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BBenenue. OnanM u3 HauboJIee YacTO HMCIOIB3YEMbIX METOJO0B BPEMEHHON MEXaHWYECKOW MOANEPKKH KpO-
BooOpamenus (MIIK) mpu noarotoBke u BeimonHeHnd TpaHcmantanuu cepaua (TC) sBusiercs BeHO-apTepu-
aJpHas SKCTpaKopropanbHas MmemopanHas okcureHanus (BA 9KMO) [Barth E. u coasr., 2012; Kittleson M.M.
U coaBt., 2011]. Heyano HccenoBaHus SBISUIACH OLEHKA PE3YJIBTaTHBHOCTH MPUMEHEHUS mepudepuyecKoi
BA 3KMO kak MeToa MEXaHWYEeCKOW MOJAEPKKM KPOBOOOpAIICHHS Y MOTCHUUAIBHBIX PELHUIUEHTOB Cep-
Jia, Hy)KTAIOUINXCs B HEOTIOKHOM TpaHCIUTaHTaruu. MaTepuaJjbl M1 MeTobl. B mccienoBanne BKITIOUMIN
125 moteHnmManbHbIX perunueHToB cepaua: 107 (86%) myxuun u 18 (14%) xeHuuH B Bo3pacte oT 12 g0 72
(43 + 1,2) net, koTopsIM OBLIAa ycTaHOBIIEHA cucTema nepudepuieckoil BA O9KMO B nepuoz ¢ 01.04.2011 . mo
12.08.2016 r. [Toxazanuem K Hadasy MPUMEHEHHs SIBISIIACH OBICTPOIPOrpECCUpYIOIast 3aCTOMHAs cepaeuHast
HepocrarouHocth (3CH), coorBercTByromias | wim 11 yposHto o xiraccudukamun INTERMACS. Kanromsmuio
OePEHHBIX COCY/IOB BBITIOIHSIN KaK OTKPBITHIM (XUPYPTrHYECKHIM), TaK U 3aKPHITHIM (TTyHKIIMOHHBIM ) METOJIOM.
Jiist KaHIONALMHU OePEHHOM BEHBI HCIIOIb30BAIN BeHO3HBIE KaHtonu 23 u 25 F, s kanronsun 6eapeHHon ap-
TepuH — apTepuaibHbie Kanromu 15 u 17 F. Bo Bcex HaOmoneHUAX 715 MPpOoGUIaAKTUKA UITIEMUH HIDKHEH KOHEY-
HOCTH Ha CTOPOHE KAHIOJSLWU OCIPEHHON apTeprH MPOU3BOIMIN KaTeTEPU3aHIO (OXHOMPOCBETHBIN KaTeTep
14 F) wum kartomsmro (aprepuanpaas kKaHtos 8 wiu 10 F) moBepXHOCTHOM OeIpeHHOM apTepUy B HUCXOASIIEM
(arTeporpaaHom) HanpaBieHud. Pesynbrarsl. B 100% (n = 125) HabnroaeHu ¢ meinsio nposeacaus BA DKMO
WCIIOJIh30BaHa TIepudepryecKas MeTouKa KaHwosmn. Y 69 (55,2%) manueHToB BRIPAXKEHHOCTH TPOTPECCH-
pyromeit 3CH coorBercTBoBana I yposHio, y 51 (40,8%) — II ypoBHto no knaccuukanmu INTERMACS. Bo
Bpemss BA DKMO ycpennenHast 00beMHasi CKOPOCTh SKCTPAKOPIOPAIBLHOIO KPOBOTOKA COCTaBMia OT 2,2 JI0
4,5 (3,2 £ 0,4) n/mun wiun 1,6 £ 0,2 1/MuH/M? TIpH YCPETHEHHONW CKOPOCTH 000POTOB IEHTPH(YKHOTO Hacoca
3216 £ 105 B MuH. 113 (90,4%) u3 125 noreHunanbHbix perunuentoB Obuia BeinonHeHa TC. [IponomkuTens-
Hocth npuMmeneHust BA DKMO nepen TC (n = 113) cocraBuna ot 8 1 g0 40 (7,1 £+ 2,7) cyrok: y 37 (32,7%) u3
113 nanuenToB — 110 3 cyToK, y 43 (38,1%) — ot 4 1o 7 cytok, y 21 (18,6%) — ot 8 o 14 cyrok, y 8 (7,1%) — ot
15 no 21 cytok, y 4 (3,5%) — 6onee 3 Henens. Ha done BA OKMO, ne noxus no TC, ymepno 12 (9,6%) u3
125 moTeHManbHBIX penunrueHToB (11 My»x4anH 1 1 )KeHIHHA, BO3pacT KOTOPEIX cocTaBmi oT 21 mo 63 (40 £ 4)
aet). B 2 (16,7%) u3 12 HaOMr0ACHNI NPUIMHON JIETAILHOTO UCXO/Ia SIBUJIACH CMEPTh TOJIOBHOTO MO3Ta Ha (poHe
TPOMOOAIMOOIMIECKOTO OCTPOTO HAPYIIIEHUSI MO3TOBOTO KPOBOOOparieHns. bompiras 9acte naruenTos (n = 10;
83,3%) moru6ia OT MPOrpecCUpYIONICH MOTMOPraHHOH HEIOCTATOUYHOCTH M cercuca. Y 6 u3 12 maiueHToB
HMMEIUCh KIMHUKO-MHCTPYMEHTAIbHBIC TPOSIBICHHUS OCTPOH OHOCTOPOHHEHN (N = 2) MK ABYCTOPOHHEH (n = 4)
MOJTUCETMEHTApHOW MHeBMOHNH. 3akiiioueHue. [lepudpeprnueckas BA DKMO obecnieunBaet 3 QeKTHBII MOCT
K TpaHCIIaHTanuu cepana y 90% noTeHnrnanbHbIX PEUUITHEHTOB, HYKAAIOMIMXCS B IPEATPAHCILIAHTALIMOHHOM
MIIK. CroeBpeMeHHOCTh Havasia npuMeHeHuss BA O9KMO 110 pa3BUTHs BbIpaKEHHBIX TEMOIMHAMUYECKHUX, OP-
TaHHBIX, JJIEKTPOJIUTHBIX U META00IMYECKUX HAPYIICHUH CO3JaeT MPEANOCHUIKH JUIsl YCIIEIIHOTO IPUMEHEHHUSI
MIIK y noTeHIMaNbHBIX PEIUIUEHTOB CEPALIA.
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Introduction. Venoarterial extracorporeal membrane oxygenation (VA ECMO) is one of the most widely used
methods of temporary mechanical circulatory support (MCS) during the preparation and performance of heart
transplant surgery (HT) [Barth E. et al., 2012; Kittleson M.M. et al., 2011]. Aim of this study was to assess the
effectiveness of using peripheral VA ECMO as a method of mechanical circulatory support in potential heart
transplant recipients that urgently required transplantation. Materials and methods. The study included 125
potential heart transplant recipients (107 (86%) men and 18 (14%) women) aged from 12 to 72 (43 £+ 1.2) years
with a peripheral VA ECMO system installed within the period from April 01, 2011 till August 12, 2016. The
indication for the start of its use was rapidly progressing congestive heart failure (CHF) of level 1 or 2 by the
INTERMACS scale. Femoral blood vessel cannulation was performed using both open (surgical) and closed
(puncture) methods. 23 and 25 F venous cannulae were utilized for femoral vein cannulation, and 15 and 17 F
arterial cannulae were utilized for femoral artery cannulation. In all cases superficial femoral artery catheteri-
zation (14 F single-lumen catheter) or cannulation (8 or 10 F arterial cannula) was performed in the descending
(anterograde) direction for the prevention of lower limb ischemia on the side of the femoral artery cannulation.
Results. The peripheral cannulation method was used to perform VA ECMO in 100% (n = 125) observations. In
69 (55.2%) patients the severity of progressive CHF corresponded to INTERMACS level 1; in 51 (40.8%) cases
it corresponded to INTERMACS level 2. During VA ECMO the average volumetric extracorporeal circulation
flow rate ranged from 2.2 to 4.5 (3.2 + 0.4 I/min) or 1.6 & 0.2 1/min/m? with the average rotation speed of the
centrifugal pump of 3.216 = 105 rpm. 113 (90.4%) of 125 potential recipients underwent HT. The duration of
VA ECMO prior to HT (n = 113) was from 8 hours to 40 (7.1 + 2.7) days: in 37 (32.7%) of 113 patients — up to
3 days, in 43 (38.1%) cases — from 4 to 7 days, in 21 (18.6%) cases — from 8 to 14 days, in 8 (7.1%) cases from
15 to 21 days, in 4 (3.5%) cases — more than 3 weeks. In the course of VA ECMO, 12 (9.6%) of 125 potential re-
cipients (11 men and 1 women aged from 21 to 63 (40 + 4) died before they could receive HT. In 2 (16.7%) of 12
cases the cause of death was brain death associated with a thromboembolic cerebrovascular event. The majority
of patients (n = 10; 83.3%) died of progressive multiple organ failure and sepsis. 6 of 12 patients showed clinical
and instrumental signs of acute unilateral (n = 2) or bilateral (n = 4) polysegmental pneumonia. Conclusion.
Peripheral VA ECMO provides a successful bridge to heart transplant procedure in 90% of potential recipients
who need pre-transplant MCS. The timely initiation of VA ECMO before the development of pronounced he-
modynamic, organ, electrolyte and metabolic disorders creates the conditions for a successful use of MCS in
potential heart transplant recipients.

Key words: heart transplant, mechanical circulatory support, ECMO.

BBEAEHUE TEJIBHOIO KPOBOOOPAIIICHUSI CTAHOBUTCS CIUHCTBECHHO
BO3MOXHBIM CIIOCOOOM JKM3HEOOECIIeUeHUsI Ha dTare
oxumanus TC [3].

B mocnennme roapl BHEIpEHHE WMILUTAHTHPYEMBIX
cucteM JeBoxenymoukoBoro oboxoma (JDKO) cymec-
TBEHHBIM 00pa30M M3MEHWJIO TOJXOAbl K IMPUMEHE-
MOYKHOCTH CBOEBPEMEHHOTO BBITIOIHEHUS ONEPAMH  yyyy BCrOMOTATENBHONO KPOBOOOPALLEH S KaK METO/a
BCEM HALUEHTAM, HYXKIAI0IUMCA B IIEPECANKE CEPALA,  mpenTpaHCIUIAHTAIIMOHHOW MEXaHMYECKON TOIICPKKI
OTPaHMYHMBAIOTCS HEIOCTATKOM JIOHOPCKUX ceprel [2].  kposooGparmenns (MIIK), Mo3BOJIMB MHOTHM MaIMEH-
B cnoxuBuieiics curyanuu JgedunuMra IOHOPCKUX — TaM Jokuaarbess TC B cTaOMIBHOM KIMHHYECKOM CO-
OpraHoOB MPHUMEHEHHE Pa3IMYHBIX CHCTEM BCIIOMOTa-  CTOsHUHM [4, 5]. BpDKMBaeMOCTh IIALIUEHTOB C UMILIAH-

Tpancmmanranus cepana (TC) Ha ceromHsIHMIA
JIeHb — €MHCTBEHHBIA A()()EKTUBHBIA METOH JICUCHUS
OONBHBIX C TEPMUHATILHOM, MITM HEOOPaTUMOM, 3aCTOM-
HOW cepaeuyHoi HemoctarouHocthio (3CH) [1]. Bos-
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tupyembiMu cucteMamu JODKO Bbicoka M cocraBisieT
80% (1 rom) u 70% (2 rona) [5]. OnHako npuUMeHEeHNE
nMImIanTupyembix cucteM JDKO He y Bcex mamumeHToB
conpoBokaaeTcsi 3PHEKTUBHON KOPPEKIMEH TeMOJIu-
HAMHUYECKHX W OpPTaHHBIX pacctpoiicTB. [lpu OuBeH-
TpukynspHoM Bapuante 3CH wucnons3oBanme JIXKO
COMPOBOXKJIAETCS XYAIIUMH KIMHUYECKUMHU pE3yibTa-
TaMH, YTO CBS3aHO C HEOOXOAWMOCTHIO JUTHTEIHHOMN
MEIMKaMEHTO3HOW W/WJIM MEXaHMYECKOW KOPPEKIUH
MPaBOXKETYI0UYKOBOH AUCHYHKLIUH, C Pa3BUTHEM TIOJIU-
OpTraHHBIX HapylIeHWH Ha (hOHE HEeJOCTATOYHOU Mpo-
n3poautenpbHocTi JOKO M CHMIKEHHOTO CHCTEMHOIO
KpOBOTOKa [6, 7].

Kpome Toro, mpuMmeHeHHe MMILTAHTHPYEMBIX CHC-
teMm JIDKO comnpsi>keHO ¢ MOBBIIIEHHBIM PUCKOM TPOM-
005MO0IMYECKIX, TEMOPParnuecKux, NHPEKINOHHBIX
U Ipyrux ocnoxHeHnd [8, 9]. Bricokas cTtomMocCTb
camux cucteM JDKO, a Taxke jie4eHHUs U BEICHUS
(Kypauuu) nanueHToB sBIsieTcs (pakTopoM, OrpaHUuyu-
BaOIIMM IIUPOKOE BHEAPEHUE JAHHOTO METOJA BCIIO-
MOTaTeJIbHOTO KPOBOOOpAILIEHHS HE TOJIBKO B CTpaHax
C OTpaHMYEHHBIMHU OIOKETHBIMU BO3MOKHOCTSAMH, HO
M C BBICOKUM YpOBHEM (PMHAHCHUPOBAHHS 37paBOOXpa-
Henus [10].

ATNBTEpHATUBHBIM TOJIXOJIOM K JICYEHHIO IalreH-
TOB ¢ TepMuHainbHOM 3CH cTano npuMeHeHue cucrem
HenpoaokuTeNnsHON (Bpemennoit) MIIK mis moctu-
KEHHs OBICTPON KOPPEKIIMH PACCTPOHCTB CHCTEMHOM
TEMOJUHAMUKH U CO3JIaHUsI KIMHUYECKUX U OpraHu3a-
[IMOHHBIX YCIOBUH Jis1 BRIMOMHEHUST HeoTnoxkHOoU TC
[11]. Hamapii moaxod B OpPTaHHW3AIlMU JICUCHUS TEp-
MuHanesHOM 3CH mo3BONISIET HE TOJNBKO COXPAHUTH
JKU3HB TOTEHIMANBHBIM PELUITUEHTaM CepAla, HO U
yay4ammTh AoctymHOcTh TC [12]. Omaum u3 Hanbonee
9acTO MCIOJb3yeMbIX MeTo0B BpeMeHHoil MIIK mpu
noArotoBke 1 BeimosHeHnH TC sBNseTCS BEHO-apTepH-
aJbHAsg JKCTpaKoOpIopajdbHas MeMOpaHHas OKCHUTEHa-
nus (BA OKMO) [11, 13].

Hauyunas ¢ 2011 . B8 ®I'BY «D®HITHUO um. ak.
B.U. IllymakoBay MunsnpaBa Poccuu nepudepuyec-
kast BA OKMO crana mpuMeHSIThCS B Ka4eCTBE BEILy-
1IEro MeTo/1a npearpanciiantaimonHo MITK.

Hennro nccneqoBaHus sBUIAch OLIEHKA pe3yJbTa-
TUBHOCTH TIpUMeHeHus nepudepnieckoii BA 9KMO
KaK MeToJla MEXaHMUECKOU MOIIePKKH KpoBooOparle-
HUS y MOTEHIIMAJIBHBIX PELMITHEHTOB CepALa, HYK/ato-
LIMXCSl B HEOTJIO0KHOM TpaHCIUIaHTALUH.

MATEPUAABI U METOADI

B wuccnenoBanne BkIrOUMIM 125 MOTEHIMANIBHBIX
perunuentoB cepana: 107 (86%) myxuun u 18 (14%)
KEHIIMH B Bo3pacte oT 12 no 72 (43 + 1,2) nert, koTo-
pBIM ObLITa yCTaHOBJICHA CHicTeMa reprudepudeckoit BA
OKMO B nepuog ¢ 01.04.2011 . mo 12.08.2016 r. Oc-

HOBHBIMH 3360HeBaHI/I$IMI/I, MMPpUBEAIINMHU K PA3BUTUIO
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tepmuHanbHo 3CH, SBUINCH: nuIaTalMoHHAs Kap-
nmuomuoratus (n = 82; 65%), umemuyeckasi 60J1e3Hb
cepaua (n=31; 25,8%), peCTpUKTHBHAS KapAHMOMHUOIIA-
tus (n = 1; 0,8%), runeprpoduueckas KapaIuOMHONa-
tas (n = 1; 0,8%), mepunapranbHas KapIAOMHUOTIATH
(n = 3; 2,4%), BpoxkaeHHAs 1 IpHOOpETeHHAs MaToJIO-
TUs KJIAMaHHoro ammapara cepana (n = 3; 2,4%), nuc-
byHKIMS cepaedHoro TpaHcmanrara (n = 4; 3,8%).

11 (8,8%) manneHTOB paHee NEPEHECTH pa3IuyHble
OTEpaTHBHbIC BMEIIATEIbCTBA HA OTKPBITOWH TPYIHOM
KIIETKE ¥ TIOJIOCTH TepUKap/a; mpsmasi peBacKyIspu3a-
st Muokapaa (n = 2; 1,6%), npore3upoBaHue/ac-
THKa OTHOTO WJIM HECKONBKHX KIAmaHoB cepana (n =
5; 4,0%), mepBUYHAS TpaHCIUTAHTANKs cepamna (n = 4;
3,2%).

ConyTCcTBYIOIIEH TaTOJOTHEH Y 00CIeTI0BaHHBIX
MAIMESHTOB SIBISUINCH: caxapHbid auader (n = 2; 1,6%),
uepedpoBackynsipras naronorust (n = 3; 2,4%), nepe-
HECEHHOE OCTPOEe HapyIIeHHe MO3TOBOTO KpOBOOOpa-
menns (n = 3; 2,4%), nepeHecenHas TpoMO0IMOOIHs
nerouHo# aptepuu (n = 4; 3,2%), muoguctpodust dme-
pu—/peiidyca (myranms c¢.del619C B 6-M sK30HE reHa
EMD) (n = 1; 0,8%).

Bricokasi mpeATpaHCIUIaHTALMOHHAS JIETOYHAasl TH-
nepTeH3us (TPaHCIyJbMOHAIBHBIA I'paaueHT Oolee
15 MM PT. CT. W/HIHM JIETOYHOE COCYIUCTOE COIPOTHB-
nenne 6oiee 4 en. Byna) 6pi1a BeisiBiena 'y 27 (21,6%)
MOTEHIUAIBHBIX PEIUITHEHTOB CEepIIa.

[Nokazanuem K Haualmy NMPUMEHEHHS SBUJIACH ObIC-
Tponporpeccupyromas 3CH, coorBercTBytomas [ wiu
I yposHro o knaccudpukaunu INTERMACS. Oco6bim
nokaszanuem kK npuMmenenuro BA OKMO cuuranu xus3-
HECOXpaHEHHUe TP IPOBEIACHUH CEpPJeYHO-IETOTHOMN
peaHnMaIuu.

V 4 (3,2%) namuentoB niepen BA DKMO B xauec-
TBE METOJ]a MEXaHUYECKON MOAJEPKKH KpoBOoOpare-
HUs OblIa UCTOJIb30BaHA BHYTpHAOpTalbHas OajioH-
Hast kouTprynbcanust (BABK).

8 (4,8%) ManMeHTOB HYXJAJINUCh B MPOBEICHUH HC-
kyccrBerHoi (MBJI) (n = 6) uiu BcrioMorarenbHOM He-
WHBa3UBHOM BEHTHIIAINH JIETKUX (n = 2).

Kantonsimuro OeIpeHHBIX COCY/IOB BBIMTONHSITH KaK
OTKPBITHIM (XUPYPTHUECKUM), TaK U 3aKPBITHIM (ITyHK-
UOHHBIM) MeTo/1oM. J{11s1 KaHIoNIs K OeIpEeHHOMN BEHBbI
HCITOJb30BaIN BEHO3HbIe KaHIomu 23 u 25 F, 1 kaHro-
TSUH OCPEHHOW apTepuu — apTepHalibHble KaHFOIU
15 u 17 F. Bo Bcex HaOmroneHUIX 17151 TPOMUIAKTHKI
WIIEMHUY HWKHEW KOHEYHOCTH Ha CTOPOHE KAHFOJSIIUN
OepeHHON apTepuy TPOM3BOIWIN KaTeTePHU3AIHIO
(omHompocBeTHbIN Karetep 14 F) wim kaHronsauumio
(aprepuanbnas kanwonsg 8 win 10 F) moBepxHOCTHOU
OeZpeHHOH apTepuu B HUCXOIAIIEM (aHTEPOrpaJHOM)
HanpasieHuu (puc. 1).

l'mmoxkoarymsiuro Bo Bpemsi BA DKMO obGecnieun-
BaJIM HETIPEPHIBHON MH(Y31eH HePpaKIIMOHUPOBAHHO-
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OIHOIIPOCBETHBIH KaTreTep lﬁ. G
(nepdy3us HIKHEN KOHEYHOCTH) |

Puc. 1. UpeckoxHas TyHKIMOHHAS KaHIOIALUS COCYIOB
HIDKHEH KOHEYHOCTH TIpH TiepuepryuecKoil BeHO-apTepH-
aITBbHOM AKCTPAKOPIIOPATLHON MEMOPAHHON OKCUTCHAIINN

ro rerapuHa, NoAACpKHUBass aKTUBHUPOBAHHOC BpPEMS
CBepThIBaHMA KpoBH Ha yposHe 130-150 c.

basucHasi MeKaMEHTO3HAasI Teparus MOTCHIINATb-
HBIX PELUIMEHTOB Cep/lla BKIIOUaia Ha3HaYCHUE Tac-
TPONPOTEKTUBHBIX, AHTUMHUKPOOHBIX, TUYPETHUCCKUX,
KapaAUOTOHNYECKUX W Ba30aKTHBHBIX (Ba30,ZII/UIaTaTO-
PBI, Ba30MPECCOPbI) Ipenaparos.

Jlns paspelieHust oTeka JITKHX, Pa3BUBIIETOCS Ha
¢done BA DKMO y nanueHToB ¢ 00bEMHOI Teperpys-
KOM JICBBIX OTJICJIOB CEP/Illa, PE3UCTCHTHOW K ME/IMKa-
MEHTO3HOH KOPpEKIHHU (KapJMOTOHWUYECKasi Teparus,
JeTuApaTalMoOHHas Tepamnus), HCIOIb30BaJIM upec-
KO)KHOE TpaHc(heMopaabHOEe JIPEHUPOBAHUE JIEBOTO
npeAcepaust 4uepe3 MeKIpeACepIHYI0 IEPEeropoaKy 10~
TTOJTHUTEIHLHONM BeHO3HOU KaHronel (15 wim 17 F) wim
OTKPBITOE JIPEHUPOBAHUE TMOJIOCTH JIEBOTO JKEITyI0UKa
U3 JIEBOTO TOPAKOTOMHOTO J0CTyTa (puc. 2).

CrarucTudeckyio o0paboTKy pe3yabTaToB HCCIEH0-
BaHMS OCYLIECTBIISUIN C TOMOIIBIO TPOrPAMMHOTO MPO-
nykra IBM SPSS Bepcus 20.0.

PE3YADBTATHI

B 100% (n = 125) nHaOnroneHuii ¢ HEIbIO TPOBE-
neanss BA ODKMO kak metoma mpeATpaHCIDIaHTaIT|-
OHHOWM MEXaHWYECKOW MOIJIEPKKH KPOBOOOpPAIICHUS
y TOTEHIHATBHBIX PEUUITUEHTOB CepAlla HCIIOIb30-
BaHa Tepudeprudeckas METOAUKa KaHIomAuu. Y 69
(55,2%) manueHTOB BBIPAXKEHHOCTH MPOTIPECCUPYIO-
mieit 3CH cootBerctBoBana I yposato INTERMACS,
y 51 (40,8%) — II ypoBHIO TO KiIaccupuKanuu
INTERMACS. B 5 (4,0%) nadmonernsx BA DKMO
WCIIOJH30BAIIM KaK METOJ| CepJIeYHO-JIETOYHON peaHu-
Manuu. B 3tux HabmoneHusx nepudepudecKyro KaHio-
JISUIO OCYIIECTBISLIN Ha oHE pyyHOH (n = 1) mim Me-
xaHn4yeckol (ammapar Autopulse; n = 4) kommnpeccuu
TpyaHOH KiIeTku (puc. 3).

Puc. 2. UpeckoxHoe TpaHcheMopalibHOE NPEHUPOBAHUE Jie-
BOT'O IIpeJicepinst IpH TepudepruuecKoil BEeHO-apTepHaTbHON
9KCTPAKOPIIOPAILHON MEMOPaHHOM OKCUTeHAIIN

V 123 nauMeHToB KaHIONALUSA ObLIa BBIIOJHEHA B
YCIIOBUSIX MHOTOKOMITOHEHTHOW CcOalaHCUpOBaHHOMN
aHecte3uu (mporodoi, PeHTaHnI, POKYPOHHUS OpOMUI,
ceBo(mopan) u VBJI yepe3 nHTYOAaIMOHHYIO TPYOKY.
B 2 nabmroneHUsIX KaHIOIAINAIO TTPOU3BOIMINA Ha (OHE
COXPaHHOTO CaMOCTOSITEIILHOTO JIBIXaHUS B YCIIOBHUSX
JIOKJIbHOTO 00€300JIMBaHUsI ¥ BHYTPUBEHHOW aHECTe-
3un (porodon).

VY 29 (23,2%) noTeHIMATBHBIX PEIUIIHUCHTOB MPH-
MEHWIN OTKPBITYIO (XHpPyprudeckyo), y 96 (76,8%) —
MYHKIIMOHHYIO (UpECKOKHYI0) MeTonuky. B 93 (74,4%)
HaOMIONEHUSIX JJIS1 KAaHFOJISIIIUK UCTIONB30Bal Oe/lpeH-
HBIE COCY/IbI OHOHN HOTH, B 32 (25,6%) — 00enx HOT.
B GonpimHcTBe HaOmonenuit (n = 117; 93,6%) npore-
JIypPy KaHIOJISILIMK BBITIOJHSIIN B YCJIOBHUSX OTEPAI[HOH-

Puc. 3. Ilepudepnueckas BA DKMO mpu cepiedHo-1erod-
HOIl peaHHMaluM y NOTEHIUAJIbHBIX PELUIUECHTOB Cepiua
(kmuHIYeCcKoe HAOTIOEHNE )
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HOM, y 8 (6,4%) nmanuentoB — B ycnoBusix OPUT, uro
OBLIO OOYCJIOBJICHO YPIeHTHOCTHIO Hayaya MpUMEHe-
HUSI BCIIOMOTATEIbHOTO KpoBooOpameHus. Y 5 (4,0%)
MOTEHITHABHBIX PEIUINEHTOB KaHIOMAIUIO Tepude-
PHUECKUX COCYIOB OCYHIECTBIISIIM HA ()OHE MPOBOAM-
MO CepJIeYHO-JICTOYHON peaHUMAIIUH.

TexHuueckne CIOKHOCTH MPH ITyHKIIMOHHON METO-
JINKe KAHIOMAIINY BO3HUKIN B 4 (3,2%) HaONIONEHUIX
1 OBUTH CBSI3aHBI C TPYJIHOCTBIO YPECKOKHOTO TPOBE-
JICHUS apTepUabHON KaHIONU. Y 2 TAIllMeHTOB B CBSI3U
C PHCKOM BO3HHKHOBEHUS OCIIOXXHEHHI JaibHEUIIast
TMIOTIBITKA TTOCTAHOBKH apTepHUajbHONW KAaHIONU Oblia
MIPUOCTAHOBJICHA W MPOW3BECHA KAHIOMAIUS OeapeH-
HOH apTepuy KOHTpJIaTepaabHOM KOHEUHOCTH. Bo Beex
HAOJIONIEHUSIX HE3aBUCUMO OT METOAWMKH KAHFOJSIIUN
(OTKPBITOH WM YPECKOKHOW) OCYIIECTBISUIA KaTe-
TepPU3ANNI0 TMOBEPXHOCTHON OCApEeHHOHN apTepuu IS
nepdy3uu U NpoPUITAKTUKE UINEMHH HIKHEH KOHEY-
HOCTH. Y 4 TIAIIMEHTOB B CBSI3U C PUCKOM BBITOTHEHHSI
MTyHKITMOHHOW KaHFOJISIINH U3-32 BHYTPEHHETO JTHaMeT-
pa 6empeHHON apTepuu <5 MM IIPOU3BEIN KAHIOJSAIIHIO
4yepes3 XUPYPrudecKkuil 10CTyIl.

[Ipu OTKpBITOI METOJMKE KAHIOJSIMH TPOIOJIAKH-
TEIBHOCTh BPEMEHHOTO HWHTEpBaja MEXIy KOKHBIM
paspesom m Hagamiom BA OKMO cocraBmima 86 +
12 mun u 6puta Oonpire (p < 0,05), yeMm TPOTOIKH-
TEJILHOCTh MHTepBaa (46 £ 8§ MUH) MeXIy MyHKIHEH
Oeapennoro cocyna u Hadanom BA DKMO npu upec-
KOYKHOM (ITyHKIIMOHHOW ) METOIUKE KaHFOJISITHH.

Y Gonbieit yactu nanueHToB (n = 97; 77,6%) npo-
JIOJDKUTENIBHOCTE nocneonepanuonHoi MBJI He mpe-
BbIciia | 9 (aKTUBU3AlMS HA ONEPALIMOHHOM CTOJIE), Y
18 (14,4%) cocraBuna ot 1 10 24 4, y 10 (8,0%) — 60-
nee 1 cyrok BJL. V 5 (4,0%) manueHTOB ¢ IPOTHO3U-
pyemoii mimutensHoi UBJI (Gonee 5 cyToK) BBITIOTHIIN
ITyHKIIUOHHYIO TPAaXEOCTOMHIO.

Bo Bpemst BA DKMO ycpennennasi o0beMHast CKo-
POCTB 3KCTPAKOPIIOPATHLHOIO KPOBOTOKA COCTABUIIA OT
2,2 10 4,5 (3,2+0,4) n/mun wwm 1,6 £ 0,2 1/mMmun/M? ipu
YCpEeIHEHHOM CKOPOCTH 000POTOB IEHTPU(YKHOTO Ha-
coca 3216 + 105 B muH. [l momaep:kanus 0CTaTod-
HOW HAaCOCHOW ()YHKIIMM M CUCTEMHOU T'eMOUHAMHKHI
CcOOCTBEHHOTO Cep/lla NCIOIB30BAIN CIIEAYIOUIIE Kap-
MUOTOHWYECKHE TIperaparsl: monamMuH (n = 66; 3,8 +
0,4 Mkr/kr/mMuH), nodytamuH (n = 39; 4,1 £ 0,6 MKr/kr/
MUH), JjonamMuH U 1ooytamuH (n = 20; 7,4 £ 0,9 Mxr/kr/
MUH). Y 5 (4%) MOTeHIIMATBHBIX PEIUITUEHTOB TIpUMe-
HUIH nHQY3Huo anapeHanwaa (27 £ 7 Hr/kr/muH), y 57
(45,6%) — mHOAMIIaTAaTOpA JIEBOCUMEHIaHA.

Jlnst CHYDKEHUS TOBBIIICHHOTO YPOBHSI CPEIIHETO
A]l (6onee 90 MM pr. ct.) y 21 (16,8%) namnuenTa uc-
MONTb30BAJIM BHYTPHBEHHOE BBeJeHHE Nepudepmye-
CKHX Ba30[MJIaTaTOPOB — HUTPOCOPOUANNHUTpATA (N =
13) u HuTponpyccuaa Hatpus (n = 8).

B 3amectutenbHOil mOYEUHOH Tepamuu Hy>XIaJIcs
21 (16,8%) moTeHNMATBHBIN PEIUITHEHT B CBS3H C He-
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00XOMMOCTBIO YCTPAHEHUS THUIIEPBOJIEMUN M THIIEp-
THIpATallii, KOPPEKIUH METabOIMYECKUX, 3JIEKTPO-
JUTHBIX W/WIW TOJTMOPTaHHBIX HapylIeHWH. Benymmm
METOJOM 3aMECTUTEIbHON MOYeYHOH Tepamuu Oblia
HETpepbIBHAS BEHO-BEHO3HAS reMOQUIBTpaLusl.

B cBsi3u ¢ HeApDEKTUBHOCTEIO JTIe4eOHBIX Mep (Kap-
JMOTOHWYecKas Tepanist, tuypeTtuku, 31T, HennBaznus-
Hasl WJIM MHBa3UBHASI BEHTWIISIUS JICTKHUX ), HAIIPaBJICH-
HBIX Ha 00bEMHYIO Pa3rpy3Ky JIEBBIX OT/IEIOB cep/ia 1
paspelneHue oTeka Jerkux, y 31 (24,8%) nanuenra Bol-
TIOJTHUJIA YPECKOKHOE TpaHc(eMopalbHOe JPEeHUPOBa-
HUE JIEBOTO MPEICEPIUs C TOMOIIBIO TOMOJIHUTENBHON
BeHo3HOU KaHromu (15 wim 17 F), mpoBeneHHO# yepes
MeXIIpecepanyo neperopoaky. B 5 (4,0%) nabmrome-
HUSAX OBLIO BHITTOIIHEHO OTKPBITOE IPEHUPOBAHHUE JIEBO-
ro JKemyjaouka. Bo Bcex ciydasix akTHBHOE JJPEHHUPOBa-
HUE TIOJIOCTH JICBOTO MpeACepaust / JIEBOTO JKEIyI0uKa
npuBeno K cHmwkeHnro (p < 0,05) 3aKIMHHBAIOIIETO
nasneHus meroanoit aprepun (3AJIA) (¢ 31 £3 mo 14 +
4 MM PT. CT.), CPETHETO TABJICHUS JIETOYHOU apTepHH
(41 £ 4 o 28 = 6 MM PT. CT.) ¥ KIIMHUYECKOMY, PEHTTe-
HOJIOTHYECKOMY pa3pelieHuIo OTeKa JIETKUX.

OCHOBHBIM OCIIO)KHEHHEM IpH XHUPYPrUUECKON
METOJUKE KaHIOJISLUK SIBUJIOCH KpoBoTeueHue — y 10
(34,4%) u3 29 nOTEeHIIMATBHBIX PEIUITUEHTOB — U3 MEC-
Ta MOCTAaHOBKH apTEepPHAbHONW KaHIONH, 9TO TOTpedo-
BaJIO TOBTOPHOW OTKPBITOM PEBU3UM OMNEPALTMOHHOM
paHbl U HAJOKEHUS JTOTIOTHUTENBHBIX TeMOCTaTHIeC-
KHX IIIBOB Ha CTEHKY OejjpeHHoi aptepun. Y 22 (22,9%)
13 96 ManueHToB, y KOTOPBIX MPUMEHHUITH YPECKOKHYIO
MYHKUMOHHYIO METOJHMKY KaHIOJSLWH, IPOU3BEIN Ha-
JIOKEHUE JIONOJTHUTEIBHOTO TePMETH3IUPYIOIIETO KOXK-
HOTO KMCETHOTO IIBAa: BOKPYT apTepuajbHON KaHIOIH
(n = 16), BeHO3HOH KaHIOMHM (N = 4), apTepruaIbHON U
BEHO3HOH KaHIOMNh (n = 2).

B 10 (8,0%) naOGironeHusXx ObLI0O OTMEUEHO Pa3BH-
THE BHYTPUCOCYINUCTOTO F'eMOJIM3a C YPOBHEM CBOOO/I-
Horo remoritoonnHa 6omee 100 Mr% (312 + 105 mr%),
4To norpedosano nposeaeHus 1-5 (2,3 +0,7) ceancos
razmadepesa. B 3 ciydasx ycTaHOBICHHON MPUYHHOM
BHYTPUCOCYUCTOTO TEMOJIH3a SIBUJICS TPOMOO3 TOJIOB-
KM TEHTPU(YKHOTO HACOCA, MPEKPATUBIINNCS TOCTe
ee 3aMeHbl. Y 2 manueHToB ucnons3oBanne BA OKMO
OBLIO MPEKPAIIEHO B CBSI3U C MEPCUCTHPYIOIINM TeMO-
nu3oM (6omee 200 mr%). B o0oux HaOmIOACHHSIX TAIH-
eHTam Obuta BoimonHeHa TC Ha 2-¢ U 4-e CyTKH 1oce
npekpamienus BA OKMO. [lo TC nauueHTsl npoaod-
»kanu HaxoauThesa B OPUT, juis moanepxaHust cuctem-
HOW TeMOJAWHAMHUK{ HCIOIh30BaHA KapIUTOHUYECKAs
Tepanus J0naMuHOM (6—8 MKI/KT/MUH).

CpenHetsikenas U TshKenast TpPOMOOIUTONIEHHS (Me-
Hee 50 x 10°/1) 6bita BesiBIeHa y 19 (15,2%) nanu-
€HTOB, YTO MOTpPeboBaNo TpaHCHY3UH TPOMOOMACCHI.
KonmuaectBo 1103 TpomMOOMaccel Ha OAHOTO IMalMeHTa
cocTtaBmio 2,3 + 0,4 1035l.
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3aMeHy MeMOpaHHOTO OKCHUTEHATOpa B CBSI3U C Ha-
pYLICHHEM ero ra3000MeHHOH (DyHKIIMH TIPOU3BENHN Y 4
(3,2%) narmmenToB Ha 12-25-¢ (18,8 + 2,7) cyTku.

TC Obina BemmonHena 113 (90,4%) u3 125 norenum-
anpHBIX perunmueHToB. Y 109 u3 113 manueHToB mpo-
nomkurensHocTe BA OKMO onpenensack cpokom
OKUJIaHUSl TOHOPCKOTO cepaua. Y 4 MalueHTOB BbI-
nosrHeHre TC OBIIIO OTCPOYECHO O MOMEHTA CTOMKOU
CTAOMIM3aIK KIMHUYECKOTO COCTOSIHUSL U perpecca
nojiopranHoi  aucyHkiuu. [IpojomKUTEIbHOCTD
npumeHenuss BA 9KMO nepen TC (n = 113) cocra-
Buna ot 8 1 g0 40 (7,1 £ 2,7) cyrok: y 37 (32,7%) u3
113 manuenToB — 10 3 cyTok, y 43 (38,1%) — ot 4 1o
7 cytok, y 21 (18,6%) — ot 8 no 14 cytok, y 8 (7,1%) —
ot 15 1o 21 cytok, y 4 (3,5%) — Gonee 3 Henens.

Ha ¢pone BA DKMO, ne noxwus g0 TC, ymepno 12
(9,6%) m3 125 moTeHIIMaNbHBIX PEIUTHEHTOB — 11 MyX-
9UH U | KEHIHMHA, BO3PACT KOTOPBIX COCTaBUI OT 21 110
63 (40 = 4) ner. B 2 (16,7%) u3 12 HaOmroneHuit mpu-
YUHOH JIETAJIHHOTO MCXO0/a IBUIIOCH TpOMO0IMOoIHye-
CKO€ OCTpPO€ HapyIIeHHE MO3TOBOTO KPOBOOOPAIIIEHHS.
Bonbmas gacte manuenTos (n = 10; 83,3%) norubiia ot
NPOrPEeCcCUpPYIOIEH MOIMOPTaHHOH HEIO0CTaTOYHOCTH
u cerncuca. Y 6 u3 12 mauueHTOB UMEIUCH KIMHUKO-
WHCTPYMEHTAJIBHBIE TIPOSIBIIEHUST OCTPOH OTHOCTOPOH-
Hel (n = 2) win 1BycTopoHHEH (n = 4) mojrcerMeHTap-
Hoit mueBMonuu. [lepen nauanmom BA DKMO ymepine
nanueHTs uMenn oonee BeipaxenHsie (p < 0,05) mpo-
SIBIICHUS. HApyUICHUM CUCTEMHON reMOAMHAMUKHU, Op-
raHHON (DYHKIIMH, JJIEKTPOJIUTHBIX U META00IMUYECKUX
paccTpoicTB MO CPAaBHEHHIO C MAllMEHTaMH C yCIelll-
HbIM «MocToMm» K TC (Tab.).

OBCYXAEHMUE

Poct uncna manuenTos ¢ TepmuHanbHo 3CH MHO-
rokparHo yBenunawi norpedHocts B TC [14]. Ongnako B
MoCIIeIHEe BpeMs 3a pyOeKOM OTMEJaeTCsl CTarHaIlvs
pocta exerofaHo BeimonHAeMbIX TC, 4To CBsI3aHO C OT-
CYTCTBHEM JIOJDKHOTO YBEIHUYCHHS YHCIIA CEPICUHBIX
JnoHopoB [15]. B crnoxuBmIMXCS yCHOBUSX AeduIHTa
JIOHOPCKHMX OPTaHOB NMPHMEHEHUE PA3IUYHBIX CHCTEM
MIIK ocraercsi mopod €IWHCTBEHHBIM BO3MOXKHBIM
CcrocoOOM KHM3HECOXPAHECHUsS Ha JTale OXUIaHUS
TC [16]. Ilo gannbm peructpa ISHLT (2015 1), npu-
omsurensHo 50% TC BbIMONHSAETCS y PELUIUEHTOB C
npenrpanciuianranuonaoit MIIK [17].

CyIIecTBYIOT pa3TUdIHbIC MOXOABI K BBIOOPY OITH-
MaJbHOTO METOoAa mpenaTpancimianTainuonHoi MIIK B
3aBUCUMOCTH OT THUIIA PACCTPONCTB CUCTEMHOH remMo-
JMUHAMHKH, TSDKECTH KIIMHUYECKOTO COCTOSIHUS TIallv-
€HTa, IePCIICKTUBHOCTH BBITIOHEHUST HEOTIOKHOM HITH
orcpouennoit TC u T. m. [18]. B xauecTBe mexaHnude-
ckoro Mocta K TC ncnonb3yroTcst yCTpoHUCTBa Kak He-
MPOIOIDKUTENHFHOM, Tak u JumTenbHoi MIIK (puc. 4).

Brenpenue B KIMHWYECKYIO TPAKTUKY UMILIAHTH-
PYEMBIX CHUCTEM JIeBOXKeynoukoBoro ooxoxa (JIDKO)
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Tabmnma

ITapamerpbl CHCTEMHOM IeMOAUHAMUKH,
OMOXMMHYECKOro, 3JIEKTPOJINTHOIO,
KHCJIOTHO-OCHOBHOI'0 COCTABA KPOBH

nepes Ha4yaJa0M MeXaHH4YeCKOH MoAep:KKU
KPOB0OOOpaleHHs Y NAIMEHTOB C Pa3JIMYHbIM
ucxogoM BA OKMO

Ymepuive | YeneumHbii
Moxasarens Ha (oHe «MOCT
BA B3KMO k TC
(n=12) (n=113)
LB/, MM pT. cT. 26+ 4 18+3
3UTA, MM pT. CT. 36+6 28 £2
CU, n/mun/m? 1,3+0,2 1,9+£0,2%
Jlonamun/mo0yTamMuH, 8.740.7 5.0+ 03
MKI/KT/MHH
KpearrHuH KpOBH, MKMOJIB/JI 146 + 13 112 + 8*
MoueBrHa, MMOJIB/JT 19+2 12+3
006. OuMpyONH, MKMOJIB/IT 89+9 56 + 4*
AJIT, en./n 368 + 56 85+ 11*
ACT, en./n 376 + 45 71+ 12%
MHO, MeXIyH. IIMHALIBI 3,1+0,3 1,7+0,2%
AnbOyMUH KPOBH, T/J1 23+2 32 4+ 3*
Harpuit kpoBu, MMOJIB/JT 124 +3 133 + 4*
pH aprepuanbHOl KpoBU 7,31 +£0,01 | 7,34+ 0,01
BE aprepuanbsHoii kpoBH, 63409 | 33+0,6*
MMOJTB/JT
JlakTar KpoBH, MMOJB/JT 74+1,2 3,2+0,6%
IIpokaapIUTOHUH, HT/MIT 3,5+0,5 1,2+0,2%

Ilpumeuanue. 11BJ] — ueHTpasbHOE BEHO3HOE JIABJICHMUE,
3JUIA — 3axiuHHUBaOIIee [aBIE€HHE JIETOYHOW apTepuu;
CU — cepneunniii ungekc; AJIT — amaHUHTpaHCaMUHA3a;
ACT — acnaprarrpancamunaza; MHO — mexayHapongHoe
HOMEHKJIATYPHOE OTHOIICHHE; * — JOCTOBEPHOCTH OTIHYHS
(p <0,05).

HenponomkureabHast IpomoHrEpoBaHHas
(temporary mechanical (permanent mechanical
circulatory support) circulatory support)
= BABK = OJDK

= OILK, OJDK, BBO
(ueHTpudyKHBIH HacOC)
= Impella2.5L,5.0L

(mapaxopriopajbHBbIi
IIyAbCUPYIOLIHIA;
MMIUTAHTUPYEMBI 0ceBOH

= Pulscath WM LeHTPU]YKHBII Hacoc)
= TandemHeart = bBO
= BA OKMO (mapakopriopaibHbIit

ITyJbCUPYIOINH;

HMMIUTAHTUPYEMBI 0CEBOU

WU LEHTPU]YKHBII HAcOC)
" JICKYCCTBEHHOE Cep/Le

Puc. 4. MeTonpl BpEMEHHON U UTUTENLHOM MEXaHUYECKON
TIOIEPKKH KPOBOOOpAIIICHHS

BABK — BHyTpuaoprasbHas OaJUIOHHAs KOHTPITYJIbCAIMS;
OIDK — obxon mpasoro xerynouka; OJIDK — o6xox eBoro
x)emynouka; BBO — OuBeHTpuKyIsapHbIil 00xom; BA DKMO —
BEHO-apTepHalibHAsl SKCTPAKOPIIOpaIbHAS MEMOpaHHas OK-
CUTCHAIIHA.
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MPUBENIO0 K KOJIMYECTBEHHOMY M KadeCTBEHHOMY 3BO-
monnoHupoBanuo anutenbHo MIIK y moreHnuaib-
HBIX PELUIHUEHTOB CEpAla, & TaKkKe y MalMeHTOB, y
KOTOPBIX JIaHHBIA METOJI BCIIOMOTATEeIILHOTO KPOBOOO-
paleHus MPUMEHSETCS KaK CPEJICTBO TOKUTHS TIPU Ha-
JTUIUH TpoTuBonoka3anuit k TC mwim oTkasze marueHTa
OT 3aMEHBI COOCTBEHHOTO Cep/IIla Ha CEp/ICYHbII TpaHC-
rtanrtart (destination therapy) [19]. 6-, 12- u 18-mecsu-
Hasl BbDKHMBAEMOCThH IMAlMEHTOB C MMIUIAHTUPYEMBIMHU
OJIX cocraBnset cooTBeTcTBeHHO 82, 73 1 72% [20].

B nacrostee Bpems, no ganueiM peructpa ISHLT,
oxouto oToBUHBI (42%) TC BBITOMHSASTCS MalUEHTaM,
Yy KOTOpBIX HUMILIaHTUpyeMmble yctpoiictBa JIKO wuc-
MTOJTb30BAHBI B KAa4ECTBE METOJa MPeNTPaHCIIAHTAIlU-
oHHo MIIK, MHOTOKpaTHO mpeBbllIasi YacTOTy IpH-
MEHEHUS] MOHO- M OMBEHTPHKYJISIPHBIX 00XOI0B cepaia
C MYIbCUPYIOIIUM WJIN HENpPepbIBHBIM KPOBOTOKOM
(6%), a Taxxe cucteM BpemenHoi MIIK, takux kak BA
OKMO (0,9%) [17].

[Iponomxurensnas MIIK nocpencTtBom uMIIaH-
tupyemoro JDKO nmpuBOIUT K CTOWKOMY YIIyUILEHHUIO
opra"Hoi nep(dy3un, KOPPEKITUH WK MTOTHOMY paspe-
HICHUIO TTOJIMOPTaHHOM TUCPYHKIMU, K PErpeccy BbI-
COKO MpEeATPaHCITIAHTALIMOHHON JIETOYHOW TUIIEPTEH-
3MH, YITy4IIEHUIO HYTPUTUBHOTO cTaTyca (TOBbIILIEHUE
WHJIEKCAa MacChl Tejia), CHMKCHUIO KOMOPOWAHOCTH,
MOBBIIIICHUIO JBUTATEILHOW aKTUBHOCTH ITAlMCHTA,
9TO0 O00ECHEeUMBACT TIOJHOICHHOE (DYHKIIMOHAIBEHOE
BOCCTAHOBJICHHE OpTraHU3Ma MTOTEHITHAIBHOTO PEIUITH-
enra niepen TC [20].

OpHako HEpenKo BO3HUKAIONIHE TPOMO03IMOOIH-
YecKue, reMopparndeckue, THOMHO-CeNnTHYecKue oc-
JIO)KHEHHS, TEXHUUECKUE HETONaJAKH B (YHKIMOHHPO-
Banuu OJDK HeraTuBHO BIUSIIOT HA PE3YJAbTATUBHOCTD
UMILUIAaHTUPYMBIX cucTeM anutenbHoi MIIK [20].

Y MHOTHX TOTEHIMAIBHBIX PEIHITEHTOB Cepla
3CH BpI3BaHa HapyIIeHHEM HACOCHOW (PYHKIMH Kak
JIEBOTO, TaK U MPABOTO KEIYITOUKOB, B YCIOBUIX KOTO-
poii nzonupoBaHHoe npumeHenue tonsko JIDKO npen-
CTaBIsIeTCS HENOCTATOUHO AP PEKTUBHBIM ISl yCTpaHe-
HUSl PacCTPOWCTB CUCTEMHON reMoauHaMuKu. Yacroe
BO3HMKHOBeHHE (B 25-30% nHabmronenui) octpoil mpa-
BoXkenrynoukoBoii Hepocrarounoctr (OIDKH) na done
paboter OJDK TpeOyeT mmmMTensHON METUKaMEHTO3-
HOU KOppeKuuu u/uiu gononautensHoi MITK (06xox
npaBoro xenynouka uiu BA DKMO) [21]. B mexanu-
YeCKOM TOAJCPKKE HACOCHOW (YHKIMU MPaBOro Ke-
nynouka Hyxzaaercs no 10% nanuentos ¢ OJIK [22].
Pazsutne OIDKH y mamuentoB ¢ OJDK oGycnosneno
yCyTryONeHHEeM TpeICyIIeCTBYONMEH AMCPYHKITUH TTpa-
BOTO JKENyIOYKa M3-32 CMEMICHUS MEeXKETyIOIKOBOI
MIEPETOPOIKN B CTOPOHY JIEBOTO JKeIlyAouka Ha (poHe
€ro reMOIMHaMUYECKOIl pasrpy3Ky U YCHJICHHUS Hapy-
HICHUN MEXOKETYIOUKOBOTO B3auMoieHcTBus [22].
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Kpome Toro, ucrnonb3oBaHHE HMIUIAHTUPYEMBIX
cucteM OJIK nenaet mocnenyromyto TC moBTOpHBIM
OIIEPAaTHBHBIM BMEILIATEIILCTBOM HA TPYIOHOM KIIETKE C
PHCKOM Pa3BUTHUS [IEPUOIIEPALMOHHON KPOBOIIOTEPU U
MH(EKINOHHO-BOCTIATUTEIHHBIX OCIOKHEHHUH.

HeoOxoanmo yka3aTh Ha BBICOKYIO CTOMMOCTH MM-
wiantupyemsix JOKO, 4ro naxe B rocnuTaisx BbICO-
KOpPa3BHUTHIX B SKOHOMHUYECKOM IUIaHE CTpaH SABIAETCS
MPUYMHON MCIIOIB30BaHMs OoJiee AEUIEBbIX U HE MEHEe
3G (QEKTUBHBIX METOAOB NPEATPAHCIIAHTALMOHHON
MIIK. 3acnyxuBaet BHUMaHus onbiT Huston Methodist
Heart and Vascular Center (CILIA) mmurensHOTO (B
cpenHeM 18 mHell) MpUMEHEHUS BHYTPHAOPTAIBHOW
OamtonHoi koHTpryibcanun (BABK) ¢ Bbicokoii 3¢-
(dexTHBHOCTBIO TpenTpaHcrantanguonnoil MIIK (y
84% manMeHToB) M PE3yNIbTaTUBHOCTBIO IOCIIEAYIO-
meit TC (90-nHeBHas BbpKHUBaeMocth 94%) [23]. Ot-
MeJaeTcs, 4TO TaK HazbiBaemas amOynaropHas BABK
(ambulatory IABP support), He yctynast mo 3ppexTuB-
HOCTH mpearpaHciianTanonHon MIIK y noreniu-
aNbHBIX PEIHUIMEHTOB HMMIIAHTUPYEMBIM CHCTEMaM
JIXKO, B 50 pa3 nemesie [24, 25].

YuuTheiBasi BO3MOXKHOCTH JIOCTIDKEHHSI OBICTPOTO
YAYYIIEHHs! CUCTEMHON TE€MOAWHAMHUKHA W KIMHHYE-
CKOI'O COCTOSIHUSI IALIMEHTa C IOCIEAYIOIINM TapaH-
THPOBAaHHBIM BBITIOJTHEHNEM B Kpardaiiine cpoku TC,
OTJeNIbHBIE TPAHCIUIAHTAIMOHHBIE IEHTPHI OTAAIOT
MPEINOYTEHHE UCTIOIB30BAHUIO Y MOTEHIIUAIBHBIX pe-
LUINEHTOB, HyXAaomuxcs B HeowtoxkHoi TC, cuctem
BpPEMEHHOI MOHO- Win OuBeHTpuKyIsipHOi MIIK [12].
OnHUM U3 TPUOPUTETHBIX METOI0B BCIOMOTaTeIbHOTO
KpPOBOOOpaIleHUsT NMPH KPUTHUECKUX PAaCCTPOHCTBAX
CHCTEMHOM remoauHamMuku siBisiercss BA DKMO, ko-
TOpasi B KOHTEKCTe MpeATpaHcrianTaunonHon MITK
paccMarpuBaeTcsi B KadeCTBE OWBEHTPHUKYISPHOTO
o0xona cepaua, JOMOJHEHHOTO JKCTPaKOPHOPaTIbHOM
MeMOpaHHOU okcureHaruei [11]. B GonbiimHCTBE Ha-
omronenutii ¢ nensto MIIK nepen TC ucnonssyercst ne-
pudeprdeckas BA OKMO, npeumyniecTBoM KOTOPOi
ABIISIETCSI BO3MOXKHOCTb UYPECKOKHOW ITyHKIIMOHHOHN
YCTaHOBKHU apTepUaibHON U BEHO3HOM KaHIOJIb B MPO-
CBET OEIPEHHBIX COCYIOB, YTO MO3BOJSET COXPAHUTH
MHTAKTHON TPYIHYIO KJIETKY U IMOJIOCTh MEepUKapjaa
ydueToM mocnenyromiero BeimonHenus TC, nzbexarb
PasBUTHS BO3MYIIHON M MaTepHaabHON 3MOOINHU B CO-
CyZIBI TOJIOBBI U cepaua u aApyrux (puc. 5).

IIpoBenenne mnepudepuueckoit BA DKMO uepes
OeZpeHHbIE COCYIbl C HAarHETAaHHMEM OKCHI'€HUPOBAH-
HOHM KPOBH B BOCXOIAIIEM (PETPOTPaTHOM) HAIpaBie-
HUU B a0pTE€ CIIOCOOCTBYET YIYYIICHHIO CHCTEMHOTO
KpOBOOOpAIEHHs C MPEUMYIIECTBEHHBIM YBEIHMUEHH-
€M CIUITaHXHHUYECKOTO KPOBOTOKA, YTO CO3JaeT Oonee
BBITO/IHBIE TEMOIMHAMUYECKHE U Ta3000MEHHbIE yCII0-
BHUS JUISl YIIyULICHUS! KPOBOCHAOKEHUSI U OKCUTECHALIUU
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HNPEUMYINECTBA

OTKpBITas WM YPECKOKHAS (TyHKIMOHHAST) METOANKA
KaHIOJSALUN

CoxpaHeHHe UHTAKTHOM I'PYAHON KJIETKU U MOJIOCTH
repruKapaa

D heKTUBHBINA METOI CEPACUHO-JICTOYHON PeaHNMAITHH
OTCyTCTBHE PHCKA BO3AYIITHON U MaTepHaIbHON IMOOINN
B COCYIIBI Cep/ilia ¥ TOJIOBHOTO MO3Ta

Bo3moxxHOCTB paHHel noceonepalnoHHON aKTHBU3aLUU
Menpmmii pucK HHPEKITMOHHBIX OCIIOKHEHUH

Menee TpaBMaTHYHAs METOJMKA JIEKAHIOJISLIUU

B03MOXXHOCTB UCTIONIE30BAHUS
B MOCTTPAHCINIAHTAITUOHHOM IIEPUOJAE C LEJIBIO
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MEXaHUYECKON NOAACPKKU CEPACYHOIO TpaHCIUIaHTaTa

Puc. 5. TloreHumanbHble npeuMyliecTBa nepudepudeckon
BA DKMO nepen apyruMu MeToJaMH MEXaHMUYECKOH Moj-
JIEP>)KKH KPOBOOOpAIICHUS y MOTCHIIMAIBHBIX PELUINCHTOB
cepaua

OpPraHOB OPIONIHOW TMOJIOCTH U Pa3pelICHUs MEUCHOY-
HOM, MOYEeYHON, KUILIEYHON U B LEJIOM MOJUOPraHHOU
HEJ0CTaTOYHOCTH [27].

[Ipumenenne BA DKMO rapanTupyeT momnepka-
HUE CHUCTEMHOTO KPOBOOOpAICHHS M KH3HECOXpa-
HEHUEC Yy MOTCHUHMAJBHBIX PELUIUEHTOB CepAala Ipu
JOOBIX BHE3AITHO PA3BHBIIUXCS PACCTPOMCTBAX cep-
IeyHoi gesrenbHocTH. Kak moka3siBaeT COOCTBEHHBIN
omnblT, nepudepuueckas BA OKMO ssisiercst s dex-
TUBHBIM METOJIOM CEpPJCYHO-JIETOYHON peaHuMaluu y
MMOTCHIIMAIBHBIX PEIUITUCHTOB CEpAIa ¢ BO3MOXKHOC-
TBHIO MTOJTHOIIEHHOTO BOCCTAHOBIICHHUSI OPTaHU3Ma MOCIIE
MIEPEHECEHHOW OCTaHOBKU KPOBOOOPAIIICHHUS U TIOCIIe-
JYIOIIIETO YCIeNHOro MexaHndeckoro mocta k TC.

B nacrosmee Bpems nepugepuueckas BA DKMO
SBIAETCS eAMHCTBEeHHBIM MeTonoM MIIK, kotopsrit Mo-
JKEeT OBITh UCTIOJIH30BaH (0e3 3aMEeHbl KOHTYypa M OKCH-
TeHaTopa) y OJHOTO M TOTO K€ IMallMeHTa KaK /10, TaK
u nocnie TC ¢ 1esnpro NoAAep KKK HACOCHOH (DYHKIIUH
CEpACYHOTO TPAHCIJIAHTATa B pAHHEM MOCTTPAHCILIaH-
TallMOHHOM nepuoje. [1o HalemMy MHEHHIO, 3TO cOo3/a-
€T YHUKAIIbHYI0O BO3MOXKHOCTBH ISl PE3YJIETaTHBHOTO
BeInoNHeHUs1 TC OT cepAeUHBIX JOHOPOB C PACIIUPEH-
HBIMU KPUTEPUSIMHU, NPU KOTOPOH CyIIECTBYET MOBBI-
IMIEHHBIA PUCK paHHEH, HO IMOTEHITHAIBHO 0OpaTUMOM
JUCHYHKIIUN CEPJICYHOrO TPAHCIIAHTATA.

Y4uThIBasg BHICOKYIO JIETAJILHOCTh B JIUCTE OXKHJIA-
Husg TC, oTaenbHbIE TPAHCIUIAHTALIMOHHBIE LIEHTPBI
M JaXe OO0IIeHaIMOHAIbHBIE TPAaHCIUIAHTAIMOHHBIC
nporpammsl (Harpumep, Mcnanus, ®panuus) Hapas-
HE C YBEIMYCHUEM KOJIMYECTBA HMMILIAHTUPYEMBIX
cucrem JDKO cranu mmpoko npumensts BA 9KMO
Kak Benyuuid meton BpemenHoi MIIK y noreHuum-
aJbHBIX PEHUIMUCHTOB, HYXKIAIOIIUXCS B HEOTIOXKHOM
TC [12]. B wactHOCTH, C 1enbI0 YPPEKTUBHOTO CHU-
YKEHUS JIeTaJbHOCTH B ucte oxunanusa TC Bo dpan-
uu B 2004 1. 612 M3MEHEHA CHCTEMa PACTIPEACIICHUS
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JIOHOPCKHX CepJiel] C CO3/aHHeM HEOTJIOKHOTO JIMCTa
oxwunanus TC (high-urgencywaitinglist), 4ro rapanTu-
POBaJIO 3KCTPEHHOCTH BblNONHEHUs TC y ManueHToB ¢
BpeMenHoit MIIK, npenmymiectsenno BA DKMO.

Opnaxo npuMeHeHne nepudeprndeckoil BA 9KMO
kak Mmeroga MIIK nepen TC TpeOyeT pereHus HECKOIb-
KAX OpraHM3alMOHHO-KIMHUYECKUX 3amad. llpexne
Bcero 370 BeinoiaHeHne TC B cpokH, He PEBbIIIAIOLTIE
7—-14 nneit; spdexkTuBHAs KOPPEKIHS TeMOIUHAMU-
YECKOW Teperpy3Ku JEeBBIX OTAEIOB CepIa, BKIIOUas
IPUMEHEHHE METOJ0B aKTUBHOTO JIPEHUPOBAHUS JIEBO-
IO MIPEACEPANS UM JIEBOTO JKeNyI04Ka; NPOPUIaKTHKA
pasBUTHS MH()EKUHOHHO-BOCHAINTEIBHOIO Mpolecca
B MeCTaxX KaHIOJSILUH NeprueprudecKux COCyI0B U T. II.
(puc. 6). Ocoboro BHUMaHuA TpeOyeT MpopUIIaKTHKA
HIIEMUU HUKHEN KOHEUHOCTH, YTO B HAlllEW IPAKTHUKE
JIOCTUTAETCS YCTAHOBKOH JOTOIHUTEIBHOTO Mepdy3u-
OHHOTO OJHOIIPOCBETHOTO KareTepa (pazmep 16-14 G)
JUTSI TApAaHTHPOBAHHOTO OCYIIIECTBICHHS KPOBOCHAOXKe-
HUs HOrH. UpeckokHoe TpaHc(heMopaabHOe APCHUPO-
BaHME JICBOTO IIPEACEPIUs C IIOMOIBIO JOIOTHUTEIb-
HOW JpeHaXHON BEHO3HOU KaHtoM (pasmep 15-17 F)
o0ecrieunBaeT aJIeKBaTHYIO Pasrpy3Ky JEBBIX OTICIIOB
cepaua Ha QoHe NMpuMeHeHus mnepudepuueckod BA
OKMO.

KOMIIVIEKC MEP

BeinonHenne TpaHCIUIAHTALMK Cep/lia B CPOKU
1-3 nenenu

IIpodunakTrka HIIEMUN HIKHEH KOHEYHOCTH
Jlexommpeccust JIEBBIX OTEIIOB cep/la

YcrpaHeHHe HEPaBHOMEPHOCTH OKCHT€HAIIMN MEXKITY
BEpXHEU M HIDKHEH 4acTAMH TYJIOBHIIA
OobecnieyeHUEe MMMOOMITA3AINH HIDKHEH KOHEYHOCTH
TurarenabHbIN yX0/[ 32 MECTOM KaHIOJSILIUN
Koppekiust TpoMOOIMTOIICHUN

T'emocra3s Bo Bpemst TC

[TocTaexaHIONAMOHHBIC OCIOKHEHHS (TreMaToma,
aHEBpH3Ma, HUCXOJIAIINI U BOCXOASIIHNA TPOMOO3 H T. I1.)

oooo0 Oooo O

Puc. 6. Kommuiekc Mep, HampaBlIeHHBIX Ha MOBBIIMICHUE d(-
(heKTUBHOCTH M TPOQPUIAKTHKY OCIOXKHEHUH TpH TpHUMe-
Henuu BA OKMO kak mMeTona MEXaHUYECKOM MOAJIEPKKU
KPOBOOOpAIICHUS Mepe]] TPaHCIDIAHTAIIUCH Cep/ra

CaoeBpemenHocTs Hadaga MIIK ¢ momoripio nepu-
¢depuueckoii BA DKMO, a takxke npuHsTHE MeEp, Ha-
IPaBJIEHHBIX Ha NPO(WIAKTUKY WIM CBOCBPEMEHHYIO
KOPPEKLMIO BO3MOXHBIX OCJIOKHEHHUH, I103BOJIMIH
BbINONHUTE TC y 90,4% noTeHIMaNbHBIX PELUIUECH-
TOB cepaua. Ha ocHOBaHMM 5-JI€THET0 KIMHHYECKOTO
OTBITa U PaHee MPOBEICHHBIX UCCIIEAOBAaHUN HaMH ObLT
pa3paboTaH MPOTOKON NMPUMEHEHHs Nepudepruueckon
BA DKMO xkak meToma MEXaHWYECKOH MOMICPIKKH
kpoBooOpamenus nepen TC, 0OCHOBHBIMH TOJ0KEHH-
MU KOTOPOTO SIBJISIIOTCSA: CBOCBPEMEHHOCTb Hauyasa
npumeneHus: BA DKMO kak mMeToga OMBEHTPHUKYISP-



BECTHNK TPAHCHAAHTOAOTUN N1 NCKYCCTBEHHbBIX OPTAHOB

Tom XVII Ne 4-2016

MMPOTOKOJI NPUMEHEHUS
BA DKMO

CBOEBpEMEHHOE HAa4aJI0 BCIIOMOTaTeIbHOTO
KpPOBOOOpaIICHUS

Ilepudepudeckas metonuka ocymecteiaeans BA DKMO
[TyHKIIMOHHAST METOAMKA KAHIOJSILIUU

Pannss aktuBuzanus rnocie Hadaia BA D9KMO
«Pazymnas» runokoarymsamus (ABCK 130-150 c)
O0beMHas CKOPOCTh KpoBOTOKA 50—75% OT TOIKHOM
BEJIMYMHBI MUHYTHOTO 00bheMa KpOBOOOpaIeHns
[podunakTuka 00bEMHON MEPErPy3KH JICBBIX OTACIOB
cepaua

UpecKkoKHOE TPAHCBEHO3HOE IPEHUPOBAHHE JIEBOTO
npeacepaus

IIpodunakTrka HHGEKITMOHHBIX OCIOKHEHUI
[MpodunakTika 1 KOPPEKIHs MOTUOPTaHHBIX HAPYIICHUI
Brinonnenne TC B cpoku, He IpeBbILIAIONINE

2-3 Henenu, Ha (OHE OTCYTCTBUS KIMHUYCCKA 3HAYUMBIX
IMOJIMOPTaHHBIX I/I/I/IJ'IPI I/IH(bCKL[I/lOHHle OCHO)KHCHI/Iﬁ

oo 0O 0 OO0 O0 O

Puc. 7. ITporoxon mpumenerus BA 9KMO kak metozna npen-
TPaHCIIJIAHTAIlMOHHON MEeXaHMYEeCKOW MOIIEPKKU KPOBOOO-
pallieHHsl y MOTEHIINAIbHBIX PELIUITHEHTOB CepLa

HOTrO 00X0Jla cep/lla, 10 Hadana pa3BUTHS HeoOparu-
MBIX MOJMOPTaHHBIX HapyLICHUH; nepudepudeckas,
MPEUMYIIECTBEHHO MyHKIIMOHHAS METOJUKA KaHIOIs-
uu; obecnedeHue 3pdexTuBHON Tepdy3un HIKHEH
KOHEYHOCTH Ha CTOPOHE KAaHIOIALUH C LEeNblo Mpodu-
JIAKTUKU €€ MIIEMUH; CBOCBPEMEHHOE IIPUHATHE Mep,
HaNpapJeHHbIX Ha JEKOMIIPECCHIO JIEBBIX OTJIEIIOB
cepAua, BKIIOYAs YPECKOKHOE TpaHC(hEeMOpaIbHOE
JPEHUPOBAaHUE JIEBOTO TPEJCepANs UYepe3 MEKIpea-
CepIHYI0 Teperopoaxy; BeimonHeHne TC B Kpardaii-
HIMe CPOKH Ha (OHE OTCYTCTBUSI KIMHUYECKH 3HAYH-
MBIX TIOJIMOPTAaHHBIX HAPYIIEHUH U T. 1. (puc. 7).

HcnonszoBanue nepudepuueckoii BA OKMO kak
BBICOKO3(D(DEKTUBHOTO CpEJICTBA CIACEHUSI MPU KpH-
THYECKUX PACCTPOHCTBAX CHCTEMHOTO KpOBOOOparie-
HUSI TTO3BOJIMJIO MHOTOKPAaTHO CHU3UTH JIETAILHOCTH B
JHMCTe OXKMUIAHUSA U 00eCTIeUnTh pe3yasraruBHOCTE TC
y TIAIMEHTOB, HYKAAIOUINXCS B €€ HEOTIIOKHOM BBITION-
HEHHU.

3AKAIOYEHUE

[Nepudepuyeckass BeHO-apTepHaibHAs IKCTPAKOP-
nopajbHass MeMOpaHHas OKCUIeHauusl oOecrednBaeT
3¢ dexTHBIH MOCT K TpaHCIDIaHTauuu cepamna y 90%
MOTEHLIUAIBHBIX PELUNINEHTOB, HY>KAAIOLIUXCS B IIpe-
TpaHCIJIAaHTAIIMOHHON MEXaHUUYEeCKOH MOAIepPIKKE Kpo-
BOOOpaIIeHwsI.

CBOeBpeMEHHOCTh Hadasa npuMeneHuss BA OKMO
JI0O Pa3BHUTHUS BBIPAKECHHBIX T'€MOJAMHAMHUYECKUX, Op-
TaHHBIX, SJICKTPOIUTHBIX U METa0OJIIMYECKUX Hapylie-
HUH CO3/1a€T MPENNOCHUIKH JUIS YCIIEIIHOTO TPUMEeHe-
HUSI MEXaHHYECKOH MOIACPKKH KPOBOOOpAICHUS Yy
MOTEHIIHAIBHBIX PELUITUEHTOB CepAlIa.
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[TyHKIIMOHHYI0 YPECKOXKHYIO KaHYJSALHUIO CICIy-
€T pacCMaTpuBaTb B Ka4€CTBC ONTUMAJIBHOTO MCTOJA
obecnieueHus nepudepudeckoit BA DKMO.
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Introduction. Venoarterial extracorporeal membrane oxygenation (VA ECMO) is one of the most widely used
methods of temporary mechanical circulatory support (MCS) during the preparation and performance of heart
transplant surgery (HT) [Barth E. et al., 2012; Kittleson M.M. et al., 2011]. Aim of this study was to assess the
effectiveness of using peripheral VA ECMO as a method of mechanical circulatory support in potential heart
transplant recipients that urgently required transplantation. Materials and methods. The study included 125
potential heart transplant recipients (107 (86%) men and 18 (14%) women) aged from 12 to 72 (43 + 1.2) years
with a peripheral VA ECMO system installed within the period from April 01, 2011 till August 12, 2016. The
indication for the start of its use was rapidly progressing congestive heart failure (CHF) of level 1 or 2 by the
INTERMACS scale. Femoral blood vessel cannulation was performed using both open (surgical) and closed
(puncture) methods. 23 and 25 F venous cannulae were utilized for femoral vein cannulation, and 15 and 17 F
arterial cannulae were utilized for femoral artery cannulation. In all cases superficial femoral artery catheteri-
zation (14 F single-lumen catheter) or cannulation (8 or 10 F arterial cannula) was performed in the descending
(anterograde) direction for the prevention of lower limb ischemia on the side of the femoral artery cannulation.
Results. The peripheral cannulation method was used to perform VA ECMO in 100% (n = 125) observations. In
69 (55.2%) patients the severity of progressive CHF corresponded to INTERMACS level 1; in 51 (40.8%) cases
it corresponded to INTERMACS level 2. During VA ECMO the average volumetric extracorporeal circulation
flow rate ranged from 2.2 to 4.5 (3.2 + 0.4 I/min) or 1.6 £ 0.2 /min/m? with the average rotation speed of the
centrifugal pump of 3.216 & 105 rpm. 113 (90.4%) of 125 potential recipients underwent HT. The duration of
VA ECMO prior to HT (n = 113) was from 8 hours to 40 (7.1 & 2.7) days: in 37 (32.7%) of 113 patients — up to
3 days, in 43 (38.1%) cases — from 4 to 7 days, in 21 (18.6%) cases — from 8 to 14 days, in 8 (7.1%) cases from
15 to 21 days, in 4 (3.5%) cases — more than 3 weeks. In the course of VA ECMO, 12 (9.6%) of 125 potential re-
cipients (11 men and 1 women aged from 21 to 63 (40 + 4) died before they could receive HT. In 2 (16.7%) of 12
cases the cause of death was brain death associated with a thromboembolic cerebrovascular event. The majority
of patients (n = 10; 83.3%) died of progressive multiple organ failure and sepsis. 6 of 12 patients showed clinical
and instrumental signs of acute unilateral (n = 2) or bilateral (n = 4) polysegmental pneumonia. Conclusion.
Peripheral VA ECMO provides a successful bridge to heart transplant procedure in 90% of potential recipients
who need pre-transplant MCS. The timely initiation of VA ECMO before the development of pronounced he-
modynamic, organ, electrolyte and metabolic disorders creates the conditions for a successful use of MCS in
potential heart transplant recipients.

Key words: heart transplant, mechanical circulatory support, ECMO.

INTRODUCTION port (MCS) remains the effective method for treatment

Heart transplantation (HT) remains the preferred of heart transplant candidates with life-threatening

therapy for management patients with a advanced chro-  CHF [3].

nic heart failure (CHF) [1]. In current era, availability In recent years, implantable, continuous-flow left
of HT is limited by the number donors [2]. In painful  ventricular assist devices (LVADs) has significantly
shortage of donor organs mechanical circulatory sup- improved clinical results of long-term MCS [4, 5]. The
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survival of patients with current generation of LVADs
is increased: one-year — 80%, two-year — 70% [5].

Unfortunately, in some clinical conditions LVADs
fail to improve of systemic hemodynamic and organ’s
function. In the cases of biventricular CHF, the use of
LVADs leads to worse clinical results due to the ne-
cessity of medical therapy or MCS of right ventricular
dysfunction [6, 7].

In addition, the use of LVADs is associated with a
higher risk of thromboembolic, hemorrhagic, infec-
tious, and other complications [8, 9]. The high cost of
both LVAD systems per se and patient management are
also factors that limit the wide use of this method of
long-term MCS not only in countries with limited bud-
getary funding but also in those with a high level of
public health financing [10].

An alternative approach to the treatment of patients
with advanced CHF is short-term (temporary) MCS in
order to attain a fast improvement of systemic hemo-
dynamic and to create the clinical and organizational
conditions for an urgent HT [11]. This approach in the
management and treatment of advanced CHF not only
saves the lives of heart transplant candidates but also
makes HT more available [12]. One of the most widely
used methods of temporary MSC before and after HT
is venoarterial extracorporeal membrane oxygenation
(VAECMO) [11, 13].

Since 2011, peripheral VA ECMO (pVA ECMO)
has been used at Shumakov Federal Research Center of
Transplantology and Artificial Organs (Moscow, Rus-
sia) as the leading pretransplant MSC method.

The aim of this study was to evaluate an efficiency
of pVA ECMO as the preferable method of short-term
MCS in heart transplant candidates need in urgent HT.

MATERIALS AND METHODS

The study included 125 patients (107 (86%) male
and 18 (14%) female, age 12—72 (43 £ 1.2) years), who
were treated pVA ECMO system in the period from
April 1, 2011, to August 12, 2016. Etiology of advan-
ced CHF were dilated cardiomyopathy (n = 82; 65%),
ischemic heart disease (n = 31; 25.8%), restrictive car-
diomyopathy (n = 1; 0.8%), hypertrophic cardiomyo-
pathy (n = 1; 0.8%), peripartum cardiomyopathy (n =
3; 2.4%), congenital and acquired heart valve disorders
(n = 3; 2.4%), cardiac allograft dysfunction (n = 4;
3.2%).

Among those patients, 11 (8.8%) had had prior car-
diac surgery: coronary artery bypass (n = 2; 1.6%),
prosthetics heart valves surgery (n = 5; 4.0%), primary
HT (n=4; 3.2%).

The concomitant diseases were diabetes mellitus
(n = 2; 1.6%), cerebrovascular disorders (n = 3; 2.4%),
past acute cerebrovascular events (n = 3; 2.4%), past
pulmonary thromboembolism (n = 4; 3.2%), Emery—
Dreifuss muscular dystrophy (c.del619C mutation in
EMD exon 6) (n = 1; 0.8%).
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Also, 27 (21.6%) potential heart recipients had high
pretransplant pulmonary hypertension (transpulmonary
pressure gradient above 15 mmHg and/or pulmonary
vascular resistance above 4 Wood units).

The indication to pECMO was rapidly deteriorati-
on of cardiac function corresponding to level I or II of
INTERMACS scale. A special indication to using pVA
ECMO was saving the patient’s life during cardiopul-
monary resuscitation.

Before VA ECMO, 4 (3.2%) patients had got by int-
ra-aortic balloon counterpulsation (IABP).

8 (4.8%) patients were under mechanical ventilation
(n = 6) or noninvasive ventilator support (n = 2).

The method used for the cannulation of femoral ves-
sels was either open (surgical) or closed (puncture). For
the femoral vein, venous cannulae 23 and 25 F were
used; for the femoral artery, arterial cannulae 15 and 17
F. In all cases, to prevent lower leg ischemia, catheteri-
zation (single-lumen catheter 14 F) or cannulation (ar-
terial cannula 8 or 10 F) of superficial femoral artery in
the descending (anterograde) direction was performed
on the side of the femoral artery cannulation (Fig. 1).

Single-lumen catheter LG
(lower limb perfusion)

Fig. 1. Percutaneous puncture cannulation of lower limb
vessels for peripheral venoarterial extracorporeal membrane
oxygenation

Anticoagulation during pVA ECMO was ensured
through continuous infusion of unfractionated heparin,
such that the activated clotting time (ACT) was main-
tained at 130-150 s.

The adjuvant therapy-included gastroprotective, an-
timicrobial, diuretic, cardiotonic, and vasoactive (vaso-
dilators, vasopressors) drugs.

For left ventricular unloading during pVA ECMO
we used percutaneous transfemoral transseptal cannu-
lation of the left atrium by additional venous cannula
(15 or 17 F) or open the left ventricle cannulation via
left thoracotomy (Fig. 2).

The statistical processing of the study results was
performed using the IBM SPSS ver. 20.0 software.
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Fig. 2. Percutaneous transfemoral transseptal cannulation
of left atrium during peripheral venoarterial extracorporeal
membrane oxygenation

RESULTS

In 100% (n = 125) cases, the peripheral cannulati-
on technique was used in potential heart recipients for
VA ECMO as the method of pretransplant MCS. There
were 69 (55.2%) and 51 (40.8%) patients with progres-
sive CHF corresponding to INTERMACS levels I and
11, respectively. In the remaining 5 (4.0%) observations,
VA ECMO was used as the method of cardiopulmona-
ry resuscitation; in those cases, peripheral cannulation
was performed under manual (n = 1) or mechanical
(AutoPulse system) (n = 4) chest compression (Fig. 3).

In 123 patients, the cannulation was performed un-
der general anesthesia (propofol, fentanyl, rocuronium
bromide, sevoflurane) and mechanical ventilation. In
two patients, the cannulation was performed with pre-
served spontaneous respiration under local and intrave-
nous anesthesia.

Fig. 3. Peripheral VA ECMO during cardiopulmonary resus-
citation in potential heart recipients (clinical case)
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Surgical and percutaneous techniques were used in
29 (23.2%) and 96 (76.8%) potential heart recipients,
respectively. In 93 (74.4%) and 32 (25.6%) cases, the
cannulation was performed using femoral vessels of
one or both legs, respectively. In the majority (n=117;
93.6%) of cases, the cannulation procedure was carried
out in the operating room; in 8 (6.4%) patients, in the
ICU, due to the urgent need to start MCS. Cannulation
of peripheral vessels was done in the process of cardi-
opulmonary resuscitation in 5 (4.0%) potential recipi-
ents.

Technical problems with puncture cannulation ap-
peared in 4 (3.2%) cases and were due to the difficulty
in percutaneous forwarding of the arterial cannula. In
two patients, due to the risk of complications, further
attempts to insert the arterial cannula were cancelled
and the femoral artery of the contralateral limb was
cannulated. In all the cases, irrespectively of the can-
nulation technique (surgical or percutaneous), cathete-
rization of the superficial femoral artery for perfusion
and prevention of lower limb ischemia was performed.
In four patients with increased risk of puncture cannu-
lation because of the small internal diameter of the fe-
moral artery (<5 mm), cannulation via surgical access
was done.

When the open approach to cannulation was used,
the duration of the time interval between the skin inci-
sion and the start of VA ECMO was 86 + 12 min and
was longer (p < 0.05) than the interval (46 = 8 min)
between the femoral vessel puncture and the beginning
of VA ECMO in the case of percutaneous cannulation
technique.

In most (n = 97; 77.6%) patients, the duration of
postoperative mechanical ventilation did not exceed 1
h (patient activity starts on the operating table); it lasted
from 1 to 24 h in 18 (14.4%) patients and over 1 day
in 10 (8.0%) patients. For 5 (4.0%) patients with long
duration mechanical ventilation (over 5 days), percuta-
neous dilatational tracheostomy was performed.

During VA ECMO, the extracorporeal blood flow
was 2.2 to 4.5 (3.2 £ 0.4 L/min) or 1.6 = 0.2 L/min/m?
at centrifugal pump rate of 3216 + 105 rpm. To main-
tain the residual heart pump function, cardiotonics were
used: dopamine (n = 66; 3.8 + 0.4 pg/kg/min), dobuta-
mine (n = 39; 4.1 + 0.6 pg/kg/min), both dopamine and
dobutamine (n = 20; 7.4 £ 0.9 pg/kg/min). Five (4%)
potential recipients needed adrenaline (27 + 7 ng/kg/
min); 57 (45.6%) inodilator levosimendan.

To decrease the elevated mean blood pressure (abo-
ve 90 mmHg), intravenous vasodilators was used in 21
(16.8%) patients: nitrosorbide dinitrate (n = 13) and so-
dium nitroprusside (n = 8).

Renal replacement therapy was needed by 21
(16.8%) patients to eliminate hypervolemia or hyper-
hydratation, treatment of the metabolic, electrolyte,
and/or multiple organ disorders. The leading method of
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renal replacement therapy was continuous veno-venous
hemofiltration (CVVH).

When the therapeutic measures (cardiotonics, diu-
retics, renal replacement therapy, invasive or noninva-
sive lung ventilation) failed to lead to left heart unloa-
ding and resolution of pulmonary edema, 31 patients
(24.8%) underwent percutaneous transfemoral cannu-
lation of the left atrium using an additional venous can-
nula (15 or 17 F) passed through the interatrial septum.
In five (4.0%) observations, open drainage of the left
ventricle was performed. In all the cases, active drai-
nage of the left atrial/left ventricular cavity led to a re-
duction (p <0.05) of pulmonary arterial wedge pressure
(PAWP) (from 31 + 3 to 14 +£ 4 mmHg), mean pulmo-
nary artery pressure (from 41 + 4 to 28 + 6 mmHg)
and to both clinical and radiological resolution of the
pulmonary edema.

The main complication of surgical cannulation tech-
nique was bleeding (in 10 (34.4%) out of 29 potential
recipients) from the site of arterial cannula insertion,
which required repeated open revision of the surgical
wound and additional hemostatic suturing of the femo-
ral arterial wall. In 22 (22.9%) of the 96 patients who
underwent percutaneous puncture cannulation, an ad-
ditional purse-string skin suture for wound closure was
applied: around the arterial cannula (n = 16), venous
cannula (n = 4), or both arterial and venous cannulae
(n=2).

In 10 (8.0%), the development of intravascular he-
molysis with a free hemoglobin level above 100 mg%
(312 £ 105 mg%) was noted; this required 1-5 (2.3 +
0.7) plasmapheresis procedures. In three cases, the int-
ravascular hemolysis was found to be due to thrombo-
sis of the centrifugal pump head and disappeared after
its replacement. In two cases, the use of VA ECMO was
stopped in view of persistent hemolysis (above 200
mg%). In those observations, the patients underwent
heart transplants on days 2 and 4 after the end of VA
ECMO. Before HT, those patients stayed at the ICU,
and cardiotonic therapy with dopamine (6—8 pg/kg/
min) was used to maintain the systemic hemodynamic.

Moderate and severe thrombocytopenia (under 50 x
10°/L) was found in 19 (15.2%) patients and required
platelet transfusions. The number of platelet doses per
patient was 2.3 + 0.4.

In four (3.2%) patients, the membrane oxygenator
was replaced on day 12-25 (18.8 + 2.7) due to the im-
pairment of its gas exchange function.

113 (90.4%) out of the 125 potential recipients un-
derwent HT. In 109 of those 113 patients, the duration
of VA ECMO was determined by the donor heart wai-
ting period. In four patients, the heart transplant was
postponed till the durable stabilization of the clinical
condition and regression of multiorgan dysfunction.
The duration of VA ECMO before HT (n = 113) ranged
from 8 h to 40 (7.1 £2.7) days: three days and less in 37
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(32.7%) out of 113 patients; 4 to 7 days in 43 (38.1%)
patients; 8 to 14 days in 21 (18.6%) cases; 15 to 21
days in 8 (7.1%) cases; and over 3 weeks in four (3.5%)
people.

During VA ECMO, 12 (9.6%) of the 125 potential
recipients (11 males and 1 female aged from 21 to 63
years, average 40 = 4 years) died before getting HT. In
two (16.7%) of the 12 cases, the cause of the lethal out-
come was brain death after an acute thromboembolic
cerebrovascular event. The majority of the patients (n =
10, 83.3%) died of progressive multiple organ failure
and sepsis. Also, 6 of 12 patients had single-lung (n =
2) or bilateral (n = 4) multisegmental pneumonia. Be-
fore the beginning of VA ECMO, the patients who sub-
sequently died had had more marked (p < 0.05) signs
of systemic hemodynamic, organ function, electrolyte,
and/or metabolic disorders compared to patients with a
successful bridge to the heart transplant (Table).

Table

Parameters of systemic hemodynamic, blood

chemistry, electrolytes, acid-base composition

before the beginning of mechanically assisted
circulation in patients with different VA ECMO

outcomes
Death Sugcessful
during VA bridge to
Parameter ECMO the heart
(n=12) trarisplant
(n=113)
CVP, mmHg 26+ 4 18+3
PAWP, mmHg 366 28 +2
CIL, L/min/m? 1.3+0.2 1.9+0.2%
Dopamine/dobutamine, 87407 594 03%
pg/kg/min
Blood creatinine, pmol/L 146 + 13 112 + 8*
Urea, mmol/L 19+£2 12+£3
Total bilirubin, umol/L 89+9 56 + 4*
ALT, U/L 368 + 56 85+ 11*
AST, U/L 376 +45 71+ 12%
INR, IU 3.1+£0.3 1.7+£0.2%
Blood albumin, g/L. 23+2 32 4+ 3%
Blood sodium, mmol/L 124 +3 133 +4%*
Arterial blood pH 7.31+0,01 | 7.34+0.01
Arterial blood BE, mmol/L —-6.3+09 | -3.3+0.6%
Blood lactate, mmol/L 74+12 3.2+0.6*%
Procalcitonin, ng/mL 35+0.5 1.2+0.2%

Note. CVP, central venous pressure; PAWP, pulmonary arte-
rial wedge pressure; CI, cardiac index; ALT, alanine transa-
minase; AST, aspartate transaminase; INR, international nor-
malized ratio; * — denotes the significance of the difference
(p <0.05).

DISCUSSION

The number of patients with end-stage CHF has
markedly increased, and so has the need for HT [14].
However, the world’s annual number of HT is presently
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becoming stagnant, since the number of heart donors
does not increase at a sufficient rate [15]. Under these
conditions of donor organ shortage, the use of various
MCS systems is often the only possible way of keeping
the patient alive during the HT waiting period [16]. Ac-
cording to the data of the ISHLT registry (2015), about
50% heart transplant recipients have pretransplant
MCS [17].

There are various approaches to the selection of the
optimal pretransplant MCS method depending on the
type of the circulation disorder, severity of the clinical
condition, prospects of performing an urgent or delayed
HT , etc. [18]. As the mechanical circulatory bridge to
the HT, different types of devices for both short- and
long-term MCS can be used (Fig. 4).

The introduction of implantable LVADs into clinical
practice has led to a quantitative and qualitative evo-
lution of long-term MCS in potential heart recipients,
as well as in patients who use this method of MCS as
the destination therapy, in the case of contraindications
to the HT or the patient’s refusal to replace his or her
own heart with a transplanted one [19]. The 6-, 12- and
18-month survival of patients with LVADs is 82, 73,
and 72%, respectively [20].

Presently, according to the data of the ISHLT re-
gistry, about one-half (42%) of the heart transplants
are performed on patients using implantable LVADs.
This is much higher than the frequency of using uni-
and biventricular pulsatile-flow support devices (6%)
and also temporary MCS systems, such as VA ECMO
(0.9%) [17].

Long-term MCS using an implantable LVAD leads
to a durable improvement in the organ perfusion, cor-
rection or complete resolution of the multiple organ
dysfunction, regression of the high pretransplant pul-
monary hypertension, improvement of the nutritional

Short-term Prolonged
(temporary mechanical (permanent mechanical
circulatory support) circulatory support)
= JABP = LVAD
= RVAD, LVAD, BiVAD (paracorporeal pulsatile
(centrifugal pump) implantable axial
= Impella2.5L,5.0L or centrifugal pump)
= Pulscath = BiVAD
= TandemHeart (paracorporeal pulsatile
= VA ECMO implantable axial

or centrifugal pump)
= Artificial heart

Fig. 4. Temporary and prolonged mechanical circulatory sup-
port methods

IABP, intra-aortic balloon counterpulsation; RVAD, right
ventricular assist device; LVAD, left ventricular assist de-
vice; BiVAD, biventricular assist device; VA ECMO, veno-
arterial extracorporeal membrane oxygenation.
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status, reduction of comorbidity, and improvement of
the patient’s physical activity, thus contributing to the
adequate functional recovery of the potential recipient’s
organism before HT [20].

However, the fairly frequent thromboembolic, he-
morrhagic, purulent/septic complications and techni-
cal problems in LVAD functioning negatively affect
the efficiency of the implantable long-term MCS sys-
tems [20].

In many potential heart recipients, CHF is due to
the disturbance of the pumping functions of both left
and right ventricles; under these conditions, the isolated
use of LVAD does not seem efficient enough to cope
with the systemic circulation disorders. The frequent
(in 25-30% cases) development of acute right ventri-
cular failure during LVAD requires long-term medi-
cinal treatment and/or additional MCS (RVAD or VA
ECMO) [21]. Up to 10% patients with LVAD need RV
mechanical support [22]. The development of acute RV
failure in patients with LVAD is due to the worsening of
the previously existing RV dysfunction because of the
displacement of the interventricular septum toward the
left ventricle under the conditions of its hemodynamic
unloading and the increased disturbances of interventri-
cular interaction [22].

In addition, the use of implantable LVAD systems
turns the subsequent HT into a repeated chest surgery
with the risk of perioperative blood loss and develop-
ment of infectious/inflammatory complications.

One should also mention the high cost of implantab-
le LVADs, which is the reason why cheaper and equally
efficient methods of pretransplant MCS are used even
in hospitals of highly economically developed coun-
tries. The experience of the Huston Methodist Heart
and Vascular Center (United States) in using long-term
(=18 days) IABP with a high efficiency of pretransplant
MCS (in 84% patients) and good results of subsequent
HT (90-day survival at 94%) is notable [23]. It is noted
that the ambulatory IABP support is no less efficient
pretransplant MCS compared to implantable LVADs
and 50 times cheaper [24, 25].

Considering the possibility of attaining a fast impro-
vement of systemic hemodynamic and clinical condition
with subsequent guaranteed urgent HT, some transplant
centers prefer the use of temporary uni- or biventricu-
lar MCS [12]. One of the top-priority MCS techniques
in critical disorders of systemic hemodynamic is VA
ECMO, which, in the context of pretransplant MCS,
is viewed as a biventricular assist device supplemen-
ted with extracorporeal membrane oxygenation [11].
In most heart transplant candidates, VA ECMO before
the heart transplant is provided via peripheral cannula-
tion technique. Advantages of pVA ECMO include the
possibility of percutaneous puncture insertion of the
arterial and venous cannulae into the lumens of femo-
ral vessels, thus keeping the chest and the pericardial
cavity intact in view of the subsequent heart transplant,
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avoiding the development of solid and air embolisms in
the blood vessels of the head, heart, and others (Fig. 5).

pVA ECMO through femoral vessels with the pum-
ping of oxygenated blood in the ascending (retrograde)
direction in the aorta contributes to the improvement
of systemic circulation with a predominant increase in
the splanchnic blood flow, thus creating more favorable
hemodynamic and gas-exchange conditions for the im-
provement of blood supply and oxygenation of abdo-
minal organs and resolution of hepatic, renal, intestinal,
and, in general, multiple organ failure [27].

As the authors’ experience shows, pVA ECMO is
an efficient method of cardiopulmonary resuscitation
in potential heart recipients with the possibility of ade-
quate recovery of the organism after a circulatory arrest
and subsequent successful mechanical bridge to HT.

pVA ECMO is the only MCS technique that can be
used (without contour and oxygenator replacement) in
the same patient both before and after HT in case of ear-
ly cardiac allograft dysfunction. This, in our opinion,
creates a unique possibility of performing a successful
HT from marginal donors, which poses an increased
risk of early but potentially reversible early cardiac al-
lograft dysfunction.

Considering the high mortality in the heart trans-
plant waiting list, some transplant centers and even na-
tional transplant programs (e.g., in Spain and France),
parallel to increasing the number of implantable LVAD,
have started widely using VA ECMO as the leading
method of temporary MCS in potential recipients who
are in need of an urgent heart transplantation [12]. For
example, with the aim of efficiently reducing the mor-
tality in the heart transplant waiting list, the system of
donor heart allocation was changed in France in 2004:
a high-urgency waiting list was created, which guaran-
teed the urgency of HT for patients with a temporary
MCS, predominantly VA ECMO.

However, the use of pVA ECMO as the method of
MCS before the heart transplant requires the resolution
of several organizational and clinical problems. First of
all, this includes performing HT within no more than
7—14 days; efficient correction of left heart hemodyna-
mic overload, including the use of active left atrial or
left ventricular drainage methods; prophylaxis of in-
fection/inflammation at the sites of the peripheral ves-
sel cannulation, etc. (Fig. 6). Prevention of lower limb
ischemia requires special attention; in our practice, this
is achieved by inserting an additional single-lumen per-
fusion catheter (size 16—-14 G) for guaranteed blood
supply to the leg. Percutaneous transfemoral drainage
of the left atrium using an additional venous drainage
cannula (size 15-17 F) ensures adequate unloading of
the left heart during pVA ECMO.

Using of pVA ECMO in our transplant center has
made possible to perform HT in 90.4% potential heart
recipients with temporary MCS. On the basis of our
five-year clinical experience we have created a protocol

for pVA ECMO as the method of MCS in heart trans-
plant candidates, including the following main princip-
les: timely beginning of pVA ECMO as the method of
biventricular support before the beginning of irreversi-
ble multiple organ failure; peripheral, mostly puncture,
cannulation technique; guaranteed perfusion of the lo-
wer limb for the prevention of its ischemia; timely vo-
lume unloading of left heart , including percutaneous
transfemoral drainage of the left atrium through the in-
teratrial septum; perform of HT within the shortest pos-
sible time after beginning of pVAECMO in the absence
of significantly multiorgan dysfunction, etc. (Fig. 7).

On in our opinion pVAECMO is highly efficient and
inexpensive method of temporary MCS with to create
of possibility to reduce the waiting list mortality and
perform of urgent HT.

CONCLUSIONS

pVAECMO provides an efficient mechanical bridge
to a heart transplant in 90% potential recipients who
need pretransplant circulatory support.

The timely beginning of VA ECMO before the de-
velopment of significant hemodynamic, organ, electro-
lyte, and metabolic disorders creates basis for the suc-
cessful use of mechanical circulatory support in heart
transplant candidates.

ADVANTAGES

Open or percutaneous (puncture) cannulation technique
Preservation of the intact chest and pericardial cavity
Efficient method of cardiopulmonary resuscitation

No risk of air embolism in cardiac and cerebral blood vessels
Lower risk of infectious complications

Less traumatic decannulation technique

Possibility of use for MCS in case of early cardiac allograft
dysfunction

ooopoooo

Fig. 5. Potential advantages of peripheral VA ECMO com-
pared to other methods of mechanical circulatory support in
potential heart recipients

COMPLEX OF MEASURES

Heart transplant to be performed within 1-3 weeks
Prevention of lower limb ischemia
Volume unloading of left heart

Correction of the disproportional oxygenation between the
upper and lower parts of body

Immobilization of the lower limb

Good care of the cannulation site

Management of thrombocytopenia

Hemostasis during the heart transplantation procedure

Prevention of postdecannulation complications (hematoma,
aneurysm, ascending and descending thrombosis, etc.)

Iy Ry Ay

Fig. 6. Improving the efficiency and preventing the compli-
cations during pVA ECMO as the method of MCS in heart
transplant candidates
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THE PROTOCOL OF USING VA ECMO
Timely beginning of MCS
Peripheral method of VA ECMO
Puncture cannulation technique
Early tracheal extubation after the beginning of VA ECMO

Low heparin protocol of hypocoagulation (activated clotting
time 130-150 s)

Prevention of left heart volume overload

Percutaneous transvenous drainage of the left atrium
Prevention of infectious complications

Prevention and management of multiple organ dysfunction

HT performed within no more than 2-3 weeks, in the ab-
sence of clinically significant multiorgan and/or infectious
complications

Fig.

7. The protocol of using VA ECMO as the method of

pretransplant mechanical circulatory support in potential
heart recipients

Percutaneous puncture cannulation is optimal me-

thod for installation pVAECMO in in heart transplant
candidates.

pVAECMO is unique method of temporary MCS

with can to use in same patient before and after heart
transplant.
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