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MocrnegHnTe NpoyYBaHUs ONMCBAT CbpAeYHO-CbAoBUTE ycnoxHeHns ot of COVID-19. MexaHuambT Ha Cbp-
[EYHO-CH0BO 3acsraHe BKIYBa aHrNOTEH3WNH-KOHBEPTUpaLLms eH3uM-(ACE2), ¢ KOUTO, MPUYMHSABALLMAT - Te-
XbK OCTbP pecnupaTtopeH cuHapoMm (severe acute respiratory syndrome-SARS), kopoHaBupyc-2 (coronavirus-
2-CoV 2) ce cBbp3Ba U NpOHUKBA B kneTkuTe. ChbLUECTBYBAT 1 ApYrit MEXaHU3MW, KOUTO BCE OLLE Ce u3yyasar
1 npeacToaT aa 6vaat ussicHeHn. CohpaeyHo-cbaoBuTe ycnoxHeHns ot COVID-19 BkntouBat cbpfeyHa He-
[OCTaTbYHOCT, KAapAMOMUONATHS, OCTbP KOPOHAPEH CUHAPOM, apuTMUs U BEHO3eH TpoMmboembonuabm. Toaun
0630p 1ma 3a uen ga 0606wu HayyHuTe gaHHu oT nybnukauum B PubMed, Scopus v Pedro v ga nokaxe cbp-
AeyHo-cbaoBuTe yenoxHeHus ot COVID-19 uHdekunsita v nonsata ot guanoTepanusata npu Te3n nauneHTu.
®unsnyeckata akTMBHOCT € KIIOYOB eNeMeHT oT husnoTepanusTa u NpeacTaBnsaBa BaxHa YacT OT CbpAeyHaTa
pexabunurauus. TS no3BonsBa BaxHU NPOMEHW B CbpAeYHO-CbA0BaTa CUCTEMA — Bb3CTaHOBSBaHe Ha eHAo-
TenHata (pyHKUMS U NpegoTBpaTaBaHe Ha TpombBoembonuyHUTE yCnoxHeHus. B 3akmnioyeHue, bnarogapexue
Ha ronsiMoTo pa3Hoobpasne OT Nporpamm 3a HU3NYECKM YIPaKHEHWS, KAKTO U MOHUTOPUPAHETO Ha NaLneHTu-
Te, m3nyeckaTa aKTMBHOCT e NOAXOASLLA CTpaTerns 3a NeYeHNETO Ha pasnuyHK Mo CTeNeH CbpAEYHO-ChL0BM
ycnoxHeHus npyn post-COVID cunapom.
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Recent data has revealed the cardiovascular complications of COVID-19infection. The mechanism of cardiovascular
impairments involves binding of severe acute respiratory syndrome (SARS) coronavirus-2 (CoV-2) to the protein
angiotensin-converting enzyme 2 (ACE2), thus penetrating into the cells. There are other mechanisms, most of
which are under research and will be explained. Cardiovascular complications of COVID-19 infection are heart
failure, cardiomyopathy, acute coronary syndrome, arrhythmias, and venous thromboembolism. This article aims
to collect scientific evidence by exploring PubMed, Scopus, and Pedro databases to show the cardiovascular
complications of COVID-19 infection and the benefit of physiotherapy treatment for these patients. Exercise training
is a powerful element in physiotherapy and an important part of cardiac rehabilitation. It contributes to significant
changes of the cardiovascular system - recovery of endothelial dysfunction and prevention of thromboembolic
complications. In conclusion, due to the wide variety of programs of exercise training, as well as patient monitoring,
physical activity is appropriate strategy for the treatment of cardiovascular complications of various degrees in
post-COVID patients.

rehabilitation, COVID-19 infection, cardiovascular complications
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BbBEOQEHMUE

COVID-19 e wHdekunosHo 3abonssaHe, npu-
YMHEHO OT BMpYyCa Ha TEXDbK OCTbp pecnmpaTopeH
ANCTPeC CMHAPOM — KOpOoHaBupyc-2 (acute respiratory
syndrome coronavirus-2 (SARS-CoV-2), pnoeno go
naHaemus, paspyluaBallia CBETOBHATa 34paBHa U MKO-
HOMMYecKka cucTemMa. Hamvue ca MHOro mpoy4qBaHus
OTHOCHO NaTtoreHesarta, KNnMHWYHaTa KapTuHa, NpeBeH-
uusaTa U TepaneBTUYHUTE CcTpaTerny nNpu Ta3n UHpek-
ums [50]. COVID-19 Bknto4Ba CUCTEMHO Bb3narneHue
1 NOBULLEH OKCUAATUBEH CTPEC, CBbP3aHM C TEXEeCTTa
Ha cMMNTOMUTE Ha 3abonsiBaHeTo [48].

CncTeMHOTO Bb3naneHue Moxe fa nepcuctupa
ObNro Bpeme crieq octparta ¢asa, noseyve ot 4 cea-
muum — “long COVID” [29]. dusmyeckaTa akTUBHOCT,
KoraTo € npaBWIIHO Ha3HadeHa M MOHMTOpMpaHa npu
BCEKU MauMEHT, NMpeyCcTaHOBsBa TOBa Bb3MNanvTenHo
CbCTOSIHME M MO3BOfsiBa Bb3CTAHOBSIBAHE HA aHTUOK-
CvAaHTHaTa 3awmTa.

CobliecTByBaT pasfnMyHM XUMNOTE3N OTHOCHO Me-
XaHM3MUTE Ha CbpAeYHO-CbAoBaTa yBpeda, Karo
Hal-3Ha4YMMUTE Ca CBbP3aHW C TpPaHCMeMOpaHHMWSA
NPOTEVH — aHIMMOTEH3UH-KOHBEPTUPALLNS €EH3UM 2
(ACE2), kbm konto SARS-CoV-2 ce cBbp3Ba 1 npo-
HUKBa B KrneTkata ypes3 eHgouutosa [51]. Cnepn TpaH-
cnauudarta Ha Bupyca, creiBa TPaHCKPUNUUSA — CUHTES
Ha BUPYCHM BenTblM B pedynTaT Ha B3auMogencTBue-
TO Ha BupycHata PHK ¢ anaparta Ha lNongxu n eHgon-
nasmeHusi peTukynym, ¢ nocrieasalya eksountosa [44].

ACE2 peuentopbT, konTto SARS-CoV-2 nanonsea,
€ eKnpecupaH B MHOIO opraHu u cuctemm — bernog-
pobHaTa, cbpaeyYHo-cbaoBaTta, eHgoTena, obbpeunte
n yepsata [10]. BegHbXx npoHWKHarn, BUPYCbT BOAM
40 MHOXEeCTBO YyBpeau, CBbp3aHU C WHXMOMpaHETO
Ha MPOTEKTUBHN MeXaHu3mu, aktmempaHm 4pe3 ACE2
[25]. ®usmonormnyHo ACE2 e koHTpaperynaTop Ha pe-
HUWH—AHIMOTEH3MH—ANA0CTEPOHOBATa CUCTEMA, TpaH-
chopmumpaly, aHrmoteHsuH Il (Ang IlI) B aHrMoTeH3unH
1-7 (Ang 1-7). CBbp3BaHeTO Ha nocregHusi Cbe cre-
uncpmyer Mas peuentop, BoaM A0 MOHMXAaBaHe Ha
apTepuanHoTO HansdraHe 4Ypes Basogunartauus u yee-
nuyaBaHe Ha guypesarta. OcBeH ToBa, Ang 1-7 umat
NPOTEKTUBHA PO MO OTHOLLEHWE Ha eHJoTena, Kato
yBenuyasaT npoaykumsata Ha a3oteH okuc (NO), Hama-
ngaBaT CbAOBOTO Bb3naneHue [14] n yBenuyasar cTa-
OunHocTTa Ha atepocknepoTuyHuTe nnaku. OT gpyra
cTpaHa, nHxnbupaneto Ha ACE2, Bogm oo HapacTBaHe
Ha HMBOTO Ha aHrMOTEH3MH I, CBbp3aH ¢ XMnepTeH3unB-
HW 1 NpookcuaaHTHKU edektu [12]. MNMpoTnuBopeumsn ca
AaHHuTe oTHocHo ACE2 peuenTtopa. Cnopea ckopoLu-
HW MPOy4YBaHUA ponsaTa Ha pasTBopuMaTta opma Ha
ACE2 peuenTopa e NpoTEKTUBHA CNPSIMO KOPOHAaBMPY-
ca. [NpeobnagaBaHeTo Ha TeXKM hopMu Ha 3abonsBa-
HeTo COVID-19 npu naumMeHTn CcbC CbpaevyHO-CbA0BM

INTRODUCTION

COVID-19 is an infection disease, caused by acute
respiratory syndrome coronavirus-2 (SARS-CoV-2),
that reached pandemia, devastating global health sys-
tem and economy. There are many studies regard-
ing the pathogenesis, clinical manifestation, preven-
tion and therapeutic strategies of the infection [50].
COVID-19 includes systemic inflammation, increased
oxidative stress, depending on the severity of the syp-
mtoms of the disease [48].

Systemic inflammation could persist long after the
acute phase, for more than four weeks, described as
‘long COVID” syndrome [29]. Physical activity that is
correctly prescribed and monitored in every patient, in-
terrupts this inflammatory status and allows the recov-
ery of the antioxidant defenses.

There are different hypothesis regarding the
mechanisms of damage of the cardiovascular system
and the most important are associated with the trans-
membranic proteins — angiotensinogen converting
enzyme 2 (ACE2), that SARS-CoV-2 binds with, and
enters the cell via endocytosis [51]. After the virus en-
ters into the cell, transcription follows (the synthesis of
viral proteins as a result of the interaction of the viral
RNA with the Golgi apparatus), resulting in exocytosis
[44].

The receptor of ACE2, which SARS-CoV-2 uses, is
expressed in many organs and systems — pulmonary,
cardio-vascular, endothelium, kidneys and intestinal
tissue [10]. Once the virus penetrates the cells, it leads
to many damages, associated with the inhibition of pro-
tective mechanisms, activated by ACE2 [25]. Physio-
logically, ACE2 is a contra-regulator of the renin-angio-
tensin-aldosterone system, transforming angiotensin |l
(Ang Il) in angiotensin 1-7 (Ang 1-7). The binding of
the last with specific Mas receptor, results in reducing
arterial pressure through vasodilation and increase of
the diuresis. In addition, angiotensin (Ang) 1-7 has pro-
tective role for the endothelium by increasing the pro-
duction of nitric mono-oxide (NO), reducing vascular
inflammation [14] and increasing the stability of the ath-
erosclerotic plaques. On the other hand, the inhibition
of ACE2, causes an increase of the level of angiotensin
I, associated with hypertensive and prooxidant effects
[12]. There is a controversial data, regarding the ACE2
receptor. According to recent studies, soluble type of
the ACE2 receptor, is protective against coronavirus.
The prevalence of the severe COVID-19 disease in
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YCIOXHEHUs nogyeprtaBa ponsita Ha ACE2 un ynotpe-
6ata Ha ACE nHxnbutopuTe 1 aHrmoTeH3nH-peLenTop-
HuTe 6nokepn (ARBs) npu Te3un nauneHTu [26].

Opyrn mexaHu3mu, CBbp3aHM C MUOKapaHaTa yB-
peda, ca: 1) uMTokMHOBaTa Byps B pesynTtaT Ha He-
©anaHcupaH otroBop Ha Tun 1 1 2 T-xennepwu [34]; 2)
HapyLLEHOTO OTHOLLUEHNE MEXAY Hy)da 1 JoCTaBKa Ha
Krcnopog 3a M1okapAa nopaam NoBULLIEHUTE HYXXAW OT
cucTemMHaTta MHdekumsi, cenpoBogdeHa ¢ 6enogpobHa
XUMNOKCUs 1 okenaatmeeH ctpec [3]; 3) aecrabunusa-
LUMS Ha aTepocKnepoTnyHmTe nnaku [31].

Llenta Ha HacTosiwmsa o630p € Ja mokaxe Cbp-
OEYHO-CBAOBUTE YCIMOXHEHUS MpU NaumeHTuTe C
COVID-19 1 noTteHuumanHuTe cTpaterMn 3a TaxHaTa
pexabunutaumsa. O63opbT e 6a3npaH Ha nyonukaumm
B pedepupanu cnucanus ot PubMed, Scopus n Pedro,
KaTto uenta My € Ada onuwie CbpAeyYHO-CbOOBUTE YC-
noxueHusi npn COVID-19 nHdekumaTa n ga onpegenu
dusmoTepanmaTa Kato 4acT OT KOMMMEKCHOTO feYeHne
npuv Te3n naumeHTn. Knoyosu gymy npu nutepaTypHus
nogdop B PubMed, Scopus, Pedro ca: ,.kopoHaBupyc”,
,COVID-19% ,Texbk OCTbp pecnupaTtopeH AucTpec
cMHApOM/SARS®,  ,cpegHO-M3TOYeH pecnupaTopeH
cnHagpoM/MERS®, ,cbpgeyHa pexabunurtauusa”, ,cbp-
[E4YHO-CbA0BM YCITOXHEHUS”, ,on3nyecka akTMBHOCT”,
,CbpAedyHa Tenepexabuntaunsa”, ,dusnotepanus’.
OrpaHnyeH e OposAT Ha HamepeHuTe nybnvkaumm,
CBbp3aHu C pexabunutauusita Ha CbpaeYHO-CbA0BUTE
ycnoxHeHus npu COVID-19.

CBbPOEYHO-CBHAOBU YCNOXHEHUSA

Peavua npoyyBaHus nokaseart, Ye cbpaevHaTa yB-
peaa e BaxHa knuHuyHa nposiea Ha COVID-19 uHdpek-
ungata. OCTpOTO CbpAeYHO 3acsraHe e onpeneneHo
KaTo MoBULUEHWE Ha HMBaTa Ha TPonoHuHa Hag 99-us
NepceHTUN OT ropHaTa rpaHvua Ha Hopmara, Unm Ho-
BOMOSIBUNN CE erekTpokapanorpadckn U exokapau-
orpadCckn OTKNOHeHus [45].

Mpn COVID-19 xocnutanuanpaHu 60nHn cbpaey-
HOTO 3acdraHe e mexay 7-28%. To3n NpoLeHT 3aBuUcKH
OT u3nonseaHaTta geduHMLMS 3a MUOKapaHa yBpeaa
W TexecTTa Ha oTgenHute cnydan. CbpaeyvyHoTo 3a-
cdaraHe e CBbp3aHO C Mo-HebnaronpusiTHa NporHosa,
no-ronsiMa 4ecTtoTa Ha NpuemM B MHTEH3MBHUTE OTAe-
NeHns 1 no-BMcoka CMbPTHOCT. OnmMcaHu ca cnyyau
Ha paHHO CbpAEYHO yBpexaaHe npu nunca Ha be-
nogpobHa cumntomatuka [19]. lNoBuwieHUTEe CTOW-
HOCTW Ha TPOMOHMHA KOpenupar C No-BMCOKa HMBA Ha
CMBPTHOCT. Pa3sicHABaHETO Ha MEXaHU3MUTE Ha Cbp-
neyvHoTo 3acsaraHe npu COVID-19 e HeobxoaMMmo ¢ or-
neq npunaraHeTo Ha ONTMManHu pexadunuTauMoHHN
NPOTOKOMMN.

subjects with cardiovascular complications, underlines
the role of ACE2 and the use of ACE inhibitors and an-
giotensin receptor blockers (ARBs) in these group of
patients [26].

Other mechanisms that are associated with myo-
cardial injury are: 1) cytokine storm as a result of an
unbalanced response of type 1 and type 2 T-helpers
[34]; 2) impaired relationship between demand and
supply of oxygen of myocardium as a result of in-
creased demands of the systemic infection, accom-
panied by hypoxia and oxidative stress [3]; 3) desta-
bilization of atherosclerothic plaques [31].

The aim of this review is to show the cardiovascular
complications of COVID-19 patients and the potential
strategies of their rehabilitation. This review is based
on publications in indexed journals in PubMed, Scopus
and Pedro, as its aim is to describe the cardiovascu-
lar complications in COVID-19 infection and to define
physiotherapy as a part of the complex treatment in
this group of patients. The key words in the literature
search in PubMed, Scopus, Pedro were: ,coronavi-
rus”, ‘COVID-19’, ‘severe acute respiratory distress
syndrome/SARS’, ,middle-east respiratory syndrome/
MERS’, cardiac rehabilitation, ,cardiovascular compli-
cations”, ,physical activity”, “cardiac tele-rehabilitation”,
physiotherapy”. There are limited publications regard-
ing rehabilitation of cardiovascular complications in
COVID-19 patients.

CARDIOVASCULAR COMPLICATIONS

Many studies show that cardiac injury is an import-
ant clinical manifestation of COVID-19 infection. Acute
cardiac injury is defined as an increase of the levels of
troponin more than 99th percentile of the upper limit of
normal range; or new-onset of electrocardiographic or
echocardiographic impairments [45].

In COVID-19 hospitalised patients cardiac inju-
ry is detected between 7-28%. This percentage de-
pends on the definition used for myocardial damage.
Cardiac injury is associated with worse outcomes,
higher intensive care unit admission and death.
There are case reports of early cardiac injury without
respiratory sympthoms [19]. The increased levels of
troponin correlate with higher levels of mortality. Un-
derstanding the mechanisms of COVID-19 cardiac
injury is necessary to implement optimal rehabilita-
tion protocols.
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C'bp.qeqHa HegoCTaTb4YHOCT U MUOKapaAuUT

CobpoeyHata HeOoCTaTbyHOCT M MUOKapgHaTa
ancdyHkums ce cpewa npu 10-52% ot xocnutanunsu-
paHuTe naumeHtn ¢ COVID-19. To3n npoueHT CUIHO
HapacTBa MPW HanMyMe Ha CbNbTCTBALLM Cbpaed-
HO-CbOBMK 3abonsBaHus. He e nssicHeHO ganu cbp-
JevHaTa HedocTaTbYyHOCT € pe3ynTaT Ha ek3auep-
Oaumsi Ha npeglecTBalla JleBOKaMepHa CUCTOSMHA
ONCYHKUNS 1N HOBOMOSIBMMA Ce KapauomuonaTtus
(B pesynTaT Ha MWOKapAUT UK CTpec-kapanoMmuona-
1) [39]. CbLLOTO ce oTHacs 1 MO OTHOLLEHWE Ha CUC-
TONHa AUCAYHKLMSA U KapOuoreHeH LWok. [lacHaTta cbp-
AevHa HeJoCTaTbYyHOCT M NynMOHanHaTa XunepToHus
Ca CBbp3aHu C TEXKO 3acdaraHe Ha 6enogpobHus na-
PEHXVMM UNN OCTbP PECnUpPaTopeH AUCTPEeC CUHAPOM
(acute respiratory distress syndrome — ARDS) [15].
MuvokapamTsT e onucaH npw okono 8-12% ot xocnuTta-
nunanpanmte COVID-19 naumneHTtun [50]. Hannumeto Ha
OCTPO MMWOKapAHO 3acsiraHe e MPOrHOCTUYEH MapKep
3a HebnaronpusaTeH KNHMYeH uaxon [3]. MexaHnamuTe
Ha MUOKapHa yBpeaa BKMYBaT BUPYCEH MUOKaPAUT,
yCTaHOBEH Mpu ayToncus ¢ Hanuvme Ha BupycHa PHK
B MUOKapOHUTE KNETKU, U CUCTEMHO Bb3naneHue [15].
lMopaam HEBBL3MOXHOCTTA OT NpoBeXAaHe Ha Cbpaey-
HO-Cb0B SAPEHO-MarHNUTEH pe3oHaHCc, 4YecTo e Tpya-
HO [a ce pasnuyyM MUOKapguT OT CTpec-MHAyuupaHa
KapavomuonaTusi UM MUOKapOHO 3acsraHe B pesyrn-
TaT Ha UMTOKMHOBA Byps. MNpu naumeHTn ¢ COVID-19 e
onucaHa u cTpec-uHgyumpaHara takotsubo kapgmomu-
onartus, KOSiITO Ce xapakTepuaupa ¢ fieBoKamepHa Xu-
NOKWHE3Ns1 B CPELHUTE UMW CPedHOo-anukanHuTe cer-
MeHTn. COVID-19 mnHpekunata moxe ga gosege oo
noBuLIEHO ocBobOXaaBaHe Ha Bb3nanuTenHu LUTo-
KMHUW C NocnefBaLlo NoACTPO NOTUCKaAHE Ha MMoKapa-
HaTa dyHKums. LintoknHoBaTa Byps npu nauveHTute
¢ COVID-19 e meguupana npegumHo ot TNF-alpha un
nnasMeHnTe HMBa Ha VMHTEPNEBKUHU Ype3 HeBpOHar-
HaTa cduHrommenuHasa, kosto 6rnokmpa NO un Ge-
Ta-agpeHeprnyHata curHanuaaums [30].

OcTbp KOpOHapeH CUHAPOM

Mpn naumentnte ¢ COVID-19 mMuokapaeH WH-
dapkT TN 1, AbIKaLL Cce Ha pynTypa Ha aTepockrie-
pPOTMYHa nfaka ¢ nocneaeallo opmmpaHe Ha TpoMmo,
Kopenvpa C UUpKynupalwiMte LUUTOKMHU, CUCTEMHOTO
Bb3naneHue, pegyumpanara ekcnpecusa Ha ACE2, no-
BULLEHNTE HMBA Ha aHrMoTeH3uH |l [30]. Bb3MoXeH e n
MUOKapaeH MHMapKT TMn 2 B pe3ynTtaT Ha HamareHa
nepdy3nsi U XMMNOKCKS, CBbp3aHa C HapyLLIEHOTO OTHO-
LEHNE MeXay HyXKaaTa u JocTaBKaTa Ha KUCIopo4 3a
MuokapaHute knetku. MNpu naumentnte ¢ COVID-19
MUoOKapgHaTa yBpeaa ce Habrntogasa mexay 4,2 n 25%
B pe3ynTaTt Ha AnceMuUHUpaHa BbTpecbaoBa Koaryna-
umsa (disseminated intravascular coagulation — DIC)
[42]. ToBa ce cBbp3Ba C MyNnTMOpraHHa HegocTaTby-

Heart failure and myocarditis

Heart failure and myocardial dysfunction occur
in 10-52% of the hospitalized COVID-19 patients.
This percentage dramatically increases when there
are cardiovascular comorbidities. It is elusive wheth-
er heart failure is a result of exacerbation of previ-
ous left ventricular systolic dysfunction or new-onset
cardiomyopathy (as a result of myocarditis or stress
induced cardiomyopathy) [39]. The same regards
systolic dysfunction and cardiogenic shock. Right
heart failure and pulmonary hypertension are asso-
ciated with severe impairment of the lung parenchy-
ma or acute respiratory distress syndrome — ARDS
[15]. Myocarditis is described in 8-12% of hospital-
ised COVID-19 patients [50]. The presence of acute
myocardial damage is a prognostic marker for worse
clinical outcome [3]. The mechanism for myocardial
damage includes viral myocarditis, diagnosed by au-
topsy, by the presence of viral RNA within myocardial
cells and systemic inflammation [15]. As cardiovas-
cular magnetic resonance (CMR) is not ubiquitously
available, it is often difficult to distinguish myocarditis
from stress-induced cardiomyopathy or myocardial
damage, as a result of cytokine storm. In COVID-19
patients stress-induced Takotsubo cardiomyopathy
is described by hypokinesia in middle and apical left
ventricular segments. COVID-19 infection could lead
to increased release of inflammatory cytokines with
a subsequent subacute depression of the myocardial
function. Cytokine storm in COVID-19 patients is me-
diated by TNF-alpha and interleukin plasma levels
through neural sphingomyelinase, which blocks NO
and beta-adrenergic signalling [30].

Acute coronary syndrome

In COVID-19 patients myocardial infarction type 1
that is caused by the rupture of atherosclerotic plaque
and the formation of thrombi, correlates with the cir-
culating cytokines, systemic inflammation, reduced
expression of ACE2, increased levels of angiotensin |l
[30]. Myocardial infarction type 2, is also possible, as a
result of hypoxia due to inadequate balance between
demand and supply of oxygen by the myocardial cells.
In COVID-19 patients myocardial damage, caused
by disseminated intravascular coagulation (DIC), was
found between 4.2% and 25% [42]. This is associat-
ed with multiorgan dysfunction, as a result of reduced
perfusion with subsequent bleeding. The thrombosis of
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HOCT 1 HamarneHa nepdysns ¢ nocneaBallo KbpBEHE.
Tpombo3MpaHeTo Ha KOpOHapHUTE apTepun B pesyr-
TaT Ha DIC Bogm o nokanHa Hekpo3a Ha Muokapga v
BEpOSTHA TeXKa CbpAeyHa AncdyHKUns [6].

Aputmumn

Mexay 7,3 n 44% ot naumeHtute ¢ COVID-19, xoc-
NUTanuanpaHn B UHTEH3MBHUTE OTAENEeHUs, cTpagat oT
apuTmus [46]. MpeacbpaHOTO MbXAEHe (MPUCTBIHO UMNn
nepcucTMpaLLo) e Han-Jyectata aputMusi Npu THX, OCO-
OeHo B ocTparta hasa Ha 3abonsiBaHeTo. [MaumeHTuTe
C MpeaLecTBallo NPeacbpPaHO MbXAEHE Ca C BOLUEH
KOHTPOI Ha kamepHaTta Yectota. KamepHa Taxukapaus,
unu TpenTteHe e Hanuue npun 5.9% ot 187 6onHu [45]. Bu-
cokaTa 4ecToTa Ha apuTMusTa € pe3ynTar Ha XUMOKCUs-
Ta, MeTabonmUTHN, HEBPO-XOPMOHAITHM UMW Bb3NanuTeHu
HapyLleHnsi. Hannmumneto Ha HOBOMOsIBUMA Ce ManurHeHa
Taxvikapausi, CBbp3aHa C NOBULLIEHN HMBA Ha TPOMOHMHA,
MOXe [a e nposiBa Ha nognexaty, Mmvokapaut [16].

BeHo3eH TpoMGoeMbONU3bLM

MpoyyBaHuMsa nokasear, Yye nauyneHTute ¢ COVID-19
ca C MOBULLEH PUCK OT BEHO3EH TPOMOOEMOONM3bM U
benogpobHa embonus. NoBuweHNTe HMBa Ha D-anmep
Ca Ba)keH KoaryrnauunoHeH Mapkep 3a Toea. Kputepuute
3a MK ca onncanu npu 71.4% OT noymHanute naum-
eHTu [8]. OcBeH UHMEKLMATA, YOBIMKEHNAT 6OMHUYEH
npecTon CbLLO npegpasnonara kbM TpoMboeMbonmy-
HW ycnoxHeHwus. Mpun 25% ot nauyneHtute ¢ COVID-19
€ ycTaHoBeHa obnboka BeHo3a TpomMb0o3a npu uacnes-
BaHe 4pe3 cbaoB gonnep [49].

CbPOEYHA PEXABUIIUTALMUA
cnen COVID-19

dusnyecka akTUBHOCT B nogocTparta hasa

Kakto B GOnMHWMYHK, Taka M B AOMAaLUHW YCIIOBUS €
HeoOxooMMO pasfensiHe Ha usmyeckata aKTUBHOCT
Ha TpW HMBa Ha ycunue (HUCKO, yMEPEHO U BUCOKO), B
3aBMCMMOCT OT CbCTOSIHMETO Ha nauueHTa. 3a MbiHa-
Ta OUeHKa Ha MbpBOHAYANHOTO CbCTOSIHWE Ce W3MC-
KBa 6-MUHYTEH TecCT ¢ xodeHe (6-minute walking test —
6MWT) [21], kakTO 1 Habop OT TECTOBE C KpaTKOTPaNHU
dum3nyeckn HaToBapBaHusA (TECTOBe 3a 3anasBaHe Ha
paBHOBECMKE, OLEHKa Ha CKOpOCTTa Ha moxofkaTa, Te-
CTOBe 3a M3npaBsiHe U CaaHe), KaKTo U yCTaHOBsIBAHE
Ha HapyLleHUsi HA OCHOBHWUTE W MHCTPYMEHTarnHuTe ak-
TMBHOCTM B exegHesueTo (basic activities of daily living
— ADL, instrumental activities of daily living — IADL) [13].
BkntouBalwmte napameTpu, kouto Tpsbea ga 6baar
npocregeHy no Bpeme Ha husnM4eckoTo HaToBapBaHe
ca: 1) catypauusaTa ga e Hag 92-93% no Bpeme Ha us-
NOTO HaToBapBaHe; 2) cbpAeyHaTa YecTtoTa He 6uBa ga
ce nokaysa noseye ot 20 ygapa 3a MUHyTa No Bpeme Ha
nekn dusmdeckn ycunus (Tpsbsa ga ce npeueHn Tepa-

coronary arteries as a result of DIC, leads to local ne-
crosis of the myocardium and possible severe cardiac
dysfunction [6].

Arrhythmias

Between 7.3% to 44% of COVID-19 patients, hos-
pitalized in intensive care units, suffer arrhythmias
[46]. Atrial fibrillation (paraxosysmal or persistent) is
the most common arrhythmia in COVID-19 patients,
especially in the acute phase of the disease. Patients
with persistent atrial fibrillation are with impaired con-
trol of ventricular frequency. Ventricular tachycardia or
flutter is found in 5.9% of 187 patients [45]. The high
prevalence of arrythmia is a result of hypoxia, metabol-
ic, neuro-hormonal or inflammatory impairments. The
new onset of malignant tachycardia, associated with
increased levels of troponin, may be a manifestation of
underlying myocarditis [16].

Venous Thromboembolism

Many studies show that COVID-19 patients are
with increased risk of venous thromboembolism and
pulmonary embolism. The increased levels of D-di-
mer are an important coagulation marker. Criteria for
DIC are described in 71.4% of the dead patients [8].
Besides the infection, the prolonged hospital stay also
predisposes to thromboembolic complications. In 25%
of COVID-19 patients deep venous thrombosis is diag-
nosed by doppler-sonography [49].

CARDIAC REHABILITATION
AFTER COVID-19

Exercise Training in the Post-Acute Phase

In both hospital and home settings it is necessary
to divide physical activity in three levels (low, middle,
high), according to the status of the patient. For the
full evaluation of the patients a 6-minute walking test
(6MWT) [21] and a number of short physical perfor-
mance battery (SPPB) are required. These functional
tests provide the identification of existing impairments
in basic activities and instrumental activities of daily liv-
ing (ADL and IADL) [13]. Inclusion criteria, that should
be evaluated during physical activity are: 1) saturation
more than 92-93% during the whole test; 2) heart rate
should not increase more than 20 beats per minute
during mild intensity exercise (therapy should be care-
fully considered, especially beta-blockers, that reduce
the physiological increase of heart rate during exer-
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nusiTa Ha naumeHTa, 0cobeHo ako e Ha beTa-0rnokepuTe,
KOMTO HamansBaT (M3NONOrMYHOTO YBENMYaBaHe Ha
yecToTata Nno BpeMe Ha HaToBapBaHe; 3) CUCTOSHOTO
apTepvanHo HandraHe Tpsibea ga 6vae = 90 mm Hg un
< 180 mm Hg; 4) cumnToM — gncnHesTa He TpsibBa Aa
HaaBuvLWaBa 4 ToYkM Nno ckanarta Ha Borg, a ymopara He
6uvBa na Hag 11-12 T. no ckanara 3a CTeneHTa Ha ymopa
(rate of perceived exertion — RPE) [11].

Llenta Ha dm3noTepanmsaTa Nnpu CbpAaeyYHO-CbA0BU-
Te ycnoxHeHusi npn COVID-19 e ga ce ctumynupa cuc-
TEMHUSIT @aHTMOKCUAAHTEH OTFOBOp, KaTto Cce mogynupa
Bb3MNanuUTENHOTO CbCTOSIHME B pe3ynTaTt Ha MHAEKUMATa,
M [a ce NpeycTaHoBW eHOoTenHata yBpeda. ToBa Moxe
[a ce NOCTUrHe Ypes CrieqHNTE TUMOBE YMPaKHEHNS:

1) aepobHM ynpaxHEeHMs 3a U3OPBXIMBOCT: He-
obxoamMmu ca gbnrv, MuHuMym 20 min Mo NpoTOKor,
cybmakcmMmarnHo HaToBapBaHe (Nnpu KOeTo ce goctura
40-60% oT makcumarnHus cbpaedyeH pesepB — heart
rate reserve — HRR)). HatoBapBaHeTo Mmoxe fa e yBe-
nunyeHo 8o 80%, B3aBUCMMOCT OT CbCTOSHMETO Ha na-
uueHTa [11]. YecToTaTtaTta Ha ynpaxHeHusaTa e ot 3 Ao
5 nbTK cegMMYHO. YCTaHOBEHO €, Ye pefoBHaTa yme-
peHa KbM MHTEH3MBHa aepobHa punsmyecka akTMBHOCT
yBenuyaBsa eHgoTensaBMcMMaTa Basogunarauus npwm
NauMeHTV C HapyLleHa eHgoTenHa yHKUms, KaTo no-
BMLWaBa OvoHannyHocTTa Ha asoteH okcug (NO) [40].
Te3n edpekTn ce ObmKaT Ha aKTMBUPAHETO Ha CUCTEM-
HW @aHTMOKCUOAHTHU MeXaHW3MU, KaKTO U Ha NpOTUBO-
Bb3nanuTenHara 3awuta, KOsiTO HamarnsBa apTepu-
anHaTa puUrMaHoCT, Ypes3 eHOoTeno-3aBmcmara Baso-
aunataums, cebp3aHa ¢ NO, kakTo 1 ¢ go3o3aBncumMmn
XUMNOTEH3NBHM edeKTn, onpeaeneHn OT CTeneHTa U
NPOOBIMKUTENHOCTTAa Ha HaToBapBaHe [7].

2) TpeHUpoBKa C MHTepBanu: pegyBaHe Ha nepu-
0OM Ha TPEHMPOBKA C NEPMOAN Ha NOYMBKA C pasnmyHa
CTeneH Ha UHTEH3UTET. T4 ce NpenopbyBa KaTto MbpBa
ctbnka npu COVID-19 naumeHTn u ce Tonepupa gobpe
C uHTeHauTeT 2-3 METs, 3-5 nbTn cegmmnyHo. Cnopea
HSKOW NPOYYBaHUSA, TO3U TUN U3MYecka akTUBHOCT €
paBHO3Ha4Ha, gaxe no-gobpa Mo OTHOLUEHME Ha Cbp-
AEeYHO-Cb0OBUTE NPOMEHU N eHAoTeNnHaTa pyHKUuS, B
CpaBHeHWe C npoabrkutenHuTe HatoBapsaHusa [20].
Mo oTHOLWEHMEe Ha CbpaeYHO-CbAO0BMUTE NOMN3N € NokKa-
3aHa TPEeHWpOBKa C pedyBaHe OT MHTepBanu C BUCOK
WHTEH3UTET Ha HaToBapBaHe (hight intensity interval
training — HIIT). Ts no3BonsBa pegyBaHe Ha MHTEH3NB-
HW aHaepoOHM ynpakHEHWs1 C MePUOAMN Ha Bb3CTaHO-
BSIBAHE C MO-NEKN MO MHTEH3UTET aepobHM ynpakHe-
Hus. ToBa pegyBaHe nogobpsiBa eHooTenHaTa QyHK-
umMs, Kato npu naumeHTn ¢ post COVID-19, nopagu
pasBUTMETO Ha YMOpa 1 3adyX, YNpaXHEeHMATa C BUCOK
WHTEH3NTET MOXe fa ObaaT nanbrHeHn 2-3 NbTn cea-
MWYHO, CaMo crieq, NbpBoHa4YanHa BHUMAaTernHa OLeH-
Ka B nogocTtpara gasa.

cise); 3) systolic arterial pressure should be more than
=90 mm Hg and <180 mm Hg; 4) symptoms — dyspnea
should not increase more than 4 scores, using Borg
scale, and fatigue no more than 11-12 scores, using
rate of perceived exertion (RPE) [11].

The major aim of cardiovascular physiotherapy af-
ter COVID-19 is to stimulate the systemic anti-oxidant
response and to stop the endothelial damage. This is
mainly accomplished by modulation of the systemic
inflammation, caused by the infection. The cardiovas-
cular physiotherapy is performed by the following ex-
ercises:

1) aerobic endurance exercises: these exercis-
es are prolonged with a minimum duration of 20 min-
utes, following a protocol. They are usually based on
a sub-maximal load (only 40-60% of the heart rate
reserve-HRR is achieved). The exercise may go on,
reaching 80% of the HRR if the patient is fit enough to
continue [11]. Exercises should be performed at least
three-to-five times per week. It is established that the
regular moderate-to-intensive aerobic physical activity
increases endothelial-dependent vasodilatation among
patients with impaired endothelial function, by increas-
ing NO bioavailability [40]. All these effects are due to
the activation of the systemic anti-oxidant and anti-in-
flammatory pathways, which alleviate the arterial rigid-
ity, by NO-endothelial-dependent vasodilatation, and
therefore potentiate hypotensive effects, depending on
the duration of the physical exercise [7].

2) interval-training: the interval training includes
alternating periods of physical activity with variable in-
tensity and periods of rest. This is the first step of train-
ing that is recommended in COVID-19 patients and
is well tolerated with an average intensity 2—-3 METSs,
3-5 times per week. According to recent studies, re-
garding the cardiovascular system and the endothelial
function, this type of physical activity is equal or even
better than the prolonged training [20]. The cardiovas-
cular system may also take benefit form high intensity
interval training (HIIT). This type of physical activity
gives the patient the opportunity to perform intensive
anaerobic exercises and to take periods of rest, by
executing less intensive aerobic exercises among
them. The alteration of intensities improves endothe-
lial function. In post COVID-19 patients this type of
training may only be performed 2-3 times per week,
after cautious medical examination, as often fatigue
and dyspnea emerge.
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3) TpEHUpPOBKaA 3a YCTOMYMBOCT: aHaepobHO HaTo-
BapBaHe, CBbp3aHO C HATOBapBaHEe C TEXECT OTBbH
UK OT TeXecTTa Ha camoTo Tsmro. Vanonsea ce npe-
OVMMHO NpW fie4yeHne No CKOpPOo Ha capkoneHus [27] oT-
KOIMKOTO Ha CbpAeYHO-CbA0BM 3abonsBaHus. Pasnuya-
BaT Ce [iBa TuNa TPEeHUPOBKA: 3a YCTONYMBOCT, B KOATO
ce BKMYBAT CneunduyHn rpynn Myckynm 1 Takaea,
npuv KOUTO yyacTBa LANOTO TAMO, KOETO € CBbP3aHo C
XUNOTEH3MBHA peakumsi. Kato yacT ot nporpamara 3a
pexabunutaumsa npu naumeHTn ¢ post-COVID, ynpax-
HeHusTa 3a yCTOMYMBOCT TpsibBa da ce M3MbIHABAT C
YMEpPEH NHTEH3NTET 8-12 NbTU MakcMMariHO C YecToTa
2-3 NbTM cegMUyHOo. Bbnpekn ToBa, UHTEH3UTETBLT U
yecTtoTaTa Ha TO3M TUN TPEHMPOBKA, NOZOOHO Ha Tpe-
HMpOBKaTa C BUCOK MHTEH3UTET C UHTepBanu, Tpsbea
ha Obae cbobpaseHa C xeMofMHaMuUkaTa Ha naumneH-
Ta. OT cTpaHa Ha CbpdeYHO-CbAOBaTa CUCTEMA, TO3N
TUM yNpaXHeHUs ca CBbp3aHu C NokayBaHe Ha apTepu-
anHOTO HandraHe u cbpgeyHarta YectoTta. [pu onutn
C XUNEPTEH3UBHM MULLIKKN, € YCTAaHOBEHO nogobpsiBaHe
Ha eHpoTenHaTa PyHKUMA Ype3 yBenmyBaHe HUBOTO Ha
NO, 3aegHO ¢ HamansiBaHe Ha CUCTEMHOTO Bb3nane-
HWe, BbMNPEKN Ye Te3un pesynTtartu ca no-Marnku B cpas-
HEeHWe C NPOABLIMKUTENHOTO HaToBapBaHe [1].

Bbnpekn HuckaTa YectoTa Ha MHUMAEHTM Npu Cbp-
nedHa pexabunutauusa npu post-COVID nauuweHTtu, e
HeobXxoouMo fa ce cbobpassaBaT CrieAHUTE nokasarenm
[47]: 1) caTypaums; 2) cbpaedHa Yectota 120 ya./min;
3) cuctonHo apTtepuanHo HangraHe > 180 mm Hg; 4)
Temnepartypa > 37.2° C; 5) 6enogpobHa cumntoMaTtymka
Unu ymopa, KouTo ce nosiBaABaT Nno BpeEMe Ha HaToBap-
BaHe M He HamanseaT nNpu NoYMBKa; 6) CUMNTOMK KaTo
3amMaiBaHe, TexKa Kalunuua, rpbaHa TeXeCT, U3NoTsBa-
He, HecTabunHocT, rmasobonune, cbpuebreHe, HEACHO
3peHne. Tean napameTpu TpsibBa ga 6baaTt oueHsiBa-
HW C 6-MUHYTEH TECT Mpu NpeaBapTenHata OueHKa 3a
BKITHOYBaHE B NporpamMara 3a umanoTtepanus.

dunanyeckara akTMBHOCT € KMOYOB eIEMEHT OT hu-
3noTtepnusaTa, 0COOEHO 3a CbpaeYHO-CbAoBaTa CuCTe-
Ma M HelHaTa yHKUUS, Bb3CTAHOBsIBA eHAoTernHara
ONCYHKUMS, KOSTO € NMpUYMHA 3a MHOTO NaTonorM4Hm
npomeHn. Hanvue ca faHHKU 3a KNUHUYHOTO 3HadYeHue
Ha cbpaeyHaTa pexabunutauus 3a eHgotena M Mu-
oKapa npv OCTbp MUOKapAeH WUHMapKT, aopTo-KOpo-
HapeH Gavnac (AKB), nepkyTaHHa KOpoHapHa WMHTep-
BeHuuns (MKW), cbpgoeyHa TpaHcnnaHTaumsi, KnamHo
npoTe3upaHe npv MauueHTU C XPOHMYHA CbpAevHa
HegocTaTbyHOCT (XCH). NMpu naumMeHTn ¢ KopoHapHa
aptepuanHa 6onect (KAB) e ycrtaHoBeHo, 4ye cneq
4-cegMNYHO (PU3MYECKO HATOBapBaHE Ba30KOHCTPWUK-
uusaTa Ha enukapgHuTe apTepun Hamansisa ¢ 54% wu
yBenuyaea cpegHusi KpbBoTOK ¢ 78% [17]. Belardinelli
et al. [4] pokaseaT, 4e dm3myeckata akTUBHOCT MNpu
naumeHT CbC CbpAedHa HeAOCTaTbYHOCT C AABHOCT
Hag 10 roguHn, nogobpsiBa Ka4yeCTBOTO Ha >KUBOT U

3) resistance training: anaerobic training, that uses
an external resistance; or the body-weight itself is tak-
en as a resistance. The method is mostly applied in
case of sarcopenia rather than cardiovascular comor-
bidities [27]. Two types of training are distinguished:
endurance training when a specific group of muscles
are involved; or training in which the whole body is in-
volved and hypotensive reactions are encountered. In
rehabilitation of post-COVID patients endurance train-
ing should be performed with moderate intensity in up
to 8-12 series, 2-3 times per week. Similarly, to high
intensity interval training, the intensity and frequency
of endurance training, should be based on the haemo-
dynamic characteristics of the patient. The endurance
exercises are associated with a surge in arterial blood
pressure and pulse rate. In hypertensive mice an im-
provement of endothelial function, due to NO elevation
and suppression of systemic inflammation may be ob-
served. This is, however, significantly lower than in en-
durance training [1].

Although during the cardiovascular rehabilitation of
post-COVID patients, the rate of incidents is rare, the
following functional parameters should be observed
[47]: 1) saturation; 2) heart rate 120b/min; 3) systolic
arterial pressure >180 mm Hg; 4) temperature > 37.2
°C; 5) respiratory symptoms or fatigue that occur during
physical activity and do not disappear at rest; 6) diz-
ziness, persistent cough, chest tightness, sweating,
instability, tachycardia, blurred vision. The risk of en-
countering such parameters should be preliminary as-
sessed, before joining the physiotherapy programme,
by performing the 6-minute walking test.

Physical activity is a significant element of phys-
iotherapy, especially for the cardiovascular system
and its function. It recovers the endothelial dysfunc-
tion, which is the reason for many pathologies. There
is data regarding the clinical role of cardiac rehabili-
tation for both endothelium and myocardium in acute
myocardial infarction, coronary artery bypass graft
surgery (CABG), percutaneous coronary intervention
(PCI), heart transplantation, heart valve surgery and
in patients with chronic heart failure (CHF). In patients
with coronary arterial disease (CAD) it is reported that
4-weeks of exercise training attenuated arterial vaso-
constriction in epicardial conduit vessels by 54% and
increased average flow velocity by 78% [17]. Belar-
dinelli et al, [4], showed that physical activity in pa-
tients with heart failure more than 10 years, improves
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npegoTeBpartsiBa rofieMuTe CbpAevYHO-CbOOBU CbOU-
TWS, BKITYMTENHO XOCNUTanu3aummM M cbpaedHata
cMbpTHOCT. Ades et al. [2] nsTbkBaT CneaHnTe KNUHUY-
HW MoN3n OT cbpAedHa pexabunutaums: 1) NbpBUYEH
KIMHWUYEH 13X0[, 2) UHTEPMEANEPEH KIMMHUYEH U3XOL,
3) Ka4eCTBO Ha >XMBOT, KaTO OLeHsIBaT NogobpsBaHeTO
Ha pasrnuyHn HMBA — CbPAEYHO-CbA0BO, METABONUTHO,
CKEreTHO-MYCKYIHO U MCUXOMOrMYHO.

BnarogapeHve Ha ronssMoTo pa3Hoobpasue oT pe-
XabunuTaumoHHM nporpamn ¢ pasfmyeH UHTEH3UTET,
NPOOBIMKUTENHOCT, CKOPOCT Ha U3MbIIHEHUE, KAKTO U
pa3Hoobpas3neTo OT ynpaxHeHUs, PU3nN4eckoTo HaTo-
BapBaHe e Bogewo npu post-COVID pasnuyHuTe no
TEXECT HapyLLUEHNs1 Ha CbpAeYHO-CbAoBaTa cuctema.

CteneH Ha (pu3nyecko HaToBapBaHe
M cTpaHU4yHU edpeKTH

dusmyeckata akTMBHOCT € BMOMOrMyYHO NeKapcTBo,
nopaam KOeTo HeroeaTta ,03a“ — CTeneH Ha HaToBap-
BaHe, onpeaensi nonsara unu Bpegarta B 3aBUCUMOCT
OT rofieMmHaTa Ha cTumyna. HeroBuaT npar Moxe ga
Obae NoBnuMsH OT AeMorpadCkn XxapakTePUCTUKM KaTo
Bb3pacT, MO, €THOC, MbPBUYHM CbPLEYHO-CHOOBU
puckoBu caktopu. lNpean ga ce 3anodHe pexabunu-
Tauus, e Heobxogumo fa ce crnegsat EBponenckuTe
KapA4MOMnorMyHM Npenopbkn, cnopes KouTto dusnye-
ckaTa aKTMBHOCT € OTXBbprieHa crneq MUoKapguT Uim
KapanomuonaTtus B paMkuTe Ha 6 meceua. Hakou npo-
y4BaHVsi MOKa3BaT, Ye YeCTOTO U MPOLBbIPKUTEMHOTO
CnopTyBaHe MOXe [a npeausBuka peMopenupaHe Ha
CbpLETO U ronemmuTe Cb40Be, 06EMHO HaTOBapBaHe Ha
npeacbpansTa U gacHata kamepa ¢ NpexogHo Hama-
ngBaHe Ha pakuMaTa Ha U3TNacKkBaHe U KOpOHapHa
kanundukauus [32]. INpu kaBKaskaTa paca e yctaHoBe-
HO, Ye yBenm4aBaHeTo Ha PU3NYECKUTE YNPaKHEHNS C
TPU MbTU B CPaBHEHME C NpenopbyeHnTe, 3a Nnoeeye
oT 25 roanHun, Moxe ga gosefe A0 CyOKNMUHMYHA aTte-
pocknepo3a. B npoyyBaHe npu cnopTuCTy, y4acTBanu
B MapaToOHW MOHE BEOHBX roANLLIHO B MPOAbIDKEHME Ha
25 roanHu, e Hanuue noBuLlaBaHe Ha Kanumdukalm-
ATa Ha apTepunTe, KaTto ToBa ce acouunpa ¢ npuapy-
XaBawmuTe CbpaeYHO-CbA0BM PUCKOBU haKTopU, a He
¢ 6posi Ha MapaToHUTE NN rOOUHUTE Ha TPEHNPOBKMU
[37]. Opyr ABe npoy4BaHMsA OTHOCHO Bpb3kaTa Mexay
HMBOTO Ha (PU3NYECKO HaATOBapBaHE WM KOpOHapHaTa
Kanumndukaumsa nokaseart, Ye CnopTUcTUTe uMat noBse-
ye aTepoCKNEePOTUYHN MIlakM B CpaBHEHME C xopaTta
CbC 3acefHar Ha4yvH Ha X1BOT. Bbnpekn ToBa Te umat
no-ronsiMa ctabunHOCT Ha NnakiTe u No-goobvp npo-
dun Ha CbpAEYHO-CbA0BM PUCKOBU hakTopu.

B 3akniodeHue, Bpb3kaTa Mexay dusmdeckata
aKTUBHOCT W Mo-rongmarta NpexuMBaAeMoCT € JoKa3a-
Ha, KaTo CTeneHTa Ha HaToBapBaHe ce onpeaenst ot
Bb3pacTTa, nona n npodumna Ha CbpAEYHO-CbOOBUTE
puckosn bakTopu. N3BecTHO e, Ye BUPYCHT Ce CBbP-

the quality of life and prevents major cardiovascular
events, including hospitalisations and cardiac death.

Ades et al. [2] demonstrated the clinical benefits of
cardiac rehabilitation: (1) primary clinical outcomes, (2)
intermediate clinical outcomes, (3) quality-of-life, eval-
uating improvement at different levels: cardiovascular,
metabolic, skeletal-muscle and psychologic.

Due to the wide variety of rehabilitation programs
with different intensity, duration, speed of performance,
as well as, the different types of exercises, physical ac-
tivity is important for the treatment of post-COVID car-
diovascular complications of various degrees.

Dose of physical activity and adverse
effects

Physical activity is a biological drug and its
“‘dose” — degree of load, defines the usefulness or
the harm, depending on the size of the stimulus.
Its threshold could be influenced by demographic
characteristics like age, gender, ethnicity, primary
cardiovascular risk factors. Before starting rehabili-
tation, it is necessary to follow the guidelines of the
European Society of Cardiology, that suggest avoid-
ing physical activity six months after myocarditis or
cardiomyopathies. Some studies show that frequent
sport for a long period can lead to remodeling of the
heart and large vessels, volumetric overload of the
atria and right ventricle with a transient decrease of
the ejection fraction and coronary calcification [32].
In Caucasian race it is confirmed that increasing
physical activity thrice-fold than recommended, for
more than 25 years, could lead to subclinical ath-
erosclerosis. In a study of marathon runners that
have taken participation at least once per year for a
total period of 25 years, an increased calcification
of the arteries is detected. However, this is associ-
ated with the presence of cardiovascular risk fac-
tors, not with the number of marathons or the years
of training [37]. Two other investigations about the
relationship between physical activity and coronary
calcification, show that trained subjects have more
atherosclerotic plaques in comparison to those with
sedentary life. However, training people have better
stability of atherosclerotic plaques and better profile
of cardiovascular risk factors.

In conclusion, the link between physical activity
and better survival is confirmed by the combination
of the right dose of exercise, determined by age,
gender and the profile of cardiovascular risk factors.
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3aBa ¢ ACE2-peuentopute 1 HaBnusa B KNeTkuTe,
KaTo BOAM [0 CMCTEMHO Bb3MareHue, MynTUopraHHu
HapyLUEeHWs, BKITIOYUTENHO U CbpAeYHO-CbaoBaTa CUC-
Tema, CBbp3aHO C MWUOKapOHO 3acsiraHe, MUOKapauT,
OCTbp MMWOKapAeH MHMapKT, cbpAaevyHa HegocTaTbu-
HOCT, apuUTMKs U BeHO3Ha Tpombembonus. Kato ce
nmat npegsug AbArocpovHuTe edekTn Ha pexabunm-
Tauusita n ousmyeckaTa akTMBHOCT NPW NaUMEHTUN CbC
CbpAevHO-CbaoBM 3abonsiBaHus [9], Moxe Aa npeano-
NOXMM, Ye CbpAevHaTa pexabunutaums Moxe ga Ha-
Marnu yCrioXXHeHMsTa U CMbPTHOCTTa MPU NauueHTn ¢
COVID-19 u cbpgeyHo-cbaoBu 3abonasaHud. Ounro-
CPOYHUTE MON3u Ha msmyeckaTa akTMBHOCT NP Cbp-
[e4Ho BonHMTE ca NPOoNopLMOHanH Ha CEAMUYHOTO U
NPOObIMKUTENHOTO HaToBapBaHe [18].

BenogpobHa pexabunuraums

®usunyeckara aktnsHocT npu COVID-19 naumneHTn
€ MNoYTW BUHaryu cBbp3aHa Cc pecnmpaTopHu npobnemu
B pasnu4yHa cteneH. [poBexgaHeTo Ha GenogpobHa
pexabunutauunsa Hamansea 3agyxa, TPEBOXHOCTTA U
genpecusTa, nogobpsea yHKUMSTA 1 Ka4eCTBOTO Ha
XMBOT. 3@ MOCTMraHeTo Ha Te3n Lenu npy nauuHTm
c COVID-19 e BaxHO Aga ce cnegBaT CbBPEMEHHUTE
npenopbku 3a 6benogpobHa pexadbunutauus [43]. Mpu
TEXKODOMHM C MPOrpecyMBHO BriOLaBaHe, PaHHOTO
3anoyBaHe Ha GenogpobOHaTa pexabunurtauus He e
npenopbYMTENHO, 3a Aa Cce n3berHart yCrnoXHeHusITa
N nporpecupaHeTo Ha UHdekumaTa. Cneq npernega
Ha nauMeHTUTe, OLEeHsBalkn KOTHUTUBHATA, CbpAeY-
Ho-cbaoBaTa, OenogpobHaTa M MYCKyNHO-CKenet-
HaTa dyHKuus, Tpabsa ga ce npeueHu Heobxoau-
MocTTa OT 6enogpobHa pexabunutaumsi Npu BCEKM
eovH. HenHnte ocHoBHM Lenu ca: 1) nogobpsiBaHe
Ha BeHTMNauusiTa B OCHOBUTE Ha Genusa opob 4vpes
YyNpPaXHEHHUS, yBenu4yaBsally pasmepa Ha rpbOHUs
kow. ToBa ce noctura 4Ypes3 6aBHM U AbNOOKN BOULL-
BaHMWS, JOCTUranKy UHCNNPATOPHUST pe3epBeH 06em,
nocrnegBaH OT HOpMarHo U3auLBaHe A0 OCTaTbYHUS
dyHKLUMOHaneH kanauuteT [24]. [NpenopbyBaTt ce oT
yeTMpn OO NeT NOBTOPEHUs, 3a Aa ce usberHe xune-
puHdpnaumaTa. Llenta Ha To3u Tnn ynpaxHeHus e ga
Ce aKTMBMpa BeHTMNauuaTa Ha Konartepanute, aa ce
nogobpu pasnpegeneHneTo Ha BOMLWaHus Bb3gyx, Aa
ce nogobpu NoeMaHeTo Ha Bb3OyX BbMNPEKN CEKPETU-
Te, 4a Ce HamManu pe3nCTEHTHOCTTa Ha guxaTernHuTe
NbTULA; 2) YNPaXKHEHNS 3a U3YUCTBAHE Ha guxaTen-
HUTE MbTULLA: T€ OCUTYPSBAT NOMOXUTEIHO eKcnunpa-
TOPHO HamnsraHe, KOETO € NoKa3aHo Npu cTabunHu na-
LUMEeHTW cned npekapaHa uHdekuus, ocobeHo Tesun ¢
npeglecTealla XpoHnyHa obCTpykTMBHa Genoapob-
Ha ©onecT. MonoOXUTENHOTO EKCNUPaTOPHO Hansra-
He Npu NauneHTUTe C OCTbP pecnupaTtopeH AncTpec
cuHgpom TpsaAbBa ga ce m3bsrea, 3alloTo MoxXe Aa
yBenunum 6enogpobHus guctpec [23]. 3a usumctea-

It is known that the virus binds to ACE2-receptors
and enters the cells, causing systemic inflammation,
multiorgan impairments, including the cardiovascu-
lar system — acute myocardial damage, myocarditis,
acute myocardial infarction, heart failure, arrhyth-
mias and venous thromboembolism. Regarding the
long-term benefits of rehabilitation and physical
exercises in patients with cardiovascular diseases
[9], it is suggested that cardiac rehabilitation could
decrease the complications and the mortality in pa-
tients with COVID-19 and cardiovascular diseases.
The long-term benefits of physical activity in these
patients are proportionally to the weekly exercise
time and chronic training [18].

Respiratory rehabilitation

Physical activity in COVID-19 patients is almost
always associated with respiratory impairments of
various degrees. The performance of pulmonary re-
habilitation reduces the dyspnea, anxiety and de-
pression, improves the function and the quality of life.
For achieving these aims in COVID-19 patients, it is
important to follow the contemporary guidelines for
pulmonary rehabilitation [43]. In critically ill patients
with progressive deterioration, early respiratory reha-
bilitation is not recommended, so that the complica-
tions and progression of the disease are excluded.
After examination and evaluation of cognitive, car-
dio-vascular, pulmonary and musculo-skeletal func-
tion, the necessity of pulmonary rehabilitation should
be assessed in every patient. Its main aims are: 1)
improvement of the ventilation of the bases of the lung
by exercises, expanding the chest. This is achieved
by slow and deep inspirations, reaching the volume
of respiratory reserve, followed by forceful expiration
up to the residual functional capacity [24]. Four-to-five
repetitions are recommended, so that hyperinflation is
avoided. The goal of this type of exercise is to activate
the ventilation of the collaterals, to improve the distri-
bution of the inspired air deeply in the lungs, regard-
less of the secretions. All these manouvres reduce the
stiffness of the airways; 2) exercises for cleaning the
airways: they produce positive expiratory pressure,
which is indicated for stable patients in post-acute
phase of the disease, especially in those with chronic
obstructive pulmonary disease. The positive expirato-
ry pressure in patients with acute respiratory distress
syndrome should be avoided because it can increase
the respiratory distress [23]. For clearance of the air-
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He Ha GenogpobHnTe NMbTULLA € HeobxoauMo ga ce
nogobpu epekTMBHOCTTA Ha Kalwnuuarta, KaTo ce ns-
nomnseart anapartu 3a oTkawwnsHe, 6e3 ga ce ymopsisar
naumeHTMTE UNn Aa ce Npeam3Buka 3agyx, 6onka unu
rpbAaHa onpecus. benogpobHata pexabunutaumsa npu
naumeHTn ¢ MHAEKLMO3HO 3abornsBaHe C BUCOKA 3a-
6onsemocrt, kato COVID-19, Tpabea ga ce cvobpasu
C noTeHLManHaTa onacHocT oT obpasyBaHeTo Ha ae-
po30nu 1 3apassiBaHe Ha u3nmoTepaneBTUTe, KOUTO
s npoBexaaT [36]. ETo 3awo e npenopbymMTENHO U3-
Non3BaHeTO Ha NNYHM NPeanasHn cpeacTea.

dusnyecku ynpaxHeHusa B gOMoBeTe
ypes Tenepexabunurauyms

MpenBua pecTpukuunTe, CBbp3aHM C HamansiBa-
He Ha pasnpocTtpaHeHneto Ha COVID-19 nHpekuyms-
Ta, € 3aTpygHEeHO NpoBeXaaHeTo Ha pexabunutayus
npu noct-COVID naumeHTute. Korato He € Bb3MOX-
HO npoBexaaHe Ha pexabunuraums ypes3 AUpPEeKTEeH
KOHTaKkT C nauuweHTta, Tenepexabunurtauuata e an-
TepHaTBHa cTpaTerns. Ts BKIHOYBA M3MNON3BAHETO Ha
BMOeo obaxgaHus wunv apyru gobpe CTpyKTypupaHu
nnatdopmu. MNpu cbpaedHata pexabunutauus, Tene-
pexabunutaumsTa ce npunara npw ronsam 6pon naum-
€HTK, KaTo e fokasana cBosita eheKTUBHOCT U nonsa
[5]. Ta e Ge3onacHa 1 edpeKkTUBHA NPU NALMEHTU CbC
CbpaeyHo-cbaoBO 3abonsiBaHe wMnv cnen cbpaedHa
xupyprus [38]. Bbvnpeku ToBa MOHUTOPUPAHETO Ha
catypauuaTa u apTepuariHoTo HansiraHe ca Heobxo-
OUMU, KaKTO W enekTpokapauorpadguara, ocobeHo
npyv KOMMJIEKCHO NeyeHne Ha naumeHTuTe. HyxHo e
npunaraHeTo Ha ckanaTa Ha Borg 3a gucnHes u cte-
neH Ha ymopa [41] c oueHka Ha BUTanHWTE nokasa-
Tenn. CbpaevHaTta pexabunuraumsa e 0OCHOBHO 6asu-
paHa Ha (hM3MYecKn ynpaxHeHus 3a M3OPBXKINBOCT,
NpOBEeXOaHN Ha UHTEPBANN UM M3MNOM3BaHETO Ha Be-
noeproMeTbp unu barawa nbreka. MIHTe3nTeTsT Ha
HaToBapBaHe ce onpeaerns nNpy BCEKW NauUNEHT, UHAN-
BMAYNaHO, B 3aBMCMOCT OT MbpBOHaYasnHaTa oLeHka
UNn XeMoguHaMUYHUTE MapamMeTpu, OnpeaeneHn ot
pas3cTosiHWe 4pe3 ypeam Kato OKCUMETbp, Terneme-
TpUS NNKU 4Ype3 OLEeHKa Ha CMMNTOMM MO cKanaTa Ha
Borg 3a 3agyxa unu cteneHta Ha ymopa [33]. dunsu-
YecknUTe ynpaKHeHWst BKIOYBaT pasnnyHu cTpaTermu,
obyyeHre Ha naumeHTa, Nncuxonornyecka nogkpena u
xpaHeHe. Mpu noct-COVID naumeHTn e nogxogsiia
xubpuagHata opmMa Ha Tepanusi, Kato Tenepexadu-
nuTauuaTa ce pefyBa C NepuoanyHa OLeHKa Ha XM1BO,
Taka 4ye ga ce onTuMmnaunpa Ha nedyeHmeto [38].

HEQOCTATBLUM

Hanwvue ca orpaHuyeH 6pon npoyyYBaHUs OTHOCHO
pexabunutaumata n npocnegssaHeto Ha COVID na-
LIMEHTW.

ways, it is necessary to improve the effectiveness of
cough, using cough machines, in order to avoid tiring
of the patients or preventing dyspnea, chest pain or
chest tightness. Pulmonary rehabilitation in patients
with infection with highly transmissible infectious dis-
eases, like COVID-19, should be considered with the
potential danger for the formation of aerosols and is
contagious for physiotherapists, that perform it [36].
That is why personal protective equipment is recom-
mended.

Exercise training in home conditions
by telerehabilitation

Taking in consideration the restrictions of the
pandemia, associated with the prevention of spread-
ing COVID-19 infection, the rehabilitation of post-
COVID patients is hindered. When direct communi-
cation with the patient is not possible, telerehabilita-
tion is an alternative strategy. It includes video calls
or other well-structured platforms. Telerehabilitation
is performed in many patients with cardiac rehabilita-
tion and has shown its effectiveness and significance
[5]. It is safe and effective in many patients with car-
diovascular diseases and after cardiac surgery [38].
However, monitoring of saturation and blood pres-
sure, as well as electrocardiography, are required.
It is necessary to apply the Borg scale for dyspnea
and the rate of perceived exertion (RPE) alongside
with the evaluation of vital signs [41]. The cardiac re-
habilitation is mainly based on physical exercise for
endurance, executed in an interval mode, or with the
use of a cycle-egrometer or treadmill. The intensity
of the load is defined in every patient individually, de-
pending on the initial evaluation or the hemodynamic
parameters, defined remotely by oximetry, telemetry
or the Borg scale for dyspnea and RPE [33]. Physi-
cal exercises include different strategies, education
of the patients, psychological support and nutrition.
In post-COVID patients a hybrid approach of therapy
is suitable, as telerehabilitation is combined with pe-
riodical assessment in-presence, so that to optimize
the treatment [38].

LIMITATIONS

There is a small number of studies, regarding
the rehabilitation and the follow-up of COVID-19 pa-
tients.
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3AKNIOYEHUE

Manko ca gaHHUTE OTHOCHO pexabunuTtauusita npu
CbpAeYHO-CbaoBUTE ycnoxHernus npyu COVID-19 umk-
dekumaTa. EHgoTenHata ancdyHKUms, BEHO3HUAT Oe-
nogpo6eH M MO3bYyeH eMOOoNMM3bM Ca Han-4ecTuTe OT
TAX, BKMYUTENHO U Npy Mnagu naumeHtn. OCHOBHa
Lien Ha To3m 0030p € Aa NoKaXke CbpaeyYHO-CbA0BUTE YC-
noxHenus npn COVID-19 naumeHTUTe 1 NOTEHUMANHN-
Te cTpaTernm 3a TaxHaTta pexabunutauus. Heobxognm
€ MyNTUAMCLUMNIMHAPEH NOAX0[, KOWTO BKIOYBA Ave-
Ta, pmanyecka akTMBHOCT, MCUXorormyecka rnogkpena
3a KopurMpaHe Ha CbpAeYHO-CbAOBUTE PUCKOBU hak-
TopK [28]. dmsmyeckaTa akTMBHOCT HaMansiBa eHaoTen-
HaTa UCAYHKLUSA, KOATO € Hanuue npy OCTbp MUOKap-
OeH MHapKT, CbpaevHa HeJoCTaTbYHOCT, MUOKapauT 1
nogobpsiBa kKNHUYHMA m3xogd npn COVID-19 [22]. IMpu
BCEKN MAaLMEHT Ce M3MCKBA MbilHA OLEHKa Ha CUMMTO-
MUTE, PU3MYECKUS KanauuTeT, PYHKLUUATA Y Bb3MOXHU-
Te HapylweHus [11]. B 3aBUCMMOCT OT MbpBOHa4yanHaTa
OLEHKa Ha KIMMHWYHWUSE U CbpOeYHO-CbAOBUS PUCKOB
npocurn, € HeobxoaAMMO M3roTBSIHE Ha MHOVBMAOYyanHa
nporpama 3a usmyecka akTMBHOCT. T € BUONOrMYHOTO
nekapcTBO, KOeTo TpsibBa Aa Obae npeanuncaHo B HeOO-
xoaumaTta go3sa npu Bcekn naumeHT [35]. dunsmyeckata
aKTMBHOCT MOXe fa 6bae MogynupaHa rno MHTEH3UTET,
YecToTa M CKOPOCT Ha MU3NbITHEHWE, 3a Aa ce aganTupa
noa cpopmata Ha onTUMarnHa nporpama npu Tas3u HoBa
rpyna naumeHtn ¢ COVID-19.

He e deknapupaH KOHIUKM Ha uHmMepecu
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