial dysfunction due to exercise by
various regulatory mechanisms are of importantance
in the athlete heart adaptations. (Silva et al, 2014).

By Lapace’s law, the heart has better work efficien-
cy if it is hypertrophic, dilated and has a lower heart
rate (Puffer, 2001), all of which are key physiologi-
cal adaptive consequences of physical activity; these
changes may also initiate pathological processes.
There are two types of compensatory factors that af-
fect the efficiency of cardiac work, one is favorable,
while the other is detrimental (Popovic et al, 2001).
For example, increasing thickness of the wall of the
left ventricle leads to a reduction in compliance and
therefore increases stiffness of the chamber (Popovic
et al, 2007). On the other hand, myocardial stiffness
is directly proportional to wall stress (Popovic et al,
2011). Further constant strain on the left ventricle fa-
vors the onset of cardiac insufficiency, as it favors the
beginning of remodeling and dilatation of the heart
muscle (Popovic et al, 2007).

All this suggests that cardiac adaptation to the
chronic physical stress of high-volume exercise train-
ing and sports is a very complex process, involving
different regulatory mechanisms, with a very narrow
adaptive window which enables increased work effi-
ciency. Any non-physiological manipulation during
the training process further complicates these pro-
cesses and may turn them in the pathological direc-
tion (overtraining, doping, dehydration, etc.), with
potential fatal consequences.

MORPHO-FUNCTIONAL
CHANGES IN ATHLETE’S HEART

Most studies show that the end-diastolic heart di-
ameter of athletes in relation to the sedentary popula-
tion is increased by 10% (Pluim, 1998). A key finding
ina study performed by Pelliccia et al. was that more
than 10% of athletes had left-ventricular end-diastol-
ic dimensions greater than 60 mm, a population of
athletes who need to be further evaluated in terms of
dignosing dilatative cardiomyopathy, a condition that
can lead to sudden cardiac death.

The left-ventricular wall thickness up to 13 mm,
with the presence of symmetrical hypertrophy, is con-
sidered to most likely be characteristic of an athlete’s
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heart. When considering left chamber wall thickness,
it is important to rule out the existence of hypertro-
phic cardiomyopathy, a genetic disease which could
be the cause of sudden cardiac death during sport
events. Walls thicker than 13 mm, with an asym-
metry that implies greater septal thickeness, favors
this diagnosis (Lee et al, 2013). Left -ventricular wall
thickness-to-diameter ratio is an important param-
etar, and normally should be between 0.3 and 0.45 in
the athlete (Pelliccia et al, 1999). Not only does this
parameter indicate hypertrophic cardiomyopathy or
dilatative cardiomyopathy, whether its increased or
decreased respectively, but also provides information
on whether remodeling of the left ventricle is con-
centric or eccentric. (Pelliccia et al, 1999; Douglas et
al, 1997). However, it should be kept in mind that in
a small number of athletes (about 2%), a increased
thickness-to-diameter ratio could be physiologic and
normal (Douglas et al, 1997).

In trained athletes, left-ventricular mass is 45-50%
higher compared to the sedentary population; only a
small number of these athletes (=15-20%) present with
values that could indicate hypertrophic cardiomy-
opathy (Thomas, Douglas, 2001). If this parameter is
observed in relation to body fat or body surface area,
this percentage is reduced further. Interestingly, female
athletes show significantly less heart mass enlargement
than males (Pelliccia et al, 1991). Pelliccia et al. has also
found that there is a disproportionately higher risk of
sudden cardiac death in female athletes compared to
males, which does not correlate simply with lesser par-
ticipation in sports, nor with less intensity and dura-
tion of training. These authors emphasize the impor-
tance of understanding the genetic and/or hormonal
mechanisms which lower the risk of acute cardiac
events in women (Pelliccia, Adami, 2017).

In the past decade, several studies have analyzed
right-ventricular hypertrophy as a result of adapta-
tion to regular physical activity. The methods of mea-
surement used for these studies are echocardiography
(D’Andrea et al, 2013; Oxborough et al, 2012; Teske et
al, 2009) or nuclear magnetic resonance (Perseghin
et al, 2007; Prakken et al, 2011). The use of tissue
Doppler imaging brings new possibilities in assess-
ing systolic adaptive changes to the right ventricle
and predicting its functional capacity, which could
lead to better quantification of the morpho-function-
al changes in athlete’s hearts (Popovic et al., 2011.)
Considering morphological and functional specific-
ity of the right chamber, it's evalulation is challeng-
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ing. The diagnosis of arrhythmogenic cardiomyopa-
thy or dysplasia is particularly hard, both conditions
could sudden cardiac death in athletes (Corrado et
al, 2010). Greater morphological and less functional
adaptation of the right ventricle in contrast to the left
ventricle in athletes can be explained by greater resis-
tance in the systemic compared to pulmonary circu-
lation. Morphological changes in the right ventricle
increase its efficacy, so further functional changes
are not of major importance (Major, Csajagi, Kneftel,
Kovats, Szauder, Sidé, Pavlik, 2015).

The cardiac atriums in male and female athletes
also undergo remodeling, with minor or major altera-
tions compared to the sedentary population. The right
atrium undergoes greater changes in size in male ath-
letes, while biatrial changes are more pronounced in
female athletes (Sanchis et al, 2017).

Morphological changes in the heart of the ath-
letes are also the result of its functional changes. It
has already been mentioned that the athlete’s heart
has a reduced rate and increased work efficiency. Re-
duced heart rate in athletes is related to increased-
parasympathetic tonus, enlarged cardiac cavities and
increased cardiac contraction efficiency, which allow
for a lower number of heart cycles to fulfill oxygen
needs at rest. Experimental findings suggest a regu-
latory role ofbrain natriuretic peptide (BNP). BNP
increases heart rate and electrical conductivity by
stimulating ionic currents in the sinoatrial node and
atrial myocardium. Moreover, correlation of maxi-
mal cardiac frequency with increased BNP during
physical activity has been shown in previous studies.
In addition, BNP has been shown to correlate with
systolic parameters of the left and right ventricles, as
well as the diameter of the right atrium in athletes.
Recent studies also show a correlation between BNP
and lung function parameters in athletes. Collectivel-
ty, evidence indicates BNP is a significant regulatory
factor that coordinates heart and lung adapations in
athletes (Popovic et al, 2013).

ELECTROPHYSIOLOGICAL
CHARACTERISTICS OF
ATHLETE’S HEART

There is a small percentage of athletes (=3-5%)
undergo changes in the electrical activity of the heart,
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which are decected by electrocardiography (ECG)
(Calore et al, 2015). These changes depend on the
type of sport, gender and age. They are reported in
athletes whose training is predominantly dynamic. A
frequent finding among athletes up to 16 years of age
is the T-wave inversion in V1-V4, which disappears
with aging (Sharma, Merghani, Mont, 2015). When
we observe ECG records in terms of gender, we no-
tice that inmale athletes aged 12 to 40, only 50-60% of
cases have normal findings, while female athletes of
the same age the percentage is even higher - 75-80%
(Pelliccia, Maron, Culasso, Spataro, Caselli, 1996).

Changes in the ECG that occur in athletes can
be divided into two groups. The first group con-
tains changes that are common, their appearance is
related to physical activity, and are considered nor-
mal findings (sinus bradycardia, AV block I degree,
Mobitz I, early repolarization, sinus arrhythmia, etc).
The second group contains less frequent ECG variet-
ies that are not only dependent on physical activity,
but can also be found in some pathological condi-
tions (T wave inversion, complete block of the left
branch, the occurrence of pathological Q teeth, de-
pression of ST segment, etc.) (Sharma et al 2017).
It is necessary that athletes with abnormal ECG find-
ings, and with an initially normal physical examina-
tion, are monitored on a regular basis. (Sharma et al,
2017).

ATHLETE SCREENING

Since the athlete’s heart may morphologically
mask the various pathological conditions, which
can lead to tragic outcomes, it is necessary to moni-
tor both athletes and those individuals participating
in high-volume physical activityon a regular basis.
These checks should be carried out before engag-
ing in sports activities, during the training period
and during competition. Screening for use of pro-
hibited substances is of great importance (Hainline
et al, 2016). The role of sports cardiologists in the
planning, implementation and improvement of initial
examination is crucial. Initial examinations provide
valuable information about preferences for particular
sports disciplines, provide an insight into cardiovas-
cular function before engaging in sports, and warn of
possible limitations.

Preparticipation screening is needed for the early
detection of pathological conditions that can lead to
sudden cardiac death, in both older and younger ath-
letes. For certain age groups, such as college students,
there are recommendations in this regard. In this
group of athletes, it is reccommended that the screen-
ing conduct within a preexisting team with dedicated
team physicians, trainers, and oncampus health cen-
ters (Maron BJ et al, 2007). Unfortunately, there are
still no guidelines on preparticipation screening of
high school athletes. The responsibility for obtaining
medical clearance usually rests with the individual
high school student-athlete to identify a healthcare
provider. In this age group screening usually consists
of a history and physical examination, is customary.

The International Olympic Committee recom-
mendations on periodic systematic reviews are as
follows. Appearance of sudden cardiac deaths by
the aged 50, as well as the existence of cardiovascu-
lar diseases in the family history. In a personal his-
tory, pay attention to the occurrence of heart palpi-
tations, irregular heartbeat, syncope, chest pain or
discomfort, shortness of breath or fatigue. In physical
examination, look for features suggestive of Marfan
syndrome, pathological pulsations, heart murmur, ir-
regular heart rhythm, high blood pressure. The 12-
lead ECG should be recorded on a non-training day,
during rest. (I0C, 2009)

Recommendations were given at the 36th Bethesda
Conference in 2005 (36th Bethesda Conference, 2005),
including mass screenings and individual reviews, for
all age groups and both sexes, as well as for individuals
who have intense occupational physical efforts (police
officers, firefighters, etc.). According to these recom-
mendations, athletes should be examined before en-
gaging in sports, and every two years of sport partici-
pation thereafter. These checks must be more frequent
(2-3 times a year) during periods of intense competi-
tion. Recommendations state that the review consists
of non-invasive tests that involve the collection of data
of personal and family history and physical examina-
tion with measurement of arterial blood pressure. In
the context of personal history, questions regarding
chest pain, previously detected heart murmurs or in-
creased pressure, syncopes and unexplained fatigue
and included. Family history focuses on the presence
of sudden deaths in the family and cardiovascular dis-
ease in relatives under 50 years of age. An objective ex-
amination includes heart auscultation and pulse palpa-
tion, primarily femoral pulse.
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When it comes to mass screening programs, it’s
interesting to note that the 36th Bethesda guidelines
initially do not recommend the use of electrocardi-
ography, echocardiography, and ergospirometry be-
cause of cost limitations, although it is known that
more than half of sudden cardiac deaths can be pre-
vented by an analysis of electrocardiograhy. However,
the recommendations state that if there is any doubt
about the existence of a disease, pathological change
or disorder, these latter tests must be carried out. It is
recommended that national standards should be de-
veloped, due to different economic models in differ-
ent countries, and due to the need for early detection
of hidden illnesses. These routine tests according to
valid recommendations can be carried out by doctors
as well as by medical technicians, who passed orga-
nized courses that would enable them to perform this
activity.

The European Society of Cardiologists (ESC) and
the European Association for Cardiovascular Imag-
ing (EACVI) consider carefully taken personal and
family history to be of great importance; Physical
examination and standard ECG should be consid-
ered in screening prior to participation in young
athletes, and middle-aged individuals who udergo
high-intensity exercise should be screened through
a medical history, physical examination and resting
ECG. When identifying ECG abnormalities, which
may indicate structural heart disease, echocardiogra-
phy and/or nuclear magnetic resonance of the heart
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CORAZON DE DEPORTISTA

EXTRACTO

El corazén de deportista representa un efecto de adaptaciones morfoldgicas y funcionales del corazén que se desarrollan con el tiempo,
bajo la influencia del entrenamiento deportivo. Los cambios en el corazén en los deportistas tienen como consecuencia el cambio de la
eficiencia y economia del trabajo cardiaco. Se manifiestan por hipertrofia y dilataciéon del corazon, con angiogénesis acompanante y el
trabajo cardiaco lento, procesos que estan bajo control de los distintos sistemas reguladores y la predisposicion genética. El problema
de muerte subita cardiaca en el deporte, cuya incidencia no disminuye a pesar de las numerosas actividades que se realizan con el fin de
prevenirla, impone la necesidad de una mejor definicion del corazon de deportista, sobre todo en sentido de su diferenciacion de algunos
estados patoldgicos. En un niimero de deportistas se notan los cambios de la actividad eléctrica, asi que en tal sentido es necesario hacer
diferencia entre un corazén sano y enfermo. Los tltimos afios estd especialmente enfocada la definicion de los cambios adaptivos en el
corazon derecho. Adicionalmente, existen nuevos conocimientos de la regulacion hormonal de los cambios adaptivos del corazén de
deportista, y se investigan también los efectos de las manipulaciones no fisioldgicas en el proceso de entrenamiento que pueden “desviar” los
procesos fisioldgicos a la direccion patoldgica. Con el fin de prevenir las muertes stbitas cardiacas es necesario el chequeo regular tanto de
los deportistas, como de la parte de la poblacion fisicamente activa. Las recomendaciones actuales dan pautas para los screenings masivos
y los chequeos individuales de los deportistas, para todos los grupos de edades de ambos sexos, asi como también para los integrantes de los
servicios publicos que en la descripcion de trabajos tienen los esfuerzos fisicos intensos. Mientras que las recomendaciones norteamericanas
requieren sdlo una anamnesis detallada y un chequeo fisico, las recomendaciones europeas requieren también una electrocardiografia
inicial. Tanto las recomendaciones europeas como las norteamericanas requieren la realizacion de las investigaciones adicionales cuando
hay duda de la existencia de cualquier enfermedad. Estos chequeos deberian realizarse antes de empezar el proceso de entrenamiento, asi
como también durante el periodo de entrenamiento y competencias.
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CaxkeTak

CropTcko cplie IpefcTasba edexaT MOpGOIOMKUX U GYHKIMOHATHUX afjalITallija CpLia Koje ce pasBlijajy TOKOM BpeMeHa, IIOJ yTHIajeM

CIIOPTCKOT TpeHMHra. IIpoMeHe Ha CpITy KOJ CIIOPTHCTA 3a TMOC/IEAMITY UMajy IIPOMEHY e(pUKACHOCTH U eKOHOMUYHOCTHU CPYAHOT pajia.
Manndectyjy ce xunepTpodujoM I FUIATALNjOM CPLia, Ca IpaTehoM aHTMOreHe30M I YCIOPEHUM CPYaHNM PafioM, IpoLlecHMa KOju Cy
TIO7] KOHTPOJIOM PA3/IMYUTHX PEryIaTOPHUX CICTeMa ¥ TeHeTCKe npeaucnosuinuje. [Ipobnem nsHeHagHe cpyaHe CMPTH Y CIIOPTY, Ynja ce
MHIMJIEHIIA He CMaIbyje YIPKOC 6POjHMM aKTMBHOCTIIMA KOje Ce CTPOBOJie Y LIU/bY HeHe MpeBeHIuje, HaMehe motpeby 6omer gedunmcama
CIIOPTCKOT CpIia, HAPOUMTO Y CMUCTY FETOBOT Pas/MKOBarba Off II0jefiHIX aTONONUIKMX cTamba. Kozt nsBecHor 6poja criopTicta youasajy

ce IpOMeHe e/eKTPUYHEe aKTUBHOCTH, Te je M y TOM CMUCIY IIOTPeOHO pasimKoBaTH 37paBo off 6onecHor cpua. ITocmenmux rognHa
noce6HO je y Goxycy meduHuCcambe aanTUBHUX IPOMeHa JeCHOT cpua. JJogaTHO, MOCTOje HOBAa CasHamba O XOPMOHCKO] pery/aiyju
a[IANTUBHUX IIPOMEHA CpIia CHOPTUCTA, @ UCTPAKYjy ce 1 edeKTu HepU3UOTOIKNX MAHUITY/IALMjA Y TPEHAKHOM IIPOIleCy KOjii MOTY
»CKPEHYTH* (pM3MOTIOIIKe TIPOIlece y MATONONIKOM MpABIy. Y Wby TpeBeHIMje M3HEeHaJHe CPUaHe CMPTH, HEOIXOJHO je PEIOBHO
nperefjaibe KaKo CHOPTUCTA, TAKO U GM3UYKYM aKTUBHOT Jie/a IoMyianuje. AKTyeTHe IIPeTIopyKe [ajy CMepHIUIie 33 MaCOBHE CKPMHIHTeE
U MHMBUJYa/IHe TIPeryefie CIIOPTHCTA, 3a CBe CTAPOCHE IPyIle 06a Mo/Ia, Kao M MPUITafHIKE jaBHUX CTyXOM Koje y OINUCY II0C/Ia nMajy
UHTeH3VBHe Qu3nyKe Harope. JJok aMmepidke IpenopyKe 3aXTeBajy caMo AeTa/bHy aHaMHe3Y U QM3UKATHU IIPeryiefi, eBPOIICKE MPeropyke
3aXTeBajy U MHUIMjaIHy eneKTpoKapamorpadujy. V eBporicke u aMepuuke Ipenopyke 3axTeBajy CpoBoberse [OJaTHUX UCINTUBAIbA
KOJI CyMIbe Ha MOCTojarbe 0110 KakBor obomera. OBE mperyesie 6u Tpebano 06a/baTyt Ipe MoYeTKa TPEHAXHOT IIPOoIjeca, Kao i TOKOM
Tepurofa TPEHNPatba ¥ TAKMUYErHa.

Kbyune peun: MOPOODYHKIVIOHAJTHE ITPOMEHE / UISHEHAITHA CPHYAHA CMPT / IIPEBEHILIMJA / ITPEITIOPYKE

ITIOJAM CIIOPTCKOT CPLIA

3aobaBrparbe 6110 KOr TMIIAa GUNIKE AKTUBHOCTH,
HEOIXOfIaH je CK/IaJ, M y3ajaMHO Je/ioBare TOTOBO
CBMX OpraHckumx cucreMa. OpraHcKu CUCTeM, KOju
TpHM KpyLiujajHe IIPOMEHe TOKOM WHTeH3MBHe
U HpoayxeHe QU3MUYKe aKTUBHOCTH, KO LITO Cy
T0jefiiiHe IPyIle TAKMUYIAPCKOT CIIOPTA, jecTe Kapiu-
oBacKy/IapHu cucteM. Mopornoriike, pyHKIMOHaTHE
U e71eKTPO(U3NOIIOIIKe IPOMEHe Koje Ce [ielaBajy y
cp4aHOM MuInhy, kao oAroBop Ha pactyhe nmorpebe

ckeneTHNUX Mumha 3a KMCEOHMKOM KOJ CIIOPTHUCTA,
obyxsaheHe cy y mUTepaTypy TEPMUHOM ,,CUHPOM
CIIOPTCKOT Cpua“ MM caMo ,,CIOPTCKO cpie, of-
HOCHO arneTcko cpie“ (Levine 2001; Sharma,
Merghani, Mont, 2015).

Jour 1899. ropuue Henchen S. je 3amasuo ga ocobe
KOje Cy y4ecTBOBajle y CIHOPTCKMM TaKMUYeHhUMa
uMajy yBehaHo cpue u mcnomasajy oppebene cum-
rToMe. VImak, cMaTpao je oBe CUMIITOME HOCTIEAVIIOM
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npurarohaBama Telma CIOPTCKMM AKTUBHOCTUMA,
T Y TOM CMMICITY, OBUM IIpOMeHaMa Huje IpyujjaBaH
KIMHMYKY 3Hadaj (Popovic et al, 2007). Hayka o
CIIOPTCKOM CpIy 3HA4ajHO je HaIlpefloBalia TOKOM
XX BeKa, Ia ce TaKO JaHac, I0jaM CIOPTCKOT cplia
cMaTpa audepeHunjarTHO ANjarHOCTUYKY KOMIUIN-
KOBaHJM €HTUTETOM, 300r Ipeknamama Mopgo-
(YHKIMOHATHNX KapaKTepPUCTUKA Ca HEKMM IIaTo-
JIOLIKUM CTamb/IMa KOja MOTY JOBECTH JIO U3HEHATHe
CpuaHe CMPTH CHOPTHCTA, 4nju Opoj pacTe, U Koje
YBEK MOTpecajy CBETCKY jaBHOCT. VcTpaxumBama
yKasyjy Aa je mopen KIMHUYKY J0Opo meduHMCaHe
»CuBe 30He“ usMmeby ¢usmonoruje m maromoruje
cpuaHe ¢yHKUMje u QUIMYKOr onTepehema,
HeomxofgHa U nobpa Qopensmuka 6a3a mopmaTaka,
pajgu TpaHCIApeHTHUje emNieMUOIOTYje HaIpacHe
CpY4aHe CMPTH, a Y UWbY IeHe 0o/be IpeBeHIje
(Oliva et al, 2017). OBaj mpo6eM je jour cIOKeHUju
Kajia ce yaMe y 003up [ja Cy IOMEHyTe IIPOMeHe Koje
KapaKTepHuIIy CIIOPTCKO Cplie BeoMa BapujabuIHe U
y Be/IMKOj MepH 3aBJCe Off MHAVBUAYATHIX 0COOMHa,
CIIOPTCKe TpaHe U HeHMX AMUCUMUIUIMHA, ¥ HUBOA
yrpenupanoctn (Kasikcioglu, 2011).

Hlanac, cnopTcko cpue ce geduHuUIIE Kao CKyI
MOPGOTOUIKNX ¥ PYHKIVIOHATHUX KapaKTepPUCTHUKA
Cp1a, KOje ce pasBujajy TOKOM BpeMeHa, I10J] Y TUIIajeM
CIIOPTCKOT TPEeHNHTIA. 3aIIpaBo, J0/Ia3N 10 noBehama
Cpua y NemMHHN, ITO IoApasyMeBa moBehame
CPYaHNX LIYIUBMHA 1 AeO/bUHe 3UI0Ba CpIia, Kao I
CMamema CpyaHe QpeKBeHIle, a TO CBe JOIPUHOCH
noBehaHoM exoHoMu4HOmNy CpYaHOr pajia Kako
y MMpY, TaKo ¥ y ycmoBuMa ¢usmdkor onrepehema
(Popovic, Mazic, Djordjevic - Dikic, 2004).

LIwe oBor pasa je AeTa/bHUjU NIpUKa3 MOpdo-
(YHKIMOHA/THUX aalTVBHMX IPOMEHA CpIa CIOop-
TICTA, Y CK/IAly Ca HAajHOBUjUM Ca3HaWbIMA, Kao I
IpUKa3VBamke HAjHOBYJUX IPENOpYKa 3a CKPMHNHT
CIIOPTHCTA, JATYUX Off CTPAaHe eBPOIICKOT Y aMePIYIKOT
yApY>XKema Kapamornora, kao u MebhyHnapogHor
OIMMIINjCKOT KOMUTETA, a Pafil PaHOT OTKpUBaIba
a0HOPMATHOCT! KapAMOBACKY/IAPHOT CUCTEMa, Koje
MOTY JOBECTH IO MU3HEHaITHe CpYaHe CMPTIH.
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I'EHE3A MOP®O-
OYHKIOMOHAJIHNX
ATAIITUBHUX ITIPOMEHA CPIIA
CIIOPTUCTA

Mako ce cHIOpPTCKO cpIe MOXKe IOCMaTpaTu
Kao OenurHa xmmeprpoduja mmokappa (Maron,
2015), BeoMma je 3HaA4YajHO IPeLU3HO AeduHUCATH
MopdorIolIKe KapaKTepUCTUKe CpLa, ¢ 0031poM Ja
ce 13a OBMX IIPOMEHa MOTY KPUTU HeIpero3HaTa
naronomika crama (Beaudry, Haykowsky, Baggish,
La Gerche, 2016). Y HacTaHKy CIIOPTCKOT Cplja MIMajy
YIOTy WMHTEH3WUTET, Tpajalbeé M BPCTa CIHOPTCKOT
TPEHMHTA, a/lV ce He MOXKe 3aHeMapUT! HM YTULAj
eTHMYKe TPUIAZHOCTU, TopyHa u mona (Beaudry,
Haykowsky, Baggish, La Gerche, 2016). Mitchel
Y capajHULM TPeNIOKWIN Cy KIacupukanujy
CIIOPTOBA, IpeMa YAeNy CTaTU4YKe ¥ AUHAMMIYKe
KOMIIOHEHTE TPEHMHIA, KOja je MOC/IeNmUX TOfVHA
MopMUKOBaHa y CMUCITY Jja ce CIIOPTOBU Kmacudu-
Kyjy Y 4eTMpM IpyIle: BeIITHHe, CIIOPTOBM CHare,
CIIOPTOBM M3AP>K/BUBOCTY Y MEIIOBUTE JUCHVITIVHE
(Mitchell et all, 2005; Eijsvogels, Fernandez,
Thompson, 2016), 1 y cBakoj Of OBMX Kareropuja
MOTY Ce OYeKMBATH Jipyrauyje KapaKTepUCTHUKe CpIia
(Pluim, 1999).

ApjanTyBHe IpOMeHe Cplia CIIOPTUCTA UMAjy 3a
11/b oBehame MMHYTHOT BOJTyMEHa 1 CHAary CpyaHe
KOHTpakuuje. JIOK CTaTMYKM TPEHMHI LOBOAU MO
Mamer mnoBehama MMUHYTHOT BOJNyMeHa, a BUIIe
IETOBE CHAre, y LBy CaB/laJjaBaiba ITOBUIICHOT
nepudepHor ormopa y KpBHuM cypnosuma (Levine,
2001; Serneri, Boddi, Modesti et al, 2001), muHa-
MMYKVY TPEHVHI JOBOAY [OMMHAHTHO JO IOBe-
hawma MuHyTHOT BOlyMeHa pany edukacHuje Iep-
¢dysmje akTMBHe CKeleTHe MycKymarype. Ha Taj
Ha4YMH, TpU u3Bohewy cTaTMyKux BeXxOM pacre
IOVjaCTOJIHM apTEPUjCKU TNPUTHUCAK, JOK CUCTOHMU
Moke 6utu 6rmaro mosehan. Ca apyre cTpaHe, npu
u3Bohewmy IMHAMIYKMX BeXXOu, omoryhasa ce camo
Ofip)KaBabe, €BEHTYaJHO MMHMMajHO noBehame
cpener aprepujckor nputucka (Levine, 2001). Taxo,
KOJI TIPETEKHO CTaTMYKOT TPEHNHra 0OMYHO HACTaje
T3B. KOHLEHTPMYHA afilaliTalMja Koja IOJgpasyMeBa
xunepTpodujy Mmuokappa 6e3 ymnajbuse auaataiuje
cpuanux mymwsuHa (Nakamura, Soares-Caldeira,
Laursen, Polito, Leme, Buchheit, 2009), gakie nose-
hasa ce ogHOC Maca/Bonymen cpua (Toufan, Kazemi,
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Akbarzadeh, Ataei, Khalili, 2012; Boettger et al,
2010). Kom prHAMMYKOT TpeHNMHTa yc/en nmosehanor
nymema CpIja, CpyaHe IOyIbMHe ce YyBehasajy,
y3 Mame ysehame fe6/bMHe CpYaHMX 3UJOBA.
(Oxborough et al, 2016).

Y 6as3anmHuM yCIOBMMA, KOjU IOfIpa3syMeBajy He-
IpOMeHeHy KOMIUIMjAHCY CPLia, KOHTPAKTMIHOCT 1
HAaKHAJHO Iymbembe (IIPUTHUCAK Y CUCTEMCKO] LIUPKY-
Januji), OCHOBHYU (PaKTOPM KOjM YTUUY HA ITyMIHY
CIIOCOOHOCT CpIia Cy eeKTUBHI NPUTICAK ITyHeba
" KOMOPCKO HaIlpe3are Ha Kpajy aujactone. [TymmHa
CIIOCOOHOCT Cplia, aKJIe, 3aBYUCH Off y)KVHE HajMa-
e KOHTPAKTW/IHE jefluHNIle CPIla — CapKoMepe IIpe
KOHTpaKLMje, a TO je IMPEKTHO BE3aHO 32 IYHErhe
KOMOpa. YKO/IMKO ce KOMOpe BUIlle ITyHe KPB/bY IIpe
KOHTpaKIJje, pacTexy ce capkoMepe 710 ofipehenor
HUBOA (2,25 MUKpoHa), Te npemMa Opank — CrapnuH-
rOBOM 3aKOHY, TO/Ia3M /10 IOPACTa yAAPHOT BOTyMeHa
cpma. CaMa KOHTPAKTMIHOCT CpIja 3aBMCHA je Off
rpahe mMmoxappa (Maca m pacropep akTMHA ¥ MU-
03MHA), a/li U Of M3TIOKEHOCTV MMOKApHa CTpecy
n pmejctBa xymopanHux daxropa (Levine, 2001).
Hajsnavajunju xymopanuu ¢akTop, KOju JOBOAM
fo xumnepTpoduje KapAMOMMOLUTA, & CAMUM TUM
u u3MeHe Mop(osoruje CIIOpTCKOT CpIia, jecTe MH-
cymH - ctumynumyhu gakrop y camejcTBy ca HOp-
agpeHamHoM. Hamme, HopasipeHanyuH je ITaBHU
HOCHJIAI] CUMITATIYKe aKTYBHOCTY, BEOMa M3pakeHe
TOKOM CIOPTCKOT TPEHMHTa, M 3Ha Ce Ja JIOBOAM
0 TI0jayaHOT MHOTPOIHOT edeKTa Kpo3 MHPIYKC
Kanujyma (Serneri, Boddi, Modesti et al, 2001).

Kop HeyTpeHMpaHux ocoba, y Mupy ZOMUHMpA
IapacUMIATYKa KOMIIOHEHTa Koja cMamyje ¢pe-
KBEHIIMjy CpIia U Op3MHY NPOBOA/BUBOCTH. Bucok
BarajiH¥ TOHYC Ce MHULMjAJTHO CMaibyje ca IoBe-
hamem ¢usmykor Hamopa M mouumbe AOMMHAIV)jA
cuMnaTnike akTMBHOCTH. Kop crmoprucra 4mju je
TPEHVHT IPeBaCXOIHO IMHAMIYKY J10/Ia31 10 Pa3Boja
jager BaramHor ToHyca (Dong, 2016), koju ommaxe
mpeKkoMepHO TmoBehame cUMITaTMYKe KOMIIOHEHTe
TOKOM (M3NYKOT Hamopa. MHOra HCTpaXMBamba
yKasyjy Ha TeHepajHy IpeB/IacT IapacyMIIaTIIKe
Ha/J| CMIIATNYKOM PeTy/IaTOPHOM KOMIIOHEHTOM KOJ
CIIOPTHCTA, IITO JOBOAK KO MOP(PO-DYHKIIVOHATHIX
npomeHa y cpuy (Dong, 2016; Naylor, George,
O’Driscoll, Green, 2008; Fagard, 1992). I[Tocnenmyso,
nosehaBa ce peryraTopHM OICeT CPYaHOT PUTMA,
KOHTPAaKTWIHOCTH, AMjacTONHe (PyHKIMje U KPBHOT
IPUTHCKA.

Nako je mokasaHo fga he ce cmoprcko cpre
HEMIHOBHO pasBUTH KOfi ocoba Koje ce Tpo-
decroHamHO 6aBe CIOPTOM, CTelleH MOP(OJIONIKIX 1
¢dyHKIMOHATHIX IIpOMeHa pasnnkosahe ce og ocobe
mo ocobe. Ha mpumep, Hocmoum mnonmmmopdusma
ampeHokoptukorponHor peuentopa (ACTHRP)
UMajy CHIDKeH Opoj CpyaHuMX KOHTpakiuja y
MIHYTH, TOBehaHy Macy M IIpeYHUK /leBe KOMOpe,
00/by CUCTONMHY GYHKIUjy ¥ Mamby KOMIUIMjaHCY
nese komope. Otkpuseno je ga ACTHRP mnma
NpeAVKTUBHY yHOry y cmucay rpabe m dynxumje
CpIIa, IITO yKa3yje Ha TO a aKTMBAIMja XOPMOHCKOT
CTpec CHUCTeMa ¥ OCeT/bMBOCT Ha XOPMOHe CTpeca
MMajy YOIy y CpPYaHOM peMofienioBamy. Takobe,
IOKa3aHa je Be3a naMel)y cTpec XopMoHa 1 TemecHe
Komnosunyje. [laknae, aganTMBHE IIPOMEHe CpIia
CIIOPTUCTA IIVIMIYHO CY TIOCPEIOBAaHe TOHAB/bAHIM
Y TIPOTIOHTMPAHVM aKTMBMPAkEM XUIIOTA/TIAMO-
Xnnopu3HO-agpeHaTHe OCOBMHE, Ulje je Jie/IoBarbe
Ha OpraHM3aM TeHeTCKu npeaycnonnpano (Popovic
et al, 2014).

ITopen cBera HaBefeHOT, ajanTanuja cpua y
CIIOPTY pe3ynTupa GyHKIMOHATHAM U CTPYKTYPHUM
IpOMeHaMa y BacKy/lTapHOM CUCTeMY, LITO J{OBOIM
mo mosehaHe eKOHOMMYHOCTM M caMe KOpOHapHe
nupkynanuje (Dickhuth, Rocker, Mayer, Konig,
Korsten-Reck, 2004). Tpe6a momeHyTn jga HOBUja
UCTpaXMBamba IOKa3yjy fa KUMHMH — KaJIVKpPeuH
CUCTeM Kao M MpOIleC aHTMOTeHe3e MMajy YIory
y S3alITUTM CpLa O IPeKOMepHe CUMIIATHYKe
aKTMBHOCTH, a OBa JiBa CMCTeMa ce MoKpehy TokoM
Bexxbama. OfpxxaBare KaWIapHOCTY Y IIpeBeHIja
aronrose, prbpose u AUCPYHKIVje MUOKAPHA YCIIeN
Be>KOarba Pas/IMINTUM PerylaTOpHIM MeXaHU3MIMa,
3HAYAjHM Cy y afanTanuju cpua cnoptucra. (Silva et
al, 2014)

Beh je yrBpbeno ma cpue uma 60wy papny edu-
KacHOCT aKO je XUIIepTpOo(UYHO, AMIATHPAHO MU
UMa HIDKY CpYaHy QpekBeHUnjy, nmpema La Place-
oBoM 3akoHy (Puffer, 2001), mTo je ¢usnononixa
HoCefuIia ajianTanyje Ha (UanMdKy aKTUBHOCT.
OBe mpoMeHe HeKa IPeICTaB/bajy OTBOPEH MyT Ka
HACTAHKY IATONOIIKMX Iporieca. Hamme, 3Ha ce fa
IIOCTOje iBa TUIIA aJaITUBHMX QaKTOpa KOju AeIyjy
Ha e(PMKACHOCT CPYAHOT pafia, jeqHn je GpaBOpuU3Yjy,
mok ppyru gmenyjy cympoTro (Popovic et al, 2007).
Tako, Ha mpumep, nosehame febmpuHe 31UAa jIeBe
KOMOpe BOAM Ka CMamemy HbeHe KOMIUIMjaHCe,
opHocHO nosehamwy kpytoctu (Popovic et al, 2007).
Ca ppyre cTpaHe, KPYTOCT MMOKapfa je AMPEKTHO
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mpornopunoHanHa 3ugHoM crpecy (Popovic et al,
2011). Jame, KOHCTAaHTHO HaIpe3arbe JeBe KOMOpe
HOTOAyje HAaCTaHKy CpuYaHe MHCypuUUMjeHIuje, jep
ce Ha Taj HauuH (aBOpU3yje AUIATaIUja I ITOYeTaK
pemopenoBawa cpuaHor mummha (Popovic et al,
2007).

Cee 0OBO TroBOpM Ja je ajanTanuja cpLa Ha
CIIOPT, TO jeCT XPOHMYHM (PU3NYKM CTpec, BeoMa
KOMIUIMKOBaH IIpoILleC, ¥y KOMe Y4ecTBYjy BeoMa
CIIO>KEHU PETYIaTOPHU MeXaHU3MM, Ca BEOMa YCKUM
»aIAIITUBHIIM IIPO30poM“ 3a oMoryhaBame nosehane
panHe epukacHocTy. CBaka He(pM3MOIOIIKA MAHNITY -
7alyja y TPEHa)KHOM IIpOLeCy HOAATHO OTeXaBa
OBe TIpoIiece, I BeoMa JaKO MX MOXK€ CKPEHYTH Y
MATOIOIIKOM TIIpaBLy (IIPeTPEeHMpPAHOCT, MAOINHF,
Hey3MMakhe TEYHOCTH, UT].), a TOC/IENUILIE MOTY OouTH
daranne.

MOP®O-OYHKIIMOHAJIHE
ITPOMEHE CPIIA CITIOPTUCTA

Behnna cryauja nmokasyje ja eHa-a1jacTOHA -
jaMeTap cpla CIOPTHUCTA y OJHOCY Ha Ce[leHTapHY
nonynanyujy 6usa ysehan 3a 10% (Pluim, 1999).
Pelliccia u capagHMIM 3aK/bY4Yjy Y CBOjOj CTYAUjU fa
je Bume op 10% cropTucTa MMano eHJ-AMjacTONHe
IuMeH3nje neBe Komope Behe ox 60 mm, mWTO UX
nudepeHIjaTHO AMjaTHOCTUYKM CBPCTaBa y IIO-
Iy/lanujy COOpTHCTa KOjU C€ MOpajy JOJaTHO €Ba-
JYUpAaTH y CMIUCITY IOCTOjalba JVIATaTUBHE Kap-
nomuonaruje, oboberma Koje MOXe TOBeCTH [0
M3HEHaJ/lHe CpYaHe CMPTH.

[le6/puHa 31ua0Ba jeBe KoMope fo 13 mm, y3
HOCTOjabe CUMeTpUYHe Xuieprpoduje, cmarpa ce
Ha/Ia30M KOjy Hajllpe KapaKTepuille CIIOPTCKO CpIie.
Kapa ce mocmarpa e6/p11Ha 31712 JIeBe KOMOpe, BeoMa
je BKHO MCK/bYYMTH OCTOjarbe TeHETCKOT 0007berbha
Koje je Hajuemthy y3pok M3HEHaJHe CpUYaHe CMPTH Y
CIIOPTY — XuneprpopuyHe Kappuomuonaruje. 3u-
moBu fe6mpy of 13 mm, y3 acuMeTpujy Koja Iof-
pasymeBa Behe nebmarme cenTyma, ycMepaBajy Ha
oBy nujaraosy (Lee et al, 2013). Op BakHOCTHM je
Meperbe OfHOCA TIPeYHMKa U Cpefiibe feb/blHe 31
7IeBe KOMOPe, KOji Kof CIiopTicTa Tpeba fa je uamehy
0.3 1 0.45 (Pelliccia et al, 1999). OBaj napamerap naje
uH(OpPMaLNjy O TUILy PEeMOJENNHIA JIeBe KOMOpe,
KOHIIEHTPMYHOI MM €KCIIeHTPUYHOI, Te Kaja je
noBehaH uje y mpuior aujarHosu xmuneprpodudHe

142

KapAMoOMMOIaTyje, a Kaja je CMameH AMIaTaTUBHe
kapanomumomnatnje (Pelliccia et al, 1999; Douglas et al,
1997). Tpeba uMatu y BURY /ia KOZ Masor 6poja (oko
2%) cnoprucra nosehamwe 0BOT OHOCA MOXKe OUTY U
¢usnononiko (Douglas et al, 1997).

Mako je xom Behmue cmoprmcra Maca jeBe
KoMope 3a 45-50% Beha y ogHOCY Ha celeHTapHY
THOITy/IaLjy, TeK Maiu 6poj OBUX CHOPTHCTA, 15-20%
II0OKa3yje BPeJHOCTH KOje Cy Y OKBUPY KpUTepUjyMa
3a xwmmeprpopuuny xappmomuonaryujy (Thomas,
Douglas,2001). Ykonuko ce oBaj mapamMeTap mocMarpa
Y OIHOCY Ha TeJIeCHY MacTy WIM TelleCHY IIOBPIINHY,
OBaj IPOIIEHAT Cce yMamyje. 3aHUM/BUBO je Ja JKeHe
CIIOPTUCTY NOKa3yjy 3HaTHO Mame nosehame Mace
cpua y ogaocy Ha mymkapie (Pelliccia et al, 1991).
Pelliccia ca cap. cy Takobe yTBpanm fja je mpucyran
HEIIPONOPUVOHATHO Mamb) PU3MK Off V3HEHafHe
CpuyaHe CMPTM KOJ >XEHCKUX CIOPTUCTA, KOju He
MO>Ke OVMTH jeHOCTaBHO MOCNIEANIIA Mamer ydelrha
y CIIOPTY, HUTY MameT MHTEH3WTeTa HU Tpajama
TpeHaXHuX ontepehemwa. OBy ayTopnm mcrtudy Ba-
JKHOCT UCIUTHBaMma U pasyMeBama TeHETCKUX u/
VI XOPMOHATHUX MeXaHM3aMa Koje JKeHe MMajy fia
HeyTpa/IMIly pU3UK Of aKyTHUX CpYaHUX porabaja
(Pelliccia, Adami, 2017).

[Tocnente meleHNje HEKONMMKO CTYAMja aHAIU3NU-
pao je xunepTpodujy fecHe KOMOpPe Kao IOCTIefUIY
ajlanranyje Ha pefoBHY pMU3NIKy aKTUBHOCT. Kopu-
mhene cy Mertome exokappuorpaduje (D’Andrea
et al, 2013; Oxborough et al, 2012; Teske et al,
2009) mmm wMmarHeTHe pe3oHaHie (Perseghin et
al, 2007; Prakken et al, 2011). IIpumena TKkuBHOTr
foIyiepa JIOHOCM HOBEe MOTYRHOCTM Yy IIpOLIeHU
CUCTOTIHUX afIaITUBHMX IIPOMEHA JieCHe KOMOpe I
y npensubamy (QyHKIMOHATHOT KalalMTeTa, IITO
MOXKe MMAaTH VIOTy Yy KBaHTU(UKALVjU CTeleHa
Mop¢o-(PyHKINOHATHUX IPOMeHa CplLia CIIOPTHUCTA
(Popovic et al, 2011). IToceban Kyprosuter mecHOj
KOMOpPHU J1ajy HbeHe Mop¢oomKke 1 (PyHKIMOHATHE
cienuduyHocT. BeoMa je Temka 3a eBaayauujy,
a HApOYMTO YKOJIMKO IIOCTOjY apUTMOreHa Kap-
AVMOMMONIATHja VIN YCIUIa3Nja, Koje MOTy OUTH y3-
pok msHeHafiHe cpuHe cMpTy cropTucrta (Corrado
et al, 2010). Bume Mmopdoromika, a Mare QyHKINO-
HaJIHa aJjalTanyja JecHe y OfHOCY Ha JIEBy KOMOPY
KOJI CIIOPTHCTA, MOXKE Ce 00jaCHUTH jadM OTIIOPOM
y wiyhHOj Hero y cucTeMcKOj LmMpKymanuju. Ayro-
pu Bepyjy Aa MopQosIoliKe IpOMeHe JleCHe KOMope
nosehaBajy meHy edukacHOCT, ma fabe QYHKIM-
OHaJ/IHe IIPOMeHe HUCY Off BelMKor 3Havaja (Major,
Csajagi, Kneffel, Kovats, Szauder, Sidd, Pavlik, 2015).
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CpuaHe IpeTKOMOpe MYIIKapala 1 >KeHa CIOop-
TICTA, TaKobe IOAJIeXy peMOfie/IoBamy, ca MABIM
wm Behum gedopmanmjama, y OfHOCY Ha CeleHTapHY
nonynanujy. Behe mpomene Tpmm pmecHm arpujym
IIpU YeMy je IpOMeHa HheroBe BelMNdIHe U3pakeHja
KOJ MYIIKMX CIIOPTHCTa, MAOK Cy OuarpujanHe
nedopmannmje nspakennje kop >kena (Sanchis et al,
2017).

Mopdornomke mpoMeHe cpua CIOPTHUCTA IIO-
ClefuIa Cy U Y3pOK IberoBUX (YHKIVIOHATHIX
npoMmeHa. Beh je momenyTo ma je cmoprcko cpie
3allpaBO CpIle CHIDKEHe CpyaHe (peKkBeHLle M1
noBehane pagHe edukacHoctn. CHIDKeHa cCpya-
Ha (pekBeHIla KOJ CIOPTHCTAa MOCIENUIA je Ipe-
Bare IIAPacUMIIATMYKOI TOHyca, yBehaHux cpuya-
HUX WIyIUBMHA ¥ mHoBehaHe epUKAcCHOCTM CpyaHe
KOHTpaKmuje, Koju omoryhaBajy ma ce ca MamuM
OpojeM CpuaHMX LUK/Iyca 3afjoBO/be HOTpebe
OpraH;M3Ma 3a KJCEOHNKOM Yy CTamy MUpPOBama.
ExcrieprMeHTa/IHU Haja3y CYTepuUIIy pery/IaTOpHY
yory cpyaHor XopMoHa brain natriuretic peptid
(BNP) 3a cpuany ¢pexsenunjy. BNP nosehasa
Cp4aHy (GpPeKBEHIUjy M elIeKTPUYHY IIPOBOAJBU-
BOCT IIyTeM CTUMY/INCama jOHCKMX CTpyja ¥y
CMHOATPUjCKOM 4YBOPY M aTpMjaTHOM MMOKapPLY.
Takole, moxasaHa je Kopemalyja MaKCMaTHe CpYaHe
¢dpexsennuje ca nosehamem BNP-a Tokom ¢usmuke
akTuBHOCTH. [lopenm Tora, mokasaHo je fma je BNP
Be3aH 3a CICTOTHE ITapaMeTpe JieBe I JieCHe KOMOpe,
Kao U AMjaMeTap JleCHe IPEeTKOMOpe KOJ CIIOPTUCTA.
HoBuja mcrpaxuBama 4ak MOKa3yjy M KOpenanujy
BNP-a ca mapamerpuma mnyhue ¢yHKumje Kox
coptucta. Kaja cymmpamo cBe oBe IoKkasaTerbe,
HaMmehe ce BeoMa Ba)kHa UMIbEHNIA, a TO je Aa BNP
IpefiCTaB/ba 3HAYajaH pETyIaTOpHMU (HAKTOP KOju
KOOPAVHMpA afaNnTanujy cpua u Imwryha y cnopry
(Popovic et al, 2013).

EJTEKTPO®V3VOJIOIIKE
KAPAKTEPUCTUKE
CIIOPTCKOT CPIIA

[TocToju nsBecran mpoueHar (3-5%) crmoprucra
KOjI IIOKa3yje IPOMEHe Y eIeKTPUYHO] aKTVBHOCTH
CpLa, KOjy uMTaMo IoMohy eleKTpoKappuorpama
(EKI) (Calore et al, 2015). OBe mpomeHe 3aBuce
O]l BpCTe CIIOPTa, IOJIa M y3pacTa. JaB/bajy ce KOf

CIIOPTHCTA YMjM je TPEHVHT MPEeTEeXHO JUHAMMIYIKIA.
CnopTucty yspacra io 16 TogyHa 4eCTO MMajy Halas3
TaKo3BaHe MHBep3uje T-Tamaca y ogsoguma V1-V4,
lla 61 ce HaKOH OBOT y3pacTa Taj Hajas M3rybmo
(Sharma, Merghani, Mont, 2015). Kaga ce mocmarpajy
EKT sammcn y ogHOCY Ha IIOJI, yo4daBa ce fia je KOf
CIIOPTHCTA MYIIKOT IT0JIa, CTapOCHe 1o6u ox 12 o 40
rofinHa, caMo y 50-60% cry4ajeBa Hamas HOpMajaH,
JIOK je KO YKEHCKUX CIIOPTHCTA UCTe CTapOCHe 106U
Taj mpoueHat Behm - 75-80% (Pelliccia, et all, 1996).

ITpomene EKT sammca, Koje ce jaBmbajy KOfi cCriop-
THUCTA, MOTy Ce IONEMNUTH IIpeMa y4ecTaNoCTH Y [iBe
rpymne. IIpBy rpynmy 4mHe ImpoMeHe Koje Cy 4YecTe,
IIIXOBA II0jaBa JIOBOAM Ce Y Be3y ca (U3NIKOM
aKTMBHOIINY, I1a ce CMaTpajy HOpMa/IHMM Haslasuma
(cunycHa 6paguxapanja, AV 6710k I crenena, Mobitz
I, paHa penomapmsanmja, CUHYCHa apuUTMUuja...).
Ipyry rpyny unHe Mame decte EKI mpomeHe, Koje
He 3aBlCe caMo Off pM3MUKe aKTUBHOCTIA, I1a Ce MOTY
Hahu ¥ KOJ HeKNX ITaTO/IOUIKVX CTama (MHBep3uja
T rTamaca, koMmIeTH 670K /IeBe TpaHe, MojaBa Ia-
tomomkux Q 3ybama, pempecuja STcermenra...)
(Sharma et al, 2017.)

HeomxozHo je ma ce criopTucty ca abHOpMaIHUM
EKT namasom, a ca MHUIUjaTHO HOPMA/THUM K/IMHU-
YKUM Haja30M, pefoBHO mpare (Sharma et al, 2017).

CKPMHUHI CIIOPTUCTA

C 0631poM J1a CIOPTCKO cpiie MODOJIOIIKI MOXKe
MaCKMpaTy pasjnduTa MaTO/NOMIKA CTama, JOBOAM
ce y Be3y ca TparmyHMM UCXOAMMA y CIIOPTY, CTOTa,
HEOIIXO/IHO je PeOBHO IIperyefjabe Kako CIIOPTUCTA,
Tako ¥ (UINYKM aKTUBHOT [iella IOIyJanuje.
Ose mpernefie Tpe6ano 6u 06aBUTK IIpe MOYETKa
yIpakKmaBamwa CIIOPTa, TOKOM Hepuofia TpeHNpama
u TakMudea. Of BelyKe BaXKHOCTH je M CKPUHVHT
Ha Kopuurhemwe Hego3Bo/beHux cyncraniy (Hainline
et al, 2016). HeonxofHo je yK/by4MBame CIIOPTCKUX
Kap/iMoJIora y IUTaHVpambe, UMIUVIEMeHTAlNjy U I10-
Oo/plIabe VHMLMjATHUX TIperiefa. VIHuMIumjamHu
nperneqy TpPyXajy pAparoueHe uHpopmanuje o
CKJIOHOCTUMA 32 IIOjefiiHe CIIOPTCKe AVMCLMIUINHE,
HPY)Xajy YBUJ y CTalbe OpraHM3Ma IIpe rmoverka 6a-
B/b€Iba CIOPTOM U YIO30paBajy Ha Moryha orpa-
HIYeHba.

[IpemapTuuunanMoHy CKPUHMHT CIIOPTHCTA je
HoTpebaH pafM paHOI OTKpMBamba IAaTONOMIKKX
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CcTama KOja MOTy IOBECTM [O M3HEHajlHEe CpyaHe
CMPTM, KaKO KOJ CTapMjuxX Tako ¥ Kopi Maahux
croptucTa. 3a ofpebene yspacHe rpyme y OBOM
CMHCTYy TOCTOjé TIpernopyKe, Kao Ha IpuUMep 3a
CIOPTHUCTE KOju Cy Ha cTymujama. Kopm oBe rpyme
CIIOPTHCTA IpeIopydyje ce U TUM Koju Tpeba ca
M3BOAY CKPMHVHI, a KOju 4nHe (pusmjarap, TpeHep
U 3APaBCTBEHNM PpAfHMLM HEKOT Of KIMHMYKUX
nenrapa (Maron BJ et al, 2007). Haxamocr, jomr
yBEK He IIOCTOjeé BOAMYM O IMpenapTULMIIAIIIOHOM
CKPMHUHTY CIIOPTICTA CpefmbyX mKoma. CnopTucTu
OBOT y3pacTa Hajuemrhe CaMOCTAQIHO KOHCYITYjY
JIeKape paju IEKapCKOT MPeT/iefa KOjU ce CacTOoju U3
ucropuje 60mecty u GUINKAITHOT IpeTIesa.

MebyHaponay onmMMIUjcKy KOMUTET Jao je mpe-
MIOpyKe O TEePUOAUYHMM CUCTEMATCKUM IIperse-
muma. IIpema oBMM mpemnopykaMa, HEOIXOAHO je
OCBPHYTH Ce€ Ha II0jaBy M3HEHAJHUX CPUYaHUX CMPTH
Ipe IlefleceTe TOAMHE, KaO U IOCTOjamba Kaphu-
OBACKy/IapHUX 000/berba y MOPOANYHOj aHAMHE3N.
Y nu4HOj aHaMHe3M OOpPaTUTH NMAXIY Ha I0jaBy
JyIama CpIia, MPEryIapHOT CPYAHOT Pajia, enM30fa
CMHKOIIA, 6071a, CTe3ama y IpyAuMa, ryouTKa gaxa u
BpTornasuue. [Ipy ¢pusnKamHOM Iperieny TPaKUTH
3Hake MapdaHOBOr  CMHPOMA, ITATONMOMIKMX
Imya3alyja, IIyMa Ha CPILY, MPEryaapHOT CpYaHOT
pUTMa, IOBMIIEHOT KPBHOT NpuTHcKa. HeonxopHo je
ypaputu EKT' y 12 ogsoma y mupy (MOK, 2009)

Ha 36. Bethesda xondepenumju us 2005. ro-
nuHe (36. Bethesda conference, 2005) mate cy mpe-
HOpyKe Koje 00yXBaTajy MacOBHe CKpMHMHIE WU
VHOVBULYaTHe IIpEriefie, 3a CB€ CTapOCHe I'PyIe U
06a 10T, Kao U NpUIAJHUKE jaBHUX CIY>XXOU Koju
VIMajy MHTEeH3UBHe (M3MUKe Hallope Y OMUCY IOoC/Ia
(mmmoTy, moMMuajuy, BaTporacui...). Ilpema opum
IpernopykamMa CIopTiucTe 61 Tpebamo IpernesaTu
Ipe oYeTKa 6aBjberba CIIOPTOM, U CBAaKe JIBe TOMHE
TOKOM 0aB/berba CIIOPTOM, C TUM IITO OB HperIefn
Mopajy Omtu ydecramuju (2-3 myra ropuilme) y
IepUOAiYMa MHTEH3MBHUX TakMu4Yemwa. [Ipemopyke
HaBOfle [la IIperjef, 4YyHe HEMHBAa3UBHU TECTOBU
KOj! TOApa3yMeBajy MpUKYIUbalbe MofaTaKa JTMIHe
U TOpOANMYHE aHaMHe3e, (DU3MKATHM IIperies ys3
Mepeme apTePUjCKOT KPBHOT NPUTHUCKA. Y OKBUPY
MMYHE aHaMHe3e MaXmby YCMEPUTM Ha INUTamba
o 6onoBMMa y TIpyAMMa, paHMje [eTeKTOBAHUM
CpPYaHMM LIYMOBMMA WIM IIOBUIIEHOM IIPUTHUCKY,
3aTIM O eNM307jaMa rybuTaKa CBeCTy, HeoOjalbBIX
3amopa. IlopopgndHa aHaMHe3a aKIleHAaT CTaBjba
Ha IIOCTOjalbe Cay4yajeBa M3HEHAJHUX CMPTU Y
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HOPOAMIM ¥ KapAMOBACKYIapHUX 000/bera KOJ
pobaka mmahux op 50 roguua. O6jeKTUBHY TIperien
YK/by4yje ayCKy/ITalujy cpla 1 Majnanujy myjacesa,
npe cBera GeMOpaIHOL.

Kama cy y muTamy MacoBHM CKPMHUHT IIpOTpa-
MU, MHTepecaHTHO je ma 36. Bethesda mpemopyke
UHULMjaTHO HEe IIpeNnopydyje IMPUMEHY €IeKTpO-
Kapanorpaduje, exokapamorpaguje u eprocumpo-
MeTpuje Y MICIUTHMBAbUMa 300T HeeKOHOMIYHOCTH,
MAKO Ce 3Ha Jla Ce BUIIe Of IOTIOBJMHE M3HEHaJHNX
CPYaHMX CMPTHM MOXKE CIIPEYNUTH CaMO AHANTMU30M
eleKTpokapamorpama. Vmak, mpemopyke HaBofe
Ja YKOMMKO ce IIOCyMIba Ha IIOCTOjame HEKOT
060/berba, IATONIOIIKe NpOMeHe Miu ImopeMehaja,
HaBelleHa MCINUTHBAba MOPajy OMTM CIpOBeleHa.
I[Iperopyudyje ce m3paja HAlMOHATHUX CTaHAAPAA,
yC/Iell pasIMYUTUX eKOHOMCKMX MOryhHOCTH y pas-
TMYUTYM Jp>KaBama, a 300r morTpebe 3a paHuM
OTKpPMBambeM CKPUBEHNX 60/1eCT OMII0 y4eCTanjuM,
6mwno oncexHujuM mnperntenuma. OBa PpyTHHCKA
MCINUTUBamWa, IpeMa BakehnM mpenopykama, Mory
CITPOBOINTY KAKO JeKapy, TaKO M MEeNUIIMHCKA
TeXHNYApH, y3 YCIOB [a Cy IMPOLIINM OpPTaHM30BaHe
KypceBe KOju 61 UX ocrocoOumy 3a ob6aB/bame OBe
IIeTTaTHOCTIA.

EBpomncko yapyxeme kapauomnora (ESC) n Espo-
TIICKO yApY)Keme 3a KapAMOBACKYTapHU MMMIIVHT
(EACVI) Bemukm 3Hauyaj [Aajy MaX/BUBO Y3€TOj
NNYHOj ¥ TIOPOAMNYHOj aHAMHe3V; QU3MKATHM Ipe-
rien u cranpappau EKD Tpeba pasmarparu y
CKpMHUMHTY Tipe ydemrha Koj MIafuxX CIOPTHUCTA,
a CpefloBEeYHM KOj! YIPaKibaBajy BeXOe BICOKOT
VIHTEH3NUTeTa Tpeba MOABPTHYTM CKPMHUHIY KpO3
aHamHesy, ¢usuxanan npernen n EKI y mupy. Ha-
KoH mueHTUdukoBama EKI abHOpMamHOCTH, KOje
MOTy yKasuBaTM Ha CTPYKTypHe OorecTy cpia,
Ipernopyuyje ce exokapauorpaduja n/mim MaraeTHa
pesoHaHIa cpua. Ocobmbe y CIOPTCKUM 06jeKTMa
Tpeba nma Oyge oOydeHO 3a KapAMOIIYJIMOHAIIHY
peaHVManujy u IpaBUIHY YIOTpeby ayTOMAaTCKUX
cnojpatmux gedubdpuaaropa (Priori et al, 2015).

Ca mpyre cTpaHe, aMepUyKO YApYXKeme Kapau-
o710Ta Tperopydyje fAa jeKapy KOpucTe BOJUYe
3a CKPMHUHT Kao mTO Cy ,The American Heart
Association’s 14 points screening guidelines’, kao
cacTaBHU fle0 OOMMHe aHaMHe3e U (PUSMKATHOT
nperaefia, ¢ LWbeM OTKpMBama ypobeHumx wmm
ApYIUX KapamoBacKymapHux mnopemehaja. ITpemo-
pydyje ce cTaHAapaM3anuja pasnMIUTHX Gopmu
YIUTHUKA KOjU Ce KOPUCTEe KAa0 CMEPHHUIIE Off CTpaHe
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JIeKapa 3a UCIUTUBAKE CIOPTUCTA CPEIbUX MIKOMIA
n ¢akynrera. Cranpgapguun EKI, kao ckpuHMHT
TEeCT, MOXKE C€ pa3MaTpaTy Y PeTaTMBHO MallM I'py-
IaMa MJIAJMX ¥ 3[paBUX JbYyOU, CTapocTu of 12 po
25 roamHa, KOju Cy IIOJ, PU3MKOM, U He MOpa OuTn
HY>KHO OTPaHMYEH Ha CIIOPTHUCTE KOjU Ceé TaKMHYe.
Yuemhe nekapa u afieKBaTHa KOHTPO/A KBa/lUTeTa
je obaBesHa (Maron et al, 2015). Kao u eBporcke,
U aMepuyKe 3aXTeBajy CIpoBODheme MONATHMUX MC-
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