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Pestome. KapamoreHHNT WOK € CbCTOSHME Ha HUCHK CbpAeyeH AeOUT, AbmKall ce Ha CbpAevHa ANCAYHKLMS, KOeTO BOLM
[0 TEXKa opraHHa xunonepdysusi ¢ ThkaHHa XMMOKCUS 1 MOBULIEH CEPYMEH NnakTaT. [peacTaBnsiBa TEXKO YCMOX-
HeHue, YnaTo YectoTa € okono 15% oT wokoBnTe CbCTOSHMA, kaTo 2-5% ca cnyvante Ha KLU, Bb3HWKHAN kaTo
YCNOXHEHWe Ha ocTpa CbpAeyHa HegoCTaTbyHOCT. HesaBncumo oT pasHoobpasHata etmonorus Ha KL, go 80%
OT CryyYauTe Bb3HWUKBAT KaTO YCMOXHEHWE OT OCTbp MHMAPKT Ha Muokapaa. VicxemusiTa, KosiTo HacTbnBa, BOAK
[0 AMCKYHKLMS Ha MUOKapaa CbC Cnaj Ha apTepuUanHoTO HansiraHe W nocnefpalla xunonepdysns Ha TbkaHuTe.
KrtouoBo e HaBpeMeHHOTO feyeHne Ha LWoKa B HEroBus MPELLOKOB cTaguit. fleyeHneto Ha pedpaktepHns KLU e
KOMMMEKCHO, KaTo Ce CbCTOM OT MeAVKaMeHTO3Ha Tepanust ¢ MHOTPONY U/ Ba30NPECOpH 1 MeXaHW4Ha LiMpKyna-
TopHa nogapwbxka (MCS). Lienta Ha TexHonornyHuTe cpeacTsa 3a MCS e fa pegyumpat paboTaTa Ha CbpLeTo 1
MWUOKapAHaTa HyXaa OT KNCNOPOf, KaTo CbLLEBPEMEHHO NOAAbPXKAT aAeKBaTHA CUCTEMHA M KOPOHapHa Nepdysus.
Mma pasnuyeH Habop ot aueancu kato IABP, Impella, Tandem Heart, V-A ECMO. Llenta Ha To3u 0630p € fa ce
NpefCcTaBAT HOBOCTUTE B NEYEHMETO Ha KapAMOTEHEH LLIOK U Ja Ce BbBede SCHOTa B TepaneBTUYHaTa cxeMa, Bb3
OCHOBA Ha MOCNEAHUTE HaMMYHK NPEMOPBKIA U NPOYYBaHUS.
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Abstract. The cardiogenic shock is a state of low cardiac output, primarily due to cardiac dysfunction, which leads to severe organ
hypoperfusion with tissue hypoxia and increased lactate levels. It presents a severe complication with a prevalence of
around 15% of all forms of shock and 2-5% of the cardiogenic shock is a complications of acute heart failure. Despite the
diverse etiology of the cardiogenic shock, up to 80% of the cases are due to acute myocardial infarction. The ischemia,
leads to dysfunction of the myocardium cells, which causes a decline in the blood pressure and subsequent tissue
hypoperfusion. The most important part is to start the treatment regime as soon as possible in the pre-shock stage. The
treatment of refractory cardiogenic shock is complex, as it contains an intravenous therapy with inotropes/vasopressors
and mechanical circulatory support (MCS). The MCS devices are supposed to reduce the workload of the heart and the
oxygen need of the myocardial cells and in the same time to maintain an adequate coronary and systemic perfusion.
There are different MCS devices like IABP, Impella, Tandem Heart, V-A ECMO. The aim of this review article is to present
the new trends in the treatment approach to cardiogenic shock and to bring clarity in the treatment regimes, based on the
latest studies and guidelines.
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BbBEOQEHMUE

KapguoreHHnaTt wok (KLU) e Texko ycnoxHeHue
C BMcoka cMbpTHOCT (g0 50%), KossTO ocTaBa He-
npomeHeHa npes3 nocriegHute 10 roguHuW, BbMpeku
MeLMKaMEHTO3HU U TEXHOMOIMMYHM HOBOBbBELEHMS.
HesaBncumo, 4ye BbTpebOMHMYHATA CMBPTHOCT ce
e nogobpwuna, gbnrocpoyHata CMbPTHOCT Mpu na-
uneHtute ¢ KLU octaBa Bucoka. Yecrtotata Ha KLU
e okono 15%, kato 2-5% ca cnyyauTte Ha KL, Bb3-
HUKHaM KaTo YCMOXHEHMWE Ha OCTpa CbpAeyHa He-
poctarbyHocT. ObwaTta YectoTa Ha OCTbp MUOKap-
AeH nHdapkt (OMU) n KW e 5 go 10% c no-Bucoka
yectota npyn OMU cbc ST-eneBaumsa B cpaBHEHUE
¢ OMW 6e3 ST-eneBauusa. Cnopea vHdopMaumnsata
OT nocnegHute nybnvKyBaHW PErncTpu, fneKkyBaHu-
Te naumneHtn ¢ KW B CAL ca 40 000-50 000, a B
Espona 60 000-70 000 roguwHo. Nopagun yectotata
n Bucokusa npoueHT cmbpTHOcT, KLU npeactaBnsBsa
CEepMO3HO Npeamn3BUKaTENCcTBO Npej MeauuMHCKUTE
cneunanuctm [1].

Cnopef KNMHUYHOTO PbKOBOACTBO Ha EBponein-
CKOTO ApyxecTBo no kapguonorusa, KL e cbcTos-
HME Ha HUCBbK CbpAeyeH OebuT, nopagn CbpaeyHa
ANCMYHKUMSA, KOETO BOAM [0 TEXKa opraHHa Xuno-
nepdyans ¢ TbKaHHa XMNOKCUS U MOBULLEH CEPYMEH
naktart [1]. KnuHnyHo, ToBa ce uspassea B pedpak-
TepHa XMMOTOHUS (CUCTONMHO HansraHe < 90 mm
Hg) c gaHHK 3a opraHHa xunonepdyaus, Hanarawa
MeOuMKaMeHTO3Ha Tepanus UnM MexaHuyHa noa-
ApbXka Ha xemogumHamukata (MCS). Tasn pedu-
Huumnsa Ha KWW e 6asmpana Ha SHOCK (Should We
Emergently Revascularize Occluded Coronaries for
Cardiogenic Shock) n IABP-SHOCK II (Intra-aortic
Balloon Pump in Cardiogenic Shock Il) npoyyBaHu-
ata [2] (tabn. 1).

ETtnonorusta Ha KLU e pasHoobpasHa, kaTto Ao
80% ot cnyyante Ha KLU Bb3HMKBAT KaTO YCIOXHe-
HWEe Ha OCTbp MMOKapAeH WHMapKT. Opyrv NpUYnHMU
MoraTt ga 6baaT eksauepbupaHa XpoHMYHa Cbpaey-
Ha HegocTaTb4YyHOCT (8o 30%), knanHu nopoum (6%),
Kapanmomuonatusa unm ocTbp Muokapaut [2, 3]. Ba-
XHO e fa ce otbenexu, ye KLU e Bogewa npuynHa 3a
CMBPTHOCT Npu MmnokapaeH uHdapkt [2]. KnnHn4yHu-
Te npoyyBaHusa gokassaT, Ye o 80% oT netanHute
cnyyaun Ha KL ca B pamkute Ha nbpeute 30 fo 60
OHW OT HayanoTo Ha LUOKOBOTO CbCTOSIHME, a CbLOo
Taka 1 nofnoBuMHaTa oT fnetanHuTe cnyyau B 6onHuua
ca B nbpBuUTe 24 yaca. CrnegoBaTenHo e BaXHO fa
ce oTbenexu, ye puckbT oT cMbpT nNpu KLU e Bpeme-
3aBucum [1].

INTRODUCTION

Cardiogenic shock (CS) is a severe complica-
tion with a high mortality rate (up to 50%) that has
remained unchanged over the last 10 years, despite
medical and technological innovations. Although
in-hospital mortality has improved, long-term mortality
in patients with CS remains high. The incidence of CS
is about 15%, with 2-5% of CS cases occurring as a
complication of acute heart failure. The overall inci-
dence of acute myocardial infarction (AMI) and CHD
is 5 to 10% with a higher incidence of ST-elevation
AMI compared with non-ST-elevation AMI. According
to information from the most recently published regis-
tries, the number of treated patients with CHD in the
USA is 40 000-50 000 and in Europe 60 000-70 000
per year. Due to its high incidence and high mortali-
ty rate, CH represents a major challenge for medical
professionals [1].

According to the European Society of Cardiolo-
gy clinical guidelines, CS is a condition of low car-
diac output due to cardiac dysfunction, resulting in
severe organ hypoperfusion with tissue hypoxia and
elevated serum lactate [1]. Clinically, it is manifested
by refractory hypotension (systolic pressure < 90 mm
Hg) with evidence of organ hypoperfusion requiring
medical therapy or mechanical hemodynamic support
(MCS). This definition of CS is based on the SHOCK
(Should We Emergently Revascularize Occluded Cor-
onaries for Cardiogenic Shock) and IABP-SHOCK I
(Intra-aortic Balloon Pump in Cardiogenic Shock II)
studies [2] (Table 1).

The etiology of CS is diverse, with up to 80% of
CS cases occurring as a complication of acute myo-
cardial infarction. Other causes may include exacer-
bated chronic heart failure (up to 30%), valvular heart
disease (6%), cardiomyopathy, or acute myocarditis [2,
3]. Itis important to note that CS is the leading cause of
death in myocardial infarction. Clinical studies [2], have
shown that up to 80% of lethal CS cases occur within
the first 30 to 60 days of the onset of shock, and also
half of in-hospital deaths occur within the first 24 hours.
Therefore, it is important to note that the risk of death
in CS is time-dependent [1].
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Ta6bnuua 1. OecdmHuumsa 3a KLU cnopep npoyuBaHusita / Table 1. CS definition according to studies

SHOCK [6]

IABP-SHOCK I

SBP < 90 mm Hg 3a > 30 min unu Hy)xgaTa oT nogapbxka 3a aa ce
pocturHe SBP > 90 mm Hg

OpraHHa xunonepdyaus (< 30 mi/h ypuHa unu cTyaeHmn kpanHuum n
cbpaevHa yectorta > 60 yg./min

XemognHaMU4HU KpUTepuu:

Cl <2.2 1/ min/m?n

PCWP > 15 mm Hg

SBP < 90 mm Hg 3a > 30 min nnun HyxxaaTa oT KatexonammnHoBa
nogapbxka, 3a ia ce 4OCTUrHE

SBP > 90 mm Hg

KnuHuka Ha 6enogpobeH 3acTor u HapyLleHa opraHHa nepdysus ¢
NMOHe e[lHO OT CrefHuTe:

HapyLUeH MeHTareH ctaTyc

CTYOEHUW KpanHuum

< 30 ml/h ypuHa

nakrat > 2.0 mmol/l

|. SBP < 90 mm Hg for > 30 min or the need of support in order to
achieve SBP > 90 mm Hg.

Il. End-organ hypoperfusion (urine output

< 30 ml/h or cool extremities and heart rate > 60 b.p.m.)

I1l. Haemodynamic criteria:

Cl of < 2.2 I/min/m? and

PCWP > 15 mm Hg

sbp < 90 mm Hg for > 30 min or catecholamines to maintain SBP >
90 mm Hg and

Clinical pulmonary congestion and impaired end organ perfusion
with at least one of the following criteria:

altered mental status

cold/clammy skin and

extremities

urine output < 30 ml/h

lactate > 2.0 mmol/l

MATO®U3NONOrNA U CTAQUPAHE
HA KAPAUOTEHHUA WOK

MaTtodusmonornsaTa Ha KapAWOTrEHHUS LLIOK € KOM-
NrekcHa, KaTto Hal-BaXXHOTO €, Ye ucxemusita Bogu 4O
Jenpecus Ha MMOKapL4HUS KOHTPaKTUMUTET, KOETO OT
CBOSI CTpaHa BOAW A0 MOPOYEH Kpbl Ha peayuupaH
CbpaeYveH MHAOEKC N HUCKO apTepuanHo HansraHe, oo-
MbAHUTENHO YCUNBALLO KOpOHapHaTa ucxemusi. Bemu-
KO TOBa MpUYMHsIBa TEXKa TbKaHHa xunonepdysus 1
cmbpT [3]. KnacnyeckmaT natoreHeTMYeH MexaHU3bM
3a passutme Ha KLU npeacraensia 3aryba Ha mu-
okapgHa TbkaH crieq OMW v BTOPUYHO BBb3HMKBaHE
Ha woka. B gonbnHeHne Ha 3arybata Ha MuoKapg,
pasBUTMETO HA MEXaHW4YHWU YCMOXHEeHMs (pynTypa Ha
cenTyma n ceobogHata cteHa Ha JIK, JIK aHeBpu3ama,
pynTypa Ha nanunapeH Myckys, ocTpa MuTparnHa pe-
ryprutaumsi, ocTpo HaCTbnun nepukapoeH Usnue C
TaMnoHaga) YecTo BOOAT A0 TeXKa NsBa U AsCHa Ka-
MepHa ancdyHkums. Kato cnegcreme Ha HapylueHara
KamepHa yHKuusa yaapHuat obem (YO) HamansBsa u
BOAM [0 OCTpa peayKuuMs Ha apTepuarnHoTo HansraHe
(AH) n noBnwaBaHe Ha TeneamacTtonHus obem B JIK.
B onut ga ce komneHcupa HuckoTo AH ce Habnogasa
KOMMeHcaToOpHa Ba30KOHCTPUKLMSA (KOETO BKITHOYBA Be-
HOKOHCTPUMKUMS, BOAELLA OT CBOS CTpaHa [0 MoBuMLUe-
HO MyrnMoHanHo HansiraHe). Kputepunte 3a amarHosa
Ha KapOMOreHeH LLIOK ca KMMHUYHM NPU3HaLM Ha XMMo-
nepdysnsi, onUrypusl, MeHTanHu HapyLleHus, HUCKO
nyricoBO HansraHe, MNOBULLEH NakTaT, MOBULLEH Kpea-
TUHUH 1 meTabonuTHa aumposa [1]. MHoxecTBO Apy-
rm Guomapkepu B JOMbIHEHNE KbM CEPYMHUS nakTat
mMoraTt ga 6baat uHgukatopu 3a nporpecusTta Ha KLL.
HapyweHnnsaTt 6anaHc mexagy aHrmonoveTtH-1 un aHru-
OMoOMEeTMH-2 NOoKa3Ba HapylleHa MUKPOLMPKynauusa u
MoBULLIEHA NPOMYCKIMBOCT Ha CbAOBETE, KAaTO TAXHOTO

PATHOPHYSIOLOGY AND STAGING
OF CARDIOGENIC SHOCK

The pathophysiology of cardiogenic shock is
complex. Most importantly, ischemia leads to de-
pression of the myocardial contractility, which in
turn leads to a vicious cycle of reduced cardiac
index and low arterial pressure, further amplifying
coronary ischemia. All of this, causes severe tissue
hypoperfusion and death [3]. The classic pathoge-
netic mechanism for the development of CS, is the
loss of myocardial tissue after AMI and the second-
ary occurrence of shock. In addition to myocardial
loss, the development of mechanical complications
(septal and LV free wall rupture, LV aneurysm, pap-
illary muscle rupture, acute mitral regurgitation,
acute onset pericardial effusion with tamponade)
often leads to severe left and right ventricular dys-
function. As a consequence of impaired ventricular
function, the stroke volume (SV) decreases and
leads to an acute reduction in arterial pressure (BP)
and an increase in LV end-diastolic volume. In an
attempt to compensate for the low BP, compensa-
tory vasoconstriction (involving constriction of the
veins, which in turn leads to increased pulmonary
pressure) occurs. The criteria for the diagnosis of
cardiogenic shock are clinical signs of hypoperfu-
sion, oliguria, mental disorders, low pulse pressure,
elevated lactate, elevated creatinine, and metabolic
acidosis [1]. Multiple other biomarkers, in addition
to serum lactate, may be indicators of the progres-
sion of CS. The disturbed balance between angio-
poietin-1 and angiopoietin-2 indicates impaired mi-
crocirculation and increased vascular permeability,
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npocnegsasaHe B xoaa Ha KLU e nokasano npocnekTme-
Ha Bpb3Ka CbC CMbPTHOCTTA [3]. MUKpOUMPKYNaTopHK-
Te npomenun npu KW morat ga 6baart namepeHn 1 cbe
cybnvHreanHu obpasHu TeCToBe, HO KITMHUYHATa CTON-
HOCT Ha Te3n HoBU BroMapkepun 1 obpasHu TeCToBe He
€ HanbfHO Aoka3aHa [3].

B knuHmyHata npaktuka KL obxBala HAKOMKO
eTana Ha pasBuTME — OT MPELUOK A0 EKCTPEMEH LUOK,
npu KOWTO NAUMEHTBT € B CbpAeYeH apecT JOpU 1 Npu
HanuyHa KapguonynmoHanHa pecycuutaumsa n MCS
(cowr. 1).

PasnosHaBaHeTo Ha KLU B HeroBms npeLlok ctagum
€ Ba)XkHO, TbM KaTo € CBbP3aHO C MO-HNCKa CMBPTHOCT
N Bb3MOXHOCT Ada Ce MpegoTBpaTtu nporpecusta oo
KpanHWTe CTaguu Ha LWoKa, Npu adekBaTHO IeyeHue
[1, 2, 3]. Han-nobparta ckopoBa cucTema, KOSITO ce
narnonssa € ORBI (Observatoire Regional Breton sur
I'Infarctus) ckop®bT, Ypes KOWTO Ce oueHsiIBa PUCKLT OT
passutune Ha KLL. Ton ce 6asupa Ha 11 KNMMHWUYHK No-
Kasatensa HanM4yHu B KaTeTapmsaumoHHaTa naboparto-
pus, KaTo No3BonsiBa Aa 6bae He3aBUCUMM MPEeauKTop
3a passuTtueTo Ha KLU no Bpeme n cneq nbpeuyHa PCI
(HMcBK puck 0-7 TOYKM, HACBK KbM yMepeH puck 8-10
TOYKN, cpefeH KbM BUCOK puUcK 11-12 TOUKM BUCOK PUCK
> 13 TOukM). KakTo Beye crnoMeHaxme, Hal-yecTtaTta
npyyMHa 3a KapAMOreHEH LLOK € OCTbP MMOKaPAEH UH-
dapKT, No-4eCcTo Npu MUoKapaeH MHapkT ¢ ST-ene-
Bauus. TakvBa naumeHTn nmat HeobpaTtuma 3aryba Ha

E

EKCTpEMEH WOK
Extremis

and their monitoring during the course of CS has
shown a prospective association with mortality [3].
Microcirculatory changes in CS can also be mea-
sured with sublingual imaging tests, but the clinical
value of these new biomarkers and imaging tests
has not been fully demonstrated [3].

In clinical practice, CSH encompasses several
stages of development, from pre-shock to extreme
shock, in which the patient is in cardiac arrest even
when cardiopulmonary resuscitation and MCS are
present (Figure 1).

Recognition of CS in its pre-shock stage is im-
portant, as it is associated with lower mortality and
the ability to prevent progression to the end stag-
es of shock with adequate treatment [1, 2, 3]. The
best scoring system to use is the ORBI (Observa-
toire Regional Breton sur l‘Infarctus) scoring sys-
tem, which assesses the risk of developing CS. It
is based on 11 clinical parameters available in the
cath-lab, allowing it to be an independent predictor
of the development of CS during and after primary
PCI (low risk 0-7 points, low to moderate risk 8-10
points, moderate to high risk 11-12 points and high
risk > 13 points). As previously mentioned, the most
common cause of cardiogenic shock is acute myo-
cardial infarction, more commonly in ST-elevation
myocardial infarction. Such patients have irrevers-

C

Knacuyecku KL
Classical cardiogenic shock

A

Puck ot paaeutie Ha KLU
At riskfor cardiogenic shock development

®wur. 1. NeTTe kateropun cnopea nupamuaata Ha KLLU. ETan A — nauneHTu, npm KOUTo uma puck ot passutue Ha KLU, Ho B MOMeHTa Ha oLeHka
HAMaT cMMNTOMM Ha LWokK. ETan B — nauneHT C KNWHWYHW JaHHW 3@ XUNOTOHWUA u/unu Taxukapaus, 6e3 Hanndme Ha xunonepdysus. Etan
C — nauneHTn B eTan Ha knacuyeckmn KLU, npuapyxeH ot opraHHa xunonepdysus. Etan D — pedpakrepen KLU ¢ gaHHM 3a BrowasaHe 1 nowu
OTroBOp KbM neveHneto. Etan E — nauneHTn, Komto ca B cbpaeyeH apecT, 4opu v npu n3sbpluBaHeTo Ha CPR n MCS

Fig. 1. The five categories according to the CS pyramid. Stage A — patients who are at risk of developing CS, but have no symptoms of shock
at the time of assessment. Stage B — patients with clinical evidence of hypotension and/or tachycardia without the presence of hypoperfusion.
Stage C — patients in the classic CS stage, accompanied by organ hypoperfusion. Stage D — refractory CS, with evidence of worsening and
poor response to treatment. Stage E — patients who are in cardiac arrest, even with CPR and MCS performed
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MUOKapgHa TbKaH, KOeTO Tpurepupa MHNamMmaTopHu
N OPYr CUCTEMHU MexaHu3Mu. JombAHUTENHO, NO-ro-
nsiMaTa 4yacT OT Te3u MauueHTn ca Bb3pacTHU U Nonu-
MopbuaHW, KOETO yBENUYABA pUcKa OT AOMbIHUTENHU
YCIOXHEHUs 1 cmbpT [1].

JIEUEHUE

MaumenTtute c KLU, Tpabea ga 6boat nekyeaHu B
crneynanuampaHn LEHTPOBE C HanuyHa KaTteTapusa-
LUnoHHa nabopartopusi, onepauMoHHU 3anu, UHTEH3NB-
HO OTAENeHne N Bb3MOXHOCT 3a Cemnekunsi Ha yCTpown-
ctBa 3a MCS [5]. PaHHaTa ngeHTudukaums n nevyeHune
Ha npuynHaTa 3a LLUOKOBOTO CbCTOSIHME € CBbp3aHa C
no-gobpa nporHo3sa. [1] Cnopeg SHOCK npoy4BaHeTo,
Hal-BaXXHOTO B NledyebHaTa cTpaTterns npu naumeHTu ¢
KapOMOreHeH LUOK U MUOKapAeH WHMapKT e paHHaTa
peBackynapusauus [6]. lNpoyyBaHeTO He KOHCTaTMpa
pasnuka B 30 gHeBHaTa CMBbPTHOCT MeXay naLlueH-
TUTe, MPU KOMTO € MpUNoXeHa paHHa peBacKkynapu-
3aums M Tesun, Npu KOUTO € M3rnofnssBaHa camo Meau-
KameHTo3Ha Tepanus. HesaBucumo ot ToBa, SHOCK
NpoyyYBaHETO W peguua Apyrn peructpu, nokasear
CTaTUCTMYECKN 3HAYMMO MOHMXKaBaHe Ha CMbPTHOCTTa
Ha 6Tu Mecel 1 1 roguMHa Npu NauUMEHTV NoAS0KEHU
Ha paHHa peBackynapusauua [7]. Kapanoxupypruu-
HOTO fleYeHNE C MMMNIAHTMpPaHe Ha aopPTOKOPOHApPEH
favinac MMa MHOro Marko MNpuUIoXeHWe B criyvauTe
Ha KapAMOreHeH LUOK 1 cnopeq NpoyYBaHud, To € us-
nonssaHo npu nog 5% ot cnydaute [7]. Cnopea no-
cnegHvTe Npenopbky Ha EBponenckoTo ApyXecTBo No
Kapaumonorus mbpBuYHaTa NepkyTaHHa WHTEPBEHLUS
(pPCIl) npu egHoknoHoBa KopoHapHa bonecTt e knac
|, npenopbka C [8]. NoBe4eTo NauneHT ¢ MMoKapaeH
WHAPKT, YCIOXHEH C KapOMOreHeH LIOK ca C ABY WIu
TPUKIOHOBA KOpoHapHa Gonect. B Te3un cnyyan EBpo-
NencKoTO APYKECTBO NO KapAmnororusa npenopbysa ga
Ce M3BbpLUBA paHHa peBacKynapu3auusi Ha BogeLLara
nesusi 1 nocneaealla nnaHvpaHa (B KpaTkM CPOKOBE,
BKIMIOYMTENHO MO BPEME Ha CbluaTa Xocnuranuaauus)
peBackynapusauus Ha apyrute nesum [3, 7.

MEOWKAMEHTO3HA TEPANUA

BeHosHaTa MHMy3na Ha TeYHOCTU, Ba3onpecopu n
WHOTPOMNW € KIo4YoBa Npu cTapTMpaHe Ha 6omnHMYHO-
TO ne4yeHune Ha nauueHTn ¢ KLU. He3saBucmnmo 4ye egHa
TpeTa OT NaueHTUTE B LLOKOBO CbCTOSIHNE Ca eyBore-
MUWYHK, T€ OTTOBAPSIT C NOBULLABAHE Ha yaapHUsa obem
npu BnMBaHe Ha TevyHocTW. Basonpecopute agekBaT-
HO noaabp’KaT cpegHOTO apTepuanHo HansaraHe, KaTo
Taka ce noctura agekBaTtHO TbKaHHO KpbBOCHabasBa-
He npu pedpakTtepHa xunotonus [1, 7]. MNpwn nunca Ha
[aHHM 3a 3aCTOW, BEHO3HA MHAY3NA Ha HaTPUEB XIO-
pug 0,9% wnun Pudrep 250 ml 3a nepuog ot 15 go 30

ible loss of myocardial tissue, which triggers inflam-
matory and other systemic mechanisms. Addition-
ally, the majority of these patients are elderly and
polymorbid, increasing the risk of further complica-
tions and death [1].

TREATMENT

Patients with CSH should be treated in specialized
centers with an available catheterization laboratory,
operating rooms, an intensive care unit, and the ability
to select devices for MCS [5]. Early identification and
treatment of the cause of shock is associated with a
better prognosis. According to the SHOCK study, [1]
the most important treatment strategy for patients with
cardiogenic shock and myocardial infarction is early
revascularization [6]. The study found no difference in
30-day mortality between patients who received ear-
ly revascularization and those who received medical
therapy alone. Nevertheless, the SHOCK trial and a
number of other registries have shown statistically
significant reductions in mortality at 6 months and 1
year in patients undergoing early revascularization
[7]. Cardiac surgery with implantation of an aortocor-
onary bypass graft has very little use in cases of car-
diogenic shock and, according to studies, it has been
used in less than 5% of cases [7]. According to the
latest recommendations of the European Society of
Cardiology, primary percutaneous intervention (pPCl)
for single-vessel coronary artery disease is class |,
recommendation C [8]. Most patients with myocardial
infarction complicated by cardiogenic shock have two-
or three-vessel coronary artery disease. In these cas-
es, the European Society of Cardiology recommends
early revascularization of the leading lesion and sub-
sequent planned (within a short time frame, including
during the same hospitalization) revascularization of
the other lesions [3, 7].

MEDICAL THERAPY

Intravenous infusion of fluids, vasopressors, and
inotropes is key in initiating hospital treatment of pa-
tients with CS. Although one-third of patients in shock
are euvolemic, they respond with an increase in stroke
volume when fluids are infused. Vasopressors ad-
equately maintain mean arterial pressure, thereby
achieving adequate tissue blood supply in refractory
hypotension. [1, 7] In the absence of evidence of sta-
sis, intravenous infusion of sodium chloride 0.9% or
Ringer 250 ml. for a period of 15 to 30 minutes is the
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min e NbpBU M30OP Ha Tepanus, KaTto Ta3n MHAY3NSA Ur-
pae porisi U Ha TepaneBTUYEH TECT, T.e. AaBa UHdopma-
LuuMsa ganu ctaesa BbMNpOC 32 XUMOBOMEMUYEH LLIOK, UIN
e pe3ynTtaTt Ha Texka JIK gucoyHkums. Hesasucmumo ye
npu ronsama yacT ot naumeHtuTe ¢ KLU ce Hanara Te-
panus ¢ Ba3onpecopu U/Mnmn MHOTPOMu, reHeparnHo ce
npenopbYBa Te Aa Ce U3nonseaTt B MUHUMarHu 4o3u, a
npv agekBaTtHa TbkaHHa nepdysus ga ce nsdsareat. Te
nopobpsiBat xemoanHaMmnkaTa, Ho 3a CMeTKa Ha MoBu-
LeHa MUOKapAHa Hy>aa OT KUCMOPOA Y BUCOK apUTMO-
reHeH edekT [1]. lHoTponuTe ca rpyna megukameHTw,
KouUTO nogobpsiBaT CbpAeyHata KOHTpakuusa M morat
Aa 6baart pasgeneHve Ha 3 OCHOBHU rpynu — agpeHep-
rMYHM aroHucTn, gocgogunectepasa lll nHxnbuTopn 1
KanumeBn ceHcubunmaatopu. ALpeHepruyHuTe aro-
HUCTW ynpa)kHsABaT CBOSA NO3UTUBEH MHOTPOMEH edoekT,
CBbp3Baiikn ce c OeTa-agpeHepruyHUTE peuenTopu.
Te nosuwasat CH, AH n YO Ha cbpueTto. Kbm Tasm
rpyna cnagart — gonamuH, JobyTamMuH, HopenuHepuH
N enuHempuH, KOUTO MoraTt AOMbiHUTENHO Aa 6baar
KnacvpuuupaHm B 3aBUCUMOCT OT TEXHUSI CUCTEMEH
CbAOB e(eKT (MHOMpecopu unu mHogunataropu) [5,
7]. Crnopeq EBponenckute npenopbku NpUoXeHMeTo
Ha gonamuH e ¢ knac llA, a HopenuHedpuH e knac IIB,
AOKaTO ApYrn NpoyYBaHWS NPV MauLUEHTU C Kapamo-
FeHEeH LLOK MoKa3BaT, Ye HopenuHedprH € CBbp3aH C
Nno-Manko apuTMOreHHW edekTn 1 no-gobpa npexu-
BSIEMOCT, KOETO o MpaBu NoAXOAsL 3a MbpBU n3bop
npu NauueHTn ¢ HUCKO apTepuanHo HangraHe [3]. Jo-
namuHbT AENCTBa BbpXy 4 peuentopa — gonamMuHep-
rMYHK TN 1 1 TN 2 peuenTopu 1 agpeHeprudHn anda
1 n 6eta 1 peuentopu. B H1ckm gosnm (< 2,5 pr/kg/min)
BOAM [0 Basogunataumsa Ha KOPOHapHW, peHarnHu u
cnnaHxHukosu aptepuu. MNpu cpegHy gosm (3-5 pr/kg/
min) BOAM A0 CUTHUUKAHTEH MHOTPOMEH U XPOHOTPO-
neH edekT, oencTeaniki Bbpxy b6eta-1 peuentopuTe Ha
kapanomuounTute. BbuB BMCOKM Oo3m (> 5 pr/kg/min)
BOOW [0 CbA0Ba Ba30KOHCTPUKLMS, AENCTBANKN BbPXY
anda-1 agpeHepruyHUTe peLenTopu, KOETO MOXe Aa
OOBefle 0O TeXKa XMNepToHWs M Aa uHayumpa Taxma-
putMun. JoOyTaMUHBLT € OeTa-agpeHeprmyeH aroHmucT
CbC cuneH edekT Bbpxy Oeta-1 peuentopuTte U Mo-
cnab edekT Bbpxy 6eTa-2 u anda-1-agpeHepruyHuTe
peuentopu. MonyXxmBoTbT Ha foOyTamuMHa € 2 min,
KOETO npemaxBa HyxgaTta OT KopurMpaHe Ha gosata
npv naumeHTn ¢ 6L6peyHa HegoCcTaTbYHOCT. B HMCKK
no3n (< 5 pr/kg/min) nosunwaea YO n HamansBea cne-
AHaToBapBaHETO, KaTo Basogunartupa nepudepHuTe
cbpoBe. lMpu gosm > 5 pr/kg/min Boou OO Ba30KOH-
CTPUKLMSA Ype3 OeNCTBUETO CU BbpXy anda-1 agpeHo-
peuentopute. OT rpynata Ha docduanectepasHnTe
Il MHxMbuTopn e munpuHoH. docdoamnectepasa |l
€H3MMbT € OTIOBOPEH 3a pasrpaX4aHeTo Ha LUKInY-
HWUS1 afeHo3MH MoHodocdaT. Mpu nHxMbnumaTa My ce
HabnogaBa HaTpynBaHe Ha LUUKIUYHUS adeHO3MH MO-

first choice of therapy, and this infusion also plays the
role of a therapeutic test, i.e., it gives us information
whether, it is hypovolemic shock or the result of se-
vere LV dysfunction. Although a large proportion of
patients with CS require therapy with vasopressors
and/or inotropes, it is generally recommended to use
them in minimal doses and to avoid them in the pres-
ence of adequate tissue perfusion. They improve
hemodynamics, but at the expense of increased
myocardial oxygen demand and high arrhythmoge-
nicity [1]. Inotropes are a class of drugs that improve
cardiac contraction and can be divided into 3 main
groups — adrenergic agonists, phosphodiesterase lll
inhibitors and calcium sensitizers. Adrenergic ago-
nists exert their positive inotropic effect by binding
to beta-adrenergic receptors. They increase the HR,
BP and EF of the heart. Dopamine, dobutamine, nor-
epinephrine, and epinephrine are members of this
group, and they can be further classified based on
their systemic vascular effect (inopressors or inodi-
lators) [5, 7]. According to the European recommen-
dations, dopamine administration is class [IA and
norepinephrine is class IIB, whereas other studies in
patients with cardiogenic shock have shown that nor-
epinephrine is associated with fewer arrhythmogenic
effects and better survival, making it a suitable first
choice in patients with low arterial pressure [3]. Do-
pamine acts on 4 receptors, dopaminergic type 1 and
type 2 receptors and adrenergic alpha 1 and beta 1
receptors. In low doses (< 2.5 yg/kg/min) it causes
vasodilation of coronary, renal and splanchnic arter-
ies. In medium doses (3-5 pg/kg/min) it leads to sig-
nificant inotropic and chronotropic effects, acting on
beta-1 receptors of cardiomyocytes. At high doses
(> 5 pg/kg/min), it leads to vasoconstriction, acting
on alpha 1 adrenergic receptors, which can lead to
severe hypertension and induce tachyarrhythmias.
Dobutamine is a beta-adrenergic agonist with strong
effects on beta 1 receptors and weaker effects on
beta 2 and alpha 1 adrenergic receptors. The half-
life of dobutamine is 2 min, eliminating the need for
dose adjustment in patients with renal failure. In low
doses (< 5 pg/kg/min), it increases OA and decreas-
es afterload by vasodilating peripheral vessels. At
doses (> 5 pg/kg/min), causes vasoconstriction by
its action on alpha 1 adrenoceptors. From the group
of phosphodiesterase Il inhibitors is the drug — Mil-
rinone. Phosphodiesterase Il enzyme is responsible
for the degradation of cyclic adenosine monophos-
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HodpocdpaT, KOeTo yBenuMyaBa HanuumMeTo Ha cybcTap-
TeH ,maTepunan“ 3a gpochopnnupaHeTo Ha KanumesmTe
kaHanu. ToBa yBenuyaBa KanuueBaTa KOHLEeHTpauus
B KreTkata, KOeTo OT CBOS CTpaHa BoAW A0 MOBULLEH
KOHTpaKTUNUTET. JonbrnHuteneH edekT Ha MUNPUHOH
€ 1 nepudepHaTta Basogunatauus, KosTo ce ObimKM Ha
WHXMOMPAHETO Ha aKTMBauusATa Ha nekaTa Bepura Ha
MUO3UHa. Bucokn [o3m MunprvHOH MoraT ga gosefart
00 XunoToHusa n TpsbeBa ga ce fosvpa BHUMAaTerHo
npv naumeHTn ¢ 6LbpedHa HegocTaTbYHOCT. JleBocu-
MeHaH e KanumeB ceHcubunmnsaTop, KOWTO yBenuya-
Ba CbpAedHaTa KOHTPaKTUITHOCT Ypes3 MoBKMLIABaHe Ha
CEH3UTMBHOCTTA Ha TPOMOHMH C KbM BbTPEKNETHYHNS
Kanuui B KapamomuountuTe. BaxHo e aa ce otbene-
XMW, Ye NeBOCMMEHAAH UMa ObMbl MIa3MeH MOMyXu-
BOT, KaToO akTMBHUTE My MeTabonu nepcuctmpat go 80
Yaca B KpbBOOOpPALLEHMETO U MMaA NPOAPUTMOreHeH
edhekT, nopaamn KoeTo MHoy3uaTa My Tpsibea aa e b6ae-
Ha 1 e Heobxoamnmo ga ce u3bsirea Npu Beve Hanu4Ha
kamepHa ekTtonus. OcHoBeH edekT BbpXy nporHo3arta
Ha MauMeHTUTEe C KapOWOreHEeH LUOK € KOHTPONbT Ha
MHOXeCTBeHaTa opraHHa HegocTaTbyHOCT. KntoyoBswu
MOMEHTM B TO3M KOHTPOM Ca CrefeHeTo Ha ypyHHaTa
npoayKumsi, ageksaTHaTa BeHTUNaums, rMmuKeMUYHUST
KOHTpON C KpbBHa 3axap nog 11 mmol/l n n3barea-
He Ha XWUMOIMMKEMUYHM enun3oan, NpodunakTnka Ha
Tpombembonnabm M nentudHa s3ea [3, 7]. MNpoabn-
XWUTEMNHO MOHWUTOPMPAHE Ha apTepuasniHOTO HansraHe,
nyrnc-oKCUMETPUS, TENEMeTpuUsi, TemnepaTypa, auxa-
TenHa YyecTtoTa U BOAHO-coneBu 6anaHc ca OCHOBHUTE
napameTpu Ha XeMOAMHAMUYHUSA MOHUTOPUHT [2]. Mpun
cbpaevHa kateTepmsaumsa Ha naumeHTn B KLU TmnmyHo
Ce NocTaBs KaTeTbp B MynMOHanHata apTepusi, KONTo
He camMo nomara B MOHUTOPWHIa Ha NauMeHTUTe, HO U B
npeLeHkaTa 3a MHuumMaumsaTa Ha MexaHuyHa umpKyna-
TOpHa NoAApbXKKa 1 AaBa nHOpMaums 3a pesynrar-
HOCTTa Ha MpoBeXAaHata MeAuKaMeHTO3Ha Tepanus
[2]. Mpn naunenTn B KLU HemHBasmBHaTa BEHTMMNALUMSA
N OKCUreHaumsi NMOHsIKora He ca JoCTaTbyHu 1 TpsbBa
[a ce NpuUCTbNMN KbM MHBa3UBHA, OPraHOMPOTEKTUBHA
BeHTMNaums ¢ Huckm obemu (5-7 mi/kg) [2, 7].

MEXAHUYHA LUPKYNATOPHA NOAAPBXKA

MexaHun4yHaTa umpkynartopHa nogapwxka (MCS) ce
n3nonaea 3a nogobpsiBaHe Ha xemoguHamukaTa, peay-
UMpaHe Ha HyxaaTta OT npuraraHe Ha KaTtexornamuHu u
nogobpsieaHe Ha nporHo3aTta Ha naumeHTtute ¢ KL [3].
[MmaBHaTa uen e ga ce pegyumpa paborara Ha cbpue-
TO U MMOKapAHaTa Hy)aa OT KUCNopop, KaTo B CbLLOTO
BpeMe ce nogabpa ageksaTtHa CUCTEMHA M KOpoHapHa
nepdy3aus [9]. MNepkyTaHHWUTe OMBacK 3a MexaHudHa
UMpKynaTopHa noggpbxka morat ga 6baaTt knacudm-
LUMpaHu No CnegHust HauvH: OMBanCcu C KOHurypaums
— naBa kamepa o aopta (IABP), acuctmpaiwm gvsan-

phate, with its inhibition there is an accumulation of
cyclic adenosine monophosphate, which increases
the availability of substrate ,material® for the phos-
phorylation of calcium channels. This increases the
calcium concentration in the cell, which in turn leads
to increased contractility. An additional effect of mil-
rinone is peripheral vasodilation, which is due to in-
hibition of myosin light chain activation. High doses
of milrinone can lead to hypotension and should be
dosed carefully in patients with renal insufficiency.
Levosimendan is a calcium sensitizer that increases
cardiac contractility by increasing troponin C sen-
sitivity to intracellular calcium in cardiomyocytes. It
is important to note that levosimendan has a long
plasma half-life, with its active metabolites persisting
for up to 80 hours in the circulation, and has a proar-
rhythmogenic effect; therefore, its infusion should
be slow and should be avoided in already present
ventricular ectopy. A major effect on the prognosis of
patients with cardiogenic shock is the control of mul-
tiple organ failure. Key points in this control are mon-
itoring of urine output, adequate ventilation, glycemic
control with blood glucose below 11mmol/l and avoid-
ance of hypoglycemic episodes, prevention of throm-
boembolism and peptic ulcer [3, 7]. Continuous mon-
itoring of blood pressure, pulse oximetry, telemetry,
temperature, respiratory rate and water-salt balance
are the main parameters of hemodynamic monitoring
[2]. In cardiac catheterization of patients in the CS, a
catheter is typically placed in the pulmonary artery,
which not only helps in monitoring patients but also
in assessing the initiation of mechanical circulatory
support and provides information on the efficacy of
ongoing medical therapy [2]. In CS patients, non-inva-
sive ventilation and oxygenation is sometimes not suf-
ficient and invasive, organ-protective ventilation with
low volumes (5-7 ml/kg) should be resorted to [2, 7].

MECHANICAL CIRCULATORY SUPPORT

Mechanical circulatory support (MCS) is used to
improve hemodynamics, reduce the need for cate-
cholamine administration, and improve the progno-
sis of patients with CS. [3] The main goal is to reduce
cardiac work and myocardial oxygen demand while
maintaining adequate systemic and coronary perfu-
sion [9]. Percutaneous mechanical circulatory sup-
port devices can be classified as follows: left ventri-
cle to aorta (IABP) configuration devices, left atrium
to systemic circulation (Tandem Heart) configura-
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CV C KOHbUrypaumsi — nsiBo Npeacbpave 4O CUCTEMHA
umpkynaumsa (TandemHeart), guealicn c koHdwurypa-
Unst — OACHO MpeAcbpaove OO0 CUCTEMHA LMpKyraums
(BeHo-apTepuanHa ekcTpakopropanHa membpaHHa
okcureHaums — V-A ECMO) n nepkyTaHHa MUKpoak-
cvanHa umpkynatopHa nogapbxka (Impella-2.5) [10].
MexaHu3mbT Ha OeCTBUE Ha NepKyTaHHUTE OMBaNCU
3a MexaHW4yHa xeMoaMHaMnyHa NoAAPbXKKA Han-rnecHo
MOXe Aa ce 0BsCHM C KpvBaTa HansraHe—obem Ha ns-
BaTa Kamepa, KOATO Mokasea vetvpuTe asm Ha Cbp-
AevHusa umkbn: (1) N30BONYMETPUYHO CbKpalleHune, (2)
natnackeaHe, (3) mM3oBonymeTpudHa penakcauus, (4)
avactona. lNpu uamnonornyHn ycnosus kpueata uma
TpaneuoBuaHa popMa ¢ 06bn Bpbx. Korato Hama nato-
norus, chopmara n mopdornoriaTa Ha KpueaTa 3aBucCAT
OT npea- v crnegHatoBapBaHeTo. [pegHaToBapBaHETO
nokasBa ,HarnpexeHneTo” BbpXy Mmokapaa, Kato Kpaw-
HUAT amMacToneH obem Boau A0 HAN-ToNsiM CTPec BbpXy
CTeHaTa Ha CbpaeyHus myckyn. CrnegHaTtoBapBaHETO
nokasea HandraHeTo, CpeLly KOETO ngaearta Kamepa ce
CbKpallaBa, TO 3aBMCK MMaBHO OT XapaKTepUCTUKUTE Ha
cboBara cuctema (dwr. 2).

Han-nanon3saHnaT gmMBanc 3a MexaHuW4Ha noa-
APbXKa Ha xeMoguHamuKaTa € UHTpaaopTHa GanoH-
Ha nomna (IABP), nonynsipHa kaTo ©anoHeH KOHTpa-
nyncartop, KouTo € 6un npeacraBeH 3a NbpBU NbT B
HauyanoTo Ha 1960 r. Heroata koHdurypauus e nssa
Kamepa—aopTa. llognHn Hapen IABP e nsnonssaH npu
naumeHTn ¢ KL 6e3 aa nMa gaHHu oT paHaoOMU3NpaHu
npoy4BaHns 3a HeroBuTe NoTeHLmManHu nonau. Toea ce
npomeHn cnen nybnukaumaTa Ha npoyyBaHeTo Intra-
aortic Balloon Pump in Cardiogenic Shock Il (IABP-
SHOCK II), koeTo paHgomuaumpa 600 naumeHTtun ¢ KLU,
Bb3HWKHAM KaTo YCMNOXHEHME HAa MUOKapAeH NHMapPKT,
N NeKyBaHW 4Ype3 paHHa peBacKyrnapmsauus CbC MIu
0e3 IABP [7]. Crnopeg IABP-SHOCK Il Hama pasnu-
Ka B CMbpTHOCTTa Mexay rpynata ¢ |IABP u rpynata
0e3. ToBa ce gokasa npuv npocrneasiBaHe Ha nauueH-
TnTe Ha 30-usa geH, Ha 6 u 12 meceua [2, 11]. Cnepg
KaTo eQUHCTBEHOTO ajeKBaTHO paHAOMM3UPaHO Npo-
y4BaHe He ycnsiBa [a foKaxke nonaute oT ynotpebata
Ha |ABP, KNMMHUYHOTO PBHLKOBOACTBO Ha EBponenckoTo
apyxectBo aage knac |lIB npenopbka 3a nsnonssaHe-
TO Ha NacMBHU AMBaCU 3a MEXaHUYHa NOAAPBXKKA Ha
xemoguHamukata. Crnen HeyTpanHute pesyntatm Ha
IABP-SHOCK Il n HoBuTe npenopbku Ha EBponewcko-
TO OPY)XeCTBO Mo kapguonorus ynotpebata Ha IABP
npes nocnegHute roamHu cnagHa ¢ go 30% B CALL,
25% B AHrmuna u ¢ 0o 18% B 'epmaHus, 3a cMeTka Ha
YBENMYEHOTO M3MNON3BaHEe Ha akTUBHU AMBaNcK 3a Me-
XaHW4Ha UMpKynatopHa nogapwxka, kato V-AECMO n
Impella/TandemHeart [7].

C HOBWTE NepKyTaHHW AMBaNCK 32 MEXaHWYHA Noa-
OpbXKa Ha xeMoguHamukaTta, kato Impella-2.5-system
(Abiomed Europe GmbH, Aachen, Germany), ce oOT-

tion devices, right atrium to systemic circulation
(veno-arterial extracorporeal membrane oxygen-
ation (V-A ECMO) configuration devices, and per-
cutaneous micro axial circulatory support (Impella
2.5) [10]. The mechanism of action of percutaneous
mechanical hemodynamic support devices can be
most easily explained by the left ventricular pres-
sure-volume curve, which shows the four phases
of the cardiac cycle: (1) isovolumetric contraction,
(2) ejection, (3) isovolumetric relaxation, (4) diasto-
le. Under physiological conditions, the curve has a
trapezoidal shape with a rounded top. When there
is no pathology, the shape and morphology of the
curve depend on preload and afterload. Preload in-
dicates the ,stress” on the myocardium, with end-di-
astolic volume resulting in the greatest stress on
the wall of the heart muscle. Afterload indicates the
pressure against which, the left ventricle shortens,
it depends mainly on the characteristics of the vas-
cular system (Figure 2).

The most widely used device for mechanical sup-
port of hemodynamics is the intra-aortic balloon pump
(IABP), popularly known as the balloon counter pulsa-
tor, which was first introduced in the early 1960s. Its
configuration is left ventricle-aorta. For years, the IABP
was used in patients with CS without evidence from
randomized trials of its potential benefits. This has
changed since the publication of the Intra-aortic Bal-
loon Pump in Cardiogenic Shock Il (IABP-SHOCK II)
trial, which randomized 600 patients with CS occurring
as a complication of myocardial infarction and treat-
ed by early revascularization with or without IABP [7].
According to IABP-SHOCK I, there was no difference
in mortality between the |IABP group and the group
without it. This was demonstrated at patient follow-up
at day 30, 6 months, and 12 months [2, 11]. The Eu-
ropean Society‘s clinical guidelines issued a class
IlIB recommendation for the use of passive devices
for mechanical hemodynamic support after the only
adequate, randomized ftrial failed to demonstrate the
benefits of IABP use. Following the neutral results of
IABP-SHOCK Il and the new recommendations of the
European Society of Cardiology, the use of IABPs, in
recent years, has fallen by up to 30% in the US, 25% in
England and by up to 18% in Germany, at the expense
of the increased use of active mechanical circulatory
support devices, such as V-A ECMO and Impella/Tan-
dem Heart [7].

A new horizon in the treatment of CS was opened
with the advent of new percutaneous mechanical
hemodynamic support devices, such as the Impel-
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KpvBa HOB XOPW30OHT B NneyveHuneto Ha KLU. Impella gu-
BalcuTe NpefAcTaBrnsBaT akcuanHa nomMna, KosTo nep-
KyTaHHO ce BbBexaa npe3 demopanHata apTepus,
MWHaBa peTporpagHo npe3 aopTHaTa krana B nsBarta
Kamepa, OTKbOETO ,M0eMa KpbBTa“ M S U3TNackea B
acueHaeHTHaTta aopta. Impella-2.5 moxe fa nogabpxa
yoapeH obem ot 2,5-4 nutpa Ha MuHyTa. ChbLyecTByBa
N YCTPONCTBO C MO-TONsAM ANaMeTbp 1 No-ronsam gebut
— Impella-5.0, koriTo MOXe Aa nogabpXa yaapeH obem
oT 5 nuTpa, HO 3a Heroeata MMMMAAHTaUMs ca Hy>XHU
22-ppeHya nHTpoarocep [2]. Tean avearicn 3amecTBaT
dyHKUMATa Ha nsBaTa Kamepa, Kato MEXaHWYHO A U3-
npasear 1 Taka noteHuuanHo obrnek4aBaT HaToBapBa-
HeTO M nogrnomMarat 3a Bb3CTaHOBSABAHETO HA MUOKap-
na [2, 12]. MNpoabmKNTENHOTO U3npasBaHe Ha ngasaTa
Kamepa, HEe3aBMCMMO OT CbPAEYHMS LUKbI, BOAM L0
3aryba Ha HoOpManHWTE W30BOSNYMETPUYHM MEPUOIMN,
KOETO SICHO Ce BWKAa Ha kpvBaTta HansraHe—obem (dur.
2). KpuBaTa npomeHsi cBosiTa Mopdhonorus oT TpaneLo-
BYAHA B TpubrbnHa. MexaHnamsT Ha Impella e TouHO
TakbB, Ye OeNCTBa He3aBMCUMO OT CbpaevHaTa yHK-
LUMs 1 C yBenMyaBaHe 4ectoTtata Ha MOMMaHe Ha KpbB
Ce HamarsiBa MakCUMarHoTO HansraHe B fisiBaTa kame-
pa v ce HabnogaBa HamMansBaHe B 30HaTa Ha KpuBaTta U
MUWOKapAHaTa Hyxaa OT KUCMopoA. B cbLioTo Bpeme Ha-
nsiraHeTo B aopTara ce noBuLaBa, KOeTo Boau 40 No-ro-
nsmMa avcoumaumns Mexgy aopTHOTO HamnsraHe (Ao) u
HanaraHeTo B nseata kamepa (JIB-Ao pasggosiBaHe).
Te3n echekTn BOOAT OO MOHWXKABaAHE Ha HamnsraHeTo B
NsIBOTO Npeacbpane n 6enogpobHOTO pycno, criefosa-
TenHo Impella guBancuTe ca NpoTMBONOKasaHun Npu na-
LMEHTW C BUCOKOCTEMEHHA aopTHa CTeHO3a 1y aopTHa
WHCYULIMEHLNS, MEXaHUYHA aOpTHa Krana 1 Texka ne-
pucbepHa aptepuanHa donect [2]. EdekTbT Ha Impella
€ [OoKa3aH B HHAKOMKO MPOYy4YBaHWsi, KOUTO AEMOHCTPU-
paT edmkacHOCT 1 6e30nacHOCT NpuY N3MNON3BaHETO Ha
Impella-2.5 npy BUCOKOPUCKOBM NEPKYTAHHN KOPOHAPHU
WHTEPBEHLMM U NMPU XEMOAMHAMWYHO HECTabunHu na-
LUMEHTM C MUOKapaeH nHdapkt cbe ST-eneBaumm [13-
15]. Cnopeq nNWNOTHO HepaHAOMU3MPAHO MNpPOy4YBaHe
uMnnaHTMpaHeTo Ha Impella-2.5 e 6e3onacHo 1 Boau
[0 MoBuMLIaBaHe Ha yaapHus o6eM U HamarnsiBaHe Ha
KpanHOTO AmacTtonHo HangdraHe. OcBeH ToBa e Habnto-
[aBaHO M3pa3eHo Bb3CTaHOBsIBaHE BbB (PpyHKUMSATA Ha
nsBaTta kamepa, KOeTo npegrnornara Bb3MOXeH No3uTu-
BEH eeKT BbpXY JIeBOKaMEPHOTO pemMogenvpaHe cneg
MuokapaeH WHdapkT. [JokasaHo e, 4e Impella-2.5 e
CBbp3aHa ¢ NogobpeHO NHTPAKOPOHaPHO Nepdy3nNOHHO
HansraHe, KOPOHAPEH Pe3epB N MUKPOBACKYMNapHO Cb-
npoTtuerienne [16]. Cnopeg MynTULEHTPOBUS PEMUCTBP
Impella—EUROSHOCK, nmnnantauusata Ha Impella-2.5
npu naumetHn B KLU e Bb3moxeH 1 GesonaceH mMeTof,
KOWTO BOAM [0 pedyLMpaHe Ha HMBaTa Ha NakTat, KOeTo
OT CBOS CTpaHa, npeanonara no-gobpa opraHHa nepgy-
3ud. MimnnaHtupaHeto Ha Impella guBanc e 6bp3 meToa

la-2.5-system (Abiomed Europe GmbH, Aachen,
Germany). The Impella device is an axial pump that
is percutaneously introduced through the femoral ar-
tery, passes retrogradely through the aortic valve into
the left ventricle, where it ,takes blood ,and ejects it
into the ascending aorta. The Impella-2.5 can main-
tain a stroke volume of 2.5-4 liters per minute. There
is also a larger diameter, higher flow device, the Im-
pella-5.0, which can maintain a stroke volume of 5
liters, but requires a 22-french introducer for its im-
plantation [2]. These dives replace the function of the
left ventricle by mechanically emptying it, potentially
relieving the strain and aiding myocardial recovery
[2, 12]. Prolonged emptying of the left ventricle, in-
dependent of cardiac cycles, results in the loss of
normal isovolumetric periods, which is clearly seen
in the pressure-volume curve (Figure 2). The curve
changes its morphology from trapezoidal to triangu-
lar. The mechanism of Impella is precisely such that
it acts independently of cardiac function, and as the
rate of blood pumping increases, the maximum left
ventricular pressure is reduced and a decrease in the
area of the curve and myocardial oxygen demand is
observed. At the same time, aortic pressure increas-
es, resulting in a greater dissociation between aortic
pressure (Ao) and left ventricular pressure (LV-Ao
dissociation). These effects lead to a decrease in left
atrial and pulmonary pressures, so Impella devices
are contraindicated in patients with high-grade aor-
tic stenosis or aortic insufficiency, mechanical aortic
valve disease, and severe peripheral arterial disease
[2]. The effect of Impella has been demonstrated in
several trials, which have demonstrated the efficacy
and safety of Impella-2.5 in high-risk percutaneous
coronary interventions and in hemodynamically un-
stable ST-elevation myocardial infarction patients
[13-15]. According to a pilot, non-randomized study,
Impella-2.5 implantation is safe and results in an in-
crease in stroke volume and a decrease in end-dia-
stolic pressure. Furthermore, a marked recovery in
left ventricular function was observed, suggesting a
possible positive effect on left ventricular remodel-
ing after myocardial infarction. Impella-2.5 has been
shown to be associated with improved intracoronary
perfusion pressure, coronary reserve and microvas-
cular resistance [16]. According to the multicenter
Impella-EUROSHOCK registry, Impella-2.5 implan-
tation in CS patients is a feasible and safe method
that results in a reduction of lactate levels, which in
turn, suggests better organ perfusion. Impella device
implantation represents a rapid method for estab-
lishing hemodynamic support, and it can be used in
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3a yCTaHOBsIBaHE Ha XeMoguHaMu4yHa nogkpena, KaTto
MoXe fa 6be vM3nonssaHa M B LEHTPOBE C MO-MartbK
onuT, BnarogapeHne Ha necHata TeXHUKa 3a UMMaHTK-
paHe 1 BUCOKUS NpoLeadypeH ycnex, HabnogasaH B Hs-
Konko npoyuyBanus [12, 16]. MNpegumcTteoTo Ha Impella
aneaincute cnpsvo IABP e nokasaHo B npoyyuBaHe OT
2019 r, kbaeto ca cpaBHeHn 40 NauMeHTu ¢ UMmnnaH-
TvpaHn |IABP n 40 naumeHTn ¢ umnnantupanu Impella
AvBancu, kato Impella rpynata nokasa CUHIMUKAHTHO
no-Hucka 30-gHeBHa cMbpTHOCT [17]. [poyyBaHeTo Ha
Fincke et al. pokasea, ye cardiac power output (CPO)
€ HaN-CUTyHUSAT XeMOQUHaMUYeH nokasaten 3a CMbpT-
HocT npu KLU. Ton npeacTtaensiBa CTOMHOCTTa Ha cpea-
HOTO apTepuarnHo HansiraHe YMHOXEHO MO yAapHWs
06em (HopmanHuTe ctoriHocTh Ha CPO ca mexay 4-8 I/
min) [18]. EaHo ot ronemute npoyyBanus — PROTECT
I, nokasBa, 4e Impella Bogu 0o MHoro Aobpa nepunpo-
LueoypHa XxemopguHaMuyHa ctabunHocT ¢ nopobpsiBa-
He Ha cpedHOTO apTepuanHo HansraHe n CPO. Kato
nmMame npeasug knodoBoTo mMscto Ha CPO B xemogu-
HamMu4yHaTa oLeHKa M nporHosaTta Ha nauyueHtn ¢ KLU
N XeMOoAMHaMU4HUTE nokasaTtenu Ha Impella, Ha TO3uM
eTan ToBa YCTPOWCTBO € Han-OnTUManHuaT nsdop 3a
nepkyTaHHa MexaHu4yHa nogkpena. AMepuKaHckaTta
cbpaeyvHa acoumaums gaesa knac |[IB npenopbka 3a us-
nonseaHeto Ha Impella gueaincu [2, 19]. Opyr peTpoc-
NeKTMBEH aHanua cpaBHsaBa 237 naumeHTn B KLU, Tpetu-
panu ¢ Impella, n 237 naumHeHTn ot IABP-SHOCK 1l pe-
rmcTbpa. To3n aHanu3 He ycnsBa fa LoKaxe Mo-Hucka
CMBPTHOCT npwu nauneHTuTe ¢ Impella guearicu, a gopu
paskpuBa, Ye npu Te3u NaumeHT! uMa CUrHUAPUKAHTHO
noseve ycnoxHeHus [20]. HesaBucvmo OT LUMPOKOTO
N3MON3BaHe Ha MEepKyTaHHW OMBalCU 3a MexaHudHa
noaapbXKKa Ha xemoanHamukaTta, pegvua npoyyBaHust
nokassaT BUcokaTta CMbPTHOCT (=50%) npu naumeHTn ¢
KL 3a nocnegnute 2 gecetunetus [11, 12, 18, 21]. MNpo-
yuBaHeTo Detroit Cardiogenic Shock Initiative npeanara
CTaHgapTuavpaH NPOTOKOM, KOWTO Habnsira Ha paHHOTO
umnnaHTMpaHe Ha Impella (,npodwunakTuyHo®), oLle
npeau BKIOYBAHETO Ha BA30MNPeCcOpW/MHOTPONU 1 Mpe-
OV NepKyTaHHa KOpoHapHa MHTepBeHUMS. To3n noaxosn
€ rokasan BWCOKa YCMeBaeMOCT, HUCKa CMBPTHOCT U
76% npexuBsaemocT npu naumeHTn B KL, BCcneaocreue
Ha MUoKapaeH NHgapkT [22] (Tabn. 2).

Tandem Heart e guBaiic, cBbp3BaLy, NABOTO Npea-
Cbpave c aptepuanHata cuctema. Npu Hero ce KaHto-
nnpa demopanHaTta BeHa, crneq ToBa Ce npemMuHaBa
npes NpeacbpAHus CEnTyM, 3a Aa MOXe Aa ce JOCTUrHe
0O OKCUreHvpaHaTta KpbB B NSIBOTO Npeacbpame, Kosi-
TO Ce acnupupa 1 M3MNoMnBa B egHata unun B 1 ABeETe
demopanHu apTepum CbC CKopocT OT 4.0 nuTpa/MuH.
EdbekTbT e NoHmkaBaHe Ha HansraHeTo B 6enogpo6Ho-
TO Pycno 1 Ha npeaHaToBapBaHETO Ha NnsiBaTa kamepa,
KOeTo Boau Ao nogobpeHa nepdy3nsi Ha nepudepHuTe
TbKkaHu. Tandem Heart Han-4yecTo ce n3nonaea 3a Kpa-

centers with less experience due to the easy implan-
tation technique and the high procedural success
observed in several studies [12, 16]. The advantage
of Impella devices over IABP was shown in a 2019
study where 40 patients with implanted IABP and 40
patients with implanted Impella devices were com-
pared, with the Impella group showing a significantly
lower 30-day mortality [17]. The study by Fincke et
al, demonstrated that cardiac power output (CPO) is
the most reliable hemodynamic predictor of mortal-
ity in CS. It is the value of mean arterial pressure
multiplied by stroke volume (normal CPO values are
between 4-8 L/min) [18]. One of the large studies,
PROTECT II, proved that Impella leads to very good
periprocedural hemodynamic stability with improve-
ment in mean arterial pressure and CPO. Consid-
ering the key place of CPO in the hemodynamic
evaluation and prognosis of patients with CS and the
hemodynamic performance of Impella, at this stage,
this device represents the most optimal choice for
percutaneous mechanical support. The American
Heart Association gives a class IIB recommendation
for the use of Impella devices [2, 19]. Another retro-
spective analysis compared 237 patients in the CS
treated with Impella and 237 patients from the IABP-
SHOCK Il registry. This analysis, failed to demon-
strate a lower mortality rate in patients with Impella
devices, and even showed that these patients had
significantly more complications. [20] Despite the
widespread use of percutaneous devices for me-
chanical hemodynamic support, a number of studies
have shown a high mortality rate of *50%, in CS pa-
tients over the past 2 decades [11, 12, 18, 21]. The
Detroit Cardiogenic Shock Initiative trial proposes
a standardized protocol that emphasizes early im-
plantation of Impella (,prophylactic), even before the
incorporation of vasopressors/inotropes and before
percutaneous coronary intervention. This approach
has demonstrated a high success rate, low mortality,
and 76% survival in patients in CS following myocar-
dial infarction [22] (Table 2).

The Tandem Heart is a device connecting the left
atrium to the arterial system. It cannulates the femoral
vein, then passes through the atrial septum to reach
oxygenated blood in the left atrium, which is aspirated
and pumped into one or both femoral arteries at a rate
of 4.0 liters/min. The effect is to lower pulmonary pres-
sures and left ventricular preload, resulting in improved
perfusion of peripheral tissues. The Tandem Heart is
most commonly used for a short period of time, a few
hours to a maximum of 14 days [23]. A randomized tri-
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HopmanHo narmnexnawa kpuea Waork = Pressure x Volume
Hanpewe-ue obes Ha NABA KaMEpa: . T
A — KPBAT HA ANECTONETA (34T5APAHE HA Ventricular *Work® = Area of PV Loog;
M proportional to 02 demand
B - oTeRapAHe Ha AK ;
C - KpanT Ha cvcTonaTa {3amaps He Ha Unloading Work = Reducing Arca of PV
A P
b- OTEaP:HHE Ha P:"K A = End diastale [mitral valve closure)
KamepHa “paboTa’ = J0HaTa, KoATO B = Aortlc valve spening
0Dpasysa KPMBaTE; NPONDDIUMOHANHE Ha € = End systole (3ortic valve closure)
Oz Hywpa D = Mitral valve apening
IABP: IABP
= Morierasa cHCTONHOTO + Reduces systolic aortic pressure
IH"ISHPEWH“:’O * lncreases stroke volume
+  MMoswwasa
EcperTbT Bupxy padoTara Ha cupyeTo — Effect on Cardiag Work = Stroke Yolume
:;:pnoeo::;aosa NpA NOHAKABANE Ha increase offsets pressure reduction
A = HopManka kpusa A = Baseline PV loo
P
B - MpomereHa kpwea cneg IABP B = After LABP
Impella: Impelia
+  Vanpazsa MK * Unloads left ventricle
*  ToHiKzEa GacTonHnaT ofiem * Reduces diastolic volume
EchewTit Bbpxy palotata Ha CupUETo -
NOHWHEBAHETO HA OHEMA, BOTH A0 Effect on Cardiac Work = Volume
HAWANABAHE HA 30HETA HA KPHBATA W reduction reduces PV loop area and
ChpaedHara pabora cardiac work
C - Hopmanwa kpuea
D = Mpomerena kpusa cneq Impella € = Baseline PV loop
D = After Impella

®dur. 2. EekTbT Ha MeXaHUYHWTE acucTupaLLy AnBancy BbpXyY KpueaTa HansaraHe-obem: 1 — HopmarnHa kpusa HansraHe-o6em npu cousmorno-
MMYHK ycnosus, 2 — edekTbT Ha |IABP, 3 — edbekTsbT Ha Impella. MK — muTtpanHa knana, AK — aopTHa knana, IABP — intra-aortic balloon pump,

YO — ynapeH obewm, JIK — nsiBa kamepa

Fig. 2. The effects of mechanical assist diversions on the pressure-volume curve: 1 — Normal pressure-volume curve under physiological
conditions, 2 — IABP effect, 3 — Impella effect. MC — mitral valve, AC — aortic valve, IABP — intra-aortic balloon pump, IOP — stroke volume, LV

— left ventricle.

Tabnuua 2 laHHK 3a edpeKTUTE HA MeXaHMYHaTa LMpKynaTopHa noaapbxKa

Table 2. Data for the effects of the mechanical circulatory support

MpoyuBaHe/Pernctsup
Study/Register

PesynrtaTtu
Results

IABP Shock Il (2012) [11]
PanpgomuanpaHo npoyysaHe (n = 600)

IABP cpewy MT
Bes pasnuka B cMbpTHOCTTa Ha 30 AaHK, 6 1 12 meceua

IABP Shock Il (2012) [11]
Randomized study (n = 600)

IABP versus Medical therapy
No difference in mortality at 30 days, 6 and 12 months

Protect Il Trial (2012) [19]
PaHOoomuanpaHo KnuMHWYHO npoyyBaHe, n = 448

IABP cpeLyy Impella

Impella nokasa no-sncok CPO

Bes ycnoxHenusa go 30-Tus oeH

Impella ce cBbp3Ba € No-Manko ycrnoxHeHus Ha 90-usi AeH oT npocneasBaHeTo

Protect Il Trial (2012)19
Randomized clinical investigation
n =448

IABP versus Impella

Impella shows greater CPO

Without complications at 30 days.

Impella has fewer complications at the 90-th day of the follow-up

IMPRESS in severe shock (2021) [21]
PaHgomuanpaHo knuHnYHO npoyysaHe (n = 48)

IABP cpeLyy Impella
Be3 pasnuvka B cMbpTHOCTTa 5-roAuMLLIHO NpocneasiBaHe

IMPRESS in severe shock (2021)21
Randomized clinical investigation n = 48

IABP versus Impella
No difference in the mortality rate for the 5-years follow-up

Detroit Cardiogenic Shock Initiative (2018-...) [22]
PaHgomuaupaHo npoy4ysaHe (n = 500)

PaHHO umnnaHtupaHe Ha MIMO
[aHHu 3a 76% npexunBaeMocT npun To3n NOAXoA

Detroit Cardiogenic Shock Initiative (2018-)22
Randomized study (n = 500

Early implantation of MCS
Data for 76% survival using this approach

CPO - cardiac power output, IABP — intra-aortic balloon pump, MINO — mexaHn4Ha uMpKynaTopHa nogapbxka

CPO - cardiac power output, IABP — intra-aortic balloon pump, MCS — mechanical circulatory support
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TbK NEepUOA OT BPEME — HAKOSKO Yaca 40 Makcumym 14
AHn [23]. MaumenTtn B KLU, koMAnuvumpaH oT MruokapaeH
MHapkT, nokaseaT nogodbperne B CPO, npyn umnnaHTtu-
paHe Ha Tandem Heart, cnopea gaHHM OT paHOOMU3U-
paHo npoy4saHe ot 2005 r. MNauneHTuTe ¢c Tandem Heart
ca umanu n nosuwenue 8 MAP ot 71 go 82 mm Hg, n
MOHWKEHO CpeaHO NyNMOHanHo HansraHe ot 27 go 17
mm Hg. B noBe4yeTo npoyyBaHus He ce cromeHaBa 3a
ANCHYHKUMS Ha OMBanca U TeXKN YCroXHeHus. Hama
cryyau Ha xemonu3a v guearc-acouumpany Tpomboem-
OonuYHN nHUMAeHTM [24]. imnnanTtnpaHeTo Ha Tandem
Heart Ma HAKOW CbLUECTBEHM OrpaHu4eHus OT rmea-
Ha TOYKa Ha HeroBaTa MacoBa MPUIIOKMMOCT, MOpaau
Hy)XgaTa OT creumanuavpaHu YMeHWs Ha oneparopa
3a TpaHcenTanHa MyHKUMsA Y BPEMETO OT MOMEHTa Ha
Ha4arnoTo Ha LLUOKOBOTO CbCTOSHUE [0 MOCTaBSHETO MY,
KOETO B criyyasi e e no-awnro [2].

VA-ECMO e pgpyra antepHatvBa npu NaumveHTu B
KLU, kaTto BkNtOYBa U3TOYBaHE Ha KPbB OT BEHO3HaTa
CcMCTEeMa, OKCUIeHMPaHETO M NPe3 BbHLLEH OKCUreHaTop
1 BPbLLAHETO Ha BeYe OKCUreHnpaHaTta KpbB B apTepu-
arnHarta cuctema 4pes ueHtpobexHa nomna. Mimnnax-
TnpaHeto Ha VA-ECMO moxe ga cTaHe uLeHTparnHo,
ypes KaHlnMpaHe Ha OACHOTO npeacbpane n aoptata
unu nepudepHo € KaHwonaums Ha dpemoparnHata ap-
Tepus unu BeHa. Hesasncumo vye VA-ECMO noHmxka-
Ba MpegHaToBapBaHETO Ha NsABaTa Kamepa, ANBanchbT
BOOM M [0 YBENUYEHO HanpexXeHne B KamepHaTa cTeHa
nopagun peTporpagHusl NOTOK Ha KpbB npe3 demopar-
HaTa apTepus. [Ipyri noTeHLManHn yCroXxHeHns ca Bu-
COK PUCK OT KbpPBEHE, MPOMEHUN B KPBbBOCHCUMPBAHETO C
80 10% BeposiTHOCT 3a nHeynT [23]. MNMpegumcTtBaTa Ha
VA-ECMO npep apyrite anBancu ca BUCOKUAT Oe0uT,
KOWTO Mogabpxa usanara umpkynauus, 4Opu n npu pe-
cycumTaums; cnocobHocTTa My Aa Oocurypsiea MmbiiHa
OKCUreHaums Ha KpbBTa U KOMBUHMpPaHaTa nogapbxka
KaKTO Ha ngBaTta, Taka U Ha gacHaTa kamepa. Nokasa-
HusATa 3a n3nonssaHe Ha VA-ECMO ca pasnuyHu, kaTto
AMBaNCHLT MoXe ga 6bae nmnnaHTupaH kakto npu JIK
ONCOYHKUMSA crnep, KapaAuOoTOMKUs, Taka U NMpu TeXbK
KLU. MNpoy4yBaHudaTta n gaHHute 3a VA-ECMO ca ockba-
HU. CKOpoOLLEeH MeTaaHanms, BKIOYBALL, NPOCNEKTUBHMU
N PETPOCNEKTUBHU KOXOPTHU MNPOYy4YBaHWUsS, MOKa3Ba
HamansBaHe Ha cMbpTHOCTTa oT KLU npu naumeHTy,
nekyBaHu ¢ VA-ECMO. lMpu cnyyante Ha cbpaeyeH
apecT ce HabngaBa CUrHUUKAHTHO NOBMULLIABAHE Ha
30-gHeBHaTa NPeXMBSEMOCT, KOETO MOXe O ce abn-
XM TOYHO Ha HeroBuTe NpeauMMCTBa — NOAAPBXKKA Ha
uanata uMpkynaums B TANOTO U MbiHaTa OKCUreHaumsi
Ha KpbBTa. [pexxnBsaemocTTa Ha NauneHTn, Npyu KOUTo
e nsnonseaH VA-ECMO, e 39%, kato EBponerickute
STEMI npenopbkun my gaear Ilb knac npu naumeHTn ¢
pedpakTepeH KLU [25, 26].

al in 2005 showed that patients in the CS complicat-
ed by myocardial infarction showed improvement in
CPO with Tandem Heart implantation. Tandem Heart
patients also had an increase in MAP from 71 to 82
mm Hg, and a decreased mean pulmonary pressure
from 27 to 17 mm Hg. Most studies made no mention
of device dysfunction and severe complications. There
have been no cases of hemolysis or device-associated
thromboembolic events [24]. Tandem Heart implanta-
tion has some significant limitations in terms of its mass
applicability, due to the need for specialized operator
skills for transseptal puncture and the time from the
time of onset of shock to insertion, which in this case
would be longer [2].

VA-ECMO is another alternative for CS patients,
and involves draining blood from the venous system,
oxygenating it through an external oxygenator, and
returning the already oxygenated blood to the arte-
rial system via a centrifugal pump. Implantation of
VA-ECMO, can be done centrally by cannulation of
the right atrium and aorta or peripherally by cannula-
tion of the femoral artery or vein. Although VA-ECMO
lowers left ventricular preload, the device also results
in increased ventricular wall stress due to retrograde
blood flow through the femoral artery. Other potential
complications include a high risk of bleeding, chang-
es in blood coagulation with up to a 10% likelihood of
stroke [23]. The advantages of VA-ECMO over oth-
er devices are its high flow rate that maintains all
circulation, even during resuscitation, its ability to
provide complete oxygenation of blood, and its com-
bined support of both left and right ventricles. The
indications for the use of VA-ECMO are varied, and
the device can be implanted in both LV dysfunctions
after cardiotomy and in severe CS. Studies and data
on VA-ECMO are scarce. A recent meta-analysis in-
cluding prospective and retrospective cohort studies
showed a reduction in CV mortality in patients treated
with VA-ECMO. In cases of cardiac arrest, there was
a significant increase in 30-day survival, which may
be due, precisely, to its advantages of whole-body
circulatory support and complete blood oxygenation.
The survival rate of patients in whom VA-ECMO was
used was 39%, with European STEMI recommenda-
tions giving it a class llb in patients with refractory
CS [25, 26].
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YCNOXHEHUA U TAXHOTO NEYEHUE

YCNoXHeHusiTa, CBbP3aHn C NepKyTaHHUTE YCTPOW-
CTBa 3a MexaHW4yHa nogdpbxka Ha XemMoauHamukaTta,
MoraT ga 6baaTt cepuosHun 1 XKmnBoTo3acTpallasawm. Te
MoraT ga ce pasgensT Ha YCIOXHEHWS, CBbp3aHu CbC:
OvBarica, HeroBata UMMNAaHTauusi, opraHHata yHKUMS
unn aHTukoarynaumsita. Komnnukauumrte, KOMTO MO-
raT 4a Bb3HMKHAT, ca: MHAEKUMM, XEMOMNU3a, UCXEMUS
UNN KbpBEHEe, KOETO € MU Hal-4eCcToTo YCroxHeHue [9].
HezaBMCMMO OT HaW-4ecTo CpeLlaHUTE YCIOXHEHWS,
KOMTO Ca XapaKTEepHW 3a BCUYKM BMOOBE YCTPOWCTBA,
MMa M KOMMNUKaLUMK, cneumduyHn 3a BCAKO €4HO OT
TaX. Hanpumep crnyyante Ha xemonu3a ca Han-4ecTtu
npu Impella, fokato Bb3AyLEeH eMBoNM3bM 1 CbpaeyHa
TamnoHaga ca cneunguyHn 1 Han-4ecTo CcpeLLaHn npm
Tandem Heart [9]. Cnopea umTupaHmsa peTpocneKTUBEH
aHanus, cpasHsBaly Impella ¢ nauyneHTute ot |IABP-
SHOCK Il peructbpa, KbpBeHe 1 nepudepHn CbaoBU
YCIOXHEHUA ca HabnwogaBaHu no-yecTto npu Impella
[20]. PeTtpocnektnsHo npoy4dsaHe ot 2014 r. npu 47 na-
LMeHTn c umnnaHtupaH Impella guBainc nokassa ycnox-
HeHunda npu 14 OT NaUMEHTUTE, KaTo Ha-4eCTOTO € He-
NpaBuHO OYHKUMOHMpPALL, AMBaNC nopagu nperbBaHe
1 eaBa npu 1 oT nauneHTMTe e HabngaBaHo KbpBEHE
OT rOpeH raCTpOUHTECTUHArEH TPaKT, KOETO e npeycra-
HOBEHO Ype3 eHJocKoncKka koarynaums. Hesasucmumo ot
HaNMYHUTE YCITOXHEHMWS T HE BOOAT [0 fneTaneH usxopq,
npu HWUTO eguH OT naumeHtuTe [27]. VA-ECMO Boam
[0 peTporpagHo BpblUaHe Ha KpbB B aopTara, Becnea-
CTBMe OT KoeTo ce nosuwasart JIK cnegHaToBapBaHe n
TenegnacTosniHOTO HansraHe. To3n ehekT Moxe fa WUH-
Jyuvpa pa3BuTUETO Ha 6enogpobeH OTOK M MUOKapaHa
ncxemus. KombuHauusita ot VA-ECMO un IABP (konto
na otopemeHnsisa JIK) Bogn oo no-gobpu pesynrtatu u
Nno-HMUCcKa CMBbPTHOCT.

AHTUTPOMBOTUYHA TEPANUA

Tl KaTO KbPBEHETO € IMaBHO YCIOXHEHNE NPU 3~
MOn3BaHETO Ha AMBANCK 3a MEXaHNYHa NoaapbXKKa Ha
XeMoAMHamukaTa, npeunspaHeTo Ha aHTUKoarynaHT-
HaTa Tepanusi € KIIlo4OB MOMEHT B Nie4eHneTo. banahn-
CbT MeXAy YCNOXHEHUs] C KbPBEHE U YCIOXHEHUS C
TPOMOO3M € UIKNIUYMTENHO NPEAN3BUKATENCTBO, KOETO
€ TACHO CBbp3aHO CbC cMbpTHOCTTA. [JOo 80% OT nauu-
eHTuTe Ha VA-ECMO wnmat gmBanc-acoLmmpaHo Kbp-
BeHe, KOETO Hanara kpbBornpenueaHe 1 16% passuBar
WHTpaKpaHuanHa xemoparusi. AHTMKoarynauuoHHa Te-
panus ¢ HedpakuMOHMPaAH XEMNapuH € KIacU4eckusT
noaxon, nopagu KbCus MONy>XMBOT Ha HepaKUMOHU-
paHus xenapuvH, 6bP30TO Havano n Kpan Ha edekTa
My, HACKaTa LeHa 1 LUMPOKOTO MY pa3npocTpaHeHue [9,
28]. MoHuTOpMpaHeTo Ha TepanusaTa ¢ HedpakUMOHN-
paH xenapuH CbLLO e TpygHa 3agava, kato npeanoyn-

COMPLICATIONS AND THEIR
MANAGEMENT

Complications associated with percutaneous
mechanical hemodynamic support devices can be
serious and life-threatening. They can be divided into
complications related to the device, its implantation,
organ function or anticoagulation. The complications
that can occur are infections, hemolysis, ischemia
or bleeding, which is the most common complication
[9]. Despite the most common complications that are
characteristic of all types of devices, there are also
complications that are specific to each of them. For
example, cases of hemolysis are most common with
the Impella, while air embolism and cardiac tampon-
ade are specific to and most common with the Tan-
dem Heart [9]. According to the cited retrospective
analysis comparing the Impella to patients from the
IABP-SHOCK Il registry, bleeding and peripheral
vascular complications were seen more frequently
with the Impella [20]. A 2014 retrospective study of
47 patients with an Impella device implanted showed
complications in 14 of the patients, with the most
common complication being a malfunctioning device
due to kinking, and only 1 patient had upper gas-
trointestinal bleeding, which was resolved by endo-
scopic coagulation. Regardless of the complications
present, they did not lead to lethal outcomes in any
of the patients [27]. VA-ECMO results in retrograde
return of blood to the aorta, leading to an increase
in LV afterload and end-diastolic pressure. This ef-
fect can induce the development of pulmonary ede-
ma and myocardial ischemia. The combination of
VA-ECMO and IABP (which ablates LV) leads to bet-
ter outcomes and lower mortality.

ANTITHROMBOTIC THERAPY

Since bleeding is a major complication of the
use of devices for mechanical support of hemody-
namics, refinement of anticoagulant therapy is a
key point in treatment. The balance between bleed-
ing complications and thrombosis complications is
extremely challenging, which is closely related to
mortality. Up to 80% of VA-ECMO patients have de-
vice-associated bleeding that requires blood trans-
fusion and 16% develop intracranial hemorrhage.
Anticoagulation therapy with unfractionated heparin
is the classic approach because of its short half-
life, rapid onset and end of effect, low cost, and
widespread use [9, 28]. Monitoring therapy with
unfractionated heparin is also a difficult task, with
the preferred methods being the activated partial
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TaH MEeTO[ € U3CreaBaHeTo Ha akTMBMPAHOTO napumarn-
HO TpombonnacTnHoBo Bpeme (all1TT), KOETO e LMPOKO
M3non3eaH MeToq unun Xa-aHanma, KOeTo npeacTaBns-
Ba 3MaTeH CTaHAapT 3a MOHWUTOPWHI Ha Tepanusi, HO
He e LUMPOKO pasnpocTpaHeH. HuckoMonekynspHusaT
XenapviH 1 KyMapvHOBUTE aHTUKoarynaHtu He Tpsibea
[a ce npunaraT B Te3u cryvyaun 3apagm TEXHUAT Obbr
NomnyXuBOT 1 peHarHa ekckpeuus [9, 29]. B koHTekcTa
Ha xenapuH-MHayuMpaHa TpoMOoLmMToneHns mMoxe ga
ce NPUCTBLNM KbM Apyra cTpaTerusi ¢ M3rnorn3BaHeTo Ha
OvBanupyauH, doHganapuHykc unm apratpobaH. lo-
nsiMa 4yacT OT nauMeHTUTe C OUBaNCK 3a MexaHW4Ha
NoAApbXKKa Ha xemognHaMuKaTa e MMaT HyxKga u oT
ABOWHa aHTuarperaHTHa Tepanusl, nopagu npoBeaeHa
nepkyTaHHa KOpOHapHa MHTEPBEHLMS C UMMNMaHTaums
Ha cTeHT. lNpK Te3an naumeHTn Hucka Ao3a ACMMPUH K
knonugorpen Tpsibea ga ce NpubaBaT kbM Tepanusita ¢
XenapwvH (TpoviHa aHTUTpoM6oTMyHa Tepanus) [9, 30].
JlunceaT paHOoMU3MpPaHU NpPoyYBaHMsS OTHOCHO [030-
BUSI PEXMM Ha feveHne c xenapuH. MNpenopbkute 3a
aHTukoarynaumarta npu Impella gokassart, 4e nsnons-
BaHETO Ha TepaneBTUYHW 003U MPU BCUYKW NALMEHTH,
Npy KOUTO HE € KOHCTaTUPaHO KbpPBEHE, Ca AoCTaTby-
HW, 3a ga 6baat nNpoTekTupaHu. HesaBncMmo OT Ha-
nu4YyHaTa MHopMauma 3a MOMeEHTa Han-npenopbYBaH
€ UHAMBUZYyanuanpaHuaT nogxos.

OCBOBOXAABAHE OT MEXAHUYHATA
noagaPBXKA HA XEMOAWHAMMUKATA

MHaovkaummTe 3a ocBoboxaaBaHe Ha naumMeHTa oT
MexaHn4YHaTa nogabpxka Tpsabsa ga 6baat oueHsBaHW
Ha Bcekn 24 o 48 yaca crnen MHMLMauUuMsTa Ha noa-
ApbXxKata. HAKOMKO KIMHWYHM nokasatensa morart ga
ObaaT NpeguKTopy 3a YCMeLHOTO Bb3CTaHOBSIBAHE Ha
naumMeHTa crnef nNpemaxBaHETO HA MeXxaHu4HaTa noa-
Apbxka. TakMBa NpeavKTopu ca: Bb3pacTTa Ha NauueH-
Ta, MbpBMYHATA €TUONOIUSA 1 NuncaTa UM Hann4meTo
Ha nynmoHanHa xunepTtoHus [9]. Exokapanorpadckute
nokasarenu, kato opakLus Ha U3TnackBaHe, KpaeH au-
actoneH gmametbp Ha JIK, HansraHe B nynMoHanHaTa
apTepus, CTperiH Ha NaBaTta kamepa 1 TbKaHeH gonnep,
Ca LUMPOKO U3MON3BaHn NPEAMKTOPU 3a YCNELLHOTO eKC-
nnaHTMpaHe Ha acucTupawmte gusancu. MNpy naumex-
TN, KOUTO ca B CTAbMMNHO CbCTOsAAHME, 6e3 JaHHM 3a be-
noapoBeH OTOK MM xunonepdysmsi, Ha HACKA KOHLEH-
Tpauus Ba3oONPeCOPU/MHOTPOMNKM, exokapamnorpadcku
AaHHK 3a nogobpeHa J1K doyHkums (bpakums Ha natnac-
kBaHe Ha JIK > 20-25%, nnkoBa cuCTOMNHA CKOPOCT Ha
OBWKEHWE Ha nateparnHara 4acT Ha MUTparHus aHymnyc
> 6 cm/s) No BpeMe Ha HamarneHa nogapbXka, 6es cnag
B cpegHoTo AH e npegukTop 3a ycnewHo ocBoboxaa-
BaHe oT MCS [31]. B npoyuBaHeTo cu Termuhlen et al.
n3cneaeat NPeavKTopU 3a YCMNeLHOTO eKCnnaHTMpaHe
Ha acucTupalum gusancu npu nauneHTtu cneg KL, Cro-

thromboplastin time (aPTT) assay, which is a wide-
ly used method, or Xa-analysis, which represents
the gold standard for monitoring therapy but is not
widely used. Low-molecular-weight heparin and
coumarin anticoagulants should not be used in
these cases, because of their long half-lives and
renal excretion [9, 29]. In the context of heparin-in-
duced thrombocytopenia, another strategy using
bivalirudin, fondaparinux, or argatroban may be
pursued. A large proportion of patients with devices
for mechanical hemodynamic support will also need
dual antiplatelet therapy due to percutaneous cor-
onary intervention with stent implantation. In these
patients, low-dose aspirin and clopidogrel should
be added to heparin therapy (triple antithrombotic
therapy) [9, 30]. There are no randomized trials on
heparin dose regimens. Recommendations regard-
ing anticoagulation in Impella, demonstrate that the
use of therapeutic doses in all patients in whom
bleeding is not detected is sufficient to be prosthet-
ic. Regardless of the available information, an indi-
vidualized approach is most recommended for the
time being.

WEANING FROM MECHANICAL
CIRCULATORY SUPPORT

Indications for patient discharge from mechani-
cal support should be assessed every 24 to 48 hours
after the initiation of the support. Several clinical indi-
cators may be predictors of successful patient recov-
ery after removal of the mechanical support. Such
predictors are the patient's age, primary etiology, and
the absence or presence of pulmonary hypertension
[9]. Echocardiographic parameters such as ejection
fraction, LV end-diastolic diameter, pulmonary artery
pressure, left ventricular strain, and tissue Doppler
are widely used predictors of successful explanta-
tion of assisted devices. In patients who are stable,
without evidence of pulmonary edema or hypoper-
fusion, on low vasopressor/inotrope concentrations,
echocardiographic evidence of improved LV function
(LV ejection fraction > 20-25%, peak systolic lateral
mitral anulus velocity > 6 cm/s) during reduced main-
tenance without a drop in mean BP is a predictor of
successful discharge from MCS [31]. In their study,
Termuhlen et al, investigated predictors of success-
ful explantation of assisted devices in patients after
CS. According to them, daily monitoring of on-pump
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pen TsX BCEKMOHEBHOTO MpOCreasBaHe Ha nomMneHarta
dyHKUMS Ha cbpueTo on-pump 1 off-pump e curypeH
NpegvkTop 3a YCMeLHOTO NpemMaxBaHe Ha MexaHu4Ha-
Ta nogapwbXxKa Ha xemoguHamwukarta. OpyrM MHoro cu-
rYPHU MPEeavKTopy ca: YBENMYEHMETO B MUKCMpaHaTa
BEHO3Ha caTypauusi, CbpAEYHUAT WHAOEKC, CPedHOTO
apTepuanHo HansraHe v ppakumsaTa Ha U3TracksaHe,
KaKTO 1 MOHWXEHMETO Ha HansiraHeTo B NpeacbpansTa.
Mpu 70% OT naumMeHTUTE B NPOYYBAHETO NPEMaxBaHe-
TO HA MexaHW4yHaTa NoaApbXKKa Ha XemoaMHamukaTa e
YCMeLLHO, KaTo Npw rofisiMa 4acT OT Tsx ce Habnmogasa
abnrotpanHa npexvesaemocT [32]. HannyHute nybnuka-
LM OTHOCHO EKCMIaHTUPaHETO HAa MEXaHNYHW OMBaNCU
3a nogabpiKKa ca NMMMUTUPaHK, KaTo anroputMu 1 npe-
nopbku ce BasnpaTt Ha eKCnepTHN KOHCEHCYCcH. [naBHu-
Te NPVHUMNK ca: NaUMEHTBT Aa e CTabureH CbC CpefHO
aptepuanHo HangraHe > 60-65 mm Hg Ha Hucka gosa
Ba30MpecopHa W/1nm NHOTpornHa noaapbxkka 6e3 Hanu-
yneTo Ha GenogpobeH 3acton. Hama HanmyeH obLuo-
npueT Noaxon, KOMTO Aa NoAcKaxe, Kora € NpaBuITHUAT
MOMEHT 32 eKCMnaHTaumsa Ha MexaHW4HTe aMBancu 3a
nogapwxKa Ha xemoamHamumkara [9].

3AKNIOYEHUE

HesaBucumo oT ronemusi Hanpegbk B Kapguoro-
rmata KLU octaBa ¢ HebnaronpusitTHa nporHosa. Jle-
YeHMeTo My TpsibBa Aa 3anoyHe C BEHO3HA WHAY3US
Ha KpucTanougHu pasTBOpMu, MHOTpoMu/Basonpecopu
W cnewHa peBackynapmsauusi npu nuua ¢ Muokap-
AeH nHdapkT. MexaHuyHaTta umMpkynatopHa nogapox-
Ka nma cBoeTo MAcTo npu pedpaktepeH KLU. Obnro
Bpeme |ABP e nsnonseaH npu Bcuyku crnydam Ha KLU,
[OKaTo He M3nu3aT AaHHW OT pasfvM4yHM Npoy4YBaHus,
draBopuampaL XxeMogNHaAMUYHUTE edekTn Ha apyru
nepKyTaHHW YCTPOWCTBA 3@ MeXaHW4YHa NoaapbKKa Ha
xemoanHamukaTa [23]. MHoro Bbnpocu OTHOCHO Mexa-
HWYHaTa UMpKynaTtopHa nogapbXka BCe Olle ocTaBar
©e3 otroBop. KnioyoBo B npoueca e npaBunHaTa ce-
neKkuMs Ha NauMeHTU U BPEMETO Ha MMMNaHTaums Ha
AmBaica. B MHOXecTBO npoy4yBaHus, kakto n B |ABP-
SHOCK Il peructbpa e yctaHOBeHO, Ye edBa OKOmo
50% ot nauyunenTuTe B KLU, Grxa oxmeenu 6e3 umnnax-
TMpaHeTo Ha AauBanc. CblUeBPEeMEHHO MMMInaHTupa-
HeTo Ha TakbB AmBanc B octaHanute 50% He camo
MOXe [a HAMa HUKaKbB NONOXUTErNEeH edekT, HO MOXe
[a goBede M OO0 YCIOXHEHMS, KOUTO €BEeHTyarnHo ga
pesynTtupart B netaneH uaxog [7, 11]. MNMpasunHata ce-
nekumns Ha naumeHTun 3aBucK ot banaHca mexgy edu-
KaCHOCT, ONUT Ha eKnna n yCNoXHeHnsTa, CBbp3aHn C
pas3nu4HuTe amBancu. 36opbT Ha AMBaNc Moxe Aa ce
noBrnusie CbLUO U OT BUOOBETE, KOUTO Ca HanMyHU 1Unu
ca peumbypcupaHu B cboTBeTHaTa ctpaHa [7]. Hesa-
BMCUMO OT NMncaTa Ha roremMu paHaoMmsvpaHu npo-
YYBaHNS MU3MON3BAHETO Ha MEXaHWYHa LUpKynaTtopHa

and off-pump cardiac function is a reliable predictor
for the successful removal of mechanical support de-
vices. Other very safe predictors are an increase in
mixed venous saturation, cardiac index, mean arte-
rial pressure and ejection fraction, and a decrease
in atrial pressure. In 70% of patients in the study, re-
moval of mechanical support for hemodynamics was
successful, with long-term survival observed in a
large proportion of patients [32]. The available publi-
cations on explantation of mechanical support devic-
es are limited, with algorithms and recommendations
based on expert consensus. The main principles are
- the patient should be stable with a mean arterial
pressure > 60-65 mm Hg on low dose vasopressor
and/or inotropic support without the presence of pul-
monary congestion. There is no generally accepted
approach available to suggest when the right time is
for explantation of mechanical devices for hemody-
namic support [9].

CONCLUSION

Despite significant advances in cardiology, the
prognosis for CS remains bleak. Treatment of CS
should begin with intravenous infusion of crystalloid
solutions, inotropes/vasopressors, and urgent revas-
cularization in people with myocardial infarction. Me-
chanical circulatory support has its place in refracto-
ry CS. For a long time, IABP was used in all cases
of CS until data from various studies favoring the he-
modynamic effects of other percutaneous mechani-
cal circulatory support devices came out [23]. Many
questions regarding mechanical circulatory support
remain unanswered. The key to the process is prop-
er patient selection and timing of device implanta-
tion. It has been shown in multiple studies, as well as
in the IABP-SHOCK I registry, that only about 50%
of CS patients would have survived without device
implantation. At the same time, implantation of such
a device in the remaining 50% may not only have no
positive effect, but may also lead to complications
that eventually result in lethality [7, 11]. Proper pa-
tient selection depends on a balance between effica-
cy, team experience, and complications associated
with different devices. The choice of the device may
also be influenced by the types that are available or
reimbursed in the country concerned [7]. Despite the
lack of large randomized trials, the use of mechanical
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NoAApbXKKa Ce MoBMLIaBa M NocnegHuTe MpenopbKu
Ha EBponeinckoTo ApyXecTBO MO KapAMONornst Hacbp-
YaBaT TAXHOTO M3MNOM3BaHe MNpuv CeNeKkTMpaHu naumueH-
TW, B 3aBMCMMOCT OT TsiXHaTa Bb3pacT, komopobuantert
n HeponornyHa ¢yHkumsa (Knac lla, C npenopbka).
3artoBa MMa crellHa Hyxaa OT afekBaTHO paH4oMU3K-
paHo NpoyyBaHe UM MynTUHALMOHANEeH perncTsp, 3a
Aa MOXe SICHO Aa ce geduHupart naumeHTuTe, KoUTo
LLle umMaT nomnsa OT NePKyTaHHN MeXaHW4YHU AMBaNCK 1
Kak Te aa 6baat MOHMTOPUPAHU U NIEKYBaHN BbB BCEKM
MOMEHT, ocobeHo npu Hannuueto Ha KLU [7, 9].

He e deknapupaH KOHIUKM Ha UHMepecu
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