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SAZETAK

Sréana insuficijencija (engl. heart failure — HF) je Klinicki sindrom koji se sastoji
od kardijalnih simptoma (npr. nedostatak vazduha, otok potkolenica i umor), koje
mogu pratiti znaci (npr. povisen jugularni venski pritisak, pukoti nad plu¢ima i
periferni edemi). Bolesnici sa HF imaju ceste hospitalizacije, narusenim je kvalitet
Zivota i skracen Zivotni vek. Bolesnici sa HF imaju smanjen fizicki radni kapacitet,
koji je u velikoj meri izazvan naruSenom hemodinamikom protoka krvi u aktivnoj
skeletnoj muskulaturi. Bolesnicima sa HF potrebno je uraditi kardiopulmonalni
test fizickim opterecenjem, radi procene nivoa i vrsta fizicke aktivnosti koji ¢e
se nakon toga sprovoditi i neophodno je izvrsiti stratifikaciju rizika. Treba poceti
procenom trenutnih mogucnosti i potreba pacijenta za vezbanjem i sastaviti
pocetni program vezbanja sa odredenom vrstom vezbi, njihovim intenzitetom,
brojem ponavljanja i trajanjem u minutima tokom jednog dana, kao i brojem
dana u kojima treba vezbati tokom nedelje. Preporucuje se voznja bicikle (staticke
ili obicne) i peSacenje, Sto predstavlja aerobni, dinamicki tip vezbanja. Aerobni
tip treninga se preporucuje 3—5 puta nedeljno (30—60 minuta po treningu),
a prioritet ima intervalni tip treninga. Ovaj vid treninga poboljSava snagu i
izdrZljivost skeletnih misica i dovodi do povecanja misicne mase. Kod bolesnika
sa srcanom insuficijencijom i kaheksijom preporucuje se rezistentni tip treninga,
koji je kombinacija izotonickog i izometrijskog opterecenja. Ovu vrstu treninga
treba sprovoditi dva puta nedeljno u trajanju 12-20 minuta. Ovaj vid treninga
poboljSava snagu i izdrZljivost skeletnih misica i dovodi do povecanja misi¢ne
mase. Fizicki trening povecava misicnu masu skeletnih misica, promer misi¢nog
vlakna, snaqu, izdrzljivost i fizicki radni kapacitet.
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ABSTRACT

Heart failure (HF) is a clinical syndrome characterized by cardiac symptoms
(e.q.,breathlessness, ankle swelling, and fatigue), which may be accompanied by
signs (e.q., elevated jugular venous pressure, pulmonary crackles, and peripheral
edema). Patients with HF often experience frequent hospitalizations, impaired
quality of life, and shortened life expectancy. They also have decreased exercise
capacity, primarily due to impaired hemodynamics within the active skeletal
muscles. Patients with HF should undergo a cardiopulmonary exercise test to
assess their activity level and type, as well as to perform risk stratification. The
initial step should include evaluating the patient’s current exercise capacity and
needs, then creating a personalized exercise program that details the types of
exercises, their intensity, repetitions, duration in minutes per session, and the
number of days per week allocated for training. Cycling (either on a stationary
or regular bicycle) and walking are recommended because they are aerobic,
dynamic forms of exercise. Aerobic training should be performed 35 times a
week (30—60 minutes per session), with emphasis on interval training. This
type of training enhances skeletal muscle strength and endurance, leading to
increased muscle mass. In patients with heart failure and cachexia, resistance
training is advised, combining both isotonic and isometric exercises. This type
of training should be performed twice a week for 12 to 20 minutes per session.
Resistance training also enhances skeletal muscle strength and endurance and
encourages muscle growth. Physical training enhances skeletal muscle mass,
fiber diameter, strength, endurance, and exercise capacity.

Keywords: heart failure, aerobic training, physical exercises, physical work
capacity
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uvoD

Src¢ana insuficijencija (engl. heart failure — HF) je klini¢-
ki sindrom koji se sastoji od kardijalnih simptoma (npr.
nedostatak vazduha, otok potkolenica i umor) koje
mogu pratiti znaci (npr. povisen jugularni venski priti-
sak, pukoti nad plu¢ima i periferni edemi). HF nastaje
usled strukturne i/ili funkcionalne abnormalnosti srca
koje rezultira povecanim intrakardijalnim pritiscima i/
ili neadekvatnim sréanim minutnim volumenom srca
u miru i/ili naporu. Identifikacija etiologije sr¢ane dis-
funkcije je obavezna u dijagnostici HF radi odluke o
daljem lecenju. Najcesce, HF nastaje usled miokardne
disfunkcije: sistolne, dijastolne ili obe [1].

HF ostaje vodedi globalni uzrok smrtnosti, morbidi-
teta i loseg kvaliteta Zivota uz visoku upotrebu resursa
i troSkove zdravstvene zastite. lako je incidencija HF
vremenom blago opala, njena prevalenca raste zbog
poboljsanih tretmana HF i duzeg Zivotnog veka u po-
pulaciji [2]. U evropskim zemljama, srednja incidenca
HF je 3,20 slucajeva na 1000 osoba, a srednja prevalen-
ca HF je 17,20 slucajeva na 1000 ljudi [1,3].

lako ishemijska bolest srca ostaje jedan od najce-
$¢ih uzroka HF, poboljsanja u lecenju akutnog infarkta
miokarda (AIM) i sekundarne prevencije smanijili su ri-
zik od HF hospitalizacije nakon prvog AlM-a. Prevalen-
ca sréane insuficijencije se povecava sa godinama sta-
rosti, a najcesci uzrok u bolesnika mladih od 75 godina
je koronarna bolest [1,4-6].

Pacijenti osim HF, ¢esto imaju i nekoliko drugih bo-
lesti. Komorbiditeti se grubo dele na kardiovaskularne
i nekardiovaskularne bolesti. Od kardiovaskularnih ko-
morbiditeta najcesci su arterijska hipertenzija, koro-
narna bolest i atrijalna fibrilacija [7,8]. Od nekardiova-
skularnih komorbiditeta najces¢i su dijabetes melitus,
bubrezna insuficijencija, hroni¢na opstruktivna bolest
pluca i anemija [9,10].

Prema vrednostima ejekcione frakcije leve komore
(engl. left ventricular ejection fraction — LVEF) sréana sla-
bost se deli na onu sa o¢uvanom, blago redukovanom
i redukovanom ejekcionom frakcijom leve komore. Re-
dukovana LVEF je definisana kao < 40%, npr. kod onih
za znacajnom redukcijom sistolne funkcije leve komore
i ovo se oznacava kao (engl. heart failure with reduced
ejection fraction — HFrEF). Pacijenti sa LVEF opsega 41%
do 49% imaju blago redukovanu sistolnu funkciju leve
komore, tj. ,sr¢ana insuficijencija blago redukovane
ejekcione frakcije” (engl. heart failure with mildly redu-
ced ejection fraction — HFmrEF). HF sa o¢uvanom ejekci-
onom frakcijom (engl. heart failure with preserved ejecti-
on fraction — HFpEF) podrazumeva LVEF > 50%. Za po-
stavljanje dijagnoze sr¢ane insuficijencije sa o¢uvanom
ili umereno smanjenom LVEF osim prisustva simptoma
i znaka potrebno je prisustvo povecane vrednosti natri-

INTRODUCTION

Heart failure (HF) is a clinical syndrome characterized
by cardiac symptoms (e.g., shortness of breath, leg
swelling, and fatigue), which may be accompanied
by signs (e.g., elevated jugular venous pressure, pul-
monary crackles, and peripheral edema). HF occurs
due to structural and/or functional abnormalities of
the heart, leading to increased intracardiac pressures
and/or inadequate cardiac output at rest and during
exertion. Identifying the etiology of cardiac dysfuncti-
on is essential for diagnosing HF and guiding further
treatment. Most often, HF results from myocardial dys-
function, which can be systolic, diastolic, or both [1].

HF remains aleading global cause of mortality, mor-
bidity, and poor quality of life, with high resource uti-
lization and healthcare costs. Although the incidence
of HF has slightly decreased over time, its prevalence
continues to increase due to improved HF treatments
and increased life expectancy in the general popula-
tion [2]. In European countries, the median incidence
of HF is 3.20 cases per 1000 people, while the median
prevalence is 17.20 cases per 1000 individuals [1,3].

Although ischemic heart disease remains one of
the most common causes of HF, advances in treating
acute myocardial infarction (AMI) and secondary pre-
vention have lowered the risk of HF hospitalization af-
ter a first AMI. The prevalence of heart failure increases
with age, and among patients under 75 years old, the
most common cause is coronary artery disease [1,4-6].

Patients with HF often have multiple other comor-
bidities. Comorbidities are generally classified into
cardiovascular and non-cardiovascular conditions.
Among cardiovascular comorbidities, the most com-
mon are arterial hypertension, coronary artery disease,
and atrial fibrillation [7,8]. For non-cardiovascular co-
morbidities, the most frequent include diabetes melli-
tus, renal insufficiency, chronic obstructive pulmonary
disease, and anemia [9,10].

According to left ventricular ejection fraction
(LVEF), heart failure is classified into preserved, mildly
reduced, and reduced ejection fraction. Reduced LVEF
is defined as <40%, indicating a significant decrease
in left ventricular systolic function, known as heart
failure with reduced ejection fraction (HFrEF). Patients
with LVEF between 41% and 49% have mildly reduced
systolic function, called heart failure with mildly re-
duced ejection fraction (HFmrEF). Heart failure with
preserved ejection fraction (HFpEF) refers to an LVEF of
50% or higher. To diagnose HF with preserved or mild-
ly reduced LVEF, symptoms and signs must be present
along with elevated natriuretic peptide levels and at
least one of the following: relevant structural heart dis-
ease (such as left ventricular hypertrophy or left atrial
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uretskog peptida uz prisustvo minimum jos jednog od

sledecih kriterijuma: relevantno strukturno osteéenje

srca (hipertrofija leve komore ili uvecana leva pretko-

mora) i/ili dijastolna disfunkcija leve komore [1,11-13].

Sréana insuficijencija moze biti i rezultat disfunkci-
je desne komore. Mehanika i funkcija desne komore su
izmenjene u sklopu opterecenjem pritiskom, ili volume-
nom. Osnovna etiologija hroni¢ne sréane slabosti desne
komore je pluéna hipertenzija nastala usled disfunkcije
leve komore, ali postoje brojni drugi uzroci [1,14].

U klinickoj praksi, za tezinu sr¢ane insuficijencije
najc¢esce su koris¢ene klasifikacije Njujorskog kardio-
loskog drustva (NYHA klasifikacija) i klasifikacija Ame-
rickog Udruzenja kardiologa (ACC/AHA) [1].

NYHA funkcionalna klasifikacija zasnovana je na te-
Zini simptoma i fizickoj aktivnosti:

- Klasa I: Bolesnik nema ogranicenja fizicke aktivnosti,
uobicajeno fizicko opterecenje ne dovodi do zamo-
ra, gusenja ili palpitacija.

+ Klasa II: Postoji manje ogranicenje fizicke aktivnosti,
bolesnik se ose¢a dobro kada miruje ali uobicajene
aktivnosti izazivaju zamor, gusenje ili palpitacije.

- Klasa lll: Bolesnik ima znacajno ogranicenje fizicke
aktivnosti, oseca se dobro u mirovanju, ali male uo-
bicajene aktivnosti dovode do simptoma.

« Klasa IV: Pri najmanjoj fizi¢koj aktivnosti javljaju se
tegobe ili su simptomi Sl prisutni u mirovanju a po-
gorsavaju se pri najmanjem fizickom naporu.

ACC/AHA klasifikacija tezine sréane insuficijencije:

- Stadijum A: Veliki rizik za razvoj sr¢ane insuficijencije
ali bez prisustva strukturnog oboljenja srca ili simp-
toma sréane insuficijencije.

- Stadijum B: Prisustvo strukturnog oboljenja srca bez
simptoma i znakova sr¢ane insuficijencije.

« Stadijum C: Prisustvo strukturnog oboljenja srca sa
simptomima sr¢ane insuficijencije.

- Stadijum D: Refrakterna sr¢ane insuficijencije koja
zahteva primenu specijalnih intervencija.

HEMODINAMSKE PROMENE U SRCANOJ
INSUFICIJENCUJI

Kod bolesnika sa HF smanjen je fizi¢ki radni kapacitet.
Ovo smanjenje u velikoj meri izazvano je hemodina-
mikom protoka krvi u aktivnoj skeletnoj muskulaturi
(sekundarno usled smanjenja minutnog volumena
srca), tako da ovi bolesnici mogu posti¢i manji mak-
simalni minutni volumen u odnosu na zdrave osobe.
Neadekvatna hemodinamika protoka krvi u aktivnoj
skeletnoj muskulaturi nastaje i usled disfunkcije endo-
tela, tako da se pri fizickom naporu krvni sudovi nea-
dekvatno prosire. Udarni volumen u miru, koji je zna-
¢ajno smanjen u sistolnoj HF, slabo se povecava tokom
vezbanja zbog smanjene sposobnost da se poveca

EFFECTS OF CONTROLLED PHYSICAL TRAINING IN PATIENTS WITH HEART FAILURE

enlargement) and/or left ventricular diastolic dysfunc-

tion [1,11-13].

Heart failure can also result from right ventricular
dysfunction. Right ventricular mechanics and function
may be affected by pressure or volume overload. The
primary cause of chronic right ventricular failure is pul-
monary hypertension due to left ventricular dysfunc-
tion, although many other causes exist [1,14].

In clinical practice, the severity of HF is usually as-
sessed using the New York Heart Association (NYHA)
classification and the American College of Cardiology/
American Heart Association (ACC/AHA) classification [1].

The NYHA functional classification is based on
symptom severity and physical activity:

+ Class I: No restrictions on physical activity; regular
physical activity does not lead to fatigue, dyspnea,
or palpitations.

« Class II: Slight restriction in physical activity; com-
fortable at rest, but normal activity causes fatigue,
dyspnea, or palpitations.

« Class lll: Significant restriction of physical activity;
comfortable at rest, but less-than-normal activity
causes symptoms.

+ Class IV: Symptoms of heart failure are present at
rest; any physical activity leads to increased discom-
fort.

ACC/AHA Classification of Heart Failure Severity:

-« Stage A: High risk of developing heart failure but
without structural heart disease or heart failure
symptoms.

« Stage B: Structural heart disease present but with-
out signs or symptoms of HF.

- Stage C: Structural heart disease presenting with
symptoms of heart failure.

-« Stage D: Refractory heart failure requiring special-
ized interventions.

HEMODYNAMIC CHANGES IN HEART FAILURE

In patients with HF, physical exercise capacity is limi-
ted. This limitation mainly results from hemodynamic
changes in active skeletal muscle (secondary to redu-
ced cardiac output), so these patients can achieve a
lower maximal cardiac output than healthy individuals.
Inadequate blood flow hemodynamics in active skele-
tal muscle also stem from endothelial dysfunction, lea-
ding to insufficient vasodilation during physical activi-
ty. Stroke volume at rest, which is significantly reduced
in systolic HF, increases only slightly during exercise
due to impaired ability to enhance left ventricular pre-
load and LVEF [15]. The reduced capacity to increase
left ventricular end-diastolic volume results from the
dilated left ventricle already operating near its maxi-
mum volume, exhausting its preload reserve [4,16].
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prethodno opterecenje (preload) leve komore i LVEF
[15]. Smanjena sposobnost da se poveca enddijastolni
volumen leve komore objasnjava se ¢injenicom da di-
latirana leva komora radi sa ve¢ maksimalnim volume-
nom, tako da su iscrpljene njene rezervne moguénosti
za povecanje preloada [4,16].

Kod bolesnika sa HF, vrina potrosnja kiseonika
(peak VO2) i VO2 na ventilatornom anaerobnom pragu
su tipi¢no redukovani u odnosu na zdrave osobe, pro-
porcionalno tezZini simptoma sréane insuficijencije. Ven-
tilatorni anaerobni prag se temelji na konceptu da pri
odredenom radu snabdevanje misi¢a kiseonikom ne is-
punjava njegove zahteve, a ova neravnoteza povecava
zavisnost od anaerobne glikolize za proizvodnju ener-
gije, sa laktatima kao konacnim metabolickim proizvo-
dom. Mlecna kiselina se tada puferuje bikarbonatima,
oslobada se visak CO2. Rezultat porasta nivoa CO2 jeste
povecanje ventilacije zbog aktivacije hemoreceptora u
karotidnim sinusima sa ciljem eliminisanja viska CO2.

Kada je izrazen u odnosu na izmereni peak VO2,
ventilatorni anaerobni prag se javlja na priblizno 40%-
60% od peak VO2 u vecini sr¢anih bolesnika, s trendom
prema veéem procentu od peak VO2 u bolesnika s hro-
ni¢nom sréanom insuficijencijom [16].

FIZICKI TRENING / VEZBANJE - OPSTA
RAZMATRANJA

Termin ,vezbanje” se definise kao ,aktivnost koja zah-
teva fizicki napor i koja se sprovodi radi odrzavanja ili
poboljsanja zdravlja i pripremljenosti” ili kao ,telesni
napor radi razvoja i odrzavanja fizi¢ke pripremljenosti”.
Postoji Citav niz sli¢nih definicija, a u svima je uocljivo
da je vezba opisana kao aktivan proces, tokom kojeg
pojedinac svesno preduzima dodatne napore (u od-
nosu na stanje mirovanja) koji uklju¢uju odredeni ste-
pen fizickog opterecenja. Kada bi proucavali istoriju
medicine uvideli bi da je vezbanje od samih pocetaka
preporucivano za oCuvanje zdravlja i kao oblik le¢enja.
Verovatno jedan od najcesce navodenih citata koji se
pripisuje Hipokratu glasi:,Kada bismo svakom pojedin-
cu dali pravu koli¢inu ishrane i vezbanja, ne premalo i
ne previse, pronasli bismo najsigurniji put do zdravlja”.
Medutim, tokom poslednje decenije koncept ,Vezba-
nje je lek” postao je globalna zdravstvena inicijativa,
s ciljem da procena fizicke aktivnosti i promocija vez-
banja postane standard u klini¢koj praksi, povezujudi
zdravstvenu zastitu sa fizickom aktivnos¢u i vezbanjem
zasnovanom na dokazima. Osnov za takav pristup je
teza da fizicka aktivnost i veZzbanje promovisu optimal-
no zdravlje i da trebaju biti sastavni deo prevencije i le-
¢enja mnogih zdravstvenih stanja. Ovakvim pristupom
ohrabruju se lekari i drugi pruzaoci zdravstvenih usluga
da ukljuce vezbanje prilikom kreiranja planova le¢enja

In patients with HF, peak oxygen consump-
tion (peak VO2) and VO2 at the ventilatory anaero-
bic threshold are usually diminished compared to
healthy individuals, in proportion to the severity of
HF symptoms. The ventilatory anaerobic threshold is
based on the idea that, at a certain workload, oxygen
delivery to the muscles no longer meets their meta-
bolic needs. This imbalance increases reliance on an-
aerobic glycolysis for energy production, with lactate
as the end product. Lactic acid is then buffered by bi-
carbonate, releasing excess CO,. The rise in CO, levels
stimulates increased ventilation by activating chemo-
receptors in the carotid sinuses, aiming to eliminate
excess CO,.

When expressed relative to measured peak VO,,
the ventilatory anaerobic threshold generally occurs at
about 40%-60% of peak VO, in most cardiac patients,
with a tendency toward a higher proportion of peak
VO, in patients with chronic HF [16].

PHYSICAL TRAINING / EXERCISE - GENERAL
CONSIDERATIONS

The term “exercise” is defined as “activity that requires
physical effort and is performed to maintain or impro-
ve health and fitness” or as “physical exertion under-
taken to develop and maintain physical fitness.” Nu-
merous similar definitions exist, all emphasizing that
exercise is an active process during which an indivi-
dual consciously exerts extra effort (compared with
rest), involving a certain degree of physical load. A re-
view of medical history shows that exercise has been
recommended for health maintenance and therape-
utic purposes since ancient times. One of the most
frequently cited quotes attributed to Hippocrates sta-
tes: “If we could give every individual the right amo-
unt of nourishment and exercise, not too little and
not too much, we would have found the safest way to
health.” However, in the past decade, the concept “Ex-
ercise is Medicine” has become a global health initia-
tive, aiming to make physical activity assessment and
the promotion of exercise a standard part of clinical
practice, connecting healthcare with evidence-based
physical activity and exercise. This approach is based
on the idea that physical activity and exercise pro-
mote optimal health and should be essential for pre-
venting and treating many medical conditions. This
strategy encourages physicians and other healthcare
providers to include exercise in treatment plans and
refer patients to evidence-based exercise programs
and qualified exercise professionals. The role of ex-
ercise in preventing and managing chronic diseases
is relatively well understood [17]. It is believed that,
alongside exercise, proper dietary modification can
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i da upucuju pacijente na programe vezbanja zasnova-
ne na dokazima i kvalifikovane stru¢njake za vezbanje.
Znacaj vezbanja u prevenciji i leCenju hroni¢nih bolesti
su relativno dobro opisane [17]. Smatra se da uz vez-
banje, jedino pravilna modifikacija ishrane, deluje na
smanjenje rizika od skoro svih hroni¢nih bolesti istovre-
meno [18]. Sistematski pregledni ¢lanci i meta-analize
pokazuju da je vezbanje sli¢no delotvorno kao i lekovi
za lecenje nekoliko hroni¢nih stanja, $to pruza nau¢nu
potporu konceptu,Vezbanje je lek”[19,20].

Pacijenti mogu dobiti sveobuhvatnu procenui svo-
jevrsni recept u vidu smernica i uputstava za vezbanje
u klinickom modulu. U skladu sa tim, vezbanje treba
sprovoditi u modulu zajednice. Razvoj aktivne zdrav-
stvene tehnologije omogucava pacijentima da efika-
snije vezbaju. Razvoj opreme za vezbanje, omogucava
ljudima da steknu dobro iskustvo vezbanja i u izvesnoj
meri smanje verovatnocu povreda pri vezbanju. Najno-
viji napredak u tehnologiji, uklju€ujuci rehabilitacionu
robotiku, uredaje za nosenje, virtuelnu stvarnost, ve-
Stacku inteligenciju i pametnu telemedicinu, pruzaju
pacijentima povratne informacije u realnom vremenu
i kontinuirano im pomazu da ispune planirane ciljeve
tokom vezbanja [21].

Individualizacija znaci da treba izabrati intenzitet i
vreme vezbanja u skladu sa li¢cnim moguénostima. Ne
preporucuje se potpuno pracenje iskustava drugih lju-
di sa vezbanjem. Postepenost znadi da intenzitet i vre-
me vezbanja treba povecavati korak po korak. Iznenad-
ni visoki intenzitet i produzeno vezbanje mogu naneti
Stetu, a ne potencirati zdravstvene koristi. Princip upor-
nosti se odnosi na to da pacijent treba da shvati vezbu
kao deo Zivota i da razvija redovne navike za vezbanje.
Nepridrzavanje ovih principa otezava postizanje oce-
kivanih rezultata. Izbor vrste, intenziteta, trajanja i po-
navljanja vezbanja je sloZzen zadatak [22,23].

FIZICKI TRENING KOD KARDIOVASKULARNIH
BOLESNIKA

Aktuelne smernice Svetske zdravstvene organizacije o
fizickoj aktivnosti i sedentarnom ponasanju naglasava-
ju da sve odrasle osobe treba da imaju 150-300 minuta
fizicke aktivnosti umerenog intenziteta nedeljno [24].
Navedeno se moze zameniti sa fizickom aktivnosti vi-
sokog intenziteta ili nekom ekvivalentnom kombinaci-
jom aerobne aktivnosti umerenog i visokog intenziteta
u trajanju od 75-150 minuta nedeljno. Fizicka neak-
tivnost ima velike efekte na globalno zdravlje i vazan
je faktor rizika za kardiovaskularne bolesti i ukupnu
smrtnost, dok redovna fizi¢cka aktivnost ima suprotne
efekte [25]. Jedna od studija sa najve¢im obuhvatom
ispitanika, ukupno njih 116.221, je pokazala da se fak-
tori rizika za kardiovaskularne bolesti i ukupnu smrt-
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also reduce the risk of nearly all chronic diseases [18].
Systematic reviews and meta-analyses show that ex-
ercise is as effective as pharmacological treatments
for several chronic conditions, providing scientific
support for the “Exercise is Medicine” concept [19,20].

Patients may receive a comprehensive assessment
and a personalized exercise “prescription” in the clin-
ical module. Based on this, exercise should be imple-
mented within the community module. Advances in
active health technology enable patients to exercise
more effectively. Developments in exercise equipment
allow individuals to gain a better exercise experience
and reduce the likelihood of injuries. Recent progress
in technology, including rehabilitation robotics, wear-
able devices, virtual reality, artificial intelligence, and
innovative telemedicine, provides patients with re-
al-time feedback and continuous support in meeting
their exercise goals [21].

Individualization involves choosing the intensity
and duration of exercise based on personal abilities.
It is not advisable to completely follow other people’s
exercise routines. Progressiveness means gradually
increasing the intensity and duration. Sudden high-in-
tensity or long-duration exercise can cause harm rath-
er than health benefits. The principle of persistence
emphasizes that individuals should see exercise as part
of daily life and develop consistent habits. Not follow-
ing these principles decreases the chances of reaching
desired results. Selecting the type, intensity, duration,
and frequency of exercise is a complex task [22,23].

PHYSICAL TRAINING IN CARDIOVASCULAR
PATIENTS

Current World Health Organization guidelines on
physical activity and sedentary behavior stress that all
adults should accumulate 150-300 minutes of mode-
rate-intensity physical activity each week [24]. This can
be replaced with high-intensity exercise or a combina-
tion of moderate- and high-intensity aerobic activities
totaling 75-150 minutes weekly. Physical inactivity has
serious consequences for global health and is a key risk
factor for cardiovascular disease and all-cause mortali-
ty, while regular physical activity has the opposite effe-
ct [25]. One of the most extensive studies, involving
116,221 participants, showed that cardiovascular risk
factors and all-cause mortality decrease by 19%-25%
when the minimum weekly physical activity guidelines
are followed, and by 15%-31% when both duration
and high-intensity criteria are met [26].
Cardiovascular diseases are, at least in part, caused
by poor or unhealthy diets and other lifestyle habits,
which can be summarized as maladaptive dietary and
lifestyle factors. A key aspect of lifestyle is physical ac-
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nost smanjuju 19%-25% ukoliko se ispune smernice
o minimalnoj fizi¢koj aktivnosti na nedeljnom nivou,
odnosno 15%-31% ukoliko se ispune kriterijumi tra-
janja aktivnosti i njen intenzitet bude visok [26]. Kar-
diovaskularna oboljenja su, barem delimi¢no, posle-
dica neodgovarajuce ili lose ishrane i drugih zivotnih
navika, koje se mogu sazeti kao neprilagodeni faktori
ishrane i nacina zivota. Kriti¢ni sastavni element zivot-
nog stila su fizi¢cka aktivnost i vezbanje [27]. Dostizanje
i odrzavanje preporucenih nivoa fizicke aktivnosti je u
korelaciji sa smanjenim rizicima od infarkta miokarda i
mozdanog udara, kao i ukupne smrtnosti od kardiova-
skularnih bolesti [28,29]. VeZbanje vrlo verovatno Stiti
od koronarne bolesti srca smanjenjem faktora rizika
kao $to su: povisen krvni pritisak, gojaznost, hiperlipi-
demija i insulinska rezistencija. Pored toga, vezbanje
pruza pozitivne efekte na remodelovanje miokarda [5].
Vezbanje umerenog intenziteta koje se ¢esto praktiku-
je (prose¢no 60-75minuta dnevno) smanjuje rizik od
smrti povezan sa dugim periodima sedenja [30]. Visi
intenziteti veZbanja i smanjenje vremena sedentarnih
aktivnosti smanjuju sveukupni rizik smrtnosti [31]. Na-
lazi meta analiza pokazuju da postizanje preporucenih
nivoa fizicke aktivnosti smanjuje rizik od nepovoljnih
kardiovaskularnih dogadaja za 17%, smrtnost od kar-
diovaskularnih bolesti za 23%, a ucestalost obolevanja
od dijabetes melitusa tip 2 za 26% [32]. Ove rezultate
su takode potvrdili Kivimaki i saradnici [33] zaklju¢ujuci
da je odsustvo fizicke aktivnosti bilo povezano sa 24%
vecim rizikom od koronarne bolesti srca, 16% poveca-
nim rizikom od mozdanog udara i 42% vecim rizikom
od dijabetes melitusa tip 2.

Podaci iz skorasnje meta analize pokazuju 17% ma-
nji rizik od smrtnosti od kardiovaskularnih oboljenja
ukoliko se ovakva vrsta aktivnosti upraznjava 40-60
minuta nedeljno [34]. Kombinacija fizicke aktivnosti
umerenog ili visokog intenziteta daje najizrazenije
efekte na poboljsanje zdravlja kardiovaskularnog si-
stema i smanjenje rizika smrtnosti [35-37]. Sekundar-
na prevencija kardiovaskularnih oboljenja optimalno
obuhvata individualno planirane programe vezbanja,
zajedno sa promenama u nacinu Zivota (skracenje se-
dentarnih aktivnosti, prestanak pusenja, planiranje
ishrane) [38,39]. Studija koja je trajala pet godina po-
kazala je 32% maniji rizik od smrtnosti kod pacijenata
sa kardiovaskularnim oboljenjima (prethodni infarkt
miokarda, kardiotorakalne operacije, angina pektoris)
koji si ucestvovali u programima rehabilitacije srca u
poredenju sa onima koji nisu ucestvovali [40]. Auto-
ri istrazivanja koje je obuhvatilo 23.430 pacijenata sa
kardiovaskularnim oboljenjima su zakljucili da rehabili-
tacija srca zasnovana na vezbanju rezultira smanjenim
rizikom od smrtnosti i poboljsanim kvalitetom Zivota

tivity and exercise [27]. Achieving and maintaining
the recommended levels of physical activity is associ-
ated with lower risks of myocardial infarction, stroke,
and cardiovascular death [28,29]. Exercise likely pro-
tects against coronary heart disease by lowering risk
factors such as hypertension, obesity, hyperlipidemia,
and insulin resistance. Additionally, exercise has pos-
itive effects on myocardial remodeling [5]. Regular
moderate-intensity exercise (about 60-75 minutes
daily) reduces the risk of mortality linked to pro-
longed sitting [30]. Engaging in higher-intensity ex-
ercise and reducing sedentary time further decreases
overall mortality risk [31]. Meta-analytic findings in-
dicate that meeting recommended physical activity
levels lowers the risk of adverse cardiovascular events
by 17%, cardiovascular mortality by 23%, and the in-
cidence of type 2 diabetes mellitus by 26% [32]. These
findings were supported by Kivimaki et al. [33], who
reported that physical inactivity was linked to a 24%
higher risk of coronary heart disease, a 16% increased
risk of stroke, and a 42% higher risk of type 2 diabetes
mellitus. Recent meta-analytic data show a 17% low-
er risk of cardiovascular mortality when this type of
activity is performed for 40-60 minutes weekly [34].
A combination of moderate- and high-intensity phys-
ical activity produces the most significant improve-
ments in cardiovascular health and mortality reduc-
tion [35-37]. Secondary prevention of cardiovascular
diseases ideally includes personalized exercise pro-
grams along with lifestyle changes (reducing seden-
tary behavior, quitting smoking, dietary planning)
[38,39]. A five-year study showed a 32% reduction
in mortality among patients with cardiovascular dis-
ease (previous myocardial infarction, cardiothoracic
surgery, angina pectoris) who participated in cardiac
rehabilitation programs compared to those who did
not [40]. Authors of a study involving 23,430 cardio-
vascular patients concluded that exercise-based car-
diac rehabilitation leads to decreased mortality and
better quality of life [41].

Exercise should be regarded as an intervention
that must be tailored and continuously adjusted to
match the characteristics and preferences of the indi-
viduals it's prescribed for. Ideally, a maximal exercise
test with direct measurement of maximal oxygen con-
sumption (VO2 max) should be conducted for accu-
rate risk assessment and to determine exercise zones
before developing a program [42]. Exercise, especially
high-intensity exercise, is contraindicated in certain sit-
uations, such as the first two days after acute coronary
syndrome or in conditions like uncontrolled arrhyth-
mia, active endocarditis, myocarditis, or pericarditis,
severe symptomatic aortic stenosis, decompensated
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[41]. Vezbanje treba shvatiti kao intervenciju koja treba
da bude individualizovana i kontinuirano prilagodena
karakteristikama i sklonostima osoba kojima je sa te-
rapijskim ciljem namenjena. U idealnom slucaju treba
uraditi maksimalni test opterecenja sa direktnim mere-
njem maksimalne zapremine kiseonika koju telo moze
da iskoristi tokom vezbanja (VO2 max) za pravilnu stra-
tifikaciju rizika i odredivanje zona vezbanja pre sastav-
lianja plana i programa [42]. Vezbanje, posebno ono
veceg intenziteta, je kontraindikovano u nekim slucaje-
vima kao $to su prva dva dana nakon akutnog koronar-
nog sindroma ili u stanjima kao $to su nekontrolisana
aritmija, aktivni endokarditis, miokarditis ili perikarditis,
simptomatska teska stenoza aorte, dekompenzovana
sr¢ana mana, akutna plué¢na embolija, duboka venska
tromboza ili akutna disekcija aorte [42,43].

Iznenadna sr¢ana smrt Cini oko 50% od ukupnog
mortaliteta u prvoj godini nakon prelezanog infarkta
miokarda. Bolesnici nakon prelezanog infarkta miokar-
da Cesto i dalje imaju faktore rizika za ishemijsku bolest
srca. Potrebna je stroga kontrola ovih faktora rizika radi
smanjenja rizika od daljih komplikacija i mortaliteta. Uz
medikamentnu terapiju, vezbanje ima znacajnu ulogu
u kontroli faktora rizika [44]. Neadekvatna ishrana i fi-
zi¢ka neaktivnost favorizuju aterosklerozu [45].

Pacijenti nakon hirurske revaskularizacije miokar-
da (engl. Coronary Artery Bypass Graft — CABG) su u
riziku od novih nezeljenih kardiovaskularnih dogada-
ja, aritmija i iznenadne sréane smrti [46]. Pored toga,
period nakon hirurske intervencije karakterise produ-
Zeno smanjenje fizicke aktivnosti zbog dominantnog
lezeceg polozaja sa pratecom hipotrofijom skeletnih
misica, pogorsanja periferne cirkulacije i disfunkcije
autonomnog nervnog sistema. Klini¢ki se navedeno
manifestuje izrazenim smanjenjem tolerancije na fizi¢-
ki napor, prisustvom posturalne hipotenzije, tahikardi-
je u mirovanju i psiholoskim poremecajima, najcesce
u vidu depresije ili anksioznosti. Stepen smanjenja to-
lerancije na napor najviSe zavisi od duzine boravka u
krevetu i stepena ostecenja funkcije leve komore [47].
Zbog toga je neophodna dobra kontrola faktora rizika
u cilju sekundarne prevencije koronarne bolesti. Poda-
ci pokazuju da je kod pacijenata koji nisu imali fizi¢ku
aktivnost, za godinu dana zabelezeno je oko 15% re-
stenoze, a 88% pacijenata imalo je neZeljene kardio-
vaskularne dogadaje: infarkt miokarda, mozdani udar,
revaskularizacione procedure ili hospitalizaciju zbog
angine pektoris [48].

Nova saznanja mogu otvoriti mogucnosti za po-
boljsanje efekata vezbanja koris¢enjem efikasnijih ili ci-
ljanih strategija. lako ovaj cilj moze izgledati futuristic-
ki, njegove pozitivne koristi bi trebalo da budu snazna
motivacija za dalja istrazivanja u ovoj oblasti. U medu-
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heart failure, acute pulmonary embolism, deep vein
thrombosis, or acute aortic dissection [42,43].

Sudden cardiac death accounts for about 50% of
mortality within the first year after myocardial infarc-
tion. Patients recovering from myocardial infarction of-
ten retain risk factors for ischemic heart disease, neces-
sitating strict management to lower the risk of further
complications and death. In addition to medication,
exercise plays a crucial role in managing risk factors
[44]. Poor diet and physical inactivity contribute to ath-
erosclerosis [45].

Patients after coronary artery bypass grafting
(CABG) remain at risk for new cardiovascular events,
arrhythmias, and sudden cardiac death [46]. Addi-
tionally, the postoperative period is characterized
by prolonged physical inactivity due to mostly ly-
ing in bed, which leads to skeletal muscle hypotro-
phy, impaired peripheral circulation, and autonomic
dysfunction. Clinically, this manifests as significantly
reduced exercise tolerance, postural hypotension,
resting tachycardia, and psychological issues, most
commonly depression or anxiety. The degree of re-
duced exercise tolerance mainly depends on the du-
ration of bed rest and the severity of left ventricular
dysfunction [47]. Therefore, strict management of risk
factors is essential for secondary prevention of coro-
nary disease. Data show that among patients who do
not engage in physical activity, approximately 15%
experience restenosis within one year, and 88% face
adverse cardiovascular events, including myocardial
infarction, stroke, revascularization procedures, or
hospitalization for angina pectoris [48].

New findings could create opportunities to im-
prove exercise outcomes through more efficient or
targeted methods. Although this goal may seem fu-
turistic, its potential advantages should encourage
further research in this area. Meanwhile, the benefits
that are already well-supported by evidence should
be prioritized and implemented as critical initiatives
[27,49].

It must always be emphasized that exercise pro-
grams should be safe and free from harmful effects,
and that health benefits partly depend on the proper
dose. The best approach is to view exercise as a ther-
apeutic tool for cardiovascular disease. Healthcare
professionals, primarily physicians, should play a role
in encouraging, guiding, and promoting appropriate
exercise habits in patients. The phrase “Exercise is Med-
icine” should go beyond simply telling patients to “ex-
ercise” or “exercise a few times per week,” and instead
mean that “exercise be prescribed to patients similarly
to medication”[50,51]. This process begins with assess-
ing the patient’s current abilities and exercise needs,
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vremenu, dokaze o prednostima koje su ve¢ ocigledne
treba primeniti i usvojiti kao kriti¢ne prioritete [27,49].

Stalno treba nagla3avati da programi vezbanja tre-
ba da prvo budu bezbedni i bez stetnih efekata, kao i
da su zdravstvene koristi, u izvesnoj meri, zavisne od
doze. Kao optimalni pristup smatramo posmatranje
vezbanja kao sredstva za leCenje kardiovaskularnih
bolesti. Zdravstveni radnici, u prvom redu doktori me-
dicine, treba da imaju ulogu u podsticanje, nekoj vrsti
mentorskog vodenja i negovanja pravilnih navika pa-
cijenata da vezbaju. Koncept,Vezbanje je lek” treba da
ide dalje od jednostavnog govorenja pacijentima da
Lvezbaju”ili,vezbaju nekoliko dana u nedelji”i zahteva
da se ,veZbanje pacijentima propisuje na nacin ana-
logan receptu za lekove” [50,51]. Umesto toga, treba
poceti procenom trenutnih mogu¢nosti i potreba pa-
cijenta za vezbanjem i sastaviti pocetni program vez-
banja sa odredenom vrstom vezbi, njihovim intenzite-
tom, brojem ponavljanja i trajanjem u minutima tokom
jednog dana, kao i brojem dana u kojima treba vezbati
tokom nedelje. Uz to, treba iznadi nacine za dodatnu
motivaciju i ohrabrivanje pacijenta tokom sprovode-
nja programa vezbanja. Angazovanje kvalifikovanih
profesionalaca je optimalni pristup za adekvatno spro-
vodenje programa i nadgledanje vezbanja. Sistematski
pristup je moguce ostvariti kroz izmene nastavnih pla-
nova u obrazovanju lekara, na nivoima osnovnih i spe-
cijalistickih studija, uvrStavanjem nastavnih predmeta
u kojima ¢e se proucavati znacaj i primena vezbanja u
cilju prevencije i leCenja bolesti.

FIZICKI TRENING U SRCANOJ INSUFICIJENCLJI

Stavovi i preporuke vodedcih svetskih strukovnih orga-
nizacija kardiologa znacajno su se menjali tokom pret-
hodnih pola veka. Kao primer mogu posluziti znacajne
promene u pristupu lecenju bolesnika sa insuficijen-
cijom srca. Do osamdesetih godina dvadesetog veka
obustava fizicke aktivnosti bila je jedna od terapijskih
mera koja je primenjivana kod bolesnika sa ovim obo-
lienjem [52]. Preovladavalo je misljenje da je fizicko
vezbanje za ove bolesnike Stetno, te da moze dovesti
do dilatacije leve komore, dekompenzacije, malignih
aritmija, naprasne sréane smrti i, uopste, do povecanja
smrtnosti. Medutim, dvadesetak godina kasnije istrazi-
vanja ne samo da su negirala stetnost fizicke aktivno-
sti kod ovih bolesnika, ve¢ su ukazala na niz korisnih
efekata [53,54]. Danas lecenje bolesnika sa insuficijen-
cijom srca obuhvata nekoliko mogu¢nosti, a vezbanje
je jedna od vaznijih. Kod bolesnika sa srcanom insufi-
cijencijom tezak fizi¢cki rad nije preporucljiv, medutim
kontrolisani fizi¢ki trening se pokazao koristan kod bo-
lesnika sa NYHA klasom I-lll (HF-ACTION) [55]. Bolesni-
cima sa HF potrebno je uraditi kardiopulmonalni test

then developing an initial program that specifies the
type of exercise, intensity, repetitions, daily duration
in minutes, and weekly sessions. Additional strate-
gies should be employed to motivate and support
the patient throughout the program. Involving quali-
fied professionals is the most effective way to ensure
proper implementation and monitoring. A structured
approach can be developed by updating medical ed-
ucation curricula at both undergraduate and special-
ty-training levels, incorporating courses focused on
the importance and application of exercise in disease
prevention and treatment.

PHYSICAL TRAINING IN HEART FAILURE

The positions and recommendations of leading inter-
national cardiology societies have changed signifi-
cantly over the past fifty years. A clear example is the
major shift in how patients with heart failure are tre-
ated. Before the 1980s, stopping physical activity was
considered a key treatment strategy for these patients
[52]. The common belief was that exercise could be
harmful and might lead to left ventricular dilatation,
decompensation, dangerous arrhythmias, sudden car-
diac death, and increased overall mortality. However,
about twenty years later, studies not only challenged
the idea that exercise was harmful but also demon-
strated many health benefits [53,54]. Today, treating
patients with heart failure involves multiple options,
with exercise being one of the main components. Al-
though intense physical activity is not recommended
for heart failure patients, controlled physical training
is beneficial for those with NYHA class I-Ill (HF-ACTI-
ON) [55]. Patients with heart failure should undergo a
cardiopulmonary exercise test to assess their level and
type of physical activity that will be prescribed, and risk
stratification is essential. In patients with heart failure,
physical training does not cause significant ischemia
or arrhythmias; instead, it improves exercise capacity
and alleviates symptoms. Cycling (stationary or regu-
lar) and walking are recommended as aerobic, dynam-
ic forms of exercise. For patients with NYHA class Il, an
exercise intensity of 70%-80% of peak VO, is advised,
while for NYHA class lll patients, the recommended in-
tensity is 50%-65% of peak VO,, with interval training
being preferred. Aerobic exercise should be performed
3-5 times per week (30-60 minutes per session), prior-
itizing interval training [56].

In patients with heart failure, interval training
shows significantly greater improvements in left ven-
tricular ejection fraction, along with reductions in
left ventricular end-diastolic diameter and pressure,
compared to continuous training. Interval training
also lowers pro-B-type natriuretic peptide (pro-BNP)
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fizickim opterecenjem, radi procene nivoa i vrsta fizicke
aktivnosti koji ¢e se nakon toga sprovoditi i neophodno
je izvrditi stratifikaciju rizika. Kod bolesnika sa sréanom
insuficijencijom, nakon fizickog treninga ne dolazi do
znacajne ishemije i aritmija, a povecava se fizicki radni
kapacitet i smanjuju simptomi. Preporucuje se voznja
bicikle (staticke ili obic¢ne) i peSacenje, $to predstavlja
aerobni, dinamicki tip vezbanja. Za bolesnike NYHA
Il klase preporucuje se intenzitet vezbanja 70%-80%
peakVVO2, a za bolesnike NYHA Ill klase 50%-65% peak
VO2, a prednost ima intervalni trening. Aerobni tip tre-
ninga se preporucuje 3-5 puta nedeljno (30-60 minuta
po treningu), a prioritet ima intervalni tip treninga [56].
Kod bolesnika sa sr¢anom insuficijencijom intervalni
trening je pokazao znacajno bolje efekte na povecanje
ejekcione frakcije leve komore i na smanjenje enddija-
stolnog dijametra i pritiska leve komore u odnosu na
kontinuirani trening. Takode intervalni trening zna-
Cajnije smanjuje pro-B-tip natriuretskog peptida (pro-
BNP) kod bolesnika sa sr¢anom insuficijencijom [57].
U HF-ACTION studiji, kod bolesnika sa sr¢anom insufi-
cijencijom, fizicki trening je smanjio ukupnu smrtnost
i broj hospitalizacija za 11%, dok su kardiovaskularna
smrtnost i hospitalizacije smanjene za 15% [48,56].

Kod bolesnika sa sréanom insuficijencijom i kahek-
sijom preporucuje se rezistentni tip treninga, koji je
kombinacija izotoni¢kog i izometrijskog opterecéenja.
Ovu vrstu treninga treba sprovoditi dva puta nedeljno
u trajanju 12-20 minuta. Ovaj vid treninga poboljsava
snagu i izdrzljivost skeletnih misi¢a i dovodi do pove-
¢anja misi¢ne mase [48]. Istrazivanja su pokazala da
u hroni¢noj sréanoj insuficijenciji vezbanje inhibise
neuro-hormonalnu stimulaciju i produkciju proinfla-
matornih citokina [58]. Takode, aerobni intervalni tre-
ning kod bolesnika sa HF smanjuje nivo natriuretskog
peptida, sistemsku vaskularnu rezistenciju i oksidativni
stres [59]. Kontrolisano vezbanje moze da uspori pato-
fiziologiju progresije sr¢ane insuficijencije. Ovi povoljni
efekti ujedno dovode do poboljsanja simptoma, fizic-
kog kapaciteta i kvaliteta Zivota. Bolesnici kod kojih
vezbanje ne dovodi do poboljsanja fizickog kapacite-
ta imaju losu prognozu. Intenzitet fizickog vezbanja je
izuzetno znacajan. Nagle intenzivne vezbe dovode do
povecanja produkcije proinflamatornih citokina i mar-
kera ostecenja endotela u bolesnika sa sréanom insufi-
cijencijom, dok se ove promene ne vide kada se izvode
umerene vezbe [58,59].

Abnormalnosti endotela su karakteristike sréane
insuficijencije. Narudeni su mnogi aspekti endotelne
funkcije: vazomotorna, hemo-stati¢na, antioksidantna
i inflamatorna aktivnost. Sustinske razlike u endotel-
noj disfunkciji zavise od etiologije, tezine i stabilnosti
bolesnika sa sr¢anom insuficijencijom. Pokazano je da
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more effectively in patients with heart failure [57]. In
the HF-ACTION study, exercise training in heart failure
patients decreased all-cause mortality and hospitaliza-
tions by 119%, while cardiovascular mortality and hos-
pitalizations were reduced by 15% [48,56].

In patients with heart failure and cachexia, resis-
tance training, including isotonic and isometric exer-
cises, is recommended. This type of training should be
performed twice weekly for 12 to 20 minutes. It en-
hances skeletal muscle strength and endurance and
promotes muscle mass gain [48]. Research indicates
that in chronic heart failure, exercise reduces neuro-
hormonal activation and the production of pro-in-
flammatory cytokines [58]. Aerobic interval training in
heart failure patients also lowers levels of natriuretic
peptides, systemic vascular resistance, and oxidative
stress [59]. Controlled exercise may slow the pro-
gression of heart failure by influencing its underlying
mechanisms. These benefits improve symptoms, phys-
ical capacity, and quality of life. Patients who do not
experience improvements in exercise capacity tend to
have a poorer prognosis. Exercise intensity plays a cru-
cial role. Sudden high-intensity exercise can increase
the production of pro-inflammatory cytokines and
markers of endothelial injury in heart failure patients,
whereas such changes are not observed during mod-
erate exercise [58,59].

Endothelial abnormalities are a key feature of heart
failure. Many aspects of endothelial function are im-
paired, including vasomotor, hemostatic, antioxidant,
and inflammatory activities. The specifics of endothe-
lial dysfunction vary depending on the cause, severity,
and stability of the heart failure. It has been shown that
even in healthy individuals, moderate exercise enhanc-
es acetylcholine-induced vasodilation. Improvements
in flow-mediated dilation (FMD) after exercise are as-
sociated with reverse left ventricular remodeling, sig-
nificant increases in LVEF, and decreases in NT-proBNP
levels [59].

Exercise intensity is crucial. Sudden high-intensi-
ty activity raises the production of pro-inflammatory
cytokines and markers of endothelial injury in heart
failure patients, while moderate activity does not
cause such changes. Besides improving vasodilation,
controlled exercise encourages reverse left ventricu-
lar remodeling, significantly enhances left ventricular
ejection fraction, and reduces levels of N-terminal pro-
B-type natriuretic peptide (NT-proBNP) [38,60]. Coro-
nary endothelial dysfunction is independently linked
to impaired left ventricular relaxation in patients with
preserved LVEF who lack coronary artery disease. Ad-
ditionally, based on the text, coronary endothelial
dysfunction in coronary artery disease is connected
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i kod zdravih osoba, umereni fizi¢ki trening povecava
vazodilataciju indukovanu acetilholinom. Poboljsanje
dilatacije brahijalne arterije, izazvana protokom (engl.
flow-mediated dilation — FMD) nakon fizickog treninga
pratilo je reverzno remodeliranje leve komore, znacajna
poboljsanja LVEF i smanjenje nivoa NT-proBNP-a [59].

Intenzitet fizickog vezbanja je izuzetno znacajan.
Nagle intenzivne vezbe dovode do povecanja produk-
cije proinflamatornih citokina i markera oste¢enja en-
dotela u bolesnika sa sréanom insuficijencijom, dok se
ove promene ne vide kada se izvode umerene vezbe.
Pored povecanja vazodilatacije, kontrolisane fizicke ve-
Zbe dovode do reverzije remodelovanja leve komore,
znacajno povecavaju ejekcionu frakciju leve komore i
redukuju nivo N-terminalnog pro-B-tip natriuretskog
peptida (NT-pro-BNP) [38,60]. Koronarna endotelna
disfunkcija je nezavisno udruzena sa narusenom relak-
sacijom leve komore u pacijenata sa oCuvanom LVEF u
odsustvu koronarne bolesti. Takode, koronarna endo-
telna disfunkcija u koronarnoj bolesti udruzena je sa
daljim pogorsanjem dijastolne disfunkcije leve komo-
re. Ovi nalazi su podrzani time da izmenjeni balans NO
doprinosi miokardnoj ishemiji izazvanoj hipertrofijom
miokarda i vodi do sr¢ane insuficijencije. Tako, ostece-
nje koronarnog endotela mozda ima centralno mesto
u sr¢anoj insuficijenciji [38].

ZAKLJUCAK

Kontrolisani fizicki trening je izuzetno koristan kod
bolesnike sa srcanom insuficijencijom. Mnoge rando-
mizovane, kontrolisane studije su pokazale da fizi¢ki
trening moze usporiti patofiziolosku progresiju sr¢ane
insuficijencije. U hroni¢noj sr¢anoj insuficijenciji fizicki
trening inhibiSe neuro-hormonalnu stimulaciju i pro-
dukciju proinflamatornih citokina, smanjuje nivo na-
triuretskog peptida i sistemsku vaskularnu rezistenciju
i smanjuje oksidativni stres. Ovi povoljni efekti takode
povoljno uti¢u na simptome, fizicki radni kapacitet
i kvalitet zivota. Pacijenti od kojih fizicki trening nije
imao povoljne efekte na fizicki radni kapacitet imaju
loSu prognozu.

Intenzitet i vrsta fizickog treninga su izuzetno bitni.
Stalno treba naglasavati da programi vezbanja treba
da prvo budu bezbedni i bez stetnih efekata, kao i da
su zdravstvene koristi, u izvesnoj meri, zavisne od doze.
Kod bolesnika sa sréanom insuficijencijom, aerobni in-
tervalni trening je mnogo efikasniji od moderiranog
kontinuiranog treninga. Pokazano je da i kod zdravih
osoba, umereni fizicki trening povecava vazodilataci-
ju indukovanu acetilholinom. Poboljsanje FMD nakon
fizickog treninga izaziva reverziju remodelovanja leve
komore, povecava ejekcionu frakciju leve komore i
smanjuje nivo NT-pro-BNP.

with further deterioration of left ventricular diastolic
dysfunction. These findings are supported by evidence
that changes in nitric oxide balance contribute to myo-
cardial ischemia caused by myocardial hypertrophy
and lead to heart failure. Therefore, coronary endothe-
lial injury may play a central role in the pathophysiolo-
gy of heart failure [38].

CONCLUSION

Controlled physical training is highly beneficial for
patients with heart failure. Numerous randomized,
controlled trials have shown that exercise can slow
the progression of heart failure’s underlying causes. In
chronic heart failure, physical training reduces neuro-
hormonal activation and pro-inflammatory cytokine
production, lowers levels of natriuretic peptides and
systemic vascular resistance, and decreases oxidative
stress. These positive effects also enhance symptoms,
exercise capacity, and quality of life. Patients who do
not see improvements in exercise capacity from physi-
cal training tend to have a poorer prognosis.

The intensity and type of exercise are critically im-
portant. Exercise programs must always be safe and
free of harmful effects, and the health benefits de-
pend, to some extent, on dose. In patients with heart
failure, aerobic interval training is significantly more
effective than moderate continuous training. Even in
healthy individuals, moderate exercise increases ace-
tylcholine-induced vasodilation. Improved FMD after
exercise leads to reverse left ventricular remodeling,
increases left ventricular ejection fraction, and reduces
NT-proBNP levels.

Healthcare professionals, especially physicians,
should play a crucial role in encouraging, guiding, and
promoting proper exercise habits in patients. The pro-
cess should start with an assessment of the patient’s
current exercise capacity and needs, followed by the
development of an initial training program that speci-
fies the type of exercise, intensity, repetitions, duration
in minutes per day, and the number of exercise days
per week. Additional strategies should be used to mo-
tivate and support patients throughout the program.
Involving qualified professionals is the best way to en-
sure proper implementation and monitoring of the ex-
ercise program.
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Zdravstveni radnici, u prvom redu doktori medi-
cine, treba da imaju ulogu u podsticanju, nekoj vrsti
mentorskog vodenja i negovanja pravilnih navika pa-
cijenata da vezbaju. Treba poceti procenom trenutnih
mogucnosti i potreba pacijenta za vezbanjem i sasta-
viti pocetni program vezbanja sa odredenom vrstom
vezbi, njihovim intenzitetom, brojem ponavljanja i
trajanjem u minutima tokom jednog dana, kao i bro-
jem dana u kojima treba vezbati tokom nedelje. Uz to,
treba iznadi nacine za dodatnu motivaciju i ohrabriva-
nje pacijenta tokom sprovodenja programa vezbanja.
Angazovanje kvalifikovanih profesionalaca je optimal-
ni pristup za adekvatno sprovodenje programa i nad-
gledanje vezbanja.

Sukob interesa: Nije prijavljen.
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